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Population
~1 billion people per color

Population
~1 billion people per color

More people live 
inside the circle 
than outside…
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Energy and GDPEnergy and GDP
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TPER = Total Primary Energy Requirement.
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Consumption (TFC does not include 
conversion and transmission losses).
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Global Energy Mix and Demand
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The Electricity Mix

Electricity Generation by Fuel
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Global Natural Gas Production
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“Trade Offs”

 Environmental Risks and Impacts
 Traffic/noise/light
 Surface
 Groundwater
 Quakes
 Local and atmospheric emissions

 Energy Security and Economic Benefits
 Available
 Affordable
 Reliable
 Atmospheric emissions
 Jobs and Taxes

 Environmental Risks and Impacts
 Traffic/noise/light
 Surface
 Groundwater
 Quakes
 Local and atmospheric emissions

 Energy Security and Economic Benefits
 Available
 Affordable
 Reliable
 Atmospheric emissions
 Jobs and Taxes

These are not 
mutually 
exclusive!
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Options to Natural Gas for PowerOptions to Natural Gas for Power
I. Coal

o Available, affordable to generate, reliable
o Dirty, expensive to build

II. Nuclear
o Efficient, no emissions, affordable generation
o Expensive to build, waste, safety

III. Wind
o Simple, affordable, no emissions
o Intermittent, land and visual, transmission

IV. Solar
o Simple, no emissions, local
o Expensive, intermittent, land

V. Hydro
o Efficient, affordable to generate, no emissions
o Water, land, drought

VI. Geothermal
o Affordable where concentrated, no emissions
o Geology

No energy source is perfect



Tinker, 2014

0.46

26.33

0.57

8.58

1.17

Petroleum
37.13

Wind
0.51

0.51

Nuclear
8.45

8.45
Solar
0.09

0.01

0.08

Hydro
2.45

2.43

0.01

Coal
22.42

20.54

0.06

1.79

Biomass
3.88

0.42

0.49

0.83
2.03

0.10

Geothermal
0.35

0.31
0.2

0.1

9.18

6.86

19.15

6.96

Energy
services

42.15

U. S. Energy Flows

QAd8174

0.67

Natural gas
23.84

4.99

3.20

8.14

6.82

Residential
11.48

Commercial
8.58

Industrial
23.94

Trans-
portation

27.86

0.02

3.35

4.61

4.70

12.68

Net electricity
Imports 0.11

Electricity
generation

39.97

Source: Lawrence Livermore National Laboratory and U.S. DOE based on Annual Energy Review, 2008 (EIA, 2009)
From National Academies Press, America’s Energy Future, 2009

(2008 Quads)

TransportationTransportation



Tinker, 2014

U.S.

China

35

30

25

20

15

10

5

0
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Year

Pe
r c

ap
ita

 o
il 

co
ns

um
pt

io
n 

(b
bl

/y
r)

The Future Transportation Mix

BP Statistical Review of World Energy, CIA World Factbook, Census Bureaus, Marc Faber Limited, RJ Estimates
From Raymond James and Associates, Inc., August 2, 2010

15

10

5

0

Year

M
ill

io
n 

ve
hi

cl
es

U.S. Bureau of Transportation Statistics, RJ Estimates, China Association of Automobile Manufacturers
From Raymond James and Associates, Inc., August 2, 2010

2005 2006 2007 2008 2009 2010 2011

China

U.S.

20

25
US and China Vehicle Sales

Millions of oil-equivalent barrels per day
25

20

15

5

10

0

ExxonMobil Corporation, 2013 The Outlook for Energy: A View to 2040, page 20.

2000 2020 2040 2000 2020 2040 2000 2020 2040

EuropeEuropeNorth
America

North
America

GasolineGasoline

OtherOther

Natural gasNatural gas
Fuel oilFuel oilJet fuelJet fuel

BiodieselBiodieselDieselDiesel

EthanolEthanol

Asia
Pacific
Asia

Pacific



Tinker, 2014

0

10000

20000

30000

40000

50000

60000

70000

80000

90000

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

10
00

s 
B

B
ls

/D
ay

Year

 OECD  Non-OECD

Global Oil Production

0

10000

20000

30000

40000

50000

60000

70000

80000

90000

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

10
00

s 
B

bl
s/

D
ay

Year

 OPEC  Non-OPEC  FSU

Source: BP Statistical Review 2012

0

10000

20000

30000

40000

50000

60000

70000

80000

90000

1965 1975 1985 1995 2005

10
00

s 
B

bl
 D

ay

Total North America Total S. & Cent. America Total Europe & Eurasia
Total Middle East Total Africa Total Asia Pacific

30.5 BBY



Tinker, 2014

Monterey
Woodford/Anadarko

Utica
Barnett

Uinta
Niobrara

Permian Midland
Permian Delaware
Granite wash

Eagle Ford

Bakken

2010 U.S. SHALE LIQUIDS 
PROJECTION

5

4

3

2

1

0
2010

U
.S

 s
ha

le
 li

qu
id

s 
pr

oj
ec

te
d 

gr
ow

th
 

.(M
bp

d)

2012 2014 2016 2018 20222020

After Morse et. al., 2012, Energy 2020: North America, the new Middle 
East:  Citi GPS: Global Perspectives & Solutions, figure 14, p. 17.

QAe465

3.8 mmbod by 2022… 

10% IRR: $44/bbl

10% IRR: $50/bbl

10% IRR: $68/bbl

10% IRR: $44/bbl
10% IRR: $50/bbl
10% IRR: $51/bbl

IRR Source: Rystad Energy
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Annual US Oil Production

From: James D. Hamilton, Working Paper 17759, NATIONAL BUREAU OF ECONOMIC RESEARCH, 2012
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I. Biofuels
o Valuable supplement, lower carbon
o Scale, land use, cost

II. CNG, LPG, LNG, GTL
o Cleaner than oil, regionally cheap, available
o Dirtier than others, regionally expensive

III. Electricity
o Clean depending on source, efficient engine 
o Expensive, chemicals, range

IV. Hydrogen
o Ten years away

No energy source is perfect
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Affordable Cost

Price Volatility: stable or fluctuating

Infrastructure: Cost to build the plant

Available Access: substantial resources

Reliable Intermittent: source consistent or variable

Safe: natural/human causes

Sustainable Clean: air and atmospheric emissions

Dense: land footprint

Dry: fresh water use/risk

Energy Security Energy Security 

Security drives the 
pace of change
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Thanks!Thanks!


