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Coal Consumption
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Electric Generation by Fuel
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Income Elasticities

Annual

GDP Electric Income
Year Growth Growth Elasticity
1988 11.3% 9.6% .85
1989 4.1% 7.3% 1.77 Low reported growth (3.7%)
1990 3.8% 6.2% 1.64 Low reported growth (3.7%)
1991 9.2% 9.1% .99
1992 14.2% 11.3% 79
1993 14.0% 11.1% 79
1994 13.1% 10.8% .83
1995 10.9% 8.6% .79
1996 10.0% 7.2% 72
1997 9.3% 5.0% .54
1998 7.8% 2.8% .36 Question whether economy faltered
1999 7.6% 6.3% .82
2000 8.4% 9.4% 112 Start of New Story
2001 8.3% 8.6% 1.03
2002 9.1% 11.5% 1.26
2003 10.0% 16.3% 1.63

2004 10.1% 15.3% 152
2005 10.2% 12.2% 1.20
2006 10.5% 14.4% 1.37
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Thought Experiment: What If...

GDP growth averages 5.9%/yr from 2007-
2025

Income elasticity dropsto 1.1 from 2007
through 2025
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Then...

Big numbers by 2025:

2006 2025 Multiplier
Generation (TWH) 2,825 9,445 x3.3
Capacity (GW) 622 1,899 x3.1

Compare to DOE and |IEA

Electric Generation, TWH:

2006 2025 Multiplier
Thought Experiment 2,825 9,445 x3.3
DOE Forecast, 2006 5,778 x2.0
IEA Forecast, 2006 6,488 x2.3
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Why So Different?
Gross TWH
2025 Implied Income Elast
Thought Exp 9,445 1.10
DOE, 2004 4,058 0.70
DOE, 2005 4,797 0.77
DOE, 2006 5,778 0.83
IEA, 2004 4,635 0.96
IEA, 2006 6,488 0.99

DOE and |EA forecasts implicitly assume lower income

elasticities.

EIA Projections of Chinese Electricity

(Presented in EIA Units))
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Perspective

Are such large increases reasonable?
Put into perspective by comparing to:
Kwh/capitafor other countries
Income elasticity for other countries
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Perspective: kwh/capita

China year: 2006
kwh/cap: 2,157

us 1948
2,176

Japan 1966
2,153

Taiwan 1978
2,095

South Korea 1989

2,207

2025 19years
6,521

1967 19 years
6,467

1989 23 years (recession)
6,447

1996 18 years
6,619

2002 13years
6,887
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Perspective: Income Elasticity

Income Elasticity of Electric Demand
Long Run Period

China 110 2007-2025
us 191 1948-1967
Japan 1.07 1966-1989
Taiwan 1.00 1978-1996

South Korea 1.68 1989-2002

Implications for Coal

million tons/year
2025
3,500 just for electric power
4,800 allowing for industry...

6,000 base growth (7.5%l/yr)
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Implications for Coal

(China surprises everyone!)

million tons/year
2025
Thought Exp 3,500 just for electric power
4,800 allowing for industry...
6,000 base growth (7.5%l/yr)
DOE, 2004 2,330

2005 2,790
2006 4,090
IEA, 2004 2,240
2006 3,550
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Carbon Emissions
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Carbon Emissions
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Carbon Emissions
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*On the base path Chinawill emit twice as much carbon as the US within about 20 years.
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Sulfur Emissions from Electricity
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China: Coal Depaosits and Major Infrastructure

Mejor cosl depasit
#  Selectsd coal mine
@ Selected ool port
< Msjor railroad

Kazakhstan

Mangolia

Chine hes huge faserves of LiLminous, antisclte, snd g
AGECrITe th e B SHAINCE R o1 Wl Enery 200,
Ghinesa proved ol resarves amaunt ta 1145 billon tane, or st
mote than 12 perosrt of he workls Iotal. Desfits s,
Chine sipeitence codl supply shortages In 2002 and again in 2004
dus lergaly to booming demand and Iradegusts tal Infssinuchas.
WIS MYt of CHA'S £ 12 PIodced In NoHNem CHine, mueh af

n the wmpldy
prowinces, requiling aneport of oaal over gresl detancas.

Projections of Chinese and World Energy Use, 2025

Percent

CHINA

Nuclear, 1.9

{iydro, 2.8 Renewables,

Natural gas, 4.6
negligible

Qil, 23.3

Sourcas: International Energy Agency, 2006.

WORLD

Hydro, 2.6

Nuclear, 5.8 Renewables, 1.6

Oil, 36.6

Coal, 28.8




Slide 23

Slide 24

Sensitivity of Chinese Coal Demand to GDP and Income Elasticity of Energy Demand

Billion metric tons of coal
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China’s Goal of Quadrupling GDP While Only Doubling Energy Consumption
Between 2000 and 2020 in Jeopardy
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China’s Current Energy Picture Looks in Many Ways Like Its Past,
but Larger and Less Room for Efficiency Gain

Milion barrels of ol equivalent per day Barrel oil equivalent per milion Renminbi GDP

o Natural gas 25%°

Hydro and nuclear

Energy intensity of use

Projected Vehicle Ownership in China, 2000-2020
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Note: Follow ing pattern in South Korea and Taiw an (dark blue); Slow er grow th scenario forecast by
Chinese government (red); Various Western and Chinese sources, 2004-2005.
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Concluding Remarks

+ Chinamay have the greatest impact on world
energy over the next two decades and beyond.

# Increased attention needed on coal, impr oved
efficiencies, and vehicle use.

+ Potentia energy bottlenecks could constrain
future economic growth affecting both China
and rest of world.

# |sChina’scurrent energy and economic
path sustainable? If not, how will the
Chinese government respond to the problems?




