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Purpose

An illustration of capabilities of the MIT Integrated Global System Model
(IGSM) Framework

Projections of energy mix in Asia
Climate impacts

Economic component — The MIT Emissions Prediction and Policy Analysis
(EPPA) Model

Combining Top-Down with Bottom-Up Modeling
Air Pollution Health Effects
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Major Points

Temperature increases are substantial.
Most emissions growth is in developing regions.

Emissions in developed regions are flat, so a smaller lever to further impact
global emissions.

Transition to alternative energy is starting in developed countries and China,
but the Copenhagen targets will not complete it.

Vehicle growth is substantial in Asia.
Land emissions are important.

A lot more work is needed if the world wants to avoid substantial climate
change.
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MIT Integrated Global Systems Model (IGSM)
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GDP growth,
energy use,
policy costs,
agriculture and
health impacts...

Global mean
and latitudinal
temperature and
precipitation,
sea level rise...

Permafrost area,
vegetative and
soil carbon, Trace

gas emissions from

ecosystems...




Global Emissions
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Scenario: Copenhagen
pledges by 2020 —no
further policy

Fossil CO, is a major part

But other GHGs are
important

Increased role of HFC
(air conditioning)

Land use CO,

Industrial and Cement CO,



EPPA regions
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Fossil CO, Emissions by major group
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GHG Emissions by major group
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Global Energy Use
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Scenario:
Copenhagen
pledges by 2020 -
no further policy

Reliance of fossil
fuels dominated by
developing regions

Coal levels off

Larger role of
natural gas and oil

Renewables
increase 2.5 times
by 2050

We have not forced
renewables by RPS
or other mandates

Nuclear power
growth in
developing regions



Energy Use by major group
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GDP (trillions of 2004 $)
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Energy Intensity by EPPA Region
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Vehicle Stock by EPPA Region
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Land Use
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Land Use by major group
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CO, and GHG Concentrations
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Climate Sensitivity

probability(Climate Sensivitity, Net Aerosol Forcing)

Climate Sensitivity (K)
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GLOBAL MEAN pH (pH UNIT)
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Regional Temperature Change

CHANGES IN SURFACE AIR TEMPERATURE FROM THE 2001-2010 MEAN
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Regional Precipitation Change

CHANGES IN TOTAL PRECIPITATION FROM THE 2001-2010 MEAN

LOW CLIMATE SENSITIVITY  MEDIAN CLIMATE SENSITIVITY  HIGH CLIMATE SENSITIVITY
o ,, E -_S : SENS G ,, f__s Currently the average
o N ] PR = leaex \ER- :

global precipitation is
about 3 mm/day

o
@"\;“
\
OB
& CE The MIT Joint Program on the
- Science and Policy of Global Change




Regional Ocean Acidity

CHANGES IN pH FROM THE 2001-2010 MEAN
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Major Points

Temperature increases are substantial.
Most emissions growth is in developing regions.

Emissions in developed regions are flat, so a smaller lever to further impact
global emissions.

Transition to alternative energy is starting in developed countries and China, but
the Copenhagen targets will not complete it.

Vehicle growth is substantial in Asia.

Land emissions are important.

A lot more work is needed if the world wants to avoid substantial climate change.
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Thank you!

Additional information available at:

nttp://globalchange.mit.edu
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Additional Slides for Discussion (1)
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Additional Slides for Discussion (2)
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Additional Slides for Discussion (3)

300

250

200

a 150

100

50

0
2010 2015 2020 2025 2030 2035

2040

2045

2050

m sol_wind
m hydro

M nuclear
M g3s

moil

M coal

300
250
red_use
200 m adv_bio
o sol_wind
M hydro
@ 150
M nuclear
W gas
100
H oil
coal_ccs
50
M coal

2010 2015 2020 2025 2030 2035 2040 2045 2050

Energy Use in China
No Climate Policy

B N2
ECE*EEEH The MIT Joint Program on the

s Sci€Nce and Policy of Global Change

Energy Use in China
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Additional Slides for Discussion (4)

U.S. Regional Energy Policy (USREP) Model
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@ 356 CSP/Wind resource mgions: kvel at which CSP/Wind capacity ecpansion
occurs and resource limitations are considersd

@ 134 Power Control Amas (PCA): kvel at which demand mquirements must be
satisfied

@ 21 RTOs: kvel at which m=ve mquirements must be met

@ 13 NERC regions: kel at which demand and fusl prics inputs are provided

@ 3 agynchronous inte rconnects
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Additional Slides for Discussion (5)
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Sectors Crops
Non-Energy Livestock
AgfiCUlture - Forestry

Energy Intensive Ind. Biofuel crops

Other Industry
Services Crude_ slate & :
Industrial Transport gasoline, Private Transport
Household Transpogf =—1 diesel, Gasoline & diesel
Other Household ¢Zons. petcoke EHI?V IEV,CI—IlIy(gIrogen,

Fuels Supply heavy oil, —
Crude oil biodiesel, x| Fossil (oil, gas & coal)
refined ol ethanol, Coal with CCS

e s o NGLs & Gas with CCS

Shale ol lici _
Coal explicit Adv. gas without CCS
Natural gas upgrading Nuclear
Synthetic gas (from Co}/ Hydro

Electric Generation Wind and solar
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Input-Output Table

INTERMEDIATE FINAL USE
USE
by Production Sectors Tvate Gov't
OUT-
PUT
Domestic
Production
C
falus
added: I

INPUT

J

Input-Output Table provides information about production structure (inputs to production — green line) and output use (blue

line).

Full accounting (examples): Expansion of biofuels leads to expansion of agriculture production that uses
fertilizer and energy inputs; Expansion of solar panel or wind mills production requires energy and capital.

o
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Additional information about elasticities is needed for a
CGE model: in contrast to input-output models,
consumers respond to price changes, firms change output
and inputs as markets shift.
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Air Pollution Health Effects

Standard CGE SAM With Mortality & Morbidity

Production Sectors _
Lower Production

Final

Consumption
Less Consum

Production Sectors

Input/Output
Less labor

Goods

Lower Income

ption

Factors

Labor, Capital, Resources

otal
Consumption =
Total Income
(factor

payments)
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Air Pollution Health Effects

INTERMEDIATE Household
USE FINAL USE
by Production Services
Sectors Private Gov't ouT-
Mitigation
of
Pollution | Labor-
Health Leisure
1|2 j n Effects Choice | consum. | consum. | Invest | Export | PUT
1
Domestic 2
Production :
i A B C
Medical
Services
for
Health Medical Health
Pollution Services Services
n
1
2
Imports :
i D E F
n
Leisure Leisure | Leisure
Value
added: -labor Labor Labor Labor
-capital G H |
- natural
resources
INPUT J

Added components are in bold italic.
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http://globalchange.mit.edu
USA: Report 113 (2004)
Europe: Report 178 (2009)
China: Report 196 (2011)

Global Aerosol: Report 203 (2011)
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Health Damages from Air Pollution in China

Kira Matus, Kyung-Min Nam, Noelle E. Selin, Lok N. Lamsal, John M. Reilly
and Sergey Paltsev

Report No. 196
March2011



