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Growth, Technology & Emissions

The reference or BAU projection: its uses
— Understand the climate problem, its magnitude
— Basis for analyzing mitigation measures
Methods & puzzles in construction

— "Horses for courses”

— Underlying assumptions

How the analysis is done

— Simple growth models, myopic & forward-looking
— Add an energy sector, and multiple regions

— Multiple goods and energy types

— Multiple regions & trade in goods & permits

Sample results from a 3-model study
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Market-Based vs. Technology Cost

Top-Down VS. Bottom-up
o General equilibrium e Engineering cost
— Full economy — Technical detail
» Goods, capital, |abor — Zero-cost opportunities

— Prices endogenous  Partia equilibrium

— Factors driving growth
— International trade
» Sacrifice technological detall
— Production technology
— Aggregation of sectors

— Key prices exogenous
— Omit interactions

 Direct costs, ignoring
— Consumer surplusloss

— Industrial structure

— Transactions costs
Hybrids




The Origin of CO,, Emissions
(An accounting identity)

CO, = Pop * GDP/Pop * E/GDP * CO,/E
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Non-CO, Human Emissions

CH,

— Coal, gas and oil production

— Landfills, livestock, rice production

N,O

— Agricultural soils, chemical production
Industrial gases

— HFCs (air conditioning, foam blowing, solvents)
— PFCs (semiconductor production, aluminum)
— Sk (Insulator in electrical switchgear)
Black carbon (aerosols)

— Diesel engines, biomass burning

Sox (aerosol precursor)

— Coal burning




Components of a Projection Model

Represent the production process

Drivers of growth

— Population

— Productivity change

— Growth in the capital stock

Economic decisions (e.g., savings rate,
consumer choice)

Carbon emissions

— Energy use

— Carbon content of energy

Calibrate to base year data







With Several Technologies
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Technology Choice

Riding




Technology Improvement
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How Flexible Is the Economy?
Constant Elasticity of Substitution




Extended Production Function

Other Input Factors to Production:
qg=7f(K L, E M,FF)

Output

S

Capital Labor Energy Materials Fixed

Technical Change: e
Multi-factor Productivity: g =a(?) 7 (K, L, E, M)
Labor Productivity: qg=r(K al)L, E, M)
Energy Efficiency: qg=1fK L, alhE, M)

Endog. Tech. Change: g= (K L, a(t, PoE, M)




Simple “Top-Down” Model

« Simplifications
— One output good (X)
— One country (no trade)
— “Parameterized” energy sector
— No government (no taxes or transfers)

— Recursive-dynamic (myopic): economic agents
don’t anticipate future prices

— CO, only
* Relax these as we go forward




A Recursive Dynamic Model

X =a/( bK/(pK‘ n bLL"KL )%)K‘ Production function

L=L(1+y) Labor force growth
a=>01+g) Productivity change
K=01-0)K,_ +/ Capital accumulation
X, =C +S, Accounting ldentity

S, =/, Saving/investm’t equilibrium
S, =8Y, (Y =X) Savings behavior
E =f(X,t) Carbon emissions




A Forward-Looking Model

X =a(b K™ + bLLPKL )%?KL Production function

L=POP(1+y) Labor force growth
a=>01+g) Technical change
K=01-0)K,_ +/ Capital accumulation

X, =C,+5, Accounting ldentity

S, =/, Saving/invest equilibrium

(G
Max(W) = z (1(+ r))f Maximize welfare (W)

Et :f(Xf’l‘)

Carbon emissions




MIT Integrated Global System Model

HUMAN ACTIVITY (EPPA)

national and/or regional economic
development, emissions, land use

C0,, CH,4, CO,
N20, NOx,
SOx, NH3,

CFCs, HFCs,
PFCs, SF¢,
VOCs, BC, etc.

—————
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2-Dimensional Chemical
& Dynamical Processes

URBAN

Air Pollution Processes

water cycles, energy & momentum transfers,
air & sea temperatures, CO, CHy, N3O, nutrients,
- pollutants, soil properties, surface albedo,
sea-ice coverage, ocean CO; uptake,
land CO; uptake, vegetation change...

LAND
Water & Energy Budgets
(CLM)
Biogeochemical Processes
(TEM & NEM) [

OCEAN
3-Dimensional Dynamics,
Biological, Chemical &
Ice Processes
(MITgem)

volcanic
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P growth,
energy use,
policy costs,
agriculture and
health impacts...

trffce gas emissions
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Transactions In a Simple Economy

Primary Factors

Consumer

Sectors “Ractors: |

Expenditures
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EPPA: Sectoral Aggregatlon

For special

Sectors

Non-Energy —T— studies
Agricunure’ For special CrOpS
Energy Intensive studies Livestock
Other Industry Crude sources Forestry
Services & gasoline, Food processing
Industrial Transpo diesel, petcoke
Household Transport heavy oil,

biodiesel,
Energy ethanol, NGLs

Crude & Refined oll, & explicit Fossil (oil, gas & coal)

Biofuel ApelrEieliig IGCC with capture
Shale oil NGCC with capture

Coal NGCC without capture
Natural gas Nuclear

Synthetic gagAfrom coal) Hydro

Electricity Wind and solar
Biomass

Technologies Included




Sample Production Structure

Domestic Sectoral Gross Output

Intermediate Inputs from
AGRIC, ENERINT, OTHERIND

Energy-Labor-Capital Bundle

Energy Aggregate Value-Added

VA = a,(b K" + b L™ ) " /\ /\
L K

ELEC Non-Elec

Estimate o/,
Calibration of a’s / \

COAL GAS REFOIL




Industries Final Demands
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MIT (EPPA) Model
Multi-Regions and Trade

Primary Factors

. h g

p J / Region C
Consumer Pmducer Trade
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EPPA: Regional Aggregation

Annex B
USA

Europe
Canada
Mexico
Japan
Aus. & N.Z.
FSU

E. Europe

For special

studies:

Finland
France
Germany
Britain
Italy
Holland
Spain
Sweden
Hungary
Poland
Other

Non-Annex B
China

India

Persian Gulf
Indonesia
Africa

Latin America
East Asia
Rest of World




Scenarios of Emissions & Concentrations
The three models (U.S. CCSP pp. 47-48)

Feature

IGSM/EPPA

MERGE

MiniCAM

Structure

General
equilibrium

General
equilibrium

Partial
equilibrium

Solution

Recursive
dynamic

Forward
looking

Recursive
dynamic

Population

Exogenous

Exogenous

Exogenous

Labor force

Proportional to
population

Proportional to
population

Population
demographics

Main growth
driver

Exog. Labor
productivity

Exog. Labor
productivity

Exog. Labor
productivity

Structure of
final demand

Sectors shown
earlier

Single prod’'n
sector (GDP)

Buildings,
transport,
industry




Global Population
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Global Primary Energy per Capita

=
o)}
o

=
N
o

00)
o
|

——EPPA REF
———MERGE_REF |
—— MINICAM_REF

©
=

o
©

O
=~~~

%

Q@

=

3=
©

=
O

AN
o

0 |
2000 2020 2040 2060 2080 2100
Year




U.S. Primary Energy Intensity (Per GDP)
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GTC/Exajoule
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Energy Prices: Reference Scenario
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Global Industrial CO, Emissions
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Global Primary Energy: Reference
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