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Top Carbon Emitters in 1990
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Top Carbon Emitters in 2012
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Chinese Commitments for 2030

• Peak Emissions by 2030

• Lower Carbon Intensity by 60-65% from 2005

• Increase Share of Non-Fossil Fuels to 20%

• Source: www.wri.org/blog/2015/07/closer-look-
chinas-new-climate-plan-indc
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Chinese Electricity Output by Fuel

Total Production: 4.7 PWh (IEA)
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World Electricity Output by Fuel

Total Production: 22.7 PWh (IEA)
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Time Path of Chinese CO2 Emissions

Source: World Bank 2016
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Installed Capacity of Chinese Wind and Solar

• Solar PV 40 GW (US = 18)

• Wind 145 GW (US = 74)
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Growth of Wind Power in China
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Growth of Solar Power in China
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Nuclear Power in China: Number of Reactors Under
Construction, 2015
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Can Nuclear Power Meet Chinese Paris Commitments?

• Annual Growth in Nuclear Power of 47.6 TWh

• 2014 nuclear output: 124 TWh (or 2% of
electricity generated)

• IAEA Projections for Nuclear: 1,065 TWh in
2030 (or 20% of electricity generated)
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A Simple Three Agent Model to Study Chinese Clean
Energy Policy

• We build a dynamic, partial equilibrium model
• It has 3 regions and no strategic behavior

• China
• North America (US, Canada and

Mexico)
• Rest Of the World (ROW)
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Questions to Answer

• Can China reduce Coal use by expanding
Nuclear?

• Will Nuclear power Crowd Out Renewables?

• Will a Carbon Tax be Necessary and how Big
should it be?

• How do Learning Rates affect substitution of
Coal by Renewables?
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Energy Sectors

• Energy resources:

• Coal, oil, natural gas

• Solar and wind

• Nuclear power

• Other renewables: biomass and hydro

• Energy-consuming sectors:

• Transport, industrial, residential/commercial
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Schematic of the Model
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Energy Supply Curves

• Fossil fuels have upward-sloping curves in each
region calibrated from IEA data

• They are tradable

• Transportation costs equal baseline price
differentials
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Extraction Cost of Fossil Fuels in Base Year (2013)

North America China ROW

Coal ($/ton) 87 105 96
Oil ($/barrel) 50 52 30

Gas ($/MMBTU) 2.50 3.50 3

IEA (2014) and BP Statistics (2013)
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Cost of Supplying Electricity in Base Year (2013): Coal and
Gas

Cost in $/MWh

Coal Gas

North America 68 76
China 29 35
ROW 32 54

5% discount rate; IEA (2012)
Costs include investment and O&M
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Cost of Supplying Electricity in Base Year (2013): Nuclear

Cost in $/MWh

North America 48
China 33
ROW 50

5% discount rate; IEA (2012)
Cost of Electricity from Solar/Wind: $90/MWh
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Model Assumptions

• We divide renewables into wind/solar and
hydro/biomass

• We fix nuclear either at IEA estimates or a
complete freeze

• We fix generation from hydro/biomass because
that is unlikely to grow significantly

• Learning by doing is modeled by cost reductions
as a function of cumulative production
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Modeling Learning by Doing

• The average cost of investment in electricity CT , from solar and
wind at date T is given by:

CT = α[
T

∑
t=1

qt]
−b

• b: learning rate parameter, α: calibrated constant

• For b equal to 15%, the average cost decreases by
1−20.15 = 11% with doubling of production.

• Operation and maintenance costs are assumed to decrease by 1%
annually.
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Other Cost Reduction Estimates
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Final Energy Demand

• Sectoral demand is a function of regional GDP
and the price of energy

Djr = AjrP
αjr
jr Yβjr

r

• where j represents sector and r the region

• Y is the level of GDP, taken as given.

Ujjayant Chakravorty, Carolyn Fischer , Marie-Helene Hubert POST-PARIS CLEAN ENERGY OPTIONS: WHAT CAN CHINA DO?



Annual Income Projections by Region

Source: (EIA, 2014)
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Scenarios

• We define four models:

• Freeze in Chinese nuclear capacity at 112 TWh

• Nuclear Growth to reach 1029 TWh in 2030

• Impose a 65% intensity reduction from
2005-2030

• No intensity reduction
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Planned Nuclear Growth
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Growth in Nuclear Power: Regional Targets

Nuclear Generation (TWh)
2013 2030

North America 936 1,179
China 112 1,029
ROW 1,412 1,979
World 2,460 4,080

Calculations based on IAEA (2014) projections.
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Computation of Emissions from Intensity Target

2005 2030

Carbon Intensity (kg CO2/$) 1.07 0.38
GDP (2010 $, Billion) 5,387 25,525
Emissions (Btons CO2) 5.56 9.62

GDP Projections are from EIA (2016).
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Results

• First, we show baseline results: Nuclear Growth,
No Intensity Target

• Next, we compare the four models
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Baseline CO2 Emissions and Carbon Intensity 2013-2030

CO2 Emissions Carbon Intensity
(Btons CO2) (kg CO2/$)

2013 9.83 0.98 (-8%)
2030 15.80 0.62 (-42%)

Emissions increase by 60% during 2013-30; Carbon Intensity in 2005 = 1.07.
Reductions reported relative to 2005. Paris commitment: 65% reduction
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Share of Fuel in Energy Output (2013-2030)
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Energy Output by Fuel (2013-2030)
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Results: CO2 Emissions and Carbon Intensity in 2030

CO2 Emissions Carbon Intensity Carbon Tax
(Billion tons of CO2) (kg CO2/$) ($/ton)

Nuclear Growth, No Target 15.80 0.62 (-42%) –
Nuclear Growth, with Target 9.62 0.38 (-65%) 74
Nuclear Freeze, No Target 15.20 0.61 (-43%) –
Nuclear Freeze, with Target 9.62 0.38 (-65%) 75

Carbon Intensity in 2005 = 1.07. Reductions reported relative to 2005. China’s Paris
Commitment: 65% reduction from 2005 levels.
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Share of Fuel in Energy Output (2030)

Ujjayant Chakravorty, Carolyn Fischer , Marie-Helene Hubert POST-PARIS CLEAN ENERGY OPTIONS: WHAT CAN CHINA DO?



Energy Output by Fuel (2030)
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Change in Total Surplus (2030)
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Change in Carbon Emissions in North America and ROW

Percentage change compared to Nuclear Growth, No Intensity Target
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Changing the Learning Rate

• Until now, average cost of renewables decreases
by 11% with doubling of production

• We now model a higher learning rate, where cost
declines by 20% with doubling
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Assumptions on Learning by Doing

Source: IEA (2014)
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Share of Fuel in Energy Output (2030): Learning Rates
make a big difference
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Energy Output by Fuel (2030)
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Sensitivity Analysis

• China’s Paris commitment in terms of the share
of non fossils in the energy mix in 2030 is met
without any carbon tax

• However, a carbon tax is needed to meet the
intensity target

Ujjayant Chakravorty, Carolyn Fischer , Marie-Helene Hubert POST-PARIS CLEAN ENERGY OPTIONS: WHAT CAN CHINA DO?



Carbon Emissions, Carbon Intensity and Tax, 2030

CO2 Emissions Carbon Intensity Carbon Tax
(Btons CO2) (kg CO2/$) ($/ton CO2)

Medium Learning, No Intensity Target 15.80 0.62 (-42%) –
Medium Learning, Intensity Target 9.62 0.38 (-65%) 74
High Learning, No Intensity Target 13.27 0.52 (-52%) –
High Learning, Intensity Target 9.62 0.38 (-65%) 50

Carbon Intensity in 2005 = 1.07. These reductions (numbers in parenthesis) are
relative to 2005. China’s Paris Commitment: 65% reduction from 2005 levels. Tax in
2010 USD.
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Change in Total Surplus (2030)
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Main Results

• Chinese commitments not trivial

• Big reductions in coal use but only with target

• Nuclear alone does not deliver

• Nuclear does crowd out renewables but
renewable share most sensitive to learning rates

• The implicit carbon tax is roughly $75

• Second order effects on other regions
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Things To Do

• Includes spillovers from renewable energy use in
China on rest of the world - include trade in
renewables

• Include declining efficiency of solar with
increased adoption

• Include learning in other technologies

• Model regulatory issues that impede renewable
power dispatch
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