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Economic growth and energy consumption
• China's rapid economic growth was accompanied with quick  increase 

of energy consumption
• in 1978-2010,  --Annual economic growth rate in average is more than 9% 

--Primary energy consumption growth rate is 5.6%
--Energy production growth rate is 5.0%

• In 2010, China has consumed 3.25 BTce energy, in which 
coal, oil, gas, nuclear and renewable have accounted for 
68.0%, 19.0%, 4.4%, and 8.6% (coal equivalent calculation), respectively. 
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 The primary energy resources: rich coal, poor oil, little gas
 There is relatively rich coal resource endowment: In 2010, the coal 

reserve-production ratio is 35, and oil and gas are 9.9 and 28.8.
 The R/P ratio has decreased very sharply from 105 years in 2001 to 

35 years in 2010
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Coal reserves -2
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Coal consumption
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The main coal consumed industries are power, steel, building 
material, and chemical industry. Their coal consumption proportion 
increased gradually and reached 80% of the total coal consumption 
in 2009. 

Date source：State statistics bureau
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The coal inventory in China in 2005 ~ 2010 (in 100million tons)

The coal production increased fast.(2.4 billion tons in 2005 to 3.2 
billion tons in 2010) 

Production capacity reached 3.6 billion tons at the end of 2009. It is 
forecasted that the coal production capacity will be 3.8~4.0 billion 
tons in 2013.

coal inventory reached 200 million tons in 2010 with a rising trend.
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Environmental impact
 Production side

8

 Surface subsidence in coal mining
Coal waste piling from coal mining and processing
Underground water system destroyed. 
By the end of 1990, due to the coal mining and processing, the area of 

surface subsidence was 300 thousand ha, and increasing at the speed 
of 13~20 thousand ha/a. The coal waste was piling up at the speed of 
130 billion tons.

 Consumption side
Come from four industries: Power generation, building materials, steel 

and chemical industry. 
Air pollution, water pollution, etc, because of  emissions of SO2, CO2, 

NOx, VOC, PM10, solid waste, and so on.
According to statistics, the SO2 emission proportion due to coal direct 

burning in national total emissions was 87%, CO2 was 71%, Nox was 
67%, and PM10 was 60%.
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China’s GDP growth by scenario

 In the Reference Scenario, China’s GDP will grow at the economic 7% 
per annum from 2011 to 2020 and 5.6% per annum from 2021 to 2030. 

 In the Extensive Economic Scenario, It will grow faster in the short term 
with an average rate of 8.8% per annum from 2011 to 2015.
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China’s primary energy demand and CO2 emissions
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Challenge -1
• Energy Security
• Energy demand will increase further, although the 

energy intensity will keep decrease
• Oil import dependence is keeping rising
• The share of Renewables and nuclear is limited in near 

future

China became a net oil 
importer since 1993. In 
2011, China imported 
253.7 million tons of 
crude oil, the import 
dependence is higher 
than 55%. 0
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Challenge -2

• Environment protection
• Severe environmental pollution, ecological and 

underground water destruction
• In 2010,
• SO2: 21.85 million tons
• NOX: 22.73 million tons 
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In 2009 CO2 emissions (IEA, 2011)
 from fossil fuels: 6877.2 million tons
 from coal: 5750.8 million tons (83.6%);
 from power generation: 3324.3 millions tons (48.3%)
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CO2 emissions from fossil energy use in China 

Challenge -3
• Mitigating climate change
• CO2 emissions are highly correlated with coal 

combustion.
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Challenge -4

• Coal industry development and regulation

• Inadequate  coal exploration investment
• Including the cost of environment into coal production
• Enhancing safety production: although the coal mining 

mortality rate fell to 0.749 from 2.77.  And the coal 
company also help to solve employment problem,  and 
raise the staff’s welfare. 
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Solutions to sustainable development

1  Energy conservation

• Improve the production efficiency
• Improve energy consumption efficiency
• Improve the efficiency of thermal power 

generation further
• Resource management, resource tax induced
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Solutions to sustainable development

2  Coal production modernization

• Improve the resource utilization level
• Safety production
• Promoting the market reform
• Constructing 14 coal industry bases
• Coal clean utilization
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Solutions to sustainable development

3  Managing environmental cost

• Carbon tax
• Emission trading system
• Expenditure for improving environmental lost
• Ecological recovery
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Solutions to sustainable development

4  Alternative Energy development

• Investment and financing
• R&D 
• Policy support
• International cooperation
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5 Carbon Capture and Storage ?
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Uncertainties

The research in progress of CCS technology will directly affect the future amount 
of emission reduction in fossil energy
The cost and applicability of CCS is one of the main factors that affect CCS development in 
developing countries which energy consumption is dominated by coal, such as China

CCS Technology

Climate Policy

DemonstrationResearch

Technology 
uncertainty

Deployment

Fossil fuel price 
uncertainty 

Carbon price 
uncertainty 
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CCS investment evaluation model

• We establish a CCS investment evaluation model based on real 
options theory

• The model considers uncertainties from the existing thermal power 
generating cost, carbon price, thermal power with CCS generating cost, 
and investment in CCS technology deployment

• The model aims to evaluate the value of the cost saving effect and 
the amount of CO2 emission reduction through investing in thermal 
power with CCS to replace existing thermal power

• The model could be used as a policy analysis tool to evaluate the effects 
of regulations on CCS investment through scenario analysis

• The cost saving effect in this paper is defined as: in a specific carbon 
tax,  generating cost that can be saved from investing in thermal power 
with CCS technology to replace existing thermal power. Cost saving is 
positive means the power corporate can avoid unnecessary 
expenses or receive extra income through selling VER. And cost 
saving is negative means the power corporate will have to pay the 
extra cost through investing in CCS
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Uncertainty factors

1) CCS Investment cost 

– It will take time for a power plant to complete CCS investment and switch 
from existing thermal power to thermal power with CCS. To indicate the 
uncertainty of CCS technology, here assuming the remaining total 
deployment investment K follow a stochastic process:

2) Thermal power generating cost

– Thermal power generating cost consists of operational cost and fuel cost, 
and the uncertainty of thermal power generating cost mainly come 
from its fuel price risk:

0.5[ ]C CdK iP dt iP K dxβ= − +

F F F F FdP P dt P dzα σ= +
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3) Carbon tax 
– The carbon tax defined in this paper mainly refers to the carbon 

price, i.e., the price paid per unit emission. 
– For fixed carbon price mechanism, the emission per unit is valued 

as a constant price
– For volatile carbon price mechanism, a stochastic process can 

better reflect the trend of price changes and volatility

4) CCS generating cost
– Generating cost of thermal power with CCS is not only affected by 

fossil fuel price, but also affected by the capture technology. 
Therefore, a controlled diffusion process has been applied to 
represent the motion of generating cost of thermal power with CCS

C C C C CdP P dt P dzγ σ= +

( ) ( )S S S S SdP M P dt M P dzυ σ= + 0K >

S S S S SdP P dt P dzθ ο= + 0K =

(During CCS deployment period)

(After CCS deployment period)

*1.1S CP P≥

Uncertainty factors
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Model description

• The given period for the cost saving effect observation in this model can be divided 
into two stages

– stage I (CCS deployment) is the time needed to complete the deployment
– stage II (generating period) is after the deployment and starts receiving cost 

saving cash flows to the end of the given period
• In CCS operation period (stage II) 

– the remaining expected value of cost saving through adopting CCS in the 
presence of carbon tax is: 

• In CCS deployment period (stage I)
– At the initial stage, the expected value of the CCS cost saving (value of CCS 

investment opportunity) is: 

ˆˆˆ( )( ) ( )( ) ( )( )[ ( , , , )] 1 1 1ˆˆˆ( ) ( ) ( )
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Model description

• In the period before the CCS deployment is completed, the corporate owns the 
abandon option: if the investment needed is higher than expected cost saving value at a 
time step, the corporate will exercise the option to terminate the project to prevent from 
more losses
• The abandon option of the CCS investment is computed by the Least Squares Monte 
Carlo (LSM) method.



Case Study of China Model Parameters
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Simulation
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Figure 2: Residual switching cost simulation

Figure 1: Thermal power generating cost simulation
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Single simulation path
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Single simulation path of cash flow
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Scenarios and configuration setup

1. Two carbon tax 
mechanisms 
(volatile or fixed) 

2. Adding R&D 
input & R&D 
subsidy

3. External 
generating 
subsidy
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CCS Cost Saving Values

In order to have more accurate results, we have calculated several seeds 
in each scenario. Each seed has a result based on 5000 paths simulation.
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Two carbon tax mechanism

• Currently the investment risk of CCS is large
• Increasing the carbon price can reduce the CCS investment risk effectively
• Volatile carbon price mechanism can better promote investment in CCS technology
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External R&D subsidy

• While R&D input has been increased, it may have a negative effect on CCS 
investment if all the R&D input need to be beard by the enterprise
• Some subsidies for CCS R&D are necessary to maintain interest of investment
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Generating subsidy

• generating subsidies have direct impact on CCS investment 
• But, given the same level of total financial input, it will be a little better to 
promote R&D subsidy than generating subsidy 
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• The investment risk of CCS is quite high. 

• Among all the uncertainties, climate policy (carbon price) has the 
most significant impact on CCS investment. This point is directly 
supported by the model, which shows that increasing the carbon price 
can reduce the CCS investment risk effectively. It is necessary to tax or 
price the emissions from the power sector for CCS development. 

• R&D input increasing may have a negative effect on CCS 
investment if all the input is taken by the enterprise. 

• Enhancing the CCS generating capacity can not reduce CCS 
investment risk effectively as the value of the CCS cost saving varies
a lot among different hybrid policies. 

• There is an important trade off between reducing greenhouse gas 
emissions and protecting the interests of investors.

Conclusions from simulations
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Policy implication

1) Carbon price (tax) mechanism. Market based volatile carbon 
price mechanism is more attractive than fixed carbon tax 
mechanism for investment.

2) Subsidies for enterprises R&D input. External subsidies for CCS 
R&D is necessary to maintain the interest of CCS investment. This 
could be implemented through transfer payments of carbon tax. 

3) Generating subsidies. It will be a little better to promote R&D 
subsidy than generating subsidy. Particular policies need to be 
adopted on different CCS development scenarios.
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Is CCS a solution?

Since the role of coal in future energy mix, CCS is one 
of important options.

Huge challenges: 

 Technology
 Energy penalty
 Cost
 Storage sites
 Long term moniter
 Demonstration
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