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Abstract — In this paper we explore the cost evolution and technological diffusion of CCS (Carbon Capture and Storage) in the 
policy context by building an economy-environmental endogenous technological model. We find that CCS cost should be 
responsible for this. Resource usage could hedge against the use cost of CCS to some extent, while only the fuel cost is relatively 
stable should this hedge effect be significant. The effect of resource usage on the penetration of CCS heavily depends on the   
amount used as resource, while the introduction of subsidy policy will significantly improve this effect and promote the diffusion of 
CCS earlier. 
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I. INTRODUCTION 

The complexity of the issue of climate change on the 
causes, the influence of generalized the seriousness of the 
potential loss and characteristics of global cooperative 
management of emissions are increasingly becoming the 
focus of the world. Global warming is largely due to the 
concentration of greenhouse gases such as 2co  in the 
atmosphere has risen sharply, which with human activities 
brought about by a lot of fossil fuel combustion are closely 
related, therefore, to take effective measures to control our 
fleet emissions of greenhouse gases such as 2co  is urgently 
needed  

The common control measures have a lot of 2co  
emissions, including: improving forest carbon sequestration 
ability, to save energy by improving energy efficiency 
standard, development of alternative energy technologies to 
reduce the use of fossil fuels, etc. In addition, carbon 
capture and storage technology (CCS) as a kind of 
transitional carbon reduction technology has been more and 
more attention in recent years. According to the IEA 
predicts that under 2 degrees Celsius temperature control 
target, the global CCS our fleet of emission reduction 
potential for at least 4 billion tons per year, its emission 
reduction contribution can reach 19% by 2050, global by 
CCS capture our fleet will exceed 10 billion tons [1-2]. If 
CCS is widely used in the future, the global emissions into 
the atmosphere every year, 2co is expected to drop 20%-
40% [3]. 

    CCS has a special meaning for China. On the one 
hand, China as the world's largest emerging economies, the 
developing of the economy in the future also depends on a 
lot of energy. At the same time, we are also the coal 
production and consumption power, coal ratio has long been 

firmly by more than 70%, even if the future in terms of 
improving energy efficiency and develop renewable energy 
to make enough efforts, in 2030 China's coal consumption 
accounted for the proportion of total energy consumption 
will be more than 50% [4]. So, in a long period of time, 
relying on high carbon coal to support the status quo of 
China's economic development will be difficult to change; 
On the other hand, the situation is increasingly serious 
global climate change, as carbon emissions powers, the 
future China will undertake more independent emission 
reduction task, and then to reduce carbon emissions and 
make due contributions to alleviate climate change. Thus, 
CCS will be able to realize the stable economic 
development at the same time the important technology 
selection and reduce carbon emissions. 

From the point of view of the current research status 
about the CCS research more focus on the global level, few 
articles examine cost of CCS in China under the background 
of climate policy evolution and development potential. In 
fact, China as the world's largest emerging economies and 
overlooking a big country, but also has the most significant 
carbon sequestration potential, research on climate change 
under the background of CCS in China's development is of 
great significance. In addition, our fleet utilization is an 
important aspect of CCS, including it’s in enhanced oil 
recovery (EOR), enhanced recovery of coaled methane 
(ECBM) as well as in food and other industrial applications. 
The earlier proposed carbons capture Fuse and storage, 
(FCCUS), namely the original CCS of carbon capture and 
sequestration link to increase the use of link [5]. Obviously, 
our fleet safe disposal of resource is not only beneficial to 
capture our fleet, but also can effectively reduce the cost of 
CCS, and enhance its competitiveness in the technology 
market to reduce emissions, it means a great deal for 
speeding up CCS technology diffusion. In addition, 
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comparing the same policy under the condition of CCS cost 
competitiveness with other renewable energy technologies, 
and technological learning and evolution of our fleet 
utilization degree of CCS costs affect the research also has 
significant practical significance. Our work will be mainly 
revolves around the above several aspects. 

II. CE3METL MODEL 

CE3METL Model (Chinese energy-economy-
environmental model with endogenous technological change 
by employing logistic curves) is CE3METL Model. 
CE3METL model assumes that a forward-looking planning, 
it by selecting the optimal investment and consumption path 
to maximize the welfare of society as a whole (Utility). 
Here, the welfare is mainly through the per capita 
consumption (c) to measure; therefore, the objective 
function of the model can be represented as: 
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In equation (1), L is population, Utility discount factor 
through the rate of time preference is  , 

0( ) d tt e                                     (2) 

d  is the rate of time preference factor in decreasing. 

A. Economic Model 

CE3METL Model production process is mainly through 
Cobb-Douglas Alternative production function to describe 
the constant elasticity. Input factor includes Capital ( tk ), 

Labor (
t

L ) and energy (
t

e ),  
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In equation (3), ( )y t  is output,   is the level of 
technological progress in the combination of capital and 
labor,   and   is the characterization of automatic energy 
technology progress level, which includes all the non-price 
factors caused by energy efficiency improvements. And 
respectively share capital value and capital - labor input 
combination with constant elasticity of substitution between 
energy inputs. A new phase of the capital stock represented 
as discount issue capital stock and the sum of the current 
new investment (I), 

 ( 1) (1 ) ( ) ( 1)k t k t I t                            (4) 
To facilitate the model depicting the two-way 

relationship between energy input and output, CE3ETL said 
the gross domestic product (GDP) is the difference between 
the output and energy costs: 

( ) ( ) ( )gdp t y t ec t                                (5) 
In equation (5), the energy cost (EC) is expressed as 

energy input and composite energy prices {PE) product, 
which is  

( ) ( ) ( )ec t e t pe t                                   (6) 

In addition, GDP is mainly to investment, consumption 
and import-export. 

( ) ( ) ( ) ( ) ( )gdp t I t c t x t m t                        (7) 
In equation (7), the x and m are expressed export and 

import respectively. At the same time, according to the 
history of China import and export status, model also set a 

lower limit exports as a share of GDP (
1
 ) and import the 

cap on the share of GDP (
2

 ), thereby, import and export 

dynamic change along the boundary of the model: 

1
( ) ( )x t gdp t                                 (8) 

2
( ) ( )m t gdp t                               (9) 

B. Energy Technology Module 

Used the carbon tax and subsidy policy variables such as 
Logistic technology diffusion model of endogenous 
economic growth model enrich the energy characteristic of 
technology evolution is partly CE3METL model. On the 
one hand, in the frame of the traditional top-down model 
introduces the elements of the bottom-up, effectively 
improves the traditional bottom-up model in the field of 
energy technology evolution ability; Also facilitate our 
study, on the other hand, a variety of energy technology 
between alternative evolution based on learning costs 
decline, reduced through traditional elastic substitute 
function method often describe alternative energy 
technologies to each uncertainty brought by the elasticity 
value selection. The modified Logistic model can be 
expressed as  

      ( )
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In equation (10), is  is a variety of energy technologies 

in a share of energy consumption, to energy technology is  
share limit, generally given by resource potential assessment 

results, and ( ) (0,1)is t  , 
i

 is the technical substitution 

parameters. Due to the 
i

RP  is reference technology and the 

relative prices of alternative technologies (CE3METL 
model reference energy technology for coal), as a result, the 
traditional Logistic model share about the time change type 
modified in order to share technology about the changes in 
relative prices. When price from a carbon tax and subsidy 
policy, energy costs and policy incentives two closely 
related to technology diffusion and alternative factors were 
considered in the Logistic model. 
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In equation (12), 
i

cu  is the resource utilization of 
2

co , 

 is the displacement coefficient of 
2

co and enhanced oil 

recovery, 
i

capr  express the carbon capture rate of  PC + 

CCS and IGCC + CCS. Thus, technology i  yields: 
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Clearly, relative prices will be influenced by the 
following two aspects: on the one hand, will be used as 
reference technology costs rise or a reduction in the cost of 
alternative energy technologies; On the other hand also 
increases with the implementation of a carbon tax and 
subsidy policies. It is the above two factors ultimately 
affects the competition between alternative energy 
technology and evolution. 

Based on the study of technological progress is an 
important driving force of lowering the cost of new energy 
technologies used M, therefore, CE3METL single factor 
embedded learning curve to energy technology module, to 
depict IGCC + CCS, FPC + CCS and low-carbon 
technologies such as wind energy, biomass energy and other 
carbon-free energy technology evolution. The cost of the so-
called single factor study process, namely the cost of energy 
technology with its cumulative production or consumption 
and falling process. In general, the production or 
consumption doubling cumulative technology costs down 
vector is defined as the ratio of the technology. The form of 
a learning curve as follows:  

-( ) ( ) ilx
i i iC t b kS t                            (13) 

Which 
i

b  is the learning curve parameters, it can be 

identified by initial cost 0

i
C  and initial stock of 

knowledge 0

i
KS . 

i
lx  is the index for the technical learning. 

( )
i

kS t  is the t stage stock of knowledge, it will accumulate 

as the growth of the production or consumption.  
Considering knowledge depreciation, the new issue of stock 
can be expressed as following: 

( 1) (1 ) ( ) ( 1) ( 1)
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C. Carbon Emission Module 

Complete comprehensive evaluation model of climate 
change should include carbon emissions of the greenhouse 
effect caused by the global temperature rising process, and 
the climate warming to human life and production caused by 
loss of feedback; this includes all of the market and non-
market losses [6]. FCE3METL is single unit model, we 
focus on China's energy technology development and 
carbon emissions problem, therefore, temporary not 
consider regional carbon emissions caused by global climate 
change and climate loss feedback. Anthropogenic emissions 
(emis) can be calculated as following:                

 (t) (t) (1 capr ) emf (t) (t)j j k coal k
j k

emis emf s s e
 

   
 
  (15) 

The j represents three kinds of coal, oil and natural gas 
fossil energy; k represents IGCC + CCS and PC + CCS two 
kinds of low carbon energy technologies. 

III.    DATA AND TREATMENT 

Model selection for the base year 2010, and in 2010 the 
national GDP, exports and imports were 40.12, 10.7, and 

9.47 trillion Yuan, consumption and investment as a share 
of GDP were 33.2% and 69.1% respectively, and at the end 
of 2010 China's total population of 1.341 billion, in 
addition, according to the world bank to predict situation of 
China's future population trends, assuming that the 
population of China is the future peak at 1.47 billion [7-8] 
model for the duration of investigation of 2010-2050, for 
every 5 years period. Other key model parameters are 
shown in table I. 

TABLE I  THE MAIN MACROECONOMIC AND TECHNICAL PARAMETERS 

Parameter Value 
Capital depreciation rate 5.0% 

capital value share 0.31 
Capital-labor and energy substitute elasticity 0.40 

Initial time preference rate 0.03 
Annual decline rate of time preference 0.3% 

Rate of spontaneous energy technology progress 0.3% 
AEEI annual decline rate 0.2% 

The lower limit of exports as a share of GDP 40% 
The upper limit of imports as a share of GDP 30% 

The carbon capture rate of PC+CCS technology 87.5% 
The carbon capture rate of IGCC+CCS technology 89.0% 

China energy statistical yearbook shows the coal, oil and 
natural gas and nuclear power, hydropower, and other 
renewable energy consumption data of China power 
regulation of the annual report contains the biomass energy, 
wind power generation data, in addition, Anderson, also the 
cost of new technologies such as wind, photovoltaic solar 
power are compared. On this basis, we calculated base year 
share of energy consumption. We set the initial cost of coal, 
oil and natural gas units. Based on the fossil energy scarcity 
thinking and long-term trend of the history of energy price 
fluctuations, we assume that the three kinds of fossil energy 
prices are on the rise, and assume that the average annual 
growth rate of 1.5%, 1.6% and 1.4% (see table II). 

Both traditional PC power plant and the new IGCC 
power plant, the introduction of CCS will significantly 
improve the generating cost, and reduce power generation 
efficiency, it is also the current restrictions on CCS 
technology commercialization of the main obstacles. In 
general, the introduction of CCS will make IGCC power 
plant capital investment cost increased by 21.7% ~ 23.8%, 
management and operating costs increased by 10.5% - 
13.5%, 7% , lower power generation efficiency at the same 
time7%-9.5%. 
 McDonald [9] earlier for a variety of new energy, such 
as vector technology were estimated and compared, think, 
vector of nuclear technology was 5.8%, the vector of wind 
and solar energy in different countries, different scale of 
wind power plants is different, the wind vector technology 
generally between 8% to 18%, while the photovoltaic solar 
technology is around 20%. In addition, Mckinsey[10] think 
wind vector technology is about 13%, while the solar energy 
can reach 23%. Accordingly, we set the wind energy; 
nuclear energy, biomass energy and other renewable energy 
vector was 12%, 9%, 14% and 12% respectively (table II). 
Because of IGCC technology has not been large-scale 
application, therefore temporarily unable to get the relevant 
technical data, the current multi-purpose Flue - gas 
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desulphurization (FGD) system for the operation of the data 
to estimate IGCC + CCS vector replacement. Rubin and 
Mckinsey [11] estimates that IGCC + CCS technologies 
such as vector of 11% and 12% Lohwasser [12] thought 
such as the values between 7.1% to 12.2%, in general, only 
considering single factor study effect, less vector, and at the 
same time considering based on the research and 
development and the "double factors of dry middle school" 

learning effects vector, generally higher. In addition, such as 
Li pointed out that China's IGCC + CC vector power plant 
investment cost is 9.64% - 20.22%, vector power generation 
costs of 7.26% to 7.26%, but cost vector is roughly between 
6.36%-14.62%. Comprehensive consideration, CE3METL 
model set IGCC + CCS with PC + CCS vector average of 
11.1% and 9.8% respectively of F (see table  II). 

TABLE II All Kinds of Energy Technologies Related to the Initial Numerical Key Parameter Values and Assumptions. 

 Initial technology 
share (%) 

Initial energy 
cost (yuan/ton 

coal) 

Average annual 
growth rate  

 

Technology 
learning rate 

Rate of  
substitute 
technology  

Carbon emission 
factor (ton 

carbon/ ton coal) 
Coal 66.93 2034.17 1.5 - - 0.7562 

PC+CCS 0.36 4712.47 1.5 (6.5,13) 8.0 0.0945 
IGCC+CCS 0.16 4004.20 1.5 (7.1,15) 7.0 0.0832 
petroleum 18.97 3336.05 1.6 - 10.0 0.4484 

Natural gas 4.35 1505.29 1.4 - 10.0 - 
Hydroelectric 7.10 1627.34 endogenous 1.0 4.0 - 
Nuclear power  0.73 4068.35 endogenous 9.0 10.0 - 
Wind power  0.32 4475.18 endogenous 12.0 4.0 - 

Biomass energy  0.87 8136.70 endogenous 14.0 5.0 - 
Other renewable 0.08 12205.04 endogenous 20.0 4.0 - 

IV.  RESULTS AND ANALYSIS 

A. Scene Settings 

Under climate policy background, learning effects and 
our fleet recycling use of CCS cost evolution and the 
influence of technology diffusion. We set up five except 
reference scenario (REF) policy, see table III. The situation 
of considering CCUS technology 4 and scenario 5, we 
assume that the CCUS technology applied scale since 2015, 
and the utilization of capacity of 10 million tons, our fleet at 
an annual rate of 7% after stable growth. In addition, we 
also assume that our fleet is mainly used to strengthen the 
enhanced oil recovery (EOR), and each 2 tons of our fleet 
can be increased by 1 m ton of oil, not considering the use 
cost of EOR. 

TABLE III  VARIOUS ENERGY TECHNOLOGIES RELATED TO THE INITIAL 

VALUE 

 Coal tax 
policy 

Subsidy 
policy 2

co utilization 
Learning 

effect 
REF No No No Weak 

Case 1 Yes No No Weak 
Case 2 Yes No No Strong 
Case 3 Yes Yes No Weak 
Case 4 Yes No Yes Weak 
Case 5 Yes Yes Yes Weak 

B. Policy under the Background of CCS Cost Evolution 
Analysis 

Different scenarios, IGCC + CCS, and changes in the 
cost of PC + CCS combination of technology, although all 
sorts of policy scenario CCS costs are showing a more 
obvious decreasing trend, but the other carbon tax situation 
influence on CCS costs is very limited, and the point effect 
the most significant influence on the evolution of the cost. 
Thus, experience learning is the most key factors that affect 

the changes in the cost of CCS. Under the action of point 
effect (scenario 2), 2010-2050, both the accumulation of 
technology costs decline about 30%. And in the reference 
scenario (REF), this decline is only 15%. 

Under the effect of technological learning effect, the cost 
of all sorts of technology presents a significant decline in 
(compared with the reference scenario REF). In 2030, the 
initial cost of the highest other renewable energy technology 
and cost of biomass decreased respectively in 4000 and 
2200 yuan/ton. But the cost is still significantly higher than 
other energy technologies. At the same time, due to the 
increasing fuel costs, with the passage of time. As a decline 
in the cost, technical strength is difficult to wipe out of total 
cost caused by the rising cost of fuel lift. So, IGCC + CCS 
and the use of PC + CCS costs show up after the first drop, 
even with our fleet utilization benefits under the condition 
of this conclusion remains valid. When fuel prices by an 
average 1.5% growth rate, even by 2030, IGCC + CCS with 
PC + CCS compared with wind energy and nuclear energy. 
Still don't have cost advantage. Even in considering the 
CCUS FC02 recycle scenario (scenario 4 and 5) scenes, the 
cost is still higher than wind energy and nuclear energy. If 
fuel costs remain relatively stable. Then the point and 
CCUS scenario (IGCC + CCSR and PC + CCSR), the cost 
of two kinds of low carbon technology shows a clear 
advantage. 

C.  CCS Technology Diffusion Analysis 

It shows in 2030 and 2050, PC + CCS and IGCC + CCS 
two kinds of low carbon technology, the change of the share 
of primary energy consumption. In view of the PC + CCS 
IGCC + CCS long-term cost advantage, development trend 
of the former is superior to the latter, in 2050 two 
techniques of primary energy consumption in different 
situations the highest share will reach 6.59% and 6.59% 
respectively. The low contrast study scenarios 1 and 2 point 
situation shows that learning can significantly accelerate the 
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spread of the CCS, and increase over time. This acceleration 
effect is for PC + CCS in 2030. The learning effect can 
enhance to improve its market share by 0.46%, by 2050, the 
market share growth rate will reach 2.34%; This conclusion 
can also be from the development and change of IGCC + 
CCS, technological learning can significantly improve the 
cost is reduced, and the cost is the key to accelerate the 
technology diffusion.  

Targeted subsidies policy impact on technology 
diffusion is also very obvious (scenario 1 and scenario 3). 
Under the condition of without subsidies, in year 2030, PC 
+ CCS and IGCC + CCS market share only 1.03% and 
0.47%, respectively, and subsidies after introducing its share 
will increase to 1.36% and 0.62%, rose more than 30%. 
Subsidies in 2050, after the introduction of two kinds of 
technology share rise higher, at 66.35% and 66.35% 
respectively. 

V. CONCLUSION 

By using Chinese single independent build regional 
energy - environment - economy endogenous technology 
model CE3METL climate policy this paper studied under 
the background of the cost of CCS technology evolution, the 
problem such as technology development potential Theory, 
first of all, we'll improve the Logistic technology diffusion 
of sub models embedded to energy - economy - 
environment system model of technology module, to 
enhance the ability to study a variety of alternative energy in 
traditional model. Secondly, we also embedded in the model 
in the characterization of the endogenous technology 
learning curve, to facilitate the learning effects on CCS 
technology evolution and the influence of technology 
diffusion; again, we have our fleet utilization prospect in 
China in the future, the introduction of the special 
investigation FCCUS technology in such aspects as 
cultivation of GCS cost advantage. Applications, we will 
focus on the current relatively hot CCS development issues 
in China, was investigated using CE3METL model FCCS 
technology in different periods, different policy 
environment cost evolution, compared the FPC + CCS and 
IGCC + CCS two kinds of low carbon technology of new 
energy sources such as wind power, nuclear energy and 
biomass energy cost advantage, analyses the FCCS 
technology diffusion potential of the technology in the 
power sector, and agents. For the learning effect and our 
fleet recycling use of CCS cost change and the impact of 
technology diffusion.  

Through the study found: experience learning is the 
most key factors that affect the changes in the cost of CCS. 
Although various policy scenario CCS costs is showing a 
more obvious decreasing trend, but the other carbon tax 
situation on CCS costs is very limited, the influence of the 
point effect the most significant effects on the evolution of 
the cost; Compared with new energy sources such as wind 
power and nuclear power technology, CCS has no cost 
advantage for a long time, rising cost of fuel is the main 
reason most of the losses are the result; In addition, 
although our fleet utilization benefits can hedge such part of 
the cost to a certain extent, but this would be the effect also 

is only under the condition of the fuel cost is relatively 
stable to highlight; Learning can significantly accelerate the 
spread of the CCS, and the acceleration effect increase over 
time. Our fleet utilization for the promotion of CCS 
technology diffusion effect is not obvious in the early stages 
of the technological development, but with the strength of 
the recycling use continues to increase, this role will be 
significantly enhanced, and the introduction of the subsidy 
would help the role play much earlier.  

Thus, crucial to the development of CCS is to control the 
cost of technology. This can be to work from the following 
several aspects: first, the current our country the CCS 
demonstration development at the early stage, this stage is 
dependent on the government policy support (including 
subsidy policy, etc.). Therefore, the government should 
provide reliable policy guarantee to explicitly support the 
development of CCS technology. Second, make full use of 
the clean development mechanism (CDM) projects such as 
financing platform provides incentives for the application of 
the CCS mass; Development and improve the insurance 
mechanism, in order to reduce the risk of future uncertainty 
brings to the CCS projects. These measures will promote the 
large-scale development of CCS, which in turn is conducive 
to technological learning effect. Again, vigorously develop 
the 

2
co  in industry (enhanced oil recovery EOR and gas 

extraction ECBM) and food processing applications; 
promote the development of the industry on our fleet of 
resource utilization. 
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