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Economic growth and energy consumption

China's rapid economic growth was accompanied with quick increase

of energy consumption

iIn 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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Coal reserves -1

Center for Energy & Environmental Policy Research

B The primary energy resources: rich coal, poor oil, little gas

M 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.

B The R/P ratio has decreased very sharply from 105 years in 2001 to
35 years in 2010

1200

1100

1160

900 /‘r/ 1080
800 1040
/'\’/ 1000 : : : :

700 2010

/ 2001 2005 2006 2008

billion ton

—&— Proved Reserves

600
1980 1985 1990 1995 2000 2005

‘ —e—available reserves ‘

Source: China Statistics Yearbook 1981-2002 Source: BP Statitical Review, 2002, 2006, 2007, 2009, 2011

WW\W.CEEp.Cas.cn CEEh




Coal reserves -2
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Coal consumption

Center for Energy & Environmental Policy Research

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.

The consumption structure of Chinese coal in 1998~2009
mPower ®Building materials ®Steel ®Chemical industry = Others
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Coal production

Center for Energy & Environmen tal Policy Researc h

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.

The coal inventory in China in 2005 ~ 2010 (in 200million tons)
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Environmental impact

Center for Energy & Environmental Policy Research

» Production side

M Surface subsidence in coal mining

M Coal waste piling from coal mining and processing

B Underground water system destroyed.

M 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.

M 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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Coal dominates China’s energy consumption

Center for Energy & Environmental Policy Research

Coal is mainly used to produce electricity. In 2009, China produced 4.21 trillion
kilowatts hours of electricity, of which 79.2% was produced by thermal power
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China’s GDP growth by scenario

Center for Energy & Environmental Policy Research

2010-2015 2016-2020 2021-2025 2025-2030

Extensive 11.3% 8.8% 7.3% 6.0% 5.0%

Economic
Scenario

Reference 11.3% 7.5% 6.5% 5.9% 5.3%

Scenario
Enhanced 11.3% 7.4% 6.4% 5.9% 5.3%

Low-carbon
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.

CEEP.
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China’s primary energy demand and CO2 emissions

Gas

Non-fossil

Primary energy
demand (Mtoe)

energy”

2005

110.4

Extensive Economic

Scenario
2020 2030
695.2 817.9
318.4 430.3
399.8 780.4

2020

Center for Energy & Environmental Policy Research

Reference Scenario

2030

Enhanced

Low-carbon Scenario

2020

2030

CO; emissions (Mt) 5630 13490 14360 11200 11740 10230 10460
CO, emissions per unit  2973.5 | 1936.6 1208.2 1782.4 1088.3 1636.7 968.3
of GDP (t-CO,/million

constant 200095)

The share of 6.8 10.8 17.8 15.0 24.7 16.7

non-fossil energy (%)
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Challenge -1

Center for Energy & Environmental Policy Research

 Enerqgy Security

 Energy demand will increase further, although the
energy intensity will keep decrease

e OIil import dependence is keeping rising
e The share of Renewables and nuclear is limited in near
future
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Challenge -2

Center for Energy & Environmental Policy Research

Environment protection

Severe environmental pollution, ecological and
underground water destruction

In 2010,
S0O2: 21.85 million tons
NOX: 22.73 million tons
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Challenge -3

Center for Energy & Environmental Policy Research

e Mitigating climate change

« CO2 emissions are highly correlated with coal
combustion.
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CO2 emissions from fossil energy use in China

In 2009 CO2 emissions (IEA, 2011)
B from fossil fuels: 6877.2 million tons
B from coal: 5750.8 million tons (83.6%);

B from power generation: 3324.3 millions tons (48.3%)
WWW.Ceep.cas.cn
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Challenge -4

Center for Energy & Environmental Policy Research

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.

WWW.Ceep.cas.cn CEEP



Solutions to sustainable development

Center for Energy & Environmen tal Policy Researc h

1 Energy conservation

e Improve the production efficiency
e Improve energy consumption efficiency

* Improve the efficiency of thermal power
generation further

 Resource management, resource tax induced

WW\W.CEEp.Cas.cn CZEL



Solutions to sustainable development

Center for Energy & Environmen tal Policy Researc h

2 Coal production modernization

* Improve the resource utilization level
o Safety production

 Promoting the market reform

e Constructing 14 coal industry bases
e Coal clean utilization
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Solutions to sustainable development

Center for Energy & Environmen tal Policy Researc h

3 Managing environmental cost

e Carbon tax

e Emission trading system

e EXxpenditure for improving environmental lost
* Ecological recovery

WW\W.Ceep.cas.cn ch




Solutions to sustainable development

Center for Energy & Environmen tal Policy Researc h

4 Alternative Energy development

e Investment and financing
e R&D

e Policy support
 International cooperation
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5 Carbon Capture and Storage ?

Center for Energy & Environmental Policy Research

Capture
P Future use of

H,

(IPCC, 2005)
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Uncertainties

Center for Energy & Environmental Policy Research

Climate Policy

Fossil fuel price

uncertainty

Technology
uncertainty

CCS Technology

Carbon price
‘// \ uncertainty

Research Demonstration Deployment

| The research in progress of CCS technology will directly affect the future amount
| of emission reduction in fossil energy

I
I
I 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 |

WWW.Ceep.cas.cn | mm——



CCS investment evaluation model

Center for Energy & Environmental Policy Research

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 extraincome through selling VER. And cost
saving is negative means the power corporate will have to pay the
extra cost through investing in CCS —

WWW.Ceep.cas.cn ——




Uncertainty factors

Center for Energy & Environmental Policy Research

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:

dK =—iP.dt + A[iP.K]**dx
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:

dP. =aP.dt+ o0 P.dz,

CEEP.
R O
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Uncertainty factors

Center for Energy & Environmental Policy Research

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

dP. = yP.dt+ o, P.dz.

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

dPS = U(M )PS dt + Oy (M )F)SdZS K>0 (During CCS deployment period)
dPS = QPS dt + Oqg PS dZS K=0 (After CCS deployment period)
P, > P, *1.1

WWW.Ceep.cas.cn CEEP



Model description

Center for Energy & Environmental Policy Research

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

— stage | (CCS deployment) is the time needed to complete the deployment

— stage Il (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 1)

— theremaining expected value of cost saving through adopting CCS in the

presence of carbon tax is:

ENV (PP, P, )] =— g [ 1-e @A |y cr Fe [1-e 0] 5

AN

(@ -a) (r-7) (6-6)
 In CCS deployment period (stage I)

q [1_ o (0-0)T-) J

— At theinitial stage, the expected value of the CCS cost saving (value of CCS
Investment opportunity) is:

P P
E[F(P.,P.,P,,K,0)] = —" e(a—o?“fTOmm(Ko)q[1_6—(a—a)(T—T0mm(Ko))} +or —C e(y—y)TOmm(Ko)q[l_ e—(y—y)(T—TOmm(Ko»]
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. TOmin (KO) - —(f—]/)t . TOmin (KO) —rt

jo P, Tnex® dt IO Me "dt
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Model description

Center for Energy & Environmental Policy Research

* 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.

1. Random paths simulation along timeline (P, , ., P, and K)
........................................................................................................................................ »

Investment complete

_ 3. Compute the net cost saving cash flow
......... 2 Deployment investment .’I . - PR
C at each period

l Timeline
- 4. Calculate the value of the CCS cost
< 5 _Estimate the fitted value Q |4

et ——— saving () recursively

rFor enterprise to decide

: abandon the option

|
|
I whether to continue or | I
|
I

6. Discounting the resulting cash flows to time zero, compute the average option

value of the CCS cost saving effect and related greenhouse gas emission reduction
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Model

deviation rate (after

deployment)

Parameter value Notes
symbol
In 2007. China had produced 2722930*10"6 kwh of
generation capacity of electricity. For one power generation enterprise. the
q 25000*10"6kwh . e .
CCs generation capacity of CCS is set as 1% of total
domestic electricity production.
As coal-fired generation dominates China’s thermal
power generation, this paper takes the average
thermal power ]
. PF 0.3 yuan/kwh generating cost of coal-fired power to represent thermal
generating cost . o
power generating cost. The data refers to the estimation
from Zhu and Fan (2010).
Set by this study. As the fuel cost of coal accounts large
thermal power proportion of thermal power generating cost and the coal
generating cost drift a 0.04/year prices have showed a significant upward trend in recent
rate years, we set the drift rate of thermal power generating
cost as 0.04/year.
Thermal power
generating cost The data refers to the estimation of coal generating fuel
. O 9.00%/year )
standard deviation risk from Zhu and Fan (2010).
rate
Tt is a cost that power enterprises should pay for their
GHG emissions form thermal power generation. Zhu
and Fan (2010) have obtained the CO2 cost i China by
CO2 cost Pc 0.12 yuan/kwh converting the emission factor and CO2 price into
per-kWh generating cost for thermal power. The data
refers to the estimation of CO2 cost from Zhu and Fan
(2010).
CO2 drift rate Ve 0.02/year Set by this study.
CO2 standard The data refers to the estimation of carbon price risk
L leps 11.50%/year
deviation rate from Zhu and Fan (2009).
The data is a comprehensive assessment result which
thermal power with refers to technical assessment of China CCS
F; 0.65 yuan/kwh S ) )
CCS generating cost applicability research in China-EU Straco2 project,
IPCC report (2005), and Zhou et.al (2010).
thermal power with
CCS drift rate (after a -0.03/year Set by this study.
deployment)
thermal power with CCS technology is based on fossil energy generation,
CCS standard here assuming it has the same cost volatility with
Oy 9.00%/year

existing thermal power. The data refers to the estimation

of coal generating fuel risk from Zhu and Fan (2010).

Model Parameters

thermal power with
CCS drift rate (before
deployment)

thermal power with
CCS standard
deviation rate (before
deployment)

Total investment cost
of CCS deployment

Initial annual
deployment

expenditure

* R&D expenditure

Technology

uncertainty
Riskfree rate

Capture rate

Observation time

Time Step Size in

Simulations

Number of

Simulations

Emission Factor

v(M)

o (M)

M
i)

or

Ar

-0.0325/year (when
R&D input is
1000*10*8yuan/year),

min #(M ) =-0.04/year
8.33%/year (when R&D
input is
1000*10*8yuan/year),

max ., (M) =7%/year

10000*10"6yuan

2000*10*8yuan/year

1000*10*8yuan/year

05

5.00%

90%

Year 2011-2030

1year

5000

893g CO2/kwh

Set by this study.

Set by tlus study.

The data is a comprehensive assessment result which
refers to technical assessment of China CCS
applicability research in China-EU Straco2 project. and
Zhou et.al (2010).

Setby llhis stud}l' \\'hivlzhl consixl']cls thclasscsslmcnl résu][
from technical assessment of China CCS applicability
research in China-EU Straco2 project, and Zhou et.al
(2010)..

Set by this f.md,\.'.

Here refers to the settings in the research of Schwartz
(2003). Dixit and Pindyck (1994).

China’s long-tenm deposit interest rate is used as a

risk-free rate to represent the discount rare

According to the discussions about commercialization of
CCS in China-EU Straco2 project, the authors believe
that CCS can play a significant role in greenhouse gas

emission reduction m the next 20 vears.

In general. the simulation results will start 1o
convergence when paths more than 1000, so the number
of paths sunulated in different scenarios are set as 5000,
Emission factor of coal-fired generation comes from IEA
(2009). In 2007, CO2 emission per kwh from electricity
and heat generation using coal/peat in China is 893g

CO2kwh.




Simulation

Center for Energy & Environmental Policy Research
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Figure 1: Thermal power generating cost simulation
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Figure 2: Residual switching cost simulation
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Single simulation path

yuan/kWh

Center for Energy & Environmental Policy Research
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Single simulation path of cash flow

Center for Energy & Environmental Policy Research
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Figure 4: Single simulated path of CCS cash flow and value of cost saving
CEEP
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Scenarios and configuration setup

Center for Energy & Environmental Policy Research

CO2 cost R&D Gov Covered Generating

Scenarios CO2 cost
(fixed) expenditure R&D subsidy
Unit yuan/kwh yuan/kwh 10*6yuan/year 10"6yuan/year yuan/kwh
Case 1A 0.12 - 1000 - -
1. Two C.arbon g Case1B 0.15 - 1000 - -
mechanisms
. . Case1C 0.18 - 1000 - -
(volatile or fixed) Base Case+Carbon tax
Case 1D - 0.12 1000 - -
Case 1E - 0.15 1000 - -
Case 1F - 0.18 1000 - -
Case2A 0.12 - 1100 - -
2. Adding R&D
. Case2B 0.12 - 1200 - -
Input & R&D
i Case2C 0.12 - 1300 - -
subsidy Carbon tax+Enhance R&D
Case2D 0.12 - 1100 100 -
Case2E 0.12 - 1200 200 -
Case2F 0.12 - 1300 300 -
Case 3A 0.12 - 1000 - 0.04
S EXter_nal Carbon tax+Generating Case 3B 0.12 - 1000 - 0.06
neratin
generating subsidy Case3C 0.12 - 1000 - 0.08
subsidy
Case 3D 0.12 - 1000 - 0.004

WW\W.Ceep.cas.cn ch



CCS Cost Saving Values

Center for Energy & Environmental Policy Research

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.

Case 1A
1200.00
600.00 Cost Saving Value
0.00 (1076 yuan)

40.00% 29.16% 28.62% 28.86% 29.60% 2950% 29.15%
20.00% H #  Percentage of Paths which

0.00% ' =% 1 CCS are abandoned
Seed1 Seed2 Seed3 Seedd4 Seedb5 Average

210.77
=——  Emission Reduction Amount
1 (106 tonnes CO2)
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Two carbon tax mechanism

Center for Energy & Environmental Policy Research

Scenarios: Base Case+Carbon tax

13000.00 . .
| Fixed carbon tax
6500.00 : Cost Saving Value
. 000 000 96842
0.00 ' ! e (1076 yuan)
Case 1A Case 1B Case 1C Case 1D Case 1E Case 1F
100.00% 11Q8:80% 1Q28:80%
50.00% 29.15% 21.81% 16.68%5 Fixed carbontax 52-20%  Percentage of Paths which
0.00% . mmm . wm . &= &= == | CCS are abandoned
Case 1A Case 1B Case 1C Case 1D Case 1E Case 1F
300 24648 272.74 |
21077 = X 204.34 . ,
200 | == = =— ' Fixed carbontax Emission Reduction Amount
0o L= = = | | ' (1076 tonnes CO2)

Case 1A Case 1B Case1C Case 1D Case 1E Case 1F

 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

WWW.Ceep.cas.cn
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External R&D subsidy

S~ Cantar far Fnarnuv & Fnvirnnman tal Pnlirv Roasearch

Scenarios: Carbon tax+Enhanced R&D

1400.00 5116 1174.28 1214.24
700.00 : : e DV Cost Saving Value
0.00 weaweas | sasas | R oopEn | BEEAE mEnm (1076 yuan)

40.00% 29.14% 29.01% 30.03% ' 2854% 27.98% 2830%

20.00% = ==  Percentage of Paths which
" == Gov R&D cover ==
0.00% = == | CCS are abandoned
Case 2A Case2B Case2C Case2D Case2E Case 2F
240 21079 21098 20813 ' 21258 214.18 213.16
n s = = Gov RI&HDIHCI over Emission Reduction Amount
10 LS B L == H . FEEE ' (1076 tonnes CO2)

Case 2A Case 2B Case 2C Case 2D Case 2E Case 2F

* 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

CEEP.
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Generating subsidy

Center for Energy & Environmental Policy Research

Scenarios: Carbon tax+Generating subsidy

12000.00 8402.08 1151067
6000.00 i B 1156.98 Cost Saving Value
0.00 ——— —— ssssssssss 1 (1076 yuan)
Case 3B Case 3C Case 3D
30.00% 0
| 1802%  4p708 0 .
15.00% : 9.94% Percentage of Paths which
0.00% CCS are abandoned
Case 3A Case 3B Case 3C Case 3D
250 216.87 225.30 232.30 21213
175 Emission Reduction Amount

100 (1076 tonnes CO2)

Case 3A Case 3B Case 3C Case 3D

 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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Conclusions from simulations

Center for Energy & Environmental Policy Research

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.
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Policy implication

Center for Energy & Environmental Policy Research

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.

CEEP.
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Is CCS a solution?

Center for Energy & Environmental Policy Research

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

Huge challenges:

Technology
Energy penalty
Cost

Storage sites
Long term moniter
Demonstration
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Ying Fan
Center for Energy and Environmental Policy research (CEEP)
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