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1. Understand CCS



Contribution of CCS In different Scenario

Contribution of CCS
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The Characteristics of Low-Carbon Technologies

CCS

Efficiency and Renewables

Direct CO2 Emission Reduction
Extra Energy Penalty and Cost
LLow-C use of High-C Fuel

Limited by Storage Conditions

Indirect CO2 Emission Reduction
High Cost, but can be reduced in Future
Restrict the use of Fossil Fuel

Hard to meet the Mitigation Target

As one Special Energy&Environment Tech.,
CCS need more attention and deeper understanding




Argues and Confusions on CCS

CCS Is necessary?

Positive

Negative

Reduce total cost for GHG control
Make fossil fuel usable

Directly reduce the CO, emission

Extra energy penalty and cost
Limited by storage conditions

Emission reduction is the only profit

Support

Against

IPCC: Important option in the
package of emission reduction;

IEA: Reduce the total cost by 70% In
specific emission reduction scenario

Some Scientists: Unsustainable due
to rather high energy penalty&cost

Green Peace: CCS will keep using
fossil fuel, which let more emission

That depends on the urgent of Climate Change problem °




Argues and Confusions on CCS

CCS technology Is mature?

CCS is technical feasible, but not economic acceptable.
CCUS will be the main direction?

Maybe in the near future. Storage will be the final resort.
There exists business opportunity in CCS?

Public funding will be the basis for CCS deployment.
CCS will be acceptable to developing countries after cost down

Energy consumption must also be reduced



Complexity of CCS
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> Is there storage site?

> Is it safe for long storage?
> |Is there any profit?
> ..

O Capture B S orage U Transport ati on

Cost of CCS Chain

» Energy Penalty and Cost is unavoidable?
» When the technology will be mature?
> Is there any edge effect?



The core of CCS problem

The efficiency will back to several
- decades ago, the cost will double

U ma The penalty of existing
M 40~50% _
e CCS tech. is unacceptable
| -. fHECO,
) MERIONESN S Strategy  Hard Negation

and Policy Without Clear strategic positioning

_ _ Financiall Big Gap, Less Channel
Financial | aw&Rregulationl Without Frame
Law and  Public Acceptancel Without Deep Understanding
Regulation International Cooperation] Without Platform

Capture: High Energy Penalty and Cost
Tech. Transportation: Net Research
Innovation Storage: Capacity Evaluation, Risk
Monitoring and Mitigation

Technology and
Engineering

Engineering Small Scale Pilot and Demo
\ Practice Without full Chain Project 9




2. The economic and financial issues
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Preliminary Economic Analysis

~+ Definition of reference case

e Economic performance

e Scenario analysis

« Existing funding resources evaluation

» Application strategy of existing funding resources

11



Technical Characteristics of Demo IGCC/CCS

No. Item Unit No CO, Capture 60% CO, Capture 100% CO, Capture
1 Coal type Shengfu Shengfu Shengfu
2 Heat value of coal (LHV) MJ/kg 22.76 22.76 22.76
3 Coal feed t/d 3280.8 3235.3 3332.4
4 Plant capacity factor % 69 69 69
5 Number of operation hour hly 6,000 6,000 6,000
6 Gasifier type TRIP, dry powder feed TRIP, dry powder feed TRIP, dry powder feed
7 Gas turbine class GE, F class GE, F class GE, F class
8 HRSG type 3-pressure single reheat 3-pressure single reheat 3-pressure single reheat
9 Gross power capacity MW 430 430.0 426.3
10 | Auxiliary power ratio % 15.1 25.1 29.0
11 | Net power output MW 365.1 322.0 302.5
12 | Net plant efficiency % 42.3 37.8 34.5
13 | CO, capture rate t/h n.a. 178.9 307.2
14 | Mass of captured CO, Mt/y n.a. 1.07 1.84

ADB Guidelines “Financial Management and Analysis of Projects” (2005) adopted

A potential demonstration project — Integrated Gasification Combined Cycle (IGCC) power plant (430MW) with three technical
schemes: without CCS; 60% CO, capture; 100% CO, capture

The return on investment is not regarded as a result from the analysis for gauging the project financial viability, rather it is an
assumption

Upon fixed returns on investments and under other conditions, the required electricity tariff is calculated and considered as the
key indicator for CCS project acceptance 12

The current tariff for conventional power generation in Tianjin is RMB0.38/kWh. The approved tariff for the first IGCC power plpst
in China is RMB0.56/kWh, 47% higher



Economic performance of IGCC/CCS

Investment estimation

Investment of equipment ( M$ )

Item IGCC |GCC+60% capture IGCC+100% capture

Total static investment 570.5 635.5 676.1

Unit investment $/kW 1563 1974 2235

Fixed charge factor (%) 12 12 12

Total investment 624.7 695.9 740.3
O&M cost estimation

O&M cost (M3/y) 25.0 27.8 29.6

Fuel cost ( $/t) 94.1

Operating hours (h/y) 6000

COE ($/MWh) 82.4 94.1 113.2

COE (¥ /kWh) 0.56 0.64 0.77

Cost of CO, avoided ($/t-CO,) 26.1 37.3

Additional investment cost with CO,, capture: about 25% in 60% capture

COE increment:. about 15% in 60% capture

about 40% in 100% capture

about 37% in 100% capture

13
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Scenarios & Results (60% vs. 100%)

60% CO, | 100% CO,
Scenario / Option Indicator Unit Capture Capture

No government incentive Expected tariff Y/MWh 640.6 773.4

% as the

benchmark tariff % 114.2% 137.9%
At the current IGCC tariff, sell CO, COs, price for EOR
for EOR $/t 0 7.4
At the current IGCC tariff, sell CO2 [CO, price for CDM
through CDM $/t 18.7 27.2
At the current IGCC tariff, subsidize |Value for subsidy
the capital cost $ mil 198.8 498.0
At the current IGCC tariff, subsidize |Value for subsidy
the coal cost $ mil 148.33 371.41
Subsidize only the additional capital [Expected tariff Y/MWh 609.18 727.76
cost caused by CCS facilities % as the

benchmark tariff % 108.6% 129.8%
Subsidize only the additional capital [Expected tariff Y/MWh 586.33 704.24
cost, and income tax exempted % as the

benchmark tariff % 104.6% 125.6%
Subsidize only the additional capital [Expected tariff Y/MWh 500.91 548.17
cost, and CO price at $20/1. % as the

benchmark tariff % 89.3% 97.7%

If financing comes from 20% owners’ equity financing, 30% international financing and 50%
local bank loan, CO, price and expected tariff are indicated

14



Avalilable Funds of CCS Demo

Fund Name

Global Environment Facility

ADB CCS Fund

Global CCS Institute

Prioritized area

Mitigation and adaptation

Mitigation

Mitigation

Target country

Developing countries and
countries with economies in

Developing countries (China,
India, Indonesia and Vietnam)

Some developing countries in
Asia, including China

transition
Fund Scale > USD 10 bn USD 17 mn USD 42 mn annually
(AUD 21.5 mn)
Average Financing Amount About 4 <5 4.2

(Mn USD)

Project Example

Brazil: USD 2.65 million
Renewable CO, Capture and

China: USD 5 million
Integrated Gasification

The Institute began to finance
CCS projects recently, so there
IS no typical project funded.

(Mn USD) Storage (CCS) from Sugar | Combined Cycle Power plant
Fermentation Industry in Sao | Financing Project (Climate
Paulo State. Change Fund)
Application Scale 4 10 4.2

(Mn USD)

Three funds identified, total volume: > USD 10 Mn

15
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Application Strategy of Existing Funding Resources

m

GEF

ADB CCS
Fund

Global CCS
Institute

2010-2011 (18 month): 2012-2015:

Project Application Form sent to
Ministry of Finance (MOF)
through related industry central

Project Application Form to GEF administrative
units, and implement the application according to
the cycle of the GEF and related executive agency

administrative departments or

provincial finance and After 2015:
administrative departments; Implementation,
report to the Ministry of Monitoring and
Environment Protection (MEP) Assessment

2011 (six month): 2011-2012 2013-

MOF and NDRC Review, comment, Implementation, Monitoring and

send a list of and endorsement Assessment

prioritized project and approval of

proposals for the application

Facility Manager documents

2010 (about 1
month)
Application form
and project
proposals, under
leadership of
NDRC-ERI

2010

and prepare the
application form and

2010 (about 3 month) 2011-

Assessment against Implementation, Monitoring and Assessment
eligibility and selection

criteria and if approved,

the project will be

contracted by the Global

CCS Institute

2011 2012 | 2013

16



Key Findings

The existing fund resources including GEF, ADB and

GCCSI can only meeting the 5~10% of funding gap for
demo.

Look for new funds, e.g. Copenhagen Green Climate Fund
which shall be provided to developing countries for, inter
alia, development of low-carbon technologies. For 2010 to

2012, USD 30 bn is committed; by 2020, this amount will be
raised to USD 100 bnly.

17
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Cost Reduction Potential of CCS
Technology

» The main factors influencing cost reduction

e Localization issues

e Potential of cost reduction

» Specific CCS target for developing countries

18
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Learning Effect of IGCC/CCS
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Empirical observation :
Costs tend to decline with
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Methodology: Learning Curve Investment reduction trends of coal pulverized
(PC) technology in China
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Localization of IGCC with CCS

Current localization status of key equipments in IGCC

Auxiliar
) y R&D, design &  Some individual
Current Almost localized  systems Water-wall of Imported
L . manufacture valves need .
Localization = completely localized . . gasifier imported totally
independently  import
totally
Cost
) 45%—-55% 20% 50%—60% 40%—-50% 25% 5-10%
Reduction
Data source *These data from some related companies and institutes has not been published.

Analysis of localization potential of main equipments

AUS VA VAl N Low
Coal slurry gasification VA VA N Mid
Coal pulverized gasification VA VA J High
Gas turbine N VA VA High

CO, separation unit N v+ N High 3




Investment reduction of Tianjin IGCC demo with localization

ASU 86 4% 102 3%
Coal Gasification
. 1107 44% 1312 41%
unit
Gas turbine 1330 52% 1576 49%
CO, separation unit - - 232 7%
Single project
gle p Je.C 0 i 0 i
related to site
Total reduction 2523 100% 3222 100%

IGCC: investment maybe reduce by 24% after localization completely
IGCC/CCS: reduce by 26% after localization completely
Gas turbine reveals the biggest potential for localization

21
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Guideline for IGCC localization and development

Coal slurry W&

gasification

Coal pulverized s
gasification |

|
|
Short term |
target

» Longterm
target

o ——-L-»

CO, Capture

o1
AOU

I
!
|
!
Step 1: Total Import Step 2: Independent RéLD Step 3: Self—manufa:cture Step 4: Self-operation

¢ Step 1: Concentrate the equipment purchase to get the license of the patents
¢ Step 2: Support of national scientific/tech project for the technology research
¢ Step 3: Government encouragement policy for the purchase of the domestic equipment

preferentially
22
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Cost Reduction Potential of IGCC/CCS

Unit investment($/kW)
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<1 " Contribution effects:
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_ efficiency upgrade: 10~20%
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IGCC/CCS can be economically competitive with

PC/CCS
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Key Findings

The learning effect and localization are the key factors for the cost reduction
of IGCC/CCS, which may reduce the CO, avoided cost from the current 38%/t
to 20~25%/t in China in the future.

IGCC/CCS (when cumulative capacity reaches 40GW ) can be competitive
with PC/CCS; the investment of IGCC/CCS in China may drop from current
2100 $/kW to around 800 $/kW and the COE can also decline from the
current 0.11 $/kWh down to 0.06 $/kWh.

With lower energy penalty and bigger potential for efficiency upgrade
compared to that of PC/CCS, IGCC/CCS may save billion tons of coal, which
will promote IGCC/CCS become the dominating CCS technology of China in

future.




3. What Kind of CCS Is Needed by China



Huge amount of energy consumption
but with low efficiency

3.5 4
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Secondary energy consumer

Primary Energy Consumption in 2007
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0.0 | S U IEL P [N R NN SR NN SN RN SN SNLEN NN RN R R
China USA Japan Russia India Germany UK France Korea Canada
year of 2000
Energy Consumption China Wes? Gap
Countries
for Electricity Generation (kg ce/kWh) 392 316 24%
for Steel Production (kg ce/t) 781 646 21%
for Concrete Production (kg ceft) 181 126 44 %
for Ethene Production (kg ce/t) 1212 714 70%
for Vehicle Transportation (Litre oe/t.mile) 7.6 3.4 124%

P6




Rapid Growth of Energy Consumption in China
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Much faster growth than the average rate of world
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Heavy Relying on Coal in a long term

China World
] N
100% l \ /
"~ 1080 1990 2000 2005

Natural Gas .Others

billion tce

last for a long future

B Renewable |
[ INatural gas

nil

B Coal

2010 2020 2030 2040 2050
Year



Role of CCS In possible scenario

11~13 billions tons/y of CO2 emission in 2050

5~7 billions increment compared to the present

Fuel switch and Efficiency improvement
may contribute 2~3 billions reduction

means 3~4 billions increment compared to the present

v
CCS will be necessary for China

29



Existing CCS technology
Unacceptable to Sustainable Development China

EXiSting CCS 5 Fossil energy consumption
Energy Penalty: 7-15 percent points - |
Cost: 30-60 USD/tone N g4l i
N = 1 billjon tce
cou 1 s 3y
Buomass. N i n E 2 F ——no capture
o o, : i CO2 capture
T ;
Pre combustion [ s 2005 2015 2025 2035 2045
Oxyfuel Year
Energy supply cost $_S_OO~4OO
Industrial Processes  Ges bl”lOnS
10
: ol T
Special Issue of China: § °F —
- - E 4r “—no capture
Heavily relying on coal 2 " | —coz capture
Huge energy consumption / 0 e —
. . . 2005 2015 2025 2035 2045
Resource deficiency Vear o




Some Thinking
> CCSiER, BRRESCCSRARBRHENEERME , M
EMEERT ;
The Strategy, Policy, Financial and Technology should
e integrated and coordinated ;

> EFRLIEFHICCSHEART ﬁ/\ﬁz = i ge R R AR E
X, FEERESRENEFTIECCSEN WTE%B‘ZK%

RE AR A ;

The existing CCS technologies could not meeting the
requirements of China, we need revolutionary CCS
technology suitable for China;

> FOFEEEFECCSEAR , MARE T581AFZF HE

Focusing on CCS technology with low energy
consumption, instead of Zero Emission a1




Revolutionary approach for CO2 control:

Integration of Resource, Energy and Environmental

Resource

=

Energy

)
Chain way

E3

=

N

olygeneration system
for alternative fuel
production and power
generation

Pollutant

/T

he potential for
simultaneously solve
energy utilization and
CO2 control

\

_

The potential for
Capture CO2 in
Chemical processes

« Integration way



The problem of traditional Power Cycle

Power Cycle

i Combustion

Huge Loss (30~50%)
of energy Iin fuel

@ Thermal to Power

! — 1] ® IE>;
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Integrating Energy Utilization and CO, capture:

Chemical energy Source Control Technology:
utilization -

Largest & CO2 capture Capture COZ2 from the source using
exergy < _ the potential of chemical energy
Fuel Conversion utilization

destruction Process

gt

T Thermal Innovative energy system
=170 erxergy simultaneously solving efficient
‘ AH %7 energy utilization & CO2 capture

energy CO2 capture
penalty energy consumption
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Coal based Polygeneration system for production of alternative liguid
fuel and power with CO, recovery

Liguid Fug!l . . :
Post-compustion caurecPrebeomieest Basif®ynthesis Reaction

Combustion

Energy Penalty
> 120%

> 120~30%
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Breakthrough in CCS technology

Polygeneration system
Integrating CO, Recovery

2 -
. Energy system without CO, Recovery 1

Energy systems with
Pre-combustion Capture

Energy Penalty in Energy Systems
(o))
|

Energy Systems with

“14 “pst-combustion Capture

| ' | | ' | ' | ' |
0 10 20 30 40 50

CO2 Concentration




Specific CCS target for China

A A
Zero |ewnergv Economic
pena Chemical looping . cost
— - Suitable
stage
for future <$5/1CO,

Polygeneration +CCS

-5 percentages
EU/USA: beginning of R& D stage

China: late-stage of R & D stage

Suitable for developing | $5~101CO;
IGCC+CCS countries

EWUSA: mid-term of demo

-10 percentages

China: beginning of demo

$10~30/tCO;
Post-combustion
Beginning of Suitable for developed [
-15 percentages | | commercialism countries $30~60/tCO
~ 2

| | | "

2020 2030 2040 2050
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Key Findings

we need technical route, and long-term strategy

The government should coordinate the key stakeholders,

define long-term strategy, and clarify the role of CCS

we need CCS technology really suitable for China

We are still following the existing technology in demo project

we need original fundamental research and technology

Making research program, and focusing on promising direction




4. Recommendations
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The coordination between Different Levels

Less Action
Technology
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|dentify the early opportunity for CCS demo

Cost

ndustria
Process
25-55%

Power

Sector
15~75%

CcO
Cost Cor?centration Source Sink
Scale Resource Conditions
Technical Feasibility Economic Condtions

N4 N

|dentify the sector and the area for Low Costdemo =



Energy Network in China
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Energy Network for China

Upstream (Energy Base) :
Cleanly and effectively convert
the coal to clean energy and electricity
Transportation:
High energy saving
In form of fuel with high energy density
Downstream (City):
Effective use of clean syngas fuel
for power generation or transportation
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Energy Network in China
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Recommendations

ccsﬂﬁﬁﬂt,l/ﬁﬁﬂiﬁé °E) , Rt NIREHERREIR - WREED TS D
BT R , RAKT10~ 15$/tC02

CCS has potential for technology improvement and cost down, the
technical target should be set, for example, energy penalty less than 5
percent points, and cost lower than 10~15 USD/t CO2;

CCS#IHi , EEBRAMN/)., FMANEERTIRE : CO2EETI (&
LT, 5% ). 53EFE (EOR, ECBM%ZE) ;

The coal based CCS demo project with low cost and good effect, like coal
chemcial, coke oven, EOR and ECBM, should be select as the early
opportunity;

ERBEMNKICCSERAS , MMARMFI., BARMAMBEARE I,
R AR FEEEEBUR

The government should build CCS committee to coordinate the research
and development, dissemination and issue incentive policy;
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