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Sinopec Zhongyuan Carbon Capture Utilization and Storage Pilot Project

Operational

Henan Province

Chemical production 120,000 tpa Industrial separation

e Storage covers EoR, ECBM and Saline aquifer;

e One large scale full chain demo in construction.

e (Capture covers post-combustion, pre-combustion and oxyfuel combustion;
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Beijing Gaojing NGCC power plant

Construction
finished

Beijing

Power generation 1300~1500 tpa | Post-combustion




Huaneng Betjing Thermal Power plant R
Post-combustion CO2 capture demonstration project

Location: Beijing;
Scale: 3,000 tons/year
Investment cost: 28 million RMB

CO2 product was sold to food industry

3,000 tons/year
1.3MPa
Purity 99.9%

Performance of CO2 capture unit

Steam consumption 3.3~3.4GJ/tonCO,

(1.3~1.5MPa 140~150°C)
01 g W RV T 010 (0 18 1 50~200kWh/ton CO,

The first CO, capture pilot plant in China
operated 1n 2008 and shutdown by 2016




Huaneng Shanghai Shidongkou power plant
Post-combustion CO, capture demonstration project

Location: Shanghai

Scale: 120,000 tons/year

Investment: 15,000 million RMB

Flue gas treatment: 66,000 Nm3/h (4%)

CO, product was sold to industry
CO2 capture rate 120,000 tons/year

Pressure 1.3 MPa

R -5 9%
Performance of CO2 capture unit

Steam consumption BREZE <7 <{€0)
3.0 GJ/ton

L0 B 75 kWh/ton CO,

6 kg/on-CO,

The largest CO, capture demo in power sector, operated in 2010




Datang Beijing Shijingshan Combined Cycle power plant/ -
Post=combustion CO, capture demonstration project

Location: Beijing
Scale: 1,000 tons/year

Investment: 15,000 million RMB
Flue gas treatment: 3,000 Nm3/h

1,000 tons/year
Prosure [PV
Puty R

-

T} 'j'ﬂs 3o Performance of CO2 capture unit
r b 1 T 3.9~4.3 Gl/ton

L0 0B 258 kWh/ton CO,

Solvent consumprion EAEISHNC)

The first CO, capture demo in natural gas based power plant,
operated 1n 2014




Huaneng Tianjin IGCC power plant
~ Pre-combustion CO, capture demonstration project

Location: Tianjin
Scale: 100,000 tons/year
e - _maam Efficiency: ~41%
‘ I ek o gt Fuel gas treatment: 2,372Nm3/h
Performance of CO2 capture unit

<2.0t/ton CO,
0.3MPa, 144°C
<92 kWh/ton CO,
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The only pre-combustion CO, capture aemo, Opcrdied 1 210

-

35MW Oxyfuel Combustion demonstration project

Location: Hubei Province
Scale: 100,000 tons/year
Pilot plant for science and technology research

The only Oxyfuel combustion demo, operated in 2015



Large scale full chain CCUS project in construction g
Shaanxi Yanchang project

g "'."'J.(,.".;;;.' The largest full chain CCUS project
Location: Shaanxi Province, China
gy Scale: 0.41 Mt/year
& 0.05Mt project in operation in 2012, and 0.36Mt project

will be operated by 2018.

CO, capture: high purity resource (from 83% to 99%), 50,000 tonnes from

gasification facilities of the Yulin Coal Chemical Co. Ltd, and 360,000 tonnes from
gasification facilities of the Yulin Energy Chemical Co. Ltd, Jingbian Industrial Park

Capture method: Absorption physical solvent-based process - Rectisol
Transportation: Tanker trucks plus pipeline (in planning)

Storage: Enhanced oil recovery, Primary injection site is the Jingbian producing unit
of the Yanchang oil field (>100 kilometres southwest of Yulin).



Large scale full chain CCUS proje ect in constructlon
~ Guohua Jijie project y :

Location: Shaanxi Province, (200 miles to Yanchang project)
Scale: 150,000t/year _.

CO, capture source: flue gas of 600MW subcritical power plant

Storage: to be combined with the CO, storage project in Erdos, Saline aquifer.




Technology Roadmap Study+——
Carbon Capture, Utilization, and Storage (CCUS) in Chma
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Will be updated and 1ssued by 2018.
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E|3x 2 2 &1 X National Key Research Program
Leading by the MoST

MEFEES, 2016FEHXZIF7371TIE, S&EEE216{2,

BRER:

(ERPEIAR MR &R NE(2006—2020F))
(BER & RELRE1TENIT X (2014—20204F))

CBRERE
Clean Coal Utilization WE R YE SRR,

= PRI S
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2016~ the present:
3~5 projects, more than 100 million yuan funding per year
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The world first successful large scale demoproject
Boundary Dam post-combustion CO, capture project

Operation in 2014. 10

> Location: Boundary Dam
> Capacity after retrofit: 16(
> Capture rate: 1 Mt/year

> CO, utilization: EOR in W

> Final investment: $1.5 bil

Other equipme

Plant retrofit
30%

control etc.)

2 capture unit
50%




Boundary Dam post combustion-demonstration

Parameters before retrofit

Retrofit plant with CO2 capture

Fuel type

Saskatchewan lignite

Fuel input, MW

397.1

CO, capture rate

1 Mta

Fuel type Saskatchewan lignite
Fuel input, MW 397.1

Boiler type Subcritical

Steam turbine 150MW

CO, capture technology

Cansolv amine-based

Steam parameter w/o retrofit

12.5MPa/565°C/565°C

Steam 12.5Mpa/538°C/538°C
Gross power, MW 150

Net power, MW 139

Net efficiency, % 35.5

CO, emissions, Mt/y 110

COE, $/kWh# 0.091-0.125

Parameters after retrofit

Net power w/o retrofit, MW (95

Net efficiency w/o retrofit, % [23.9

Steam parameter w retrofit 29 MPa/593°C/621°C
Net power w retrofit, MW 110

Power for CO, compression, |9

MW

Power for CO, capture, MW |14

Fuel type

Saskatchewan lignite

Net efficiency for retrofit
plant, %

27.7

Fuel input, MW

397.1

Steam turbine

Hitachi 160MW

Steam 29Mpa/593°C/621°C
Gross power, MW 162
Net power, MW 150
Net efficiency, % 37.8
CO, emissions, Mt/y 110

CO, storage Weyburn EOR
Total investment 1.50 billion
Unit investment, $/kW- gross 9375

Unit investment, $/kW- net 13636

Annual investment, M$ 180!

Annual O &M cost, M$ 602

Annual fuel cost, M$ 8.63

COE, $/kWh 0.303

CO, capture cost, $/t 100-155

14
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Performance of post-combustion CO, capture projects in China

Beijing Thermal power plant

Shaihai Shidongkou

Chongqing Shuanghuai

Base plant

90% CO,
capture

Base plant

90% CO,
capture

Base plant

90% CO,
capture

Coal input, MW

3945

3945

1444-1573

1444-1573

1500-1544

1500-1544

Boiler type

Supercritical

Supercritical

Subcritical

Subcritical

CO, product pressure,
MPa

1.3

e

Heat, MW

1556!

1307~13152

Gross power of ST, MW

845!

845

660

2x300MW

2x300MW

Net power output for
base plant, MW

8112

811

634

576!

COKE rises from Y 0.26~0.292/kWh to Y 0.493~0.54/kKWh
CO, capture cost ranges from 44-66 $/ton

Efficiency penalty, %

11.3-12.5

/

COE $/MWh

42.94-47.81

576

el

9.1-94

N\ 55-85.61

CO, capture cost, $/ton

44-66

52-62

59

Total investment, M$

396-4622

623-6883

508-5813

Unit investment, $/kW

650-730

1570-1734

1167-1335




—

Performance comparison between post-combustion projects

Project Scale, Efficiency|lnvestment cost |CO, Capture cost
Mt/y penalty $/kW-net $/t

Boundary Dam 1.0 10-14 ~13636 100-155

W.A. Parish 1.6 12.4-13.2 4887-5253 110-120

ROAD 1.1 10.7 2190-2339 52-61

Trailblazer 5.1 13.2-14.5 2422-2886 50-60

China (estimated) |1.3 9.1-16.0 1200-1750 44-66

Need deeper understand:

Compared to the first demo, the second will be 30% lower;

Investment Cost will be saved due to localization of key equipment;

Operation cost, including labor cost, may be lower in China;

Different market conditions and policy supporting.

Why the difference is so big? = What is the potential for cost reduction?

16



Hints:

[. The cost of demo projects are far beyond the theoretical

prediction.

2. The cost of international projects are several times

higher than that of domestic projects.
3. The experiences of the first large scale demo is so
valuable, we have to deeply understand them from the

aspect of technical, economical, and market, etc..

17



How to prevent “Demo to-Death™ . :

——

,'/

“The world largest CCS project failed!”

——

|
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1oo many ambitious targets:
New gasification technology: TRIG technology;,
Complex and expensive power plant: [GCC power plant;
Large scale: 350,000t/y, nearly full capture.

Is CCS the reason for this fail?

18



Coal Chemical combined with- EoR—
£ Low cost opportunity for CCS demo in China

CO2 caplure cost

$t-CO2

th
-

10

| | 1 1

10 20 30 40 5D BC 7D BC

CO2 concentration

Cost for capture: around Y 100/t

High purity resources

$

Combined
with
_I_

4

|

'
-
TR
b2\ o s
- -
T
e
R
> @

Sinks of EoR

Input output ratio: 1.2~1.5

Benefit business mode for early opportunities




Under construction
and approved

B Inoperation

Million Tons CO, per Year

— .
Liquids \ Liquids Synthetic,  Methanol Ammonia Olefins,
(Direct) Y@ direct) Naturat Polypropylene
N cte.

Opportunity in Coal chemical industry dreds millions tones),

especially in dlr&native fuel production




Experiences of Shaanxi Yanchang project s

1. Low cost of Capture:
High purity resource (from 83% to 99%) leads to 120yuan/t-CO2 (<$20/t)

2. Benefit from EoR: success in pilot sets

-

g

Qiaojiawa Pilot: CO2 injectior'l 7000t Yougou Pilot: CO2 injection is 19200t
increased oil amount is 2402.7t. increased oil amount is 2741.8t.

3. Project Owner owns both source and sink

21



Hints:

. Rather high cost is the main barrier for CCS deployment,

especially in power sector;

. Low cost should be the first criterion for early demo
selection,

. Early demo should gather the experiences, and more

important, build confidence and save time for new tech..




Pressure from renewable energy

Strategy for Revolution
of Energy Production and

Consumption
(2016-2030)
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Look into the future, non-fossil fuel will account

more than 50% of energy mix of China by 2050.
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Cot

s of industry

A,

7%~ Efficiency (%)

19th~20th Century (S)ﬂi)gs}lrﬁ;]n/kWh
= Efficiency arbo @J;&Q&i&é}};} """
SOX, NO etc.

sosd L = . et e
0%

30% Z:More than 10 points
— loss for CO, capture
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Natlonal CCS Roadmapi@rﬁhlna :

/ " issued by Dec. 2015, COOP21, Paris

Roadmap for Carbon Capture and Storage Demonstration and Deployment in the PRC
a0
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Vaiting for cost reduction
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Multi-: ncmmyﬁ

Multiple Inputs (fossil fuels and renewable energy)

Multiple Outputs (Power, Clean Fuel, Chemical products)

Clean Synthesis Fuel
I l (Hydrogen, MEOH, DME, etc.)

Electricity

—

Co,

Renewable Energy

Fossil Fuels

From competitive to compatible!




Coal based Polygeneration system for production of alternatwe)fuel
and power-with CO, recovery s
Fuel

Post-c CH%
1 i

US’EIOH CIpr@reovomblost-QRasifBynthesis Reaction
\_/

Pai

¢

Combustion Combined Cycle
Energy Penalty
COZ%A ___________________________________________________ > 120%
> |20~30%
— 5" 5210%

The energy efficiency has been increased 3~4 percent points,
instead of losing 7~10 percent points.



DME-solar hybridized CCHP using-Chemical Looping GomBTehon

Solar Energy

mer U

Feature 1: Utilizing solar heat at 450°C
- . ("provides the heat for driving CoO reduced
with DME

Feature 2: Low-grade solar heat is stored
.as sohd:ﬁuﬁl_Cn_g,nd converted into

Co B ctrl{c1ty th“l‘o‘ugh GT e
" 70C

i T H- L
- ey  ———
L5 ,ﬂ - \ }'{Cf_;u];_,bu,. 3,,.,‘ a4t Taat axchanar
R Lo - dature 3: No energy penalty of
CO, Sequestration —_:wm’ Osoling towSOZ capture

Saving energy up to 20% compared with fossil fuel based system



Hints: = —

1. The attitude of key stakeholders (industry, public) are
changing;

2. Hydrogen energy may provide new opportunity for
CCS to catch up;

3. Technology innovation should be the priority task for
CCS in the following decade.
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" JEEE——
Conclusions

1.

31

We should understand CCS technology deeper, especially
the ongoing successful demonstration project;

lechnology innovation is the key. New generation of CCS
technology should solve the problem of energy penalty
and cost;

CCS should not only be recognized as the special
technology for Climate Change mitigation, but also the
breakthrough to build the multi sources energy system
integrating fossil fuel and renewable.



160000
Installed Capacity

rend-of coal power industry-1n Chir

» e fifoee

Million kW

after 2020

Net growth:
15,000~30,000
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Potential of CCS-Ready before 2050 ==

35%
30%
25%
20%
15%
109
o =
0Pe —
) AN ! Q ) Q
£ N "5> i “5;, ﬁé:. 5}
N & N [ o -
R N
By 2030:
Y .

25% of installed capacity were
build between 2015 to 2030

2050

30% +

15%

____________________________

By 2050:
75% of installed capacity were
build after 2035

Hint 1: 2015 to 2030 will be the key period for CCS-Ready

Hint 2: by 2035, new generation of CCS tech. should be Ready
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