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U.S.-China Historic Joint Announcement on Climate Change
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030FEGHGIAZIHMIEE, EKABEIRDEI20%:;
China: Peak CO2 emissions in 2030. Non-fossil-fuel share 20%

X[E: 2030F Z HikxHER EL 20055 7,0 26~28%.
U.S.: Cut net GHG emission by 26-28% below level of 2005 by 2025.

h EESLI I R, DAE CCSHITTRR .

To achieve the turning point for China, CCS contribution is necessary.
BRI AR
CERC-ACTC




AHHLCCUS? Why CCUS?

Even with aggressive growth in renewables and
natural gas, significant CCUS required to meet U.S.
APEC Targets

RUsE AT AR RE IR A R AR S BRE, TiFEEEMCCUSEL
WEEEAPECH

EIA Base Case - 2014 Energy Data Book APEC Forecast Case - 2x Renewables, Gas

Annual CO2 Emissions

Renewables
Renewables

Nuclear

Nuclear

tion By Fuel (Trillion kWh)
&

Natural gas

Electricity Generation By Fuel (Trillion kwh)
&

Natural gas

Electricity Genera

Petrqleurn Liquids and Other

Petroleum Liguids and Other

N EERE AR
/ CERC-ACTC




Recognition to CCUS

AT, TN R A B YR A A
CCUSHAR (EHASIMAS2) ,
CO2HEUA HEAE 20304514 B I6AH
In China, the continued-efforts
policy (CEP) scenario presents an
annual reduction of carbon
iIntensity of 3% from 2016 to 2050.
An alternative scenario (AS1)
assumes an annual reduction of
4% from 2016 to 2050.

While another alternative scenario
(AS2) assumes an annual
reduction of 4% during 2016-2030
and 4.5% during 2031-2050

with CCUS applications in the
power sector.

Million Metric Ton
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FEET e R EAKH#A/General Achievements of Phase |

AFR, BIPERBEMFRAR S A R T
Fo B E O RAE, NUBFT AR B 69 R R,
f LACCUSAR MK % Fm L, 3l4aAR3t TiZEAK
WA, BT T RFOE AT, 7A5%IIKRAF
FTAETH, Bl T &M TR,

In the past 5 years, through the effective work and
close collaboration of the scientists in ACTC from the
two countries, achievements have been obtained. ACTC
leads the way In various areas of CCUS and promotes
the development of this technology which shows bright
future of application. ACTC has made (reat
contributions to realizing carbon emission reduction
and corresponding to climate change.

\ﬁ CERC-ACTC
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M S 4E Virtual Collaboration To Success

\=

» ACTC 75 5 XU ZE T e 52 Joi 14 1A 1F (Collaboration)
Collaboration between Chinese and US teams has been
carried out since the foundation of the CERC-ACTC

> XEUAE, MSEMaEN, WAAREMERESD, X
2013F B A90NR, MIMSINA200R, BT E&1E.
Different forms of communication and exchanges between the
two sides are Involved, such as visiting, personal joint
meeting, video meeting or audio meeting.




BT KHEFICOMRERELE
Built Large-scale Post-combustion CO2 Capture Pilot Facility

N T AR ERAG S S RORAYECA, CERCHE
KA H 2 (R E s S = 5 T i T Ze i Y TAF,
X AR SRR EIRE T VA CO, SR AR 73 4l AR
BIFUEINL, AREADREFEAMN DSBS — 21
EE P B PR IR S Y AT T S TR BV RRCAS, XK
E—ERE, —PEXE, £CERCHERT,
ML —#E TR A X RME LT
W3 A DR R & H IR F R AR GE -

To reduce the cost uncertainty of post-combustion
capture technologies in both countries, CERC
facilitated a breakthrough arrangement for data
sharing between similar projects, enabling
development of a consensus model that supports
consistent cost analysis for CO, capture. The
researchers sought to reconcile the reported costs
for two comparable coal-fired facilities, one in
China and one in the United States. In an
unprecedented step, under CERC’s framework,
both plants provided operating and cost data to
researchers engaged in the analysis.

t
i
=

Joint project on post-combustion
capture processes at Shidongkou
plant in Shanghai (top), and at the
Duke Gibson plant, U.S. (below)

R, LERU-AL L
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IS5, LLNLEE, 753 HE BN M B OCHT BUR BEAT — T2 PR B B Y
PRI e —EALBRIH IR E .
Duke Energy cooperates with Huaneng and LLNL to implement a two-stage,
post-combustion capture dynamic model.

HIEER T ERGibsond] =5 KENHEHETE
Duke Energy provided operating data on unit 3 at its Gibson Station,
Owensville, IN facility for this PCC project.

Post-Combustion CO, Capture

Gibson Power Plant Shidongkou Carbon Capture
Demonstration



E S MR RIE Oxyfuel Combustion

HUSTMBAWHBIEHLEZ
Data Share between HUST and B&W
» True collaboration via open information exchange

BEATEEHZXBEENEE

> Early creation of data exchange mechanism

> MOU between HUST and B&W signed in June 2012

e 5REE2012FSAMEE TIEMESR

» Monthly teleconference and regular visits
BAMNEESWMERENED a
» Cooperation extends to outside CERC
SRS EE LR
3 MW FCS

HEL=

Data Sharing

Bt kG Fifit AREIRSE
IVE: €/ R RIS K=
P KCFD RARE
&R Pilot

Facilities
Coal ) Dynamics gﬂovyledge
Reaction Pilot and aring on
Kinetics Facilities Process Large
Database and CFD Model Demo

w

3 Joint paper
1 B&W Technical Paper

1.8MW SBS

A0 B BN Y e\ Vg I



FXim5#E%E EOR & Storage Highlights
IpbEE I LR B E

Site suitability and priority evaluations by the site screening
methodology.

HIESLLNL . WVUBICO, $IFE1E
Collaboration Between Shenhua, SPIERCE, and UWY, WVU,

LLNL on CO, storage . .
Ordos Basin. China g Rock Springs Uplift, USA

EEZ

E3537pa ML T#E&8

Prelimina-

ry
evaluation

Candidate
Sites

Concept-
ional
design

Engineer- W
ing Consult | -~ 5.
G




¥l EOR

CO,~EORZ SR X : FFRE2 0 FHCO29E N iR
CO2-EOR pilot test region: Conduct CO2 injection test in 2 wells

(ZEK A AR B K 2%, Shaanxi Yanchang Petroleum and UWYy)

Surface infrastructure

2255 B
K AHCOIR M BRI  Shaanxi Yanchang Petroleum CO2-EOR test -




CO,#|H CO, Utilization FIfE

) ZERRRIBECFI R AT A RIBR AR
U ENN?ﬁ@ CO, Utilization with Microalgae - A Sustainable Approach

18 T 4056 o 55 R [E] 1 25 TR S AT AR E S B 5514 T R CO2F
A1ER, ACTCHIR A REZIN—MIRBRISRIIEM, ELE
UK ABHCEXREKIR15%, FHBEWBIZRENRIRIMNE
OF KENTUCKY After examining various reactor designs and the utilization of
CO2 by a number of U.S. and Chinese algae strains, ACTC
researchers identified a promising strain that grows 15%
faster than most and is remarkably tolerant of extreme

environments.

HTe BETRTUEE TR H I
Duke Energy’s Microalgae Project at
East Bend Power Plant R

MR EF NI EMERERCEN, FERY

Growth System Optimization in China



% H5%{kGeneration& Conversion

FB700°CHBHRIIG FLem P ER /152 Research on issues related to 700°C USC boiler
WE RS A B2 BEP 17 R Staged Coal conversion poly-generation system

> BRhTYIRERREIEP T BEELLE
Migration and transformation mechanisms of mineral during coal combustion process.

> FEIMWthiAE3E B EIIERER AR B ORI T AT, B&TbRiaaes)
Coal conversion poly-generation technology combined pyrolysis, gasification and combustion is
verified on 1MW pilot plant and may be demonstrated in industry.

D = kiR s Cw -
Vs BTt S ST A A PR AR SUPRBE B 1MW BRI 45 SRS (LK IR 2 B

Effect of slagging and fouling behavior on heating Torch of pyrolysis gas 1MW coal stage conversion pilot plant

surface thermal resistance characteristic. /i . .
N EEREARE
@’ CERC-ACTC
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T5EIMBEEI Proposals for Next 5 Years

1 EREN] / Principles:

/ Large pilot projects

&1E%1. | Deepening collaboration

—
=H

T SEER
IBSEES

a]

a]

(more private sector participation)

iE4E | Project extension(build on phase |)

+ / Realizable (outcomes)

t [ Interrelated (system integration)

N AR
"% / CERC-ACTC



KRR AFETIEFRERFEIA/Highlights of Phase |

ALAWGEmLE SMNBEAEIAFHLERY
71, ®ACCUSILABARN T EFm &, HHAELE
CCUSHI AR KA e 5 ] 77 & B 2 & A B 52 49
Al A —ARCCUSE ARG K &A= st & I 389
7 B o

Based on the work done In phase | and under the
common effort of ACTC In the next five years, we
believe much more solid foundation will be laid to make
CCUS technology more mature, especially in the aspects
of scaling up and commercialization of CCUS
technology. Highlights of novel CCUS technology will
emerge.

AN AT
&% / CERC-ACTC



WESMES /5 Themes Determined

5 ME, FT—hrElxESMES:
1) e REHK;
2) KRAFERBEMEEmIREE,
3) CO A/ 5324,
4) FitH .
5) 249 EER,

ACTC proposals are grouped into five categories:

1) Advanced power generation;

2) Collaboration and knowledge sharing on large scale
demonstration projects;

3) CO, Utilization and storage;
4) Advanced coal conversion;
5) System analysis and Modeling.

g\) AR AR
W% / CERC-ACTC



= a4 E Highlights & Roadmap

BRETIHEESOMW
USCEHIR IS 30 MW Pre-Comb.

USC Test

|

1
.

: 300MW 5 2351k,
1“‘, %M%Pc%%ﬁa 300MW poly-gen.
Large Scale demo plant
Algae cultivation
HEFSIKH |
EOR F AR

&% / CERC-ACTC



EACHAEORRIETFE Yanchang CO,-EOR Demo

> EHASWyoming KEZEME/EIN, HEEFLEISN/RESHZMAIE
BiRZS IR mERICO,-EORK K ;
» Yanchang Co. agreed with Wyoming Uni. in CO,-EOR project in Ordos.
> fRAIEEEH] . EACHE. BTSN XIFR407 M/FRRCO,-EOR
e L2, HITXIRFEDSH KA.
» A 100 ktly CO,-EOR demonstration project is planned by Shenhua Group,
Yanchang, and Petroleum Association and will be scaled up gradually.

LR HH CO Mm%t MXIFRRY FE4KCO,~EORT 42
Shenhua CO2 capture facility 51EANZA \ CO,EOR in Yanchang Co.

Collaboration

pra B THAAY ShE SR
[ | EHARSIEHRERNCO,-
@ EORHEAR, BSAMRKE.

s Wyoming Uni. Collaborates




CO, IR AR & )
CO, Enhanced O|I Recovery (CO,-EOR)

Injection well index: 60
Pipeline index:200-300km
Capture index 80000-400000 tons

Capture

| device

= Construction
(80-400kt)

*Device
construction

. Reservoir study Site

\ °*Reservoir screening 1. ~ construction
-Geologlc.al .modeI. sIncrease injection
*Reservoir simulation well groups (60)

*|njection station
construction

*Pipeline
construction(200- .-Captur.e process
300km) innovation
: Construction of injection Construction of
RESERQIRSITCY station and pipeline
2010 2015 2020
CERC1.0 CERC2.0

Y
M, BESD

i 1905
LKEiE! 5 AR RREE S

Qﬂ CERC-ACTC




#BEIGCC+CO, R IGCC+CO, Capture in Huaner%ﬁj

> TERETE SRR | BA I GCOI IZ R EAL 30MW,, pre-combustion
EFFRE 1 BA3OMWIAKRBICO, 55  CO, capture system layout
InE .

ey
T

» Based on the operation of IGCC, iy -
Huaneng is starting a 30 MW =g |
precombustion CO, capture project = gm__%:

for syngas cleanup

EEN HIEREAREKSE
| Q‘é CERC-ACTC



300MW4 £ %54¢, 300MW Conversion )

-Experiments on the key conversion processes
-New synthesis processes for pyrolysis gas
-Environmental technologies

-Simulation on poly-generation system

-Design Theory and methods

-Operating the demonstration plant with a capacity
between 100MW and 300MW.

12MWe | ial PI
1MWt Pilot Plant e Industrial Plant

12MWe industrial 100MW~300MW Demonstration
Scale Plant Plant

2010 2015 2020
l CERC1.0 I\ CERC2.0 '
Small I |arge I lLarge FEED
pilot pilot demo

’fﬁ WestVirginiaUniversity. ﬂu W LP AMI N A #% B3 [E R

N EEREARE
@" CERC-ACTC




B REF SWVUS 1EEWR @
Collaboration on EWR Between Huaneng-CERI and WVU

B IR E PR
. ‘ ) & » »-‘_ - ‘ » q ’? {,‘ ,’
» Huaneng-CERI and WVU signed an NIV SR Ag/
M llabor n the EWR ] 4 | ' ‘
QU to collaborate on the _ Y s ws
project. S ==
CO, sequestration Brine heat extraction Mineral extraction Disposal
———————————————— e - —— — - ———-—— FmEE - -—————ny FT==—

(L
| ldissolve
1| C02

|
I
potable H,0 !

I
makx. |
high TDS = TDS |

filtration crystallization

electrici direct use
i water storage

generation

brine
extraction

F==——————

“carbonated” brine injection L
A




USC MATERIAL TESTING ##Em)izt
Host site Bl37:

Huaneng Nanjing thermal power plant, unit 2 Pipe and valves & BRIIE ]

R R A, 25014 SEEY
, ‘
Superheat section IL _: T
« Boiler type ##738%: two pass boiler R : :
e Steam capacity#iy<za&: 1000 t/h : : —
e Production capacity4£r=gt/: 320 MWe el
« Burner type #2284 wall fired System ' T
|

e Fuel #%l: bituminous coal 1

e SH steam temperature #KXiEE: 540 ° C
« SH steam pressurezZikE7: 25 MPa

16 June 2015 26




Mrsm R S £ YE bk @
CO, Sequestration and Fixation with Microalgae

3 H IR T AR TR
3 acre large pilot

demonstration

* Set up a 3-acre cultivation facility
*Biomass productivity 18 g/m?/d

* Conduct Techno-economic and lifecycle
analyses of CO, capture and recycling

* Develop multiple high-value algal

products
1000~ 77 K/ s

1000m? small Pilot

* Achieve long term stable operation

* Obtain a CO, fixation rate at 30g/m?/d
* Improve biomass yield by 30% compared to SERC 1.0
« Separation and purification for product such as EPA

* Develop contamination control approaches

SR EMIESE PIA LI
3 acre pilot algae cultivation

TR SR 56 5 5 /N AR
AL

Lab and small scale
outdoor experiments

2010 | 2015 2020
CERC1.0 CERC2.0
KEmfibit7e EXC N R
- Basic research - Outdoor testing Small

U enniim

ZHEJIANG UNIVERSITY




Pressurized Oxy-PC /& & & kK

10MWt POC demo E & MRFERTE
*Detail process modeling(Wustl)

TEUIMAR R (5B 5 R BT R )

*CFD simulation (WVU)

CFDHELALL  (FE 335 Je K%

*System Improvement (WVU, Wustl)

Rt (FHEERI RS, L8k 5 RIUR )

100kWt POC small Pilot /NEI FiR,

*Burner/boiler design (Wustl) JAkEas/Fakr it (S5 2 e K 2s)

| *Kinetics study (HUST) 2l 715058 (4B RHE RS

*Ash deposition study (THU) K I K ST 78 (FEH)

*Sub-model development (WVU, Wustl) FHRIFF & (FEFEK, HEEHURE)
Experiments and CFD validation S 46 156 11F

*Scale-up to 250kWt (Wustl) HIIA250kWt (4 5 HE BTk )

A

1MWt SOC Pilot & /4

: . 10MWe
1MWt Staged Oxy-PC —— PrePS(S:urlzed o5 Pressurized Oxy-
PC

2010 2015 2020
CERC1.0 CERC2.0
W Small I large I large 2y FEED
pilot pilot demo

£ Washington

-\\ /J . e . .
Criverdiy i SELous (Ve WestVirginiaUniversity.

\Eﬂ =1
§ Qsﬂ CERC-ACTC




= FAGe Tl K2 KAI7RSE / Oxy Demonstration

PR BEARFEE5XZERGHERMAFZRREEETMRBARARFAZREEE;
HUST and University of Washington in St. Louis will continue close
collaboration on oxyfuel combustion.

PR ARFFENBERISWE T AR T /RSERE, FXTHK200MeE
SRR B RSEF R I AT T A 5% ;

HUST leads the 35MW oxy demo project in Yingcheng and the 200MWe

oxy plant pre-feasibility study in Shenmu.
RKAKFHEHESEENRES, EEF PR 4L B RARREK35%;
Combine CLC oxygen production with Oxy-combustion to reduce the
generation cost by 35%.
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