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R ERRHEBIIRUS-China CO, emission
Primary Energy Consumption (2014) IEA report 2014

HQil

i Natrual Gas
China @ i Coal
2972.1 Mtoe v 4

23.0% of Total

USA
2298.7 Mtoe
17.8% of Total

# Nuclear Energy
 Hydro Electric

H Renewables

EU India

3.5 billion tore 2 ne * o 2 B RE AN B HE R 1
USA Other Counties B E IS E/I40%LL E
5.2 billion-tens s
15 billion tons * The sum of the energy
” bﬁlfi‘(i)rr‘]atons consumption or CO, emission
of China and US are over
CO, emission in 2013 40% respectively of the global
amount.
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M &EF| H S5 E 77 (CCUS)

CCUSHIANEME—REE KR E B/ MERHE
R (ER2ERK) COFEMMEREAR, B
EEBFESETZEEIIZERE(PCO)TF,
M%T%FﬁCCUSEK B ST R R HEE

730

FEREREMKBLE . TNHI2050%F, £
FERCCUSRBERE L. ﬁ {tx. Y
MIFERGEIMESME, BEAMENA,

CCS is the only technology that can
significantly reduce CO2 emissions from
the use of fossil fuels. Delaying or
abandoning CCS in the sector would
Increase the investment required by 40%
or more in the 2DS (IEA, 2015).

China’'s Energy Revolution Roadmap
iIndicates that CCUS will be widely used in
all fossil based sectors by 2050.

_ Injection
. Wells
//

ARTHEIRRRERIK
CCUSHEIARRIKFERTIHE

The next decade will be a
critical period to determine
the success of CCUS.
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HHFE5R

Task 1 /&E&HE
Clean power

Task 2 J&E#EL

Clean conversion

Task 3 BARTIHIE

Pre-Combustion Capture

Task 4 PAIE1HE

Post-Combustion Capture

Task 5 &R
Oxyfuel Combustion

Task 6 CO,x17F
CO2 sequestration

Task 7 CO. %I
CO2 utilization

JiProjects and Tasks

Task 8 AL &R EIAFIIEMN

System integration, simulation and evaluation

Task 9 EPRZ R
International Exchange

>

P6: AR, S, ZE~

Combined pysolysis, gasification,

and combustion multi-gen

>

-«

P2: BAREHS. FAMIHE
Large-scale post-combustion
capture, use, & storage

DL

|

P3: MRHFRLKLSG R
Sequestration theory & storage
simulation

P1: IAZFHEFE L (1GCC)
Near-zero emissions power
generation (IGCC)

P5: ESRMRRIALFIRT

Theory & equipment development

for oxy-fuel combustion

P4: HCEEIRRZA
Micro-algae bio-sequestration of
CO2 from flue gas

JHZE TCCUSHIEEPNE (Z1IFANTIPIRR) BET—LLEF=MEPRR, -

/’;‘:\T’F oY IR A
F= AR
IP protection
and

Management
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HHRFERURP Intellectual Property

TMP was originally
produced by ACTC. The
final TMP document of
ACTC was taken as the
common file for the three
consortia in CERC.
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BAREIHEEE Pre-Combustion Capture

g 547, LLNLAJIGCCE{E/CHNG and Duke, LLNL on IGCC
EIGCCHERBHRETHR S EZLR

Share IGCC operational knowledge gained from starting up and operation
HITETFIGCCHCO, k. FIRASHEFERAMRLIRSE, BEiIMXFEE

Study and demonstrate the technologies of CO, capture, use and storage
based on IGCC system and set up the test platform.

IRFMFHIGCC+CCSHEIREREE R AL m, SIMEFHE.
Explore the intersection of the energy strategy and interest of IGCC + CCS
technology of the two countries, achieve mutual benefit and win-win situation.

BT

INMEIE
2180

F A
it

o

Process
descripti
on and
issues

Environ
mental

Perform
ance

Availabli

tity cost

RRFEHELZBFENWRBEESHIKETES (1660) BF: W FiE, BHEN


http://tupian.hudong.com/s/IGCC/xgtupian/1/4
http://tupian.hudong.com/s/IGCC/xgtupian/1/4

BRETEEE Pre-Combustion Capture

th[E$E—N250MW IGCCH G FFIE R IETT
China’s first 250MW IGCC power plant began commercial operation

BATHFRNE/LENREEL AR FEHITI



BB Post-Combustion Capture i

FI600MWE TTH4H E &= KR

RikERERS (fEReKHED

Post-combustion facility
Integrated to 600MW unit In

Huaneng’s Shidongkou
2400MW SC power plant.

=Lt R ERERANWMAEHERE

ENSE LM FMAHRSC3100 MW
B ) $U % 37 600MWAY3 S HLLE A
RiEtHRE RS (fLeaeilR)
Duke Energy planned to utilize
unit 3 at its Gibson Station SC
facility for this PCC project.




B &Mk Oxyfuel Combustion

HUSTHIB&AWHI BB E

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

BEAHEEEZERBNEENEE
> Early creation of data exchange mechanism
B HAE 3T RO B 2 #R AL
> MOU between HUST and B&W signed in June '
2012 aw.

Conditions

e 5BREAE2012FAMEE T IREREES
> Monthly teleconference and regular visits 3MEIEIRX
B AR IESIE RN ED 1 MBAWHARIRH
> Cooperation extends to outside CERC 3 Joint Resea.rch Paper
AVEE(RE| Ry 2 41 S 1 B&W Technical Report
Z P
3 MW FCS Data Sharing . 1SBS

=352 il a Fi it KBURSE
RE$# SRAN IR BETS ZUIHZ
e & CFD RIGE
=R Pilot

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

E&; 3-1.8WEE EEMRNEIEE. ¥iE. &1l (R, XE



B &Mk Oxyfuel Combustion

IMWE k£ RIE(BMW FCS)
3MW Oxy Demonstration

ssStage I. air combustion commission
(2012.1~2012.2)

*Burner work well

*Heat transfer as design
*PA, SA > 250C

s»Stage Il: oxy-combustion commission
(2012.3~2012.10)
*Switch from air to oxy-fuel
*Oxygen injection safe at 300C
*CO, ~80%dry,vol
*Burner work well
s»Stage lll: benchmark of air combustion

(2012.11)
*Burnout ratio > 95%
*Get the detailed data of air combustion

s»Stage IV: benchmark of oxy-combustion

(2012.12-2013.6)
sLong-time and stable operation

*Obtain the characteristic and control method of
heat transfer and emission

EHERRG; SREE




77 50K5H Storage & EOR
it EE RN R KR TE

Site suitability and priority evaluations by the site
screening methodology.

MESLLNL « WVURICO, HESE
Collaboration Between Shenhua and WVU, LLNL on CO, storage

Ordos Basin, China Rock Spri lift. USA
o0 4 ock Springs Uplift, U

(E3viATbil ey TiE&E

Prelimina-

ry
evaluation

Concept-
ional
design

Engineer-

Candidate N
ing Consult |

Sites




BUKESHE COpstorage. 1t

I

HERAT RS ESHERFEN, RESENHER), BARBOERIFE;

EIREANEARTI0FH ok, C0,i245350m, EL3¥ & ¥ #;
Shenhua achieved CO2 injection into multiple permeability layers and exert the storage capacity
of each layers; actual injection reached 300k tons, CO2 plume transports uniformly about 350m.



X8 EOR EOR

CO,~EORSE SR X HF & 210 FCO2yE N iR I
CO2-EOR pilot test region: Conduct CO2 injection test in 2 wells

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

Surface infrastructure




CO. 4 MEeEFIACO, Utilization with Microalgae

M BFE R R TRAAENRY e gt HOR, gt 5 42 Ko TR (FE R

() ENN RiB £ SR K HR15%) | S T HEEDRIS, 5 ki 02 K Z/9901%)

prmw e s s W fiRE o (L ARORRYS-84%) FUTEE, 'EBEREWL RS ) HE
JEHICO,, [AIES SCREFRAS i dn L HY A= BT HE TR,

UK Microalgae carbon-biofixation is a typical technology in exploring

panen®  the utilization of CO2. In Task 7, the algae were screened and

' modified by some advanced methods such as genetic engineering.

Then the high performance algae strains were obtained, with a high

Duke growth rate, high carbon mitigation capacity, high oil productivity,

Energy. ,ng better match with flue gas. This is a promising R&D field

_..attracting both countries attention.

AN G R S
Duke Energy’s Microalgae Project at
East Bend Power Plant

HRE R FEFMERR AN, RERY
Growth System Optimization in China



%W 5%k Generation& Conversion

FB700°CHB R IIm S Em IP 455 14 AfF 95 Research on issue related to super 700°C USC boiler
JEREESAES \f&%f EZ BXF3 R Staged Coal conversion poly-generation system

> BERTYIRERRSEF T B
Migration and transformation mechanisms of mineral during coal combustion process.

> FEIMWthidledk B FRERR BP0 AL BRI AT, BR&TlRTeReh
Coal conversion poly-generation technology combined pyrolysis, gasification and combustion is
verified on 1MWt pilot plant and may be demonstrated in industry.

B = ki s A s
BEW | BURAT N S AT A R B BT PR IR S RIGE X 4B TMWERE IR R IRER 9 e LI IR R B

Torch of pyrolysis gas

Effect of slagging and fouling behavior on heating 1MWt coal stage conversion pilot plant

surface thermal resistance characteristic.



—HEA T /e B fE AR General Achievements of Phase |

fLFR, BEFRWERARERBRH L
ERZFER LR E1E, AMUERT T4 AlEH B
RIR, THECCUSTRNIES Jr I b, 59UH
et T IZBARKKRE, BT RIEFKN ‘ﬁ;%
N SE BB 8 HE AN &AXTW@@E% e T RATIT
BR. WANBE—PHIRI SRR E | ESERIZ AL

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 great contributions to realizing carbon

emission reduction and corresponding to climate change.
CCUSHid T A2 MRk, W Ri# 2 AT, BULACTCHIZ ISR 51 4 /2
RZH, TAEEWEE KA,
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— IS 1EitHXI collaboration Plan for Phase I

U.S.-China Clean Energy Research Center —
Advanced Coal Technology Consortium

Phase Il
2016 - 2020

Technical Narrative and Continuation Proposal

May 29, 2015




BEE51MNES /5 Themes Determined

5% FXME, F—PIrEfwES MES:
1) Rt RERK;

2) RATFRABESEE5mIREF;

3) CO MM 5324,

4) FHiEHk,

5) ZL4o4TE &M,

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.

1)
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IEACHAEORRIETIFE Yanchang CO,-EOR Demo

> A S Wyoming K F AR E 1Y, HEF %L
XSRS EZMAEE RS SIEIR M REmAICO,-
EORIAK;

» Yanchang Co. agreed with Wyoming Uni. in CO.-

EOR project in Ordos.

HRRENIR . JEARE MY R EKCO,~EORTFE
Geo. survey, injection model / &4{EAZ \ CO,-EOR in Yanchang Co.

Collaboration

(] B LEEZEIEHRRCO,-

I8 EOREA, EEAMREER, =

o == \Vyoming Uni. Collaborates |
@5 it China in CO2-EOR,




CO IR AARIE U]
CO, Enhanced O|I Recovery (CO,-EOR)

Injection well index: 60
Pipeline index:200-300km
Capture index 80,000-400,000

tons

Storage device
| Construction
(80-400kt)

*Device
construction
*Capture process

Site

- construction
*Increase injection
well groups (60)
*|Injection station

. Reservoir study
\ °Reservoir screening
*Geological model

*Reservoir simulation . innovation
construction
*Pipeline
construction(200-
300km)

: Construction of injection Construction of
Reservoir : = :
esenvolr stuidy station and pipeline storage device
2015 2020

2010
CERC1.0 CERC2.0

“/ S
\1 X / T =S
$U KT ,,II SHEHHUAGRDP
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#8EIGCC+CO, i, IGCC+CO, Capture in Huaneng

> TeReE 4R AR | BA 1GOOI IZ R EAL 30MW,, pre-combustion
EFFRE | 1 HA3OMWEAIGRBICO,fE5  CO, capture system layout
e

"
» Based on the operation of IGCC, i e A
Huaneng is starting a 30 MW E g
precombustion CO, capture project = 4 1S
for syngas cleanup. (ot
o R ey P >'< RIS
Coz Capture ¢
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300MWS 21, 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.

1MWt Pilot Plant 12MWe Industrial Plant
12MWe industrial 100MW~300MW Demonstration
Scale Plant Plant
2010 2015 2020
l CERC1.0 ' CERC2.0 ’
Small I large M FEED Large demo.
pilot pilot

ﬁ,f; WestVirginiaUniversity. *U W LP AMINA
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PRRIEEE30MW

30 MW Pre-Comb.
1875 ST re--om
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= ALK
Oxy-Comb.
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ESE & PAEPressurized Oxy-PC

10MWt POC demo ESRERTE
« Detail process modeling(Wustl) 1347t e d e
e CFD simulation (WVU) CFD#iL]

e System Improvement (WVU, Wustl) & 4t i

100kWt POC small Pilot /[N HiR

« Burner/boiler design (Wustl) R egs/5R 1A 511

o Kinetics study (HUST) £ /1 5¢HF %8

« Ash deposition study (THU)k [LI R T FRAFFE

« Sub-model development (WVU, Wustl)-7-#7 J1- %
4 « Experiments and CFD validationSZ4& g6 iiF

1MWt SOC Pilot 552 « Scale-up to 250kWt (Wustl) 55K 250kWt

. . 10MWe
Staged Oxy-PC LB P e 2y Pressurized Oxy-
2010 2015 2020
CERC1.0 CERC2.0

£ Washington

University in St.Louis

»ﬁ WestVirginiaUniversity. ..

Q’a CERC-ACTC




HEFRRRE Chemical Looping Combustion

3MW1t B SR b 458 5~ TE Autothermal
CLC demo.

* |ron-based, calcium-based oxygen carrier R&D
(Uky&HUST)

» 3D Interconnected fluidized bed CFD simulation
(WVU)

 Solid particle cycle management (NETL, Alstom)
50kWt coal CLC small pilot

» Low cost oxygen carrier particle screening and reactivity
upgrade (HUST);

Redox reaction kinetics study (HUST&WVU)

Material handling and management inside reactors (WVU);

Oxygen carrier and its reactor compatibility study (UKy); 3MW?t Autothermal 50kWt CLC Facility

» Verification of 50kWth small pilot and demo. (HUST); CLC Facility
CLC concept verification HUST and Alstom
and feasibility study 50kWt Coal CLC 3MWt %ulf%thermal
2010 2015 2020
CERC1.0 CERC2.0

V? WestVirginiaUniversity.
" @@ CERC-ACTC




HEL5TISTHI EXIC02 7N AYF2 M
Effect of catalyst dosage on CO, desorption
w > YH R EER
R > S8R AR Tt
0 1 NCO, RV 5 7
Z,. > %?Hiéﬁiﬂ? gitf, fifb
: SRR T
é ‘1 With other conditions being constants
) . » Increase in dosage of
catalyst leads to the
0 d—— ” e Increase in the further
et Improvement in CO,
(N-and O, 500 mimin, Desorpton empersure: 8. Absorpion conditions: ~ 1€SOIPTION KiNetics
Solution volume: 0.25 L,CO, flow rate: 1,200 mL/min; Absorption temperature:
25:C] » The effect of catalyst

becomes insignificant
when it dosage reaches 7 g
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USCH#EEMIXUSC MATERIAL TESTING

* Boiler type #72R%&!:  two pass boiler
 Steam capacityZRZJSRA = 1000 t/h

JJ

 Production capacityZ£;/=g877: 320 MWe

T

T:
e

« Burner type #JP2R%!: wall fired System superheat sectior

'
b
| 4

» Fuel #2¥}: bituminous coal R
« SH steam temperature ZKEE: 540° C
 SH steam pressureZZikJE/1: 25 MPa

-, 5 = PV s
.

Host site : Huaneng Nanjing thermal power plant, unit 2
ERe LA FE R, 25 4L

e

=

34

Pipe and valves &iEMIRI]




Rt [ B3 g% SRR Scht

Implementation of Control Strategies for Improved Power Plant Cycling

o WFRSeHERITINER] (MPC) 5%

o ZLVEMPC: Zh&FEEEH (DMC)

o HANIELEMPC: FTiE NLMPC A SC
BRMPC (L-MPC) 1E 5 b #E

o RIWESR, X ERIGCCH ) HT
R L 378 ) S it S s

o [ HI B SRR I R R V2 S AR BT o A 2
AAN T B4 2R B I Sk (SCPC)

» Developed advanced model predictive
control (MPC) algorithms

e Linear MPC: dynamic matrix
control (DMC)

e Two nonlinear MPC: proposed
NLMPC and literature MPC
(L-MPC) as benchmark

» Implemented strategies for integrated
gasification combined cycle (IGCC)
plant with carbon capture for power
generation control according to the
demand

e Current focus is on extending developed
methods to address cycling of
supercritical pulverized coal (SCPC)
plants with and without carbon capture

~
@
=1

-~
[+1]
o

-
Y
(=}

—DMC
—L-MPC
NLMPC
| == --setpoint |

~
]
=1

Power Generation [MW]

-
=
=1

L L L L
0 50 100 150 200
Time [s]

IGCCHL] & HLk i BE b

Flue Gas to Added for Carbon *
Stack Capture and Storage |

Fluz Gas
Emissicns SERIET L

CQ, Capture
Canirais e oty

Particulate,
Sulphur and NO,

Electricity io

Steamn to Scheent Regenaration
Consumss

_ Steam

| Tursine =S

!

Ta Plant Awilary Loads
(Fans, Pumps, ...)

I SR (SCPC) ML) 7
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WostrmE S E 1E ik @

CO, Sequestration and Fixation with Microalgae
1000°F 75 K /MR R

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

3R E MBS AR TE

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

TR Sk % B /NI
FHEL

Lab and small scale
outdoor experiments

3REMEFFEP XL

3 acre pilot algae cultivation

2010 2015 2020
CERC1.0 CERC2.0
SRl I EHIMAL ANEI R
- Basic research - Outdoor testing Small

O Ennen
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= Ak Tl K KE

! 7<3E0xy Demonstration

. PRI AR RN EIRSNE SRR T TSE R E, HAHA00MeE

SRR B RSEARIAI T
HUST leads the 35MW oxy demo project in Yingcheng and the 200MWe

oxy plant pre-feasibility study

in Shenmu.

KAKFEFESEFRRBE, €2 F AR A B AAFE{R35%;
Combine CL oxygen production with Oxy-combustion to reduce the
generation cost by 35%. £ 24




H 3% Content

>»EREX
Background

> —HIRERR

Phase | Achievements

> —HAIm B MR EEE

' TH

Phase Il Highlights

[>

RZS5HS

Future Directions




ARBRBREWEE - (RiFE— AR

Knowledge Sharing on Large-scale Demo is Critical

ﬂom 15MW Oxy Huaneng 200MWe IGCC
<

* A
b?" fiy;
34 I T2

ol l'_7 ?'

’;.«F » I“‘

Knowledge -
Sharing

/7 N

Cost— Model
Reduction INCUBENI N

Operation
Test

Duke GibbsonH,| e uaneng Shidor gkou Post-
'-coh) tl- o -

!ﬂﬁﬁb
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