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Overview of CERI BN e ruanena

O Huaneng Clean Energy Research Institute (CERI) is a clean energy R&D
institution directly under China Huaneng Group (CHNG).

O China Huaneng Group (CHNG) is a state-owned power company with an
installed capacity of 165 million kW by the year of 2016, which is the
largest in the world.
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Research Focuses in CERI
O Clean Coal Technology: Coal Gasification, IGCC, Coal to Clean Fuel
O Circulating Fluid Bed (CFB) Technology
O Renewable Energy, Energy Storage, Energy System Optimization
O Carbon Capture, Utilization and Storage (CCUS)
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CCUS R&D Team

ch ] 4 B

O A family of 20 members, with 60%
PhDs and with multidisciplinary
educational background.

002 “Thousand Talents Program”
experts; 1 “State Council allowance”
experts; 1 “Beijing Outstanding
Youth” expert

O Dr. Gao is the leader of CERI CCUS
team. He is the project manager of
both “3000 tpa CO, Capture Demo
Project in Huaneng Beijing Thermal
Power Plant” and “120,000 tpa CO,
Capture Demo Project in Huaneng

Shanghai Power Plant”. c
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Research Focuses:

MR / SIS IEERARH A
Coal and Gas-fired Flue Gas CO2 Capture

1 B IR I H &2 S M BTN
Novel Absorbent Development and Evaluation
[ I — E
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‘\ CO2 Capture Process Modeling, Optimization and Pilot Testing

SRS EES R IDEERERE A

Integrative Removal of CO2 and Other Pollutant

HEXEQTIS1IERE
Design and EPC of Capture System



S hm e
Overview of CCUS in CERI BE i

Research Focuses:

aF TEUBRESEESABRA

Enhanced Coal-bed Methane Recovery

—_ S R RRA

CO2 Mineralization Utilization

—JixFIA

B COz2 Utilization — SHBEREA
\ CO2 Fracturing Technology

—Sixic TR REA

CO2 Chemical Conversion Utilization
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R&D Platform

State key laboratory of
coal-based clean energy

Beijing key laboratory of
CO2 Capture and Process

NEA R&D Center of Clean
Coal and Low-Carbon
Power Generation

Beijing International
Cooperation Base for
Clean Coal Technology
Development

|

—mAEZES
First-class R&D Platform

ERFEARRE
Beiling "K:v;m-ww

SRR BRE AR TFEELEE
SRR PR AAARARET TN S ‘ 20135 —2015%

VAN
i [E £ gE
CHINA HUANENG




Overview of CCUS in CERI g’ th [E] 4£ &

[

Laboratory Facilities CHINA HUANENG

SRR RS
Advanced Equipment

HPLC, GC, FTIR, MS, AAS,
Calorimeter, TOC, etc.

ZHRIKIERE
Multi-scale Test Setups
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Overview of CCUS in CERI .g

Fundamental Research

. IZHE
ARNAR Process Development

Solvent Development
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MEA c1
Project

WRHG-RRHTAS1ERST Absorbing-Desorbing Characteristics Study

ASPEN PLUS™ based on CHNG PCC Process

| Process Flow Diagram of carbon capture unit created by

RRER
System Integration

=
FERFURELIGILSE Degradation and Corrision Study SHEIRAIFFA Biphasic Solvent Development

BEFA
Equipment Development
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Overview of CCUS in CERI
Pilot Plant
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ISR SHimE i RE MEESHEEEPLRSE
Coal-fired Flue Gas Carbon Capture Pilot Plant Gas-fired Flue Gas Carbon Capture Pilot Plant
< EEASIAS Simulated gas-fired flue gas
« SL AR RS Real coal-fired flue gas 1000 [ / 4F 1000 TPA
«1000 (¥ / &£ 1000 TPA « it 3 Beijing
« [IFEFAB[ Changchun Thermal Power Plant « MBS FASEYIE Gas-fired CO2 Capture

« BB FNNE A T Z %iE Test novel solvent and process Technology Verification
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Demo Projects
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LisRFEOR 12 5if / FEEEReIE
120,000 t/a Carbon Capture Demo Project in Shanghai

5.

LR 3000 1%/ FRMETEIE 0
Capturing capacity of 120,000 t/a, was put into 3,000 t/a Carbon Capture Demo Project in Beijing
operation in Huaneng Shanghai Shidongkou Power

In 2008, China’s first CO, capturing
Plant.

facility, with capturing capacity of
3,000 t/a, was put into operation in
Huaneng Beijing Cogeneration Power
Plant.
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Milestones

PEEMBRE BEENR
(4L3, 3000 ™/ )
China’s first PCC project in
power plant
(Beijing, 3,000t/a)

s &b
SN H[EERE
. CHINA HUANENG

EEBXMERSPARE
R . (&, 1000 0%/ %)
F?gggé %’gﬁ;‘,’?}zé Coal-fired carbon capture
Dévebp po;'tabm PCC test pilot plant under extreme cold
platform conditions
(Qinling, 300 t/a) (Changchun, 1,000 t/a)

2007 2016
0 "' O
2014
FERRIAE LUt RBAMKERBEERR FEHEMESBESHEERE G EEI AT HARE
(BARR) (8, 1270M/%) (463, 1000 8%/ &) #10 B A TIEHR

Fundamental Study
(XI'AN Research
Base)

World’s largest PCC project at the time
(Shanghai, 120,000 t/a)

China’s first gas-fired carbon
capture pilot plant
(Beijing, 1,000 t/a)

China's first feasibility
study on million ton
scale PCC project
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Research Projects

Key Technology and Equipment Development and Demonstration of CCUS
Technology (China NEA)

Demonstration of CO, Capture and ECBM Utilization(China MOST)
China-US Joint-research on CCS Technology (China MOST)

Optimization of Coal Utilization under Carbon Constraint (China CAE)
Novel Absorbent Development and Application for Post-combustion CO,
Capture (Beijing MSTC)

Key Technology Development for CO, Capture Performance Improvement
(Shanghai MSTC)

R&D on CO, Mineralization by Coal Ash (Shanxi DOST)

The Application of Membrane Concentration Technology in CO, Capture
(CHNG)

R&D on Novel Low Energy Penalty CO, Absorbent (CHNG)

R&D on 1 MTPA CO, Capture System (CHNG)

R&D on Rich-solvent Leaching Technology in CO, Capture (CHNG)
Cooperation Action within CCS China-EU (COACH)

EU- China The Near Zero Emissions Coal (NZEC) Project

Scope Study of Technological Options for SOx treatment for CTSCo Project
(ANLEC)
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Overview of CCUS in CERI &’

Technology Application

B 3,000 tpa CO, Capture Demo Project in Huaneng Beijing Thermal Power Plant

m 120,000 tpa CO, Capture Demo Project in Huaneng Shanghai Shidongkou
Power Plant

B 1,000 tpa Coal-fired Flue Gas CO, Capture Pilot Platform in Huaneng
Changchun Power Plant

B 1,000 tpa Gas-fired Flue Gas CO2 Capture Pilot Platform in Beijing Miyun
County
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Achievements & Honors

CHINA HUANENG

b

Honored by several
ministerial level awards

BRRIBER 20 R, RFEX 30 KB
More than 20 Patents and 30 Papers
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International Cooperation
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CHINA HUANENG

So far, we have developed tight relationship with companies, research Institutes and universities in
US, Canada, Australia, Germany, British, Italy, Norway, France, Spain, South Korean and Brazil.
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Overview of CCUS in CERI

Social Influence

BEZEERBKAROB EBEEA0RE

Former Secretary of US DOE Steve Chu visits Shanghai Shidongkou PCC Project

BANARERG=IGEBILRE B

Former Australia Premier Kevin Michael Rudd visits Beijing PCC

Project

= R
SN 1 [EEgE
. CHINA HUANENG

EBCADMBREAN " REBRRREBEHTEIR

Shanghai Shidongkou Project is Recognized as “Pilot Project
of Shanghai Environmentally Friendly City Initiative™ Project

massive media coverage

EERMENBESATRIERE
Huaneng's CO2 capture projects obtained
[T v—————————g————— g
'
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Carbon Capture Milestone In China
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Overview of CCUS in China
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c@l China Power Investment Corporation (CPIC) . CHINA HUANENG

10kt/a PCC from a 300MW Unit in Chongqging Shuangkui Power Plant

® Commission in Dec 2009, put into operation in Jan 2010
® Capture rate 95%, CO2 purity 99.5%

® CO2 utilization: shielding gas for welding
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Overview of CCUS in China q’
S Sinopec CCUS Project (Shengli Oil)

0nec

EOR & Storage: Shengli Oilfield G89

Project Scale: 40,000t/a
CO, resource: Flue gas of Shengli
Power Plant

B CO, capture: Post-combustion
capture, chemical absorption
CO, Transportation: 80km, truck
Utilization: CO,-EOR

B Low Permeability : 4.7mD

o B [nitial gas injection : Jan.,2008
é , B By 2015, about 250,000 tons has been 1
| injected |
o | | W Estimated oil recovery can be |
s s xo s+ w s = increased by 17.2% in 15 years.



Overview of CCUS in China
3"'5 PetroChina CCUS Project (Jilin Oil)
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CO2-EOR & Storage with CO, captured from Natural Gas

122,000tons of CO, were injected and 80,000 tons of CO, were storage.

51,000 tons of oil were recovered by May 2010.



mEmE China Shenhua CCUS Project (Erdos)

Overview of CCUS in China

L]

CHINA SHENHUA

China Shenhua is China’s largest coal mining
company and 5™ coal-fired power company.
100,000tons/a CCS demo project

CO, came from CTL (coal to liquid) Process
Over 300,000tons had been injected
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different reservoirs.

201145  20124F6)] 201349H

Evaluation the storage potential of
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BWEETOR (20114F)

ET0% K

CO, moving area are within 350m
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Overview of CCUS in China q'

China CBM CO2-ECBM Project

B Shanxi Qinshui Basin
B 4,000 tons CO2 has been injected by 2015

B China CBM and Huaneng CERI are currently work on a 1,000 ton CCUS full
chain demo project.

iiiii
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EEDN Yanchang Petrolum

Shanxi Yulin

Phase I: 50,000 TPA project (2012, CERI's technology)

Phase II: 360,000 TPA Project (planning)

CO2 captured from coal chemical plant utilizing rectisol method
CO2 is used for EOR




s : : 40MW1 pilot plant
Ove rVI eW Of Cc U S I n Ch I n a Commercial scale burner
Long-term operation
demonstration

Oxy-combustion

Huazhong University of Science and Technology

3MW1t PC large pilot study
7000T/a full chain validation
ASU-CPU coupling

FGC and drying

300kWt PC small pilot study
Burner development

Data collection and Optimization
Thermal Design

35MWs1 pilot plant

0.1 million ton capture
ASU-CPU-power generation
integration and optimization

Fundamental
Study 2.5MW1t CFB oxyfuel boiler

In-bed heat exchanger

50kW1t Oxy-
CFB small pilot

2005 study
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Overview of CCUS in China -,
CTSA-CCUS

China Technology Strategic Alliance for CO, Capture, Utilization and
Storage (CTSA-CCUS) was founded in Nov 2013.

# Four Council Directors / 28 Members

S P EEsE @ hEEH
. CHINA HUANENG CHINA GUODIAN

%@maam'~msaﬂ

1St CTSA-CCUS Conference Feb 2014
2nd CTSA-CCUS Conference: Apr. 2015

Develop highly efficient and low-cost CCUS technology

Constantly improve the level of technology and engineering on CCUS

Promote the demonstration and commercialization of CCUS projects

Provide technical support for the government on climate change mitigation 27
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ENERGY RESEARCH CENTER

CHINA-US CERC QA e

¢ In Nov. 2009, President Barack Obama and .
: 7Ol FEBRNIZFEFAANT
President Hu Jintao announced the establishment c/;))l CHINAPONER INVESTUENT CoRFORATION ﬂ
of the Clean Energy Research Center (CERC). P2 51k o ')
B ") 2 J » F {
%g?w&?é Zhejiaﬁg University QNE;E
ﬂf? WestVirginiaUniversity.

. {~ DUKE
BW < ENeroy.

B Lawrence Livermore
National Laboratory

» Los Alamos
NATIONAL LABORATORY
EEEEEEEE

ﬂUNIVERSlTV
or WY OMING

WORLD
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http://upload.wikimedia.org/wikipedia/commons/a/ae/LLNL-logo.png
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwii3Iq7j-rKAhVou4MKHW0OAaQQjRwIBw&url=http://cerc-cvc.research.umich.edu/&psig=AFQjCNHTdRbQo1ogZUWVHAMuD0sHdwgQUw&ust=1455088028578981
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Overview of CCUS in China
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O —SHHEES5LEIARERTESSIE (Beijing Key Laboratory of
CO, Capture and Storage)

UV-vis-NIR

Reaction Heat Calorimeter lonic Chromatography
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High-performance CO, Absorbent Developmen

Anti-degradation inhibitor
Single & blended amines MQ_(Z!?J_I[’]_Q

Novel Solvents ;‘-‘:‘#’/{ :

Y OB l, G }

u-&szu — ﬁixu -a N .
ﬁ? ' -
iﬂ @ it @ Industrial
sm CTTTTTTTTY application

F =

Thermo-dynamics  Qptimized
& Kinetic studies regeneration

temperature &
energy

consumption ’ e RER IS BEIRAH R T

HUANENG CLEAN ENERGY RESEARCH INSTITUTE

___________

Anti-corrosion inhibitor ~ Pilot test
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High- performance CO, Absorbent Developmen

EAC: Equivalent Absorption Capacity

O SFRCBVEZRZINYZ (Blended Amines) EDC : Desorption Capacity

NAC: Net Absorption Capacity NAC=EAC-EDC
v ﬂ&ﬂﬁz\ RN BEMIK  Performance test of absorption & desorption

0 10 20 30 40 50 60 70 80 90 130 140

10 20 30 50 60 70 80 90
T T

LoadingCO2/amine-V

" P e N ==
22 % ?!/j }f/i’—’] 22 22 Y 7
2.0 ‘ 420 > 20+ H 20
/ E 1.8 DNZ“ H18 Q 07
L BTl | - . f] I
NN e — T VR
SR - N S - e I S T VO
g Ll TEEEE Lo
e 10 oo §{os
08 —+— MmDNA41111[] 08 0.4 F 104
o o 20 30 0 o 60 o 8 9006 02 ‘IL 02 0.0
T(min) 0 10 20 30 40 S?mm;io 70 80 90 130 140 . MEA MA ClprojeCtCZ o3 s
v" Testing condition: N,:C0O,=85:15(V/V), absorption at 40, Regeneration at 110€
Solvent NAC Increased Note
MEA 1.051 109.9% MEA

MA 0.956 100% Was used at BJ and SH

C1l 1.182 123.6% Higher NAC

C2 1.357 141.9% higher NAC

C3 1.405 147.0% h'&)FAC' fast absorgtion e

C4 1542 1613% hl@ A @ﬂgdm RCH INSTITqJ,'I.'EE
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O SRCAVEZRRINUAGT (Blended Amines)

v ﬂ&ﬂﬁz\ IR REMIR  Performance test of absorption & desorption

LoadingCO2/amine-V
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EAC: Equivalent Absorption Capacity
EDC : Desorption Capacity
NAC: Net Absorption Capacity NAC=EAC-EDC

MEA

MA c1 c2 c3 c4
Project

v IRY. BRIRAGIRIMTE  Energy analysis of absorption & desorption by Calorimeter
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O SREZEZIRULST (Blended Amines)
v FEEIRFES IS Analysis of solvent degradation and solvent loss

O %4 HHNC1~HNC5Z%51A 7 (Developed commercial solvents: HNC1~HNC5)
v’ 20155 FBIHNCSIRGRZE B8 AR O 2 127 M/ FEHE R E TR T 8133000

N B ESEIE TR E -

In 2015, the new HNCS5 solvent was tested for more than 3000 hours in shanghai CO,

capture plant.

v BRBMRYRE T ERE AMEARIA0%, B EEFEH3.0GINCO,. 1ZIRULF AT

A& A AR 24920%.

Solvent loss is 40% of MEA; Regeneration energy is 3.0GJ/tCO,; Reducing 20% CO,

RETRRR 5 B

HUANENG CLEAN ENERGY RESEARCH INSTITUTE

| = b v
capture cost .&’ ERETETS
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High-performance CO, Absorbent Developmen CHINA HUANERS

O #AREICO,MUEF (Slurry-based CO, absorbent)
v EGIRBGT RRBIEE AR S (—RR>T0Wt%) , TECO,MRIEFEHh/KIFAERSE
LZEEANENEE, SHEEEAEN50%LL L.
High water content in traditional solvent (usually >70%), a large part of energy (about
50%) is consumed by heating and evaporating the water in the solvent.

v ECO,BRHNBEEBRIHITRGETMLIE, SUCOEERPHETE, KRYIEHE
HFENBEERER, AMERSEERIEFKHNESE5E.
Developing new absorption solvent and process to reduce the water involvement in
regeneration is effective approach to lower energy cost.

LEANTOHX

w s= o
.%’ ERE TS S BRI B

HUANENG CLEAN ENERGY RESEARCH INSTITUTE
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High- performance CO, Absorbent Developme
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O #FARECO, MU (Slurry-based CO, absorbent)
v &R HETHRESTIS R RECO, MERBGHIFEIELZ,

Potassium carbonate slurry-based CO, capture absorbent and process were developed.

140 ‘ 1.7 140 ‘
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ﬁ\ﬁ 0.7 E\ ﬁ 0.7 E
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~ 20 0.5 - 20 0.5
o 0.4 o] 0.4
40 0.3 = -40 0.3
% 50 0.2 % -60 THE_Integral: -78336.5655 0.2
THF Integral -123070.172 ———————= 0.1 = - N 0.1
-B0 a -80 a
i 2,000 4,000 6,000 8,000 10,000 i 5,000
——— Reactor_Temperature —— Reference_Temperature ——— Reactor_Temperature —— Reference_Temperature
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——— Cond_Power ~— Cond_Power
by E. JEESEN N S
T VR LA AR R P o SRR B R T £ F VR SR AR B PR o PR B R v e i
Energy curves of desorption without slurry Energy curves of CO,-riched slurry desorption

.§’ AT A X A

HUANENG CLEAN ENERGY RESEARCH INSTITUTE
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O #RAICO, MU (Slurry-based CO, absorbent)
vV EREEEIHRPRECO MERES

FEE. MAFEIT.

Lab-scale pilot plant was built, tested and run for slurry-based CO, capture

e B
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|
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IMDXIDX]

v HEREICO,MEIZHBEREFEIA2.6GIMECO,, BN 'JEI’JEJ?.ZIK*EI:ISMEAH&

W50 T BE20%, IRFERKAS TS FE22%~50%.

Regeneration energy is 2.6GJ/tCO,; absorbent cost is 20% that of MEA. Solvent loss
cost is 22%~50% that of MEA;

S -

AI.'.‘EE‘:I:
BeiBio

BEERH SR BT

HUANENG CLEAN ENERGY RESEARCH INSTITUTE
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High-performance CO, Absorbent Developmen

O BiRFEHEZERICO,MULF (self-concentrated biphasic CO, absorbent)
v B, ZEGHFZKCRED MK
Blended by amine, extractant and water.
v iZZEBRBGH S 3 CO B Ba 7 R AR- &A1, SLTICO,ME L.

After absorbing CO,, the absorbent can split into two liquid/liquid phase by itself, and
almost all absorbed CO, transfer into the rich phase (more than 95%).

v ZSHREETTFHINGERE, TAWSEICO,AEHPRIKYE.
No extra energy is needed for this process.

=
CO, rich phase

718
CO, lean phase

RS 7 8 CO, Ja KBS 73 =16 B (2miny 4minA110min)
Solvent phase separation upon CO, absorption after 2min, 4min, 10min

e BE RIS RE IR AT 35 e

’ HUANENG CLEAN ENERGY RESEARCH INSTITUTE




o P hFE41E &
EMERECO, SR FIF £ 1S B

High-performance CO, Absorbent Developmen

ﬁb

CHINA HUANENG

O BRFEFETRICO, MU (self-concentrated biphasic CO, absorbent)

v IRBGERFIFEE RIS TMEAR R
Absorption rate and CO, loading are higher than those of MEA solutions.
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Calorimeter experiments show that the desorption of CO, rich phase can reduce
20%~30% regeneration energy.
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Pilot and Demo Plants "'
(1) 1000 t/a coal-fired pilot plant

B The 100kg/h PCC pilot plant is based in Changchun coal-fired plant
B Purpose: (1) to evaluate the screened solvents;
(2) to evaluate the operation of PCC plant under extreme cold

conditions.
B Completed on May 2014 and have tested 3 solvents with 1000hrs for each solvent.




Pilot and Demo Plants
(1) 1000 t/a coal-fired pilot plant

N

N

Columns
DCC
Absorber
Wash

stripper

al

Pipe size

DN450

DN350
DN350
DN250

Packing height, m
3.055
8
1.88
8.56
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. CHINA HUANENG

Packing materials
316L
316L
316L
316L
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(1) 1000 t/a coal-fired pilot plant

CHINA HUANENG

Control Interface e 3
E
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J censenman
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2014-06-08 1:52:21
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Pilot and Demo Plants
(1) 1000 t/a coal-fired pilot plant

Data Acquisition
B All data are stored in the database every 5 seconds;
B Access files are generated day by day;

B Data recorded include flue gas composition (GASMET), pressure/temperature of gas and

b

liquid flow, liquid level in columns, PH value of solvent, etc.

GASMET#I=1
GASMETHL

GASMETHIE
FhREEH MOTOR
A= VALVE

E

]

xE

1|«§

=EIR Access 2 - 5
SEE  MERIR TR O= Hao Wang -
A BEHE - b : al
Y iiﬂﬁ ;I'ﬁ%. r uﬂiﬁz Eéﬁ H LeER EEJ prepes I Pram—
oo RlEEE - g Ywses S e mE-
e SRR =i @0 Ll === B
’ RsE Y 4 U < - EiEfe- Iy gz - woo. BT U4 Q- === 4- 5
5 HERRRIEE =] =i &0 St 5
¥ «
=
) - TINE_B7 8] - H20 high - 0z - C0Z_low_2 - [802_niddl - NO_hil-
=
HO - TIME_A 8] - H20_low_3 - 02 . c02_high_3 - 1802 _low_5 - [-
= MEEESE MOTOR - 0O %
HO ~ TIME_B% - FGZ0ANOO: - CW70AN( - RLE0AN - RL10ANOOL - PLZOANOD - PLEOANOOL - WWSOANOO1 & - PTZOANOO1 - FPT204-
: 0:00:03 29.3 17.7875 33,4 39,8125 26, 7125 32.68 27.15 . B37H
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3 0:00:13 291625  17.776  33.725 30,5125 26. 75 32. 55 27,1375 i
41 0:00:18 29, 2875 17. 75 33.7378 39 8375 26, 75 2.7 27. 1625 .55
B 0:00:23  29.3125 17.8125  33.775 38. 475 26. 8 32. 5625 27,125 i
A 0:00:28 29,2875 17.6875 34 39, 5625 25, 7TB7H =2. 66 27.1875 5375
7: 0:00:33 29.275  17.75 33.875 39. 9875 26,8 32. 5375 27.15 525
81 0:00:38 29.175 17. 75 34.1875 39,975 26, 75 32,658 27.125 .55
9% 0:00:43 29.275  17.775 33,1875 40,125 26. 775 32,525 27.1125 5625
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134 0:01:03 28,25 17.7625 31.78 40, 2125 26, 7375 32,8375 27.15 A87H
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Pilot and Demo Plants
(1) 1000 t/a coal-fired pilot plant

Pretreatment Performance

|
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T

SO2 concentration in flue gas
before and after pretreatment

NOXx concentration in flue gas
before and after pretreatment

—

# S02 before pretreatment ~ m SO2 after pretreatment B 502 concentration is be|OW
60 5 ppm after pretreatment;
“ B NOx removal rate is limited
. .
A RPN due the insoluble NO.
¢ PO N MR
Concentration b A ¢ + ¢
30 * .
[ppm] .
20 N ¢ NOx before pretreatment B NOx after pretreatment
X3
10 ry A NOx after CO2 absorber wash
0 - 180
0 200 400 600 800 1000 160 L
Duration [h] 140 Yy
120 *
Concentration 100 *4‘";*0—3—0—’—’

[ppm] 80 —W‘W‘
60 ,ﬂ;.. L ‘E‘;};&‘i
40y
20
O T T T T T

0 200 400 600

Duration [h]




Pilot and Demo Plants
(1) 1000 t/a coal-fired pilot plant

Test on MEA

30

—¢=—MEAin leansolution =m=MEA in wash water

concentration 15
[wt%]

25 I
20 -
Lean MEA -3

0 200 400 600 800 1000
Duration [h]

S o e

[

CHINA HUANENG

f

MEA concentration in absorbent
circuit and wash-water circuit
through-out the campaign

5
4 Specific reboiler duty as a function
Wash water of liquid/gas flow ratio
MEA
concentration
[wt%] ! !
L1 b
¢ CO2-content9.0-10.5% B CO2content10.5-12.0%
0 A CO2-content12.0-13.5% == Process simulation CO2 content 12%
7.0 \
= | 6.5 \
6.0 \
Specific Reboiler 50
duty [MJ/kg CO,] ~
4.5
3.5
30 T T T T T 1

2.0

2.5

3.0

3.5 4.0 45 5.0
L/G [kg/kg]
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Pilot and Demo Plants .gl
(1) 1000 t/a coal-fired pilot plant

The pilot test is an important part of the Australia-China PCC Feasibility
Study which in conducted by CERI in 2016

WorleyParsons
tesources & energy

B SIE-r FE R ) B
(PCC) TiH
AP

XHET:
301001-01868-00-PM-REP-0006

ME AL

&b

AE

CHINA HUANENG
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Pilot and Demo Plants .§’
(2) 1000 t/a gas-fired pilot plant

China’s first CO, capture pilot plant for gas-
fired NGCC plant with a capacity of 1000t/a;
installed in Miyun county of Beijing in 2012.

Simulated flue gas by industrial burner
CO2 in flue gas: 6 vol% (11% for coal fired)
O2 in flue gas: 12 vol% (5% for coal fired)
Flue gas temperature: 90C (50C for coal-fired)

B This plant is served as a verification plant for
Norway CO, Capture Mongstad (CCM)
project

B \erification plant has been running stably for

3000 hours with capture efficiency >85%

(85%~92%)

Win the bidding of Norway Statiol CO,

Capture Mongstad Project (Huaneng CERI-
Powerspan JV)
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(2) 1000 t/a gas-fired pilot plant CHINA HUANENG

B Major Specs of NGCC plant

Absorber and Wash Section Regenerator
information CCM Full scale CERI Verification CCN Full scal CERI Verificati
i . ull scale erirication
design Plant Information ,
design Plant
Column ID 048m
. . . Column ID 0.22m
15.2 m total packing - 2 beds with 7.6
CO,Absorber Packed | - 0o packing = 2beas Wi L5 min
each bed
Beds , 12.2 m total
Inter-cooler between beds Packing 2 beds with 6.1 m ber bed
packing 106 Raschig RSP 250 A Mmp
i 316 S5, 250 meim? Raschig RSP 250
: Packing type
Materals of Vessel walls 304 SS, 316 SS, 250 m¥/m?
construction (vessel 316 SS . :
, internals 316 SS Materials of
walls and internals) .
construction (vessel 316 SS
Absorber Gas Velocity 2.7 m/s (gas) walls and internals)
and Liquid Load 3.9 kg/m?-s (liquid)
Liquid Load 18.6 kg/m?-s
Wash Section Packing| 3.0 m in single bed, Raschig RSP 250,
and Liquid Load 316 SS, 4.2 kg/m2-s Reboiler types Kettle
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(2) 1000 t/a gas-fired pilot plant CHINA HUANENG
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Pilot and Demo Plants th [E

(2) 1000 t/a gas-fired pilot plant

» Automatic Data Collection Every 5 Seconds, and Generating Performance Curves
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Pilot and Demo Plants g, th [ £ &
(2) 1000 t/a gas-fired pilot plant CHINA HUANENG

[

m Daily Solvent sampling
B Three solvent additions added during the operation from Mar. 7 to Apr. 2.
m Estimate Solvent consume (0.3~0.45) kg / tCO,

1.2
K ]

WQS’.&,’“& _:ai“fb

=

=
o

&
=

Solvent Actual/Design
o
o)

&
[

=

80/0T
£2/01
LO/TT
Ze/1
Lofet
zT/tn
90/10
1Z/10 f
S0/20
0z/z0
LO/ED
zz/€0
90/%0
1Z/v0
90/s0

Da

—+
m

Solvent concentration variation duringn 3000 hours test
Y= Actual concentration / Design Concentration
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Pilot and Demo Plants .§’
(2) 1000 t/a gas-fired pilot plant

Emissions
SAHER
SHEAMA S EBSRE
Gas emissions component Stack concentration
&7 Solvent 0.17ppmv
2L fERE Total Nitrosamine(TONO) 3 ug/Nm?3 as NDMA
£ Ammonia 12.7ppmv

Z — k& Ethylene Diamine < 0.001 ppmv



Pilot and Demo Plants
(2) 1000 t/a gas-fired pilot plant
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Corrision Analysis

BMaterials tested: 316L, 304, 2205,
2507, EPDM-70 and TEFLON(PFA);

MTotal exposure time is 3888hours.
For all Alloys, lower than
0.0016mm/y

BMTEFLON perform fine, while EPDM
experience swelling in hot location

B J&EEERate , 0.001 xZFE~Fin/&EY
Location M
FhiE)& ] RER
intercooling Hot Rich
304 0.0232 304 0.0573
316L 0.0189 316L 0.0579
2205 0.0219 2205 0.0632
2507 0.0198 2507 0.0522
EPDM70 -8.4795 EPDM70 -24.5093
TFEPFA -0.0134 TFEPFA 0.0081
B Hot Lean 0.08
304 0.0619
316L 0.0634 0-08
2205 0.0561
2507 0.0455 0.04
EPDM70 -19.3614
TFEPFA -0.0422 0-02

0.001X Inches per Year

0

¥0E

aLe
s0ze
1052
¥OE
19le
5022
L0562
LEEEEIR
¥0E
19le
5022
1052

|
1oH Yory
10H uesn

-0.02

Ja|pooJa|

-0.04

Locations and
Alloys

-0.06




Pilot and Demo Plants
(3) 3,000 t/a Demo plant &
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B China’s first post-combustion CO2 capture (
plant with a capacity of 3000 t/a. 1%

B Designed by CERI, completed in 2008 and
still in scheduled operation.

B CO, product was sold to food industry ;~§ d
such as Yanjin Beer. S§e ;

B R&D platform of CERI.

,,,,,

BRSSP A AR

2 ! P ¥ T o 2 r.‘.' _‘ - — 7 —
3000 t/a PCC plant in Huaneng Beijing
Thermal Power Plant
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Pilot and Demo Plants g,
(3) 3,000 t/a Demo plant

[

Capture Process Amine-based Post combustion Capture
Feature PC power station, CO2 12-15% in flue gas
Scale 3,000tpa CO,

Solvent MEA

Energy consumption <3.5GJ/t CO,

Capture Ratio >85%

CO, Purity Food Grade, >99.997%

New solvent developed by CERI was put in use
since 2011, Energy consumption<3.2GJ/t CO,

Others Stable running over 5years, tests on corrosion,
solvent purification and energy saving
technologies
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(4) 120,000 t/a Demo plant CHINA HUANENG

[

B Designed by CERI and ECEPDI, completed in 20009.
B Capacity: 120,000 t/a; it was word’s largest PCC plant. (boundary dam,

B Cost: 100 million RMB (16 million USD)
" >,




Pilot and Demo Plants
(4) 120,000 t/a Demo plant
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Pilot and Demo Plants §’

[

(5) Tianjin IGCC Based Pre-combustion Capture

{
(
WGS S02/CO2
Capture

Coal Purification

Gasifier

- p—
—_—

“» o
N2 { l'! N2 To Gas Turbine

Air Separation

B The 30MWth pre-combustion CO, capture facility is being installed and
will go into operation in 2016.

B The first pre-combustion CO2 capture with EOR and storage in China

B 200m3/h palladium membrane H,/CO, separation system
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Pilot and Demo Plants g,

[

(5) Tianjin IGCC Based Pre-combustion Capture

Capture Process Amine based Pre-combustion Capture
Feature IGCC based full chain CCS
Scale 60,000-100,000tpa CO,(30MW,,)
Energy consumption <2.5GJNt CO,
CO, Transportation Tanks
>
CO; Storage ~60.0001pa COLstorage
Shift reaction heat power>50kW
CO/H,/CO, tunable
Others

H,/CO, membrane separation capacity>6Nm?/h,
10-15% reduction in energy consumption





