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1. ECUST (east china University of Science and Technology )
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East China University of Science and Technology
Institute of Clean Coal Technology

JLUBTHETL LR P

V. Key Laboratory of Coal Gasification of Ministry of Education |

"$ ‘i’ [!’

M e

n AXHK| - ASHO|
= OMB(Opposition Multi-Burner) S&1/Z44] JtA 7| Tt
s OMB 7}AS}7| S22 47| A8 28 =

n 0|2 TexasZE Valero, £=AMAM T Z2MEQ £==

T ey
. 02 kY

e ICCT (Institute of Clean Coal Technology)

e ~100 people (18 faculty members including 6
Prof., 4 Associate Prof. , and about 100 graduate
students.)

e Key Lab of Coal Gasification and Energy
Chemcial Engineering of Ministry of Education
(MOE).

o (Co-R&D center of ECUST and SINOPEC

e Gasification Engineering Center of Shanghai

Tt




1. ECUST (east china University of Science and Technology )

Research R}
Platforms



1. ECUST (east china University of Science and Technology ]

Coal Analysis

Auto Calorimeter

High temperature
Viscometer

Ash fusibility
Determination Meter Rheometer

Thermo Gravimetric
Analyzer

Pressured Thermo X-rz}y Fluorescence Grindability Analyzer
Analyzer Spectrometer

Other Instruments

=

Hot-wire Anemometry Spray particle size analyzer

High-Speed Camera

Microwave accelerated
reaction system

Powder property Chromatographic Spectrometer SEM and EDS system

- Plasma ashing apparatus

Zeta potential Analyzer

-

Mass Spectrometer

|
BET surface area and
porosity analyzer

Atomic Absorption
Spectrometer

Powder
Rheometer

High-Performance
Spectrometer Computer

Ton Chromatography




1. ECUST (east china University of Science and Technology )

> National High-tech R&D Program of China (863 Program)

YA EVA Ay 7=+ S SYEA I 7| X|(PDP)7RE
CHYALO| =M E7tA SIS S Bl X7t At uby 4= X84

=2 o
CH A Etsei2|7tAst dH| XX} Ko7 & SY0IE (2)

2000TPD Al& MELSE{E| TtASHT |2

WORE Z MR ZEE S O FY| WA AAE AFTENE
DEE sHet A3 METLAS M7|20|8 A7

AS(HE| e SOUR| ) M ErE 22| 7tAs 7|2

(2012-2015)
(2011-2013)
(2007-2012)
(2009-2011)
(2006-2011)
(2006-2011)
(2008-2010)
(2001-2005)

> National Program on Key Basic Research Project (973 Program)

s ME}
o
I[H

EadMee HE A2 188 878 7tas) 7|27
HEtAR7|E9| 7| =g+

A
g2 Y 35 N 8852 UE

(2010-2015)
(2004-2009)
(1999-2004)

> National Natural Science Foundation of China

‘863 Z2 12" 198617
3ERE AFet 1g7)=
g Ag oz, bo[20f=,
&84, 20|, PF, &L,
ALHA, LH=ZE S 772
g9l thel & et/
gt ZEHE

973 2 T2"2 1997
H6244 &= s
7|z 2| E H3AF 29/0)
M= <FASE 7/ £ A
TEEHAL>E HEH
Of gZE ZEHE

o & 4E ZtAsof oot of 4 X| 0|8 HHufetE A AT

= =

r

0| EEALR 2 EEPE HFAHLZS 740l CHot A=

E5FS/MASE HH E855 R 2T A +A6iY

2 RSTtAR0 7| X3 HEF 2 208 7|=2| 0|8 7|XHH
"E 7S tAs CheHREM ot FE S0 7tAsE A4 HFLF A
LIt M 28 22| JtAe 57 0|8 7|=AF

"CO, 0|8 O] =& M7 L Fa f2/0f Cfet &4

HEtS o2 7tAREY AL BFALIE AT

e

>

k
2

=75 MEtAs SAHEYUYO S EUE A =:EF 30 ot 2+

(2012-2015)
(2012-2015)

HEBIIANE 885 UMMM FB0|S, D9t T4 BT HT (2012-2014)
-SE2EJLAS DHOM DI YRS HAHLUZ L HEEATIAS BSEN0| i3 6T (2011-2013)

(2011-2013)
(2010-2012)
(2010-2012)
(2009-2011)
(2008-2010)
(2006-2008)
(1996-1998)
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> National Key Technologies R & D Program of China
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ECUST (East China University of Science and Technology )

gasifier Development ECUST/Yankuang/Tianchen
coal-water 2 O coal-water
slurry , slurry Wet : 1995 ~ Dry : 1999~
oxygenl | oxygen Gasifier TYpe Entrained-flow
Operating
1250~1600°C 1300~1600°C
Temperature
Operating Pressure 40~80 bar 30~40 bar
CC (%) 98 98~99
CGE (%) 80 84
Nm3-0,/1000Nm3-(C
336~410 300~320
O+H,)
- greoal/LOONM™C 550-620 530~540
SIurry pump - O+ Hz)
(CO+H,) vol.% 83~86 89~93
% Multi Burner Slagging Slagging

“» Low Coast (about 60%)

N 2

« 2005 : 1,150 TPD Demonstration plant (Coal slu

200 N BE - oY =8
AN BT, B OIRIAL | MBI S0 + 2011 : 1,000 TPD Demonstration plant ( Dry C F, }
- B0k~ U (H2+C0) 2~4% S0t =




1. ECUST (east china University of Science and Technology )

> OMB (Opposition Multi-Burner) (28 3xES L)

cws | - Primary
N Preparation / | NG Casiet 4 \ Purification :
| gasifier I water scmnnof
coal-hater ' coaliwater cyclone
slu ry
water

coal-l l

1
—aond( nsate

i

i

sour gas

i

@L

SIIII'I’V|DIIW

Solid Water

|\ Treatment /

B - ETEY |
wateln -

HH Ha =3 60Y, 100€, Z[C 152

Li2tRf Of2 44, 3425h 2, Li2HAR 130mm Of2




1. ECUST (east china University of Science and Technology )

> Development History

Innovation & Industrial

Pilot Plant pemo

1996~2000 2001~2005 2006~2010 2011~



1. ECUST (east china University of Science and Technology )

> Industrial Applications

Neimeng Jingneng Anyang Yinde Neimeng Haohua Hualu Hengsheng Shandong Haili Yantai Wanhua
272000TPD(4.2MPa)  272200TPD(4.2MPa)  2*2000TPD(6.5MPa) 1*750TPD(6.5MPa) 272000TPD(6.5MPa)  3~1500TPD(6.5MPa)

e . ; s
Neimeng Wuyuan Yankuang Cathy

2*1200TPD(6.5MPa) 3*1150TPD(4.0MPa)
Xinneng Fenghuang :
Baotou Fanhai 3*1500TPD(6.5MPa) Operating
3=1500TPD(6.5MPa)
Yankuang Lunan
Yankuang Xinjiang 1*1150TPD(4.0MPa)
3*1500TPD(6.5MPa) Jiangsu Sopo Under
Xinjiang Xinlianxi 3*1500TPD(6.5MPa) Construction
Xinjiang 2 nxin S
5*3000TPD(4.0MPa) * Jiangsu Linggu

2*2000TPD(4.0MPa)

‘-i(i\i ‘,ili /
5*3000TPD(4.0MPa) // g
2+2 SMP:
Inn Mon. Rongsin 272000TPD(6.5MPa)

3*3000TPD(6.5MPa) / Zhongyan Kunshan

2=1200TPD(6.5MPa)
,-}, anknang Vulin \ Zhongjin Group
il ) 2*1000TPD(L.5MPa)
Qinghai Yanhu . i
3+2200TPD(6.5MPa) Ningbo Wanhua
3*1200TPD(6.5MPa)
Shenhua Ningmei Shanghai Cooki
32000TPD(4.0MPa) T 0500TeD
Ningdong Shenda Henan Xinlianxin Anhui Huayi Shandong Jiutai Huadian Banshan
2*2000TPD(6.5MPa) 3=1200TPD(6.5MPa) 3*1500TPD(6.5MPa) 6=2000TPD(6.5MPa) 172200TPD(3.5MPa)

- 31projects, 87 gasifiers
« Total capacity ~110,000Tons coal per day
- 12 Projects, 259gasifiers in opearting



1. ECUST (east china University of Science and Technology )




1. ECUST (east China University of Science and Technology )
License to the US
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1. ECUST (east china University of Science and Technology )

> Dry feed gasification
SE: Sinopec + ECUST

FEERLIRAAMAT  EHRBIXE
SEWASXMRMESEBERSEDREFNR

20114%8H108 &

Target:
Medium Capacity: 1000~2000TPD
Extremely high AFT: >1500C

Byproduct:
=  4.0MPa steam

First Industry project: ! ‘;}

Iy
= Sinopec Yangzi PetroChemical Co.!"
= Startup: Jun. 2013




1. ECUST (east china University of Science and Technology )

»>1000 TPD OMB dry feed gasifier, in Guizhou, startup in 2014
f; 75 / tl - l__ \ = i

23| X




1. ECUST (east china University of Science and Technology )

JtAS} Lab. XHK| | f
s

-



1. ECUST (east china University of Science and Technology )

> ECUST BEAED|&A7A e}




1. ECUST (east china University of Science and Technology )

> il A= YE 2 ECUST 1YW J|Al

SENFREER T REARGT AR SR ZoU 99%:
ME 7tASE 7| S DRE QS B2 ATY, St U J|Y hEG WE c6210Y, B+ AEHTIA SIS
EREH: 2013-06-13 | BERT:BESTEIEER | f2:EES | S:FE5 | 858 | $E5:s olz| |0 o215 7|=
A7l 885 HrArO| 9
cA108, MBEEESUBEANSESK BEEEEARTTRGLEEF BREIHT, HETH 010, of= 7t2ot EOl2|
A% AFAZ Lak%. BESSTRFTRSNIAESRNLET. SEFARNLATS T CHECHo| We
W BRRFREARBALSE, TRERSIBARNBART & ST RS, g2 BEHEI=99,
SEA, BUSSEEATRAT SRESEhARE, STk $EES TRMTRERAT Sol= MRl SNG,
RS SUEATEOTARE, SR THETLRN EXE, JoBERARS AR A BRI | vl M, j: A
RTHE P S A A, LRSI, EHIRAS. WSS RS ST go T EEHETE
BFEA e fE. MA—HREE CAMETREHZRAY, SEFTMMAR kT ESnEg - 7|§D|7f g0 X7|HO mE
EHRNBE SRS, RS EE T TR AR S, x84
20 L, BEREITIHEET SH%N B AR SIHAN APl ——IT ARSI TAERS || «ECUSTOIA TjE ZA|sHs
Al DI TWRTESKNNEES. REDEAAE TR T ZARNESEEN TSRS, FETR MELIASE 7|2 w30
TSEBCERMIEITG, RENRSHENEBNGHTT 2. RADEREERSESNEE | | 32 2 7|3 Hol =3

%, FEMEMBEERNRE, NEEAT T ERRRTACE.




2. Jiangsu Linggu Chemical Co., LTD.

ne

m AXHX| : Zk=(Jiangsu, {LER)A O (Yixing, ) A M| 7] &7
= 450tE AL L|Of, 80THE 24 A4t

EQdE  ME

Z=Q MH| : $388cm OMB 7tA3}7|, 50000m3/h ASU

= Website : www.linggu.com/

A

Tan Fu Yuan 3| &Hd
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Application of OMB Gasification Technology in China

,“'

é . . . . .
% Yankuang Guotai Electricity and Methanol Polygeneration Project

% Project owner: Yankuang Group

< Gasification:. OMB CWS

% Coal throughput: 3*1150 TPD

% Location: Shandong

% Startup: 2005

% Final products: 200,000 tons Acetic acid, 240,000 tons MeOH,
60MWe Electricity

.




3. HNCC (Henan Coal & Chemical Industry Group Co.)

e

ATH K| : St (Henan, ) & X2 (Zhengzhou, fBIN)A|
M A 500C) 7| = X397

= 5000 7| & H58%

= 1000 MEH7|& & 39

T8 MEHO|E AT

-4 EFO|& Glycol it 7= A+

-MEF 7tADE SHMTEA 0|8 T EHE, 22[E MA AlMT[s A

- 122 0|2E7tAg 2 i4l7|= G dH| K=

m Website : www.hnccgc.com

K]

»20081 129 Mg

> MERRL I 4002

»MA AT +=F2| 4EH0|& Glycol 7|55 w0t /US.
> MEIIASE 7|22 2 Shell, HT-L, Lurgi 7+ 74A 3}
7).

»&= HuazhongX| 9| %[0 MEFO[E HEh=E it 7| ¢,
S O Bradgma Aot 71X MA Z(CH HEF O] &

Glycol A 7| <.



http://www.hnccgc.com/
http://www.hnccgc.com/
http://www.hnccgc.com/
http://www.hnccgc.com/
http://www.hnccgc.com/

4. HNCRI (Huaneng Clean Energy Research Institute)

Ne

= XK 58
= Two Stage Dry Feed Pulverized Coal Gasifier 72
"33 I 47| 48 ZUE HE

» 0|2 HAH|L|OFSE 270MW IGCC T2NMEQ| X

= Website : www.hnceri.com/
Second stage :15~20%
Coal/Steam

»HCERI= &= 2|0 EHIAEC &= =2td 150 2K(&H, =2 ==

AR, IGCC, =252, CCSU, =T, MSEE0|E 5 HE

FE0UHR 27z, BEOHA], S5, +==52T, Ho|20iA 5§ FFO0 _

47| 7% AU MRSt oDl 80-85% Coal/0,/Steam

>AEEE RIS HEE Y, R0 HA MBS Y M E A2 H 7= A

THEAE, I 7HHX+=HOHX|1g & 0|8n 7| H7HE A

B S 3712 =7t A8 @i adgd 8 AR /IS

>HCERIO|| A| 7j2tSt Two-stage O[S EF 712 7tA S} 7|42 1998 £ E

AF7HEE A 2H0.7~1.0TPD #R2)3I¥ . 2011H 7tA S HH| 2=

2000TPD Q.




4. HNCRI (Huaneng Clean Energy Research Institute)

B
i EfEgE

CHINA HUANENG

el
Coal gasification and IGCC .§'

Pilot Scale:
36t/d(10MW,,) ,2005

Bench Scale: 0.7t/d,1998 Commercial Scale: 2000t/d,2011 i
l:.



4. HNCRI (Huaneng Clean Energy Research Institute)

> JIARH| MI& ks




4. HNCRI (Huaneng Clean Energy Research Institute)

> AR 85 ™




4. HNCRI (Huaneng Clean Energy Research Institute)
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4. HNCRI (Huaneng Clean Energy Research Institute)

>GreenGen Project

& China Huaneng Group ﬁ

# China Datang Group EI

# China Huadian Corporation II

# China Guodian Corporation @

# China Power Investment Corporation Q,@l

& Shenhua Group &

& State Development & Investment Co. SD|C~

& China Coal Group <€

# Peabody

Huaneng GreenGen 2™ Q5t3|At= 2006F 13 9¢ A&l @



4. HNCRI (Huaneng Clean Energy Research Institute)

>Three Stages of the GreenGen Programe

GreenGen demo-
engineering

R&D for Key technologies ;
Improve |IGCC technology

& Build a 400MW GreenGen
demo-Engineering, including
H2 production, FC power
generation, H2 turbine
combined cycle generation and

& Improve the IGCC polygeneration
(Power-Heat-Syngas) technology

® Economic and technical compare
# 2000 t/d Gasification between 3500 t/d and 2 X 2000 t/d

gasifers # Operate the GreenGen plant

& 250 MW IGCC & H2 production
polygeneration (Power- # Prove the GreenGen

Heat-S , economic viability
cat-Syngas) & Fuel cell power generation technology

# Build the GreenGen & Preliminary work of the GreenGen # Prepare and extend for

demonstration '
Labaratory commercial system

Y

Stage | Stage 11 Stage 111 .
2006~20094 2010~20154 2016~20204 g



4. HNCRI (Huaneng Clean Energy Research Institute)




0. Greengen IGCC Plant

7“ 82 * Gasifier: CHNG e Net eff. 41%
¢ GT: SIEMENS e Power: 265MW
m AXHK| B EI(Tianjin, KEHE)
A

¢ ASU: Kai Kong *SO,: <1.4rr}gINm3
¢ ST: Shanghai Electric ® NOx: 52mg/Nm3
m MM AL 2656MW 8
» Gasifier : HCERI

* HRSG: Hang Guo * PM: <img/Nm3
= GT : SIEMENS

= ASU : Kai Feng Air Separation

m ST : Shanghai Electric
= HRSG : Hangzhou Boiler
= First operation : 2012.04.17.

37|82, MEIAS, BHAA BN, SHEH AAHOE 24

S HHUG0A H=2 D208 H 08
A T HESF0|E, MDEAZZ S F 1t LO-CAT & 2|+ &F Ar8otal, =&l &2 o .

ok
o
o

>

ot

Mo mo
ST

99%0| 4, Hi7kA L SO, 5 =& 1.4mg/Nm32 Lt 8.
8%, MEtA D 2F 255.19kg/kWh, 7tASH BB 8 95%, W7tA &8

ME M re o




0. Greengen IGCC Plant

* The First 250MW IGCC Power
Plant in China

* The First 2000t/d Class Entrained
Flow Gasifer with Two Stages

* Designed by CERI of CHNG

Sy

)

ad

-2
.
- -k
-l
T




0. Greengen IGCC Plant

(& -‘First operation of
i¢.1 GreenGen Gasifier
On 17 April 2012
e
5
)
9

1
t




0. Greengen IGCC Plant

>»The Flow Sheet of GreenGen




0. Greengen IGCC Plant

Site Constr truction :szf‘:i’ﬁr enGen Project on 4" Oct. 2011

Gas Turbin House Gasification Frame

Cool Water Tower

Sulfur Recovery
HRSG Steam Turbine House

/Sulfur Removal |

'Y ;

-~ T

Al L . ;_ &
S o AN IIIWWMWWWWWMWMMMMM

._q..q.nw.g‘.:'t.
SR L NS O
. ¥ 'li vl'




0. Greengen IGCC Plant
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Ende Gasifier

<+ Fluied-bed, Dry PC

< 0,, Air, Steam Blown

< Operating Temperature :
900~950 °C (~1050 °C)

< Operating Pressure: 14kPa

< (CO+H,) : 66.0~67.5%

< CC:92%

< Operation rate : > 90%

Ende Gasification Plant

< Syngas Flow rate :

10,000~40,000m3/h
Agent H2 CO | CH4 | co2 N2 | HHV (kJ)/m3) )
< Products : Ammonia,
Air+Steam 12 22 0.7 10 553 4346
Methanol, Fuel gas
O2+Steam | 353 | 482 1.8 13.8 09 10706
*1950s, North Korea Introduction of Atmospheric pressure Winker Gasifier
« 1996, China introduction of Ende gasifier y 2
« ~ now : 24 Project, 46 gasifier -~ j




Energy Resources

. A2 ==
147
614 704
414 50
434 304
e 201} A ! oot

RPR—CT



Energy Consumption Forecast

X HIF (%)
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Energy Distribution
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Coal Import & Export

X 10,000 tons
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010




Oil & NG Import
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0
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Coal-Based Power Generation in China

1000 (1o =75 & (Total capacity) 874
5 792
goo 2 AE¥S(Thermal plant) 3
622
600
GW
400 319
200 138
66 ‘ h
0
1980 1990 2000 2006 2007 2008 2009

> U 82 879 kW ‘}
>3l 8™ 74.6% (2F 6.5 kW), MEF 95%  §



Energy Science & Technology Roadmap
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Energy Science & Technology Roadmap

2008 2020 2035 2050
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Energy Science & Technology Roadmap

EEZfEFEFAAE (Important Science & Technology Direction)

TRE

1,

SHEHE AR E R E R A
( highly-efficient non-fossil-fuel ground transportation)

&

v BRFFMEREAARR

(clean and high-added-value coal utilization )

i

. BR2[ERAK (power system security and stability)

QLS

6.

. M RAEEBRBIEA R AR (biomass liquid fuel and raw material )

AIBERRMELEZBHEAR (KRR, MAOZBE. E£YRER)
(Large-Scale Power Generation Technology from renewable Energy)

BB TELHEA (enhanced geothermal systems technology for

deep geothermal resources)

¥%RE

7~

MBEZBSEERLERAR
(new nuclear power and nuclear waste treatment )

HTRER

10,

AASKEVAEZEFAEAR
(Natural gas hydrate’s (NGH) development and utilization)

SgEFIAFEAR (Hydrogen utilization)
BEEBEZRAIRMBEERREAR GEi¥eE. BT, MEKHABM)
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Coal Chemical Technology In China

|—~ Butyne glycol I——‘ B}

- Coke — Calcium carbide L.l Vinyl chloride [ PvC

. - Vinyl acetate PV A
Coking — Coal tar pitch -
'{ Toluene
4 Coal tar Crude henzene Benzene
p-Xylene
— Coke-ovien gas
- Synthetic ammonia II Urea
Formaldehnde
2 — Methanol -
Coal { Gasification Syngas | ~e
oa L (Hy+CO) DME
Olefin PE/ PP
Oxalate —ll Glyeol Polyester
|
1 ENG
—-I Liguefaction i = Coal to oil
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Gasification Market Shares in China

GE

SEDIN Fixed-bed
MCSG

ECUST

SHELL

HT-L

SIEMENS GSP
OTHERS

00000000

« by syngas capacity =
« including all constructed plants and contracted projects »




Gasification Market Outlook

 to be added during 2011-2015

Syngas B Gasifiers Demand

Capacity

Products Demands Gasifiers CTL
Mt/a Nm3/h
CTL 12 9,710,000 50 CTO
CTO 6 3,660,000 19
SNG 25bn | 8710,000 45 NG
Nm3 _
Ammonia 13 4,471,000 23 Ammone
Methanol
Methanol 10 2,290,000 12 (Ex-CTO)
(Ex-CTO)
MEG 3 1,500,000 8 MEG
Sum 30,341,000 157
0 10 20 30 40 50

&
*Notes: Gasifiers benchmark - 3000 TPD Pulverized; Syngas Demands - estimated clean syng :’
(CO+H,) based on products 3
scapacities; Gasifiers - estimates based on raw syngas capacity; Coefficient of clean/raw synga
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Major Overseas Plavers in China
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Application of Overseas Gasification Technology in China

®
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*N 47-49 o
55 Xk * 1-5
59 ® 60 m
9-15 31-35 @ 17-19
®
®:5o 15 X
61-@ 6-8
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37-39 62
[ |
22 41
| u 5’5
@ GE Gasification Technology (1-27) 49-44 30
M Shell Gasification Technology (28-46) * -
& Lurgi Gasification Technology (47-58) 54 40

* Siemens Gasification Technology (59-63)
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China Domestic Gasification Technology

OMB TPRI Tsinghua ICC HT-L MCSG
Institute of Coal . The North
. . China Aerospace
Xi'an Thermal . Chemistry, . Research
Tsinghua K Science and .
Development Agency ECUST power research . . Chinese Institute of
L. University Technology .
institute Academy of . Chemical
. Corporation
Sciences Industry
Gasifier Type Entrained bed Entrained bed Entrained bed Fluid-bed Entrained bed Entrained bed
Operating Temp. (°C) 1300~1400 1400~1600 ~1400 950~1100 1400~1700 1300~1500
Operating Press. (bar) 25~85 30~40 40~65 10 37~40 1~100
CC (%) 96~98 98.9 98.2 90 >99 296
CGE (%) 73~74 83.2 70 80~84 >70
Ash Exhuast Method Slagging Slagging Slagging Non-slagging Slagging Slagging
Commercial scale
25 7 5 6 3 12

Projects

Gasifier Shape




Major Domestic Players in China

B Ssyngas Capacity Nm3/h

5,000,000
3,750,000 -
2,500,000 -
1,250,000 -
: F F i
Sedin mcsg  ECUST y1|  Tsinghua TPRI
Fixe-bed OMB
“
Notes: Including constructed & contracted, as of Q3 2011; @
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Application of China Domestic Gasification Technology in China
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