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Growth of energy consumption, 2010-2030
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Power -0X0O Synthesis

*Methane

‘MTO

-Olefins (ethylene,

propylene)
Pyrolysis or Syngas » - i b -Gasoline (MTG
Hydrogenation Generation Syngas Methanol -Polymers({via I‘.)nTO)
of coal or ‘ ‘ -Oligomers (via MTO)
biomass

-Fischer- -Formaldehyde
H, Tropsch -Acetic acidy

-Acetaldehyde

-DME

-Ethylene Glycol
«Coal or wood tar *Ammonia Lower paraffins: ethane, propane, butane...
*Char *Urea «Olefins: from ethylene to tetradecene
«Coke -CO, «Higher alcohols
*Polyaromatic or *Aldehydes
polynaphthenic residual fuels -Organic acids
-Polyaromatic or «Linear paraffins
polynaphthenic distillates Wax
*Cresols *Gasoline
*Phenol «Ultrapure distillates

«Drilling fluids
‘Polar and non-polar solvents

IAE

Source: “Selection of an Optimum Gasification Product and Process,” Gasification Technologies Conference 2012.



SFELtE LEZER Z|8F NG 7|8t 44 EH(Syngas) 7|k

A THOH7HA (&1/Nm?3) - 350~400 250~350 200~250

H0Ed N H S
LI E} 7|4t MEL7tA 7|8k A EF(Syngas) 7| Ht
o 2l &l X =H|E 100 (7|&) 50 60~70

| Siely
- L} E} BE= LNG7|BEO| Syngas & & LCiH|, A Et Syngas O] A| X|A 10%
Ol H7H2 & 7|Th
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Source: S8 EHIIASE2S SHRAIAES EHEXZ, 2013, 11.
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JIA 9t (Gasification) ?

Building Blocks for
Chemical Industry

Transportation Fuels
(Hydrogen)

Clean
Electricity




HAQ} JIARIO| XIO| &

1A It
(Combustion) (Gasification)
CARSHE| 2D 1. AHBHRI : AbA E= 2D
2. MAS: 0| AHSHEA, 2. MHS: AMNBIEA
=3ZJ|, 3 =&, S5
gﬁ”%’é‘ : SOx, NOx 3. gs”%’él . %i}-)l\‘i(HZS),
g MEoAREA & 2 LIOHNH,)
(AE BB AL 4. XNg: Sgdd

OIAHBI+AEHYE! AFR)
0l &2 (Methanol)

DME (Dimethyl Ether)
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S MIAI Syngas & AR} AR
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Petroleum Gas Petcoke Biomass
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Source: Chris Higman, “State of the Gasification Industry — the Updated Worldwide Gasification Database,” Gasification Technologies Conference, 2013/10/16.
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120.000
Planned (2018)
100.000 +———- —— M Construction (2015)
B Operating (2013)

v
& 80.000 -
v
‘n
1]
£
€ 60.000 - —
2y
N
s
= 40.000 - —

o .:

0 . : - :

Chemicals Liquid fuels Power Gaseous fuels

IAE

Source: Chris Higman, “State of the Gasification Industry — the Updated Worldwide Gasification Database,” Gasification Technologies Conference, 2013/10/16.
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A2 MEDIASHIS BQAl

O dl=

e GE Energy (0| Texaco)

e E-Gas Technology (&%l CBI (Chicago Bridge & Iron Co.), 0| &
Phillips 66, Conoco-Phillips, DOW)

= POSCO, B30l 2,500=/&2 AMEIIARH| 37| HE
e KRW: 733, 120 MW= DemotHA (5= &0 A FZ)
= SKOIIL4XI, 2010/6/300{l SK-KBR Technologies Pte. Ltd. &1 &
e U-Gas: =5, =t i &=/
O %
o Shell: A{S&H, E{2 MEHGCC &AL =)=
e Siemens (0| % Future Energy)
e Uhde(Plenflo): 20093 ¥ X7l KEPCO-Uhde 2H&FAF 2011/07 A &
e Lurgi (Air Liquide 2&0| 25, 2009 & X 7H)
O 2=
e Mitsubishi Heavy Industries (MHI)
e J-Coal (Hitachi) : =/t 1,000/ =
O 3=
SN, 1 TW TIPS RVPSNE PPN M TS S—— . Y 2
e ECUST (East China Univ. of Science & Tech.)



A% JlE BE=ALE Syngas && &X/HIS

60.000
Planned (2018)
50.000 B Construction (2015)
M Operating (2013)

("5 ]
L‘g 40.000
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v
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Shell Lurgi ECUST E-Gas HT-L MCSG  SEDIN Others

IAE

Source: Chris Higman, “State of the Gasification Industry — the Updated Worldwide Gasification Database,” Gasification Technologies Conference, 2013/10/16.
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Location | Techno Feedstocks/
-logy Products

Pearl GTL Qatar Shell 18+ 0 10936 2011 NaturalGas / FT
Liquids

Yinchuan CTL Plant China Siemens 22+ 2 9300 2016® Coal/ FT Liquids

Datang Ningxia SNG Plant China SEDIN 45+ 3 7125 2015* Lignite/ SNG

Sasol Synfuels West South Africa  Lurgi FBDB 40+ 0 7048 1977  Subbit. coal / FT
liquids

Sasol Synfuels East South Africa  Lurgi FBDB 40+ 0 7048 1982  Subbit. coal / FT
liquids

CHNG Xinjiang SNG Plant China TPRI 7+ 1 6450 2014* Coal/ SNG

Jamnagar Gasification Plant  India E-Gas 6+2 5000 2015* Petcoke / Electricity

Phase |

Jazan IGCC SaudiArabia Shell 16+ 0 4465 2016* Refinery residue/
Electricity

Yankunag Yulin CTL China OMB 8+0 3733 2015* Coal/ FT Liquids

Yulin Methanol Plant China GE 10+ 4 3383 2015* Coal/ Methanol

IAE

Source: Chris Higman, “State of the Gasification Industry — the Updated Worldwide Gasification Database,” Gasification Technologies Conference, 2013/10/16.
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O =/ 3H (1979)

GSZEA, 2S0|M
0|38}, shRHIA,

SttHX| Syngas Atg S, AIEX

B = Syngas Al

7| ¢ OH RS, TheHRSt SO, LGNS
B9, AH-AIBP 444 st Q32 LGt
Fretsh, KPXAH | Z
Syngas A& &F 802+ m3/hr 602+ m3/hr 30-409t m3/hr
=S A2 (=8) 1.3 1.0 0.7

B Syngas AIE A

CMFTAR DES: ARTAR > FLR VCE DHY 24 R

- S| RdlE EZ MDITDI K AAl D=5 H, COER

SEIS

> AOo0t=2

T O =2y 1 Le22

Z2|ItEUI0IE MZEZA D= COER
Ml = Al H2 & Syngas(CO+H, 1:1)

(MDI: methylene diphenyl diisocyanate, TDI: toluene diisocyanate)

Source: S8 EHIIASE2S SHRAIAES EHEXZ, 2013, 11.
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® GE Gasification Technology (1-27)
M Shell Gasification Technology (28-46)
& Lurgi Gasification Technology (47-58)
* Siemens Gasification Technology (59-63)
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== JIAS} A& JIA RIS share

- ST St E U0l F =5, AN 7tARY| 23 HE 5

*China Gasification Market
Qutlook 2011-2015 is for 157 x
3000 tonne/day gasifiers for
CTL, CTO, SNG, Ammonia,
Methanol, and MEG.

* In China both imported (GE,
Shell, Siemens, SES, FBDB,
BGL) and domestic (SEDIN
fixed bed, MSCG, ECUST, HT-
L) gasification technologies are
widely used.

ol

Gasification Market Shares in China

GE

SEDIN Fixed-bed
MCSG

ECUST

SHELL

HT-L

SIEMENS GSP
OTHERS

Data source: ASIACHEM

® by syngas capacity

® including all constructed plants and contracted projects, as of Q3 201 |

- ECUST (East China University of Science & Technology), MCSG (Multi-Component Slurry Gasification)

IAE

Z XI: Howard Hendrix, ‘IGCC Project Development in the USA and Europe,’” Coal Gasification Symposium, Jeju, Korea, 2012/04/26.



==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) 17750TPD(6.5MPa)  272000TPD(6.5MPa)  3=1500TPD(6.5MPa)

Neimeng Wuyuan Yankuang Cathy

2*1200TPD(6.5MPa) 3*1150TPD(4.0MPa)
. Xinneng Fenghuang
Baotou Fanhai 3*1500TPD(6.5MPa)
3=1500TPD(6.5MPa)
Yankuang Lunan
Yankuang Xinjiang 1*1150TPD(4.0MPa)
3*1500TPD(6.5MPa) Jiangsu Sopo
*15 3 7
Xinjiang Xinlianxin 3*1500TPD(6.5MPa)
5*3000TPD(4.0MPa) Jiangsu Linggu
2*2000TPD(4.0MPa)
Yitai Yili
5*3000TPD(4.0MPa) Jiangsu **
2=2000TPD(6.5MP
Inn Mon. Rongxin D(_ %)
3*3000TPD(6.5MPa) Zhongyan Kunshan
2=1200TPD(6.5MPa)
e
= ; 2=1000TPD(1.5MPa)
Qinghai Yanhu = )
3*2200TPD(6.5MPa) Ningbo Wanhua
3*1200TPD(6.5MPa)
Shenhua Ningmei Shanghai Cooki
3*2000TPD(4.0MPa) e
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

Construction
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Yankuang Guotai Electricity and Methanol Polygeneration Project

Project owner: Yankuang Group

» Gasification: OMB CWS

Coal throughput: 3*1150 TPD
Location: Shandong

Startup: 2005

60MWe Electricity
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== Shenhua Baotou Coal Chemical Co.2] MT0 SHE

CSECL
— e
300KTPY
600KTPY .
1.8MMTPY
2.6 MMTPY 530 KNm3/h MeOH Olefin
Coal (CO+H2
100KTPY
Gasifi : ‘
cation
200 KNm3/h
02 ‘ 25KTPY
segre { Cs >
4 SRU
Olefn 300KTPY
Unit Vendor Technology
L GE
Gasification GE Gasification
AGR Linde Rectisol
Methanol Johnson Matthey Davy 30KTPY
MTO DICP DMTO S
Si%ﬁ?“m CB&I LUMMUS * The largest coal to Methanol & MTO plant in the world,;
of Olefines
— - " Total 17.0B CNY of Investment; 46 Sets of Unit;
PE Univation Unipol ) ) i . .
PP Dow UNIPOL PP ® One of the five Demo. Coal Chemical Projects in China
+ Gasifier Configuration: 5 OP.+ 2 SP;
+ Gasifier Specification: 900 CFT Quench Gasifier
- GE )sll E|_|'7|'ﬁ§|'7| A|-_c95 < Syngas (CO+H2) Output: 530,000 Nm3/h;
« Coal Consumption(Dry):. 7,800 t/h;
< Operating Pressure: 6.5 MPaG;
-
Source: Alex Qin, “China MTO Demo Project Shenhua Baotou,” Gasification Technologies ~ + Operating Temperature: ~1,300 C;
Conference 2012.

< Slurry Concentration: ~ 61% (Wt.%):



SGQ Process (Syngas Quench Process)
Gasifier Capacity: 1000t/d ;
®  Pressure: 4.0 MPa;

Source: “Industrial Application of Two Stage Dry ®  Entrained gas: CO>

Pulverized Coal Gasification Technology,” . . 3.

Gasification Technologies Conference 2012, ¢ Effective syngas flow (CO+H2)' 71500Nm“h;

2012/10/29-31. Cold gas efficiency: 82%: I a E
I I

e  Effective component (CO+H>) of dry syngas: 91%
® Methanol production: 300,000 t/a;



Source: “Industrial Application of Two Stage Dry Pulverized Coal Gasification Technology,” Gasification Technologies Conference 2012, 2012/10/29-31.
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EastmanAl A& JjA %L Ad|

Coal Slurry
Preparation

- 1983 27 A%

IAE

Source: D.L. Denton, et.al., “An Overview of Industrial Gasification and Eastman’s Chemicals from Coal Gasification Facility,” GTC Regulators Workshop, 2012/04/25.



EastmanAt MEHIAD NME

ASU - . g
Air Products g Kingsport Gasification Process

Low Temp Gas Cooling CoO,

‘ l
Y Sour Eﬁ ?@ Hg

0, )
(99.5%) Shift Removalh
> CO/H,
> x
Acid Gas Removal 1
Particulate Rectisol (2 trains)
Scrubber H,
1+ spare i ] Sulfur Recovery j co
Fines/Char Claus/SCOT e
2
Separation
LockHopper ) Ko,
T' Chemicals &« = =
L‘—I AIR ' '
Acetic Anhydride
Slag Acetic Acid
I‘Eh - e Methyl Acetate
T Methanol

IAE

Source: D.L. Denton, et.al., “An Overview of Industrial Gasification and Eastman’s Chemicals from Coal Gasification Facility,” GTC Regulators Workshop, 2012/04/25.



EastmanAl Syngas

Syn Gas (H,+CO)

Carbon Monoxide (CO)

Primary Overall Reactions

CO + Hy; > CH3;0H (methanol)

0
Methanol
Plant

CH3;0OH + CO - CH3;COOH (acetic acid)

CH3OH+ CH3;COOH - CH3;CO,;CH; (methyl acetate) |

CO + CH;CO,CH; - (CH3CO0),0 (acetic anhydride)

Methanol

|_|_|

Acetlc
Anhydride
Acetic
Acid

SET

Methyl Acetate
Plant

Methyl
Acetate

Carbonylation
Plant

IAE

Source: D.L. Denton, et.al., “An Overview of Industrial Gasification and Eastman’s Chemicals from Coal Gasification Facility,” GTC Regulators Workshop, 2012/04/25.



EastmanAl 28 CO/H, Edl

Cold Box — CO/H, Separation

Shifted Syngas High H,

"Syngas" to
MeOH plant
Hydrogen

CO to
Carbonylation
Plant

A
.......
e

............
.............

Unshifted Syngas

IAE

Source: D.L. Denton, et.al., “An Overview of Industrial Gasification and Eastman’s Chemicals from Coal Gasification Facility,” GTC Regulators Workshop, 2012/04/25.



Eastmanil 22 MEJIA S| Availability

Typical Three-Year Cycle (July 2005 - June 2008)
including planned shutdown
[ *Overall Availability of Clean Syngas ]

Unplanned
1.0%

Not Needed
0.0%

On-Stream
98.4 % Estimated single train availability

would be 88% - 90%

IAE

Source: D.L. Denton, et.al., “An Overview of Industrial Gasification and Eastman’s Chemicals from Coal Gasification Facility,” GTC Regulators Workshop, 2012/04/25.




Ol= SO HECA Z=HE
(Hydrogen Energykt, California)

+ MAXIMUM POWER PRODUCTION (16 Hours/Day)

+ MAXIMUM AMMONIA PRODUCTION (8 Hours/Day)

=02 7|= 2lAt:

+ Gasification - MHI

+ Acid Gas Removal — Linde Rectisol
+ Ammonia — Ammonia Casale

- FlourAl, O|ZH|A|A} : /S X2 AH| A O ¢ Urea — Urea Casale

+ Nitric Acid/UAN — Weatherly

+ Sulfur Recovery Unit — Fluor Sulfur

Source: “Hydrogen Energy California,” Gasification Technologies Conference 2012, 2012/10/29-31 . . .
yered ¥ 9 + Sulfur Degassing — Goar, Allison & Associates
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OI% RelianceAl
Iamnaga[ MO IOdXE EEIGQKE ZI;AEI; IT2 Al &=

C1 + Cz: . MEG
Polygen for power, hydrogen, >
‘ SNG and chemicals Hy - LopE
10 + 0 gasification trains /f——> LLDPE/HDPE
Petcoke \
Crude Petcoke »
Refinery SNG Acetic
-« acid

Syngas/cogen fuel |~

F

Cost " Feed + Opex + Capex - LifecyC|e Syngas/htr fuel Syngas/cogen fuel
$/mmbtu : 3.5 +24 +53 =112 e .
Reformate i
» ——— Benzene
|:| Bisting

Source: P. Maitra, “The Jamnager Gasification Project,” Gasification Technologies
Conference 2013, 2013/10/15.
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OI% RelianceAl
Iamnaga[ AO X Eetcuke ZI;AEI; IIT2 M E

Syngas bcmlyr % Routing
*Cl',ll*_l' Syngas Al"g' : Cogen fuel 5.05 63 Exist?ng + new GTG + HRSG
H, 1.3 16 Existing H, header/Hydrotreater feed
SNG 1.1 14 Existing RFG header/Htr fuel
Heater fuel 04 5 New htr. fuel
CO 0.15 2 New acetic acid feed
Total 8.0 100
Gasification : Fuel + H, for refinery

: Feed + fuel for petchem

— o Contractor: Licensor:
= EI;I! E EO:I AI- : PMC Fluor Gasification CB&l Lummus (Phillips 66)
EPCM Fluor Open art Fluor
o&u Bechtel
Construction L&T Equipment suppliers:
Reactor + vessels L&T
Package suppliers: HTHR boilers Alstom
ASU Linde Rod mills Cemtec
éou:fe: P. Mgitrg, ”T"hé Ja]fchﬂa_ger AGR Linde Slurry pumps Geho/Flow serve
2013/10/15. SRU/TGT Worley Parsons Syngas rec. comp. Siemens
SFU Enersul Superheater Linde/Selas AE
GTG/GTG Mods GE Cooling tower SPIG

Stacker/reclaimer Thyssen Krupp
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MA d=8i1 =8 W8S Hlul

= at end 2007, in Millions Tonnes -
{high grade coal: anmthracite and bituminous)

= at end 2007, in Millions Tonnes -
(lowi grade coal: sub-hituminous and lignite)

ROIEl, ROIEH obeimiEs, ZiEd

North America (116,000

North America (13
MT)

UL

(D2EHO| 115%)

i [o)
Europe & Eurasia (D ZEFS| 167%)

{102,000 MT)
Europe & Eurasia
{170,200 MT)

Enerquinsights.net  Sewece

Energylnsights.net  frwece
S B

430,000 MT 416,100 MT
(U=E WSS 97%)

IAE

=X http://www.energyinsights.net/cgi-script/csArticles/articles/000000/000058.htm
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= . Suit for PCF
o 25 R .
e Y
S . ﬂ _ I
= 20| - - ﬂ :
S Suit for Gasification ' E
@ I'm = I
_g 1.5 - ﬂ u . I
Q u U an !
'L>_If | | N/ &y
= ] |
o 1.0 _
4§ -
[T
z 05

1,100 1,200 1,300 1,400 1,500 1,600 1,700

Ash fusion temperature [ C]

IAE

Source: Tetsuji Asano, ‘Progress in Japanese Air-blown IGCC Demonstration Project Update,” Coal Gasification Symposium, Jeju, Korea,
2012/04/26.
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: %, I
' 7 o
i Standpipe " \. 5""7:{
¢ <‘ Fluidizing gases ‘?‘
Air/oxygen/steam
Ash O, /Air Ash
KBR U-Gas British Gas Lurgi
(F353) (F&3) (1™E3B)

IAE
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Ml Z7tsoH X7 e Eg k7] ™MK= A B0 7|44 otetRl g,
= A2 4Y7|7E AFEO| A4 Y.

LtZE} EE= LNG7|HtO| Syngas & & CHH|, A E&F Syngas O| 2 A| X[
10% O|Ar U7 ZF 7| =,
S=0|M 7t gEet ME/tAS S S0 storrlz Sok 2H|7t 28
SO|H = =toff of| & E. O/=2f ? A
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