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@ Gasification condition

=Temperature, Pressure, Heating rate,
Residence time

= Oxidant : air, 0,, steam
Coal composition Chemical

Coal rank - {7~ || Synthesis Product

'@ Plant configuration
- Coal feeding system : powder, slurry
- Flow geometry
- Heat recovery, protecting

= Syngas cleaning
\L J
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ZM19] M= UXI0)] A0 & oISt=2 ppb ==Xl MH
= Rectisol 3 XM & / Selexsol 33 + Z/n0 Guard bed 2% Jis

= J|El : Total halides < 10 ppb, Acetylene < 10 ppb, NH; < 10 ppb, HCN < 10 ppb, Iron Carbonyl
< 10 ppb, Nickel Carbonyl < 10 ppb

CO, MIH
= Methanol, DME, F-T & 0jlM= Ht=A| CO, HIHIL EQOHXI= &3
= SNG 2H0IM= BHEA]l CO, HIHILER W,
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= Equilibrium-limited reactor : Gas recycling, Feed gas splits, Reactor in series
= Throughwall-cooled reactor : ZHI &0l W2} 4t M
= Steam-moderated reactor : Z710ll 28t 2T HI0{Q} A IAXMS&AUZSE SAI0 21
= Combined reactor
J
Singas Syngas Humidifier Reactor Reactor
|D—1 Saturation /-‘E 3\ L 12
Recytle | Reactor ' Reagior stea: 1 Reactor e —:
: i o Syngas i
i : Saturation — i Product
| | R i .
| - | \‘i ‘-E |
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Equilibrium-limited
reactor

ICI

Syngas

Product

Haldor-Topsoe

A
>/

Throughwall-cooled
reactor

I

Tube
Bundle

%ﬁ?&mn
[Wax Outlet

Water feed |

| To wax/solid
! 1 )| separation

Syngas,

Steam-moderated
reactor

v
Purge liquid

o 339 ZHY
= Heat recovery

\

= Sindle train capacity

= Energy recovery (steam quality)
= Catalyst volume

= Pressure drop

= Conversion

| = Eneray integration
- Recycle scheme
= Refining, separation
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2[]'\1'3__1 Company Status
1 Huineng Coal Chemical Construction underway
2 Shenhua Group Construction underway
3 CNOOC Proposed
4 China Huadian Hulunbeier Energy Proposed
6 Datang /Beijing Gas/ Tianjin linneng Construction underway
7 China Guedian Corporation Proposed
8 Beijing Holding Group FrIlE
9 CNOOC, Datong Coal Mining Group Proposed
10 CPIC, Shandong Xinwen Mining Group | Construction underway
11 Luan Group Planned
12 China National Coal Group Planned
13 Yitai Group Planned
14 Xinjing Guotou Baodi Energy Planned
15 Qinghua Group Construction underway
16 Shendong Tianlong Group Construction underway
17 China Huaneng Group Construction underway
18 Henan Coal Chemical Group Planned
19 China National Coal Group Planned
20 China Huadian Corporation Planned
21 Kailuan Group Planned
22 Xinjiang Guanghui Group Proposed
23 Anhui Province Energy Group / SDIC Planned
24 Datang International Construction underway
[ 25 Sichuan Coal gasification Co., Ltd. Proposed |

A SNG AH|
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HYSO HAUJIA By
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CH=NI(KEERR; Datang International) SNG IEME (1)

= LR =% st =S i1l
1 |Me=az 505 T/h 3
2 | MEDIAY SEAITLA : 44,000 Nm@/h a8 ésptgrguggillj 12201
3 | Co el W2y 218,700 Nm3/h 6 | 9= me
4| HE HEE N 336,500 Nm@/h 6
5 | WIS 220,000 Nm3/h 6
6 |2 Wy 6
7 |Asu MAHIE 45,000 Nmd/h 6
8 | mole 3
9 |MEDIA 22 27 500 T/h 6
10 |ms=a 6
11 | 2gauol 3
12 | 24ma 2 81 450 T/h 3
13 | Z)12gy 390 T/h 6 | 9.81MPa; 540°C
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SNG capacity

No. Name Developer Location (MICFD/MNm3/d) Gasification Notes
SNG IGCC
_ Coal : 6500 Tons/d
1 Taylorville Eneray Center Tenaska Taylorville, IL 65/1.84 Slemens
’ : (2X 500MWth) Z1&dt| : $35 billion
Feasibility study
2AZAIA 20144
- Cash Creek, GE Quench
2 Cash Creek Generation ERORA KY 93/2.63 (3+1 900 CFJ SNG 1GCC
. . lefferson GE Quench
3 Power Holdings Power Holdings County, IL 150/4.25 (5 X 900 CF) On hold ?
Coal : 1.4 million tons/y
B _ Siemens SNG to BP.
20134 JI=s
. L Leucadia/E3, i
5 Indian Gasification Iohnston Indiana 110/3.1 GE
6 Kentucky New Gas Peabody/COP Kentucky |160-190/4.5-5.4 CoP E-gas Seaq. tests planned in KY
Brazoria 180/5.1 +
7 Hunton Hunton Energy County, TX | 100MW + steam TBD/Pet coke SNG + steam to Dow
N . International
8 Mississippi Leucadia Paper site, MS 125/3.54 TBD Pet coke
9 Lackawana Clean Energy Lackal\il}llgrrlgymean Lackawana, NY 85/2.4 TBD Pet coke/bio mass
IAE Institute for
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\___'A"{_"b}’j'
. SNG capacity
A Ape (MCFD/MNm?/d)
Taylorville Energy Center Taylorville, IL 65/1.84
Cash Creek Generation Cash Creek, KY 93/2.63
Power Holdings Jefferson County, IL 150/4.25

Secure Energy Decatur, IL A45-56/1.27-1.59
Indian Gasification Indiana 110/31
Kentucky New Gas Kentucky 160-190/4.5-5.4

180/5.1 + 100MW + 5

Hunton Brazoria County, TX S
i International Paper
Mississippi site, MS 125/3.54
Lackawana Clean Energy Lackawana, NY 85/2.4

Legend

= Interstate Pipelines
= Intrastate Pipelines

\/“\“

Jme (]

s

Source: Energy Information Administration, Office of 0il & Gas, Natural Gas Division, Gas Transportation Information System
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North Dakota SNG plant : &H| &=

PRODUCT GAS
COMPRESSOR
TO PIPELINE

_ €0, PRODUCT
:D=‘ TO PIPELINE
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North Dakota SNG plant : 7%

Coal

15,000 tons
er day

7,008 tons per

e mmsel*

 \FREN

7 | _a—‘_'.\;‘,&...;; " h
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North Dakota SNG plant : &7 24

K A H|™ : DGC Great Plains Synfuel Plant (OI= North Dakota )
@ &H| I

= 2 4| 220N =T ZEHTZ 38%, 2= 6%, 3900 kcal/ka)
= 35T :18,000 E/&
= HIS : TAIDIAIHIEY ; 480 tm3/day (267 Nm3/T-coall?l £4tE
Q JIA R}
= Lurgi Mark IV 1471(27] spare ), fixed bed, dry ash type
= 30718}, 1200°C
o FAJANE BH
- E2§2M J¥HOZ H/CO0 HES 3.0 32 X ¥
= Co-Mo =01 A2
= M SAIIA9 30% B 32
9 SAMJIA HHISH
= AMMJEATIA - Rectisol 33, &2+ : Stretford 33
= C0, 22| 3 : Rectisol 3™0IA H,SQt CO, SAl Edl
& = G0, EOR : 5000=/24(16.5 Mpa, 330 km 015, C0, 96.8%, H,S 1.1%)

= 24 A% 19843, 2FIHAI OILH SIHNX] S HO = 22X F. A2 JISE2 90% 01

~
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North Dakota SNG plant : &HA| 78 YET

Coal Coal @ Ash Ash
Handling Handling Methanol
Fines Ash Water ] Methanol
l«—— Sludge Ash '
To AVS =——
Cooled Raw Gas (Filling Gas) Flash Gas Purge Gas
Raw Gas Naphtha Stripper
— 1 Condensate
r , ' Vi |
—> Shift Gas ¥ Prod. Gas
. SNG to
Oxvgen Plant |——er - Gasification == conversion [ Cooling [—>| Rectisol Syngas | Methanation —ed- oo mnression | 5 pineline
Gas
I I Dusty Tarry Oily
Gas Liquor Gas Liquor
X N Plant Gas Liguor ! ) HzS. CO; Plant
l Air Startup Gas Use
Naphtha
LN Low Pressure LG
Sale Treated Oily Water
Plant High Pressure LG Backwash
Ny i—\ MEE Distilate
Lock Gas \J L v
Steam - aste Water Pond
- Lock Gas Backup Gas Liquor (as Liguor . Cooling o
Gem?]rlasilon & D Compression | Flare Separation — Filtration »| Phenosolvan -1 Phosam (- Water | cooling nwga?lgen Plant
- Gas Tower Sewer
Liquor Blow Down
Steam Low Pressure  High Pressure a PhBHD|¢ Ammonia Brine from
condensate  Boller Feed Boller Feed Expansion Gas Tar Phosam Off Gas Water
Tar 0il tErr;:L L N?:P EITIa s'“gg; to freatment
Receiving IZ> Handling '
__Shipping =« A Fueltrar ol —! wi
Waste Gas ¥ Sulfur Sulfur to
Recovery Mine i
Utility water Ash Water Blow down to
Portable water Ash Handling
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North Dakota SNG plant : Train concept

To AVS

[«— Sludge

1m +—( 12

Gasifier

Handling Methanol

Ash Water Methanol
Aeh
Cooled Raw Gas Fillng Gas) Flash Gas Purge Gas

Naphtha Stripper
Condensate

Raw Gas

Gasification

Prod. Gas
Compression

SNG to
Pipeline

Methanation }W@’

Shift Gas
7w | Conversion ™| Cooling _’{ Rectisol
Gas
Tarry aiy
Gagulmnr lﬂas Liquor luas Liquor 15, 60z

Startup Gas
Low Pressure |G

Naphtha

High Pressure LG Backwash

as

Plant
Use

Treated Oily Water

MEE Distillate

WGS 1

WGS 2

Gas cooler 3

Gas cooler 4

Lock Gas | Backup gas Liquor 6as Liquor Cooling Fond
Compression | Flare ‘ Separation H Filtration }""’ Phenosoivan PnnsamH Water [Cooling Walls Plant
Gas Tower Sewer
Low Pressure  High Pressure \j Hiquor Pne"“" Ammonia | Blow Down Brine from
Boller Feed  Boller Feed Expansion Gas Tar Phosam Off Gas Water  |—
Tar Ol Naphtha Sludge to Treatment
Econdary Tar 01 torage | - '
Water | Receiving |c) Handing
Treatment Shipping FuelTar ol
Waste Gas ‘ Sulfur Sulfur to
Brine U;g"neen Recovery Mine
Utiity water Roh Water Blow down to
Portable water Ash Handling
Gas cooler 1 Stretford  ——— Sulfur
Gas cooler 2 T T
Rectisol 1 Methanator 1
N Rectisol 2 Methanator 2
T
Gias
separation 1
Gas liguid
» Phosam —» Water
buffer tank | ate

Gas
separation 2

'

Ammonia
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North Dakota SNG plant : E4'&

2UE dqug
Ammonium Sulfate [(NH,),S0,] - 110,000 Ton/year
Anhydrous Ammonia (NH3) - 400,000 Ton/year
Carbon Dioxide (CO,) - 1.56 MMTon/year

Dephenolized Cresylic Acid

(71% C;Hg0. 12% CgHyg0, 8% CgHy,0 + 33 MM pound/year

Krypton and Xenon gas (89% Kr, 8% Xe) - 3.1 MM liter/vear
Liquid Nitrogen (N,) - 200,000 gallons/year
Naphtha .

(16% CqHe, 18% CoHg, 4% CgHg) 7 MM gallons/year
Phenol (CgHg0) 33 MM pounds/year
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North Dakota SNG plant : 23Rl 378 TET

Coal Coal Ash Ash PESEH‘"“E @ @
Handling Handling 02 Methanal
r QZ' Compression “| Methanol Ammonia | _ - Purge Gas to
Fines Ash Water Production Boller Fuel
l«—— Sludge I Ash 1 y
To AVS L
' Cooled Raw Gas (Filling Gas) Flash Gas Purge Gas Ammonia
Raw Gas Naphtha Stripper
— 1 Condensate Syngas
Y Y ‘ ' v
— > Shift Gas Prod. Gas SNG to
Oxvgen Plant Onvgen Gasification —H» conversion (™ Cooling [ fectisol Synaas >| Methanation —gs oomnression |5 pineline
Gas
Tarry oily
i I Dusty Gas Liguor Gas Liquor
LoX N Plant Gas liguor y Plant
Rir Use
l Startup Gas
LN |Plant Low Pressure LG
sale | N2 | yaphtne Treated Oily Water
Y Krynton High Pressure LG Start Backwash
Kr/X Xenon artup o MEE Distillate
e Flare 1 |
Recovery a1 lockBas ¥ Y ! aste Water Pond
Lock Gas | Backup BGas Liquor Gas Liquor _ Cooling _ on
Genehrlasilon & Compression | Flare Separation [ ™| Filtration »-| Phenosolvan | PhoSam | yaier oot Uwv?al?lt;en Plant
. ‘E : Lluﬂur 7 Tower Sewer
FGD and Naphtha Ph ] Blow Down
Low Pressure  High Pressure Flue Gas Tar Ol gresylic Acid Eno Brine from
cuﬁ,‘,“;ﬁg‘m Boiler Feed  Boller Feed ~ Ammonium Sulfate | LEXPANSIoN Phenol 0 Purification Water
Processing e | a CTesyiic acid Sludge to Treatment
Tar 01 Storage |« Pnenal coal «—0 o |
Receiving |« Ammania Handling
Shipping = MEE Concentrate
Waste Gas Y . Phosam Off Gas to Gasification
Utility water Flue Gas - Wet e
Ammonium Electrostatic |—» Perticle Free Flue o
Portable water Sulfate o Precipitator Gas Emission

1)Addition of a Startup Flare, 2) Removal of LWI, 3) Phenol Purification unit added

4) Sulfur Recovery (Stretford) Unit removed, 5) Flue Gas Desulfurization unit added
6) Ammonia plant added, 7) CO2 Compression and Pipeline added 8) Wet Electrostatic Precipitator added
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= X X MG Y EAT HEA WY
Q@ OZME Xi(j
= [PC: EAJAHA
= AMAA : HLAXIUAHE
= FEED : Jacobs
o 34 Zlo|MM
= JIA S| : ConocoPhillipsAt E-Gas
= TAIIAXEZ: Linde, EHAJIA Al : LindeAl Rectisol, 2]z : OrtloffAl
HIEtetA - Haldor TopsoeAl TREMP

©
e
|| 0>| ||

= FEED : 20114 24 3E)| &=\
= SMEA 20114 25

A Xk

. AL 20114 42 4B
\§
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SNG L& 1135

SNG cost (& /Nm3)

500 7 N
—8— Wet feeding gasifier 0 A4 HE(UHESUXIR)
@ Dryfeeding gasifier = SNG: 16 &INm3/y 2=
400 S0.6/MMBTU L ° = SNG HIZX &I}t
MEHIZ : 53%
Aokl - 20%
300 -
$7.2/MMBTU 0 HADIAD HBAS Y]
= SNG : 40 2iNm3/y 23
200 4 = SNG le %Ji
$4.8/MMBTU MEH|2 : 59%
ZIradZtH] - 15%
100 A
\L J
O T T T T
0 20x103 40x10° 60x103 80x103 100x103

Coal price (& /& )

1 MEIOZ 2 MAUJIA HIZXO| ZMEH 2AM (201049 18, == Coal-To-SNG conference ZHIXI= )
1

H: MJIS 14 : 843 /Nm3, 8 1, 241 : 1093 /Nm3 &
JHEE01) : MI1S4 24 3533 /Nm3 ($8.5/MMBTU, |t $80 J1=)
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x4 AI'II\I' =14 A1 A4
CITIALL M™M°] FA| ALt (Hybrid IGCC) BHI6 =2
| |
| |
| |
I ME} Elg}
Mg - S D gas Dlaao saame ) (E2 b SN b aix o [ swg
I JI‘_QI' 002 '.'_'EI =HO |
|
|
250 Combined
cycle > Power
—@— Coal : 64,000 & /E |
-@ - Coal : 104,000 & /€ I
i —xy— Coal: 128,000 & /E
_ 200 ‘\ kY4 oa
e \\
o 150 - o W
8 RN
s . ~
£ 100 - e ‘\\
= \\
2 | S
w ) ~
50 - V4
0 T T T T T
200 250 300 350 400 450 500
SNG cost (& /Nm3)

11 ME2ERH HMAUIIA HZQt

Hetd ™ J|=0 ZHld 241 (201049 18, == Coal-To-SNG conference ZHIXIE )
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