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Abstract >> In order to select an optimum gasifier for specific low rank coal, evaluation elements were studied
by analyzing characteristics of low rank coal compared with those of high rank coal and the effects of each gasifier
type in accordance with the characteristics. And syngas composition calculation model was made on the basis
of thermochemical equilibrium to quantify some of the evaluation elements. And then the suitable gasifier was
selected for a kind of Indonesian low rank coal through this syngas composition calculation model and the evaluation
elements of selecting gasifier.

Key words : Low rank coal gasification(*] &t 7}23}), Feasibility study(EFgA ZA}), Gasifier evaluation
elements(7}2~3}7] H7}X| %), Thermochemical equilibrium model(E & &t )

n

: Enthalpy, J/mok

: Formation enthalpy, J/mok
: Equilibrium constant

: Molar flow rate, mol/sec

: Heat, J

: Temperature, K

Nomenclature Subscripts

: Molar heat capacity, J/mokK i input

o . output

C : carbon

O : Oxygen

H : Hydrogen

CO : Carbon monoxide

CO;, : Carbon dioxide

: Carbon conversion CH, : Methane
H,O : Water
A : Ash

TCorresponding author : chjeon@pusan.ac.kr
Received : 2015.10.28 in revised form: 2015.12.8 Accepted : 2015.12.30
Copyright (© 2015 KHNES

567



568 Ae 7sb] 4 371 i

1.1 SHE

i
9‘L
£
=
o

=2 2 AL A7) A= =

of FH3kI A AA] T BEF] ol A
of WA oA UoRA FAAE FolEA) ¢
. 23]e] M7k Aol BT K ololA,

f
u)
Y

o FHe 7pas W ARE Ageleis
0] SNG (Synthetic Natural Gas) A+ 5 A&t

gt 28 585 o] W7E gt ojn 7}
23} AR 2A AuthE AR = A4t 27kl
Al & HlSse Ak YRHE FolHA, Z7IXt
PR o Y= ShETE golsirh= o]Flo] Slth st
A5k Hebrksst AL GE, Shell 5 39] 724
2eg 2AE] ouAl s1% WY Aol 2]
o] A5 FR4 shashy] dRAE Wkl W7
sl oleie Aol S Wik 71Rlo] Az
7es} Aol AgHez Adsh] eIk ale)
il Agshe haslE AR Brlse A
o] wiat FAleka B 4 9k o] Hisjol & AT
A= AT SAlol HE s HY B
of efab Jlute] Aks 24 A RUE )
wslel, QlmulAol AFEhS hAlos 485t

e,

=2 do ox kI I of
N
alSs 32

-

—_

.2

rx

o1

jm
i

Conoco Phillips, Shell, GE, Siemens 5 4]

T 7resp] EdAer 1S Tias] A

mﬂ.’,
e,
>

2l BGL & 7]& A48 7k237] ARdAle age
il Aees AR 4 J=s &Y 35 A
ek A2 A2 2 7kash] Wy 58 gkl

oo 7F=eb7] ARl KBRS Aol 2
Z5}k=] TRIG (Transport integration gasifier) 7}23}

>> gHad W Ao U Aot Ery

71E 7Wdste] = SK ofl| %2} Pilot Plant (3TPD)
£ g A7l AHshe 5 vt A o
2 A3} 93 glon] Bele] TKIS (ThyssenKrupp
Industrial Solutions)= AA} HGo] == ol H=
2 wpale] spashlol A ol on2, e, T
o ol27|7HA] ARE F1elA| kit Fhskrt 7Rt
o sl gk

E3 QRO ML AFES 8e] 98 uleo)
7128} 7124 318ka] 23 (Chemical looping)
o] A& Zo) G2 745} 714S 23 A=A
Atskal Qltk 22]al wl=e) NETL d-aoA=
Shell, TRIG, Siemens, E-gas 5 47§¢] 7}A317]¢f
sto] AT AR AN e ) 7kasy] 9%
BAsllT, M Az AAe] ZAE Eakep)

Ay

3

-

. :
= =
Hd BAE Ego] A% FH GFO O

B e
o
olrt
1o
m
o,
K1
>
Au)
_}l_‘
[>
)
N

Table 1 Comparison of characteristics between high rank
coal and low rank coal

Category High rank coal Low rank coal
Moisture 5-20 20-35
Ash 0-25 5-9
Calories (kcal/kg) 5400-7900 4200-5400

C 54-88 48-68
H 3-5 5-6
(0] 0-10 10-20
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Table 3 Comparison of equilibrium constant for water-gas shift reaction

Category Curve fitting'® Watkinson et al.” Wen et al.”
Temperature relation formula 0.025Exp(4396/T) 0.0265Exp(3956/T) Exp(-3.968+4019/T)
Kp @ 1400K 0.578 0.447 0.334
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Table 4 Comparison of ultimate/proximate analysis between
reference coal and Indonesian target coal'

Category Reference coal Coal A
FC 0.60 0.47
Proximate VM 0.30 0.41
(dry) ™ 020 0.18
Ash 0.10 0.12
C 0.70 0.70
H 0.05 0.04
Ul(g$a)lte O 0.10 0.12
N,S 0.05 0.02
Ash 0.10 0.12

Table 5 Comparison of operation condition between
entraind bed gasifier and fluidized bed gasifierm

. Entrained bed Fluidized bed
Operating parameter (Shell) (KBR)
Coal feed rate (tpd) 1000 1000

Oxygen/coal ratio 0.8 0.7
Steam/coal ratio 0.2 0.8
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Table 6 Comparison of syngas compostion and gasifier performance between entrained bed and fluidized bed

Entrained bed Fluidized bed
Category Reference coal Coal A Coal A
(%) (mol/sec) (%) (mol/sec) (%) (mol/sec)

CO, 4.1 435 4.7 473 114 156.2

Syngas (€¢] 554 594.2 58.7 597.9 33.0 450.3

composition 0 9.2 98.4 9.6 98.2 25.0 3414

H, 314 336.9 27.0 2752 30.6 417.8
Ho/CO (%) 56.7 46.0 92.8
Outlet temperature(K) 1761 1862 1426
Cold gas efficiency(%) 71.5 76.2 75.8
Gasifier efficiency(%) 93.0 92.7 92.7

2 3to] 0,9 FREFORRE AFT iR E W
sistize, w542 719 H2E o vz 3

A o1 A ] Bt AR
efslel RISt

421 RS

53 7EA319] Aggt 7k RS
Table 71} Zro| H7}sIATh
@ Table 60 w2 H,2} COE 33} H|-80] 64%
oJct.
@ SNG 24 oﬂﬁb Hz/COH]
HE Ak

&0l wars T4

31 O]—E;]Z;‘ C))\)LQ_EE le‘:_l]
A= Hz/COH]%O] o =o| g ogsltin
2 % 9k

@) Table 604 HEo] Wrls G
BE X204 Ao xJol7} glon SE=o0] B
ZHr} ¢ 3 Abh Q78RS Ho|HR Ak,
AR Aulo] gt Seko] Axek A A

[e) EO i:l-q_

7 58S "oy Zog melrk
@ Age e 2l eiARA ARE7] o

ol eddde 1T dart g7] miEel

Fpg o]},

© ojnf 1L2-9] FEoA] Atk QxR FHPo]

agHog WAste] A or ALofAw
o= YEsHA ThHEtk

® stAt A A o2 nprtef Hoket Bde] 9lrk

@ 3 BF7S 7ka57]9h vl Al 3l&o] H]4b
A(Fly ash) Fej2 wi&x=7] o] Sefo
2 AnEE Y BEshe 8yt ook

® 94 whg T} 7p23) 9h3o] ghitaly] wito]
i:%@OIE}.

© 283 HO gFol tigt Algte] 573 73t
7|5} 27 Eﬂfoﬂ Ak ] M) £
gk Fkol glck.

10 spARE 32 318§ 2% wiio] At 5319

r

o
O o urodeke AAsl] 98 Az A 2

ol AR ERS HlaL A, dAE] A

BEE 718b)9] A 7ksk] JaEE Table
83} o] Brbstoch

D Table 69 =H H,2} COZ 33t a7t~ 9
H|&o] of 86%= AAHE Qlch

A26d A6Z 20154 12



578

Table 7 Evaluation sheet for fluidized bed gasifier

Ae 7sb] 4 371 i

Gasifier performance

Plant performance

Category H,, CO H,/CO Char Thermal Slacein (0)) H0O Additional
Yield Suitability | conversion | efficiency £ging Feeding Feeding Facilities
Reactivity -(1)H®) +?2) -3) +3) +(3)
LRC I \foisture/Calories +(3) H3)HO)H(11)
character
_istic Ash +5) +5)H7) +4) ~(6)
IDT ~(10)

Table 8 Evaluation sheet for entrained bed gasifier

Gasifier performance

Plant performacne

Category H,, CO H»/CO Char Thermal Slagein 0, H.O Additional
Yield Suitability | conversion | efficiency £eing Feeding Feeding Facilities
Reactivity +(1) -2) -(3) ~(6) -(3)
LRC | Moisture/Calories 0(4)
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IDT -(3)
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