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Abstract >> Polygeneration process is widely used to pursuit high efficiency by
sharing electricity, utility, refrigeration and the utilization of product chemicals. In
this paper, performance analysis of the 450 MW Class polygeneration process
was conducted with various syngas generated from coal and biomass gasifier.
WGSR and PSA process were employed for hydrogen production and separation.
Process modeling and dynamic simulation was carried out, and the results were
compared with NETL report. Net power of the polygeneration process was 439
MW considering power consumption. More than 90% of CO was converted at
WGSR and the hydrogen purity of PSA was more than 99.99%.
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Nomenclature
D, : Diftusional resistances
IGCC  : Integrated Gasification Combined Cycle D,;  : Diffusion coefficient for component i in j, m'/s
CCP  : Combined Cycle Process d,  Particle diameter, m
WGSR : Water Gas Shift Reaction E, + Activation energy, J/mol
. . . Heat of reacti 1
PSA : Pressure Swing Adsorption L cat o reaction, 1;T/mo
: HaS concetration factor
HRSG : Heat Recovery Steam Generator s =
I, : Equilibrium constant
A, : Aging fraction factor P : Pressure, Pa
a . Arrhenious constant, m*/h-g of catalyst Py : Pressure factor
C : Molar concentration, mol/m’ q; : Amount adsorbed of component i, mol’kg
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« : Equilibrium amount adsorbed of component I,
4 mol/kg
q, : Langmuir-Freundlich isotherm parameter, mol/g
;?i‘,,‘ : Reaction rate, mol/m’'s
i : Universal gas constant, J/mol-K
r : Radial coordinate, m
S, : Total rate of generation of het, Jm’ss

T : Temperature, K
t : Time, s

: Velocity, m/s

T : Mole fraction
z . Axial coordination, m
p : Density, kg/m3
e : Porosity
1y : Turbulent viscosity, kg/m's
€ : Total bed void fraction
€ . Interparticle void fraction
k : LDF coefficient of component i, 1/s
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Table 1. Kinetics parameter for WGSR?*?"

LT reaction
2.955%10"

20,960

HT reaction
a 2.32x10"

E. 27,760

£ Aol AgE Huf W A WA 4
@) verpglon, g7 =

24 - ofuA] - mElE WA
Witk EFF WGSRe 2§
Table 10] hebf ik

Reaction kinetics of WGSR

a

i?’i.,r: Py s as eXD(Ri)(Iw _‘T;o)
g

- : @
* Doy s Ay » By o L,
Ty Tog,

r =———2= 3
co .,1/,1120 . ](Pq ( )
9998.22/ T—10.21342.7465 < 10" * 7'

](«q = €exp R
Coget )
_ 0453x10"°7°~0.201 XIn T
Rg
Ny
S, =~ Ep E B p “
R=1
=4 4
oG ) oC;
i UZQ)+§(8 i gz )
d 36})
A= (8 i or %)
oC,
li(a ’)+H .
roor ©Jar T
oA £X
T a
;G = *g(g“zpfcpfﬂ
+ i(gka_T)
0z 0z (6)
T
+ i(skfa—)
or or
+ li(akfa—T)-‘r S,
roor or

Vol. 28, No. 4, August 2017

0INg - B - 0[218] - BRI% - F2ey - © 1 355

|
Otg 7:]-6‘t
dP 180u(1—¢)?
o B @)
dz de

of
S
o o i of

2
rfo
hit
N
\O
o0
z
il
o2
5
=
~
H
N
N

[¢]

%,

b

oL

do 1o o ox wE Mo

=)
[N}
i
2
o
=)
o of M

ox,
Hd

)
o
& :14

ok
o,
>

®)

aqy _ogx( o x

e k; (‘1,', ‘11') )
BP

(1: — q777.'1 1T (10)

where,
G =k T 1T B=kyexp(k,/T) an

Transactions of the Korean Hydrogen and New Energy Society <<



356 Z2MUH01 g5 AL S
I

Table 2. Adsorption Parameter of Zeolite 5A

Table 3. Syngas composition and operation conditions??

H, CHy4 CO N, CO, Operation condition Value
ki (mol/kg) 4314 5833 11.8454 48133  10.03 Temperature (K) 366
ks (mol/kg-K) -0.0106 -0.01192 -0.0313 -0.00668 -0.01858 Pressure (kPa) 2,400
ks(I/bar) 000252 0.0006 00202 0.00056 1.5781 Flow rate (kg/s) 17.33 (CCP-WGSR = 4% 16%)
ks (K) 458 1731 763 1531 207 Case study (fraction) Ref. Case 1 Case 2
K (1/5) 0.7 0.147  0.063  0.099  0.0135 N, 0 0 0.125
Ar 0 0 0.010
¥ s H,0 0.003 0 0
o 1sm(i-z)’ 1y 0580 04868  0.605
0 dey H, 0400 04966 0221
221 ZaHUHO|N SFHE CO2 0.015 0.0129 0.039
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