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Modeling and optimization of polygeneration system with coke-oven
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Determination of optimal operating parameters
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Abstract: Oxy-fuel (alcohol, DME, eic.) is the main chemical product of the coal-based polygeneration
system. In this system, 25% (vol) methane in the coke-oven gas is reformed with 23% (vol) CO, in the
gasified gas, and the syngas at a proper H/C ratio is further changed to oxy-fuel. It is a system with
energy-saving and friendly environment. The synthesis of oxy-fuel is the key unit for determining the
efficiency and economics for the polygeneration system. In this study, Aspen Plus software was employed
to establish an integrated coal-based polygeneration flowsheet. In the simulation, the equivalent yield of
methanol and conversion of CH, and CO, were used as the objective functions for optimizing the operation
parameters in the whole polygeneration system. Furthermore, the synergetic effect in the one-step DME

synthesis process was investigated.
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Table 1 Composition of coke-oven gas and coal gasified gas

Component Coke-oven gas/ % (mol) Gasified gas/ % (mol)

CO 6.0 20. 32
H: 59.0 30. 25
CH, 26.0 1.4

CO; 3.0 22.12
N, 6.0 25.91

K2 XBRELTHVBRESH

Table 2 Initial operation condition of key units

Operation unit Operation condition

CH, /CO; reforming reactor 850C
0.1 MPa
5000 L« h™ !« (kg cat) !
DME synthesis reactor 250C
7.0 MPa

5000 L« h™! « (kg cat) !
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gasified gas on methanol equivalent yield,
DME productivity and conversion of CH, +CO,
A methanol equivalent yield (single step)
® mecthanol equivalent yield (two steps)
* conversion of CH;+CO; (single step)
m productivity of DME (single step)

WA AT, BT H, A CO AR 25 B 1 2K T3
FEH R, FEE H, #1 CO #migm, L (D mAf
HEAFSZ A4, Hk, CH, +CO, #{kJ i & e 1
JEu, M H, A CO Fapyigma# T 3, KX
(4) A R, T A5 B ] 4 P A Bl 22 3 K
My o 0.67 BF, ZOH K7 R B K R 0.463
mol « s ', WiHE LR 0. 875 B — H ik = &y 0. 455
mol « s7', TFEEYE=RERE LR 0.875 5
B AR N LR T I 2 7 3R T
e, PR SRR E IR 0. 875, LY
— P Y AR R RO 1467, 07 v, AP 1 T
MEAEEHE N 907, 20 t,

ALHT G RS R L 0L 3% 3.t 3k 3 a4,
AL G0 i B >4 o ™ 258 R0 — F k7 1 B8 A R
$Ewmr, i H CH, + CO, ¥ bR A Br g, H=E
SARHEBCB A BT R

*3 RUBMERZERIAIL
Table 3 Comparison of system performance

before and after optimization

DME Methanol . .
It ductivit ivalent Conversion of
em productivity  equivalen .
CH,+CO/ %
Jtea ! yield/ % ' 2
before optimization 344. 74 32.35 47. 49
after optimization 541.73 49. 60 52.63

P2 i H 2 AR 2 A 907,20 o

(2) fRALJE B 2 G0 RS 2 4 = 3Rl 49. 6006,
THEE RN 541,73 t - a ', CH, +CO, #fb%
H52.6300. Lz A K RT oy 4R e 17,2500,
196.99 t+a ', 5.14%,
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