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Modeling and optimization of polygeneration system with coke-oven
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Establishment and verification of simulation process
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(Key Laboratory of Coal Science and Technology . Ministry of Education and
Shanxi Province, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract; With the shortage of petroleum, liquid fuel techniques are needed to reconstruct a reliable
energy framework. To solve the problem with the greenhouse gases in utilization of fossil fuel, coal based
polygeneration is now becoming one of the choices. The application of coal-based polygeneration depends on
the conversion of raw material to liquid fuel and decrease in the waste gas to the environment. In this
study, process simulation software Aspen Plus was used to setup the module of the polygeneration system
based on its mass and energy balances. Coke-oven gas and coal gasified gas were input into the system as
the feeding materials, in which methane mainly from the coke-oven gas and CO, from the coal gasified gas
reacted to adjust the ratio H/C in the syngas. The main components of the greenhouse gases (CO, and
CH,) were reduced due to the CH,/CO, reforming. The simulation includes five units, which are the unit

of air separation, gas clean-up unit, reforming, production of chemical products, and combined turbine
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cycle. The processing units with the chemical reactions were included in the program through the dynamic

and thermodynamic subroutines. Dimethyl ether (DME) and electric power are the main products from the

simulated polygeneration system. The equivalent electric power efficiency () and total heating efficiency

() were calculated. The results showed that 7, , which refers to the energy quality, is more appropriate

for evaluating the coal-based polygeneration system.
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Fig. 1 Schematic diagram of dual-gas sourced polygeneration system
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Table 1 Comparison between experimental

and calculated data

Output/kg + s! Purity/ % (vol)

Component

Exp. © Cal. @ Exp. Cal.

air 16. 39 16. 39 100 100
gaseous oxygen 2.82 2.87 99.5 97.5
liquid oxygen 0.70 0. 74 99. 6 98.1
gaseous nitrogen 6.18 6.27 99. 95 99. 95

(D Experimental data from Ref. [11].
@ Calculation results from Aspen Plus program.
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Fig. 2 Flowsheet of air separation unit

Cl, C2, C3, EPl—compressor; H1, H2, MH, SC—heat exchanger; MS—component separator;
FS1—splitter; UC, LC—rigorous fractionation; V1, V2, V3—valve; CONSMIX—mixer
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Fig. 3 Flowsheet of coal gasification unit and gas clean up unit

Decom—yield reactor; SEP, SREC—component separator; M1, M2, QMIX—mixer;

gasifier—equilibrium reactor with Gibbs energy minimization; FS2—splitter; Cyc—cyclone;

H3., H4., H41, H42—heat exchanger; WSC—flash; DS1, DS2—stoichiometric reactor; ACOMPR-—compressor

W™= R G itk A A R 2 Be Ll g R Ak 2 i Y
B R A R AR AL B AR . A SR
PTG BG4 2k i 43 S HHL B 6 RORS B84 R A
By B W AR AR U 2 ) R I R R D B T K 24 T
KW TGH, TGF., TG R ¥ i A, SCHER H o 4
SACT BRI 43 R FH R Ty A B4, HOBE 40 45 21
5505 i8 AT 04 A AT AR SC R A ) 4
B

2 HE v [ B 2 B 1L G AR A 2 BF 5 T %) R 0 2R
ALY L, dEak Aspen Plus 87 Y KGR AL
W RS S S BRI 3 Bros . BT B
SARAEBRA . et KU T HE ACKL LA 3 RS 3
i 1 LA A5 80 35 v ) BSR4
(A DR A = i R R IR, I IVE A FEIRE T &
M. WM R FGE B FARMIREE . T, AR
SEIARCME R G PR-BM J5 R, B0l A o 2 iR
BeAb . ARG . A BRI fh 2 A

TR ST T . IR EAL Y A VA, R AL
5 SRR b, S5 LR 2, xR B, B
Bs bR b BB B A P e A, HAR
980 ) E A 4y 5 LI B IR 2ZE BN T 500, i
GERVRE, LI &M JEJ1 0.51 MPa, IV IR
JC MR AL 5 Dy 81.75 kg« ht, K ZEARHERHA
o 120.95 kg« h™'y 2SR E R 79. 14 m® -
h'y AR R 31.54 m® « h', BREEfL %

F2 BRSAUXRESEMUBIELS
Table 2 Comparison between experimental data and

calculated results from gasification unit

Component Experiment/ % (mol)  Calculation/ % (mol)
H; 30. 86 30. 25
CO 20. 25 20. 31
CO; 22. 87 22.12
CH, 1. 20 1. 40
N 24. 81 25.91

Note: Temperature is 1021°C.
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Table 3 Comparison between experimental data and

calculated results from CH, /CO, reforming unit

A)(LTH1 //% XLT()Z /%

Exp. [20] Cal. Exp. [20] Cal.

88.2 86. 8 93. 6

BN ReE A AL . HETH S B AEEE CO
TNER CO, AR HLEE 2 41 a5 s
H A B3N ) “F B OR A Graaf 260 #5719 3h
SR, Graaf A CO 1 CO, ¥ fn & 4= i H
B, FLoo] HOAH % 4. HOEE B K R H Y J2 Bercic
SRS I B ) AR RY e R BT R A R
FNE R R, — 2 W EBS R EE

ELLR 4 AP A7 B
CO+ 2H, — CH,OH
(AHy, =—94. 084 kJ » mol™") (3
CO, + 3H, —> CH;OH+ H,0
(AHy, =—52.814 kJ » mol ") 4)
CO+ H,0—> CO, + H,
(AHj =—41.270 kJ « mol ") (%)
2CH;OH — CH;OCH; + H,O
(AHj =—19.760 kJ « mol ") (6)

HopaU (3 30 (4D T2 9 A B 1l 0 1L
G A O B o AR AT A A 2 B A S, 5K
(6) Sl Y st Mot A e AR A

TS RN R S (3) A RO R Ty

- ks Kco (f(‘()fi{z - f(n)jé(;(; >

ry =

T Kn
(14 Kco feo + Kco, feo,) </(])_,27 + %fﬂz() )
Hy

1.4 BE—FTE_HMERETRIBEETHEE ,
e 3 ™ KRBT H
B # 5L Fuof
LAl pA—F k= FERABRAEAE WAk kiKeo, (f““zf%ié; - f“K )
A R PR A AL (CuO)/Zn0)/ N R 0
. " . . coJco co, Jco, T{n +T27 1,0
Al O3) %ﬂﬁaﬂﬁﬂjﬁﬂ(@ﬂﬁﬁﬂ (Y’Alz()a) *}LW‘{E%FEJ" / -f <f ’ K”z / ’ )
ke-
coxe-oven gas H5 H6 1 C5inFigs
from SREC in Fig.3 REFORMER G
I—’#—E“ o RQMIX in Fig 6

to MIX2S5 in Fig.7

Bl 4 CH,-CO, T4 [ I B oc i f2
Fig. 4 Flowsheet of CH,/CO, reforming unit

M3-—mixer; H5, H6

BURNER—equilibrium reactor with Gibbs energy minimization; C4
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C5——compressor; HX2, H8 —heat exchanger; V4, V5—valve; LPDME—continuous stirred tank reactor;

FV1—valve; QMIX1—mixer; QFS—splitter
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Table 4 Comparison between calculated results and

experimental data from DME synthesis unit

Feed flow Outlet flow/ % (mol)

Component (2.679 mol « h™ 1) Exp. Cal.
/%(moD (2,068 mol + h™!) (2. 147 mol » h™1)

CcO 47.3 42.9 42.1

H, 36.9 25.0 25. 8

CO; 7.4 14. 8 13.8

CH,4 8.4 10. 9 10. 5

H,O 0 0.2 0.6

CH;OH 0 1.2 2.0

DME 0 5.1 5.2
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Fl. F2, F3, UCGSATU—flash; H10, HI11, H12, UCGHTRI,
M4, M5, M6, RQMIX—mixer; UCGFS—splitter; D1, D2, D3——shortcut distillation design using Winn-Underwood-Gilliland method
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Table 5 Comparison between calculated results and

literature data from gas turbine combined cycle power

Flow rate of  Flow rate Exhaust Power

Item syngas of air temperature  output
/kg+ h™! /kg+ h™! /C /MW

Ref. [15] 195121 1320079 601 319.6
Aspen Plus 195121 1320079 604 310.1
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Fig. 7 Flowsheet of gas turbine combined cycle power
C21, C22, C23——compressor; HEAT21, HRSG1, HRSG2, HRSG3, HRSG4, IPECON, HPECON,

IPSHEAT, SHEAT, COND, HPHTR, SHTR—heat exchanger; GTBURNER—equilibrium reactor with Gibbs energy
ST4—gas turbine and steam turbine;

minimization; PUMP1, PUMP2, PUMP3—pump; GT1, GT2, GT3, ST1, ST2, ST3,
MIX21, MIX22, MIX23, MIX24, MIX25, MIX26, MIX27, WMIX, WMIX2, WMIX3—mixer; LPBOILER,
HPBOILER, REHEAT, DEAERATR—f{lash; FS21, FS22, FS23, FS24, FS25, FS26, FS27, FS28, QFS2—splitter

IPBOILER,

x6 EWETBREARSHRERERE *8 ZBTFRREBITRY
Table 6 Properties and LHV of Jincheng coal Table 8 Performance of polygeneration system
Proximate analysis/ % Ultimate analysisCad) /% [ gy Description Value
Mg  Va  FC Ay C H O N s /k-k coal feed rate/kg + s~ ! 13.17
coke-oven gas feed rate/kg « s~! 17. 60

2.81 11.31 71.10 14.78 77.73 2.33 1.08 0.990.28 27.1
methanol production/kg « s! 2.50

DME production/kg * s™! 5.90
®T REBETHRERH total net power/ MW 247.77
Table 7 Operation condition of key operation units gas turbine net power/ MW 200. 56
Operation unit Operation condition steam turbine net power/MW 142.93
total auxiliary consumption/ MW 95.72
gasifier 1021°C .
0.51 MPa /% 47. 86
. ' /% 36. 21
CH, /CO; reforming reactor 900 C
0. 10 MPa
6000 L+ h !+ (kg cat) PRI, RGTHFE M i BRI oy Z W BE S L
DME synthesis reactor 250C Tﬁﬁimﬁ‘]ﬁi%ﬁﬁ%Tﬁ%Eﬁﬁm
7.00 MPa N ,4 N
- - R T AT AT RGBT AN, X RGP GE
6000 L« h™ !« (kg cat) !
gas turbine 15. 70 (compressor ratio) Eﬁ‘ﬁz # T tbiﬁ( Eﬂ ﬂ{ﬁbﬂ *n 5‘&? m ﬂ?[] él Z{
1288 °C (firing temperature) EBJ%(% e —ﬁ-%/b‘\itﬂu‘li‘
604 C (exhaust t ature) . .
R _ Fome Qove + Fyueon Queon + 2
. o R 771 FcoaL Qeoar
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