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Simulation and economic analysis of pulverized coal partial gasification

polygeneration system in 300 MW power station boiler

CHEN Jiahao, YUAN Ye,HE Yong, WANG Zhihua, TAN Jiaxin,ZHU Yanqun,CEN Kefa
(State Key Laboratory of Clean Energy Utilization , Zhejiang University ,Hangzhou 310027, China)
Abstract:In order to realize the clean, efficient and low —carbon utilization of coal, combined with partial coal gasification and semi—
coke combustion to realize the grading and separating utilization of coal—gas and electricity , the Aspen Plus process simulation software was
used to simulate the partial pulverized coal gasification and semi—coke combustion of gas and electric power polygeneration system for
300 MW coal powder boiler. First,under certain assumptions,a coal gasification model based on the principle of reaction equilibrium was
established by using Aspen Plus software,and the simulation results were compared with the experimental bench gasification results, and
the simulation results were basically consistent with the experimental results. On the basis of this coal gasification model , the influence of
oxygen—to—coal ratio and coal type on the gas composition at the outlet of the gasifier and the economic benefit of the 300 MW polygenera-
tion system was explored. The calculation results show that the effective gas production rate of Shenfu Dongsheng coal gasification increases
from 58.49% to 82.85% when the oxygen—to—coal ratio increases from 0.1 to 0.3,and the increased annual revenue of the polygeneration
system increases from 160.84 million yuan to 622.46 million yuan;when the oxygen—to—coal ratio is 0.3, the effective gas production rates
of Shenfu Dongsheng coal , Gongyi anthracite , Shenhua bituminous coal and Ximeng lignite coal gasification are 82.85% ,74.51% ,77.21%

and 95.16% ,respectively. The increased annual income of the polygeneration system by using the three coal types as raw materials is
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463.92 million yuan,289.1 million yuan and 62.46 million yuan,respectively. It is concluded that the gas quality, effective gas production

rate,and the economic benefits of the polygeneration system are significantly improved within the simulated range of oxygen—to—coal ratio,

as the oxygen—to—coal ratio increases;in the operating condition where the oxygen—to—coal ratio is 0.3, the economic benefits of the system

are the best when using Shenfu Dongsheng coal as the raw material , followed by Shenhua bituminous coal and Gongyi anthracite. The

semi—coke produced by coal gasification of Ximeng lignite is too low to be conducive to the operation of the polygeneration system.

Key words : pulverized coal ;partial gasification ; semi—coke combustion ; polygeneration ;steady—state simulation
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Fig.1 Aspen Plus coal gasification process model
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Table 1 Proximate and ultimate analysis of coal
Tl 534/ % TEER T/ % Quetar”
My, Ay Va FCy Cu Hy Ny Sia O (MJ-kg™™)

10.36 8.96 29.40 51.28 58.27 3.01 0.70 0.32 18.38  25.59
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Table 2 Comparison between simulated and

experimental values under pure oxygen

7] HLALLEL/ % IRG{E % Y XHRE/ %
€O, 5.61 9.20 3.59

co 62.14 61.30 0.84

H, 31.30 29.49 1.81
CH, 0.40 0 0.40
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Table 3 Comparison between simulated and

experimental values under 50 % oxygen

&7 A/ % RIE % A XFIRIE/ %
Co, 6.20 8.82 2.62

co 46.69 46.16 0.53

H, 24.82 23.80 1.02
CH, 0.36 0 0.36

x4 FEEGTEIESRBEIE
Table 4 Comparison between simulated and

experimental values under air conditions

7] HEIUE/ % X561 % A xR %
co, 6.85 7.79 0.94

co 24.22 23.06 1.16

H, 15.32 17.12 1.80
CH, 0.29 0 0.29
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Fig.2  Flowchart of coal partial gasification polygeneration project
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Table 5 Proximate and ultimate analysis
of Shenfu Dongsheng coal
TCR G %
H, N, S

ad ad t,ad

Tl 5341/ %
M, A Vad FCy Ca

ad ad ad ad 0 ad

14.00 11.00 27.33 47.67 60.33 3.62 0.70 0.41 9.94
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Table 6 Input amount of raw materials

under different oxygen to coal ratios

AL/ (Nm? - kg™!) R/t 4l % i/ Nm®
0.10 166.75 16 675.00
0.15 177.50 26 625.00
0.20 198.78 39 756.20
0.25 240.39 60 097.50
0.30 310.91 93 271.50
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Fig.3 Effect of oxygen to coal ratio on gas composition
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Table 7 Comparison of economic benefits before and after modification under different oxygen to coal ratios 77T

E AMELE 0.10 AMELL 0.15 R 0.20 IR 0.25 ALK 0.30
BA iy ®A s ®A 7 BA s ®A s
E2 /s 8.63 19.66 9.34 21.09 10.63 24.44 13.06 31.36 17.17 43.18
SR H 8.34 16.69 8.88 17.78 9.94 19.88 12.02 24.08 15.55 31.18
el PN 2.68 2.85 3.87 6.23 10.37
B AR s 16 084 17 112 23 226 37 381 62 246

E:a 1 6 000 h 155, R,
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Table 8 Proximate and ultimate analysis of three comparative coals

Tk 5y #Hr/ % LRI/ %
SRR
M., A Vad FC, Ca H,q N St ad 0.4
PURET IS 11.04 5.09 29.67 54.20 64.82 3.86 0.79 0.44 13.96
5 B 20.41 13.65 30.57 35.37 47.24 3.35 1.18 0.61 13.56
TS TC AR AR 1.62 11.09 7.67 79.62 77.53 2.38 1.29 0.32 5.77
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Fig.4 Effect of coal type on coal gas composition
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Table 9 Comparison of economic benefits before and after modification of different coal types AT
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