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Optimal capacity configuration of a low carbon energy system of oxygen-enriched coal-fired
power plant using wind power to produce oxygen
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(Xinjiang University), Urumgqi 830047, China; 2. Department of New Energy Science and Engineering,
Xinjiang Institute of Engineering, Urumqi 830023, China)

Abstract: To improve the capacity of wind power consumption and reduce the carbon emission level of coal-fired power
plant, an optimal capacity configuration method of a low-carbon energy system of oxygen-enriched coal-fired power plant
using wind power to produce oxygen is proposed. First, considering the uncertainty and correlation of both sides of the
power supply and load, a typical scenario generation method of ordered clustering algorithm based on the improved
contour coefficient and the K-means clustering algorithm with D¢y evaluation index is adopted to obtain the typical
scenario of power supply and load. Then, to minimize the total cost of the system, an optimal capacity configuration
model of the system is constructed based on typical scenarios of power supply and load. Finally, taking the annual power
supply and load data of a region in northwest China as an example, a simulation is carried out. The results show that the
typical scenario generation method can rationalize the system capacity configuration results, and the introduction of
oxygen-enriched combustion technology and considering the sale of excess liquid oxygen can effectively reduce the total
system cost and carbon dioxide emissions, and improve the wind power consumption capacity.
This work is supported by the National Natural Science Foundation of China (No. 52067020).
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Fig. 1 Low carbon energy system of oxygen-enriched coal-fired power plant using wind power to produce oxygen
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Table 1 Five different compositions of system

TR OGEEEE RN ASU BEIGE SR
1 X X X v X
2 v X v X X
3 v X v X X
4 v v v X X
5 v X v X v
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Table 2 Comparison of system capacity optimization configuration results

B LER! VEY) HE3 LEX HES
RH/MW 256.03 194.94 118.52 11473 9243
LR A/ MW 68.41 69.55 83.67 81.66 83.67
S E/m® 66 441.81 68 754.98 97 882.42 96 415.51 97 806.52
it Em® — 71 876.46 68 672.84 74 425.51 69 817.90
Tt 0B — — — 25 394.55 —
ASU/m’ — 42 067.55 36 513.34 33123.79 36 830.51
W R G/MW 76.93 19.98 1.71 1.69 1.72
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Table 3 Comparison of system cost and profit results

S BORAA, AR/ IBAT A FMEET ECo st/ EHAEN BEWEY  EREE B
Jit Jit /it B/ T8 Weat/ Fi o6 /it Jit /78
1 29178.56 1877545  1015600.81 1193.10 3638.46 1074.27 310.95 — 1059 724.24
2 2453474 16291.32 545 513.01 698.13 1988.15 1074.27 — — 583974.78
3 19041.85  13727.82 275 730.82 352.72 1153.91 1074.27 — — 306 625.03
4 1924280  13821.50 275 472.58 321.49 1152.83 1074.27 — — 306 631.27
5 1721898 12951.10 294 291.07 170.40 1168.30 1074.27 — 90 726.15 231 662.83
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Table 4 Comparison of wind power consumption and carbon

emission reduction results in the system

S NI BRHER B/ =l R
% % (kg/kWh) TR/t HelcE
1 25.90 10.0 55.20 361352.05  40150.22
2 19.95 2.80 29.60 19752459  10396.03
3 17.35 0.62 15.10 11452359 233721
4 16.03 0.62 15.10 114434.88 233541
5 11.42 0.62 15.10 116 150.00  2370.40
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Fig. 8 Electric power balance curve in typical scenario 4
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Fig. 10 Oxygen flow balance curve in typical scenario 4
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Fig. 11 Analysis of the influence of coal price on the

configuration result
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Fig. 12 Analysis of the effect of liquid oxygen price

on the configuration result
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