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Abstract: In order to alleviate the economic-environmental contradiction faced by iron and steel
enterprises, a multi-objective and multi-period mixed integer nonlinear programming model is
proposed for the steam power system (SPS) of iron and steel enterprises, which covers the
pollutant emission in the upstream process. On the basis of considering dynamic supply and
demand, time-of-use electricity price, and fuel structure, the whole process multi-energy optimal
dispatching of SPS in iron and steel enterprises is realized through using the economic index of
operating cost and the environmental index established by life cycle assessment method (LLCA).
The solution and data processing of the model are completed through the interaction between
GAMS platform and MATLAB. The simulation results show that the optimization model and

method can establish a reasonable load distribution scheme, production scheduling and power grid
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transaction plan for SPS of iron and steel enterprise, and provide a trade-off between
environmental impact and economic cost. Compared with the results without optimization,
economic optimization can reduce the operating cost of the system by 3.75%, environmental
optimization can reduce the environmental impact of the system by 12. 21%. The double-objective
trade-off point can reduce the environmental impact by 11.91% . the operating cost by 3. 46 %,
and more economic and environmental benefits are achieved. In a certain range, the increase of
coal price can reduce the contradiction between economic and environmental optimization, while
the use of blast furnace gas can significantly reduce the operating cost of the whole system, cut
down the environmental impact of the whole system to a certain extent, but will increase the
emissions of CO, and NO, from the system. These results may serve as a theoretical basis for
reducing economic cost and environmental impact of enterprises, and improving energy
conservation and emission reduction.

Keywords: iron and steel enterprises; steam power system; multi-objective optimization;

life cycle assessment; time-of-use electricity price
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Fig. 1 Schematic diagram of steam power system in iron and steel enterprises
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Fig. 2 Schematic diagram of pollutant discharge process
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Table 1 Supply and demand of the system in each period
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Jam /km’ /km?’ /GJ /(MW « h) /t /t /t

T1 28. 85 338. 25 481. 95 263. 00 34. 00 119. 25 170. 75

T2 27.75 358. 25 492.76 271.00 35. 00 115. 25 179.75

T3 25.75 340. 50 483. 50 283.75 32.00 110. 25 182. 50

T4 26.75 330. 50 487. 20 292.75 34. 00 105. 25 182. 50

TS 29.15 327. 25 441. 89 311.75 33.50 117. 25 176. 50

T6 29. 25 315. 25 437. 56 320. 65 35.50 120. 25 176. 50

T7 24.46 314. 50 439. 86 307. 45 34. 25 112. 00 181. 50

T8 25.39 320. 50 447.53 283. 50 33.25 102. 00 184. 50

T9 27.67 327.75 453. 67 274. 50 32.50 103. 00 185.75

T10 29. 32 329.75 465. 42 254.50 34. 50 102. 00 185. 75

T11 27.50 321.62 448. 57 255. 25 35.50 105. 75 179. 00

T12 27.40 315.93 525.78 255. 25 31.50 109. 75 189. 00

T13 29.50 302. 50 522.14 270. 25 33.50 111. 50 175. 00

T14 24.75 297.50 536. 57 250. 25 34. 50 105. 50 185. 00

T15 27.60 310. 50 487. 36 264.75 32.50 104. 50 184. 75

T16 27.33 329. 75 476. 21 284. 00 33.50 102. 50 184. 75

T17 25. 60 308. 50 482.13 295. 50 34. 25 109. 75 186. 00

T18 21.25 301. 50 484. 94 320. 50 33.25 111.75 186. 00

T19 23.97 315.70 483. 56 310. 75 32.25 105. 75 183. 75
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T21 26. 30 330. 50 524.27 275. 40 33.50 107. 25 176. 75

T22 25.25 319.50 443.79 262. 50 35. 50 112. 25 166. 75

T23 24.10 311. 00 454. 20 252.90 34. 00 110. 00 156. 50
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Fig. 4 Relationship between time-of-use electricity

price and electricity trading quantity
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Table 2 Summary of single objective optimization about operating costs

WA/ T Tt o B
i : : " : o R/ T
WA i A W= A Y P A A ) HL A A 1% H A
AL T 199. 940 44. 494 61. 885 1. 506 —36. 306 271.519
R 155. 140 55. 324 53. 692 9.216 —12.048 261. 324
Ak —44. 800 10. 830 —8.193 7.710 24. 258 —10.195
A3 IEY LA AR G BT AIL &
Table 3 Summary of single objective optimization about LCA weighted comprehensive index
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