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Operation benefit evaluation of mine integrated energy systems based on OCC-IEGC model
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Abstract: The mine integrated energy system (MIES) is an important approach for supporting the green development of
coal mines. Conducting a reasonable and effective evaluation of its operation benefits is an necessary prerequisite for
promoting its development. However, evaluating the operation benefits of MIES requires not only consideration of the
strong coupling between energy and coal flows, but also addressing the influence of operational uncertainties on the
accuracy of the evaluation. To address these challenges, a MIES operation benefit evaluation framework is proposed
based on the optimal clustering coefficient-based improved extension grey cloud (OCC-IEGC) model. First, considering
the ecological characteristics of MIES, an evaluation index system is established based on the driving-pressure-state-
impact-response (DPSIR) model, and the cloud-weighted selection method is applied to obtain an optimal rational
combination weights. Second, the MIES operation benefit evaluation model based on the extensive grey cloud theory is
constructed to mitigate the influence of system operational uncertainty, subjectivity and ambiguity during the evaluation
process, while the optimal clustering coefficients are used to further improve the reliability of the evaluation results.
Finally, the effectiveness of the proposed index system and evaluation model is verified through case studies.
This work is supported by the National Natural Science Foundation of China (No. 62133015).
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Table 1 MIES operation benefit evaluation index system
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Table 2 Operational program
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Table 3 Delineation of hierarchical boundaries for

selected indicators
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Table 4 Combined weighting methods with better

fusion results and their /_ means
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0.041 0.024 0.023 0.021 0.017
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Table 5 Indicator weight values
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C 0.1268 G, 0.0423
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Gy 0.0413
Cy 0.0334
G, 0.1460 c, 0.0357
Gy, 0.0360
G, 0.0477
C, 0.0510
Cs, 0.0509
C, 0.2994 c. 0.0554
Cis 0.0455
C 0.0489
C, 0.0632
C, 0.0561
C, 0.2767 Cy 0.0588
Cy 0.0510
Cs 0.0476
G 0.0483
C, 0.1512 Cs, 0.0521
Cs 0.0508
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Fig. 5 Heat map of evaluation results of different schemes
1) MIES fg—$E i [Fli2 47 %as 7
HZEARE AT MIES 817 1) % 2 dabr 153

I OLANE 6 PR o

Csy o o 100
- e 90
Cis )
Ji%4 80
Cu 70
Cy3 60
55
Cyp
Cy Ci
Css Ci
Css Ci3
Cy Cy
Gss Cy
G C;y  Cyu G

E 6 EZF MIES FRITR T& ZRIEFRSHER
Fig. 6 Scores for each secondary indicator of MIES under

different operating conditions in summer
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Table 6 Composite score and confidence level of scheme 6

based on different cloud models
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Table 7 Composite score and confidence level of scheme 6

based on different grey cloud clustering coefficients
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Table 8 Score and grade of the second-level index of the
system operation status based on different grey
cloud clustering coefficients
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Table A1 MIES energy equipment configuration
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Table A2 Evaluation indicator values of scheme 6

YRR il AR HiE
C,\/% 037 Cyl% 55.19
Cpy/% 98.5 C,/(t/h) 356.89
Cl/% 98.92 C,/TiTt 2.81

Cy/(ke/t) 13.01 Co/fiTt 115.07

C,/(kg/t) 8.62 C,/(TB/Y) 239.98

C,y/(kg/t) 1.97 C /(75 134.35

C,/(kg/t) 0.54 C,,/(JL/KWh) 0.24
Cy/% 91.4 Cy\/% 43.85
Cyl% 52.61 C/kW 6025.98

C,, [(kWhikg) 5.171 Ci/kW 7041.57
Cyl% 34.76 — —

R A3 HEARITE D FRA RRISARE
Table A3 Criteria for delineating the boundaries of

the indicator rating scale
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