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Figure 1 Analysis of evaluation indicators for park level comprehensive energy systems
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Table 2 Basic data and weight calculation

L N . » BRI L%
b ERTEA BEFEB REFRC HEFED — —— - HL iU
AENE BCE S fRbR HdE BUE BE BGE
Cll1 0.27 0.37 0.31 0.35 CI1  0.2437 0.0517 0.9949 0.0448 0.0496
Cl12 582 418 423 420 CI12 0.2312 0.0490 0.9921 0.0694 0.0551
C1 0.2120 0.1996
C13 1.13 1.19 1.23 1.21 CI13  0.2625 0.0557 0.9996 0.0032 0.0399
Cl4 124 9.87 8.80 9.68 Cl4 0.2625 0.0557 0.9940 0.0530 0.0549
C21 0.60 0.43 0.41 0.51 C21 0.2943 0.0577 0.9916 0.0735 0.0624
C22 0.07 0.10 0.12 0.09 C22  0.2564 0.0502 0.9869 0.1153 0.0697
C2 0.1960 0.2581
C23 0.42 0.53 0.65 0.63 C23  0.2246 0.0440 0.9900 0.0881 0.0572
C24 0.17 0.29 0.21 0.26 C24 0.2246 0.0440 0.9856 0.1263 0.0687
C31 0.50 0.40 0.42 0.43 C31  0.2249 0.0450 0.9974 0.0229 0.0384
C32 0.19 0.17 0.22 0.25 C32 0.2563 0.0513 0.9923 0.0673 0.0561
C3 0.2000 0.1968
C33 0.78 0.67 0.65 0.64 C33  0.2688 0.0538 0.9977 0.0205 0.0438
C34 0.46 0.65 0.71 0.58 C34 0.2500 0.0500 0.9911 0.0782 0.0585
C41 0.03 0.02 0.02 0.02 C41  0.2500 0.0480 0.9921 0.0696 0.0545
C42 0.23 0.36 0.31 0.35 C42  0.2249 0.0432 0.9898 0.0892 0.0570
C4 0.1920 0.1823
C43 0.96 0.97 0.96 0.97 C43  0.2625 0.0504 1.0000 0.0001 0.0353
C44 0.93 0.94 0.97 0.96 C44  0.2625 0.0504 0.9999 0.0010 0.0356
C51 0.66 0.78 0.83 0.88 C51  0.2626 0.0525 0.9960 0.0348 0.0472
C52 0.80 0.94 0.93 0.95 C52  0.2500 0.0500 0.9983 0.0148 0.0394
C5 0.2000 0.1633
C53 0.80 0.90 0.87 0.90 C53  0.2186 0.0437 0.9992 0.0071 0.0327
C54 0.54 0.59 0.64 0.67 C54  0.2689 0.0538 0.9976 0.0210 0.0440
23 & HIORIAY s
Table 3 Classic domain and node domain
% ik 2y
etz Rip=¢: izl - REp=e
H % i Ga *
Cll (0.2,0.3) (0.3,0.4) (0.4,0.5) (0.2,0.5) C33 (0.75, 0.85) (0.65, 0.75) (0.55, 0.65) (0.55, 0.85)
C12 (350, 450) (450, 550) (550, 650) (350, 650) C34 (0.65, 0.75) (0.55, 0.65) (0.45, 0.55) (0.45,0.75)
C13 (1.2,1.3) (1.1,1.2) (1.0, 1.1) (1.0, 1.3) C41 (0.015,0.020)  (0.020,0.025)  (0.025,0.030)  (0.015,0.030)
Cl4 (5, 10) (10, 15) (15, 20) (5,20) C42 (0.35, 0.45) (0.25, 0.35) (0.15,0.25) (0.15, 0.45)
C21 0.4, 0.5) (0.5, 0.6) (0.6, 0.7) (0.4,0.7) C43 (098, 1) (0.97, 0.98) (0.95,0.97) (0.95, 1)
C22 (0.10,0.15)  (0.05,0.10) (0, 0.05) (0,0.15) C44 (0.95,0.97) (0.93, 0.95) (0.91, 0.93) (0.91,0.97)
C23 (0.6, 0.7) (0.5, 0.6) (0.4,0.5) (0.4,0.7) Cs1 (0.8,0.9) (0.7, 0.8) (0.6, 0.7) (0.6, 0.9)
C24 (0.25,0.30)  (0.20,0.25)  (0.15,0.20)  (0.15,0.30) || C52 0.94, 1) (0.85,0.94) (0.75, 0.85) (0.75, 1)
C31 (0.35,0.40)  (0.40,0.45) (0.45,0.50) (0.35,0.50) || C53 (0.90, 0.95) (0.85, 0.90) (0.80, 0.85) (0.80, 0.95)
C32 (0.15,0.20)  (0.20,0.25)  (0.25,0.30)  (0.15,0.30) || C54 (0.65,0.75) (0.55, 0.65) (0.45, 0.55) (0.45,0.75)
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Table 5 The comprehensive correlation and membership level of alternative solutions
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Figure 4 Ranking changes of PIES alternative solutions under different weight preferences
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Figure 5 Changes in maximum comprehensive correlation and ranking results after adjusting the weights of 5 criteria
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Comprehensive Evaluation and Decision-Making of Park Level
Comprehensive Energy System Planning Scheme Based on Object
Attributes and Matter Element Extension

Song Zhicheng, Li Tao"

School of Economics and Management, North China Electric Power University, Beijing 102206, China

Abstract: With rapid economic and population growth, energy shortages and pollution have become global issues. Building an
efficient, low-carbon, and economical energy system and achieving energy transformation has become a consensus among
countries around the world. Integrated energy systems are considered one of the important ways to address the aforementioned
issues. The park level integrated energy system includes industrial park integrated energy system, community integrated energy
system, village integrated energy system, etc., and is currently the most widely used. It is also considered as the specific physical
carrier of the energy Internet. In addition, the construction plan of the park level integrated energy system directly affects its
operational effectiveness. The existing research on park level integrated energy systems mainly focuses on planning and
configuration, operation optimization, energy scheduling, and there is no unified standard and decision-making framework for
investment and evaluation. How to achieve accurate investment and decision-making in park level integrated energy systems is
currently one of the urgent problems that need to be solved. In view of this, this article introduces the matter element extension
model into the planning and decision-making of park level integrated energy systems, and proposes a multi criteria planning and
decision-making framework for park level integrated energy systems based on the matter element extension model. Firstly,
starting from the basic attributes and composition of the park level integrated energy system, the characteristics of the park level
integrated energy system were analyzed, and the composition of the evaluation index system was sorted out. And based on this,
establish an integrated performance evaluation system that includes criteria such as economy, environment, energy, security, and
intelligence. In the indicator system, indicators such as intelligence rate, unit energy input, unit energy consumption emissions,
and comprehensive energy efficiency have been introduced. Secondly, the fuzzy analytic hierarchy process and entropy weight
method are used to determine the subjective and objective weights of the indicators, and the linear weighting method is used to
determine the comprehensive weights. Thirdly, the matter element extension model was introduced into investment decision-
making, and a framework for enterprise investment decision-making based on fuzzy analytic hierarchy process-entropy weight-
matter element extension model was established. Finally, a certain industrial park in Jiangsu Province, China was selected as an
example for verification. The research conclusion is as follows: (1) In the indicator system, the comprehensive weight of
environmental performance is the highest (0.2581). The comprehensive weights of the value layer, system layer, and device layer
are 0.4576, 0.2926, and 0.2498, respectively. (2) The evaluation results indicate that using photovoltaics, wind power generation,
heat pumps, and energy storage can often achieve good overall performance. (3) Through sensitivity analysis of the case, it was
found that changes in the subjective and objective weight coefficients and changes in indicator weights within 20% do not have
an impact on the decision results, while changes in levels have a significant impact on the decision results.

Keywords: park-level integrated energy system; fuzzy analytic hierarchy process; matter-element extension; performance
analysis; multi-criteria investment decision



