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A PIES optimization strategy considering multiple uncertainties in source and load
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Abstract: Reducing source-load uncertainty while balancing economic efficiency and low carbon emissions has become
the focus of optimizing the scheduling of park-level integrated energy systems (PIES). To this end, an integrated
framework of prediction, regulation, and decision-making is proposed. Firstly, a PIES incorporating combined heat and
power (CHP), power to gas (P2G), and carbon capture and storage (CCS) is constructed. Secondly, a data prediction
method based on the rime algorithm optimized convolutional neural network-support vector machine (RIME-CNN-SVM)
is proposed, and the information gap decision theory (IGDT) is used to account for severe source-load uncertainties with
unknown probability distribution. Finally, a low-carbon optimization scheduling strategy for PIES is established,
considering source-load uncertainties, a tiered carbon trading mechanism, and penalties for abandoning wind and solar
power. Through numerical analysis, the rationality and effectiveness of the proposed model are verified, demonstrating
that the proposed method improves the accuracy of PIES scheduling while balancing economic efficiency and low-carbon
emissions.
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Fig. 10 Impact of carbon trading base price on carbon flow
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Fig. 14 Impact of carbon trading interval length on carbon flow
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Fig. 16 Impact analysis of carbon capture capacity
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Table A1 Comparison of prediction results based on different models
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17:00 45.12385 453209 45.1494 45.0388 3149443 32,6722 32.3696 31197 21.841534  23.3275 22.0958 21.7768
18:00 49.4714  49.6047 49.5064 49.5236 21.6956 227921 23.3287 20.985 12.606 534 18.5888 17.1552 18.0513
19:00 55.8555  55.1345 56.3888 554669 25300852  24.8861 25.6698 254294 8372467  11.4591 9.9465 11.3542
20:00 54.8973  54.7188 54.8955 54.9065 91.02483  89.9092 84.0943 86.2135 2618067  5.2292 3.5612 4.6985
21:00  53.039  53.0404 53.308 53.0666  108.02807 982174 95.1575 102.8547 0 0 0 0
22:00 5166175  51.5389 51.5357 51.6481 112748276 1102936  106.9379 111.778 0 0 0 0
23:00 49.40315  49.4397 49.1247 493162 118.66166  119.6295  111.7426 1203323 0 0 0 0
24:00 484329  48.5689 48.2684 484406  113.163025 115.8094  104.5237 114.5869 0 0 0 0
&k A2 BATTHHEERIE
Table A2 Characteristics value data of electricity load

i ) FERiREE/C i S/ C IR B2/ C KUIA1/(°) TR/ % AR ARG

01: 00 11.60 6.40 8.70 162.76 75.00 63.07 40.30

02: 00 10.70 5.40 8.70 153.27 66.00 59.38 33.57

03: 00 10.40 5.90 8.50 142.51 72.00 55.20 27.11

04: 00 10.30 5.80 8.30 127.93 73.00 49.53 17.11

05: 00 10.40 6.00 8.30 115.59 75.00 44.73 16.62

06: 00 10.30 5.60 8.20 111.18 72.00 43.01 16.07

07: 00 10.70 4.90 7.90 116.20 69.00 44.97 16.85

08: 00 11.20 5.10 8.20 129.79 68.00 50.25 17.25

09: 00 12.40 5.10 8.40 151.09 66.00 58.54 22.46

10: 00 13.80 5.50 9.20 167.12 63.00 64.77 39.44

11: 00 14.70 5.00 9.70 167.40 55.00 64.88 59.62

12: 00 15.80 5.00 10.20 160.65 52.00 62.25 36.10

13: 00 17.60 5.60 10.90 152.65 51.00 59.14 37.25

14: 00 18.90 5.40 11.70 146.35 45.00 56.69 30.41

15: 00 18.70 5.90 12.50 141.13 43.00 54.66 27.01

16: 00 17.60 6.40 12.60 139.34 45.00 53.97 19.12

17: 00 15.40 5.70 11.80 142.45 46.00 55.17 22.10

18: 00 14.30 5.50 10.70 158.10 52.00 61.26 31.21

19: 00 13.00 4.80 9.90 181.08 53.00 70.20 291.23

20: 00 12.80 5.80 9.60 177.63 62.00 68.86 104.70

21: 00 12.00 5.80 9.50 170.94 62.00 66.25 45.34

22:00 11.20 6.50 9.40 165.98 69.00 64.33 29.45

23: 00 11.50 5.80 8.70 157.85 69.00 61.16 24.17

24: 00 11.60 5.20 8.60 154.36 65.00 59.81 23.42
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Table A3 Wind power characteristic value data
W% 10 m KidE/(m/s) 30 m KE/(m/s) 50 m KGE/(m/s) 10 m JRUE/(C) 30 m RUE/A®) 50 m KUA/A°)  HRE/C TRE/%  KAJERR/KPa
01: 00 3.946 5.118 4.634 224.021 226.508 8.856 19.609 75.101 882.978
02: 00 4.558 5.526 5.832 207.267 208.366 7.541 19.478 74.057 883.416
03: 00 3.742 5.424 6.623 227.458 221.357 7.962 19.273 75.408 887.718
04: 00 4.328 5.526 6.725 207.889 204.282 6.807 19.386 75.132 886.265
05: 00 0.546 0.794 1.159 359.865 188.212 18.842 18.888 75.72 882.043
06: 00 1.627 1.778 1.817 110.746 113.879 6.016 18.737 74.995 881.09
07: 00 4.558 5.807 6.521 206.514 200.183 6.914 19.884 65.586 882.268
08: 00 3.028 3.742 3.92 161.507 165.84 6.159 19.389 70.579 878.486
09: 00 3.818 5.118 5.016 178.245 180.36 6.483 21.267 59.949 879.539
10: 00 4.762 4.966 4914 214.267 212.997 7.605 24.995 44475 879.802
11: 00 4.787 5.17 5.374 213.689 211.112 7.619 26.148 41.579 879.316
12: 00 3.588 3.767 3.486 246.27 242.006 10.381 27.361 37.084 879.406
13: 00 3.155 3.767 3.665 236.964 238.876 10.179 28.703 33.63 878.933
14: 00 3.563 3.844 4.073 282.477 274.931 15.198 30.87 27.93 879.074
15: 00 4.966 5.144 5.246 266.445 265.893 13.924 31.161 27.348 880.429
16: 00 5.22 5.195 5.195 282.007 279.059 17.67 31.786 24.8 880.466
17: 00 4.762 4.812 4.94 255.598 251.478 11.148 34.138 18.906 881.298
18: 00 5.016 5.424 5.17 283.831 288.521 18.457 35482 15.926 879.339
19: 00 3.894 4.098 4.124 285.223 282.65 17.448 33.891  17.591 880.06
20: 00 6.878 7.49 7.822 168.428 200.829 65.958 31.944  19.979 893.204
21: 00 8.586 9.402 9.81 282.082 318.4 81.034 31591 20.343 896.605
22: 00 3.818 4558 4.864 264.465 265.485 14.253 30.161  23.657 897.549
23: 00 10.524 12.08 12.386 252.018 251.308 11.508 26424  33.04 898.732
24: 00 7.668 8.969 10.091 270.407 270.429 14.939 25.8 35.678 897.632
x” M ERFHEERE
Table A4 Photovoltaic characteristic value data

BE HLIHREE/C /I C S JE/kPa TREE/% BEEE/(Wm?Y)  ESHESH(W/m?) HURHE SH/(W/m®)

01: 00 17.815 14.13 926.063 10914 0 0 0

02: 00 16.5 12.324 926.064 12.58 0 0 0

03: 00 16.27 12.332 926.063 12.642 0 0 0

04: 00 15.0625 10.681 926.06 14.885 0 0 0

05: 00 15.09 10.328 926.058 18.394 0 0 0

06: 00 15.02 9.252 926.06 21.616 0 0 0

07: 00 14.775 8.94 926.069 23.178 42.875 38.475 26.08

08: 00 23.0225 11.307 926.07 19.937 230.75 207.563 127.427

09: 00 36.2325 15.867 926.051 11.862 468.75 422.235 260

10: 00 47.515 17.779 926.031 8.168 801.875 721.687 436.347

11: 00 52.94 19.412 926.011 7.625 1005 904.5 521.293

12: 00 64.82 21.086 926.009 7.17 1216.47 1094.83 593.16

13: 00 69.9625 21.669 926.008 7.441 1306.43 1175.78 226.267

14: 00 75.12 22.868 926.003 7.841 1398.68 1259.1 165.72

15: 00 65.46 23.88 926.016 5.897 1214.78 1092.38 588.24

16: 00 61.075 24.302 926.029 6.288 1229.8 1106.32 597.44

17: 00 46.9325 23.643 926.018 9.126 429.825 386.842 246.307

18: 00 43.685 23.504 926.028 8.868 338.4 304.56 193.48

19: 00 40.52 22.989 926.008 9.338 219.225 197.303 122.587

20: 00 38.3375 21.951 926.003 8.472 101.175 91.0575 59.5866

21: 00 33.3975 20.652 926.052 10.189 0 0 0

22: 00 32.0275 19.361 926.062 11.771 0 0 0

23: 00 30.565 19.352 926.062 11.961 0 0 0

24:00 19.35 14.656 926.065 10.193 0 0 0
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