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21:00-24:00 ‘

Valley price 00:00-06:00 ‘ 017 Lons
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Minimum value Maximum value Standard
(bus number) (bus number) deviation
16-bus 3DGs T1 0.991,061 (9) 100 (1) 0995574343 | 0.999325691 | 0.000674,309
T3 0992610261 (4) 10001941 (8) 0997674851 0.999907791 | 0.000092208
33-bus 3 DGs T1 0,965,532 (33) 1.00 (1) 09m1I0sS | 0982766393 | 0017233607
T3 099189951 (8) 10003793 (30) 0995599326 | 0.997724779 | 0.002275221
69-bus 3 DGs S 0.981,136 (65) 100 (1) | 0992520842 | 0.993855028 | 0.006144972
T-3 0.994246186 (50) 100 (1) 0997123093 | 0.997873915 | 0002126085
118-bus 5DGs T-1 095 (54) 100 (1) 0974157367 | 0.99596176 | 0.004038241
T3 0.960,591 (46) 1.00 (1) 0981212 0996385 0.003615
118-bus 7 DGs T-1 095 (54) 100 (1) Losmamss | 099596283 | 000403717
0.959,402 (46) | 0981747 0003616

T-3

100 (1)

0.996,384
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Power source Pmin/kW Pmax/kW Climbing speed/kW-min-1
FC 10 150 2
MT 10 100 2
DE 10 120 -
HES -150 -10 =
PV 0 150 -
WT 0 150 -
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DG DG

location size (MW)
sA 900.19 3056 | 093249 (111) | 75 28246 - 225155 upf
[Injeti et al.]

116 04606 -

56 36739 -

36 74673 -

103 50803 -

88 22979 -

48 07109 -
KH 57471 55.66 0.9470 (77) 48 17242 - 11.5826 upf
(S. Sultana et al.]

53 13356 -

74 18623 -

80 18653 -

9% 16631 -

109 19473 -

12 11848 -
ILA [proposed 55839 5698 | 095 (54) 18 1303 - 10.09 upf
‘method]

80 1174 -

43 1233 -

72 1765 -

35 1037 -

110 2378 -

96 12 -
SA 638.03 5071 | 094689 (111) | 75 27544 15904 25,2011 0.866
(Injeti et al.]

116 05076 02931

56 43123 249

36 61109 35285

103 5335 30805

88 06262 03616

48 21778 12575
KH 31266 7588 | 09679 (27) | 43 19726 11389 13.4886 0866
[S. Sultana et al.]

51 19849 1146

69 17929 10351

73 18551 1071

88 18975 10955

108 19905 11492

109 19951 11519
ILA [proposed 297.98 7704 | 09594 (46) | 13 1 05774 12,1028 0.866
‘method]

50 1044 06028

72 2039 11773

84 1175 06784

89 1 05774

110 3001 17847

52 1132 06536
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Evaluation Constant power load Constant current  Constant

criterion load impedance load
CP (half) CP (full) CP (overload)
W/ With W/ w/ With w/ w/ With
o DG DG o DG o DG DG o DG o DG DG
DG size (in MW) (bus) | — 1103 (5) | — 1303 (18) | — 102 - 1656 (8) | — 107 (30)
114 (48) ‘ 1174 (80) 100 () | 152.an) 101 (51)
1.054 (41) ‘ 1233 (43) 1.02 (40) ‘ 131 (70) 161 (50)
Loz 60) | 1765 (72) Cwoen 155.96) 106 (42)
105 (111) ‘ 1.037 (35) ) (35) | 1.81 (110) 124 (80)
1.027 (74) 2978 (10) | 100 (102) 1.19 (107) 202 (73)
1.028 (97) ‘ 1.2 (96) 1.00 (60) ‘ 1965 (33) 279 (108)
Power loss (in kW) 302,66 135.61 129815 | 558.39 379571 1,33249 108408 49857 91448 437.67
% RL [= ssan | - 5698 - 64.89 - 54,001 - 5214
PLI - 0448 - 04301 - 0351 - 046 - 047
Vinin (p) (bus) oo 09721 (50) | 08689 (7) | 09560 | 07673 095(77) | 08851(77) 095(77) 08991 09604 (99)
77) @7 7
VDI 0.062 oo | onsn 005 02267 005 Toaias 005 0.1009 00396
0 (5) [= os | — losem | — Loz | — 056959 - 055796






OPS/images/fenrg-12-1453754/math_4.gif
ZGal
P

@





OPS/images/fenrg-12-1453715/fenrg-12-1453715-t008.jpg
DG DG

location size (MW)
SA 858.8133 3375 | 091905 (54) | 75 21318 - 134953 upf.
[Injeti et al.]

116 07501 -

56 11329 -

36 45353 -

103 49452 -
KH 57646 5553 0958 (53) | 50 2872 - 11,6869 upf
[S. Sultana et al]

74 2434 -

81 18113 -

% 169 -

110 2879 -
ILA [proposed 5762388 5561 | 095 (54) 33 1919 - 9827 upf
method]

70 1877 -

91 1.753 =

110 2374 -

80 1904 -
SA 684.0282 4723 | 093765 (54) | 75 2929 16896 18,854 0.866
(Injeti et al.]

116 15465 0893

56 14841 0857

36 44551 25725

103 59126 3414
KH 233383 8199 | 09605 (46) | 50 32112 18543 1432 0866
[S. Sultana et al ]

74 23741 13418

81 19867 1147

96 17109 09878

110 3072 17997
ILA [proposed 230.1619 8226 | 09605 (46) | 4 2129 12293 1263 0.866
‘method]

74 229 13222

91 1415 0817

109 3097 17882

50 2012 11617
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Evaluation

Constant power load

Constant current

Constant

criterion load impedance load
CP (half) CP (full) CP (overload)
W/ With W/ W/ With W/ W/ With
o DG DG o DG o DG DG o DG o DG DG
DG size (in MW) (bus) | — 1.00(3) - 191933)  — 1.00(5) - 1.05(3) - 1.06(3)
1.16(52) 1877(70) 1.00(58) 1.20(42) 100(72)
117(73) 1753(91) 1.00(44) 1.15(74) 104091)
112(111) 237(110) 1.009(23) 1.39(%) 207(50)
1.008(81) 1.904(80) 1.01(41) | 289(109) 181(111)
*power loss (in kW) 30266 153.948 129815 | 576239 379571 137936 108408 | 564.89 91448 499.2087
% RL - 4914 - 55,6107 - 63.66 - 47.89 - 454106
PLI - 0.508 - 04438 - 0.3634 - 0521 - 0545
Vonin (pa) (bus) 093824 | 097701 0.86881 095(4) | 076733 | 095(77) | 08851 095(77) | 08991 095 (77)
a7 77) 77 7 77 @7
VDI 006176 | 02299 o2 | oos 023267 005 ‘70.1149 o0s 0.1009 005
- o027 - Lowms | — 0.30612 - 040815 - 037012

ROC (8)






OPS/images/fenrg-12-1453715/fenrg-12-1453715-t006.jpg
Mef PLDG (kW) % RL  Vpy, (bus) DG location DG size (MW) SDG (MVA)  pf TOC ($)
GA 89 6044 0.9936 (57) 21 09297 2.9974 upf 15343
[Moradi et al] 62 10752

64 09925
PSO 832 63.02 0.991 (65) 61 1.1998 2.9879 upf 152723
[Moradi et al] 63 07956

17 09925
GA/PSO 811 6395 0.9925 (65) 63 08849 2,988 upf | 152644
[Moradi et al.] 61 1.1926

21 09105
sA 77.1 6573 0.9811 (61) 18 04204 21813 upf 112149
[Ineti et al.] 60 13311

65 04298
BFOA 75.23 66.56 0.9808 (61) 27 02954 2.0881 upf 10,7414
[Imran et al] 65 04476

61 1.3451
wo 7459 6678 0.9802 (18) 27 02381 1.9981 upf | 10,288.86
[R. Prabha et al.] 65 04334

61 13266
LSF 90.84 58.57 09,785 (65) 65 136 238 upf 1226336
[Hung et al.] 27 051

61 051
HPSO [Aman et al.] 87 6132 0.9808 (28) 61 36525 38376 upf 19,536

63 00322

46 01529
KH 69.563 69.04 0.9790 (65) 12 04962 25429 upf | 12,986.75
[S. Sultana et al.] 2 03113

61 17354
ILA [proposed method] | 7125 68.33 0.981,136 (65) | 17 0498 2312 upf 11845

64 0389

61 1425
sa 1626 92.77 0.9885 (61) 18 05498 23757 0866 10,352
[Injeti et al] 60 11954

65 03122
BFOA 129 9426 0.9896 (64) 27 03781 23587 0.866 | 10,265.1
[Imran et al] 65 03285

61 13361
WO 1364 93.92 0.9946 (68) 27 03709 2052 0.866 893956
[R Prabha et al] 65 03156

61 1.0905
LSF 495 97.74 0.9939 (69) 61 2073 3.5595 082 1461375
[Hung et al.] 17 0622

50 0829
KH 59149 97.36 0.9943 (50) 1 05607 3.1084 0.866 | 13,483.02
[S. Sultana et al.] 2 03574

61 17738
ILA [proposed method] | 6.9104 96.93 0.9942 (50) 20 02356 16395 0866 | 7,126.67

61 0996

66 01882






OPS/images/fenrg-12-1413935/inline_15.gif
L
At f ks





OPS/images/fenrg-12-1413935/inline_14.gif
L ks





OPS/images/fenrg-12-1413935/inline_13.gif
p MG=D0





OPS/images/fenrg-12-1489677/fenrg-12-1489677-g003.gif
i SR ) et o

2z 2z azn

ucs U wa@) EQuas U
o oo for

(a) Interconnected operation. (b) Independent operation





OPS/images/fenrg-12-1453754/math_36.gif
(36)





OPS/images/fenrg-12-1453715/fenrg-12-1453715-t005.jpg
Evaluation Constant power load Constant current Constant

criterion load impedance load
CP (half) CP (full) CP (overload)
W/ With DG W/ With DG W/ With W/ W/ With
o DG o DG o DG DG o DG o DG DG
DG size (in MW) (Bus) | — 0170 (12) | — 0498 (17)  — 0441 21) | — 0219 (12) | — 0395 (18)
0857 (61) 0.389 (64) 1483 (56) 1576 (61) 0301 (64)
Coiss (22) ‘ 1425 (61) 0202 (69) 0.276 (22) 1162 (61)
Power loss (in kW) 5159 | 170624 22496 712488 65241 1838777 | 1886 60.7037 15875 526363
% RL = 667377 - o - 718156 - 67.8138 - 66,8426
b - 03326 - 03167 - 02818 - 03218 - 03315
Vinin (p) (bus) o566 0988735 | 09090 0981136 08439 095 (65) | 09172 0.97797 09246 098195
(65) (65) (65) (65) (65) ©5) (65) (65) (65)
vor oo oor2es 09099 0018864 0156 005 00827 002203 007534 | 001805
TOC ($) - 031414 - 02369 - 059818 - 0.55778 - 050003
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Method PLDG (kW) % RL Vi, (bus) G location size (MW)  SDG (MVA) p.f
GA 1063 4961 0.9809 (25) 1 15 29942 upf
[Moradi et al.] 29 04228
30 10714
PSO 10535 5006 0.9806 (30) 13 09816 2.9881 upf 153619
[Moradi et al] 32 08297
8 11768
GA/PSO 103.4 5009 0.9808 (25) 32 12 2,988 upf 153536
[Moradi et al.] 16 0.863
11 0.925
SA 82.03 6L12 0.9676 (14) 6 11124 24677 upf | 12,6666
[Injeti et al.] 18 04874
30 08679
BFOA 899 57.38 0.9705 (29) 14 06521 19176 upf | 9,948.1
[Imran et al] 18 01984
32 10672
wo 85.86 57.47 09716 (29) 14 06247 17856 upf | 927144
[R Prabha et al] 18 01049
3 1056
LSF 85.07 5072 0.9690 (18) 18 072 243 upf | 1249028
[Hung et al.] 33 081
2 09
HPSO [Aman et al.] 84.16 60.11 0.9865 (25) b 0444 3.7811 upf 19,242.14
15 13641
31 1973
KH 75412 6425 0.9610 (33) 13 08107 2.4885 upf | 1274414
[S. Sultana et al.] 25 0.8368
30 0841
ILA [proposed method] | 71.89 6452 0.9655 (33) 13 0841 281 upf | 14337.56
2 0999
30 097
SA 2672 87.33 0.9826 (25) 6 11976 29975 0866 | 13,0863
(Injeti et al.] 18 04778
30 09205
BFOA 37.85 8206 0.9802 (29) 14 06798 22153 0866 | 97439
[Imran et al] 18 01302
32 11085
wo 37.05 8164 0.9838 (25) 14 05176 19821 0866 | 87307
[R. Prabha et al 18 01147
3 10842
LSE 23.05 89.09 0.9824 (25) 6 1059 2859 085 | 1247167
[Hung et al.] 30 1059
14 0741
KH 19578 90.72 0.9816 (33) 13 0853 3.062 0866 | 13,336.772
[S. Sultana et al] 2 09
30 0899
ILA [proposed method] | 14.49 92.85 0.9922 (8) 13 0679 3.0057 0866 | 13,072.64
2 0756
30 1168
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Evaluation Constant power load Constant current  Constant

criterion load impedance load
CP (half) CP (full) CP (overload)
W/ W/ With W/ W/ With
o DG o DG DG o DG o DG DG
DG size (in MW) (bus) = 0367 (14) | — 0841 (13) | — 0.996 (7) = 0661 (14) | — 0.603 (14)
0371 (25) 0999 (24) 0321 (17) 0.983 (30) 0652 (25)
0529 (30) 0,970 (30) 0.756 (25) 0617 (25) 0,907 (30)
Power loss (in kW) 47.07 17,5926 20267 | 718924 575.36 1914303 17476 63.8636 1511048 551885
% RL - 626252 - 645286 - 66.7287 - 63.458 - 634767
PLI - 03737 - 03547 - 03327 - 03654 - 03652
Vinin (pa) (bus) 0958 (18) | 0.9836 (33) | 0913 (18) | 09655 (33) | 0.852(18) | 0.95(33) | 0919 (18) 09680 (33) = 0.926 (18) | 0.9704 (33)
VDI 0042 00164 0087 0035 o1 005 0.081 0032 0074 00296
ROC ($) - 034624 - | 028675 - 0.55654 - 062489 - 059626
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Aman et al. (2014)  Quoc and Mithulananthan (2013) Proposed method

T-1l DG T-1 DG T-1l DG T-1DG T-1l DG

No. DG Pross = 51143 Pross = 51143 Pross = 51143 Pross = 51143 Pross = 51143

106 |Bus |Sw | P Bw  Sse | P | DB | Sz | Pu  Bus | Sz | Pe | Bus | Sue | P
s 2077 31502 12 104 1936 9 T EN ‘ Rz 8 1199 } 1656

206 7 756 | 4925 12 104 14212 |9 13 0282 8 ‘ 1223 11498 8 198 | 10625
8 2138 7 52 6 | sm 5 a7 s 486

» 3DG | 11 | 1093 [ 536.56 [ 12 [ 104 | 106.82 | : | 13 [ 69.2 [ 8 ‘ 1212 | 8092 8 11.98 ‘ 7382
9 1371 7 52 6 584 5 |7 s 2 ‘
8 | 9.172 16 39 15 % 5 ‘ 174 5 494 ‘
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Evaluation Constant power load Constant current  Constant

criterion load impedance load
CP (half) CP (full) CP (overload)
W/ W/ W/ With With
o DG o DG o DG DG DG
DG size (in MW) (bus) | — 263() | — 121920 | — 11465 () | — 4719() | — 1166 (8)
6327 (8) 3164 (15) 6515 (5) 3.168 (15) 3.086 (15)
1.777 (15) 4736 (5) 7.208 (11) 1191 (8) 4727 (5)
Power loss (in kW) 124525 | 192148 51143 80.9241 1354274 | 2680773 | 487.032 | 77.4356 463911 | 742639
% RL - 845695 - 841771 - 802051 - 84,1005 - 83.9918
PLI - 0.1543 01582 - 01979 - 0.1589 - 016
Vinin (pau.) (bus) 09848 (11) | 0.9958 (9) | 0.9687 09911 (9) | 09482 (11) | 09847 (9) | 0.9696(11) | 09913 (9)  09705(11) 09916 (9)
an
VDI 00152 0.0042 00313 00089 00518 00153 003034 | 00086719 00295 00084
ROC ($) - 03743 - 070233 - 08851 - 069212 - 0.68071
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Primary index

Secondary index

Weight (d;)

A2
Security efficiency 038 063 028
Clean energy 028 024 058
Flexibility 034 013 014
K 009 0.08 0.10
ke 009 om 011
ke 012 011 011
Kau 012 011 [
Kotare 010 010 010
kot 0.10 010 010
T 0.10 009 009
Vinag 008 012 010
Timarg 009 012 010
Knewdise [ 006 008
Knewcap 010 0.15 0.07
Kisisn 0.10 020 007
Toasr 0.10 015 007
- 009 015 007
Kiberdean 0.10 0.05 0.10
Kuon-foss 0.09 005 010
Kaee 009 005 010
Eaecrep 009 005 010
Eqop 0.09 0.05 0.10
EMc 007 005 011
ENc 008 005 011
Knex 025 0.10 015
Ko 016 010 015
Kes 0.16 0.15 0.15
Sor 016 020 020
Ulvie 014 020 015
Spc 0.3 025 020






OPS/images/fenrg-12-1401285/inline_71.gif





OPS/images/fenrg-12-1453754/fenrg-12-1453754-t006.jpg
Comprehensive index (@;, X;/y;) Primary index (@, x;//y;) ~ Secondary index (&;, x;/y;) Unit Value

2025 2030
Sagi(l, 50/61) Security efficiency (038, 62/66) Ky (0.09, 34/35) % 348 346
ki (0.09, 33/34) % 467 471
kp(0.12, 49/60) % 54.4 60.1
ki (012, 66/74) - 0.63 067
KoLarea(0.1, 54/74) - 057 067
kyoa(0.1,92/94) % 9% 98
Tea(0.1, 80/70) s 0.09 008
Unnarg(0.08, 46/60) % 7.3 80
Timarg (0,09, 56/62) KA 7.8 82
Knwaise (0.1, 93/85) % 60 72
Clean energy (0.28, 44/51) Knawcap(0.09, 9/9) % 64 68
Knewper(0.09, 7/8) % 17 20
Toen (009, 64/80) h 1340 1500
Knavios(0.09, 90/92) % 20 18
Kiner,cean(0.09, 50/70) % 50 70
Kaon-foss(0.09, 11/12) % 108 19
ketec(0.08, 25/35) % 25 35
Edecrep (0.08, 36/60) 10° kwh 36 50
Egoe(0.09, 67/70) KWh/(10°) 364 350
EMc(0.07, 77/80) Y(10') 0.58 050
ENc(0.7, 58/61) gkWh 618.8 5878
Flexibility (0.34, 43/63) Knex (025, 50/80) % 50 80
kegp(0.16, 60/80) % 0 30
kes(0.16, 2/24) % 1.09 122
Sor(0.16, 50/80) % 5 s
Ulya(0.14, 20/40) % 20 40
(013, 48/60) - 17 20

Sag; is the comprehensive evaluation score of the system, x; is the scores of index i in 2025, and y; is the score of index i in 2030.
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Weight of the Weight of the Unit Range of values and scoring criteria for indexes

primary secondary
index (@) index (@) 0 points 20 points 40 points 60 points 80 points 100 points

Security efficiency (0.38) Ky(0.09) % 60 50 30 20 10 5
ki (0.09) % [ 30 40 50 | 60 [ 70 80

kp(0.12) % 30 40 50 60 70 80

ka1 (0.12) - e 04 05 | 06 07 08

Katarea(0.1) - 03 04 05 06 07 08

K (0.1) % | = 60 70 | 80 90 100

Tea(0.1) s 02 015 012 o1 009 005

Umarg(0.08) % 5 6 7 | 8 10 15

Timarg(0.09) kA 5 6 7 8 10 15

Knewise (0.11) % 50 30 20 15 8 5

Clean energy (0.28) Kneweap(0.1) % 0 15 30 45 50 60
Kncwpr (0.1) % 0 5 10 15 20 30
Toe(0.1) h 500 800 1100 1300 1500 1700

Knewios (0.09) % 30 20 10 5 3 1

Kinerclean(0.1) % | 0 20 40 | 60 80 90

Knon-oss(0.09) % 0 20 40 60 70 80

Keiee(0.09) % [ 0 20 40 | 50 60 70

Edlecaep (0.09) 10° kWh 0 20 40 50 60 70

Ecoe(0.09) KWh/ 1000 800 600 400 300 100

(10')

EMc(0.07) (10') 20 15 18 | 10 05 01

ENc(0.08) gkWh 1500 1000 800 o 400 200

Flexibility (0.34) Kiex(0:25) % 5 20 40 | 60 80 90
kgpe(0.16) % 80 60 50 40 30 20

ka(0.16) % 0 1 2 | 3 4 | 5

Spr(0.16) % 0 2 4 6 8 10

Ulyz(0.14) % 0 20 40 60 [ 80 100

Spk(0.13) = 0 10 15 20 25 30

o i thie nomdined it of i &
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Parameter of the system(kW)

Power load/10* Average load 2700 3300
Maximum load 2861 3667
Minimum load 2123 2724
Installed capacity of the power source/10" Coal electricity 368 368
Gas electricity 1044 1522
Photovoltaic 100 146
Wind power 16 20
Biomass power 90 125
New energy storage 20 30
Others 190 240
Amount 1828 2451
External power supply/10* Input 140 140
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get
New energy

Gas-based power
generation

Coal-fired power
generation

Main grid

Distributed smart grid

Trends Measures

Develop rapidly (especially photovoltaic power generation) | Develop centralized and distributed new energy in parallel

Key power source Build new power plants to strengthen local power supply support and disaster resistance
guarantee capabilities

“Ballast stone” to ensure the safety of the power system  Accelerate the transformation to energy savings and carbon reduction, thermoelectric
decoupling, and improvement in flexibility

Form of the AC/DC hybrid power grid s further expanding | Strengthen the main network structure, optimize the distribution network structure,
and build a strong local power grid

Development is accelerating Build a self-healing platform for digital distribution networks and comprehensive
energy demonstration projects

Final energy
consumption

Flexible load resources

New energy storage

New models of electricity consumption emerge Enhance the level of electrification in industrial, architecture, and transportation and
explore the modes of V2G

Demand response of power load will improve Integrate flexible load resources and build a real-time demand response platform

Develop on a large scale with multiple application scenarios |~ Promote large-scale layout, expand application scenarios, explore business models, and
and technology routes develop cascade utilization of batteries
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Prim index Secondary index
Security efficiency © Daily load peak and off-peak difference rate
® Self-sufficiency rate of electricity [ %
o Self-sufficiency rate of electric power %
 Matching degree between power supply and load -
@ Coordination degree of regional distribution between power supply and load -
@ Proportion of transmission and transformation equipment meeting N-1 %
© Ultimate cut-off time for N-1 faults s
© Voltage stability margin %
@ Short-circuit current margin KA
© New energy disconnection rate under severe faults %
Clean energy « Proportion of new energy installed capacity %
® Electricity penetration rate of new energy %
© Utilization hours of new energy h
® Electricity loss rate of new energy | %
 Proportion of clean electricity generated by thermal power %
© Proportion of electricity generated by non-fossil fuels %
@ Proportion of terminal electricity consumption %
® Electricity consumption as a substitute for fossil fuel consumption 10° kWh
® Electricity consumption per unit of GDP [ kWh/(10'¥)
 Carbon emissions per unit of GDP /(10%)
® Electricity carbon emission intensity gkWh
© Hlexibility modification ratio of conventional power sources [ %
Flexibility @ Peak shaving depth of conventional power sources %
© Responsiveness of energy storage %
© Responsiveness of demand side %
® Car network interaction index %
@ Peak shaving capability of the system -
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cteristics of system

High load level and large peak-valley
difference

Volatility, randomness, and anti-peak
characteristics of a high proportion of new
energy output

New energy is connected to the grid through
power electronic equipment, which has low
inertia, weak immunity, and decentralized
control

Energy supply structure on the power side
has changed

Energy consumption structure on the load
side has changed

“Double high” characteristic of uncertainty
on both the source and load sides of the
system

Impact on the system  Goal of system construction

Difficulty of system peak
shaving has increased

Deep peak shaving of
conventional units to reduce the
level of efficient and economical
operation

Affects system voltage stability
and may cause synchronization
stability issues

Total energy consumption and
intensity of the system are
affected

“Total carbon emissions and
intensity of the system are
affected

Demand for system flexibility
has increased dramatically

© Ensure system supply and demand
balance and safe and stable operation
while balancing efficient and
economical operation

o Energy upgrade and energy
conservation and emission reduction of
the system

© Enhance the system’s ability to adjust
flexibly by fully tapping into flexible
resources

Key evaluation index

© Load peak-valley difference, source
load matching degree, electricity/
quantity self-sufficiency rate, etc.

© Transmission and transformation
cquipment meets the N-1 ratio, short-
circuit current margin, etc.

 Proportion of new energy installed
capacity and clean thermal power
generation, etc.

 Proportion of terminal electricity
consumption and the substitution of
electricity consumption for energy
consumption, etc.

© Carbon emissions per unit GDP,
carbon emission intensity from
electricity, etc.

 Flexibility modification ratio and peak
shaving depth of conventional power
sources, etc.

 Energy storage side response
capability, etc.

© Demand response capability, vehicle
network interaction index, etc.
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Distribution schemes Participatants Shapley-Shubik based Fl

Prol Pro2
Sharply value 50024 326271 213373 3380.26 0495 0.803 0
Nucleolus -1,024.00 3618.24 2,246.84 3435.37 0.854 0371 0.127

N-H solution -386.08 3310.00 1995.00 335753 0301 0917 0.039
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Energy sharing

Load profiles

Case 1 Multi-energy sharing Base (2R, 10, 1C)
Case2 No sharing Base

Case 3.1 Multi-energy sharing IR,20,1C

Case 3.2 Multi-energy sharing IR, 10,2C
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nergy ds Prices ($/kWh)
23:00-7:00 0.060
Electricity 11:00-14:00, 18:00-23:00 0.120
7:00-11:00, 14:00-18:00 0.180
21:00-6:00 0012
Heat 6:00-9:00, 12:00-18:00 0.051
9:00-12:00, 18:00-21:00 0.060
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Scenario Scenario Scenario
1 (kg) 2 (kg) 3 (kg)

463:

45362645 ‘ 3869.9000
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Cost Scenario 1 Scenario 2 Scenari
Electricity 4,430.69 yuan 243841 yuan 2,043.27 yuan ‘
Natural gas 1,41651 yuan 1,153.87 yuan 1,189.83 yuan ‘

Additional costs - - 620 yuan ‘
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i Scel

0 2 Sc

Cost Scenal 3

Electricity ‘ 4,430.69 yuan ‘ 243841 yuan 194327 yuan ‘

Natural gas ‘ 1,41651 yuan 1,153.87 yuan 689.32 yuan ‘
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Time Window Periods

18: 00-21: 00 Available window

‘ 0: 00-8: 00 Optional window
‘ 8 00-15: 00 Available window
‘ 15: 00-18: 00 Optional window

21: 00-0: 00 Optional window
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Nanoparticle  Refrigerant Nanoparticle Mass flux Amount of

concentration (%) (kg/m?s) data

Peng et al. (Peng et al,, 2009) Cuo RII3 0-05 100-200 54

Sun and Yang (Sun and Yang, 2014) | Cu, Al Cu0, AL,O, Ri41b 0-03 120-300 132

Sun and Yang (Sun and Yang, 2013) | Cu, AL Cu0, AL,O, RI41b 0-03 120-300 76

Yang et al. (Yang et al,, 2015) MWCNTSs Ri41b [ 0-0.3 180-490 [ a2

" Behabadi et al. (Akhavan-Behabadi Cuo Re00a-ol | 0-15 50-400 52
et al, 2014)

Bageri et al. (Bageri et al,, 2014) Cuo Ro0a-ol | 0-2 [ 50-700 58

Henderson et al. (Henderson et al., $i0;, CuO Ri34a, | 002-05 100-400 36

2010) R134a-POE

Zhang et al. (Zhang et al, 2016) MWCNTSs RI23 002-02 300-500 7

Sheikholeslami et al. (Sheikholeslami cuo Reva-0l | 0-1 155-265 [ 132
et al, 2019)

Tazarv et al. (Tazarv et al, 2016) TiO, Ri41b 0-0.03 192-480 [ 11
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Parameter Input parameters

Output parameters

Maximum 20 488 081

Minimum 001 58.7 | 0.08
Mean 03472 24526 04642
Standard deviation 0474 12598 | 02262

626.406

765.838

1.0032

11584

0.1117
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Parameters Training Testing Computing times (s)
m o RMSE MAPE (%) R? RMSE MAPE (%)
108 014 0993 0.0448 3658 0997 00323 3063 886
100 016 0992 00472 3.043 0997 00276 3.007 7.14
95 019 0993 00506 4062 0996 00302 2978 621
92 023 0991 0.0428 4147 0996 00317 2864 587
80 034 0994 0.0493 3581 0996 00308 3265 474
75 036 0985 00472 4462 0995 00414 3017 452
70 039 0992 0.0458 3788 0996 00323 3315 417
65 042 0988 0.0408 3235 0994 00403 3084 394
@ 044 0993 0.0431 3852 0996 00358 3106 357
58 045 0990 0.0443 3425 0994 00387 2962 333
55 047 0988 0.0498 3921 0995 00372 3132 3.08
53 0.49 0986 0.0466 3864 0994 0.0357 3.015 289
51 0.50 0982 0.0482 4025 0994 00393 3304 275
9 052 0982 00459 3813 0993 00419 3454 268
47 053 0978 00514 3928 0991 00418 3206 251
20 071 0954 00823 4782 0962 00723 5563 194
15 073 0958 0.0878 6274 0951 01046 9207 182

“The optimal values are marked in bold.






OPS/images/fenrg-12-1412538/fenrg-12-1412538-t004.jpg
R? RMSE MAPE (%)

Training Testing Total Training Testing Total Testing
RBF 0.986 0994 0988 0.0466 ‘ 00357 00438 3864 3015 365 1
MLP 0982 0.968 0977 00475 ‘ 00572 | 00159 4456 3623 423 2
LSSVM 0962 0976 0965 00528 ‘ 0.0491 00519 4817 5022 486 3
ANFIS oon 0982 0974 00523 ‘ 00576 | 00536 544 604 592 4
Peng et al. (Kang et al,, 2023) 0.684 0253 1576 6
Zhang et al. (Zhang et al,, 2016) [ 0772 0175 983 5
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