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Multi-Level Multi-Objective Collaborative Optimization Method for
Distribution Network-Substation Area-End Users Considering Dynamic
Comfort Intervals
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(College of Electrical and Information Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: Driven by the "dual carbon" goals and energy transition, distributed photovoltaic systems with their characteristics of
"numerous points and extensive coverage" are connected to distribution networks, making power interactions between distribution
network levels more complex. Traditional supply-side regulation methods struggle to meet the operational demands of multi-source
collaboration and multi-objective coordination. To address this, a multi-level multi-objective collaborative optimization method for
distribution networks-substation areas-users is proposed, considering dynamic comfort zones. Firstly, a multi-level structure and
hierarchical scheduling framework for distribution networks, transformer areas, and users is established. The distribution network is
divided into the distribution network layer, transformer area layer, and user layer. Within each layer, source-grid-load-storage
resources achieve collaborative interaction, while bidirectional power transfer and information exchange occur between layers,
promoting rational resource allocation and utilization. Secondly, a flexible resource model incorporating dynamic comfort zones is
developed to quantify residential users’ resource regulation potential under varying electricity prices, enabling real-time adjustment of
regulation boundaries. Then, a multi-level multi-objective collaborative optimization model for distribution networks-substation areas-
users is formulated, comprehensively considering optimization objectives across different levels to establish a bottom-up coordination
mechanism. Finally, the proposed strategy is validated through case simulations. The results demonstrate that the method effectively
maximizes and utilizes source-grid-load-storage resources across all levels, significantly improving photovoltaic integration, optimiz-
ing load curves, reducing user electricity costs, and ensuring safe and economical distribution network operation
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Fig. 1 Schematic diagram of the multi-level bidirectional interaction structure of the distribution network-substation area-end users
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Fig. 2 Schematic diagram of time-shiftable load operation time

adjustment considering dynamic comfort intervals
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Fig. 3 Indoor thermal comfort temperature ranges before and
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Fig. 9 User optimization results under a defined comfort range
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Tab. 1 Impedance of various branches and the node loads in the distribution network
Taip g ST T 1 g B fiy TRip Tirig BB T g fi
0 1 0. 092 2+j0. 047 0 100+j60 16 17 0.372 0+j0. 574 0 90+j40
1 2 0.914 7+j3.558 6 90+j40 0 18 0. 164 0+j0. 156 5 90+j40
2 3 0. 366 0+j0. 186 4 120+j80 18 19 1.504 2+j1.355 4 90+j40
3 4 0.381 1+j0. 194 1 60+j30 19 20 0. 409 5+j0. 478 4 90+j40
4 5 0. 819 0+j0. 707 0 60+j20 20 21 0.708 9+j0. 937 3 90+j40
5 6 0. 187 2+j0. 618 8 200+j100 2 22 0. 451 2+j0. 308 3 90+j50
6 7 0.7114+j0.235 1 200+j100 22 23 0. 898 0+j0. 709 1 420+j200
7 8 1. 030 0+j0. 740 0 60+j20 23 24 1. 317 7+j4. 008 6 420+j200
8 9 1. 465 7+j4. 047 5 60+j20 5 25 0.203 0+j0. 103 4 60+j25
9 10 0. 196 6+j0. 065 0 45+j30 25 26 0. 284 2+j0. 144 7 60+j25
10 11 0. 374 4+j0. 123 8 60+j35 26 27 1. 059 0+j0. 933 7 60+j20
11 12 1.468 0+j1. 1550 60+j35 27 28 0. 804 2+j0. 700 6 120+j70
12 13 0. 541 6+j0. 7129 120+j80 28 29 0. 507 5+j0. 258 5 200+j600
13 14 0. 591 0+j0. 526 0 60+j10 29 30 0. 974 4+j0. 963 0 150+j70
14 15 0. 746 3+j0. 545 0 60+j20 30 31 0.310 5+j0. 361 9 210+j100
15 16 1.289 0+j1.721 0 20+j20 31 32 0. 341 0+j0. 536 2 60+j40
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Tab. 2 Impedances of various branches and the node loads in the low-voltage distribution area

Wip  Tixlg SRR i g T i p TRl SRR L q TR
0 1 0.220 2+j0. 170 5 13.775 0+j4. 180 7 0 10 0. 007 0+j0. 005 4 2.920 0+j0. 908 0
1 2 0.016 6+j0. 0129 25.219 0+j15. 560 0 10 11 0. 054 8+j0. 042 4 12. 633 0+j5. 826 9
2 3 0. 029 0+j0. 022 5 1. 522 9+j0. 650 5 11 12 0.362 3+j0.942 0 8.389 6+j6. 7152
3 4 0. 053 7+j0. 041 5 31. 067 0+j29. 226 0 0 13 0. 019 4+j0. 024 7 15.569 0+j13. 747 0
4 5 0. 010 7+j0. 008 3 2.279 2+j1. 827 2 13 14 0. 057 6+j0. 046 9 0.208 3+j0. 129 1
0 6 0.251 4+j0. 194 6 5. 050 8+j3.786 3 14 15 0. 026 1+j0. 038 2 61. 250 0+j40. 746 0
6 7 0. 038 7+j0. 029 9 24.067 0+j23. 626 0 15 16 0. 020 4+j0. 029 9 12.781 04j9. 161 0
7 8 0. 079 5+j0. 061 5 12. 772 0+j8. 504 7 16 17 0. 054 7+j0. 026 0 22.625 0+j17.508 0
8 9 0. 135 9+j0. 105 2 7.279 2+j4. 871 8 17 18 0. 059 9+j0. 022 5 7.900 0+j5. 1340
*3 EREMRBREEITSH 5000 —— YEAHL —o— VI
Tab. 3 Residential flexible household appliances operating 4000 +lx)§\;ﬁ i %gﬁgi

parameters
Wt WA IR kW
Z=HIC [23,26] [0,1.5]
oK ERIT [50,60] [0,2.5]
VERAL 06:00—22:00 0.4
VEBIHL 18:00—22:00 2
10:00—13:00
BRA 16:00—18:00 1.2
EL] 18:00—00:00 0.3
VKA 01:00—00:00 0.2

*4 EBREIFHRFHEXSH
Tab. 4 Operating parameters of flexible household appliances
for residential use

HL b 78 /K Wh 40 BEFTHIIEAW 8
IR AV RS 0.9 BUE R IIRAW 8
I/ NV RS 0.1 TR % 95
RLBTAIEMIETA]L 17:00—% H 07:00| A IR/% 95

*5 EBERPB#EEATHEXSH

Tab. 5 Relevant parameters of the residential energy storage

System
SRR ZHH SRR ZHUE
BUE 4 B /KWh 3 HIE FEHL I AW 0.5
BT HARES 0.5 HIUE TR T kW 0.5
FeR AV RS 0.9 LR % 95
INFVFRT AR ZS 0.1 GRS 95

PR P T ok S R R R A S s S AT E
XE), 13 s, PIFPETE X EEE T, 1k
VR T A K L T B P K 30 16 2 66 4 15 7

—o—HPukdr mmm fiffE

0 2 4 6 8 10 12 14 16 18 20 22 24
t/h

B10 EFFEXETHPMRASE

Fig. 10 User optimization results under fixed comfort intervals
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Fig. 11 User optimization results under dynamic adaptive

comfort intervals
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Fig. 12 Indoor temperature variation profile
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Fig. 13 Water temperature variation profile in water heater
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Tab. 6 Comparison of resident optimization outcomes

etk H L SA G FEARTE I I%
S P A X 1] 18.3276 84.76
BT IR X[ 16. 6752 94. 39
FR S B AT A R AR i A5 FH P i AR AL

9.02 %, JEHRIEER 10. 68 %.
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Fig. 14 Power flow direction of user 1
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Fig. 15 Power flow direction of user 2
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Tab. 7 Comparative analysis of optimization results for
transformer zones under different scenarios
RBEAOT B etk
A1 mp2 Aot /%

etk

N5 % IS ETiE X M)
PRI 2R M B

% 525 R A&7 X )Y
RN R ERS 55 11,6626 20.7547 32.4173  97.61
I

10.8952 23.3639 34.2591 94.39

HRTAHL, M58 am s, HP 1A
ALEFHT 704 %, HP2HBERATET
11.17 %, BHEBA TRES. 38 %5 SGRIEAM LS
T73.22%,

4.2.3 LJE2ZH X H B ADNEILLE R T

BC )2 5 Xl ST 38475 BIRGE AT T & U8 i i
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HIEZRIN 6 XHI /oK, /5 K e 107 il By 11 55
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Fig. 16 Power exchange status of transformer zone 1 in
islanded operation mode
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Fig. 17 Powers exchange status of substation area 2 in
islanded operation mode
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Fig. 18 Powers exchange characteristics of substation area 1
in grid-connected operation
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Fig. 19 Power exchange characteristics of substation area 2 in
grid-connected operation
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Fig. 20 Optimal power flow results for active distribution

networks
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Tab. 8 Comparative analysis of optimization results for transformer zones under different scenarios
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