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Day-ahead load management optimization for an urban power grid in extreme temperature
conditions with dual power and energy shortages

MAO Wenying', LIU Junyong', XU Lixiong', DENG Chuang’, ZHANG Xiaoling®
(1. College of Electrical Engineering, Sichuan University, Chengdu 610065, China; 2. Power Emergency Center, State Grid
Sichuan Electric Power Company, Chengdu 610094, China; 3. School of Mechanical and Electrical Engineering,
University of Electronic Science and Technology of China, Chengdu 611731, China)

Abstract: In extreme high-temperature conditions, rapid changes in electricity demand, coupled with a decline in primary
energy generation capacity, lead to a significant reduction in both power supply capacity and energy reserve. To address
the issue of dual shortages in power and energy when there is extreme heat, an optimization study of day-ahead load
management in an urban power grid is conducted. First, considering the sharp increase in residential air conditioning load
during extreme heat, an incentive-based demand response strategy is adopted to encourage residents to reduce air
conditioning power consumption. Considering the variations in comfort requirements among different residents, the
adjustable potential of residential air conditioning load is analyzed. Next, the impact of different load management
measures on power and energy shortages is analyzed, and a load management model for an urban power grid in extreme
heat conditions is established from both economic and administrative management perspectives. Then, to account for the
demand response uncertainty while coordinating grid reconfiguration with mobile energy storage deployment measures, a
two-stage robust optimization model is constructed to minimize the impact on residential load losses and
industrial-commercial economic losses. A strategy for optimizing day-ahead load management in an urban power grid to
address dual power and energy shortages is formulated. Finally, the effectiveness and feasibility of the proposed
optimization model are verified by numerical simulation.
This work is supported by the Science and Technology Project of Sichuan Province (No. 2023YFG0132).
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Fig. 1 Diagram of load management measures for addressing

=

energy supply shortage during extreme heat weather
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demand response with uncertainty consideration
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changes in residential users’ response willingness
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Table 1 Load scheduling cost considering changes in

residential users’ response willingness

T R Y PR e} Bt i B
H 5 E% W S FRAS /76 EA/TE AT
100 469.89 735.79 1205.68
90 463.28 523.85 987.14
80 534.79 335.27 870.07
70 648.81 164.52 813.33
60 739.78 7.98 747.76
50 798.85 0 798.84
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Table 2 Load scheduling electricity and cost for four schemes

A A TR HE2 HE3I FHE4

2 A 5 SR WA R L F/kWh 0 0 232296 2831.38

R B U LB /K Wh 1754.16 1635.05 1754.16 1515.95

FUEIE LS HL B /kWh 2993.76 317520 2939.33 2449.44

I B JBE U LB /K Wh 0 2778.60 433.86 1349.24
B Y15 HL /K Wh 272828  0.19 0 0

SR BE LA/ TG 5225.93 4126.20 3153.00 3344.76
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Fig. 7 Load scheduling without electricity limitation of scheme 4
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Fig. 8 Load scheduling electricity under maximum

power supply variations
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Table 3 Load scheduling electricity and cost in three scenarios

VAR IR 1 T 2 I 3
2R 5 2K e B HE E/kWh 4446.99 4527.14 4413.82

I B U6 B /K Wh 2587.91  10198.34 10 198.34
FoWEIE AT HL B /K Wh 3175.20 6350.40 6350.40
I B U R B /kWh 4083.61 4083.61 4519.07
futar VIR TR 4837.21 3362.01 3093.05

i 7/kWh JEBRA P 122.00 0 0

SV BE LA G 1173830 10018.94  9990.08

oI 1. AN 18 L WY B A4 L5 72 0 il BE A It 5
67 2: B R B HEH It



%%%7 %

S ARl R R g PR R ) i T LR S A - 25 -

1EIE 3: 2% 8 o W M 55 s i e 1 it -

T 1 1ERH 775 R A 7 H it 2
Ji, 1E 20: 00—22: 00 BFEL, SZBE% 6-26. 29-30 Al
30-31 fiksRit &k, K aeidmid UIBR 1T A 33 1 B A far
(5> BT 84.14 kKW 24.55 kW 1 13.30 kW)K&
I B AR X IE AT 2 4. BRI S (R e R
{HTE R IS 4T 2R TR R ST R, TREATF
TETCIF 38 G 0 8 I S A DI o

T 2 AT 1 88N T & ahfitaess i,
gt BB A 13 T 32, FEhfgRe it B RE
KR B AR T SR Aur DB o 1 A 32 S AR Bl it B AR
B 7T 0 33 1R B ML R R, 8 4 T AN A F Y 1 EE
i S 29-30 5 30-31 it Ek. X BRI AT
AR 22 Al 1 e AR R AR R RE % SR
Vet R NGB

1EIE 3, M ER LB NG R El 10
Fis, Baltfe AT 5 3 A1 30, i i R E A 1
BALRERAE, WML A, SRahitRE. &
SR N e A5 e P B Tt bl O AT 3 — 2 R A7 g )
. BEHEBEXGRT, 56 WA S nr 1y T
4 53 T PR PO SRR B o v i R L R SR ) R
3.4 THEMTNES D7

AT T AN 8 FE AL SR (P R, 56 UE B
PR ARAEETY R} B % 538 AT W s A Rk, AR AR
330 WTE 4 R L, AW AS R ASH o 1 UL
BOER I AT 5N A T B T ORD R R AR, 4
R 11 MK 4 PR, KN TRRESZEITY R
BB NERFEMETE I =12 F, BRI B R

= S =]
AREKIEIT Y5
W R o BB SIS N B S I
3 3
27710 27710
1.8 ! 1.8 I .
£ 09 . Z o "
® o e % 0 aENNNNS
B =
09 o 09
18 1.8
00:00 08:00 16:00 24:00  00:00 08:00 16:00 24:00
i %) R %]
(a) B E PETIET0 (b) AHfE M3
3
5 7X10 5 X108
1.8 II 1.8
E 0.9 f E 0.9
Y I— F L S
R =
0.9 -0.9

-1.8 -1.8
00:00 08:00 16:00 24:00 00:00 08:00 16:00 24:00
b %] %

(c) NG (d) ANl P TS
"M AHEMMETHTARHREFR

Fig. 11 Load scheduling under uncertainty budget variations
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Table 4 Load scheduling cost under uncertainty budget variations
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3 519.14 2206.94 19707.27 2243336
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9 761.62 2775.03 0 3536.65
12 523.40 2821.36 0 3344.76
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Fig. A1 Output power curve of renewable energy source
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Fig. A2 Typical load curves of industrial and commercial users
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Table A1 Distributed generation parameters
FENFT A
ZH
6 15 19 24 30
KH To D 2 /kW 120 240 360 360 180
DIAIN TI h#/kW 240 480 720 720 360
BAFTCMEIIEAW 300 300 300 300 300
oI 098 098 098 098 098
fife K SoC/kWh 0 0 0 0 0
#/]N SoC/kWh 900 600 600 600 1200
Y14 SoC/kWh 540 360 360 360 720
R % Th# kW 60 60 60 60 60
iz >.
ﬁ;ﬁf B/NEIHIhEAW 600 360 240 660 660
I 2 kW 300 180 240 450 450

* A2 BEEEESH

Table A2 Mobile energy storage system parameters

2R Ky
/N Th R kW 0

T KA T kW 500

e 45 5/kWh 780
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5 T 2 22 [Nz Dl Table A4 Content of residential air conditioning
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