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Coordinated Load Regulation Strategy in Power Tight Balance Scenarios

YU Kunyu!, SONG Xiaotong!, ZHANG Jiahui?, BAI Xiang?, LI Huajian?, JU Yuntao!
(1. College of Electrical and Control Engineering, North China University of Technology, Beijing 100144, China;
2. Shanxi Energy Internet Research Institute, Taiyuan 030000, China)

Abstract: To figure out the underutilization of demand-side flexibility resources in power tight balancing scenarios, an
integrated load co-regulation strategy that considers the risk of load outages is proposed. Firstly, the power warning level
is classified according to the power shortfall, and the power shortfall is apportioned after taking into account the load type
and weight of each load bus. Secondly, by integrating the sequence of load regulation, the grid compensation cost, and
user electricity satisfaction, the demand response and orderly electricity consumption can be combined, and a de-
mand-side load collaborative regulation strategy model in the scenario of tight power balance can be established. Finally,
a load outage risk assessment model based on a short-time series and multiple sampling model is proposed to assess the
outage risk of load coordinated regulation strategy, and the effectiveness of algorithms in this paper is verified by an anal-
ysis of arithmetic example. Research findings indicate that, compared with the conventional orderly power consumption
scheme, the load regulation strategy proposed in this paper can achieve a 12.32% reduction in the daily maximum load, a
33.19% reduction in the peak-valley difference, a 3.5% increase in user satisfaction, and a 14.22% increase in the benefits
of grid operations.

Key words: flexible resources; comprehensive load regulation strategy; demand response; orderly electricity use; multiple

samplings with short-term chronological sequences; risk assessment
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Table 2 Data of generating units

Fr5 ElsY A Bl /1MW HLALE
1 1 560 K EALA
2 2 560 K HALA
3 7 140 KHHLHE
4 13 280 KHHLHE
5 15 70 JeRALA
6 16 70 JeRALA
7 18 280 JGARBLAL
8 21 560 AKHHLAL
9 21 280 JetRLAL
10 22 280 HeARHLA
11 23 280 JeRHLA

R3 ONFEPUELER T RERY
Table 3 Weights type at different warning levels

BT I 11 11 A%
Ut 100% 90% 50% 20%
W 0 10% 40% 40%
p 0 0 10% 40%

R4 AFTUELER S K H b e Ho R

Table 4 Objective function weights at different warning levels

H % b A I 1l 11 v
w1 50% 40% 30% 20%
o 20% 30% 45% 55%
w3 30% 30% 25% 25%

RS TIEAE K
Table 5 Data of peak load

TGS B Fir I fE/ MW TGS AR/ MW
1 108 10 195
2 97 13 265
3 180 14 194
4 74 15 317
5 71 16 100
6 136 18 333
7 125 19 181
171 20 128
9 175
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Fig.6 Electricity balance analysis of the test system
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Table 6 Orderly electricity-use scheme of a typical day
5 s H AR Ik /MW
i ] MOBEMW S R bR MW PR AR
1 2 3 4 5 6 7 8 9
18:00—19:00 538.09 11 570 9.72 873 4320 6.66 639 24.09 1125 41.04 42.00
19:00—20:00 518.51 11 570 9.72 8.73 4320 6.66 6.39 1224 1125 41.04 42.00
20:00—21:00 427.60 1T 570 9.72 873 4320 6.66 6.39 1224 1125 41.04 42.00
21:00—22:00 316.12 1T 570 9.72 873 4320 6.66 6.39 1224 1125 41.04 42.00
22:00—23:00 158.31 11 285 9.72 873 1620 6.66 639 1224 1125 1539 1575
23:00—24:00 80.77 v 142.5 540 485 9.00 370 355 6.8 6.25 8.55 8.75
5 B AR Ak MW
i ] WABREMW B FESE d R EARHDR MW DR AR
10 13 14 15 16 18 19 20
18:00—19:00 538.09 11 570 46.80 63.60 46.56 76.08 9.00 79.92 4344 11.52
19:00—20:00 518.51 11 570 46.80 63.60 46.56 76.08 9.00 79.92 43.44 11.52
20:00—21:00 427.60 11 570 46.80 63.60 46.56 76.08 9.00 79.92 4344 11.52
21:00—22:00 316.12 11 570 46.80 63.60 46.56 76.08 9.00 79.92 4344 11.52
22:00—23:00 158.31 1 285 17.55 23.85 17.46 57.03 9.00 29.97 1629 11.52
23:00—24:00 80.77 v 142.5 9.75 1325 9.70 1585 5.00 16.65 9.05 6.40
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Table 7 Optimization results of each optimization scheme
with different weighting factors
- 33 (& wxmEENARAR 0 ARAELNGHR - JUA
WA P A P A O ansn B mkwn B aie  [I1) v 0D &F
R : Wi sor AVAVAYEEN
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Table 8 Comparison of indices before and after load 05F
regulation
o G AT AT sk AL/ aafaali
H 5 K A far /MW 247731 2 450.80 r
,] 0 (.
H 5 KA far 2R /% 123.92 95.40
PR 1.000 0 0.941 6 Fig.10 Load coordinated regulation strategy for integrated
LEVAPNCIEZS) S STV pI 34151.23 23 772.67 demand response and orderly electricity use
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Table 9  Orderly electricity-use scheme of typical day
- Cipar Rl Ly F AL H b W H FRH /MW
MW BEY I/ MW 1 2 3 4 5 6 7 8 9
18:00—19:00 229.49 11T 285 9.72 8.73 16.20 6.66 6.39 12.24 11.25 15.39 15.75
19:00—20:00 193.67 11T 285 9.72 8.73 16.20 6.66 6.39 12.24 11.25 15.39 15.75
20:00—21:00 240.74 11T 285 9.72 8.73 16.20 6.66 6.39 12.24 11.25 15.39 15.75
21:00—22:00 98.05 v 142.5 5.40 4.85 9.00 3.70 3.55 6.80 6.25 8.55 8.75
it i Lipar73uy CWAR( T HARE T 5 H AR HUE /MW
MW BEN TE/MW 10 13 14 15 16 18 19 20
18:00—19:00 229.49 11T 285 17.55 23.85 17.46 57.03 9.00 29.97 16.29 11.52
19:00—20:00 193.67 11T 285 17.55 23.85 17.46 57.03 9.00 29.97 16.29 11.52
20:00—21:00 240.74 11T 285 17.55 23.85 17.46 57.03 9.00 29.97 16.29 11.52
21:00—22:00 98.05 v 142.5 9.75 13.25 9.70 15.85 5.00 16.65 9.05 6.40
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Table 10 Comparison of indices before and after load coordi-

nated regulation strategy

fabr G FORMBE AR EE
H i KA /MW 247731 2179.96 214551
K U /% 123.92 109.04 96.91
W45 22/ MW 1029.32 640.18 518.67
F PR 1.000 0 1.000 0 0.976 6
BAARIGH K/t 3415123 31133.88 28 629.87
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Fig.11 Review and revision of the reliability of load

coordinated regulation strategy
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Table 11 Reliability indices for load coordinated

regulation strategy

. AE AR H AR bME
iz

FriE 6H 7A 8H 98 10AH

JoDR  0.0164  0.008 0.031 0.062 0.046 0.048
ADR  0.0099 0.001 0.035 0.034 0.036 0.012

LOLP

JiDR  2.0895 1.081 2708 9910 5524 5.591
EPLL/MW
HDR 1.0317 0031 3413 4112 3872 0845

® 12 ISR EEESR bR

Table 12 Reliability indices after correction

H R bME
febr EREFEbAME
o o 7A 8 /1 97 104
LOLP 00096 0032 0043 0031 0008
EPLL/MW 09316 3732 3498 2988  0.848

JRI, BRH T —Fh 2 RE A 45 H XU 1R 2% 57 AT
[ 4% SR, T 3 48 B SR B 1) 75 R B i i 5
ITEHR A T T R4S, g R R
T PTIRAE MRS . R RO E . (e
REVRYH AN T T AR o S 5RREH, TF A 7R SR R
g Y I R K AR AT BRI T 12.32% . 75 22
K7 33.19%.

2) TEFEFS 7 PRI 25 FEAG AR AL S SR AL, fi
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