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Bi-Level Multi-Stage Planning for Multi-Objective Photovoltaic Siting and
Sizing Considering Load Classification Growth
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Abstract: With the increasing scale of distributed photovoltaic connected to the distribution network, conducting research on
distributed photovoltaic siting and sizing is of great significance for improving the economy and security of the distribution network.
Currently, most research on photovoltaic siting and sizing planning adopts conventional single period programming method for
problem modeling, ignoring the medium- and long-term loads growth property of the distribution network, which will have a negative
impact on the actual application effect of the model. Therefore, a bi-level multi-stage programming model for multi-objective
photovoltaic siting and sizing planning that considers load classification growth is proposed. Firstly, the dynamic time warping
(DTW) and LightGBM algorithm are combined to achieve classification and prediction of medium- and long-term loads. Then, a
two-stage dynamic planning model is constructed for multi-objective photovoltaic siting and sizing planning considering load clas-
sification growth, and the multi-objective bi-level crisscross optimization algorithm (MOBL-CSO) is introduced for solving. The
experimental results in the modified IEEE 33-bus system indicate that the proposed scheme can comprehensively consider the load
changes throughout the entire planning period for optimization, and can obtain a photovoltaic siting and sizing planning scheme that is
more long-term safe and economic compared to traditional methods.
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programming and static programming

A RUE Y, AR —A DR R e 22 1
THOLT , RSO 092 By BOJL I AT B A5 (4 i LA
RSP A R o IR N BT 1 22 B B Sl A 1
REAE 5 B2 AT 1 70 I RGO, MATAT AR R I
IRBEHLA B s M IAOLAR R Ty — 5 T A7 B T A
I 2 HL B HLAS - 5 — 5 T REARAT A e 1Y)
JCARANI W 5, DA T A AR B B A e 9 2 T 2L
11T R AN FE G 3 A B0 A B B T, AR A,
R L A, BAE RIS IR A A 4 K AR
Geox M BLBOR I DR GRA, AT I 1™ 1) L2 v 10
AL A o Z5 ERTR, A SCRT S iy 2 [ BOLI 7
FA M TP SRR TR -

TERL A2 AR bR, AR SCHT 2 22 [y BOWLA J7 12
IROL T RLEY St BOLI 7 i o H R B BERLI 7
VA G I TR T F G far B L I 22 1 0, T
Z B BRI I7 A M T 255 75 8 A L AR v 1
TR0, G R T i 25 4 A HL o LA IR

TEA IR FBHE bR, ARSI 2 [ BoL kil
Tk R S B SR A AT D AR, A Ok
DRBR AT E HL 19 265 119 S A RR 17 D015 21 1 RLAF
M, SIS RSO T, JeIRA&
PRI AT LS A R0 B AT ) 28 S AR BRI

5 4iE

ARSCESE T — it B A 7 28 8K A IE 0 43 A
AOGREEHEE B MAIETY , Iid 2 H R sE X
LRI . SCIRETRERN], Pk Ty SEens ok
RHE P AL B br ) Z R etk 2 2R P
Vet METHG07 SR AERAS B B KR 2 Bt 22



50 FEITRMEEA

919 %

PR IRENEE BT R

AR AT T7 16 K5 25 R SN T 1] 552 s ) 157 FH 3
S, QA o3 A A RE R JE T M A AT F 1
KA

SE 30k

(1] HERReW R . FE AR 5T A CRETE I K Wk b R
AL HE T+ A7 3 11 % ) 538 1 [ EB/OL |. http : //www.nea. gov.cn/
2022 - 10/09/c_1310668927.htm, 2022 - 10 - 09.

(2]  FERRER. BEGEERRLES AT A AR S Gl X)) BT
I3 FGARFF %3 5 4 B 1438 51 [ EB/OL ). http://zfxxgk.nea.
gov.cn/2021 - 09/08/c_1310186582.htm,2021 - 09 - 08.

(3]  HEZKaRI N . ¥R J) RSk W % 45 [EB/OL]. http://
www.nea.gov.cn/2023 — 06/02/c_1310724249.htm, 2023 - 06
-02.

(4] KA Iy BRI BT EBE . [ AT R AR R R R iR 4 2022
[ EB/OL |. http : //www.creei.cn/web/content.html? id=5419 ,
2023 - 06 - 28.

(5] Mg, SR, 250k, 45 1T R gr & IR I R4 A e M

EATFE[I]. B TR, 2021, 40(2): 46 - 52.
XU Mingji, SHEN Lei, LI Sheng, et al. Optimization of
photovoltaic  access  distribution  network  considering
comprehensive factors[ J . Electric Power Engineering Technol-
ogy, 2021, 40(2): 46 - 52.

(6]  ZRfh, mTH, skh%E, F . ETHEOMPDLRE B kNS

AR BT MEA, 2017, 11(9):54 - 61.
LI Hongzhong, GAO Yunan, ZHANG Xueying, et al.
Photovoltaic location and capacity planning based on informa-
tion entropy[ J|. Southern Power System Technology, 2017, 11
(9):54-61.

(7] HWeRE, BpFe, MRIEZE, 55 1 K oL TG T i BT 1) 4 A =X HL TR
MALECE L] i TR, 2023, 42(1): 19 - 25.
YANG Xiaohui, YANG Shuang, XU Zhenghong, et al.
Optimal configuration method of distributed generation
considering flexible distribution unit [J]. Electric Power
Engineering Technology, 2023, 42(1): 19 - 25.

(8]  =Jy, moclfy, BT, 45 . 5 i A X 20 s Ay o A 2O el

i gk AR D], B R GE A Fi 4k, 2014, 38(17) : 43
- 48.
ZHANG Li, GAO Yuanhai, XIONG Ning, et al. Site selection
and capacity determination planning of distributed photovoltaic
power stations considering power flow backward constraints
[J]. Automation of Electric Power Systems, 2014, 38(17): 43
- 48.

(9] Fdemr, R, sk, 55 . L THLS 2RI 1Y DG 5 c L

ZRZ FAR IR [T]. B TR 2240, 2013, 28(10) : 352
- 360.
BAI Muke, TANG Wei, ZHANG Lu, et al. Multi-objective
coordinated planning of distribution network incorporating
distributed generation based on chance constrained program-
ming [J]. Transactions of China Electrotechnical Society,
2013, 28(10): 352 - 360.

[10] &b, MM, Z2pas . oA U IR ik 8 4 A0 22 FL AR AL 5T
LT A, 2011, 35(9): 115 - 121
XIA Shu, ZHOU Ming, LI Gengyin. Multi-objective optimiza-
tion algorithm for distributed generation locating and sizing[J].

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Power System Technology, 35(9): 115 - 121.

WRTESS , WK B, TR, 55 . 56T Rt FPA ST AY 5 0 A X
JEARHCH P hEE A 2 FARBAL T ik [T ], i RGeS
i, 2022, 50(7): 120 - 125.

CHEN Dewei, SHI Yongming, XU Wei, et al. Multi-objective
optimization method for location and capacity of a distribution
network with distributed photovoltaic energy based on an
improved FPA algorithm [J]. Power System Protection and
Control, 2022, 50(7): 120 - 125.

WiERE, XA, KNS, 55 TR STk o A OB IR K&
AT MR [T ] F 7 e R AR, 2024, 18(11) : 119 - 128.
YANG Haizhu, LIU Sen, ZHANG Peng, et al. Integration
planning of distributed photovoltaic generation based on
improved slime mould algorithm [J]. Southern Power System
Technology, 2024, 18(11):119 - 128.

W, EIE T 2 A bR XUZ R0 843 A 2 P ek i 4[]
Al IR A (AR , 2024,51(2) 121 - 32.
YANG Yang, WANG Tong. Optimal siting and sizing of
distributed generators based on multi-objective double-layer
planning [J]. Journal of North China Electric Power University
(Natural Science Edition),2024,51(2):21 - 32.

R, AR, A, 5F R TS U R 9 43 A SR R
LB E Dk ] BJ7 LA, 2019, 13(8): 39 - 43.

CAI Yongzhi, QUE Huakun, LI Jian, et al. Optimal allocation
method for distributed generation based on crisscross optimiza-
tion algorithm [T]. Southern Power System Technology, 2019,
13(8): 39 - 43.

HRJLIE, WXk, TP R e, 5 HET U 4 20 K oA X
S HUARRBE SR [T]. AR, 2019, 43(1): 316
- 323.

SHAO Youguo, ZHAO Jie, FANG Junjun, et al. Integrated
dynamic planning of distributed wind generation and capacitor
based on load classification growth[] 1. Power System Technol-
ogy, 2019, 43(1): 316 — 323.

TR, e, M, 45 R T OB R 2E A L R g
GO (0], B0 B GE I [ B fsA 4, 2017, 29(8) : 43
- 48.

XU Yuan, CHENG Qianshan, LI Yang, et al. Mid-long term
load forecasting of power system based on big data clustering
[J]. Proceedings of the CSU-EPSA, 2017, 29(8): 43 — 48.

KE G, MENG Q, FINLEY T, et al. LightGBM: a highly ef-
ficient gradient boosting decision tree [J]. Advances in Neural
Information Processing Systems, 2017(30) : 3146 — 3154.
Rk, PR, SERIFH, 45 . 5L T Attention-LSTM 5 Z 17
SR IR0 BT T v [T ). MU TR, 2023, 42(5) -
138 - 147.

ZHU Jizhong, MIAO Yuwang, DONG Zhaoyang, et al. Short-
term load forecasting method based on attention-LSTMand
multi-model integration [J]. Electric Power Engineering
Technology, 2023, 42(5): 138 — 147.

ZHU J, DONG H, ZHENG W, et al. Review and prospect of
data-driven techniques for load forecasting in integrated energy
systems [J]. Applied Energy, 2022 (321) : 119269.1 -
119269.10.

PREBRE, S %, 59 M9, 45 . JE T 1K R 0] 10 12 I 4%
LightGBM 28 4162 B i1ty S 401 6 ff #9000 (0 ). L R e A ik
2021, 45(4): 91 - 97.

(F # % 62 W Continued on Page 62)



