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Bi-level optimization model of an active distribution network based on demand response

CHEN Qian, WANG Weiging, WANG Haiyun
(Engineering Research Center of Education Ministry for Renewable Energy Power Generation and
Grid-connected Control, Xinjiang University, Urumgi 830047, China)

Abstract: The penetration of distributed generation (DG) is becoming higher and higher in the distribution network, and
so it is difficult to completely eliminate the voltage ‘out of limit’ of the network. This paper constructs a bi-level
optimization model considering equipment planning and the operation of an active distribution network. The upper model
considers the capacity allocation optimization of DG, static var compensator (SVC) and capacitor bank (CB) in the
network to reduce the investment and operational cost. In the lower model, the coordinated control of demand response
(DR), on-load tap changer (OLTC), energy storage (ES) and DG are considered to improve voltage stability. From the
characteristics of the model, a hybrid optimization algorithm based on the improved sparrow algorithm (CLSSA) and
second-order cone (SOC) programming are used to solve the problem. The CLSSA algorithm is used to determine
multi-dimensional variables externally to improve the solution speed, and the active management and control strategy of
the network is obtained internally based on SOC programming. Finally, the modified IEEE33-bus system is used for
simulation verification. The results show that the bi-level optimization model can effectively enhance the operation
economy of the distribution network, improve the network voltage distribution and stabilize peak-valley difference.
This work is supported by the National Natural Science Foundation of China (No. 52067020).
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Fig. 4 Diagram of radial distribution network
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Fig. 5 Flow chart of hybrid optimization algorithm
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Table 1 Specific parameters of decision variables

FR FRHETWREABIRE PR BBTHA

PV 5 0.2 MW 100 /5756/0.1 MW
WT 10 0.1 MW 63 Ji7t/0.1 MW
MT 2 0.3 MW 48 J376/0.1 MW
cB 10 0.05 Mvar 6 Jit/Mvar
svC e E FIR 1 Mvar 25 73 7t/Mvar
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Table 2 Results of optimized configuration

WA R SR
. -

I Egzﬁ Sk E;EE K Sch
PV/IMW 0.6,0.8,0.6,0.8 1,04,04,06 17,20,31,32 17,20,31,32
WT/MW 0.7,0.9 0.9,0.3 18,22 18,22
MT/MW 0 0.3 11 11
CB/Mvar 0.1,0.15 0.3,04 24,32 28,17

SVC/Mvar 0.6 0.8 4 24
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Table 3 Objective results of different optimization models
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Fig. 8 Results comparison of daily optimization of

different optimization models
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Table 4 Results of different strategies
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Fig. 9 Load curves before and after implementing DR

K 9 21 a2 A 7F DR M N sk, £
RANEF B P M R, MR, Sk
/b, DLIETEA DR SRBE A bl 1 g th4e, R
A HIEIEAIER o AN [F] SE0S 5 A JA P 0 i 22
WA 10 Fios.

0.060
0.055}+
0.050

0.045
0.040
0.035}

HE s i 25 /p.u.

0.030f
0.025} <

0.020
00:00 04:00 08:00 12:00 16:00 20:0024:00
i )

E 10 F[EIRER AR B ERE
Fig. 10 Voltage deviation of different strategies in the period

HE 10 A751,  JUFRT A B BN A SR 1) FEL
fZHEE N, BA—e s, XRLERD R s
Jiti DR A e 4% AT LA &0k i i 22, f8i45 R
JE AT ANPAR . AN R SREmE LR JE B TG St an
K 11 Ao

0.35

0.30

CBH] 75 & /Mvar
(=)
()
n

0.15
00:0004:00 08:00 12:00 16:00 20:0024:00
I 2]
(a) FHI N CBEE ) A it

SVGIE) i J)/Mvar

70‘7;]0:0004:00 08:00 12:00 16:00 20:0024:00

g
(b) AN SVCEIhHE A
E 11 T EIREEARR I S
Fig. 11 Reactive power output of the period
with different strategies



W 5, 5%

ST SR 37 ) 3 3 e B U2 AL T 15 - 11 -

FH P 11 mT %0, FERC B A AR SRS R, A
SCEERE I TC T AR AT N, AT AT
AAN, RESISEE YN DG HIhH 1wk 12
iR

2.0
181
1.6
1.4F
1.2F
1.0+
08¢
0.6
04+¢
02+¢

DG 7/MW

0

00:0004:00 08:00 12:00 16:00 20:00 24:00
Fif )

(a) TTDRINDGH T

DG 7MW

I %1

(b) A RERSDGAH Zhili 4

= 14 II| :'z
s 12
E 1.0
5 08 I II 1

00:0004:00 08:00 12:00 16:00 20:00 24:00
F %1
(c) AL RS FDGAT Ehit g
E 12 %A DG At A

Fig. 12 Active output of DG in multiple periods

H& 12 w750, 84k EF DG A IhH e i
RIS, RO EANR R & 2 7 75
K, iR AT LAE — 2 R B> DG H 193k
RHAFRa R B . 45 DR SEIRIT, gt As iy, 78
FELAE RIS B R A B3 0, (RIS B DG H 3,
HBIT DG 4.

4.3 TEIEEXTEE

IR T B M AS [ B3R o T F R XUE I A 7R
SRAAERG B AN BE e, AR S 43 ) SR Bk ¥ B 5
R0 ek RS SR AR SO A AL VR AT R

filt, ARV SR ARSE RUNZE 5 Fis.
R 5 PEIBERBHER
Table 5 Results using different algorithms

WRIET REM AR
% KA i)
" W W g S

21961193.88  1628049.44  20333144.44

i
D IR
A4 21300133.68

F 5 TR R IRAN [ B SR AR B RS I A LA 3R
FER IS ) H A AN AR A 25 5%, R SR AN MGk JfR
FERRAR R A R A EIEAE R ARG 2 29 5 1] i
GFEE REARATIR, TT 2 AR, k%R
KEAFIA], ek R SRR P RE SR RS B A0
WER e T, IRAMAAE PR T R
filemt |, HIRSAE/DN, HAESFRBEICE. A
LR AR FIE R AN EIEEAR R Fe bR L SGE 1
PR 13 fis.

12675.49

21836714.58 1896278.93  19940435.65 10671.64

1479288.82  19820844.85  1569.73

30
25+
20+ 600
- 400
ES
H 15t 200
& 0
E 10 HEHEIT W B A AT B R SRR (]
s
sk

0

Pegtia T 9 LB S SRizAT B SR )
13 ANEERHEME A RIERNENE I
Fig. 13 Percentage of improvement of this algorithm
over other algorithms

K 13 AR SISO SR e, IEHERoR
ASCRAC T AN SR A B0, EERIR AR
WEFB AR A EAL T, AN IEEEOR
AIRAFFAES AN abr LA AA IS, hE 13
A RITR A VA SR B et R SRR AL T R LI
RAGIEFEANKEE AR —PeE, BAREIRS.

TERRALE A E Rk 2 B AR AL
HArtAl, MRl T SE, (ER BRI B 2%
WAL SE R A A FIREEL IR, I8 G AE A FIBUE
AP A A B ARA L, NRIEAFR
AL E RN, ASFACE R B & L H s
2RI 6 iR



-12- €& REP B A

* 6 TREINET BIFER
Table 6 Objective results of different weights

BEAE FLS i B8 P Nz B b
[0.2,0.8] 0.869 99 0.562 75
[0.4,0.6] 0.863 38 0.638 29
[0.6,0.4] 0.861 54 0.712 94
[0.8,0.2] 0.861 08 0.787 06

R 6 R AN FEBUE T s i L B HAUE
UG R T RR N,  3X A BB O HAE H AR T &
PLE O, BRI BOBOR,  HARE R S,
VU FL R H B SN AR, i B L i R AL
HARRBARIEA KR, XEREHEEXRT DR %
W% RIS AR /S AR RGBOR, 3% 2 1 - U AR
PACTIERL NN, BB, WEL T &
WE, LR B S ERIAUE SR AL . AN
BUE T B AR HARA R, AR B ARE, Y6
ST A IE ) F AR A 20 B B A L

5 #5ig

AR TR SRA I 56 oA SRR PR K FE
WIHEAT BURACAL, 7873 4% 32 3h T e W o 2% 1 24
FIARATE F, % SR A A0 B 78 80 L D38 45 ]
PASGE ffar 2, 58 I RLSAS, A Rk e s K
o RS ERAATE AT B e 50 L
Ko FHHI S BAERRAER], A LLBEAT U RICAL
it G B — A 7 TSI e T B F S R 1. 5
Gb, ARSCRA AL b JE R F oo R 2E 5E SR i
WARMAECE FR, T ER RS B R
SRIBORIESRWRERE, KK 1 RMERCE .
S
(1] AL, £, 5RO, 5 S0 R IR I E 3 H

W A SRR W AL (D). R R R S R, 2020,

48(15): 102-107.

PAN Benren, WANG Hechun, ZHANG Yan, et al. Study

on an active distribution network reconstruction strategy

with distributed power supply[J]. Power System

Protection and Control, 2020, 48(15): 102-107.

(2] ZFEm, &, E0e, % o hiE R ER I E
WM ). B R 5450, 2021, 49(11):
163-171.

JI Yuqi, PAN Chao, XIAO Han, et al. Hierarchical

analysis and evaluation of the voltage support capability

of distributed generation[J]. Power System Protection and

Control, 2021, 49(11): 163-171.

[3] FU Xuegian. Statistical machine learning model for
capacitor planning considering uncertainties in photovoltaic

[4]

(5]

(6]

[7]

(8]

[9]

[10]

power[J]. Protection and Control of Modern Power
Systems, 2022, 7(1): 51-63.

J, daB, AR, SF. BOEIKE) B oK AR U
FC FE X TE D is AT R AL D). L E B i, 2021, 41(1):
1-11.

GU Jie, MENG Lu, ZHU Tongtong, et al. Data-driven
optimization for reactive power operation in source
distribution network without accurate modeling[J]. Electric
Power Automation Equipment, 2021, 41(1): 1-11.

INGE, FIBE, BN, 45 TTIAME AR Ao A X HL TR
[ AT L AR A P ) SRS BIE L[], LD RS IR 542
#il, 2020, 48(18): 38-47.

LE Jian, ZHOU Qian, WANG Cao, et al. Research on
distributed optimal control strategy for a distribution
network based on the cooperation of DGs and Var
compensators[J]. Power System Protection and Control,
2020, 48(18): 38-47.

XIANG Yue, ZHOU Lili, HUANG Yuan, et al. Reactive
coordinated optimal operation of distributed wind
generation[J]. Energy, 2021, 218.

KR, BUE, G2, & AR S5iE47EE R M
TINAME R se th A I & 0], W77 B 3k 4%, 2019,
39(2): 36-43.

ZHU Tongtong, GU Jie, JIN Zhijian, et al. Intelligent
harmonious collocation for reactive power compensation
of distribution network combining planning and operation[J].
Electric Power Automation Equipment, 2019, 39(2): 36-43.
52, B0, R, & T MICIFMER OLTC &
W% AL BC B [YOL]. hE L J): 1-13[2021-12-28].
http://kns.cnki.net/kcms/detail/11.3265.TM.20210707.16
46.002.html.

TIAN Yu, HUANG lJing, XIE Xiao, et al. Multi-objective
optimal allocation of reactive compensation and OLTC in
active distribution network[J/OL]. Electric Power:
1-13[2021-12-28].  http://kns.cnki.net/kems/detail/11.3265.
TM.20210707.1646.002.html.

TRRAY, IRAE T, xdete, S5 BT R Th AL Y
DA T IAMEACECE ] B RG RS
%41, 2018, 46(3): 51-60.

HUANG Zhenxi, ZHANG Xianglong, LIU Yanhua, et al.
Optimal configuration of wind farm reactive power
compensation based on wind power fluctuation typical
scenarios[J]. Power System Protection and Control, 2018,
46(3): 51-60.

B, FEMTE, KT, 5F. R TR SR B AN E
P IR B HE R AR AR TG B 5 VA D], e LR A R
2018, 33(14): 3284-3295.

ZHAO Bo, WANG Xiangjin, ZHANG Xuesong, et al.
Two-layer method of microgrid optimal sizing considering



W 1, 55

T A RN 187 1) 3 3l e F U AR T 7

- 13 -

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

demand-side response and uncertainties[J]. Transactions
of China Electrotechnical Society, 2018, 33(14): 3284-3295.
XU, BRER, R, S — ST SRk R R Y
P25 43 IF HBL AN IRUBh SRS [J]. HB 0 R G AR S5,
2021, 49(5): 116-123.

LIU Haotian, CHEN Jin, ZHU Xi, et al. An incentive
strategy of residential peak-valley price based on price
elasticity matrix of demand[J]. Power System Protection
and Control, 2021, 49(5): 116-123.

B, Ao, S8, & v R i) (NN
B RUHLHL 77 RGEVR -7 22 I (8] RUBE R BE VA [J/OL].
B WL T AR 244 1-18[2021-12-28]. https://doi.org/10.
13334/j.0258-8013.pcsee.210697.

CUI Yang, DENG Guibo, ZENG Peng, et al. Multi-time
scale source-load dispatch method of power system with
wind power considering low-carbon characteristics of
carbon capture power plant[J/OL]. Proceedings of the
CSEE: 1-18 [2021-12-28]. https://doi.org/10.13334/j.0258-
8013.pcsee.210697.

TR, e, BRI, S, TR R R L R AL
ARV EERIFFU[I]. % B 7y, 2020, 48(2): 53-57, 91.
ZHANG Chao, ZUO Gao, TENG Zhenshan, et al. Optimal
dispatch of distribution network considering demand
response[J]. Smart Power, 2020, 48(2): 53-57, 91.
Exd, wm, wal. BT R mm b =
FAZ BRI & 1 B C F M B LA [D]. o R 243k,
2021, 36(9): 1866-1875.

JU Yuntao, HUANG Yan, ZHANG Ruosi. Optimal power
flow of three-phase hybrid AC-DC in active distribution
network based on second order cone programming[J].
Transactions of China Electrotechnical Society, 2021,
36(9): 1866-1875.

CHEN Houhe, LIU Chugiao, FU Linbo, et al.
Collaborative optimal operation of transmission system
with integrated active distribution system and district
heating system based on semi-definite programming
relaxation method[J]. Energy, 2021, 227.

LUCIEN B, ANDREAS V, SPYROS C. Second-order
cone relaxations of the optimal power flow for active
distribution grids: comparison of methods[J]. International
Journal of Electrical Power & Energy Systems, 2021, 127.
2L, AR, FIEAFZEE DG ORI g AR 3=
) FC R B R R R [3]. o AL AR 2 4, 20186,
36(18): 4911-4922, 5115.

GAO Hongjun, LIU Junyong. Coordinated planning
considering different types of DG and load in active
distribution network[J]. Proceedings of the CSEE, 2016,
36(18): 4911-4922, 5115.

r LY, MR B, TEEAR, A5, EBCH R S e

[19]

[20]

[21]

[22]

[23]

FERFCR I SLBI[I]. b E AL TR 2R, 2017, 37(6):
1634-1645.

GAO Hongjun, LIU Junyong, SHEN Xiaodong, et al.
Optimal power flow research in active distribution
network and its application examples[J]. Proceedings of
the CSEE, 2017, 37(6): 1634-1645.

XUE J K, SHEN B A. Novel swarm intelligence
optimization approach: sparrow search algorithm[J].
Systems Science & Control Engine, 2020, 8(1): 22-34.
TR, PRES, BUDAE. — Rt A DAMER) A IR
R E 5[], K Sk & BE, 2020, 6(2): 36-41.
ZHANG Chao, CHEN Jing, GU Weixiang. Distributed
power supply optimization configuration method
considering reactive power compensation[J]. Hydropower
and Pumped Storage, 2020, 6(2): 36-41.

KRk, F877, FE Rl e R B R AR A 22
V7 VA 3] b R P TR A AR, 2018, 38(14):
4013-4022, 4307.

LIU Yixin, GUO Li, WANG Chengshan. Economic
dispatch of microgrid based on two stage robust
optimization[J]. Proceedings of the CSEE, 2018, 38(14):
4013-4022, 4307.

BrBiM, maty, xR HE, & FK DG LIS EMIT
SR T B AC L X 7 A B R TS AR AR R[],
FL L TR 3R, 2019, 39(3): 685-695, 948.

RUAN Hebin, GAO Hongjun, LIU Junyong, et al. A
distributed robust reactive power optimization model for
active distribution network considering reactive power
support of DG and switch reconfiguration[J]. Proceedings
of the CSEE, 2019, 39(3): 685-695, 948.

ERE, FRAE, W3, & & v A pe kA B
W RS IR US AR B [I]. KB AR #HR, 2021, 42(9):
33-38.

REN Zhijun, GUO Hongxia, YANG Ping, et al. Double-
layer optimal configuration of flexible resources with
high proportion of renewable energy distribution network[J].
Acta Energiae Solaris Sinica, 2021, 42(9): 33-38.

Igts HER: 2021-11-09;
1EZ N

{&EIHER: 2022-02-25

% F1996—), %, WML AE, T EFAT HAB

® R 4R ILiE f7; E-mail: 971507673@qg.com

E®IR(1959—), F, @EAEH, &4k, LT,

ITRMRETOACH ZFR AN LA ; E-mail
wwg59@xju.edu.cn

= (1973—), %, #%, WMEAEFIF, BTG

MATHARRRCEHFFMEK. E-mail: 327028229@qqg.com

(m#F £#7m)



