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Fig.4 Flow chart of improved manta ray foraging
optimization algorithm
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Table 1 Economic parameters of energy storage device

A SEL il
BN ARG (MW h)™! 127
AN PR AR/ TG - (MW +h) ™! 110
Praw/% 6.332
AR a 10
R L AN /OG- (MW +h) ™ 120

K2 ZHZ24h T EBEHN

Table 2 The system 24 h purchase and sale electricity price

JT/(MW -h)
B WA FL LAY Ny
00:00-08:00 130 170
08:00-11:00 380 490
11:00-16:00 650 830
16:00-19:00 380 490
19:00-22:00 650 830
22:00-24:00 380 490

* 3 AEEEK Parteto BIiG BARRHGFITER
Table 3 Statistical results of Parteto frontier objective

functions of different algorithms

EEANZERAS brife it MRFO  f£48 MRFO
. T 2383.92 2736.81
AR H ﬁﬁtl;fliﬂji 383.9 36.8
L T s mﬂf{ -536.02 -351.49
i il 531.45 1266.73
T 8.50 10.81
T Nl 4 X
i, AN 6.48 6.69
LR A 6.54 7.80
H 6 HH iflfﬂjzg 660.97 679.18
WHW o H bR 558.82 610.57
LR A 582.70 637.23
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Table 4 Optimization results of optimal solutions obtained by

different algorithm

Ak TR E e B A /MW -h
et MRFO [16,29] [1.76,1.31]
t£4; MRFO [2,19] [1.10,1.92]

MR 3,4 FRTLIE ) R MGH MRFO 53Rk 15
(A S FL AR R, 3 A B b R B e G 0 0 2 i
PR TG EE R X U S R B o
SRIY RS REE ), SEEA RN R, R5%
H 1254 WA/ T 735.28 JT, H ¥4 0% 2
BT 1.26 pu., H IR S/ T 54.53 kW, i
AR R AR B A S 1) SR P A O A TR B3
2, AT AIA RURAR R G0 H 255 A R 3
KA sl

Kl 8 AP PR 151K Pareto RS R B IA
JAE 8 A LI HY Bt MRFO R 4509 H AR
PRBUE AR DAL G SR A 45 3,3 A
TR0 E s o5 LA B i s B AR A

680 *PH MRF
= of4: MRFO|

E 8 AREHEZETH Pareto BirfEEE
Fig.8 Pareto target resolution graph under
different algorithms

9 Sy f ik bk 2R HEmE T, et MRFO SR
TP B AERENLALRY B i) Koy RS /R B

0.9

0.8
0.7
0.6

fif[a]/h
(a)filRE 1 THER K SOC

- 548 -

[ /h
(b)filHE 2 TR & SoC
9 FAMEENARH AT RETEREERE

Fig.9 Sunrise power plan and charging status diagram of two

energy storage units

K, MIEL 9 HaT LIE P 5 ff RE R B AE 24 h i
FERTBEN AT MR EFIE R 21T, TE R G 48
KREFRERE R, T/ N IR IR BE F R AR IIE R 52
AR E AT, [FIRREE A B A RS TE 15%~
85% MY IEH N

10 A& 11 05 ARG B RE R e, 2
H# IEEE33 7 i R S8 24 h 451 s f Rt
8

). 20 - "
B0 >~ o 15
4 30 e
Wy 400 Rt

B 10 BAfFREITRETABE
Fig.10 Voltage of system nodes before energy storage added

20 T 15

B —~
30
W w00 3

E11 EANEEERETREE
Fig.11 Voltage of system nodes after energy storage added

HIPE 10 A, AR AXEE FDEIRPLALRZS
T, DLfbrt By B IEEE33 5 £ i ) R Ge 45
TR IR BRIZ o BRI A 1A S R



FTC,E ATt s LR Rl ke fie e WAk skt ik T RHF R

HUEARAESN, RGEET T 3 450 B e Rl she
b5 55 K AL B A3 R K, AT 6 h PJE
JSERESCARBLALH J120 0, RGALZ K HLLL 5,
HEARRE LR TR R, T R R AU
{8, fe @ik 2] 1.019 pous Ja RERMLALIF 4R 1 7,
{7 g e WA R T R RE IR R, R
I FTREAR , FFeARIAE] 0.940 p.u.,

HIFE 11 AT, B A RE ST R G041 S R I
SR (BN BT R, B, e A G
REJG ARG R I S S8/ T 19.13% , W e dx
B 1.019 pu. FEEH] 1.013 pu., BAKAMN
0.940 p.u. T8 0.951 pou., BaPAASCEIEAL LD
B RE T LU A T RE IR Tk s R 2R
SN/ 2I N

K12 AAFEIT R T, RE45 1 s H
JEW SISO R R, A 12 AT, FET S 1~18
3 RSB, BE ST 1 KRR
BHAT AT S H U sl A T o
IRINAERERT 1 5 18 By H R S K P e, A #
0.291 p.u.; fFZAESE MRFO BNtk fE)S , 415
SRR S BT R Ly AR 15 TRRIR S
F K, K 0.061 pou; FEGHE MRFO 53298 Jin it
RBo, RGHEIE A TERAEA T i —2
Wb S 1.26 pou., VR BGHERESR AR AT S
ST DS G i R G RS, ISR AE TR
W Bl K 1y

0.35

o
)
(=}

e
=
»

H ) Heil 8li/p.u.

e
=

b —— i
—e—{£48 MRFO {1k
—+— ik MRFO fifk

0 5 10 15 20 25 30 35

e
=3
S

0.00

P

12 AEEBTHSETRFEEHTNRBERINERL
Fig.12 Average daily node voltage fluctuation in different

operating scenarios
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Research on site selection and capacity determination of energy
storage in distribution network based on improved manta ray
foraging optimization algorithm

Li Yafei', Yu Yihan', Li Zhan®, Zou Qiheng', Huang Ying', Chen Jiadong’, Meng Gaojun’
(1.Suzhou Power Supply Company, State Grid Jiangsu Electric Power Co.,Ltd., Suzhou 215100, China; 2.Nanjing
Institute of Technology, Nanjing 211167, China; 3.Nari Technology Co.,Ltd., Nanjing 211102, China)

Abstract: Energy storage has the characteristics of strong flexibility and fast response, which can
effectively alleviate load fluctuations, voltage instability and other problems caused by new energy
access. This paper proposes a double—layer power distribution based on an improved manta ray
foraging optimization algorithm. The network energy storage site selection and capacity strategy
alms to minimize energy storage investment costs, daily voltage fluctuations and daily load
fluctuations, establish a two—layer site selection and capacity model, and introduce elite reverse
learning strategies and adaptive tumbling factor improvements. The manta ray foraging optimization
algorithm solution model was used, and the proposed method was simulated and verified using the
connected new energy IEEE33 node distribution network as an example. The results showed that
the proposed site selection and capacity optimization scheme can significantly reduce system
voltage and load fluctuations, effectively reducing system investment costs.

Keywords: new energy; manta ray foraging optimization algorithm; two-layer optimization; elite

reverse learning strategy
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