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Two-Layer Optimal Configuration of Distribution Network Energy Storage
with Distributed Photovoltaic Considering Optimal Marginal Benefit

PENG Qi, OUYANG Sen, XIE Yunxiang
(School of Electric Power Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Photovoltaic energy storage configuration is the current development trend, but the value of energy storage investment
directly affects the interests of energy storage owners and the actual market behavior, it is necessary to consider the interaction
between energy storage benefits and costs, and carry out further research on the basis of traditional multi-objective optimization of the
grid side or the maximum economic benefit of energy storage. Therefore, a two-layer optimal configuration model of distribution
network energy storage with distributed photovoltaic, which adopts multi-objective particle swarm optimization and considers the
optimal marginal benefit. Firstly, the concept of marginal benefit of energy storage is put forward, the marginal benefit model of
energy storage is established, and the benefit of energy storage is measured from the perspective of energy storage owners. Then, a
two-layer optimization model is established. The outer layer optimization takes the maximum marginal benefit and the minimum volt-
age deviation after energy storage access as the target, and takes the network loss rate as the constraint condition. The inner layer
optimization takes the maximum daily energy storage income as the target to optimize the energy storage output. Finally, the IEEE
33-node system is used for energy storage optimization calculation. The results show that on the basis of traditional energy storage
capacity optimization with net income over the whole life cycle, based on the optimal marginal benefit of the energy storage owner,
the secondary allocation of energy storage capacity with the goal of considering marginal benefit and voltage deviation can improve
the net income, line loss rate and voltage deviation after energy storage access.
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Fig. 1 Two-layer optimization model of energy storage,

3.1 SEMHER
3.1.1 HArek%L

DL fits R 328 85 10 R 8 2k e R R L s A 22 e /N R B
br, B HRERALTria TR, HirkgEkis
= (16) Fron.

max M

min U, (16)

K MOBREREIPRARTTALES 3 Uy, W RN 2
Hrr, ffReE B MHIGE A s, HAE (T
FHAERR Nz B et 2k X an (17)—(18) s .
R =B, (17)

(18)

max M =%

K ROV AE R Gt iz B HI I AT I 4%
DL H F g 22 S5 /Dy O B i e ) W04k H e

Fik X (19) s .

1 Noge T

_ nl,t
Tx N 22! UJ (19)

P U WA ZEE 5 Ny HCHL I R GET5 51
B U, NS e 2R SEPRE R U, N
on BAIE LR .
3.1.2 A

D HL S R G L R

U

min Uy, =

N
P,=U> U(G,cosd, + B,sind,)
j=1

. (20)
0, = UI-ZU]-(GU sing, — B, cost‘),.j)
j=1

Ko P QIR 5B D SRR )
A U N Rl i RHRIRE:; NI RGP ITA S



126 FEITRMEEA

919 %

A AH R SRR s GO A A R Y S
HBs B, R s SRR S s 0, T AR A
Z IR A 2%
2) N A HL R AR
U < U <U,, (21)
Kf: U WA HHBERE LR U, 8
1) FL R B T FR o
3) X B AR
P, <P, .. (22)
Kb PoNKBE LA IR, P, N L AVT
I B R A DY)

4)LRIRA R
T vawuch
DS IAR,,

t=1i=1

S
Ky Ny RG5O REFE AT S
iTE tBFZI LR KN s R, A BB AT S I i 7 e i)
ZIHLRER /N s S ABC L ) R G — R N Vb L
S)ftRE A AR
fERe A A A BC & A R o e KA
Q) 7R o

< 5% (23)

, =t

i

N

0<E.<E.,., (24)
Kp: ECNBERER H; E., . MIGRERGE ] L
KA
6)fifi RE T/ R DR 2y 3R
FHL YL BE 7F 328 17 2o A v 7 4 o R YK TR/ L T
FA M HAE, n=X(25) k.
0< PCES,I S PES.max

d d
0 < PES‘r < PES,max

K Pig s Phs o 2N RE R G K FE TR
S ONIGERY B
3.2 WEMKER
3.2.1 HAReE%L

P20 A A AL DLt RE BT A e i H 2% F, ok
Sk B eR R

(25)

T

F,=>(B..,) (26)
KA B, o Bt Z ) ML A R AR

3.2.2  AREKMF

1A RE T LR S 2452

TE—> H it 78/ L SR I P, f v 4% B 221 i g
FA N R —E e N, BARIL(12),

2) G RE fuf HIR ASFE S 2y o
fERef IR S E S AR L (13)—(14)

4 RUAREBIKER

4.1 WEMLEE

SMEARAR 2 B sk #5392 (multi-objective
particle swarm optimization algorithm, MOPSO), i
F BE R AE 1k 4k B ¥ (particle swarm optimization
algorithm, PSO)J& H Kennedy #l Eberhart 42 #Ji & #f
BB AT A AR B — A LG BT e AR S S A
PR RESENE T L B (R I L AR
e, HEERRBIIE, 7 EREEI T m.
H AR i 75 N 418 2 25 (8] A — A 3 B RRAE AN
—MLE R, R AR B 2 X SRR
Kb 52 B B fic A7 SRR SR R 0 A R Y i A
o K A R AR, MR R
MRTASARRAR, AT AR A AR 1 8 21 S LB
Ve i 4 Jm Fe LS

FLR R BT A XA A = (30)—
(BUFIR.

V..

— m m _ ,m
i = wrp t Clrl(pij xij) +

et - x3) (30)
x?”=(l—v?”)x5’+v;}”x{’; (31)
b v MR ; x, RO E, Rk
i A AR BE RN s Xy R m R EE AR AL i
FET AR BERE RN s m R MBS woh
PPEAE, — B ¢, o, AT T, —MH
c,=c,=1.54; r,, r, AHSAET[0, L)X [N
IFEPLEC; p, W i DARTESS j 4E 0 R e A AL
B py MR RLTLES jAMERE MR A B L

LR KR A 18 O RO A 5 B A R) R
SRTTAE DS BR TALMERS, 22 FUbR ™ 0 Ak Il i
KTz BT AR, 2 iU &0
FE R 2 A HbR R B A B Pl A S S23
it BB 08 121 PRAL 25 5 e F o) R 1 T o o () B e
WHR, SMERHZ bRk g ik

EACE7N nAs i it R7 N SR 7y A i RV IR R
b, EARESY TR 5 LUk A AR H AR
305 W B DA S AN [ (] A S B O 2R AT A5 1 Y
AT LA py, PR Y ET AT LA S
IR RE| e e P R A - S VA N [E AN S ESIP o]



LERNE:|

I, A B IEMPRCE SR S oA FOGARC AL i REXUZ AL E B 127

LML, RIETEYATAES S hBEALPR LT S
YER Y2 R B A plo

Z HbmbL R A5 R W 24> Hds i 47
SR, DA Bin i, HARRwERI
P> H PR B[R BP0 T Z 000 i g A 200 Z i A A 45
R, B HA - BHMER T Z R 25 R ) —
A HARMAE S T Z 00 00 45 5 W FR % g o AE 4 g of 4
W, Z B — BN S8 8- mE 240
AR e, ZRE T E N S — AR T
= E—A B EER S — 1 BinEES, W
LM e A v 0 e 3 o A v LR IR . AR SCrh
A B FER, TR RISz 8
PRER/MAZETE 10° 47, MRS TIe25], it
FE— AR b LU O — A B AR B A A

WZRAC XA RE 1 1 AT IR RS, A SR A
PG A A PR R SR 22 ) R R Il R, R AR
SCE F MATLAB H (Y fmincon PREGHATHEAL , T
P2 il it e 70 H o — K At BT SR A A8 s e Ko
4.2 KRR

L SRR A O AR PR A P 2 BT o LSRR il A
.,

DABEL: |, BRI,
TR T 0L 10 IE L 0 R GE At e 42 A7 s R S
T LA T B4R

2)BR 2. FEHLPI IR A AE BEHE AT AL B
D AR VAW ST Y A YA R IVA WS e ZE 00 T B S
KRR EEE 5

3 WE3: HEANIZMAL, K H fmincon pR%K
XA i — K P9 5 B Be g it e e Ak

4) 54, RIRINEA, 456G WEIUE
ittt 4 A BAnflE, X EHPMES T, H
BRI AR B AR

5)HBRS: G IR M MRS 5 Py sk
Hirde, JT B2 YT AE S 4R

6) L BR6: FE AR A REPLEBAT AR
R4 JR e AL

TR T P R R, AR,
S HGE 5, SR EILER 3,

5 EHO|5H

51 E#iSHiEE
TG, R EAR R W R G rh

WE1004RLT, BRIy E A
LB HISYE, X SAMERETEASY
FUORERER I . T e TR
]

BEHLA UG A1 S EE AN
A i e

F S
| R R . i o | o A
|| a4 B Rt [
(| Hene_ e e )
AR IR FOIOBIRIE
B 715 A
i

| S 9 = L |

1
RS CSUIAL N IR AR VA RN
R fLE

!

|
|
|
|
|
|
|
|
|
|
|
|
|
:
|
|| R S
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
HAE I IR IR T SRS 20T AR 2

'
BT AR TR L P
(BN R
DI AFR A KT Eﬁgg%@ﬁ
e 4

B2 fEseNERNTER

Fig. 2 Flow chart of energy storage two-layer optimization
ftpe i T if s AR5, SRIRUZ R FREAILTE
SR FANAS BN O T X4 A e
PRk . IEEE 33 95 S5 RGN UE 3 s, &
G40 53 R 10 A4St gy XA, I X Hrh oA Th H) SR AT
D3RG AT B o el . H LR A i ]
3FR N A6, 13, 17, 28, 32, A N 120kW;
fRE I AL B N 56, 13, 17, 28, 32, &
RMERE R G LR LA R ), HARSEIn R 1
7N BERE S I L A n) v I B R A A R G 2
7~y HADER S an & 4 s, 45 G KT
X7 ) H B far 26 L S s
5.2 AEIB#RTEREMLE R

ARTCER S W BE DU AL C i o Je B T I L ) R 48
S 5 EOGIRIE A, [R5 184 F ] 4l
i B K B RE e i, FELAII PRAk o e R S
H, H i 26 B /N A B AR 8719 T A5 22 e it RE A 1
T BL s R Gt RE DL ALK 2 7% 18 4 5 o Jo 1000



128 T 7 HL AR %19 %
) DX I8 17 fif 1 2% X sk 101 o il 2&
ol <10 < Lo
® — Em__J/xr\\\ 205
18¢ @ PV2 @
B ® @ ® 7713 19 75 13 19
Ol 23 4 3|l 7 8 210 it 12 B3)i4 15 16 17| e B
— [ %”msy2M4ﬂ@:gaﬂ ' IR, 76 X 33 7 2%
@p2 |23 24J M 6| DA 10 _ 10 \\\\V/—_/A,\J,—\,
te—e| 2 © 305 J/ 305
® PV4 @@
%13 19 24 13 19 4
E3 IEEE 33HWRRZHINE i B i B
Fig. 3 Topology of IEEE 33-node system X2, 4. 9ffifis KI5 . 66 IiZR
1.0 1.0
F1 BERGSH Eos - Eos I\
Tab. 1 Energy storage system parameters 0 0
1 7 13 19 24 1 7 13 19 24
e Bt Bt A B
Tt B R B BT A T 2R 2054. 36 E5 H Ay al
Tl A L B R A/ (OG- kW) 1075. 48 Fig. 5 Daily load variation ratio
FERE ST AR B AR A T kW ) 83.72
FECB AR 0.9
[ e LFf ﬂ%ﬁ@qﬁzmmﬁtaﬁﬂﬁz&x%wﬁu
iHe—HHX
ES
S . ﬁ@‘ﬁbﬁ{{\ﬁl}% 7% 2 g LAk e 4 5 L
GRREIE /% 3 Wets o HbRi g aEIL L, J75E3 8 Hafu\éﬁ ir Ji
it A SRR 1% 2 1 s R0 P TR i 22 S H AR RS REDLAL . 3R %

®2 SEEBENKEEMERNIER

Tab. 2 Time-of-use prices and price list of electricity sold to the

grid
Fif Bt MH&/(TE-kWh™)
23.00~7:00 0.414
07:00-08:00 £111:00-18:00 0.782
08:00-11:00 £ 18:00-23:00 1. 149
B HLNA% 0. 550
1.0
0.8
_ 06F
=
2
0.4+
02+
0

0 1 2 3 45678 9]0111213]415161718192021222324
iFBE

B4 SRtk

Fig. 4 Photovoltaic output curves

W it i RN 25719 R RE 2 A AT LA . Bk

ARSCHT R OUALOR , SR AR 3L B X 3
T 7 583 AT R AL . b O 58 1 O (e 5 IR Al

DAL T AR 2 B f Bl As . O I HL R
s 25 B R AREALAE RANZE 3 FroR
HIZ 30, 5075 HE A A i el 0 i 4 1O O
F2MLL, TRSEHE AT i A Wl g O LA b
®3 TREARTHEAMER

Tab. 3 Energy storage optimization results under different

schemes
6 1250.92
13 282. 181
1 17 403.853 2454.57 1350.7 0.0284 0.0346 1.218
28 338.570
32 179. 050
6 695. 703
13 422.317
2 17 483.257 2461.09 1290.0 0.0295 0.0361 1.112
28 580.433
32 279.383
6 751.978
13 250.949
3 17 293.831 2468.38 1061.4 0.0291 0.0352 1. 105
28 809.118
32 407.508




LERNE:|

I, A B IEMPRCE SR S oA FOGARC AL i REXUZ AL E B 129

2 R PRAk e B R i EA TR RE AN i IR AR
T B VAL AR 25 R b g e v et . W i 25 4k
PERBARETE; S R % R R s 5
MR 22 09 3 AHEL, 5 %8 1 I L R s 25 5 it
HME T HE3IRETREI L, (5% 1646
s L TR 3. R Re L ik g R mT s, R
FAASCIT 7 28 1 XM BEIEAT AR5 T A5 25 SR A i
Wtk BRI R, R IR 2 5 4 B AR T
T GeAN T TE A e 4 75 i JA v e 25 i O Ak i Ay
ek

PIGBRE 1 94 AT 5 6 0, & 6 M TD ik fE
HIH ffar th 4 58 A 3T & T il Re L L i 45 i
Je Bt s et LI . FR I 6 RTHT, #E— KR 6
AEHRIBET, #0576 1B B KRB 5 A0 0y A 28 R
BT R 25 L3 FREASNEN, MTES 10
— 17 BRI B R B R, 4% RO 1 L E A BRI
(1 B RCR B R T R 2 5 R 3N I, R
FHASC T #7728 VARAL 5 Pr A Il g S 3 O B % 4t
FE2EFRIFMEEN, BHRNAT G LS.

A SCIT 7 2T LA 056 S BT Ak BT 45 g
24 Wi B AN L 7 i o 25 TR 4 FEL S IR AR
J1h £k 5 T far AR LU B AT 0, A S 0—S5 B[R] Bt
T, ffrdeRese ik, Hn g, HitiEagre
IZ I A B AT LR AE . T AESS 10—17 > [A] Bt
AT R AR B B R R i BV LAk AE
SEPAEAS A BRI H , DAIA B4 e ) A I A
ESIERi

PR SR AR SC I 0 8 3878 B3 HEL I o 1) 35K
W, R Y kAR ] DA R AR AR S i

[ j— ety
— %
1.0} VES

0 5 1IO 1l5 2‘0 2‘5
FBE
El6 fEREALE AT 1 i 2
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configuration
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