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Dual-layer Optimization Configuration Strategy for the ‘“Photovoltaic-Storage-Charging”
System in the Distribution Network of Remote Mountainous Areas

WANG Guo, LI Rui, CHEN Xin, MIN Yongzhi, GUO Wenkai, SU Pengfei

(School of Automation and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: Aimed at the problems of scattered loads, underdeveloped economy, poor voltage quality, and high active
power loss in remote mountainous areas, in order to meet the needs of new rural construction and new energy vehicles
going to the countryside, photovoltaic (PV), battery energy storage system (BESS) and electric vehicle supply equipment
(EVSE) are configured to effectively improve the power supply quality of distribution network and provide power guar-
antee for improving people’s livelihood. Firstly, the PV output and load uncertainty in remote mountainous areas are
processed by probability model. Based on Monte Carlo simulation of electric vehicle (EV) charging load in remote
mountainous areas, multi-scenario analysis method, time division method and K-means++ clustering method are used to
construct the source-load sequential operation scenario considering EV charging load in remote mountainous areas. Sec-
ondly, the “photovolatic-storage-charging” bi-level optimal configuration model of distribution network in remote
mountainous areas is established. The upper planning layer determines the location and capacity of PV, BESS and EVSE
with the minimum comprehensive cost as the goal. The lower operation layer meets the comprehensive index of small
voltage deviation and low active power loss, and realizes the optimal simulation operation of PV, BESS and EVSE.
Thirdly, the two-layer model is transformed into a single-layer multi-objective model with upper and lower decision vari-
ables through model transformation. The multi-objective coati optimization algorithm (MOCOA) is proposed and
improved to obtain the improved multi-objective coati optimization algorithm (IMOCOA). The optimal configuration
scheme is obtained by using IMOCOA and fuzzy mathematics method to solve the transformed model. Finally, the im-
proved IEEE 33 node distribution network based on the actual data of a remote mountainous area and the actual
distribution network in a remote mountainous area in the south of Shaanxi are verified, respectively. The results show that
the proposed configuration strategy is suitable for the optimization of “photovolatic-storage-charging” in the remote
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mountainous area distribution network, which can significantly improve the voltage quality and reduce the active power

loss under the economic constraints. The proposed solution method is more than 70% faster than the calculation speed
before model conversion, and has higher accuracy than NSGA2 and MOPSO.
Key words: remote mountainous distribution network; photovoltaic-storage-charging; two-tier optimal allocation; siting

and capacity determination; model transformation; improved multi-objective coati optimization algorithm
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Fig.1 Framework diagram of the overall allocation strategy of “optical storage and charging” two-layer optimization for remote

mountainous distribution networks
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MHEFUEMERE, A2 22:00 ek
B, SRR PV H 708 0, BESS JiCHE # i 44 F
faf, —ERERE FOAHRAARTTERE R s A E SRR
MEERE, EfE BESS AT EIRA, WMHFEZM
09:00. EZ[1) 07:00. FKZE] 09:00, %Z=[] 05:00—
07:00, {HiHT BB ZMFA(E, BESS MR H =

. . . SLBID, IR BESS H BT SE00: Mol
able 1 Planning results of the proposed optimal configura- )
. IR AT R, BESS SUHL T AR MIAE6E .
tion model
RN 2 kg5 R Hek o
PV L CHURD) 18(3) 275)+ 63) HT T 3zt Ly X 2% 5% % 7 i A7 7R BE AR L A5 AT
BESS L) 6. 1500, 1401 $ERS A 51, 35 T 40T ALY DR R S 0
EVSE i#&hk($#) 31(5)~ 33(8). 9(11) S ks .
WEIHAY” DLk D & D4 s, SCkE, R
R2 PRI B T A
Table 2 Cost of the proposed optimal configuration model
BB A/ i 7T BAT A ST T8
- GAWAT G AEERE R AEEE
e PV BESS EVSE BB IA PV BESS EVSE #ObHMA MHMRA MiBmmA PAIE SRR R UMW
REHEN —  — — — - - — — 701.61 701.61 701.61 11392.76 316.45
ASCHEAR 5421 2253 038 7712 5145 1359 621 2.46 537.65 611.35 688.47 7964.87 209.11
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EFEE B NGE AT, PRRIES 2, BRI
BEARR, | 743.00 kW #KH 919.91 kW,
KR TE MRS, 1 11:00—16:00
A AN G KR, SBURROS T A H
Pt — AR LI B H, 7S ZE W O R .

YT RS MR A ST AR, Rl X PYZE
W& B OURF A H T R SR U, PSR D
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Hi; BESS 7E LMK A I BB PV KR B 7R L, TE
HL A R I BEER PV T8 H I BUHR s PV J1 A& ZE A
XPED, A DR RN X ) FE R R TE A 2 e 1 o

SEEXT BB D B D6 fin, &
I R BT PE B B 19 s B R Gt 5% D B D7 Fiow
RACHEJE N 09393pu, HE BB E N
0.939 3~1.011 2 pu, HLJEXIIERR, 2 X JE R
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522 RS HT

MS5 EARAEH K, WEU TR, 5
WA 4GS FICE SR, IR RT A AR 5,
K% EVSE A5 F1EH, MAZ 55X L.

B 1. ARSCRCERAL,

iR 2. {XEE PV 5 EVSE, #%[E DR,

R 3. YL E BESS 5 EVSE, *#JE DR,

R 4. ii® PV. BESS 5 EVSE, A& DR.

B 5. fERAY 1 LA K N2 HirR s
e R FEIE YE AR

B 1. 24 3. 4 TS 5FME, o
—E 52 FARELR, IEEM S, B
1. 5 B REE K, KR B bR R iz 1L X
JER R B ROR, I0AE H AR B B, KA
MR E LR B R0k 3. & 4 For.

XTECAEAY 1, 2 ki, B8 2 AHELEIAL 1 254G
FRASE D T 11.30 J3 70, (HEARHECH 0.913 8 pu,
PR BAPR A — 20, X R H T A Ak
PR E PV 108 0, B BESS i, Y
£ DR LiEMH LAl BEWBEHE T
1088.36 pu, MEHEN 13.66%, HLELFIERZE;, A

R3 HERECELSR

Table 3 Configuration results by programme

B i 2 4 AR

F; PV KIfLE BESS HIf7E EVSE Kb 8
(B (B Bi)

1 18(3). 27(5). 6(3) 6(1) 18(1). 14(1) 31(5). 33(8). 9(11)

2 303). 12(2). 26(3) — 9(10). 14(5). 31(4)

3 — 18(1). 20(1) 6(6). 20(4). 31(4)

4 44). 6(2). 12(4). 18(3)  92). 18(2)  8(5). 14(2). 20(5). 31(6)

5 33). 6(3). 26(4)  3(1). 6(1). 20(1)  7(10). 9(5). 31(5)

*4 HBAEE H RS R

Table 4 Results of the objective function for each model

configuration
K ¢éﬁ%é‘.i EHLE R 45 I G5
ATt WS E/pu FE/MWh 1 /pu
JRECEM 701.61 11 392.76 316.45 0.902 4
1 688.47 7964.87 209.11 0.9393
2 677.17 9053.23 239.36 09138
3 717.53 9412.85 32347 0.928 4
4 755.15 876431 232.59 0.924 6
5 680.54 8 814.83 247.62 0.930 0

IIARFER N T 30.25 MWh, 3815 AN 14.47%, 25
B, IR T M AU 7SRRI B H BESS
I8 HEL AR b Y 49350 23 A7 e s SO AR Ik 128.24 T3 TG,
ZAEHTARECE BESS, H4 PV KRB M5
EVSE TiESEAWH, SFEOCRBHEMIRY:, KK
MR .

WPLEBAY 1, 3 A, AN 3 AHLLARAY 1 475
FAKE NN 29.06 Fi oG, EAKHEWAL 0.928 4 pu, Jf
Kikhr, AR5 LS HFE LU R AR TG L L &
XA T A= A SR U6y Br BESS m LA HA,
TR R R S B RN
BESS T Z 7t L, HRGH KA PV 5B HIE,
HBefkEE Fg s, 75 R BL ok T fufef, H BESS
ZARBHEZCRE BRI, FHAR RO H
WER LR R 100%YH 495, PRIBRY 3 [ i s
S5HIPBFEE K.

XPLEBEAY 1. 4 v, A 4 AHLLEAY | 275
AN T 66.68 Jit, HEHMEHN 0.924 6 pu,
Fikbr, XREHTAHERE DR G, KXZE0HRIEH
BUARESE BESS A S R mM b, MLk KK
i B RS R, BRAiEEIX 2 N EARRLE A DR AL
DL 2 IR AR SR s LR AR RS 5 WX 25 0 FE 29 1) 384
Tn 10.04%5 11.23%, RIM3GUE T DR 23 5 faf 4>
AR
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XPECREAY 10 5w, B 5 AE AR RAR,
A A R T 7.93 Jigt, 1F “SefE7” LK%
DR (ML A T HEWIESE] T 0.930 0 pu, FALMHEE
AR A ER R AR, AEEE BN AR
AL THME. BERREMAR. Lz, ek
DIAAL 5 B RARFE G N T 849.96 pu, H4h0 10.67%,
UL AR, HIENR S IR, roh
PahiR 2 WA miFEsE in T 38.51 MWh, 340
18.42%, MIX—MEE I —EEE LHIS 740
P, e DA R R R A AR B K

AT ST g AT A, ST DR Rz L X
BorL Y “Jefifie” SR RAED BRI 25 G 1 Re R I
TR, BENSA ANI iz 1L1 [X ), fEL AN RIE
RO R, KRG 5E AL M, 3 PR I 2 40
53 1RBUKREEXTEL 4

ISR AR R, 1 DA B i

ik 1 BREEHAIMOCOA K fi .

7718 2: COA+HIMOCOA 73 7Rl BT 2.

[7] — B AL 5P - T AN 5] SR A 7 2000 b 45 B
£ 5 P

2 T g5 45 TR A R SR f ks FE S AN I 1%, 1
B 2 PO RIS BRI ROR AR, ARAE SR AR H) |,
D59 1725 2 Y b 76.80%, S IR
SEBG 1 BRI A

NEGUEFTHE IMOCOA HIREE, 733K F 5
2 M) NSGA2. £ H bk F-#f (multi-objective par-
ticle swarm optimization, MOPSO)#.i% 5 IMOCOA
RIGFEH G AR, FT43 Pareto BTV LA 5
iR o. Ml 41: IMOCOA FH#:T NSGA2 Fl
MOPSO FrfS & RIS T LT, FTfS st E M
LA A FHIERB R, FEMLABFED 5N
688.47 Ji7G. 7964.87 pu. 209.11 MWh; NSGA2
W AT M BN 709.12 J576. 8 163.99 pu.
230.02 MWh; MOPSO 4 2 #5371l 716.61
JiJG. 8124.17pu. 21538 MWh; IMOCOA Lt
NSGA2 11 MOPSO [y /& 8 i — 44,

6 4ig

1) S Az L XS “Otfif e ” SR
WECERR, BPoxd i i X PR IR E A 254
Ik MBI E R RO G SRR,
RS . BRI PTREZE . A I S5 s
S5 WIEIR NG EV FUTE) RANS 51l X HBLsE

RS AFRAET IR g R
Table 5 Comparison results of different solution methods
Tk AT SRy PISEFEMWh  SRAFERE)/min
1 688.47 7 964.87 209.11 678
2 699.78 7903.71 205.92 2912

A
© IMOCOA [¥Pareto R7FfiftE »

(™ MOPSOff/Parctof it o

|+ NSGA2f|Parcto HIIfFEE 2y | 4
* MIOCOA BT R 4,

" . A

& FEH Y E/MW

K5 Pareto AT EXT L

Fig.5 Comparison chart of Pareto frontier solutions

R, BUHT R izt 11 X R 3hVR 2578 AR SR AT 4t
%, PIANECHMMRTEE, £Z567% % PV, BESS Ml
EVSE fRALACE, TEAMRSAT, B3ESEmT L
DX FC L O FH LB B PR IG 28 54

2) XTSRRI R A L B U R R S
FEREARRIIN AR, $RHEEREH L, BT R
R, M R BT FLR AR (] 2 2 s, S
PERE KRR, FETF COA 5 Pareto B, KAk
AR EABBY RIS . FLE RS EIAR . TR R
. Levy ®ATHEME, #&H IMOCOA %k, Mtk
NSGA2. MOPSO £t HirtiAb 5%, Wkt
BhF, mRITEMREE .

M TR L X A 5 SR, SRt
B “HehE e fR TS, R G AL H AN
ARG LA BR S . AR, ARG
DRI 28 7 TN B s AT 1 2 e LA 5, Ry
FRRE . WARREWIm RS PV 171 & EVSE
15 FH 53R RS2 I 5 oA SR P E— 2D AR 2R B A HLA SRS
ZREVR PR LA . AR R ST R RR R R RS T, N
Pz Ll DX P pL B A T AR AR U 7 %

B =5 LA 1] o 28 i (http://hve.epri.sgec.com.cn) o
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% D1 PV. BESS. EVSE £&%{
Table D1 PV, BESS, EVSE parameters

FKA BEHERE ﬁé&ﬁ iﬁ%ﬂ%é@ﬁ T Al
TG RA/IGT/KWh) A3
PV 140 kW 63 0.15 25 4
BESS 100 kW/600 kWh 96 0.15 6% 254
EVSE 7 kW 0.3 0.15 25 4

% D2 PV. BDSS. EVSE [RHl
Table D2 PV, BESS, EVSE restrictions

Mufr S ER BAER

e} Fritk e 2 B B Dl KB
A B/ B
2. 3. 4, 6, 8, 10, 12, 15, 18, X S
20, 26, 27. 29. 30. 31, 32
3. 6. 9. 14, 18, 20, 28, 29,
BESS 3 1 5
31, 33
6. 7. 9. 14, 18, 20. 21. 30.
EVSE 5 30
31, 33

R D3 iz 1l X & B HLAf

Table D3  Electricity tariffs for remote mountainous areas by

time of day
VPRI B i Bt H /(T kWh!)
i 02:00—03:00. 11:00—16:00 0.261
01:00, 17:00, 24:00
IEH 0.510
04:00—06:00. 09:00—10:00
B 07:00—08:00. 18:00—23:00 0.759
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Table E1 PV, BESS, EVSE parameters

BEWK  RAEE4ES W &%
WHRJIL WRAOCTUKWh) R

il o P a=]

KA BRHUEAER

PV 140 kW 63 0.15 25 4
BESS 200 kW/600 kWh 96 0.15 6% 25 4F
EVSE 7kW 0.3 0.15 254

# E2 PV. BESS. EVSE [R#i
Table E2 PV, BESS, EVSE restrictions

B (DA R TA RS S VA=A
B NIRRT

B B

et Ry ity 2z 2R B

2, 3, 4, 6, 8, 10, 12, 15, 18,
PV 20, 26, 27. 29, 30. 31. 32, 38, 1 6
41, 43, 48, 50
3. 6. 9. 14, 18, 20, 28, 29, 31, 5
BESS 1 6
33, 36, 39, 42, 46, 51. 52
3. 6. 9. 14, 17, 20, 28, 29, 31,

EVSE 10 30
33, 37, 38, 45, 47, 51

FE3 i Ahmc B A 4
Table E3  The planning results of the optimal configuration

model are given

FRI 2 P AEE S
PV thE(EE) 12(4)s 27(5). 29(6)x 10(2). 15(6)
BESS il (4 %) S1(4). 28(3) 42(4). 6(3). 46(3)
EVSE et (3) 17(16) 28(20). 37(25)- 3(26). 9(16)
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Table E4 The cost of the optimal configuration model is built

T PG A T 70

BAT A JT 78

GRMATIC FRE R R M MWh

PV BESS EVSE &% #% A PV BESSEVSE FitiA MHSA MIZITHRA

RN - - —
ASCHIA 11335 12767 161 24263

10746 7297 2664  5.59

531.27 531.27 531.27
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Table E7 Comparison results of different solution methods

Jrid SFLREHAVTIG RS P ESEEMWh SR R)/min
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