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Comprehensive Sorting Method for Rooftop Photovoltaic Access to
Distribution Network Considering Source-Load Matching Characteristics

OUYANG Sen, PENG Zhihao, ZHANG Jinming, KANG Lan, LI Renwei
(School of Electric Power Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Aiming at the urgent need for orderly control of large-scale rooftop photovoltaic access to the distribution network, a
comprehensive sorting method of rooftop photovoltaic grid-connected considering source-load matching characteristics is proposed.
Firstly, considering the demand of load and photovoltaic coordination characteristics, a comprehensive evaluation index system is
designed, which takes into account the demand of photovoltaic owner side, power grid side and power user side. Secondly, an evalua-
tion method based on improved analytic hierarchy process-improved anti-entropy weight method-game combination weighting
method- improved technique for order preference by similarity to ideal solution is proposed. Then, the subjective weighting is carried
out according to the improved analytic hierarchy process, and the correlation and volatility between the indexes are taken into ac-
count. The proposed improved anti-entropy weight method is used to determine the objective weight of each index, and then the
comprehensive weight is obtained based on the game theory to ensure the rationality of the weight. Moreover, in order to improve the
overall discrimination of each scheme, the improved technique for order preference by similarity to ideal solution is used to sort the
rooftop photovoltaic access scheme. Finally, taking the IEEE 33-node system as an example, the effectiveness of the proposed index
system and ranking method is verified on the MATLAB platform.
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Fig. 1 Index evaluation system of large-scale roof photovoltaic
grid-connected scheme

T,
Ico_( IcOrc)T + ( Co.t )[
L+ry)" =1(l+ry
D = (1)
1 T, Eg't
t=l(1 + rd)!

A LRI H P IHRRAS s r o R ERIE R 1,
RATELE TOoRRE ORI E s SR, C,,Hh
TH S B A E, R TOGIR AR ¢ -1 &
Chige
2)EIE(D,) , fRiz EAERR NI B 345 1)1 9
SV, eI T I H MRS IME, HI R
B2 /(1
“R., +R., - C,,
D,=-1,+ 2 (Lr)
Ay R, R HIAES 209 & B IACRS AR AS B
Wets ;s r o IEERAR
i BRI IR A & A, K LM
P, & R RS R TR AT
Ry, =rE, P +(1-r,)E,P, (3)
K. roMAHBEE; PONEIERMS; PN
FRAFELAT
T A2 2y W s AT S TOU'G AR 22 2R T iy Of 1) e Ik
Hekzs, HatBEAKXWT .
R, =E, XFuycu, X P, (4)
K PNTIRRAY 5 F g o, K5 47 10 HbL X H
He A F, HataARXm .
ngrd,CM,r = Fgrid,OM,r X Woy t Fgrid,BM.r X Weym (5)
P Frome Wou 23k L 3 300 B HE ik A 6T
PR 5 F i pa s Wan 23 01 0 25 2 500 s AR ik A
X N7 PR AS

(2)

1.2 EBRMIER

J& TGRSk 25 52 i B A~ R GE I 24
1A, RIS TOGAR I R 246 5 451 S HLER
TR, S REMBERR. o, BTOGRTG
5 P AT R VE TE AT RE 25 5 S04 07 1] A AT 2238
K, fHEESAR S BHi, A ETOREEA
XTHECHL 52, A SCHEIR s 2% . 1
F, i 26 728 1 3R I 25 2 78 A0 84 Sy W, D 000 £ BF-A7
fEr.

DEMGER(D,) . AHIRTOCIR 2%
A F T D 1 D 28 AR T, AT /N 2k
o PRI, AR SCHE B 0 el 3ok Al it 2 OB AR TT
WX R G A B, HA AT .

T

N P l,oss,t‘i - P loss, 1, i
&=;EZ - ; (6)
b NGRS P, Pl o0RER DY
SCNGETTRI TN ¢ 20 = TOGAR 8 AHT . 5 e
FA, D) ) S A

2) -2 IR 22 AR (D,) o RTUGIRIF M 2
SN 8719 5 TS IR (TR b P i, s A 3 1 i % R 2
Xof H, T o B B R SO B9 5 B AR e AT . R
W, AR S RO 24 s Al 2 708 1 38 08 S e JaE THOYG AR
JE R R G R R AE A 52, HaH AT .

1 & Ul,-U,,
m=N;—7E;— (7)
K U, UL i s BTG R AT
Ja RGN el 22, Hd RG24 e 22 10
HEAKLT

m=%2

(8)

Ux:r B UN‘i
U

N,i

x:leuSi:I

e N HEADSRGWN R U, i
RUTE £ 2R R RAR s Uy D850 A7 5 B0 HL R
FEAH

3) A 2R (D) o R TGRS TP 64y DT
PC R AL Y 1 DL 25 T BUS 5T A IS 25 (H AR R
P RGEROIIEXERE . L, ASSCN AT 22 1 2
Wk, SR AT 2278 A AR A 1 R TOGAR 55 T4 )
VeRCRCR , HatE i (9) fros . WAy 22 A8 fh A ik
/N, RBTRETIOGAR B 3 A BB AT 850080/ 17 T Y DA 25
22, JRIOCIRS T i A B PC i




57 FRBARR , 25 2 R i fay VT e ek 1 2 THOG IR 22 B F I R 2245 HE i 163
Dziﬁf@—mi ) 5 VA S S AR A B ) 4 46 o i 1) B 5 2
N& P S A BB A A, RE RS I WL I 1) 4 X B S (1 3

KPPy PLIPA S i 5 TR R TG IR IR AT |
Je S Ao R AR I A 220
1.3 AREAPMER

P AL S22 T AR I 0 I A1 75 25 i P 0 ) 5
K, AR P S AR BB AR, A3
SR FH B 16T 0 81 28 JOR A i JH 7 A 225 J2 THOIG AR 1Y
BYIE. weAh, R G5 R TOGIR T 16
PR, RSO DU BC AR AR, o35l A 22
M BT 2y A DT e SR Al P 97 5 R TBOBAR H
JIEVE R L

DTSN R B(D,) , AR TP iy D)
il £ AR B T2 A S R A AT R e S 00, HAH A 5K
WX (10) Frzs o i sl RO, SR W] )R
PRSP 8 AR PR, 077 ot e P R R
K, e S HHE AR TOG IR AL R = .

N E(PLJJ - Pﬂv~i)2
1 &
NZ/ o (10)
K P, P, A RTES i N Ee P e A
ik 2 8 T R AR R S T N ) P38 D R A

2)ILELH(D,) . R R TORRH 15 H s
af (R FLAMYE AR SCHE 3 T30 B AR B A e R AR 2,
WA B 7 A DG B R o

1 12 7R 2R O R B — PR S 80 S R e
Mt AE bR, M T RORIMEC RS, R RELHE
BRI, ST, i HE e AR
IS G 2 — B B, AR SCR TR
2 RFOK R WO T 5 F P 67 far
PASC AR EE , 5 i MR AT R B R
o MitH AT,

-5 S(4,,-d,,) (D
pPi= T(TZ _ 1) z Loti i

D=

KLhd, . d,, S90S iS5, P AR
TGRS T3 AE ¢ 5 220 B8 Zh A HE AL

P LD FH3RAT S 59 07 B 7R 2 A 5 28 OB S
FIFEL-1, 1z, HE#Oe, RUETOLR T
il £ 5 T G pth 2 22 ) R A DE I B R o AR
M, 307 B2 R 2 R O AR MU RE S e W o il 4 B A2 1
ORI, JC Uk T BT 2 il 28 2h B L Y 2
Stk

U, I, ASSCTIA R i s A Al e = OB R
IR AR B E A VERCRR B o W)X
$07 B2 7% 5 A 5 2R MO 2 ey B R — 1 [R)
A, ARSI IE HEATAR A4, FEIACR BT B 5
fabs, HitE AT,

N

lh=;§ia1?m+ﬁ—aﬂm) (12)

) - min(‘PLM - P

i=1

d,.=
1 < ’PL.t,i_P

Tt:lmax(’PL,,yi - P

- min(’PL_m -P

], 1,0 ], 1,

.t .10

)
(13)
A o WAEREG 4, 8% iSsrh R TOGR
Ty ) et 5 97 4oy Dy 6 ) it 22 0] A L AR S 734 20
LIS
ASCRT AR VC FL 48 45 Y BUETE FIFE 0 5 1 2 1],
VEC R T 1, R LR TOGR M 15 H
FART P AR R AR T R R VLR B, RE
SR L U far AR o

2 WMATIEET

AR SCHT BT A AR AL 2 TTOGAR I N 7 25 53T
Wb By . DARIEA AR R AR I, 43 5]
FIFH TAHP F TAM 8 22 25 Fa b i 32 . & WA
2) 3T HEGR A A TRAGE X 25 A B A TR M5 3K
FH ITOPSIS 75 2R BU4% |2 TG AR 322 A S A I 75
FEIREATHEY . SR TR TR AN R 2 B .

2.1 EFIAHPZHMENNEITE

& 55 1) AHP 35 1648 18 1 W7 5 1 3l F vh 75 oh &%
FARE TUbR BEVE XS S HR R EAT I EL A, (A7E TR
I FH FPbR B LA R, i L BT PR A T A 0
o B —8bE, W2 WA, ik, ARSCRH
bR B R ST IR B, R AR TS AR D AR B Y A
FE, IR — B RIS FE bR AL TR, ko T
—EOPERR IR D B R R

1) H & GO = bR BE VAT 4 FE Bn ] E 4 T 1R L
B, M AR BUT .

2, iGR TR HEE
by =11,itR iR R EE (14)
0,/ CE LI EEER



164 FEITRMEEA

919 %

ey 2 P D ORI 1 J OB AR

FERIPE A 5
' 1
Jetholk & H P ] FHHL
BN Eiz7an bR
[ [ [
Y
F & FEAR IR
HE B
HETIAHPE: FETTAMB:H
FE WAL E 5 AN
| I
¥
FET R A WAL 3R

RS RGE

v
FTITOPSISTEIA TR TG A
T EHE T

B2 MEUETERHIFMTRENRE

Fig. 2 Evaluation process of large-scale rooftop photovoltaic

grid-connected scheme
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Tab. 1 Roof photovoltaic grid-connected scheme information
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4 9,30,32 0.1,0.3,0.2
5 14,18,32 0.15,0.15,0.2
6 18,25,32 0.1,0.35,0.15
7 20,21,22 0.2,0.2,0.1
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Tab. 3 Simulation data of each index

D,/(Jt+

2z
RES kWh™)

DJJiG D, p, D, D, D,

0.5321 89.5598 —0.0592 0.0212 1.43340.0365 0.408 3
0.5269 74.0233 —0.0484 0.0165 0.8405 0.0365 0.3839
0.5166 81.3329 —0.0756 0.0264 1.3141 0.0313 0.3989
0.511792.7139 —0.206 1 0.084 8 0.8732 0.0344 0.5629
0.548 6 54.0035 —0. 181 8 0.088 4 0.8600 0.0398 0.5340
0.560 1 56.8300 —0. 1341 0.0502 0.660 1 0.045 4 0. 468 1
0.5543 50.6810 —0.0025 0.0090 2.2176 0.0156 0.411 1
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Fig. 5 Weight values of each index
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Tab. 4 Weight calculation results of each index

- EK(E
D, D, s D, D, D, D,
AHP i 0.0479 0.046 7 0.1811 0.1809 0.1809 0.1815 0.1811
IAHP 0.040 8 0.040 8 0.1837 0.1837 0.1837 0.1837 0.1837
SRR 0.1450 0.1559 0.1435 0.1353 0.1134 0.1122 0.1945
TAM ¥ 0.196 2 0.206 5 0.098 4 0.1212 0.1051 0.1153 0.1573
TAHP-IAM- #2520 5 A 122 0.109 8 0.1143 0.1516 0.1616 0.1545 0.1590 0.1773
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Tab. 5 Evaluation results of each roof photovoltaic grid-
connected scheme
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Fig. 6 Comparison of the relative fit of the three evaluation
methods
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Tab. 7 Comparison of the evaluation results of the three
evaluation methods
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ik
7 G WA WIEEM WA
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TOPSIS 0.1616 0.007 9 0.042 5
>l>5>7
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0.1428 0.004 8 0.042 4
i 65557
452331
ITOPSIS 0.1707 0. 006 0 0.0512
>6>5>7

ES st VIR G BEAE st 2 IO MIXS I 6 BE
1 0.590 1 0.549 5
2 0.588 1 0.5770
3 0. 6056 0.566 0
4 0.599 2 0.6491
5 0. 460 6 0.5126
6 0.507 2 0.543 5
7 0.3936 0.3419
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Tab. 6 Comparison of relative fit of different scenes

6 P ARG WG 5 1 251 759 Y2
IRME 0.0809 0.1707
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