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Table 1 Comprehensive evaluation index system of distribution network planning

considering urban scenario demand
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Fig.1 Schematic diagram of cloud digital features

S SO Sl T M T ) 52 2 JBE R AR 7S £ % G TR
B AME 5y BE 2 A 5E P48 bR JE AR 2 S 5 AT A A
2%, B0
Ve={Ve, Ve, VS, VS, V)=

(WS 2, AR B R, A R, B 2k, R 2k
AEHANENENTNEE

(HHETRINE, {38 PR, 7R R B R, R TR

AR 8 4 70 2 R R i E S TP SF RN =
R R R AE S A B A YR AR ) o A
BHE ,=0.5.H,,=0.005, Al 4 TFH R 1 2 458
RIZHL, LR SR 3R AL FNER A2, TEAN A X ILFT 5%

A UL G0 AR SCE P98 b E 4718 5 P
@, W UASTE SV Al — 25 SRR H

E, =" (10)
YE.,
u=1
E, :iE (11)
=1

Horh B FE. AT 0 A 5 T 2 Al
S Y A (R
P LA 3 0 A LB (8 2, B 0 o 9 b

A (E
22 IEHRFAERHENE
22.1 ARTAL 2

S 22 b HEAL T B A Al A0S e
BAR LRI B 7 B MR R AT b B Rk
A p MRS S=18,,S,, -+, S, |, HEAT IR 1 ¢ 4
HAR = 9id6hR C=1C,, C,, -, C X2 S 9 F 41 C,
XFRAEARE A ¢y X TR RAESR , T ARX N

cy—m,

c;= (12)
M, —m,
X TR NEE bR TR AR -
i (13)
€= M, —m,

Hor, M, = max {clj}; m; =min {cij}o A S {c;}j:@'é
R—3 JoaE N BRI
222 —HIRARBAL
ST ST v UG T FL P AN [ 4 X AN [
R IR BT oR A7 2257 A SCR T — b R
78078 18 KB W E/RIEE R AT
iw,

'M)-:llZIU j,=l,2,"',n1 (14)

ot JH A — AR I w0, W
WA j, A —PIERRRCE FTSMEL s, 2K
SERRRL. 1B FIBR £ Ml AL SRS S A B 4TI
I (15) H AR RR & LA B

wh

w], = (15)
Zw,-.

TERAERANR B KRB, AR5 Al #
T8 UL T BE LA S A5 35 bn A T 2R 2, T QR UE P H
SRR
223 ZZBIEHEKR

WAL e — 3 T 22 57 0K 3 B & A 3%, 1%
I AR bR T 35 15 B KNI S SR AR A, T A
RO R R, B A — SR B e, T
AR ICT, Co e, CL LR HGIEAT A, U — 24 4
WAL BT

(DI R S B j S — 38 hn FAS 4
TERARHR C) X RLIR PR E ), TR AR E LT )

Cj,

V== (16)
ar*
2%
i=1
() AE R C) 15 B H) RILIUARE &)
53



F£28 WY 45 22 BT 3 SR R i s G H R e AL B O vk @
, 1 & . A R2 MM FRAERE R
H ==y Iny} (17) . . i
: Inp &% 2 Table 2 Optimal selection results of three
d’/; =1- HJ(Z' (18) planning schemes
. 4 R
(3)FETROHE 5 C AL o) Ny RGN e g SPOOL
A BHEMHTINE  X,>X>X>X>X,>
v =—" (19) WA AT X, >X,>X,>X, oXeXs 19830
- R RATFR X >X>X,>X, >X,>
;dfz VP55 XX XY, wteXe 19930
23 ZHEITEME 3 EHRARISS X4;X§;X;;X;;X2> X,.X,.X, 19180
I IR AP BRI AR E L R PR SR RN & PR AR A (S T

R, 388 3o S O A58 45 E A X G 25 A 1 E
HY.H:

" I
_ Py _ A

Yi_zwhyi ‘2 w; vj, Cjj, (20)
Ji=1

SR PR E YOBOKR, Ul A DAl X G v e L S
FRL 9 S A I e, LI 3 A ] S o ) S AL
3 T7 SR, IO A (E A v RS R MR S
MRUCHE £ KA BCHL I FEAT 505¢ , ML 7 58 19 B AR 43
AWMEQ, N

K
0.-3V K=l2ep D
k=1

Horb, Q, 8% 0 7 I BARZEATENAE s YV, N LRI
BEGARSCIEE kAVTAE X S 255 EN B
24 FERWE

DL 8 SVARTE B e KR H bR, DUAF B B %
ESE ik Ly |

F =max iYk‘K:l,L---,p
k=1 (22)

K
st. G= ng
k=1

Forb, g, RE S kA ELUR TC HL 0 B9 4558 AR 5 6
AR AR

3 Efiaih

BT Lk v R C H R RI 28 B0 8 AR AR R
BEAT A M 5 4k, BEEUHE 11X 9 4~ 10 kV L B 9], 43+ 53]
ICA X, — X, B UEA ST 7 ik B AT A 54k

108 40 3% 9 AL R I ) 30 v b 45 Y
52 7 i N HR 25 2 6 AR i U M ) 3 2 A e PR FE bt
B S EPEM, IF 8 s ALK b . 9 H
WA () B KB DL B 57 b 6 A3 5 L TR FE A5 21 11
MR T P T R 3T A e SR R L N 28
3 — AR AR ALE 4391 R 0.36.,0.41 F10.23 5 A [H] 48
FRAAR 2 256 P 1 LB SR 35 A4

PEARJE BB R 20000 J5 7T, 3 FAE R 7 %8 B
BEGL ST A 5 R BB AR I 2 T

AT RURI O T AT

(1) 7 % 1 DAL Ge i {3k o mT S Sl 40 90 00 A7 i
CEN GBS/ bl s U S A A S S A B F A SN ol S )
5% FRL HSF () RS- 357 5% SR AR S 1t Fl T Sk 1) 32
FLAE AR, HH T35 450 H e i) m 2 46 Ry S 34 {3k H ] g
RO S v i P A T RSPS84 L 0
R2OANEIREE A R AL Gl ] S

Hi 2% A3 AT, 78 T T3 B R R, 2 A
S-S5 4L FE T AR SRR SRy RIS B O A R DS AR X 5 A
Xy X X, , {H B FH P X6 A 1] W74k F 75 SR A AS 7 32
T, Tt AT 5 SRR TR 0 KT T S $4 452 H A R
AFL FH PR ARG i E N R R B R 4
FEL 0 AR 38 I X 52 28 R X X X, 7 A1 L 37 B i
W B A5 PR3 AT A kN5 FUR Y A GE AR, FE
FLRI A v o2 e AR R A T % R R AR ALY . T
1% 07 SR AT R R B B R R A, EL A i
AIEEVERR T B8 X (H A % R L T R 19 22 Sk

(2) 7 % 2 DIt v o a4 T 75 SR R Ak s 184 7 AT
LRI OGP 3R 2 AT, S 5 R X X XS,
55 R UK X B Ry 58 230 B T e H X
e R TR A 2 50 M TR 1R X,. X,
R X X B T S AR R TR, e 3R A3 TTATX
X, 1S4t ] HE 3255518 99.978 8 % .99.992 6 %
M X X, A °F 2 44k H 7] 5 224 53 51 24 99.8512 %
99.964 5 % ARHEHE At v SE M A HLR B AR, FEA
Xof L E AT SRR ARG ) X X e A T s , (HAR 4%
B 5 H HFRAKT Z 18] (22085, 40 X, X, 09 -2t ]
R HFRE SN 99.990 1 % .99.999 0 % , T X, . X,
(14 7 33 (4t AT 88 H A (B AL 53 31 99.863 0 %
99.965 8 % , BV Xy, X, ) H4t FL ] S BUBR 5 H: H AR (i
Z IR 22 BE A, HLA s AR TR A [, L X X,
XL AT EEME R T A S TR . A, TR 218
3k LS A SR 22 3 b s W i ) ) R B T EE 1Y)
PTFFR . BRI S, T 5 2B Fe sy s e T Bic el
W) e A3t e R b ) 22 SR TR R 7R R TR LI G R )
FRRIBE D, BT 22 A B A A o B KSR T
R 25 R T Y s RO . B 1R 5

(3) I & 3LEA B TR 2 755K T



@ L/ AR {7 G-

F41%

St R D i R 28 35 M Je % v F 9T T L R R A 7 R
R . 20T, B3I Z L 21
X X5 X, 280 X, X X, FBE 5800 28 U v] 8T X,
T2 S A R T R 3 A L6, X TR
2 R ER 46 AR T 28 3 AR 340 .

PLBC L X, R AT 43 B, Hh & A3 mT 0, B
W X, B30 T 370 5 T 2R 6 A g AG b, 3T R A
W52 2 B R 7S 2k B R o ) R 7 T £
A B JE S RS LR I B R S A R X 5 A
FEAR B FE ARG 2350 0.683.0.765 . 18.06 % .4.65 % .
0.056 7, 7% e L e el B A e SR RE L #R A F 9
AN R AT 30, Il R A4 AT LR B,
W R SRPEM M 0.800 8, i 9 AN BL H, R 3k T
YT R i S 4h  FE e o W X, A 28 5 v o
HH % A3 AT, H 2 A AR AR 2 05 1k AR T
HI 3. FH e A4 m] IE L ) X, 18 T F T 28 35 1
Wl 2 0.8136, ALK T X, 19 0.8754 i T4 247,
I, 2552 18 =y T N R KR AR 5, 76 R LR
et fEL P ) o AR S 2 R X o X T HL R X 4 AT
B R 37

FA  F A IR R AR X % 3 A A
EAREAY , 75 78 70 A S bR B () 2 PR AT IR A
MR T LREI ., WSOk, —H48hnh , ki
Yt o RAGE R 0.41, Ut 5l B e K, X S EL B
JE L3 R O IR0 A1 B A T A R S T L L XY
S L e e B ) BT, D R 322 b DX B A AR X 4 v ) L oy
JER K ARAAT o ARG AN ] 2 Ji s 30 K AR ) s [X 18 552
B 155 Ot ) 2 — 2 8 bR A TR, O A ) R b G 3t H
PR TR R T ST SROFAC L W 2 P 3 A
1A 75 R, HAA SEPR TR

g5 b AR SO R BRI 43 BTy o e s AR B T il
Hh L I B FEL PG 4R 8 A5 4 I T 1
R, AT RO L G L A R R 2

4 LEiE

BT ST I L PR3] P 224 P T L T HE R Y
FEB L ST 1 o AR 2 M7 75 1 B TR R, AR SCOT i
TLUR TAE:

(1) AL R B $R T R I & 5 s R AT e
W25 3 AN R RS 1 — B3l iy v s B U L 1
ML ZR G fE bR A 2, e el T $ T 7 5K O T
% 185 H AR KF 2Z 6] 9 22 0, 7E 300 50 75 5K 07 T
U= i 34> 3 E A T 2 v e 58 it s Jms R 1
5 v A A B AK Bh Jg , FE T L I R T TG T
LA S R BT RUR 5

(2)i 1 5 BN 5 PR FE AR AL , ARG 22 0L
S5E W TEIR AR BGE XS 25 B ASARIRAL , $2 th —Fh LA
LR PR A D HE P MO 04 Hh s 300 E H PR R
LERAVIAG 7 12, BEAT R HES B0 SE U HE O &)

Jrg& Pt dedloid xt B A A oK 3R T H R 5

(3) 5173 Br R A, A SCHI $1 077 vk g 4 1 25 S B ]
HRL O (4t R R Y 2 S AL R v T U B A 3k
5y s i SR M C B, TR e e 28 PR R, SE B R
BT LR A B T R 22 B =5
T £5 5 3 KA -

P s JL A M 25 5% (http : / www.epae.cn)
S EHK:

[ 1] bR, e, w30e, % . ok B ECH M w5 R 50
wIt(J]. RS A 3K, 2019,43(23):2-14,89.
HAN Minxiao, XIE Wenqiang, CAO Wenyuan, et al. Applica-
tion scenario and system design of medium-voltage DC distri-
bution network [J]. Automation of Electric Power Systems,
2019,43(23):2-14,89.
[2 ] FMEIWT, SR8, A5, 45 S BRI A e i UL AT e s R
Wsel)]. H4IH,2016,33(8):7-17
SUN Guomeng, QI Chen,HAN Bei,et al. Research of key tech-
nology of AC/DC hybrid distribution network planning and
opcration[.]]. Distribution and Utilization ,2016,33(8):7-17.
B, X B, A B TREC L SCBE BRI 5 0 e
(). PP T AR, 2018,38(23) :6791-6801,7114.
ZENG Rong,ZHAO Yuming,ZHAO Biao,et al. A prospective
look on research and application of DC power distribution
technology [J]. Proceedings of the CSEE,2018,38(23):6791-
6801,7114.
AR, SR, R . LT A BRI A S LR A
Tl I RN L)/ OL]. HL AR . (2019-03-06) [2019-
11-18]. https://doi.org / 10.13335 /j.1000-3673.pst.2018.2340.
BURE e, K, X, A5 a3 A RE R S E AE L I A2
HCE A AR R R e Ak ], iy A sk, 2019,
39(4):1-7,16.
JIA Yulong, MI Zenggiang, LIU Liqing, et al. Comprehensive

[3

[—

—
A~
[

—
W
[—

optimization method of capacity configuration and ordered in-
stallation for distributed energy storage system accessing dis-
tribution network [J]. Electric Power Automation Equipment,
2019,39(4):1-7,16.

JAGEIE  FREHT, BiREh 45 . R TIR A B B e e -
e MR ly]. A shfkies,2019,39(6) : 1-11.

ZHOU Xianzheng,GUO Chuangxin,CHEN Wei,et al. Joint plan-

ning of electricity-gas distribution network based on mixed in-

—
=)}
[—

teger second-order cone programming[J]. Electric Power Auto-
mation Equipment,2019,39(6):1-11.

DIAS F M, CANIZES B, KHODR H, et al. Distribution net-
works planning using decomposition optimisation technique[]].
IET Generation, Transmission & Distribution,2015,9(12):1409-
1420.

BRI, E8% B 45 LT 2T FrPEA T 0 I e 1 B ) 25
PR IR )], ThE JT,2016,49(10) : 159-164.
CHEN Yuan, WANG Lu,HUANG Youzhen,et al. Economic

benefit evaluation model of distribution network planning

[7

[—

—
o]
[i—

based on multilevel extension evaluation method [J]. Electric
Power,2016,49(10) : 159-164.

[9] GAN C K,PYDJANTO D,DJAPIC P,et al Strategic assess-
ment of alternative design options for multivoltage-level distri-
bution networks[J]. IEEE Transactions on Power Systems,
2014,29(3):1261-1269.

[10] BRBHAR, BRFAHE XTI . 25 R P 55 R 0 e A I R 30 % 42
Mortiorikla]. il 514, 2018,55(23) 1 15-21.



28

BARES 45 5 TR 7 S SR A Hp T B P FRL I L e 0 23 A7 07 125 ®

OUYANG Sen, CHEN Danling, LIU Liyuan. An optimized se-
lection method of executive object for distribution network
planning considering user demand[J]. Electrical Measurement
& Instrumentation,2018,55(23):15-21.

R . T H B e K5 A 1C H o0 P o T S PR PP 3 BT (D .
JUIN AER BT R, 2019,

CHEN Danling. Evaluation and analysis of distribution net-

[11

[

work power consumption reliability based on electric energy
data[D]. Guangzhou: South China University of Technology,
2019.

[12] b B e g Al I 25 . B UL A0 TRC Fi 00 4 JRE AT A T - T /
CEC 103—2016[S]. Jbnt: s Iy ikt , 2016.

[13] HEZEREWE)R . i Rl SEE PP M ML DL/ T 836.1—
2016[S1. Jemt: i L Iy AL, 2016.

(147 RREHAR, XVHH0E . P5C L 060 FH F a) SE RS bR id 2/ K Er 5 WE Al T ik
[J]. #RIHEA ,2017,41(1):215-222.
OUYANG Sen, LIU Liyuan. Reliability index system of distri-

TEB B U PEAL D55 [T, W71 A S ki 4, 2018, 38(8) 1 125-
130, 146.
XIONG Weihong, ZHANG Hongzhi, XIE Zhicheng, et al. Risk
assessment of power transformer potential fault based on
cloud theory and entropy weight method[J]. Electric Power
Automation Equipment,2018,38(8):125-130, 146.

[20] ¥ 3k, EXUI, XIEE, 55 . BT -2 R A i = 380 24 D e g
JIPEAGLT ). Fedeefs AR, 2019,40(7) - 180-184.
JIANG Lin, WANG Shuangchuan, LIU Ying, et al. Evaluation
for aviation ammunition support capability based on entropy
weight and cloud model [J]. Journal of Ordnance Equipment
Engineering,2019 ,40(7):180-184.

[21] ®EBLE . = 248 5 A B M ). 200 DU AR
#t,2003:103-125.

[22] OKOLI C,PAWLOWSKI S D. The Delphi method as a resear-
ch tool:an example, design considerations and applications[J].
Information & Management,2004,42(1):15-29.

bution network for power consumer and its comprehensive as-
sessment method [J]. Power System Te(:hn()l()gy,2017,41(l):
215-222.

[15] FEZKRRIER . B LRI BT HAR SN DL/ T 5729—2016
[S]. dtmt. sy ikttt , 2016.

[16] vt A RALFR I FEBEHS , v AR A IR R0 ] e 55t B ARG 6
FEE R . AL TR SR BT A : GB 50217—2007[S]. b3
R g R ik, 2007

[17] BB MARAR . 22 EIRA E A R ZE G IR0 4 T R0
Q / GDW 11723—2017[S 1. dtat. s EH J7 sk, 2017.

[18] WANG G Y,XU C L,LI D Y. Generic normal cloud model
[J]. Information Sciences,2014,280(1):1-15.

[19] RETLZr, sk 77k Wl 45 . L 230 BB 14248 Fe e i

TAD(1974—) , Kk, AR EEA, H
BTARI, AL, TR 6 ALl WAL
%) 5 i 47 (E-mail : 729875469 @qq.com ) ;

ERFO91—), F,MEEA &
B LA, A, £ LATR 6 A BT AL
%] 55 1247 (E-mail : 398749838@qq.com) ;

T & (1991 —), B, Ritit A, T
RIF M, BRI e A B WALR] S
12 47 (E-mail : workpd24@163.com) .

(4mig F3)

Optimal selection analysis method of MVDC distribution network planning
considering urban scenario demand
CAO Huazhen',WANG Tianlin',CHEN Peidong', GAO Chong',
YANG Moyuan®,ZHANG Zhen*,OUYANG Sen’

(1. Grid Planning & Research Center,Guangdong Power Grid Co.,Ltd., Guangzhou 510030, China;
2. School of Electric Power,South China University of Technology,Guangzhou 510640, China)

Abstract: In view of the problem that there is no quantitative analysis method for the construction priority
of multiple MVDC (Medium-Voltage DC) distribution networks in the urban distribution network planning,
an optimal selection analysis method for MVDC distribution network planning objects considering the urban
scenario demand is proposed. A comprehensive index system of urban MVDC distribution network planning
and optimal selection is established from three aspects of power supply quality improvement demand,urban
scenario demand and distribution network economy. In terms of power supply quality improvement demand,
the gap between the target levels is considered. In terms of urban scenario demand,the construction limita-
tions of MVAC (Medium-Voltage AC) distribution network and the construction driving force of MVDC dis-
tribution network are considered. And in terms of economy, the severity of power loss cost is concerned.
Then, the qualitative indexes are quantified by cloud model, the comprehensive evaluation values of each
distribution network are calculated based on the hierarchical additive weighting of Delphi entropy weight
method,and the distribution networks are sorted according to the values. Under the constraint of annual total
investment, the optimization of planning objects is realized by taking the maximum comprehensive evaluation
value of scheme as the objective function,so as to arrange the construction priorities of multiple MVDC
distribution networks. The distribution network in a certain region is taken as an example to verify the
practicability of proposed method.

Key words:urban scenario demand;medium-voltage DC distribution network;planning;optimal selection analy-

sis method
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Table Al Cloud digital characteristics of each evaluation level of index x and its axis range

PR RS FHEIV,S R V© BEZEV,C AV
ZMEAY [1,0.103,00131]  [0.691,0.064,0.0081]  [0.50,0.031,0.005]  [0.309,0.064,0.0081]  [0,0.103,0.0131]
X s [1,0.691] [0.883,0.499] [0.593,0.407] [0.501,0.117] [0.309,0]

RA2 RELKEBRZIESEERSINFRNHFHEREEHIER

Table A2 Cloud digital characteristics of each evaluation level of index xo and its axis range

PSS DENGRAAY A A V,© AR PR A V,© B AV, ° NG A
Py b [1,0.103,0.0131]  [0.691,0.064,0.0081] [0.50,0.031,0.005]  [0.309,0.064,0.0081] [0,0.103,0.0131]
x i [1,0.691] [0.883,0.499] [0.593,0.407] [0.501,0.117] [0.309,0]

XFER ANVEI AR AR A A AR ALT TSR E, = g + (11— 0.618) (X + Xin)/2=0.691 ,
E,, =(1—0.618)(X,, —%,)/2=0.064, H_, =H,,/0.618=0.0081 .
XA L APPSR R E R M CREAZRT sy E, =1, E,=E,/0.618=0.103

H,=H,/0.0131.
HRBRESHTIKIEEHE.
= A3 Eic B M IBTREE
Table A3 Index data of each distribution network
RVQR-T
XTJ‘ RASAH/ RASAI—T/ARASAI/ RSAIFI—1/ RSAIFI—T/ ARSAIFI/ I:'QVQRJ/ / ARVQR/ DRES/ DSL/ SF/ o CVOC/ g/
%% % % KA IE % % He Moy g 9 T puw e )] JivE
0
Xy 99.9975 99.9990 -0.0015 03754 01000 02754 99.90 99.99 -0.09 0.827 0.882 6.63 1540 830 0.0137 243 6570
Xz 99.9926 99.9990 -0.0064 0.3845 0.1000 -0.2845 99.89 9999 -0.10 0.770 0.850 573 1208 520 0.0076 26.7 7020
X3 99.9836 99.9901 -0.0065 0.1832 02000  0.0168 9991 9997 -0.06 0555 0661 3.60 16.14 1055 0.0223 19.3 6810
X4 99.9812 99.9901 -0.0089 0.2010 0.2000 -0.0010 99.83 9997 -0.14 0683 0.765 4.00 1806 4.65 0.0567 19.6 6420
Xs 99.9788 99.9901 -0.0113 04213 02000 02213 9987 9997 -0.10 0577 0706 865 1057 9.85 0.0107 18.3 6520
Xs 99.9645 99.9658 -0.0013 04643 03000 -0.1643 99.82 9995 -0.13 0452 0474 10.85 11.05 18.95 0.0652 114 6890
X; 99.9589 99.9658 -0.0069 03167 0.3000 -0.0167 99.83 9995 -0.12 0526 0548 7.26 1223 10.60 0.0223 14.8 6540
Xg 99.9456 99.9658 -0.0202 04201 03000 01201 99.78 9995 -0.17 0327 0339 644 1662 505 00185 10.7 6390
Xo 99.8512 99.8630 -0.0118 04023 05000  0.0977 9880 9879 001 0118 0150 209 14.89 19.95 0.0481 8.3 6550

* A4 TEIHEIRARBNIEMN G
Table A4 Evaluation results of different index systems

% X, X, X3 X4 Xs Xs X7 Xg Xo
FEGE L AT SE PR (E 0.4971 04645 09749 0.9240 0.3432 0.2049 0.5809 0.2863 0.1622
Pl TR BRI R RPN 04427 05823 02768 0.4409 0.6476 0.3854 0.3830 0.8564 0.2582
W R R RPN 05726 04548 0.4838 0.8008 0.3824 0.5543 0.4190 0.4928 0.3115
ict L P 28 B P VT AN 0.8754 05427 05330 08136 0.6986 0.1992 05614 05207 0.3254

2SI T35 55t T SR I TE R R 2 B VT (B 05955 05209 0.4206 0.6742 0.5506 0.4119 0.4388 0.6301 0.2955
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