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220/20kV power supply scheme in high load density urban areas
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Abstract: Application of 20kV in MV distribution system has been proved to be feasible and advisable with the rapid growing load
density in urban areas. The decreasing of gap between neighboring voltage value in the existing 220/110/20kV sequence results in
overlapping in power supply area and that the capacity of devices in system cannot be in full use subsequently. Assuming the load in
the area is uniformly distributed, this paper proposes a mathematical model with a decision-making index based on power supply cost
per unit load and makes a Voronoi diagram based 220kV substation optimal supply area. A case study of a real distribution system in
Jiangsu province is employed to make a comparison of the cost per unit load in the horizontal year in both 220/110/20kV and
220/20kV system. Preliminary conclusion about reasonable load density of higher than a certain level is appropriate for voltage .
sequence in power supply system in special conditions is presented. And it also makes a further suggestion that 110kV be eliminated
from the existing voltage sequence in urban distribution system with this load density for avoiding overlapping in voltage stepping
down and also getting ready for further HV distribution voltage optimization.

Key words: power supply scheme; load density; voltage series; urban power grid planning; 220/20kV; Voronoi diagram

RS TM715  SCERARIRFG: A XERS: 1674-3415(2009)20-0001-06

0 3= LVFHARPAENE ; YT 54— Lol T e I g SR Rt LR S
= TR EES 10kV FHEHR 20 kV ZRTH . 4

Iof 71 e Y it B R R BB, BT R R R IARAL
EENREEEFTEHNEN. BRERE ST
YRR IEIR T S fE #7500 kV 57220 kV M E &
SRERR . XA, BT R R E R S R B A
95 %, BEFHRARSESER LD 500kV. 330kV.
220 kV HETEEESS, UL 110kV. 35kV AEER
BEESS, LL20kV.10 kV b R s R,
SCRR[2~41E R T 360 &= fer 2 R s X SR A 20 kV 1Y

BEWH: BREEEAMALAITR (973 #+3]) F8h
(2009CB219703)

Wi, =HBEMEGET, 110 kV #1220 kV B H

BRAN, RFE “k=&=" RNP, HBEHK
Bk, MAREEERERERS, THREER

BEERBRUENMBIK, HREEEIIER.

Fik, RS 20 kV H AT A K&
EREEESE, AR AWEEMX KA 220/
20 KV A8 220/110/20 KV BEE 7 REGATATHE, LA
WHEEZR. BOZEER, BAFEXHA 20 kV
Z BT REH . ST 110kV E EZFRERE
B PR AERT A, ar A, Z&itfEK, B



-2- CAERBY BEH

515 o PP RO I BN B 1% H TR 25 2R AR AR T 75
MR ETHER. AUEL ER ML T
K08 AT, SRS T SRR RORT S, L
XN AL AR L SR H O o s deds, Bl E A
H7E 220/110/20 kV BEXE B & i T & B EUHE 110 kV,
B R BRIREE 220kV MEHAGEE, 4t
B RAMKNBITIBIISE.
1 HEEn

BEE T A, AR RS
BEHLERE, W DRI ST 7y i HE 27
FAGT TR TE bR B . ST AREE
HIGLE RS, HEEMRIERL AR LR R,
EAERBEERINS AT R, BERHhX
RERTHIIM. EARMBEREBTET,
REBBMAATREEHARH., BEFE F HEER
HEERAREN S, (MVA), EXEHNn . &
WAD S oE vy kit

M
2(Ci+Coi)
k=1

i 1
min 5v 4 M

b, o HABEE, MWk A i RE
B, kmy, G, FIC,,., ABIRFHAEREAS k&

KB EHE EFEFETHERSEEHRA, MABEES
FE, FRHA 22020 kV HES], MEL2; EXA
220/110/20 kV HEH], ME 3, A3, 220kV Xt
MZE M+l 2R, 20 kV FFRIFHEXTNE 1 %K.
220/110/20 kV HEHIF, 20 kV JFREEHLXTNE 1
%%, 20kV FFRUEHI 20 kV LR A HE 2 %, 110kV
HUE R 110 KV 2286 0 28 3 4, 5555 . 35K H 22020 kV
RS, B

2 1REDKAR

i AT ELBl, BIZE k M%) 5 s T
tBlh o, s 5k FNEBEEL B, 20 kv FFRh
KA 2 EBts. W k3 FERBARES, N:

S, =6*A*a, *B @
8 k AR R
N, = ceiling( S ) €)

"
X (3D FEH ceiling (FnT LIRS
X, BRI THEXEANERZEL (FFR) 1
BN, , k=2, 3, 4, =, M+1,

PEE Xy % R ARl (FFRUA) IS
ZJE, BT ARFRERERETNS R RXE.
2.1 EF Voronoi E Ryt Xig%I45

SCHR[8]1Z S T ARk ATt E A ML L
fAIELRIFD Fuzzy JUAIBRIERY, RIRTH AR B4
Frtm kAU R R EARNRED, A s
HMEHERE, RUETASNKIE. AX5IANTE
JUT2% ) Voronoi KA E RN (FFRu) #)
Bt e R BB, FE v L2, Voronoi B2
—ANEENJUEH, R RERHE VTR
5EEH XM SN EEZEM.

4 Voronoi K45 & 33 st B X WAL,
B FiH A WAEZHEEEES ={5,,5,,S,}
VS eS,i=L2,nE&4={Se4|d(S,S)<
d(S,S,),i# j} B AAE Y S, 8 Voronoi . Fid
FARAZREYE S, §9 Voronoi ZiAF. LERTERHE
S, #] Voronoi 87 #) = B|ZE FE 2 S, FIBE B #EL 1% A
FIARHWEES S PHEZHEMIEEIT. XFE 4
LR AR AAE H— Voronoi ZiA¥,
XPEH n A Voronoi ZiATELHRHIEFRA Voronoi
H. FHE_EE&FE NN EYER Voronoi EWE 1 BT
~: ZEFRHITRA A By C. D, E fli4 AB. BC.
CD. DA. AF. BG. CH. DE. EI #l EJ 4 HI##x
3 Voronoi i £ A1 Voronoi il B4R, X n MR LG
%] n 4~ Voronoi £ i1 41 i ] Voronoi B, ¥ 4
KT n MR, SMREAEANEE -1
F ¥k, Voronoi 121 Bl v] 38 7 A8 FE vt 4t vl DX 8k fp a2 57 o
n, A eE S, KX RN 4 Voronoi i1 AB. BC.
CD. DA B HIPUiATE .

A s

3N
° Voronoilfl &
E= Voronoiill

B1 &5~ 1TEETE Voronoi E

Fig.1 A plane Voronoi plot with six substations

SCRR[14,15145 T C AP A LA S

- SYEZFEH Voronoi BIHIE L.

REHKE 4 LRSS HERREES
S=1{S,S,, 5.}, KL A R



¥ OE, % WHRAEEERX 22020 kV HEFEHA -3-

WHF. B2 R et a X, b8isn
2, MEANEEEES,, A, AR
BRI P A £ 46 5 Py o B ELEE S, HUBEES /N T
ZAM AR AR BB R, B
d(B,8,)<d(F,S;), Ci# j). i Voronoi E
ETEN, 584N S, KRB Voronoi N2
FA BRI, FTEL, (B SR o AR RS
R Xk 4 #) Voronoi B, BV AT #5428 sk
4t H DX 3

XE ok FAHEW (FXRXE)) WES
S, = {81, Syprt > S, ) KU, H LA IS I
XIREERSEF, LS T HIAR B D2 AL E
FEAF B B ER ST THEE S, HtE
Xigat, RFL LRt XA R, 2
BITFEZR BN EAE b FAR B Bt s X IR
A,

MIHEHEN 2020 FERLFFMEE o &
30 MW/km?Rf, 220/20 kV K 220/110/20 kV HEH]

HETRET 220 kV R4t Kkl o g mE -

@ 2200

——— 220/110kVEE B3k it R X IHiH T}
@ 2207200 E RSk e 220/20kVESERYL{EEE KIHIO ST
B2 22020 kV % 220/110/20 kV B A A 220kV TR
sh e X iR 45 L B
Fig.2 Plot of substation supply areas comparison in
220/20 kV&220/110/20kV power supply scheme

A 2 T4, 22020 kV 25 ek 4k B X 48
220/110kV BIA/N, fE—ERE EF T 220/110/
20 kV EB R 220 kV AR SR 110 kV R HIEERR
220kV RGN 20 kV RERIAHIER, B> T 220kV
RAEM110kV REMERMLETEE. SHB B
fre XY STz e, T R AN IR
FERHfEERT, BRESREBNTEEEE R

AT, FTREERRC, MC,,, KW
2.2 ZiRIwAE
%k G TR R R BE A (T /D
SkC_OSQk_ + blkSlk ) =
avk
@®
Sk Gos + blkSt'k)

Zy=L(ay

E.R (a,
avk

Heb: R Bk FECHMEGREILHEELKE, km;
E, REEmITRE, HRBEMIEE R S, N
Bk HEEMERILRIEHIEAER, MVA; @ 8
¥k REBENERSBEREYS; P, AFER
i FiL P9 4 (B 2% B SE B P i B ThTh 2, MW; a, .
b, BAFIRMEM AN EFELBEB AT HLE
BEREXNELZBEAHRELEXANLAR
¥ S, Nk FEEMKBEERES, mm?.
2.3 THILKHE
FhRTHERERER:
Zsk = ask + bskSII;cnlf_p (5)
Heh: a,. b, RAMFEZESEREHRRAS
BEE T ARETL RN SR AN FERER KL
B R, BT EESEETEHNEE, BERHHE
Wik RIS, FHEFIRHA 22020 kV EEH, H
0 20kV Wrigss I FFRTEIRB K, SBULEN &5,
HE 22020 kV ZEHLYEH p BN 0.5, BEIACAERS
BT AR HIREM KT R E T ERERNE MW,
T EFEHAN T ETREESHRMRIEE; W
7F 220/110 kV 803 110/20 kV A3k, p ATEYE
EEUH 1 A
2.4 iE1THH
BHE M AT LR HEBNETRAALE
ANRERSF RISy, SR EMT:
KA, B
G =AptC, =
E.pJTC,
U cos; Jo
He: C, 25 k MBS RE LR RIETHRA
KIAZH 4y, AFEFIEER. AREVHRHS, H
Xt B EREBITROERAL
XA, A
Cra = Cri +Copn M

Q)

7.26 S,°



-4- eHEARP LN

C B2 k BMEE R H R B IE T HRAIR
AR, BIEE & RS TTASET R C,, A
R RE TR C, . Hoh,

G =AprC, =
EpJTC,
U cosix/g
Hea: p B k MK FRIKHKK FLBHEE,
Qemm’/km; JRAFRAFEE, A/mm’; 78
5k MR AT HAERE], h; C, & k &M
ZHK A, JUKWh.

Q,kﬂ =(87 60qf+1kFe +C;c+1z;ko.‘)sﬁfk+1 ®
Hep. kFe%QE%%@i?ﬁ%ﬁ, kW/KVA*”, TS%
B A FESE NG ko, REERERL,
KW/KVA" ™. S B k1 AR ik A8 FE A3
FE AT, MVA.

B (5 ~ (9, AKX, B2

M
DAZy+Z,+Cp+Cy)
min 42 (10)
o*4
A8 A RN EEAS[A] o I sl i e 5 R R AT fit e
HH .

3 HEILH

LT HA T AF, MR ERREE o (B3
fii: MW/km?, FR)H 20 82 80 worHvtE
22020 kV CFRRZZH# & 46)D 1 220/110/20 kV CF
=R RED MRS T 2 B AR A

(BfL: Jiot, FRD.

W R &R E TR E

(1) 220720 kV ZTHMWEKH 3 5%, BEER
AEFE 100 MVA; 220/110kV ¥R A 36X
3y, METAREXE 240 MVA; 110/20 kV 35
AR 3 5 FL, BETLREELE 80 MVA,

(2) BEAME AT 100 km?.

FLRWRT, oHKk\ 22020 kv M
220/110/20 kV PFP E i il 4 B8 07 32 B SR Fi i
A

BEE AT EERIGR, PFEEFRT, BAMR
Tt HNE 3; £NERBEERENRE 4 &N
EEGES ISR

®)

7.26 S

o |
S

g
S~
R g ¥
%) -
= 60 el N
= - —
2 40 - - —
o
20
&
2 o

20 30 40 50 60 70 80

G (MW/km® )

e 020/ 110/ 20KV s—— v e 290/ 20kV

B3 Bfumfita®f
Fig.3 Power supply cost per unit load

HE 3 TUEH, YRE%E/ADNT 35 MW/km?
B, SRAZ=Z RS R A =g R R RS N
I Tt B A M AT E E ST 35 MWm?
B, BREET RNEN, RE KB EREIRE
BN B Ot R . 7EEEAS 20~80 MW/km?
fIf g XA L, AR SRR s ], B
Tt R A a2 b, BRA K EEH
B=RBEHME, BTHET 110kV EH RS
KRB HMZITHH, FHRHE EAERRE.

Mg s RS =g EH], LR ST
TEH E FIFE LR A B I ATIR T, B 110 kV A H
uhi & 110 kV 26 3%, [RIRFIEK 220 kV £ #5H0 20 kV
Zei%, HEhn 220 kv RS HEE, TR 220 kV
BHGEE., EX—IRET, 20 kV BiHREFHFE
TR RS R, FEEME B

M B ACTFBARE, 20 kV FFeulfI YR
FHJRR K1 220 kV AT 110 kV BRER HIE RFA 4 220 kV
BEBERY, TA T 110kV ZR AR 110kV 2#%
HIZR R, {BBGINT 220 kV BEEECE, HE R,
EULTTHE A 20 kv WigRas5 R &M HEE
HOVH 2 I A TR RAEN D 1) 110 kV AR R
110 kV B8 HI%EH, R RARLT . 24 5
FEEER, 110 kV AR 110 kV B EDY
BZ, BHABREZ, HZgBEHIREHBES,
AT 110 KV AR S 110 kV kBT 5 A%
WM EE B T30 220 kv B H3E¥E, F B
HCHGINET 20 KV BiEg eSS R R AR, Skt
BIRIF AT

B 4 Ui B T PR e AR T 4 Y B K ER R A RERE
KB RER . B4R, KA LB EH,
LR =F RS, BE/DMEESRFE. BBE R
FREWEK, XAZRBEEH, BUET 110kV &
B, A>T 110 kV B H S E TR EEHRFE, AT
fER _H B EFIIR = H B AL BN BEER



% WhiERAREERX 22020 kV 4EHE TR -5-

B RLEARFE (%)

© = N W o oo |

30 40 50 60 70 80

REFHERE MW/ kn? )
s 320/ 110/ 20KV e + smmem 220/20kV

X}
o

Ea4 =RBARBERFE
Fig.4 Maximum voltage loss of whole grid

PP FIHRE (%)

o Ul

30 40 50 60 70 80
BATERE MK/ kn? )
= 220/110/20KV. e * e 220/20KV

0
=3

E5 £mMHEE
Fig.5 Energy loss rate in the grid

B 5 Ui B T P FR e R R 4 P R 1 SR B S e
BRKBMER. LRA%EENT 55 MW/km?
i, SRR EESI R R BRI E DR
W, YA ERIT 55 MWD, E£=%BE
H, MR UREGEE LA RGBT 3.5% %
fy EZHEAEESTR, SMMBRRESRE, BX
A FFAE AR = 4% o T 5 BRI A

BEE AT E R K, 7E 20~80 MW/ km?f#] $1
HMEEBEN, ZRBESHEL -ZBERTE,
HT% T 110 kV AR B, T304 M P37 240 %) T
SMEE R, AERAREIRESNKE. THER
Fir BT 55 MW/ km?, BT 22020 kV B TR
FEHT 220 kV 28 B E E B4 T3S0 59 W 4R RIE
# 220/110/20 kV 17 R KEFHIM 110 kV E
ZERAMRBE, SBMBRERK. FEik, BE
LHPWH A EERER 35 MWEKkmH B THE
JREAGER 5 20 kV ABX N B & IE AL FE B R 4R
Hh 220 kV, ERRETHAMEERBIESHN
55 MW/km?f)7KE0F, MBEIRBERERI AR, 1t
B SR A 22020 kV BBEFIGEE T RIBEFRRENX
.

4 e

AR T AR ST ERKFET 220/110/20 kV
=i RHIH R R FEUE 110 kV BESH AT
o TR 500 kv B HLIHE M HH £ 2 20 kV FF 5%
i e AN B 2 2 1) B 3 R Ot R 6 B ) S 1 B T
FIZITHA, KA Voronoi EIHE &R BHIGNE
BRI, FFEMRER EIME T AR R 55 R K
R A R R A L T SR & B R BRAL S R BR
M. &MBEXEEFFE. EMFHREAZEFEE
ARYEFEER, I LU S it o 2% AT b IR P 3T .
B ASCHE, WA THED:

(1) E—E&MHT, MW AmEES T
35 MW/km?i, K] — 40 B IR I ER =4 e IR I AH L,
TWEH 110 kv 2R uh A 110 KV 22 R H 3 LA
R AH Y 1 P 4% B P R 1S ) 220 kv AR b
B R ARFE R, AT EE RSB RN B
Az g7 far 44t LB 1 .

(1) 7E20~80 MW/km® T & VG A, =
o EHR=F B EHEMEL, FEPEERE.

(2) HBAFHFEKAT 55 MWkm?, —HKHIE
IR = AR R HIAR L, BT R 110 kV X4
BN FE 28 PRFEAE LT 220 kV AX R 2538 I AR EE, A
IRy WA T Eink 22 T

g bR, E—EAHT, AW AEEERT
35 MW/km2it, KA 220 kV Ef# 20 kV il R4
AR AT AN . XA TRE S 20kV H /&
B FE R R AR S ) = R EC R R, LR R RGBT
B WORBER. BRSNS PRFER T EEIE
B
Sk
(1]  JEER, WIEF, XBE. HiEMBEERMEE

FE[J]. MR, 2006, 30(10):64-68.

FAN Ming-tian, ZHANG Zu-ping, LIU Si-ge. Rational

Scheming of Voltage Levels in Urban Electric

Networks[J]. Power System Technology, 2006, 30

(10):64-68.

(2] =84, wutl, SETF. HFMHITIERX 20 TRHEE

FRMAIERT]. HAE, 2002,19 (6):9-11.

JIANG Xiang-sheng , WANG Hong-ye , YAO Guo-ping.

Practice of 20 kV Voltage Application in Suzhou

Industrial Park[J]. Distribution & Utilization, 2002 , 19



HEREY BN

(3]

(4]

(5]

(6]

(7]

(8]

[9]

f10]

(6):9-11.

FEHA HMDVERK 20kv BEEHRTED]. HMER,
1997,21(2):56-58.
JIANG Xiang-sheng. The 20kV Electric Power
Distribution in Suzhou Industrial Development Zonel[J].
Power System Technology, 1997,21(2):56-58.

ERAE, FEEE. TN D DX T A R L R S R TIELT).
HEFIH, 1995, (1):8-20.

W, A#Ey. RS 5SEMEREM]. i B
Bl KA 7K R H A, 2002,

3K 8 HR ik B R T R B A R[] 4R KRR ,1993,
(12):49-52.

TEL T R, Moun A M.t #t 5 ELERH ki LL B (7). El R AR
71, 1999, 3(4):49-52.

TEL TR, Moun A M.Comparison of the Power Supply

. of Berlin and Paris[J]. International Electric Power for

China, 1999, 3(4):49-52.

AT, JLAMRAE Fuzzy REUJLARRIZES T
R AL LR ER N AD]. RAETEEREXE
2, 2001, (7):92-95.

CAO Bing-yuan. Application of Geometric Programming
and Geometric Programming with Fuzzy Coefficients in
Seeking Power Supply Radius of Transformer Substation
Systems[J].Engineering-theory & Practice,2001,(7):92-
95.

XER, ke EToutE AP TR AN EE
A TG R P £ A A A i E A (I]. I R AL T AR R,
2007, 27(1): 105-111.

LIU Zi-fa, ZHANG Jian-hua. Optimal Planning of
Substation Locating and Sizing Based on Refined
Multi-team PSO Algorithm[J]. Proceedings of the CSEE,
2007, 27(1):105-111.

s, RRAE, Rk, % ETF Voronoi EIHAEH
sRACRITT IR ). S ARG R I BB ER, 2006,

f11]

[13]

[14]

[15]

[16]

{17]
(18]

18(5):22-25.

YANG Li-xi, ZHU Xiang-qian, CHEN Gen-yong,
et al. Substation Optimal Planning Method Based on
Voronoi Diagram[J]. Proceedings of the CSU-EPSA,
2006, 18(5):22-25.

Eal, B, Hig, % RRILIELEE AR
WHRITTVED). RS B 31k, 2005, 29(4): 62-66.
WANG Cheng-shan, WEI Hai-yang, XIAO Jun, et al.

Two-phase  Optimization Planning  Approach to

Substation Locating and Sizing[J]. Automation of
Electric Power Systems,2005, 29(4):62-66.

Held M, Williamson R B.Creating Electrical Distribution
Boundaries Using Computational Geometry[J]. IEEE
Trans on Power Systems, 2004, 19(3):1342-1347.
Navarro A, Rudnick H. Large-Scale Distribution
Planning—Part II: Macro-Optimization with Voronoi's
Diagram and Tabu Search{J]. IEEE Trans on Power
Systems, 2009, 24(2):752-758.

B, R UA—EE T 5B (RO M)
b EER I ARAE, 2005,

De Berg M.iFE LA ikt 5NAM]. Jbx:
TR R, 2005,

ILI54E B 1A 7). 20kV LR REEBOR FM[Z).2007.

FE1 5 e 24 7390t e AL 5 TU[Z). 2006,
W R A B R R R E R R
1+[Z].2006.

IrFE HH#A. 2009-06-09
EH @

¥ £1983), F, MEARLAE, NAEL N ZHEHR
7 & 4928 %.; E-mail: lomac@sjtu.edu.cn

f2rE (1962-), B, #d%, HEAF)F, ANELAZ
AR BEASE M. R F S @M F A T,

%X (1978-), 5, HEaR4L, ARFLHZEN

X7 @R



