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Research of reasonable distribution modes of rural power grids

ZHAO Ming, TANG Hong-wei”"
(College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China)

Abstract In order to reduce the investment and operating costs of rural power grid, we developed a model to describe
the effects of annual cost of unit supply area on the radius of line power supply.the number of substations and the
density of load,by using the line voltage drop and the maximum load limit as control conditions, under the demand of
load and the limits of technical indices. The comparisons of economies of three modes of power distribution of China’s
rural power grid,110/35/10 kV,110/20 kV and 110/10 kV,were performed by the approach above. The results show
that when the load density is below 250 kW /km? , the annual cost of 110/10 kV distribution mode is the lowest; when the
load density is greater than 250 kW/km?, 110/20 kV distribution is the most economical; and for 110/35/10 kV

distribution mode, there is still high value to preserve it due to its wildly use and the similar cost to the other two

distribution modes.

Key words rural power grid; distribution modes; load density; power supply radius; optimal selection

Wit HL g B0 ey B R T RS S, 110/10 KV FiT 110/
20 kV it i oy = ok b 22 iy Y B AR A A EL IR R
BB B Br B 2 B Z R 110/20 kV B ECHL
2 3 C L 7 2CCE A A v Rt v RE T RN L H AT
M. FEEW T AE CIF R 20 kV RS 90K
SRR H BT EWN 20 kV SRS 6 S IF
Nogst AEE B A A R E B AR 5 H
by DX S5 R, P T B AL M S5 T A, 3 R A5 B0 32
R 025 B C B O S e M R AT LA, B
T 56 20 U M A g 1 T, ORI AR AR A L R ) 4
PR SRR A R Y, 110/35/10 kV &

W ks H . 2012-02-03
RHeWH. BR T —H"FH L #50 H (2006BAJ04B06)

FRE A W R B R E R R T, R
i 25 B BE0, 110/35/10 kV Fic v 7 27 fig 75 22 1
Jn 35 VAR H Sk HCE DT 51 RS AR H S AR 2
.10 KV 2 i 1A AF 9% B Al 2 1 K. 7R T R R RE
BARZMET S 110/20.110/10 kV % i #1775 1
LErg] 1B e R 200 o b VA - of E LN S 0 i e N
4 70 A 25 BE L WO SR AEAE — > B B TEC H O 2 A AR
PR A fREN

AR5 0038 28 Xof AN [R] 170 2% B 4% i L 5 2R
o7 T FRAE 2 F 1 H A, 4R 20 U M SR A R BC H O
LA I A MR 4 X6 AN [) 2y 38 R L A8 R ol o R AR B

B—VEF . WL AL #F5E 4, E-mail : zhaoming1989@ hotmail. com
WIREHE: AT AIEE, FEANFB I RE LIS E-mail: tang7643@163. com



160 hoE kR R R R 2012 4F 35 17 %

AR HL R FE A7 HL O SR AL BE NS B2  t  EA S  D -  l E
XFF110/35/10 kV F1110/20 kV (110/10 kV fiP
1 : il
L RS 110/20 kV BEHL 7 20 28 45 1
1.1 RFEMIRFELER MIFED 2 Filc e 7 3, AR i I e 32 26 455 A L
T 45 H A b H I ) SR gt by 22 AR K, Bk 3

110/35/10 kV,

| | 35/10 kV | | 110/20 kV | |
@+ | FO+—T—1—
10/0.38 kV 8 20/0.38 kV 8 20/0.38 kV 8

10/0.38 kV

@D,

(a) 110/35/10 kV (b) 110/20 kV

1 RISEMIGFEEER

Fig.1 Order wiring model for rural power grid
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Fig. 3 Connection diagram of substations in

110/35/10 kV distribution mode
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Fig. 4 Supply area diagram of 110/35/10 kV

distribution mode
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Fig.5 Linear regression relationship between the line
cross-sectional area of 110 kV and investment

of lines

LR S LB — R EHEREER N
Zio = (ai 110 F as110S110) Lionie =
(32.52+0.1507S,10) 2L n110 (D

A Z0 110 kV LB, T 0 a1 110 v as 10 53
BIh 110 kV 2k 4% 5 5 4 3w BLUIE 56 A 56 1Y
A R B S o 110 kV B AL, mm* 5 Ly,
110 kV Rt 42 . km, RE 1.2 39, E
— PR R AT RS KER 2 5.,
Fr LA 110 KV 2 B8 KT Lo 20 kV 2B K Ly,
0 2 f% . nie g 110 /20 KV 725 o ol BiF E HE Y 110
kV 2 % H 2k A%k
2.2 A

R bR XA I L 7 2R AR 2 B 0 b L A
2P C L T R B R AR AT R R R AR

110/20 kV e o 77 A Ak 3R 2 i A oy
_ Fi + Fuyy +ny (Fy + Fy)

nL3

Aorf o F oz e i 7 20 0 B T FRAE 2R L U7 ot/
km®; L, 2 20 kV ZE gt H 242 km; F (F,  Fa s

F (2

Fuo 48512 110/20 kV ZE B35 .20/0. 38 kV ZF Hi,
WiAE SR L 110/20 KV AR M uh R 20 KV 2k K.
110/20 kV 28 i B 4209 110 kV R RRINAE R . 7
JGsnse A 110/20 kV A8 fL U BT 4 20 kV 2R 1 £k

110/10 kV B i J5 et it s B8 oy
_ Fi+ Fuy + g (Fy+ Fy)

xLi,

ALy 10 KV et 48  km; Fy  F, (F R
435 110/10 kV AR H %4 ,10/0. 38 k'V A8 H i 4F 2%
L 110/10 kV 22 s a3 4209 10 kV e B AU 4E 9
JI TG sm R 110/10 kV A5 B3 firiE 4 10 kV 2k % 14

110/35/10 kV P 7y AL fb i+ 5 B 4 5 7 oy
_ 1/n(F; + Fiyy) + Fs + Fys + Fy

L%,

K Fs JFy JFys 098 110/35/10 kV A8 H %G .35/
10 kV AE By 4F 3% FH . 110/35/10 k'V 745 HL 3 % % 1)
35 kV R BI 4B . Jrotsn o 10/35/10 kV 3 %
2 35/10 kV A8 B i B

THEA 5 I H 2o A7 T ARAE 2 T B 29 o 45 0
HUEMAFEE b AU Y0 AR L T AR LA R S/
P<<2.0, .S KA s &, kVA; P 728 d i
) 70 1

X HEALLL 110/20 kV Pe 5 8 6L 20 kV
LS SR ARK (2 AR5 B DLEE AL AR Ly
20 kV LB S LR M AL S, 110 kV 2R B S 28
TS0 R 072 Sk 04 B o7 A3t Fl, T FRUAR 9% FH AR E 3R 3k
X

F

3

F 9]

_ Fl +F110 +n20(F2 +on)

nl3,
L3¢ = cLyd 4 €S Lol + £Sul Li +
gSwLlan +h
K abieve  fugh 33 LL Loy Sao Siio 728 5
JIT 28 1) 5 3 1) FR AR

a — %(A‘F}')(Cﬁ_gonzo +4a1,110)

F = al zol +

b= %[(/H—)’)(au Fan) +

dT s (aa = das. 2 )
Acos’

¢ = ZdTm;nx TtGZ XAP

dT (a&l +a3.2) + :I



54 BAE A . AR o B H O 2B O A ik 4 163
1 F2 110/20 kVERBAFXEFEERK 20 kV HEEH
e = —QA+ Y assny
T AU ERNE I
f= é Tmaxgz"f P20 Table 2 Influence of 110/20 kV distribution way
2 2
15 n50U, cos ¢ 1000 round supply area 20 kV number of
g = i(}{ + ) a1 lines on the optimization results
e
2.2 / I‘Zf)/ XZU/ X ()/ F/
h:aPU+Vw@¢+@“ﬁ‘ nao . o o
e (kW /km?) km mm? mm? (J7J6/km*)
ZdT(aM 4 Ga2 >+ L‘T(as,l 4 G2 )} 4 50 9.6 185 240 4. 099
N30 2cos“ @ 20
KAt san Al ao, MBI 110/20 KV AR HL 36254 3 4 200 6.0 18 =0 267
55 A L 45 0 TG OC VM OGR4 I R B a0 AT au O3 6 50 10.6 185 185 3.790
SR 110/20 kV 727 B 3l 25 25 5 4 5 748 B ol 25 1 G 200 6.7 185 185 8.911

K AHIEFB A3 1 R B a5 R a0 43 50 110/20 kV
7 B S 97 B AR RE 5 AR H Ol 2 TG 6 LM SR BB A 1 &R
Bsar, Ml az, 53002 20/0. 38 KV AR B o 25 & 1
AR 2 O A I B R B a, . I ay . )
B2k 20/0. 38 KV AR HL i 23 2 #E 5 A8 HL i 45 1R G
K AHIFR AT 1) R B as o A as. 43 5 R 20/0. 38 kV
A5 H Sl 97 B AR RE 5 A8 L 3l 2 TG 6 LA SRR A 1 &R
Brsar o0l asno J9 20 KV 2R BR 2545 3 5 40 6 A THT
FRIE O AH B4 19 R B s a0 Il @z, 00 R 110 KV £R
I LF A T M R R T RGO A G R A o
kB fof 2 BE L kW /km” s U, M 4 22 HL . kV ; cosgp N
DB Xop s MR S K B ST, Q/km.,

3 kA&

2 I 1 A 2 A R I 1% 4B T FRHS SR 5 T B ASE
T ARAT B B 00 DR 225 G v Rk ol > A% IBCAA S T B 1 4%
b B L H Y TR P A R AN A O A H el Y T R
PR BRI Fe KA Ay RIVRT 15 2 B i AR T AR P T T2 Al
JH B A i 2 4 D DR LA [ Y TL AR A

gha LR BRI P 2R 8 A Flod 1% A A O KOk R
Bt IS B AN A7 A 1 8T AR T i R T R A D A
UGN 0.1 km fy J7 X 2 4 R H 58 L BR A F 07
A FRAT B T e /M

I8 110/35/10 KV It H 5 X AE 2% F i, 75
B 110/35 KV AR B s T 35/10 kV £ n, AR
Pt Z AR - 1<<n<<8, fiF LA [A) B 1T DL 25 08k AR 1
B8 n 55 4RI At R P A R R K T AR 3 [ A Ry A
TR AT HAAL T FRAE 2 H B /IME .

W T A A TR AR 4 S B R [ S
T =& H O B/ AL AR 3% L DL RCHS e 6 R Y 4 2
B BUE RIS IS5 R 0L 2 Ik 3,

ff:‘ﬂzuyﬂ 20 kV ?tﬂﬁtﬂﬁé%ﬁl,a yﬂﬁm%}fﬁﬂzzoyﬂ 20 kV
2R AL AR 5 Xoo B X100 405120 20 KV F0 110 kV £k
% R F O B ARAE 2R T, TR

®3 AAHLIWEBEFATATEE
AL 5 R R0
Table 3 Optimized results of three distributions under

various load densities with four outlets

ALt 7 3t o xR H
(kW/km?) km mm’ mm® (JFo6/km?)
110/10 kV 50 5.7 150 185  3.810
100 4.5 150 185  5.885
200 3.6 150 185  9.478
250 3.4 185 185  11.203
300 3.2 185 185  12.846
110/20 kV 50 9.6 185 240  4.099

100 7.6 185 240 6.210
200 6.0 185 240 9.677
250 5.6 185 240 11. 151

300 5.3 185 300 12.719

110/35/10 kV 50 5.7 95 150 4.268
100 4.8 95 240 6.479
200 3.8 95 240 10. 796
250 3.6 95 240 11. 931

300 3.3 150 240 13. 546
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