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Research on Grey Model of Line Transmission Losses in
380V Distribution Power Grid

Li Qiaoxing ' Liu Xizhe %, Yang J intao’ and Xiao Shaohua’

( 1.School of Management, Guizhou University, Guiyang, 550025, P.R. China.
2. School of Electric Power, South China University of Technology, Guangzhou, 510641, P.R.China.
3. Faculty of Computer, Guangdong University of Technology, Guangzhou, 510006, P.R.China. )

Abstract: Line loss rate is a key indicator to reflect the management level of grid enterprise
in the process of power transmission. Because of a variety of reasons, it is difficult to compute the
exact value according to the formula of line losses in 380V Distribution Power Grid. However,
we can obtain the respective parameter’s range by using the correct investigation methods and
compute the interval of line losses under the uncertain situation. In this paper, we fined the grey
model of line losses and proposed the formula of covered operation, and a modified case was to be
verified the feasibility of grev model in real applications.

Keywords : Grid transmission; Grey operation; Line losses

Introduction

The line loss rate is not only a key indicator to measure the energy efficiency management
and technology level of grid enterprise, but also a recognized symbol of electrical industry
that can reflect the management level of energy consumption of grid enterprise in the process
of power transmission. In order to reduce the energy transmission consumption, we should
establish a formula to compute it. Because of the importance of line losses to manage power
net, many results has been achieved (see , etc.). In reality, we must assume many prerequisites
to simplify the formula of line losses, which certainly make it be very inexact. The rough model
of line losses also make the management be negligent. However, the ranges of some parameters

in the line losses model can be obtained by experimental methods. In grey system theory,
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the statistical data is a grey number because its real value is unknown, and the range of the
data is called the number-covered set of grey number. Grey operation method is a new global
approximate calculation method, and its results have some advantages such as intuitiveness
and easy control. Grey operation should obtain the intervals that include the corresponding true
value of data, and then use these intervals to do covered operation. At last, we also get the range
of line losses instead of its approximation. The result may be more intuitive for decision-makers
and make them reduce and prevent from risk more effectively.

The rest of this paper is organized as follows. In Section 2, we introduced the line loss
model of power net transmission, and proposed the grey model of line losses in next section.
Then, a modified example was given to show the computational effectiveness and feasibility

in real application. At last, we had a conclusion.

1 Preliminaries of Line Loss Model

Supposing that the considered distribution network has n lines, and 7' (unit: h) is
statistical time, and K is the shape factor of line load curve, and /,, (unit: A) is the average
current amount within the time 7, as well as A4, (unit: kWh) and R, (unit: ) are the loss and
the resistance of the transmission line i(i=1,2,...,1n) , respectively, then from, we get the basic
loss formula of the 0.38kV three-phrase transmission line below.

A4, =3K*1, RTx10"

Because /,, and R, can be calculated by the following formulas

2 A, L
I . =P R = p—
avi \/SUU‘ITKV, ( i p S‘_ )

where U,, (unit: kV), K, and p (unit: Q mm’/m) are the average voltage, power factor
and resistivity of the distribution network, respectively, as well as 4,, (unit: kWh), Z; (unit:
m) and S, (unit: mm’) are the electricity quantity, length and cross-sectional area of Line i
(i=1,2,...,n) , respectively, then from the formula above, we have

L pK‘L,AP,'

=10
TK,’U,S,

In reality, the line losses are affected by many factors, such as voltage, line material,

supplied power, and so on. In order to make the line loss model can be effectively calculated,
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we should assume some prerequisites as follows:

(1) The voltage fluctuations of all lines in this power net are omitted and their voltages
are set as the average one U,,, and the form factors of all lines are same and denoted as K;

(2) Assume that the average power factor of every line in this net is the same as others
and denoted as K;

(3) Let all lines in the power net be the same material, i.e., the resistivity of all lines is p.

In order to reduce the line loss rate of power corporate within the statistical time 7,
we should compute the line losses of the 0.38kV distribution net in the process of power

transmission . According to the assumed conditions and the formulas above, we get

(1

_ pK?x107 Z LA,

AA=D" A4 = -
Zl=| TK«JZUW__ = S

!

where AA is the line losses of the 0.38KV distribution net.

2 Grey Model of Line Losses

From the prerequisites of the formula (1), we certainly know that the value of line
losses is very rough. Because of many reasons in real applications, we can not get the exact
values of K, K, U, and L(i=1,2,...,n) . However, we can confirm the possible ranges of
these parameters by several tests. Then, the parameters are grey numbers and we denoted
them as K(®), K(®), U,(®) and L(®)(i=1,2,...,n), respectively. According to appropriate
investigation methods, we now test their ranges which may include the corresponding true
values, that is to say, the number-covered sets of these grey numbers are obtained. For
example, the fluctuation range of average voltage in distribution network is (1+5%)U,,,
where the average voltage U, =0.2kV. Then [U,,]=[0.209kV, 0.231kV ] is the number-covered
set of U,,(®). On the other hand, the fluctuation range of actual power factor of every line
in this distribution net is between 0.75 and 0.95, so [K,]=[0.75, 0.95] is the number-covered
set of K (®). Furthermore, the form factor K has different value in different times and its real
value is within [1.02, 1.50], then [K]=[1.02, 1.50] is the number-covered set of K(®).

Theorem 1: Supposing that the number-covered set of L,(®) in the 380V distribution net is

[L]=[L L] (i=1,2,...,n) , then the grey model of line losses and its covered model are
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PK(®)* 107 iL,(@)A,,'
TK (®)'U,, (®)’ S

av 1

AA(®) =

and

P x[2.1603,9.1573]x107 & [L,‘,L+
; 2

(2)

[Ad] =

Proof: According to Formula (1), we easily get the grey model. On the other hand, by
using the covered operation, the covered model can be derived as follows.

PIKT %107 &[L]4*
TIK,T[U, T * Z S

av {

[Ad] =

B px[1.02,1.50]* x107* Z[L L4,
 Tx[0.75,0.95] x[0.209,0.231]* 4

B 0 %[1.0404,2.2500]x 10" Z [k L 142,
T x[0.5625,0.9025]x[0.043681,0.053361]

_ px[1.0404,2.2500]x 10" Z:[L;,L 142,
 Tx[0.0245705625,0.0481583025] < S,

i

_ px[21.60375,91.5729951237]x 10~ [L,-,L*]A
= ; Z
x[2.1603,9.1573]x 107 ¢ [L, L, 145,
r 25

i=1 i

3 A modified case

Supposing that there is a 380V distribution network, and that the net has 10 lines made
by aluminum whose resistivity is p=2.83X 10”Q - mm’/m, and that the size of all aluminum
lines is same, i.e., the lines have same cross-sectional area denoted by S, and their length is
approximately equal whose respective value is located in [L, L], then we get the covered

model from Formula (2).

[AA4] =

x[2.1603,9.15731x107 [L ,L
PRI IIe I S

By using the measurement tools, we get the cross-sectional area of these lines is [100
mm’, 150mm’], and the length of all lines is within [10.0m, 50.0m]. On the other hand, we

get the power supply quantities in a month just as the following table.
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Table 1: The consumption quantities of power supply

Line 1 Line 2 Line 3 Line 4 Line 5 Line 6
” 392.2 135.4 753.0 702.9 11.4
A 153820.84 18333.16 567009.00 494068.41 2274667.24 129.96
Line 7 Line 8 Line 9 Line 10 Total
» 910.5 268.1 214.1 40.6 4936.4
A, 829010.25 71877.61 45838.81 1648.36 4456403.64

then, the number-covered set of grey line loss is below

 2.83x107x[2.1603,9.1573]x 10 " [10,50]

[A4] x 4456403.64
24%30 [100,150]
_[61.13649,1295.75795] | 445 640364 <[6.05,240.61]
[2400,4500]

4 Conclusions

In this paper, according to the characteristic of poor information during the process of
line loss computation, we proposed grey model of line loss in 380V distribution network. The

modified case verifies the feasibility of grey model in real applications.
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