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Abstract: In the distribution network with wind power, due to the different costs of different power tanff from
different power source, the mmimum power loss of the distribution networks does not always correspond to
the largest economic efficiency. In the most cases, to ensure the distribution network power quality at the same
time get the most economic efficiency is an important goal of the enterprise. The new improved distribution
network optimization medel is an economic optimization medel that has important theoretical and economic
value. This new model can solve some problems of economic optimization of Chinese current distribution

network with distributed power.
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INTRODUCTION

With the matwity of wind power generation
technology, as well as the growmng concern for
environmental protection and sustainable development
issues (Daly and Morrison, 2001; Tyer et al., 2006), the
distributed small-capacity wind power generation
equipment near the electricity load centers, most connect
to distribution networks. Distributed Generation (DG)
access to the distribution network will affect voltage and
power loss of the distribution network and the
distribution network operates for optimization more and
more complex (Zhu and Tomsovic, 2002; Tapia et al.,
2004; Niknam et al., 2010). In the case of certain single
power supply, mmimum network power loss corresponds
to the maximum economic value of the optimization tarpet.
In some case, the different mult-power supply, the
different power tariff. From different power sowrce, the
mimmum network power loss is not the corresponding to
maximum ecenomic value consistent with the optimization
objective. Considering of voltage and power in the
distribution network run in normal condition, the new
improved optimal model of a distribution network with
distributed source, it better reflect the actual costs of
supply price and obtain the best economic goals in the
comprehensive running conditions.

OPTIMIZATION MODEL OF THE DISTRIBUTION
NETWORK WITH WIND POWER

The objective optimization of distribution network
with wind power 13 a multi-variable, multi-constrained
nonlinear integer optimization problem. The mathematical

model consists of the objective function, constraint
conditions. The mathematical model consists of the
objective  function, In the
distribution network with wind power case, operation
optimization objectives are: to meet the multi-constraint
conditions, to improve the economic costs to a minimum
value, to meet the operating range of the node voltage, to
improve voltage quality, to meet the safe and reliable
distribution network systems operation, to umprove power
capacity of wind power accepted by the distribution
network. The following formula is a mathematical model of
optimization of distribution network with wind power.
In Eq. 1:

constraint conditions.

F = The objective fimction of economic optimization
for the distribution network

C, = Power tanff from traditional power generation
compairies

Ay = Weighting factor relate to C;

C, = Power tanff from wind power compames

Ay, = Weighting factor relate to C,

P.. = Power loss of the distribution network

Pre = Total power from wind turbines

P, = Injected active power of node 1

Q; = Inyjected active power of node 1
V, V; = Voltage of i, j node
G = Conductance connecting i node to j

B, = Susceptance connecting i node to j node
0 = The phase difference between 1, j node voltage
L = The branch current between i node and j node

Subscript min and max represent the upper and lower
limits of the variables. The value of A,and A, are defined
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in accordance with each load power of the proportion of
the total power. The higher power source has higher line
losses, the:

F=min(Ch, +C,A,)P, .
+ (C2 - C1)PD o ClJ"'PD s}

Sub
P=V, 3 V(G cos6,+B,sing,)
il je; (1)
Q=V, ¥ V.(G,sing, - B, cosf,)
ieN, jeN;
Vi< Vi< Vinn
Qnin® Qi< Qinus
I <I, <1

jmin max
lower power sowrce has lower line losses n distribution
network. Have been simplified A, and A, make the model
equation easy to solve. In order to better solve the
complex optimization model of the distribution network,
the distribution network system 1s 1dealized, assume the
following conditions be true (1) The load of the
distribution network can be considered as the constant
load in a period of time and little changes over time,
(2) The admittance and susceptance of the branches are
constant, (3) Wind power 1n a constant power input and
the cast and the changes of reactive power can be quickly
compensated by reactive power devices, such as
capacitor banks, etc. and (4) Distribution network in the
stable operation, the allowable value of the line current 1s
greater than the operating cwrrent in the circuit. In many
literatures (Venkatesh et ¢l, 2000, Goswami and Basu,
1992; Linand Chin, 1998 and Zhang et al., 2008), a lot of
the traditional distribution network optimization objective
function can be summed up as Eq. 2, as follows:

F=min P1Dss (2)

We discuss the differences between the objective
function model 1 and 2 in two cases. First case, from
equation 1, when there 1s no wind turbine input, we can
see, P value is equal to 0, A, value 1s equal tol and 4,
value is equal to 0, assume C, value is equal to 1, the
objective function of Eq. 1 and equation is the same.
When C, value 1s not equal to 1, the difference between
the objective function of Eq. 1 and that of 2 1s a constant.
So the amplitude trends of Eq. 1-2 are the same. We can
conclude that Eq. 2 is the special case of Eq. 1. In the
second case, the wind tubine mput the distribution
network. When the C|, C,, i and P, ,;in Eq. 1 1s the given
fixed constant, the A, and A, are variables related to P,
and Prg, so the fundamental variables of Eq. 1 are P, ,,and
P In general, the power flow 1 the distribution network

changes in term of position and input power of the wind
turbine, the distribution network loss also change
simultaneously. From the Eq. 1, we can apparently see the
equation 1 1s not the simple objective function only
determined by P, so the minimum P, does not
guarantee the minimum economic value of Eq. 1, so it has
certain limitations to take Eq. 2 as norm to assess
economic costs of the distribution network. The C, and C,
have a great impact on the objective function of Eq. 1. The
magnitude relationship between the C, and C, determine
the best economic costs n the distribution network with
wind power. From Eq. 1, we can easily deduce Eq. 3:

F=min CP,, +[(C, - )}l 7%)70#1330, (3)

oss
load

From Eq. 3: When inequality:

P
(Cz 7C1)(17£)7C1u< 0

load

holds, to improve the power of wind turbines that input
the distribution network can get the best economic costs
of Eq. 1. When mequality:

P
(€, ~CI =)~ Cpu=0

load

holds, the P, determine the best economic costs of
Eq. 1. When inequality:

P
(c, —cl)(l—ﬁ)—clp 0

load

holds, the fitted power of wind tubines that input
distribution network can get the economic costs of the
Eq. 1. Based on the above discussion, we can conclude
that Eq. 1 has some advantages than Eq. 2 in range of
application. Tt has important economic significance.

ANALYSIS AND CALCULATION OF THE
OPTIMIZATION EXAMPLE FOR THE
DISTRIBUTTION NETWORK WITH WIND POWER

In this study, the distribution network topology map
15 from IEEE 14 nodes power system topology, the
relevant line parameters adopt typical distribution network
parameters. The distribution network data is shown in
Table 1. The distribution network topology map is shown
inFig. 1. Inthe nodes of 2, 3, 6 and 8 number of positions
where are placed wind turbines whose total power
capacity 18 1OMW. In study, we may instead symbol D,
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Fig. 2. Economic optimization value responds to power loss and varied price of wind power (a) C,=1.1 C,,(b) C,=1.5
C,and (¢) C, = 2.0C,

Table 2. Figure 2 shows the value of economic
optimization great influenced by not only networle loss
but also price of wind power. The price of wind power 1s
an important factor in the economic optimization process

of distribution network. When the price of wind power is
clearly greater than that of conventional power plants,
lower the econocmic cost and reduce network loss are
contradictory by mputting a certain amount wind power.
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In the above case, the optional value of economic cost
can be obtained by inputting too slight amount or zero
wind power. When the price of wind power 1s close to that
of conventional power plants, the opticnal value of
economic cost can be easy obtained As discussed
above, Eq. 1 is correct and reasonable that applying
distribution network with wind turbines. We can get
opticnal value of economic cost of distribution network
with wind turbines. Above mentioned methods can bring
power companies huge economic benefits.

CONCLUSION

The power flow will be great affected when the wind
turbines input the distribution network. When the wind
turbines capacity 1s less than total load in the distribution,
in general the power loss will gradually decrease with
ascent of power capacity of wind tubines. There is a
great relationship between the economic costs in the
distribution network and power tariffs from different
power plants. When the electricity price from wind farms
is no more than that of ordinary power plants, the
economic costs m the distribution network will gradually
decrease with ascent of power capacity of wind turbines.
When the electricity price from wind farms is more than
that of ordinary power plants, the best economic costs in
the distribution network will be got with fitted power
capacity of wind turbines. In wide range of the global, the
economic costs will gradually increase with ascent of
power capacity of wind turbines. This is consistent with
the actual operation n the distribution network with wind
turbines. Therefore, the cost optimization model in the
distribution network with wind turbines has significant
practical value.
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