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Abstract

Due to the expansion of free markets of electrical energy, the use of Distribution Generation
(DG) units is increasing to provide power in distribution networks. The impact of dispersed
productions on losses and the distribution network at the average pressure voltage is the main
subject of this research. DG has many beneficial effects, including minimizing losses and
operating costs, increasing the power quality and improving the voltage profile on the network.
Using the PSO algorithm is to optimization losses and reactive power network. IEC test network
includes 26 buses and 5 DG units, which has been implemented in the MATLAB software
environment.
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1. Introduction

Today, DG resources are widely used in electrical systems due to their high importance in
energy production. DG are small energy sources that are easily installed in different parts of
the distribution network and do not have the problem of large power plants in finding the
location of the installation [1]. Many studies have been presented in the fields of voltage
control and active and reactive power in the operation of distribution systems of distributed
generation units, and most researches have sought a method to achieve the best response
(loss reduction and improvement of voltage profile) [2]. To compensate for reactive power,
the most common and widespread solution in distribution networks are capacitor banks that
act as a reactive power source and, with proper voltage control, reduce losses. Different
methods have been presented for obtaining optimal results in papers [5-3]. Distributed
generations can reduce losses by providing local supplementation; and they can be modeled
as active power supplies that are able to inject and consume reactive power [6]. Their
advantage is that they are uniformly distributed throughout the network, and minimize
losses. In many countries, static characteristics are now used to help control local voltages
[7]. However, these solutions have limited control facilities due to lack of communication
infrastructure. However, there are many questions about reactive power that many have been
raised and discussed [8-9]. An article [10], titled DG Optimal Reactive Power Controls for
regulating voltage distribution systems using sensitivity analysis. In this paper, the problem
of reactive power control, the distributed generation dispersion in (MV), medium
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distribution systems to maintain the system voltage in the predefined range. The problem of
DGs is to control reactive power as an optimization problem using sensitivity analysis and
aims to optimize the problem of returning the system voltage within the permitted range
using DGs reactive power in the optimal direction. The simulation results show that the
proposed algorithm is capable of maintaining the system voltage within the permitted
range.In order to minimize casualties and maximize economic benefits; reactive power play
should be controlled when many articles and many different solutions have already been
implemented. When the active and reactive power of the loads and generators in the network
is continuously monitored and measured by intelligent, these data can be used to generate
consistent control of the algorithm.

The purpose of the proposed research is to develop an appropriate control algorithm to
minimize operating costs and losses, which is a very simple and effective structure in DG
networks. By assigning DGs reactive power and taking into account the costs of reactive
power distribution, the minimum cost of operation will be achieved using the PSO algorithm
in the 26-bus network.

2. DG resources

DG resources are small power plants that directly connect to the distribution network or
consumer side. Increasing subscriber demand for power and reducing the energy resources
of fossil fuels and the benefits of using renewable energy have resulted in distribution
companies be more willing to install distributed generation units, as shown in Figure 1 of
this type of resources [11].

DG
v h 4 h 4 h 4
Micro Small Mediocre Large
1 W-5KW SW_gMW 1 MW_5 MW SOMW_3 QMW

Figure.1. Categorization of capacity of DG resources

Basically; DG is used as an electrical power source to provide some of the active power
needed by subscribers. Therefore, according to the definition, there is no mandatory
requirement for the generation of reactive power by DG. Nevertheless, in many DG-related
technologies, it is possible to generate reactive power directly or indirectly. Given the load
and type requirements of the DG, there are various applications for distributed production
that are [6]:

1- Feeding supporter to provide critical load capacities, such as specific industrial units,
during power outages and to improve reliability level,

2. Feeding loads separately from the network to remote areas, which electricity supply to
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them through the network very is expensive due to the presence of the geographic barriers
3. Peak-shaving by providing the required power in peak hours

4. Strengthening the system voltage in rural and remote areas that are connected to the
network

5. Producing combined heat and power in order to achieve higher energy efficiency

6. Providing some part of the required power at the base load

7. Postponing the construction and development of the network

8. Reducing environmental pollution, especially for renewable energy based productions

9. Preventing the increase of network capacity and reducing electric losses in the
transmission and distribution sector

3. Control and distribution of reactive power

The purpose of the studies of load distribution in power systems is to determine the active
and reactive power of the network. The most important cases are the following:

1. Voltage level of buses

2. Compensatory or equilibrium amounts of power

3. Determination of losses in the production and transmission system

4. How to distribute economic burden

5. Optimization of system losses

In order to investigate the extent of changes of distribution network losses in the event of the
connection of distributed generation resources to it, the load distribution calculations related
to the distribution network must first be conducted [12]. The purpose of the study of the
distribution of load in a distribution network with distributed generation sources is to
investigate the voltage at each junction, which can easily achieve this voltage increase due
to the presence of a synchronous or asynchronous generator or asynchronous generator of
distributed generation resources by equation (1), in which X and R are the resistance and
reactance of the airline feeder in that location, respectively, and Q and P are active and
reactive power, respectively[13]:

PR + XQ @b
v

For weak pressure networks, the resistance is more effective than reactance, so the active
power is more effective than reactive power in the network. In investigating load distribution
of such a distribution network, the effective parameters include the active and reactive power
of the output of the distributed generation source and the place of its connection to network,
the network load size, the number of resources connected to a line in the network, and the
network impedance.

Power losses on the line can be determined using equation (2):

P’ +Q;

2 lineij

Uj (2)

Where Pjand Qiare the active and reactive power at the bus bar end, respectively;Rline ij,
line resistance and Uj voltage at j node. As it can be seen in Figure 2a, if the generator activity
is high to minimize the losses described above, the reactive power distribution from the
generator to the beginning point of the feeder, in which the beginning of the feeder (post)
provides the original bus, varies. Figure 2b shows that the lines of reactive power distribution
are in the same direction as the line that reaches the node of the generator, the losses are
reduced, and in opposite cases, the losses are increased.

AV =

Losses; =
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Figure 2 (a) .Reactive power distribution when DG does not minimize company losses
(b) .When the DG reduces the reactive power distribution in the line from the post [13]

The total losses for each line using equation (3) can change losses and determine reduction
of losses [13].

PIeQl . PIH(Q-Qu)

N

Losseschange ~ Zj:l( jU 2 : Rlinej —— UJZ =
j .

)Rlinej (3)

4. Optimization algorithm

Optimization is a process to find the best solution. By increasing the use of distributed
generation resources and increasing their contribution to supplying power to the power
system, we need to look for a way to use these resources properly by planning. The load
distribution algorithm is implemented in a coordinated control and determines the optimal
work point using a modeled network separately for each unit of generation. The purpose of
this algorithm is to minimize losses and optimize distributed generation units. The most
common point-to-point classical methods (for example, direct methods and derivative
methods) use a computational approach to achieve an optimal solution [14]. However, by
increasing the dimensions of the problem and the search space, finding the answer becomes
more complicated using classical techniques. Computational intelligence optimization
algorithms have been used in a variety of fields, including science, business, and engineering
to solve complex optimization problems, due to its easy to use, extensive implementation
and overview. Group optimization algorithms generally use a summarized model of the
complex social behavior of insect and animal groups. The most popular group smart method
is particle swarm optimization (PSO) method [15]. The PSO algorithm is group-based and
provides quick search in the method. In the PSO algorithm, the locations are the same
particles that change over time. The particles in the PSO move around the search space.
Along the movement, each particle encounters its best situation according to its position,
which is called pbestand with respect to the neighboring particles, which is also gbest
figure 3[16].
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Figure 3.Particle’s velocity
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After each repetition, the speed and position of the particles are updated. The flowchart of
the PSO algorithm is shown in Figures (4) [17-18].

v
Initialize particles with random position
and velocity vectors.

¥
For each particle’s position (p)
evaluate fithess

:

If fithess(p) better than
fitness(pbest) then pbest= p

Loop until all
particles exhaust

v
Set best of pBests as gBest

v
Update particles velocity and
position

Loop until max iter

v
Stop: giving gBest, optimal solution.

Figure 4.flowchart of the PSO algorithm

5. The studied system
To illustrate some practical implications of the proposed loss minimization algorithm,
exploitation is considered on some part of a distribution network model, in which the single-

line diagram of the studied system is shown in Figure 5. In Table (1), the location and
amounts of distributed generations with high capacity are presented [19-20].
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Figure 5 .The single-line diagram of the studied system
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Table 1. Location and size range for distributed generation resources

Location of bus DG Amount of active power (MW) Amount of reactive power (Mvar)
2 40 250
3 40 150
4 25 80
5 40 160
26 15 50
6. Simulation results

We first investigate the study system without coordinating DG resources. In Figure 5, the
active and reactive power of the network is shown without resource coordinating for 26
buses. Figure 6 show Convergence curve of the PSO algorithm buses without coordinated
distributed resources. The network is shown in the conditions of the unit power coefficient
of the losses of the lines in Fig. 6 and the voltage profile is shown in Figure 7, and Figure
8.network voltage profile. In this case, the energy losses with the presence of distributed
resources without the coordination of reactive power resources are 15.86 MW

16
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15.96

Fitness Value

15.94 -

15.92
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8 10 12 14 16 18 20
No of Iteration

Figure 6 Convergence curve of the PSO algorithm buses without coordinated distributed resources
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Figure 7 .Active, reactive and losses of buses without resource coordination
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Figure 8.Network voltage profile

Now, by injecting reactive power to DG units of in a coordinated manner and calculating the
loss in the adjacent lines according to the flowchart and acquiring reactive power for each
unit, it is possible to prevent reactive power rotation in the network by using the PSO search
algorithm. In fact, the reactive power generated by five DG power units is achieved
according to the flowchart and the most optimal case is with the least rotating losses. In this
case, the network losses are reduced to 15.54 MW, and the rate of reduction of losses of lines
is obtained. Table 2 shows the range of reactive power inputs injected for the resources that
reduce the losses. In Fig. 8, convergence of the algorithm is shown. In Figure (9), coordinated
active, reactive power and line losses of the PSO algorithm

Table 2 The range of coordinated reactive power inputs injected for resources with the PSO

Buses of resources

2

3

4

5

26

Coordinated reactive power
of resources (MVAR)

153.2

84.48

64.87

126.7

42.83

15.85

15.8

15.75

Fitness Value

15.7

15.65 -

4 5 6
No of Iteration
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Figure 9 .Convergence curve of the PSO algorithm
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Figure 10 .Coordinated active, reactive power and line losses of the PSO algorithm
7. Conclusion

In this research, the problem of minimizing losses and operating costs in distribution
networks with a high DG ratio was investigated. With a proper control of reactive power,
DGs can participate in minimizing losses. Smart Implementation will enable the distribution
operators to take advantage of the unused capabilities of the reactive power of DG and to
have reactive power to participate in emerging markets. The PSO algorithm of coordinated
control is presented to determine the point of operation for units based on active and reactive
power measurements of smart measurements in order to minimize reactive power with
respect to a limited amount of reactive DG power. The results show a reduction in the desired
losses and a reduction in operating costs. The research work outlook is presented to develop
a methodology that can represent a suitable solution for cost effective smart control and
industrial electronic applications to generate electricity distribution systems. Therefore, the
proposed method has a simple structure and can easily be implemented in automatic control
devices.
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