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Abstract— This paper presents optimal placement and
sizing of Distributed Generation (DG) by using an
intelligence technique called Particle Swarm Optimization
(PSO). Here the objective function is considered as
minimization of active power loss. The proposed
methodology is applied and tested for IEEE 33 and IEEE
69 bus radial distribution systems. The result shows that
the proposed algorithm is more effective.
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. INTRODUCTION

In recent years the introduction of DG [1] into the
distribution system is growing rapidly, the main reason for this
is the increase in demand for load, increasing the loss of
delivery and distribution etc. [2] - [3]. The introduction of
power electronics also promotes the use of DG in power
generation. [4].

There are many DG technologies available on the market,
few non-reversible technologies to quote be IC engines. Now
the practice of using renewable technologies such as solar PV
cells, wind, fuel cells etc. has expanded to generate electricity.
The main reason is that they are durable resources and eco-
friendly, but there are disadvantages to using these types of
system, such as low efficiency, high cost etc. [5] - [6].
Research has continued to overcome these difficulties.

The structure of the distribution system is usually
distributed naturally; most RDS have high power losses due to
its high resistance to response rates. As a result the efficiency
of the system decreases, in order to overcome this problem
DG's can be used in the system.

DGs can be classified based on their size as [1]:
Minimum: 1W <5KW;

Small: 5KW <5MW;

Average: 5SMW <50MW;

Maximum: 50MW <300 MW

Depending on their behaviour can be classified as [7]:
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Type I: This can only inject real power. Eg. Solar PV, fuel
cells, etc. Type Il: which can only inject reactive power. Eg.
Capacitors, compatible compensators, etc. Type Ill: is able to
inject real and reactive power. Eg. Synchronous machine.
Type IV: This can inject active power and absorb reactive
power. Eg. Induction generators.

Proper positioning of the DG in the system is very important,
planning should be done to reduce energy losses, improve
energy profile, improve system reliability etc. Duong Quoc
Hung et al. [8] based on the direct loss formula; a method was
obtained to determine the objective reduction as objective
using the analysis method. Partha Kayal et al. [9] adopted a
method of energy reduction and energy development using the
PSO process and this approach was tested through various
experimental programs. Singh et al. [10] is considered costly
as a function of setting different DGs using the MINLP
process. However research [11-13] shows that if DGs are not
properly designed the flow of electricity occurs which can lead
to high systemic losses. A method based on the Genetic
Algorithm has been introduced to determine the appropriate
size and placement of the DG [14-15]. Prakash [16, 17] used
Whale optimization Algorithm for finding optimal placement
of DG and capacitor for distribution systems. Satish Kansal et
al. [18] looked at the PSO process for the proper placement of
different DGs. Authors in [19-21] viewed the multi-objective
system as a function used by the PSO and MPSO to place
DG's in the system.

This paper introduces PSO based approach to place DG’s
optimally in distribution network considering power loss
minimization as an objective function. The paper is organized
as follows: section Il addresses about problem formulation,
section Il is about computational procedure and methodology,
section 1V discusses about results and discussion and finally
section V concludes the paper.

II. PROBLEM FORMULATION

In this paper, total active power loss (£} minimization is
considered as fitness function and it is represented as shown in
equation (1).

f = min(Py) ©)
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Where, P, = Z Iq Rq )
g=1
Where,
I is the line current at g™ branch.
R is the resistance at g™ branch.
k is total number of branches.

Subject to the constraints
0<P,<>'P 3)

(4)

load

0< ng < ZQload

And Voltage Constraints as
Viin SV, <V

min —

®)

Where V; is the bus voltage at it" bus.

I1l.  COMPUTATIONAL PROCEDURE AND

METHODOLOGY

PSO technique is used to determine the optimal place and
size of DG. Forward and backward sweep method is used to
find the load flow analysis [22]. Brief explanation of PSO is
given in the following section.

PSO technique: - it is developed by Dr. Kennedy and Dr.
Eberhart in 1995 [23]. It is a population based on stochastic
optimization technique, it was invented by the inspiration of
behavior of bird flocking or fish schooling. Swarm is nothing
but group of individuals. In this technique individuals change
their position with time (here individuals are called particles
and positions are called states). Particles fly in n-dimensional
search space, during this each particle adjusts its position by
its experience (called Pynest) and also by its neighbor particles
(called goest).

Particle position in n-dimensional vector is represented
mathematically as

Ko ={'ri“l'.l'xi‘1:.:"ri“l'.!"" ""'xﬂ'.i’!} (6)

Current position is modified by using

st = s ot

Where

(7

s" =Particle’s current position.

s+ =Particle’s modified position.

Particle’s velocity is also an n-dimensional vector as

(2

F — - - - a
W = {I’HLL'I"HL 20 Vi g won wnna s By r!}
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Each particle’s velocity can be modified by using

1"l';f;'-'-L = C""'l'l"'l'Ff'! + cyrand = {pbestm - 5&;‘)
+c:mnd{gbes tig — s,-;fi}

Where

¥ = Current velocity.

v**+ = Modified velocity.

Vppesr = VeloCity based on Ppest.

Vgpesr = Velocity based on Qpest.

n=number of particles

m= number of members in particle.

w; = Weight function.

c; = Weight coefficient.

In above equation (9) first term is for inertia constant, second

term is for local best solution and third term talks about global

best solution.

)

Weight function is given as
Wmax — @min

. (10}

)

Where g, and wpynare max and min weights.
Here ¢;,c- values are considered as
wWmin = 04wy = 0.9 [24].

V]

W = thmgy —
max

I:'J_:I:: = Eand

Fig.1. modification of search point by PSO

Fig.1 shows the modification of search point by PSO and
Fig.2 shows the flow chart for optimal placement and sizing of
DG by PSO in distribution system.
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Fig.2.flow chart for suggested method

IV. SIMULATION RESULTS AND ANALYSIS

Suggested method of placement DG technique has been tested
for both 33-bus and 69-bus IEEE distribution test systems.
Simulations have been carried out by using Mat-lab 8.1.0
and the results have been discussed below. The base values
used for both the distribution systems are 100 MVA as Base
MVA and 12.66 KV as Base Voltage. Here the first bus is
considered as generation bus and the remaining buses are
treated as load buses and these buses are considered for
placement of DG.

Case (i):- IEEE 33 bus radial system:-

Fig.3. single line diagram of IEEE 33 bus radial distribution system.

The suggested PSO technique has been applied to 33 bus
system to determine the optimal size and location of DG in
order to achieve the objective function i.e. minimizing power
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loss. The system line data and bus data are given in [25] with
total load of 3.72 MW and 2.3 MVAr.
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Fig.4. Base case voltages for IEEE 33 bus system.

Fig.3 shows single line diagram of IEEE 33 RDS and Fig.4
shows the voltage profile at different buses without DG. Load
flow has been carried out by using forward backward sweep
method. From Fig.2, it is observed that minimum voltage
obtained is 0.9038 p.u. at bus 18 and total power loss obtained
is 210.99 KW.

DG has been placed as per the proposed methodology and
the optimal location is found to be bus number 6 with size as
2.5582 MW and 1.7611 MVAr. Fig.5 shows voltage profile
has been increased after placing DG and new voltage at bus 18
is now increased to 0.9684 p.u. and also total power loss has
been drastically reduced to 67.8584 KW. Total percentage
reduction in power is 67.8381%.
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Fig.5. Bus voltages for IEEE 33 bus system.

Case (ii):- IEEE 69 bus radial system:-
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Fig.6. single line diagram of IEEE 69 bus radial distribution system.

Proposed PSO based technique was applied for IEEE 69 bus
test system also, to determine the optimal size and placement
of DG such that the objective function (1) is minimized.
System line data and bus data’s are given in [26] with total
load of 3.79 MW and 2.69 MVAr.
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Fig.7. Bus voltages for IEEE 69 bus system.

Fig.6 shows the single line diagram of IEEE 69 bus RDS and
Fig.7 shows the voltage profile at different buses for with and
without DG. Without DG, minimum voltage is obtained at bus
number 65 with 0.9092 p.u. and the total power loss will be
222.92 KW. From the proposed method optimal placement
will be at bus number 61 with DG size as 1.82 MW and 1.27
MVAr and bus voltages has been increased. Real power loss
after placement will be 23.16 KW. Therefore total percentage
reduction will be 89.70%.

V CONCLUSION

The suggested optimization procedure is tested on IEEE
33 and IEEE 69 bus distribution systems. The results showed
that the proposed algorithm is effective for optimal placement
of DG by considering objectives as minimization of power
loss and constraint as voltage profile improvement.
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