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Abstract

This paper aims to discuss the placement of Distributed
Generation (DG) wusing Discrete Particle Swarm
Optimizaiton (DPSO) algorithm in order to reduce the
real power loss and improve the voltage profile. The
objective function is based on real power loss reduction
with relevant constraints. The proposed method deals
with selection of nodes for the placement of DG and size
of the DG by using DPSO. The proposed algorithm is
tested with two systems consisting of 33 node and 69
node radial distribution systems.
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1. Introduction:

A distribution system is one from which the power is
distributed to various users through feeders, distributors
and service mains. Distribution system provides a final
link between high voltage transmission systems and
consumer services. The operation and planning studies of
a distribution system require a steady state condition of
the system for various load demands. The power losses
are significantly high in distribution because of lower
voltages and high currents, when compared with high
voltage transmission systems. Reduction of total losses in
the distribution systems is very essential to improve the
overall efficiency of the distribution system. Therefore
loss minimization in radial distribution systems has
become the subject of intensive research. The
performance of the distribution network can be extremely
improved by using suitable methods like optimal
placement of distributed generators.

Distributed or dispersed generation may be defined as a
generating resource, other than central generating station,
that is placed close to load being served, usually at

customer site. It may be connected to the supply side or
demand side of meter. It can be a renewable energy
source based micro, hydro, wind turbines, photovoltaic, or
fossil fuel based. In terms of size, DG may range from a
few kilowatts to over few megawatts. They are used to
reduce power losses and to maintain a voltage profile
within the acceptable limits. Proper placement of DG
results in to a number of benefits like improvement of
power loss reduction, improvement of voltage profile,
improvement of voltage stability, system-released
capacity, increases voltage level at the load, and
improvement of voltage regulation. The extent of these
benefits depends on the location, size, and number of the
DGs to be installed.

The placement and sizing of generation units are
important issues on an actual electrical system planning,
because installing generators at certain points of the
feeder can bring in one or just a few capacity gains. In
some cases it is not possible to install generator only at
those nodes indicated by an optimal algorithm, since
independent producers and even consumers can request
their access to the network in other places. In addition
there may not be generation potential at some point. Even
so, utilities are interested in methods which allow them to
evaluate the impact of generation units in their system for
reorienting them on how to deal with new producers
about the possible installation points.

In the past decades, several attempts were made to
improve the voltage profile and hence to reduce the power
losses by placing distributed reactive power sources such
as capacitor bank of optimal sizes at optimal location [1-
4]. The radial distribution systems are less reliable
because of its passive nature. Recently, solutions have
been suggested for complementing the passiveness of
RDS by embedding electrical sources of small capacity
based on renewable energy technology to improve system
reliability and voltage regulation [5],[6]. Such embedded
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generations in the distribution system are also called as
dispersed generations or distributed generations (DG).

The benefits and consequences of DG had been dealt in
several papers [7-10]. Recently, power loss reduction has
been addressed using DG, reactive power sources and
network reconfiguration [11]. However, the details of
reactive power management with respect to the type of
DG technology employed were not discussed in [11]. This
paper explores the possibility of effective power flow
control in radial distribution systems using distributed
generations for improving voltage profile, voltage
stability index and power loss reduction in the RDS.

Particle swarm optimization (PSO) is an evolutionary
computation technique developed by Kennedy and
Eberhartin 1995 [12, 13]. The PSO technique has ever
since turned out to be a competitor in the field of
numerical optimization. Perhaps more obvious are its ties
to artificial life (A-life) in general, and to bird flocking,
fish schooling, and swarming theory in particular. The
first version of PSO was intended to handle only
nonlinear continuous optimization problems. PSO has
been expanded to handle both discrete and continues
variables as well.

There are various ways for obtaining the optimal
location and optimal sizing of DG. In [14], sensitivity
analysis is used for finding the optimal location of DG. In
[15] the optimal location is found by finding Vindex. In
[16] Loss sensitivity factor is used for finding the optimal
location of DG. This paper finds the optimal location of
DG using DPSO and also finds the optimal sizing using
DPSO, compares the results with VSI and concludes that
using DPSO is better option for finding the optimal
location and optimal sizing of DG.

2. Load Flow solution of RDS:

In order to evaluate the performance of a power
distribution system and to examine the effectiveness of
proposed alterations to a system in the planning stage, it is
essential that a load flow analysis of the system is to be
carried out. One of the most fundamental and widely used
analysis tool to study radial distribution system is load
flow analysis.

A simple approach of backward and forward sweep [17]
is carried out for load flow analysis of the given system.
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Fig:1 Single Line Diagram of a Branch

Find Line Current at each node given by egn(1)

v

wheren=12,3,.....Nn

Find the Branch Current at each branch given by eqn.(2)
in minor, sub-lateral, lateral and main lines from last node
to the root node.

[,()=1,(n+)+1 (n+1)

wheren=1,2,3,.....Nb

Find the new voltages at each node given by eqn.(3) in
main, lateral, sub-lateral and minor lines from root node
to the end node.

Vin)=vV(n-)- I,(n-D*Z,(n-1)

wheren=2,3,...Nn

Check the error between the present voltage values and
previous voltage values and if the error is within limits
stop the iterations, otherwise continue the same process
with the obtained voltages.
Find the total Real and Reactive Power loss given by
eqns.(4 & 5).
Real Power Loss is given by

P=x¥ LM xRy(m) @
Reactive Power Loss is given by
Q=3 |L(n)f x X,(@m)  —mee (5)

3. Distributed Generation (DG):

The minimization of losses in Distribution system is
very important because of the modernization of the
distribution system through computer automation which
requires most efficient operating scenario. In order to
reduce these distribution losses DGs can be placed in the
distribution system. The advantage of these DGs is
reduction in real power loss, reactive power loss,
improvement in the voltage profile etc.

The extent of these benefits can be achieved only
through proper location and size of the DG. There are
many methods of finding optimal location of DG like
sensitivity analysis[14], loss sensitivity factor[16], V
index[15] etc and the proposed DPSO method is
compared with K. Vinoth kumar and M.P. Selvan
sensitivity analysis[14].

Assumptions for the placement of DG:

1) DG injects only real power.

2) The total DG capacity is limited to 30% of the total
load demand.

3) DG location is not considered at the slack bus.

4)  Maximum numbers of DGs are limited to 3.

3.1 Problem Formulation:
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The objective function for this algorithm aims to
minimize the total power losses in the distribution system
along with voltage profile improvement.

ObjectiveFunction:

min F

total

=k, f,+k, f, +kf,
Zpn V() —V(n, ref) |

=M [ V(n,noDG) —V(n,ref) |
wi - (6
Zrl:l:lp thDG(n) ( )

Loss
N ith G
Zo Ploe™™% (n)
(where P, =R, x1?)
ZNb withDG (n)

i — n=1 < Loss
min fq TN, withoutDG(n)

n=1 Loss
(where Q. =X, x12)
k,.k,,k, are the weighting factors.

vips

where  min f, =

min fp =

System constraints:

Voltage limits:
Vo V() £V, Where n=1,2,3,....N,

DG limits:
PI(n) < Pog (n) < PI¥(n) where n=n¢,n2® n2®
such that PDGl +PDGZ +PDG3 = Pogmax

4. Implementation of Discrete PSO for DG
Placement

4.1. Overview of the DPSO

DPSO simulates the behaviours of bird flocking.
Suppose the following scenario: a group of birds are
randomly searching food in an area. There is only one
piece of food in the area being searched. All the birds do
not know where the food is. But they know how far the
food is in each iteration. So what's the best strategy to
find the food? The effective one is to follow the bird,
which is nearest to the food. DPSO learned from the
scenario and used it to solve the optimization problems.
In DPSO, each single solution is a "bird" in the search
space. We call it "particle”. All of particles have fitness
values, which are evaluated by the fitness function to be
optimized, and have velocities, which direct the flying of
the particles. The particles fly through the problem space
by following the current optimum particles.
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The DPSO define each particle as a potential solution
to a problem. The position of i" particle of the swarm can
be represented as

Each particle also maintains a memory of its previous best
position, represented as

P =P, Pig, oo Pn) ®)
A particle in a swarm moves; hence, it has a velocity
which can be represented as
Vi=(Vig, Vi, ceveeenens AV D B —— (9)
Each swarm in the structure of swarm population is
considered as MxN matrix. In this matrix M represents

the number of agents (population size) and N represents
the number of particle is each agent.

k+1l k k k
Vi =K Vi +C1rand1x Pbesti —Xi

---- (10)
+C,rand, x Gbestk —X.k
2 2 i
where
Vik Velocity of individual i at iteration k
K Construction factor
C.,C, Weight factors
rand,, rand, Random numbers between [0,1]
X Position of individual i at iteration k
Pbest Best position of individual i up to
iteration k
Gbest® Best position of the group up to
iteration k

Each individual moves from the current position to the
next one by using the modified velocity.

Xik+1 = round Xik +Vik+1 """ (11)

The search mechanism of the DPSO
using the modified velocity and position of individual
based on egns. (10) and (11) is illustrated in Figure.2.
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Fig.2. The search mechanism of the DPSO
4.2 Velocity update

To modify the position of each individual, it is
necessary to calculate the velocity of each individual in
the next stage. In this velocity updating process, the
values of parameters such as k, C;, C, should be
determined in advance.
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The construction factor,
k=; and j=C,+C
. [ 1 72
2-]-4J7-4j
The values of C ; and C , have the same value, which

implies the same weights are given between Pbest and
Gbest in the evolution processes.

4.3 Update of Pbest and Gbest

The Pbest of each individual i at iteration k is updated
as follows

Pbestk = X!‘

;=
Pbest:( = Pbestik'1

Gbestr = best(Pbestr)

where f;, the objective function or fitness function is to be
evaluated at the position of individual i. Gbest at iteration

if fik >fik'l

otherwise

k is set as the best evaluated position among Pbest;™

4.4 Stopping criteria

The DPSO is terminated if the iteration approaches to
the predefined maximum number of iterations.
4.5 Flow chart for DG Optimal Location

Select parameters of DPSO:
M,N, K, € G Wi W,

ax s VVmin

Read Line & Load data of distribution system. Initialize
particles with random position, no. of DGs, velocity and
setk=1

Using load flow calculate the
fitness value of each particle

Pbest i* = Pbest i

Yes
»le

Select Gbest at iteration
'k’ among all Pbest i°

Update the Position & Velocity
using Eqns (10) & (11)

If Boundary
conditions are satisfied

Yes

No

Gbest is the final solution of the @
optimal location and size of DG

Fig.3 Flow chart for DG placement

5. Results and Analysis

The effectiveness of the proposed method is
illustrated with two test systems consisting of 33-node
and 69-node RDS. For the positioning of DG, the number
of DGs is varied from one to three and the size of the DG
is multiples of 50KVA. DPSO is used to find the optimal
location of DG and size of the DG. The optimal location
and size for the placement of DG is compared with the
sensitivity analysis VSI [14] with the reduction in real
power loss and the improvement in voltage profile.

5.1 Example-1:

The proposed algorithm is tested on 33-node radial
distribution system whose single line diagram is shown in
Fig.4. The variation of real power loss from one, two and
three DG’s are shown in Fig.5. The variation of reactive
power loss from one, two and three DG’s are shown in
Fig.6. The variation of voltage profile by placement of
one, two and three DG’s are shown in Fig.7.
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Fig.4 33-node RDS

The summary of results is shown in Table-1. The results
are compared with [14] which are obtained by sensitivity
analysis to identify the nodes and GA for the placement
of DG. The results are shown that by placement of one
DG the real power losses reduced from 144.1389KW to
125.5972KW with improvement of 9.164% and voltage
regulation has varied from 1.872% to 2.22%, by
placement of two DG’s the real power losses reduced
from 140.8153KW to 106.1180KW with improvement of
17.15% and voltage regulation has varied from 1.88% to
4.08%, by placement of three DG’s the real power losses
reduced from 108.0969KW to 105.4491KW with
improvement of 1.309% and voltage regulation has varied
from 4.070% to 4.082%.
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Table.1l Summary results of 33-node RDS with DG’s

Aspect ngm One DG Two DGs Three DGs
VSI/GA[14] DPSO VSI/GA[14] DPSO VSI/GA[14] DPSO
Node No - 18 12 17,18 15,32 17,18,33 14,17,32
Rating(1)-KVA - 900 1100 17-800 15-500 17-400 14-300
Rating(2)-KVA - - - 18-100 32-600 18-100 17-200
Rating(3)-KVA - - - - - 33-600 32-600
Total-1100 KVA - 900 1100 900 1100 1100 1100
Vmin (pu) 0.9131 0.9302 0.9334 0.9303 0.9504 0.9503 0.9504
Ploss (kw) 202.32 144.138 125.597 140.8153 106.1180 108.0969 105.4491
Qloss (kvar) 134.92 99.9537 83.7298 97.4054 70.1545 72.6670 69.5314
Time(sec) - 8.6956 7.9464 8.3497 8.3754 8.5487 8.4569
i 0.98)
: |
éf'i“i 2 08
E
i i R —— Fig.7 Voltage Profile of 33-node RDS with DG’s
Fig.5 Variati f Real I - RDS with
ig.5 Variation of Rea povv’er 0ss 33-node RDS wit 5.2. Example-2
DG’s
The proposed algorithm is tested on 69-node radial
' b = distribution system whose single line diagram is shown in

: : : ; Fig.8. The variation of real power loss from one, two and
= : ‘ . — : y{ three DG’s are shown in Fig.9. The variation of voltage
L profile by placement of one,two and three DG’s are
T T shown in Fig.10.
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Fig.6 Variation of Reactive power loss 33-node RDS deldciooiele]
with DG’s

Fig.8 69-node RDS

www.ijert.org 5



The summary of results is shown in Table-2. The results
are compared with [14] which are obtained by sensitivity
analysis to identify the nodes and GA for the placement
of DG. The results are shown that by placement of one
DG the real power losses reduced from

116.0737KW to 102.4029KW with improvement of
6.077% and voltage regulation has varied from 5.125% to
4.855%, by placement of two DG’s the real power losses
reduced from 107.0353KW to 101.7987KW with
improvement of 2.33% and voltage regulation has varied
from 5.165% to 5.063%, by placement of three DG’s the
real power losses reduced from 103.0896KW to
101.7719KW with improvement of 0.585% and voltage
regulation has varied from 5.182% to 5.101%.

10 FEEH T I I T TR ST HI T
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Fig.9 Variation of Real power loss 69-node RDS with DG’s
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Fig.10 Voltage Profile of 69-node RDS with DG’s

Table.2 Summary results of 69-node RDS with DG’s

Aspect Without DG One DG Two DGs Three DGs
VSI/GA[14] | DPSO | VSI/GA[14] | DPSO | VSI/GA[14] | DPSO
Node No - 65 61 64,65 61,64 63,64,65 61,64,65
Rating(1)-KVA - 65-1150 61-1150 64-1100 61-850 63-850 61-850
Rating(2)-KVA - - - 65-50 64-300 64-250 64-250
Rating(3)-KVA - - - - - 65-50 65-50
Total-1150 KVA - 1150 1150 1150 1150 1150 1150
Vmin(pu) 0.9091 0.9557 0.9533 0.9561 0.9552 0.9563 0.9555
Ploss(kw) 224.95 116.073 102.40 107.0353 101.79 103.08 101.77
Qloss(kvar) 102.1472 56.4442 49.5794 51.9056 49.2760 49.9240 49.2625
Time(sec) - 27.0619 25.7261 26.3369 26.3802 27.1227 27.7273
6.Conclusion

DPSO for solving the DG placement in RDS has been

optimal selection of nodes for the placement of DG and

proposed in this paper. This paper aims at discussing the
reduction of real power loss and maintenance of voltage
profile by using DG . The proposed method deals with

Size of the DG by using Discrete Particle Swarm
Optimization (DPSO). From results the reduction of Real
power loss and the improvement of voltage profile can be
observed. Also that for the same capacity of DGs for
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single, two and three DGs the results are better if the [12] J. Kennedy and R. Eberhart, "Particle Swarm
number of DGs are more, especially the minimum voltage Optimization”, Proceedings of IEEE International
is improved if we have more number of DGs being total Conference on Neural Networks (ICNN'95), Vol. IV,
capacity same. The proposed algorithm is tested with two 2 Pp.1942-1948, Perth, Aﬁ’s’tralf‘a’ 1995 .
systems consisting of 33 node, and 69 node RDS. From (23] J. Kelnnedy ’Ril Eber a;t’ Aﬁtﬁlelw . Og“mlzer. using
the results, several important observations can be particle Swarmtheory, "rot. i Al el
! Micro Machine and Human Science, pp. 39-43, 1995.
concluded as follows. [14] K. Vinoth kumar and M.P. Selvan , “Planning and
From the results, important observations can be Operation of Distributed Generations in Distribution
concluded as follows. Systems for Improved Voltage Profile >, 2009 IEEE ,
«The power losses of distribution system can be pp.1 -7, 2009.
effectively reduced by proper placement of DG. [15] J. B. V. Subrahmanyam, C. 'R'adhgkrishna “Distribut.ed
< In addition of power loss reduction, the voltage profile Generator Placement and Sizing in Unbalanced Radial
can be improved. Dlstrlt_Jutlon System .”, In.terna.tlonal Journal of
Electrical and Electronics Engineering, Vol.3, pp.746 —
753. 2009
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