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ABSTRACT

This paper presents a new methodology using Real Coded
Genetic Algorithm (RCGA) for the placement of Distributed
Generators(DG) in the radial distribution systems to reduce the
real power losses and to improve the voltage profile. A two-stage
methodology is used for the optimal DG placement . In the first
stage, single DG placement algorithm is used to find the optimal
DG locations and in the second stage, Real Coded Genetic
Algorithm is used to find the size of the DGs corresponding to
maximum loss reduction. The proposed method is tested on
standard IEEE 33 bus test system and the results are presented.

Keywords: DG placement, Real Coded Genetic Algorithm,
loss reduction, radial distribution system.

1. INTRODUCTION

Distributed or dispersed generation (DG) or embedded
generation (EG) is small-scale power generation that is usually
connected to or embedded in the distribution system. The term
DG also implies the use of any modular technology that is sited
throughout a utility’s service area (interconnected to the
distribution or sub-transmission system) to lower the cost of
service [1]. The benefits of DG are numerous [2, 3] and the
reasons for implementing DGs are an energy efficiency or
rational use of energy, deregulation or competition policy,
diversification of energy sources, availability of modular
generating plant, ease of finding sites for smaller generators,
shorter construction times and lower capital costs of smaller
plants and proximity of the generation plant to heavy loads,
which reduces transmission costs. Also it is accepted by many
countries that the reduction in gaseous emissions (mainly CO,)
offered by DGs is major legal driver for DG implementation [4].

The distribution planning problem is to identify a combination of
expansion projects that satisfy load growth constraints without
violating any system constraints such as equipment overloading
[5]. Distribution network planning is to identify the least cost
network investment that satisfies load growth requirements
without violating any system and operational constraints. Due to
their high efficiency, small size, low investment cost, modularity
and ability to exploit renewable energy sources, are increasingly
becoming an attractive alternative to network reinforcement and
expansion..Numerous studies used different approaches to

evaluate the benefits from DGs to a network in the form of loss
reduction, loading level reduction [6-8].

Naresh Acharya et al suggested a heuristic method in [9] to
select appropriate location and to calculate DG size for minimum
real power losses. Though the method is effective in selecting
location, it requires more computational efforts. The optimal
value of DG for minimum system losses is calculated at each bus.
Placing the calculated DG size for the buses one by one,
corresponding system losses are calculated and compared to
decide the appropriate location. This method is used to calculate
DG size based on approximate loss formula may lead to an
inappropriate solution.

In the literature, genetic algorithm has been applied to DG
placement [10-12].In all these works both sizing and location of
DGs are determined by GA. In this paper, the optimal locations
of distributed generators are identified based on the single DG
placement algorithm and a GA based technique which takes the
number and location of DGs as input has been developed to
determine the optimal size(s) of DG to minimize real power
losses in distribution systems. The advantages of relieving GA
from determination of locations of DGs are improved
convergence characteristics and less computation time. Voltage
and thermal constraints are considered. The effectiveness of the
proposed algorithm was validated using 33-Bus Distribution
System [13].To test the effectiveness of proposed method, results
are compared with the results of an analytical method reported in
[14]. It is observed that the proposed method yield more savings
as compared to analytical method.

2. THEORETICAL BACKGROUND

2
The total / R loss (PL) in a distribution system having n» number

of branches is given by:
n
2
P, =>IR (1)
i=1

Here I is the magnitude of the branch current and R is the

1

th

resistance of the i branch respectively. The branch current can

be obtained from the load flow solution. The branch current has

two components, active component (/ ) and reactive component
a

(7). The loss associated with the active and reactive components
r

of branch currents can be written as:
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Note that for a given configuration of a single-source
radial network, the loss PL associated with the active component
a

of branch currents cannot be minimized because all active power
must be supplied by the source at the root bus. However by
placing DGs, the active component of branch currents are
compensated and losses due to active component of branch
current is reduced. This paper presents a method that minimizes
the loss due to the active component of the branch current by
optimally placing the DGs and thereby reduces the total loss in
the distribution system. A two stage methodology is applied here.
In the first stage optimum location of the DGs are determined by
using an analytical approach and in the second stage RCGA is
used to determine sizes of the DGs for maximum real loss
reduction.

3. IDENTIFICATION OF OPTIMAL DG
LOCATIONS -STAGE-I
3.1. Single DG Placement Algorithm

This algorithm determines the optimal size and location of
DG units that should be placed in the system where maximum
loss saving occurs. First optimum sizes of DG units for all nodes
are determined for base case and best one is chosen based on the
maximum loss saving. If single DG placement is required this
process is stopped here. This process is repeated if multiple DG
locations are required by modifying the base system by inserting
a DG unit into the system one-by-one.

3.2. Single DG Placement Algorithm

Assume that a single-source radial distribution system with
n branches and a DG is to be placed at bus m and a be a set of
branches connected between the source and bus m. As referred
to Fig. 1, assume that a DG is placed at bus 23, the set of o
consists of branches 1,2,3,4,5, 16,17,18,19,20,21 and 22. The
DG produces active current Ipg, and for a radial network it
changes only the active component of current of branch set a.
The current of other branches ( & =a) are unaffected by the DG.

Thus the new active current I wa of the i branch is given by

1, =1+ Dilpg )
where D; = 1; if branch i € a
= 0; otherwise

The loss Py, ™ associated with the active component of branch
currents in the compensated currents in the compensated system
(when the DG is connected) can be written as

n

com __ 2
PLa _Z(Iai +DiIDG) Ri ®)
i=1
The loss saving S is the difference between equation 2 and 5

and is given by

International Journal of Computer Applications (0975 — 8887)
Volume 25— No.2, July 2011

S=P, _PLcaom

L ) (6)
= _z (ZDi]ai]DG + DDG'[C )Ri

i=1

The DG current Ipg that provides the maximum loss saving can
be obtained from

s _ ~2> (D + DI ps)R =00)
ol DG i=1

Thus the DG current for the maximum loss saving is

Zn:DilaiRi ZlaiRi
_ =l — _ ica (8)

Zn:DiRi ;Ri
i=1

The corresponding DG size is
Ppg = Vi Ing )

1

DG —

V., is the voltage magnitude of the bus m. The
optimum size of DG for each bus is determined using eqn (9).
Then possible loss saving for each DG is determined by using
eqn (6).The DG with highest loss saving is identified as
candidate location for single Dg placement. When the candidate
bus is identified and DG is placed, the above technique can also
be used to identify the next and subsequent bus to be
compensated for loss reduction.

3.3. Algorithm

Step 1:  Conduct load flow analysis for the original system .

Step 2:  Calculate the DG currents (Ipg) and DG size using
equations 8 & 9 from =2 for all buses except source
bus.

Step 3: Determine loss saving (S) using equation 6, from i=2 for

all buses except source bus.

Identify the maximum saving and the corresponding

DG size.

Step5: Modify the active load on the network and conduct the
load flow again.

Step 6: Check whether the saving obtain is more than 1kW. If

the saving is significant, go to step 2. Otherwise, go to

next step.

This bus is a candidate bus where DG is placed .

Repeat the procedure until the loss is significant ©

kW).

Step 4:

Step 7:

Here the effect of DG placement on real power loss only is
considered. The effect of DG on Reactive power loss, voltage
profile and system capacity rise is neglected.

Since the DGs are added to the system one by one, the
sizes obtained using single DG placement algorithm are local
optima not global optimum solution. The global optimal solution
is obtained if multiple DGs are simultaneously placed in the
system by using genetic algorithm. This method is explained in
next section.
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4. IDENTIFICATION OF OPTIMAL DG
SIZES BY REAL CODED GENETIC
ALGORITHM

4.1. Introduction to Genetic Algorithm

Genetic algorithms are practical, robust optimization and
search methods. Genetic algorithms were invented by
Holland to mimic some of the processes of natural evolution and
selection. These algorithms are different from most of the
traditional optimization methods and these algorithms need
design space to be converted into genetic space. A more striking
difference between genetic algorithms and most of the
traditional optimization methods is that GA uses a population of
points at one time, in contrast to the single point approach by
traditional optimization methods. The most interesting aspect of
GA is that they do not require any prior knowledge of the
function to be optimized and they exhibit very good
performance on the majority of the problems applied.

The genetic algorithm repeatedly modifies a population of
individual solutions. At each step, the genetic algorithm selects
individuals at random from the current population to be parents
and uses them to produce the children for the next
generation. Over successive generations, the population
evolves towards an optimal solution. The genetic algorithms
can be used to solve a variety of optimization problems that are
not well suited for standard optimization algorithms.

There are a number of different algorithms that can be applied to
many domains, from data analysis to autonomous navigation
[14]. These immune algorithms were inspired by works on
theoretical immunology and several processes that occur within
the IS. The AISs lead to the development of different techniques,
each one mapping a different mechanism of the system. For
examples, the Artificial Immune Networks as proposed by Farmer
et al. [15], the Clonal Selection Algorithm proposed by de Castro
and Von Zuben [16], and the Negative Selection Algorithm
introduced by Forrest et al. [17]. Immune network models are
suitable to deal with dynamic environments and optimization
problems, algorithms based upon the clonal selection principle
are adequate to solve optimization and scheduling problems, and
the negative selection strategies are successfully applied to
anomaly detection.

4.2. Application of Genetic

determine DG unit sizes

After identifying the » number of candidate locations using fuzzy
approach, the DG sizes in all these n candidate locations are
obtained by using the Real Coded Genetic Algorithm (RCGA).
In this proposed method, the real number encoding has been
used to determine the sizes of n number of DGs in the n
candidate locations.

Algorithm to

Step 1: Initial population of /nop x n] number of real numbers is
generated randomly within the limits, where nop is the initial
population size and 7 is the number of DGs. Each row represents
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one possible solution to the optimal DG-sizing problem.
Iteration count is set to one.

Step 2: By placing all the n DGs of each chromosome at the
respective candidate locations and load flow performed to find
the total real power loss P;. The same procedure is repeated for the
nop number of chromosomes to find the total real power
losses. Check voltage and thermal constraints. If
constraints are not violated evaluate Fitness value.

Step 3: The population is arranged in the descending order
according to their fitness values. Maximum fitness and average
fitness values are calculated.

Error = (maximum fitness - average fitness) ... (5)

Error is calculated using the equation (5). If this error is less than
a specified tolerance then go to step 9.

Step 4: The best chromosomes are directly copied to the next
generation population to perform the elitism with a probability of
P..

Step 5: Parents are selected in pairs by using the roulette wheel
selection technique based on their fitness values.

Step 6: Crossover is performed using the two crossover
operators. These two crossover operators are the arithmetic
crossover and the heuristic crossover. A random number 7 is
generated between zero and one. If the random number 7 is less
than 0.5 then arithmetic crossover operator is used to produce the
offspring, otherwise heuristic crossover operator is used to
produce the offspring.

Step 7: The iteration count is incremented and whether this
iteration count is greater than iteration maximum or not is
checked. If it is greater than iteration count then go to step 9.

Step 8: After performing the elitism and crossover operators, the
new population is generated from the old population. In this
present work mutation operator is eliminated. Go to step 2 to
repeat the same procedure.

Step 9: Stop the procedure and print the results.

5. RESULTS AND DISCUSSION

First load flow is conducted for IEEE 33 bus test
system[7]. The power loss due to active component of current is
136.9836 kW and power loss due to reactive component of the
current is 66.9252 kW. A program is written in “MATLAB” to
calculate the loss saving, DG size and location for maximum loss
saving . For the first iteration the maximum loss saving is
occurring at bus 6. The candidate location for DG is bus 6 with a
loss saving of 92.1751 kW. The optimum size of DG at bus 6 is
2.4886 MW. By assuming 2.4886 MW DG is connected at bus 6
of base system and is considered as base case. Now the candidate
location is bus 15with 0.4406 MW size and the loss saving is
11.4385 KW. This process is repeated till the loss saving is
insignificant. The results are shown in Table 1.
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Table 1-Single DG placement results

iteration Bus No. DG Size Saving
No. MW) KW)

1 6 2.4886 92.1751

2 15 0.4406 11.4385

3 25 0.6473 7.6936

4 32 0.4345 8.1415

The solution obtained above is local optimum solution but
not global optimum solution. The DG sizes corresponding to
global optimum solution are determined using RCGA. The
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candidate locations for DG placement are taken from single DG
placement algorithm i.e. 6,15,25,32.With these locations, sizes
of DGs are determined by using Real Coded Genetic Algorithm
described in section 4. The sizes of DGs are dependent on the
number of DG locations. Generally it is not possible to install
many DGs in a given radial system. Here 4 cases are considered .
In case I only one DG installation is assumed. In case II two DGs
,in case III three DGS and in the last case four DGs are assumed
to be installed. DG sizes in the four optimal locations, total real
power losses before and after DG installation for four cases are
given in Table 2.

Table 2: Results of IEEE 33 bus system.

Case bus DG Total los.ses befor:e DG l(?ss after.DG saving(Kw | saving/ DG
locations sizes(Mw) Size(MW) installation installation ) size
(Kw) (Kw)
I 6 2479 2479 105.0231 98.8857 39.9
6 1.950
11 2.5464 89.9682 113.94 4475
15 0.57
6 1.74
111 15 0.57 3.0726 203.9088 79.2516 124.657 40.571
25 0.7626
6 1.018
15 0.5695
v 3..009 66.5892 137.32 45.63
25 0.7626
32 0.650

The last column in Table 2 represents the saving in Kw for 1
MW DG installation. The case with greater ratio is economical.
The case IV is economically best than other cases since it has
highest ratio and the saving is also maximum. As the number of
DGs installed is increasing the saving is also increasing. In case4
maximum saving is achieved but the number of DGs is four.
Though the ratio of DG size to saving is minimum of all cases
which represent optimum solution but the number of DGs
involved is four so it is not economical by considering the cost of
installation of 4 DGs. But in view of reliability, quality and
future expansion of the system it is the best solution.

Table 3 shows the minimum voltage and % improvement in
minimum voltage compared to base case for all the four cases. In
all the cases voltage profile is improved and the improvement is
very significant in case 4. The voltage profile for all cases is
shown in Fig.1.

Table 3: Voltage improvement with DG placement

;‘(s: Bus No. V(l:/l[tl:ge % change
lz’::ee 18 09118

casel 18 0.9314 2.149
case2 18 0.9349 2.533
case3 18 0.9349 2.533
case4 14 0.9679 6.153

Table 4 shows % improvements in power loss due to active
component of branch current, reactive component of branch
current and total active power loss of the system in the four cases
considered.
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The loss due to active component of branch current is reduced by
more than 54% in least and nearly 80% at best. Though the aim
is reducing the Py, loss, the Py, loss is also reducing due to
improvement in voltage profile. From Table V it is observed that
the total real power loss is reduced by 38% in case 1 and 56% in
case 4.

The convergence characteristics of the solution of Genetic

algorithm for all the four cases are shown in figure 2.

Table 5 shows the minimum, average, maximum values of total
real power loss from 100 trials of Genetic algorithm. The average
number of iterations and average CPU time are also shown.

Fig.1:Voltage profile with and without DG placement for all Cases

Best Fitness

Best Fitness

Table 4 :Loss reduction by DG placement

case . . %
No. P, &W) | %Saving | P, (kW) | % Saving | P}, (kW) Saving
Base 203.9088 -
case 136.9836 66.9252
casel 62.7085 54.22 64.3834 3.7979 127.0919 37.45
case2 53.6323 60.847 63.7623 4.726 117.3946 42.43
case3 53.5957 60.874 63.7601 4.729 117.3558 42.45
case4 27.7143 79.768 62.5779 6.4957 90.292 55.72
Case | Case ll
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Figure 2: Convergence characteristic of Genetic algorithm for 33 bus test system
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Table 5: Performance of Genetic algorithm for IEEE 33 Bus System

Total real power loss (kW) Case Case 11 Case 111 Case IV
Min 105.0231 89.9619 79.2515 66.5892
Average 105.024 89.98 81.376 68.842
Max 105.419 90.034 84.953 70.759
No. of Antibodies 50 50 50 50
Avg. No. of iterations 49.97 63.71 131.86 319.02
Average Time (Sec.) 8.703 8.844 36.563 167.265

5.1. Comparison Performance

To demonstrate the validity of the proposed method the
results of proposed method are compared with an existing
Analytical method. The comparison is shown in Table 6. From
the table it is clear that the savings by RCGA algorithm are a
little higher than the existing analytical method. The reason for
this is the increased size of DG units. Table 7 shows comparison
of voltage profile improvement by the two methods. The
minimum voltage and % improvement in minimum voltage
compared to base case for all the four cases, for the two methods

discussed, are shown in this Table. For all the four cases the
improvement is better for the second method.

From the above tables it is clear that the results
obtained by the GA method and the other method are similar
which shows the efficacy of the GA method. And the added
advantages of proposed method includes easy incorporation of
real time constrains on the system like time varying loads,
different type of DG units etc. to effectively apply for real time
operation of a system.

Table 6: Comparison of results of IEEE 33-bus system by proposed method and other existing method

Case Bus sizes(Mw) Total Size(Mw) saving(Kw)
locations PM AM PM AM PM AM

1 6 1.2931 1.1883 1.2931 1.1883 76.817 76.3619
6 0.3836 | 0.3244

2 15 [ 1506 L0916 1.5342 1.416 86.5142 86.0246
6 0.2701 0.2106

3 15 1.1138 1.0551 1.5342 1.416 86.553 86.0628
25 0.1503 | 0.1502
6 0.2701 0.2106
15 0.8233 | 0.8031

4 25 01503 1 0.1502 1.8423 1.74416 113.6166 112.996
32 0.5986 | 0.5803

Table 7: Comparison of Voltage improvement by proposed method and other existing method

Case No. Min Voltage % improvement
PM AM PM AM
Base case 0.9118 -—-
casel 0.9314 0.9299 2.149 1.985
case2 0.9349 0.9333 2.533 2.358
case3 0.9349 0.9333 2.533 2.358
cased 0.9679 0.9659 6.153 5.933

6. CONCLUSIONS

In this paper, a two-stage methodology of finding the optimal
locations and sizes of DGs for maximum loss reduction of radial
distribution systems is presented. A single DG placement
algorithm is proposed to find the optimal DG locations and a

RCGA method is proposed to find the optimal DG sizes. Voltage
and line loading constraints are included in the algorithm.

This methodology is tested on IEEE 33 bus system. By installing
DGs at all the potential locations, the total power loss of the
system has been reduced drastically and the voltage profile of the
system is also improved. Inclusion of the real time constrains
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such as time varying loads and different types of DG units and
discrete DG unit sizes into the proposed algorithm is the future
scope of this work.
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