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Abstract— Rapid industrialization and population growth have resulted in an escalation in the electrid power
demand. Due to limited area and slow progress in n&ork expansion some regions have become high detysioad
areas, for example in the urban areas. These phenema may lead to power quality and also voltage stéity issues.
This paper presents the performance improvement imistribution network with distributed generation (D G). Pre-
developed sensitivity index was utilized to identyf the suitable location of distributed generation rstallation;
followed by optimization of the distributed generaton output to obtain maximum benefits from its instllation using
EP. Consequently, installation of capacitor was ats implemented to perform similar task. The compending
capacitor was installed at the bus location identiéd by the sensitivity analysisThe effectiveness of the proposed
methodology was validated on the 33-BubBistribution System. Results for loss minimizationand voltage profile
improvement produced by the distributed generator #ocation with those obtained by installing the compensating

capacitor in the system were compared accordinglyiorder to reveal the merit of each technique.

Keywords — Distributed Generation (DG), Sensitivityanalysis, Evolutionary Programming (EP)

I. INTRODUCTION

Distributed or dispersed generation (DG) or embddd@nfrastructure
generation (EG) is small-scale power generatiort tha technological

usually connected to or embedded in the distrilousigstem.
The term DG also implies the use of any modulahnrietogy
that is sited throughout a utility’s service
(interconnected to the distribution or sub-transiois
system) to lower the cost of service [1,2]. Iteoff valuable
alternative to the traditional sources of electripawer for
industrial, commercial and residential applicatior&he
purpose of these plants is to cope with the growiemand
for electricity in certain areas and render certadtivities
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self sufficient in terms of power production; thashieving
energy savings. Recent changes in the electrigtyutil
created the opportunities for many
innovations including the applicatioof
distributed generation to achieve various benefii®
achieve the benefits, many factors have to be deresil

areauch as the best technology to be used, the nuamzkethe

capacity of the units, the best location and théwvoek
connection.

Therefore, the factors of the best location anthgiare
the one of important issues in the implementatidn o
distributed generation in the distribution syst&iith proper
planning, the integration of distributed generadioim a
distribution system would lead to enhancement ie th
network performance in terms of voltage profile
improvement, reduction in line losses and improwosver
quality [2, 3]. As a result, the demand requireatrirthe grid
could be reduced, thus cutting the need to stremgthe
feeders connecting the network to the grid.

A new method for determining the optimal size of
distributed generator is proposed using Evolutipnar
Programming optimization technigue. Various loading
conditions were tested in order to evaluate thecéffeness
of the proposed technique in determining the oftsize of
the distributed generator. In this study, the optim
allocations of distributed generator are identiflesed on
the results obtained from the sensitivity analy$isis study
also compares loss minimization and voltage impmoe/e
achieved by the distributed generator allocation thiat
gained by installing compensating capacitor ingy&tem.

The effectiveness of the proposed methodology was
validated using 33-Bus Distribution System [4].
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II. SENSITIVITY INDEX Step 3Mutation process
In order to obtain maximum benefit from DG A new population is formed by mutating the initial
installation, a new technique was developed in ore existing population by implementing the mutatiorergior.
determine the suitable location for the distribuggsherator Mutation is the only variation operator used fongeting
based on sensitivity analysis. Sensitivity indicesed on the offspring from each parent. The fithess of diffspring
voltage stability improvement with respect to chanig was calculated by calling the load flow program.
injected active and reactive power at a load bug werived
and used to identify the suitable location for th&tributed Step 4Selection process
generation [5]. A program written in MATLAB The selection process was done by the tournament
programming language was developed in order toutmke scheme. In this process, the offspring producedn ftbe
the index. The sensitivity criterion was determirfiexin the mutation process were combined with the parentstergo
values of the sensitivity indices evaluated at daald bus in the selection process. The individual is to compétie other
a system. Buses with highest sensitivity valuessatected randomly selected individuals and the winning ciite was
for the location of the embedded generators. based on fithess values. For each comparisonnthieidual
The following procedures were implemented in thénat obtained the most numbers of wins will be priegd for
sensitivity analysis to determine the suitable {mca of the new generation.
distributed generator in the test systems:
Step 5Convergence test
i. Run the Iload flow program in MATLAB This procedure is to determine the stopping cetexf
programming language (Newton-Raphson method) the optimization. The convergence criterion is #jegt by

the base case the difference between the maximum and minimune&gnto

i. Compute the no load voltage and no load angle fbe less than 0.0001. If the convergence condit®mat
busi satisfied, the processes will be repeated.

iii. Compute the sensitivity indices for injected active
power P; and injected reactive powe®; using Maximumiimess— MINIMUMimess< 0.0001 (1)
equation 3.2 and 3.3 respectively.

iv. Record the highest sensitivity index by taking the IV. DETERMINING THEOPTIMAL DG
magnitude of the index. SIZING USINGEP

v. Select the bus with highest sensitivity index vahse The optimal size of the distributed generator is

the suitable location for the distributed generator ~ determined by having the kW outputyPf the distributed
generator as the variable to be optimized. The lov#put of
Once the sets of optimal allocation of distributethe distributed generator was determined using tequ#3)
generator have been identified, the size of disted and the power factor of the system was set to &e. 0.
generator will be determined using Evolutionary
Programming (EP) optimization technique. Xi = Pg )

Qu=Pgxtan' g 3)
cost = 085
6 = Power factor angle

. META-EP

Meta EP [6] technique was employed for determining
the optimal size of distributed generator (DG). sThi
technique is different from the standard EP siheegiement ) o ) )
of self adaptation is included in the mutation gsx The The operation of the distributed generator is atersd
algorithm of Evolutionary Programming for optimakiag (O Pe at steady state and therefore, the distdbgenerator

for this study is explained in the following procesl form:- S modelled as injected active and reactive poRgand Q
respectively [7]. The objective of the optimizatias to

Step 1lnitialization of population minimize the network losses denoted by equatiorD.1.1
For the purpose of determining the optimal sizirfg glence, the fitness for the EP was taken to bedtz lbsses

DG, the random numbers represent the kW outpyt ¢f in the distribution sys_tem anc_j _evaluated_by exegj_the
distributed generator as the variable to be optihizThe l0ad flow program with the injected active and e
size of DG is to be set in the interval of OMW-3MWhe Power at the suitable location determined fromstiesitivity

number of variables depends on the number of bliged analysis. The optimization also took into consitlerathe
generators to be installed in the systems. voltage constraint of the system as shown in eqongb), so
as to ensure that the maximum and minimum voltagesd

Step 2 Evaluation of the fitness value of each Mot be exceeded.
population

In order to minimize the network losses, the fime$
the EP is taken to be the total losses in the iligton
system. The total loss was evaluated by solvindahe flow
program. It was done by calling the load flow pogrinto
the EP as a main program. The optimization als& the )
consideration of the voltage constraint in the esysso that Voltage constraint,
the minimum and maximum voltage would not be exeded Vimn <Vi < Vi max (5)

Minimise " P (4)
j=1

n = number of lines in the system
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Vimn= minimum allowable voltage level in the system at

bus i

Vimax= maximum allowable voltage level in the system at
bus i

Vi = newvoltage level at busi

[
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randoml

v
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No
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Fig 2: IEEE 33-Bus Distribution System
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RESULTFOROPTIMAL LOCATION AND SIZING
The load flow analysis was conducted using the load

TABLE |

flow program in MATLAB programming language softwar
Table | shows the result for initial total losses the test
system.

RESULT FOR TOTAL LOSS WITHOUT INSERTING DG FOR 3345

Total Loss (MW)

P Loss

Q Loss

Base Case

0.1714

0.1114

In order to determine the suitable
distributed generator, sensitivity analysis wasdumbted on
the test system. The sensitivity indices were etell for
every bus in the system and the results are tadullat
TABLE Il. The bus with highest sensitivity index lua is
selected as the suitable location for the distatgenerator.
From TABLE II, it could be observed that bus 30 fias
highest sensitivity index value and therefore itli®sen as
the suitable location for distributed generatorsB@, 14, 31

location of the

and 25 were also selected for comparison of digteib
Fig 1: Flowchart for implementation of EP optimization fmed to generator allocation so that the improvement omtevork

determine the optimal size of the DG.

profile improvement could be compared.

V. TESTSYSTEM

The proposed technique was tested on IEEE 33-Bus
Distribution System. The schematic diagram for thet
systems is shown in the Fig. 2. Similar study wadgrmed
to see the effect of compensating capacitor irestailt the
selected buses identified from the sensitivity wsialfor loss
minimization and voltage improvement for comparisdhe
optimal size of the compensating capacitor was also
determined by the developed Evolutionary Progrargmin
optimization technique.

TABLE Il
FIRST 6 BUSES WITH HIGHEST SENSITIVITY
INDEX VALUE
oL, oL
Bus No. — Bus No. | |—
oR oQ
32 0.45075 30 0.71067
30 0.32159 32 0.16505
31 0.3086 14 0.14965
14 0.29422 31 0.1083
25 0.27392 24 0.10282
24 0.23047 25 0.083065

performance in terms of loss minimization and \gdta
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The effect of optimal sizing and allocation of the

distributed generator on the total losses and geltzofile in

the system was observed by installing the disteihut

generator at the chosen busses individually.

Fig 3(a) shows the installation of distributed gextor
at the chosen bus has reduced the power losses gystem.
Allocating the distributed generator at bus 30 Itesuin
better loss minimization as compared to other baatlons.
Fig 3 (b) shows the minimum voltage in the systesnaa
result of installing distributed generator at thespgective
buses.

0n

01r

009 - Bl

—& bus30
—B— bus32
—4— busld | 4
—=- bus31
—— bus25

007 - q

008 -

Taotal losses (M)

005 L L y
04 06 08 1

I
12
Loading

Fig3 (a) Total losses in the system with installatiéulistributed

generator for load increase at individual buses
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Fig 3 (b) Minimum voltage in the system with installatioof
distributed generator for load increase at indiaichuses.

The optimal output of the distributed generatooider
to minimize the system losses at different loadingdition
identified by the proposed EP optimization techeicare
tabulated in TABLE lll. The results reveal thate tbptimal
output of the distributed generator increased asahding at
a load bus was incremented.

TABLE Il
OPTIMAL DISTRIBUTED GENERATOR OUTPUT FOR LOSS
MINIMIZATION IN THE SYSTEM OF LOAD INCREASE AT
INDIVIDUAL BUS

Optimal output of distributed generator at each
bus location (MW)
Loading/times
the nominal 30 32 14 31 25
value
0.6 1.2654| 1.0359] 0.8689 1.1126 1.95p8
0.8 1.3023| 1.0742] 0.8914 1.1423  2.0337
1.0 1.3428| 1.1197) 0.9189 1.1721 2.1207
1.2 1.3834| 1.1611 0.941 1.2034 2.2
14 1.42 1.2023| 0.9644 1.2437  2.2841
1.6 1.4606| 1.2446) 0.988 1.2722  2.3693
1.8 1.4997| 1.2889  1.018¢ 1.2912  2.4544
07 T
—&~ bus30
—B— bus32
0B H —+ busld 4
—=- bus31
—+ busz5
05 without DG 4
g
ém, 04 i
g 0.3 without DG b
0.2 4
[IANS B
0.4 D 0.8 1 1.‘2 1.4 16 1.8 2
Loading
Fig4 (a) Total losses with installation of distributedngrator for

overall load increase in the system.
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Waltage
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—4— hus14

= busdt without DG i

0,66 H
—+ hus25
without DG

064
04
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Loading

Fig4 (b) Minimum voltage in the system with installatioof

distributed generator for overall load increase tlire
system.

The result obtained for overall load increase ie
system was illustrated in Fig 4 (a) and Fig 4 {fH)e graph
in Fig 4 (a) shows the distribution losses withtrilisited
generator installed at respective load buses feraverall
increase in the loading conditions. The minimunalttisses
obtained when distributed generator was instaltedua 30
compared to the other buses. Fig 4 (b) shows timgmam
voltage in the system as a result of installingdistributed
generator at the respective bus. The optimal ositptithe
DG are tabulated in TABLE IV. The results show théten
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the overall load was increased, the optimal sizdigifibuted o

generators also increased. o sl
—f- bus32
—— hus14
0241 = pusat 1
TABLE IV et
OPTIMAL DISTRIBUTED GENERATOR OUTPUT FOR LOSS oz |
MINIMIZATION IN THE SYSTEM FOR OVERALL LOAD %
INCREASE IN THE SYSTEM. F
@ 02r b
Optimal output of distributed generator at each bu ‘:E"
location (MW) AELS ]
Loading/times
the nominal 30 32 14 31 25 016 1
value
0.6 0.8011| 0.6669  0.545 0.7006  1.26p4 014 : . , . . ‘ ‘
0.4 06 08 1 12 1.4 1.6 1.8 2
0.8 1.071 0.8925 0.7291 0.9351 1.6886 Loading
1.0 1.3411| 1.1194 0.916 1.1732 2.1188 Fig 5a(ii) Variation in total losses with respect teiiease in loading
t each bus individually.
12 1.6124| 1.3486] 11052 1411 2583 at each bus individualy
1.4 1.8885 1.576 1.2914 1.65 2.9918
1.6 2.1635| 1.8069 1.4889  1.8917  3.43#4 - : : : : ‘

1.8 2.4388| 2.0386 1.6848 2.1344 3.8842 e
.. bus14
Similar study was performed to see the effect of o bus 30 T w1

—+ bus2s

compensating capacitor installed at the selectededu
identified from the sensitivity analysis for lossnimization

and voltage improvement. The optimal size of the
compensating capacitor was also determined by the
developed EP optimization technique. This study was
conducted in order to compare the results obtaired the

0.94

0931

“oltage

0921 B

implementation of distributed generation. The tcpstem - _
losses and voltage profile as regards to load taniaat

individual bus with compensating capacitor insthlkt the 09 s ‘ s s ‘ s ‘
selected buses are shown in the graphs given urdsg a(i) S e
and 5 b(i) respectively. The graph shows in Fig (§ a

. . . Fig 5b (i) Minimum voltage in the system with compensgti
illustrates that load increase at bus 30 has caaiseacrease 9500 capacitor for |ogd increas)é at individual b'zsef

in the total losses of the system significantlyhailtgh
compensating capacitor is located at this bus.hatgame

0.94

time, Fig 5 b(i) shows that increase in load at 8dihas also o busn
reduced the minimum voltage appreciably as comp#wed 05| = |
the effect of load increase at the other load busigs5 a(ii) ol e
and Fig 5 b(ii) shows the variation in total pouesses and

minimum voltage with respect to increase in loadi@ach ooz r ]

bus individually. acal!

Woltage

The optimal outputs of the compensating capaciter a o915}
tabulated in TABLE V. The results reveal that, thgtimal
output of the compensating capacitor increased has t

0911

loading at a load bus was incremented. namar il
0 ‘ ‘ ‘ . . . .
0.4 0.6 0.8 1 12 14 18 18 2
0.18 T T T T T T T Loading
047 - b . - - . - . .
Fig 5: b (ii) Variation in minimum voltage in the systewith
06L J respect to increase in loading at respective bus
individually.
2 015 4
=
§ 014 —
E 013+ B
012 T = bus30 [
—f+— bus32
L —4— bus1d ]
o bus 30 = bueat
—+ bus25
o E.A 0.6 0s 1 12 14 16 1.8 2
Loading

Fig 5 a(i) Total losses in the system with compensatagggcitor for
load increase at individual buses
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TABLE V
OPTIMAL COMPENSATING CAPACITOR OUTPUT FOR LOSS
MINIMIZATION IN THE SYSTEM FOR LOAD INCREASE AT
INDIVIDUAL BUSES

Fig 6 (b) Minimum voltage in
TABLE VI
OPTIMAL COMPENSATING CAPACITOR OUTPUT FOR LOSS
MINIMIZATION IN THE SYSTEM FOR OVERALL LOAD INCREASE
IN THE SYSTEM.

the system with and without

Optimal output of compensating capacitor at eac Optimal output of compensating capacitor at eacl
bus location (MVar) bus location (MVar)
Loading/times Loading/times
the nominal 30 32 14 31 25 the nominal 30 32 14 31 25
value value

0.6 0.9356| 0.9394 0.504 0.9925 1.517 0.6 0.7023| 0.5805( 0.320 0.6107  0.9293
0.8 1.0597| 0.9584, 0.5244 1.0049 1.5543 0.8 0.9423| 0.7916| 0.428 0.8196 1.2705
1.0 1.1817| 0.9773] 0.5341 1.0242 1.6035 1.0 1.1831| 0.9779] 0.5362 1.0267 1.6007
1.2 1.3016| 0.9996] 0.5501 1.0397 1.6431 1.2 1.4221| 1.1786] 0.644 1.2286  1.9449
1.4 1.4252| 1.0197| 0.5641 1.0507 1.6823 1.4 1.6667| 1.3811] 0.7561 1.4391 2.2983
1.6 1.5492| 1.0511] 0.5851 1.0642 1.7211) 1.6 1.9112| 1.5777| 0.866 1.6503  2.6689
1.8 1.6764| 1.0622] 0.601% 1.08]16 1.7736| 1.8 2.1612| 1.7787| 0.977 1.8614  3.0411

Fig 6(a) and Fig 6(b) shows the result of compéngat
capacitor installation on loss minimization and tage
improvement respectively when the overall load éase in
the system. Based on these graphs, the best parioenin
terms of loss minimization and voltage improvemersts
obtained when the compensating capacitor was alsadd
at bus 30. The optimal outputs of the compensaiamacitor
are tabulated in TABLE VI. The results show thatewtthe
overall load was increased, the optimal size of memsating
capacitors also increased.

07

—&~ bus30
—— bus32
r| —+ bus14
—5- bus31
—+— bus2s
without compensating capacitor

o
@

o
w

(=1
=

o
W

F without compensating
capacitor

Total losses (M)

o
)

[IRRY

.
12
Loading

Fig6: (a) Total losses in the system with
compensating capacitor for overall load increase thie
system.

096

0.94

0821
without compensating
capacitaor

Woltage

08r

0.88 | —&- bus30
—&- bus32
—4— busld
—5- bus31
—+ bus25

without compensating capacitor

086 H

084
04

0.6 08 1 12

Loading

compensating capacitor for overall load increasetha
system

VIl. COMPARING THENETWORKPERFORMANCE
BETWEENTHE DG INSTALLATION AND
COMPENSATINGCAPACITOR

The comparison in the system performance in terins o
loss minimization and voltage improvement between
distributed generator and compensating capacitor
installations at bus 30 could be observed in tlaplgs shown
in Fig 7 (a) and Fig 7 (b) respectively for the eas load
variations at bus 30. The load variation at bus i80
considered because it would effect the change stesy
losses and voltage profile most.

Similar comparison was obtained in the graphs shioawn
Fig 8 (a) and Fig 8 (b) for the case of overalldioacrease
and the distributed generation or compensating atgpas
located at bus 30. From these graphs, it shows that
distributed generator installation gives better slos
minimization and voltage improvement in the systam
compared to compensating capacitor placement.

and without

—o bus30(DG)
—- bus30(C) original network
025} | == original network i b
ozf e 1
g """""""" compensating capacitor
. e '/
@ 015 = i
& -
=:_v M
" ooar DG J
005 - B
0 . \ . . . \ .
0.4 0.6 08 1 1.2 1.4 16 18 2
Loading
Fig 7: (a) Comparing the total losses between distribgeuerator

(DG) and compensating capacitor installations fmadl
increase at bus 30.
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Fig 7: (b) Comparing the minimum voltage between distébu
generator (DG) and compensating
installations for load increase at bus 30.
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Fig 8: (a) Comparing total losses between distributed igeoe

(DG) and compensating capacitor installations feerall
load increase in the system.
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Fig 8: (b)
generator (DG) and compensating capacitor insi@tiat
for overall load increase in the system

VIIl. CONCLUSION
A new approach for determining the location andhgiz

of distributed generator in a distribution systenpiesented.

The results revealed that the developed sensitaitglysis
was successful in identifying the suitable locatiof
distributed generation in a system. Meanwhile déeeloped
Evolutionary Programming optimization technique wasd
to identify the optimal sizing of distributed geagr. From
the results it shows that allocating and optimaingj the
distributed generation using the proposed technibas

capacito-lr

Comparing minimum voltage between distributed

managed to minimize the total losses and also imgpthe
voltage profile in the system.

The comparative study between distributed generator

and compensating capacitor installations has shbanthe
former has better capability in terms of loss miagttion
and voltage profile improvement in a system. Thet teas
also performed looking into variation in loadingnditions
at the load buses ranging from 60% to 180% of deeload
condition. The load variation was considered ahdacs and
all buses in the systems. The analysis also tod& in
consideration of voltage constraint to ensure tiodtage
improvement in the systems is within the voltageits. The
objective of optimal location and sizing of distribd
generation is to reduce the total power lossesénsystem.
he voltage profile was also monitored to see tiieceto
the voltage at each load bus in the test systems.
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