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Absttdcr-T\is peper presents power distribmion network
voltege profile enhancement with the presencc of renewable DG.
The study involves the ufilizatior of sensidrity enalysis (SA) as an
analysis tools of determinetion of renewaHe DG inst.llrtion
locrtion in the distribution s5,'stem. Howevcr, only two t!?cs of
reneweble DG ere preseated in this prper which ere soler DG end
wind DG. Then, an optimization technique so called es

Evolutioner5r Progremming (EP) is used to determine the optimel
size of the reneweble DG based on minimum voltrgc enhenccmenL
The simulation will be carried on the IEEE t5 Bus Rediel
Distribution System. Response for voltage profiles enhancement
were obsen'ed during with or witlout reneweblc DG. Rcsults
obtained from the proposed techrlqucs reveeled that the voltage
of power distribution nerwork cen be enhanced with the presence

of renewable IIG-
Index Tenns-Vohage hnprovetnenl, Reedivc Loediag,

Evolationary hograttning, Scnsitilillt A nobxit"

I. INTRoDUC-TIoN

Global economic growth forced utility companies to
expand electrical grid in order to meet tle increasing demand
of elecrriciry. However, this could not be achieved in short time
due to several limitation. Therefbre power system problems

such as voltage outages, breakdowns, lightning and su"itching
surges which in hrrn leads to system collapse may occur.
Besides, researches have been conducted prorre that rhe rate of
emissions due to conventional method of using fbssil fuel as

energy sources have been increasing throughout the years;

hence causes global warming []. Therefore, renewable energy
oflers promising alternarive to improve power distribution
network system in term of stability, voltage enhancemen! loss

reduction and provide solution to the problem of high
greenhouse gas emissions [2].

Renewable Distributed generation (DG) is normally
dcfined as small generation units which generation capacity of
less than l0MW that uses renewable resources such as fuel
cells, wind farm and photovoltaic installed in the distribution
system that is not a part of central pou.er system and is located
close to the load [3]. The integration of DG in the disn:ibution
system can significantly impacts the power flow and voltage
profile of rhe system. However the inregration of DG into the
distribution system is not an easy ksk. The placement and
sizing of DG at non-optimal places can result in increase in
system loses, voltage fluctuations, system collapse and

implying in an increase in generation costs and therefore having
the negative impact to the pov'er system [4]. Therefore, an

optimal size DG should be allocated in a way such that it
enhances system perfbrmance and reduces system loss [2].

Voltage Profile Enhancement is a process of increasing

the voltage in a power system network. The voltage is increased

to its possible maximum acceptable voltage profile to prevent

voltage instability in power system network which can cause

voltage collapse in the system hence increase the cost tbr pou,et

system planning. Voltage profile enhancement can be achieved
through power compensation schemes such as Distributed
Generation (DG), Active Power Scheduling (APS),

Translbrmer Tap Changer Setting (TTCS), Reactive Pou.er

Dispatch (RPD), and Static VAR compensation[S].
It is essential to determine the size and locafion of

renewable DG to imFrove distribution network voltage. In
practice, voltage sensitivity factor calculates which bus

candidate that donates the highest voltage sensitivity to the

injected active and reactive power. The highest the voltage
srability indicates the best bus candidate fbr DG placement [4].
In [6], bus which sensitive to the active power loss due to the

injected power is as the sensitive bus of the system. This
analysis is called as loss sensitivity analysis. While in [7]
sensitivity analysis based on voltags sag is proposed tbr DG
placement the bus that suti'er the highest number of voltage sag

due to the randomly faults generated is considered as the best
bus forDG placement.

While tbr DG sizing. in [a, 6] the authors proposed

evolutionary programming (EP) to determine the optimal size

of DG such that it reduces power loss and increase the system
stabiliry. While in [7], particle swarm optimizarion technique is

used to calculate the optimal sizing of DG considering that the

amount of DG will be able to minimize economic loss in the

system. In [4] the authors proposed fuzzy logic EP is used to
determine the size of DG"

In previous researches, various techniques were used to
evaluate system performance. In [2] the authors proposed
reactive loadablity as a tool to evaluate system srability as

higher amount of maximum reactive load the system can
indicate the system is stability. While in [8-ll] authors
discussed the use of voltage stability index (VS! in evaluating
system stability whereas the system is able to maintain voltage
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above allowable voltage, the system is categorized as stable.

Besides, in [9, 12, 13] loss indices measure the amountthe loss

in the power system which in turns indicates the system
stability. The lower the loss indices determine the system is

more stable. While in [12] the authors proposed overall voltage
profile improvement in evaluating voltage improvement in the

system. This paper only focuses on the enhancement of the

system voltage profrle. Whereby the improvement could be

achieve by installing DG to the system. Hence the sensirivity
analysis based on voltage changes due to injected reactive load
tbr renewable DG placement and Evolutionary Programming

@P) based minimum voltage eohancement for DG sizing and

selection are the most suitable method to be used. Methods such

as sensitivity analysis based on loss indices and voltage sag

only applicable on DG placement based on system loss and

voltage sag. While, loadability and VSI methods applicable in
determine the DG 5izing using sysrem loadability and stability
which it is not suitable to determine voltage enhancement.

However this research has limitation where voltage profile
enhancement technique does not determine the system stabiliry.
Hence this this technique could not be used to conclude that
with the correct DG placement using the proposed sensitivity
analysis and EP the test system stabiliry can be improved-

II. SYSTEMM0DELING

A. Test system

In this papeE TEEE 15 radial distribution system bus is
considered as shown in Figure l. Here bus I is connected to the

main grid. The base power is lOOkVA and the base voltage is
'I I kV, total load in the system is 1.2264 MW, 1.2476 MVAr
[a]. The distribution lines are modeled as R+jX. The test
system data uith distribution of system loads in dili'erent nodes

are given in appendix.

B. Renewable DG modelling
In this paper as for problem solving of sizing and placement of
DG distribution systenr5 tlere are four lpes of DG can be

usedfi5].

l. Typel
Type I DG is a DG which supplies only real power to the

distribution network. Photovoltaic system is an example of
Type I DG.
2. TypeII
Type II DG is a DG *'hich supplies only reactive pou,er to the

disfibution network. Synchronous generator is an example of
Type II DG.
3. TypeIII
Type III DG is a DG u,hich consumes reactive power to produce
real power to the distribution network. Wind turbine uses

induction generator to generat€ electricity but they consume
reactive power to produce real power. Wind turbine is an

syemple of Type III DG.

4. TypeIV
Type IV DG is a DG which regulates the bus vokage in
distribution network. Type IV DG unit produce real Erwer
injection by the DG will require reactive powcr to regulate the

bus voltage.

In this research only rwo rypes of DG will be used which are

Type I (photovoltaic system) and Type III (wind farm).

[f
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Figure I IEEE l5 rudial distrihutiln system hus

III. METHoD0LOGY

This research proposed the implementation of renewable DG
integration into pou'er distribution system using sensitivity
analysis and evolutionary prograrnming to determiae the

suitable renewable DG placement and optimal reneu,able DG
sizing. Hence, the lbllowing presents the methodologies of
conducting this research.

A. Sensitivity -4nalysis for renewable DG placement

In this paper the sensitivity analysis starts wittr calculations of
sensitivity of &e change in bus voltage profrle with respect to
the changes of reactive power demand in the distribution
system. Sensifivity value can be tbrmulated as shown in
Equation l.

0a |ar- 0a,
AO: aPr4 x t}oo/o (1)

The highest sensitivity value indicates the bus is the bus is the
most sensitive to the change of reactive power while the
sensitivity value indicates the bus is the least sensitive to rhe
change ofreactive power. Figure 2 flowchart proposed for DG
placement using sensitivity analysis.
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j) Fitness I Computation

Fitness is the equation to be optimized. For this study, the

minimum voltage profile is the fitness equation. The minimum
voltage profiles and transmission losses for all 20 accepted

populations in the pool are calculated in thc m. file name

'Fitness_01'.

4) Mutation

Mutation is performed on the raodom number, x; to produce

offsprings. It is implemented using Gaussinn Mutation
Technique based on the Equation 2:

I
xi+m.j =x1,.; * N (o,f 1ri*r- * xi*.,) (#) (2)

Where:
xi+^,1

Xi,j

N

B

xj^o,
x;*in

fi
f^*

: Offspring
: parents
: Gaussian random variable with

Mean p and variance y2
:mutationscale,0<B<l
: Maximum random numhr for every variable
: Minimum raodom number firr every variable
: Fitness tbr the i random number

= Maximum fitness

Figure 2 DG placememt.llowchart

B. Evolutionary Prograumingfor renev'able DG sizing

The one of the objectives of this paper is to determine the
suitable DG the optimal size ofreneu,able DG so that minimum
voltage of the system could be enhancedfl6]. Thus, EP based

minimum voltage profile enhancement with the incremental of
reactive load is used to calculate the optimal size of reneu.able
DG. Hence, fbr each incremental of rcactive load, nell'optimal
DG size will be calculated that enhance the minimum voltage
profile. As a result, a set of renewable DG size is produced for
each incremental ofreactive load. Thus, onlyparticularDG size

that is repetitively produced will be selected as the suitable DG
size to be installed.

l) Minimum allowance voltage profle

Load t'lou, program based on the maximum loading condition
for selecred bus is initially run in order to determine and set the

voltage constrain or minimum allowance of voltage profile of
the system.

2) Initialization

Initially, a series ofrandom number are generated to represent

the neu, reneu,able DG size to be installed at bus x u'hich
functioned as the control parameters. The selected bus x with
the population size is 20, therefore 20 random number for
variables namely xsotar were generated ranging

rrom[rf;'j]r",,Pl]ff*,1 for solar r]De DG, awind

fpt!*r,*,pffir.ool *d \e}*,*oo,et#^oo7 tur wind rlpe
DG. These variables are assigned to represent the renewable
DG size to be installed at bus x. These parameters are initial
populations or parents. The iitness constraint is set so that the
20 randomnumbers for each variable are generated by program
is satis$ing the predetermined finress.

5) Fitness 2 Computation

In ttris process, new voltage profile are calculated using the

offsprings generated in mutation process. These data are

arranged in array out3 which have the same matrix size as array
out2.

6) Combination and Selection

The oflipring produced tiom the mutation process are
combined with rhe parents to undergo a selection in order to
identify tle candidates that have chance to be transcribed imo
the next generation. By combining the parents and offsprings in
series, the number of rows will be doubled. The purpose of
selection process is to select the survival ofthe fiuest. Since the
objective of this study is to maximize the minimum voltage
profile as the frmess, therefore the population will be ranked in
descending order based on the minimum voltage profile value.
The first half (20) population nill be taken as the new
generation.

7) Stopping Criterion

Convergence Test is specified by the dill'erence in maximum
fimess and minimum fitness must be Iess &an or equal to
0.0001 as in Equation 3. If it is not reached the process will
repeat.

fitness*or- fitness^in < 0.0001 (3)
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Combine parents and offspriogs

Selation (desending)

Define new generation

ln&x -y_min ! 0.0001

End

C. DG Size selection

The selection of DG sizing is conducted by observing which
DG size enhance voltage profiles the most- EP process produces

fort5r sets of optimal DG sizes for both DG types. However the

produced DG sized are akeady optimized such that each DG
size improvcs the minimum vohage of the system. Hence no
additional process required to be conducted in order to select

the DG size. As a result, the selection will be conducted by
selecting the first rank of the DG size produced by EP.

IV. RESULT AND DISCUSSIoN

A- Base case

Base case is where the load flow program is run using the

default value of line and bus data of the test system to obtain
the resulrs a:i reference to this research. Henceforth, voltage
profiles obtained towards tle completion of this research will
be compared to the reference in order to determine the any
improvement from the proposed methodology.

YES

YES

a

0.9'l

0.96

0.95

0-94
2 3 4 5 6 7 8 9 r0ll121314l5

Elus numbcr

Figure 4 Yoluge profilefot'hase case

Figure 4 shou,s the voltagc profile ofbase case study. Bus 2, 9
and l0 has the highest voltage level at 0.9864, 0.9847, and

0-9843 respectively. As for bus 12, 13, and 15, this bus has the
lowest voltage level at 0.9460,0.9447, and 0.9486 respectively.
It can be seen that as the bus I 2, I 3, 14, and I 5 getting further
from the generator bus, the voltage drop is becoming
significant. While bus 2, 9 and t0 that operated nein to the
generator bus has higher voltage level.

B. Sensitivity An a\tsis

Sensitivity analysis as explained in secrion III (A) was
evaluated at each bus. Firstly the voltage changes for each bus
is determined and the results trrere depicted in Table l(a) and

ranked in Table l(b).

o
ca

YES

Figure 3 Flo*chart of DG sizittg rcing EP
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Bus

2 0.00614

3 0.0il84
4 0.01458

5 0.02150
6 0.00635
7 o.u)744
8 0.00665
9 0.00653
t0 0.00673
il 0.01 808
I2 0.02768
r3 0.03540
t4 0.02415

t5 0.02014

Rank Bus
I t3
2 t2
3 t4
4 5

5 l5
6 lt
7 4
8 3

9 7

r0 l0
ll 8

t2 9
l3 6
l4 2

TABLE ] VOLTAGE PROFTLE CHANGES RESULTS C. Maximun Loading Condition

To determinc voltage constraint for DG sizing, frst maximum
loading condition ofselected bus; bus 13 is obtained. Figure 5
shoun the maximum loading condition of all buses in the

system. The test system strows that bus 13 can only sustain as

much as 2 MVAr of reactive load demand before the system

collapses. Hcnce, the maximum loading condirion required for
voltage constraint is 2MVAr.

2345678910Itt2t31415
Bus numbcr

Figure 5 Maximum loading condition for voluge profle constraint

D. DG sizing

As for the selection of the optimal solar DG size, only the first
rank of solar DG size produced by EP at each load condition
u,hich is 0.0467346 MW is considered as the most optimal DG

size to be installed at bus 13. In order to investigate the

effectiveness of the results, firrther study comparing the

selected minimum voltage profile of DG size with five
randomly chosen DG size uith their minimum voltage profile
before and after the solar DG installation is conducted.

TABLE tabulate the data of minimum voltage before and after
solar DG installed to the test system.

TABLE 4 VOLTAGE PROFILE COWARTSON BETWEEN BEFORE,{AD
AFTER NSTALLAflON OF SAIT|R DG

Reactive
frad

(lrlV.{t)
I 1

Brse croe

DG size Voltace. V
0.9473192 0.879t I 86 0.?835306

Base case with wind nr:e DG
DG size Voltage, V

0.0467346 0.9506585 0.883 t2t7 o.78842',11

o.M67223 0.9506582 0.883 I 207 o.t884264
0.0467099 0.9506579 0.883t 196 0.788425 i
0.0467037 0.95M578 0.883r r9r 0.7884245
0.0465156 0.9506536 0-883 I 036 0.7884056
0.M65095 0.9506533 0.883 I 026 0_7884041

As a result Table 4 shows solar DG with the size of 0.0467346
MW improved the minimum voltage the most fbr reactive load
at 0, l, and 2 MVAI. Other solar DG sizes are not able to
improve the system voltage as much as 0.0467346 MW.
Therefore, it can be concluded that the optimal size of solar DG
that EP can produced that improved minimum voltage is
0.0467346 MW.

As for wind DG sizing, only the first rank of wind DG size
produced by EP which is 0.0465218 MW, 0.M23083 MVAr is

t6
?,+irz2:10
38
i6
iqB,
c0

(a) (b)

Table I shows that bus 13 with highest voltage changes to the

change of reactive load is chosen to be the suitable placement

for DG. Next, rhe rcst system is firther tested with SA
technique. Each bus's results are depicted in Table 2(a) and

soned in descending orders as tabulated in Table 2(b). The bus

uith highest SA ralue is selected as the optimal place for the

DG. Hence, the best renewable DG placement is at bus 13.

IABLE 2 SENSITIWTY ANALYSIS f,ESUL TS

The above results show that bus l3 wift the highest SA index
value is chosen as rhe optimal placement for the DG. In order
to analyze the effectiveness of the result, a 50 kW sized DG is
installed to bus 13. As aresult the test system improves the
minimum voltage at bus 13 liom 0.9447 to 0.9486. As
comparison similar DG sized is installed at different bus; bus 2
and 7. As a result fre test system improves the minimum voltage
at bus 13 to 0.9453.

TABLE 3 IMPACT ON YOLTAGE PROFII.E, TO PROPER DG
PL.4CEAiENT

Bus
Sensitivity

Analysis (7o)

2 1.2282
J 2.3675
4 2.9153

5 4.3009

6 t.2'702
7 1.4880
8 1.3295

9 r.3066
l0 r.3453
n 3.6155
t2 5.5366
l3 7.279r
t4 4.8300
l5 4.O271

Rank Bus

I l3
2 12

J l4
4 5

5 15

6 1l
7 4
8 3

9 7

l0 t0
il 8

t). 9
t3 6
t4 2

Bus no.
Voltage,

fv) Improvcd voltagc, (\) Improved voltage,
t%)

l3 0.9483 0.004 0.4235
1 0.9453 0.001 0.1058
1 0.9453 0.001 0. r058



considered as the most optimal DG size to be installed at bus
13. In order to investigate the effectiveness of the results,
firrther sn-rdy comparing the selected minimum voltage profile
of DG size with three randomly chosen DG size with their
minimum voltage prolile betbre and after the wind DG
installation is conducted- Table 5 ubulates the data of minimum
voltage before and after wind DG installed to &e test system.

TABLE 5 VOLTAGE PROFILE COMPANSON BETWEEN BEFOREAND
,'FTER NST,LLL4NON OF WIND DG

t) I a

Base case

DG sizc Voltage, V
0.94?3192 0.8?9r l 86 0.7835306

Base case with wind noe DG
DG sizc

0.M65218 0.M21081 0.95 16088 0.EE637?4 0.7933512
0.M65153 0.M23021 0.95r6082 0.8863753 0.79334M
0.0465023 0.0422896 0.95 l 6080 0.8863743 0.7913470

As a result Table 5 shows wind DG uith the size of
0.0465218 MW, 0.(X23083 MVtu improved the minimum
voltagc the most tbr reactive load at 0, l, and 2 MVAr. Other
wind DG sizes are not able to improve the system voltage as

much as 0.M65218 MW, 0.M23083 MVAr. Therefore, it can
be concluded that the optimal size of u"ind DG that EP can
produced that irnproved minimum voltage is 0.0465218 MW,
0.0423083 MVAr.

E. Compaison base case, base case wilh and without
Renewable DG

With the selected optimal solar and wind type DG sizes

obtained, the selected DG sizes was tested on the test system to
observe the system's voltage profrle. The resuls o$teinsd are

plotted with the base case to observe any voltage profile
enhancement after both rcnewable DG installed. The
simulations are conducted separately.

0.9483 for solar type DG. While all thc adjacent bus within the

DG installation location which is bus L2, 14 and 15 their voltage
profiles due to injected active and reactive power to the system.

Apparently, all the remaining bus; bus 3, 4, 5, 6,7 ,8, 9, 10 and

I I also experienced small voltage improvement due to the
renewable DGs. Clearly, the graph above shows that the wind
DG provides the best voltage improvement compared to solar
DG.

3.2'.7

r.82

TSOLAR ;WIND

Figure 7 Petcentage oJ voltage improt'emenl Jbr both renev'able enersy^ DGs

Figure 8 shows the percentage of overall voltage improvement
for both rencwable DGs. Solar DG improved overall voltage
profile as much as 1.82% whilc wind DG improved as much as

3.27% which is much higher than solar DG. Henceforth, it can

be concluded that voltage profile of power distribution network
c'an be improved as much as I . 82 to 3 .27Y" with the presence of
renewable energy DG.
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FIGURE 6 COMPANSON OF YOLTAGE PROFILE ENHANCEMENTFOR
WNHOLIT AND WITH RENEWABIE DG

Figure 7 above shows that there are similarities in all case

srudies. Firstly, bus2, 9 and l0 remain the highest voltage level
of the system. While busl2, 13, aad l5 remain lowest toltage
level voltage profile of the system. However with renewable
DG installed at bus I 3, the voltage profile at bus I 3 and adjacent
buses have significantly improved. For wind type DG the
voltage at bus 13 improved as much as 0.9508 compared to

Voitz

V. CoNctusroN

This research presents power distribution network voltage
profile enhancemcnt with the presence of renewable DG.
Techniques as so called as sensitivity analysis and evolutionary
programming have been used for solving the placement and

optimal sizing of renewable DG uamely solar DG and wind DG
respectively. These techniques wils tested on IEEE 15 Bus
Radial Distribution System. Sensitivity analysis based on bus

voltage changes with respeot to the change of reacdve load is

used to determine the best reneu,able DG placement. While
evolutionary programming with the objective fimction of
maximizing the bus voltage is used to determine the optimal
size for both solar and wind DG. As a result, the best renewable
DG placement is at bus 13. While the optimal solar gpe DG
:rnd r*'ind type DG size is 0.0465218 MVAr, 0.0465218 MW,
0.0423083 MVAr, 0.0465218 MVAr respectively. Optimal size

of solar and wind DG improved the overall bus voltage up to
1 .82Yo'and, 3.2 7olo respectively.

In conclusion, voltage prohle of the power distribution
network system can be improved with the presence of
renewable DG with the proposed methods. As future
recommendation, multiple DG installation approach can be
used to in order to provide better voltage profrle improvement
compare to single DG installation. However rhis could only be

achieved by proper DG placement and sizing. Hence, other
optimization technique such Multi-Agent Evolutionary



Programmiug could be used since the techuique provide better
optimization process and faster than conventional EP.

M. APPE.NDX

TABLE 4 LINE DATA FOR IEEE I5 BUS RADIAL DISTRIBUTION SYSTEM

TABLE 5 BUS DATA FOR IEEE I5 BI;S RADIAL DTSTRTBUTION.SYSTE.},r'

No Pr*r(MW) O*(MVfu]
I 0.()0(xr)0 0.000000
2 0.044 r 00 0.044100
3 0.070000 o.o71414

0.14fix)0 0.142830
5 0.044100 0.M4lo0
6 0. I 40000 0.142830
7 0. l 40000 0.142830
8 0.070000 0.071414
9 0.070000 0.0?14r4
lo 0.044100 0.M4100
r1 0. t40000 0.142830
t2 0.070000 0.0714 r4
I3 0.044100 0.M4100
t4 0.07m00 o.o7t4t4
l5 0.r4000 0. I 42830
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