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Abstract— The distribution generator (DG) may be defined as
the small-scale power generation technology that provides
electricity closer to customers. The positive impacts of DG are:
voltage support, power loss reduction, support of ancillary
services and improved reliability. The investigation is done to
study the impact of multi-DGs on power losses using the line loss
reduction index (LLRI). The study has been carried out on |EEE
14 bus system using Newton Raphson (NR) method for load flow
analysis. Theinvestigation is carried out with theinsertion of DG
at different locations and the minima point was found. The
experiment was performed with different sizes of DGs in medium
ranges. The analysis of the results show that simply by increasing
the number of DGs in the system to reduce the losses is not
beneficial all the time. Beside the optimal location and size of DG
for thelossreduction in distribution system, number of DG isalso
avital factor. In thiswork, it isconcluded that the optimal number
of DGsisvery important parameter to reducethelosses. The study
gives the optimal number of DGs that could be installed in the
distribution system to have minimum line losses.

Index Terms. Line loss reduction index, line loss reduction
index, Multi-DGs, Newton Raphson.

I. INTRODUCTION

Distributed power unit can be connected direttlythe
consumer or to a utility's transmission or distfibo system

beyond the substation (reverse flow of power though
distribution substation), will lead to very highskes. So, the
size of distribution system in term of load (MW)lwplay
important role is selecting the size of DG. Thesoeafor
higher losses and high capacity of DG can be expthby the
fact that the distribution system was initially @geed such
that power flows from the sending end (source sitiost) to
the load and conductor sizes are gradually decldfesm the
substation to consumer point. Thus without reirdonent of
the system, the use of high capacity DG will leaéxcessive
power flow through small sized conductors and heesalts
in higher losses [5].

Table 1. Size of DG [6]

Type Size
Micro distributed generation 1 watt < 5 KW
Small distributed generation 5 KW <5MW
Medium distributed generation 5 MW < 50 MW

Large distributed generation 50 MW < 300 MW

To clarify about the DG concept, some categorias define
the size of the generation unit are presented bieTh

A bus is a node at which one or many lines, onmany
loads and generators are connected. In a powernsyesach

[1]. Latest technologies allow the electricity ®denerated in node or bus is associated with 4 quantities, sach a

small sized plants located at the customers ersh, & order
to reduce the impact of power generation on enwiemt the
use of renewable sources leads to the developniemtveo
electrical energy supply schemes. In this latesicept of
power generation, some of the energy-demand islisdpipy
the centralized generation and another part isymed by
distributed generation [2]. Thus, a distributionngeation

1. Magnitude of voltage

2. Phage angle of voltage

3. Active or true power

4. Reactive power

In load flow calculation, we are given with two aquities
out of four quantities and remaining two is reqdite be
determined. Depending on the quantities that hasenb

may be defined as the small-scale power generati§Recified, the buses are classified into threegeates that is

technology that provides electricity closer to onstrs [3].
Here the electricity is going to be produced closeithe
customers [2]. The Electric Power Research Institlgfines
distributed generation as generation from ‘a felavkatts up

shown in Table 2, where predefined and the unknown
guantities of the buses are given [7].

a) Load bus (PQ bus): A bus at which the real aadtive
power is specified is called load bus. The objectifthe load

to 50 MW [3]. The penetration of DG may impact thelow is to find the bus voltage magnitude |Vi| atsdangledi.
operation of a distribution network in both positiand All busses having no generators are load bussesltage on
negative ways. Some of the positive impacts of D&: a & load bus may change with changing loads. Thezefoad
voltage support, power loss reduction, support rafilary busses have specified values of P and Q, whileriévavith
services and improved reliability, whereas negatimes are load conditions [9]. The PQ buses are the most comm

protection coordination, dynamic stability and imlang [4].
The size at most should be such that it is conslenaithin
the distribution substation boundary. Any attenwpfrtstall

comprising almost 85% of all the buses in a givemwer
system.
b) Voltage controlled bus (PV bus): This bus isrexted

h|gh Capacity DG with the purpose of exporting poweto a generator where the V0|tage is controlled gJShI'e
excitation and the power is controlled using thenprmover
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buses in a power system.
Table 2. Classification of buses [8]

Bus Pre specified Unknown
classification variables variables
Slack or
swing V], 3, PD, QD PG, QG
Voltage
controlled VI, PG, PD, QD 5, QG
Load PG, QG, PD, QD [\,

c) Slack bus or swing bus: This bus is consideedha
reference bus. Slack bus is numbered 1 for the fluad
studies and the angle of this bus is usually chasef®. It
must be connected to a generator of high ratirajivel to the
other generators. During the operation, the voltE#dhis bus
is always specified and remains constant in madaitand
angle [11].

In this paper, investigation has been doneind the
optimal number of distributed generators in powgstem
network. The paper is organized as follows: Sectibn
explains impact of DG installation in system. Mmtblogy is
explained in Section Ill. Section IV shows the ekpental
results obtained and finally, conclusions in Sett\ are
drawn based on results.

II.  IMPACT OF DG INSTALLATION

DGs are installed in system to fulfill the demarfdtize
power. Before installing distributed generation,gffects are
assessed on voltage profile, line losses, shartiiticurrent,
harmonic and reliability. Certain parameters needbe
studied for installing DG into the system, such the: best
technology to be used, the number and the capatitiie
units, the best location, the type of network catioa, etc.
The impact of DG on the power system performanch s
electric losses, voltage profile, stability andakility needs
to be appropriately evaluated. Reduction of powssés by
Distributed Generation (DG) is becoming a popgahhique
worldwide. [12]

a) Reliability improvement

Reliability is a very important feature of powestm that
consists of security and capability evaluation. phaetration
of distributed generation in electrical distributisystem has
adverse affect on these two characteristics [1&].Tfain
purpose of integrating DG to distribution systernigcrease
the reliability of power supply. DG can be useddsack-up
system or as a main supply and it can also be tgubdaring
peak load conditions to compensate the load demars
goal of a power system is to supply electricitjtsccustomers
in an economical and reliable manner. Reliabilitfices are
used by system planners and operators as a tmgptove the
level of service to customers [15]. The reliabilitgdices such
as SAIFI, SAIDI, CAIFI, CAIDI, ASAI, ASUI, ENS etc
presented by the IEEE guide are used to evalukabitigy of
the system [16]. The presence of DG into the distion
system helps to increase the level of system ggciircould
be understood by taking the following example:

A distribution network is shown the Fig. 1. It casts of
two radial feeders, each having a capacity of 10 .MW
constant load of 10 MW is connected to bus barii FOR
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of the two feeders is given in the table in FigAdiditionally,
a 10 MW DG source with an availability factor of Bercent
is also connected to the bus bar B.

Case 1: Let us only consider the two feeders asdrae
there is no distributed resource connected to landBb The
loss of load probability (LOLP) also defined as the
probability that load is not served, is simply grebability of
both feeders being out of service at the same wihieh can
be calculated by multiplying the two probabilitieEfailure.
Consequently, LOLP= (0.04 x 0.04) = 0.0016. Nowwvé
have to find the number of days for which the load
experiences the outage can also be calculated hiplying
the LOLP by 365, which results in 0.584 days/ydard in
terms of hours/year, multiply it with 24 and we Ivgkt the
answer of 14 hours/year.

Case 2: Now let us consider the case 2 with DGcsour
connected to the system. It has an outage ratéegitban the
two feeders at 0.20, but it also adds a triple nedncy to the
system. The LOLP in this case is the probabilitgt thoth
feeders and the DG source fail at the same timerefore,
the LOLP = (0.04 x 0.04 x 0.20) = 0.00032. Heres th
probability of being unable to serve load is fieds less than
before. Load being unserved in terms of hours/yedess
than 3 hours per year in our example [14].

b) Power losses reduction

Electrical line loss occurs when current flows tigb
distribution systems. Since we know that the eieaitioss
depends on amount of current flow and the linestasce.
Therefore, line loss can be decreased by redudihgrdine
current or resistance or both. When DG is providearer to
the load centers, there is decrease in currentifimeme part
of the network and thus line loss can be reducexvever,
DG may increase or reduce losses, depending dadhgon,
capacity of DG and the relative size of load qugnts well
as the network topology and other factors [13].

: Feeder 7
Feeldel ei o Equipment | FOR (Forced Outage

. = ‘ Rate)
Capacity Capactty ™ Feeder | 0.04
10 MW LMW ™ Feeder2 0.04
5 DG 0.20

DG

Load 10 MW
10 MW

Fig. 1. Security of supply with DG [14]

For a particular DG capacity there is a locationthe
system such that if we connect DG at that locapower
losses are minimum in comparison when same DG is
connected at any other point. That particular iocatvhere
power losses are minimum is known as optimum loogati
[15]. Installing distributed generation nearertte toad point
can help to reduce the transmission and distribuibsses
which are caused by the resistance of the powes licables
and transformers. Most of the power demand is an th
distribution network side and thus connecting gatien to a
point close to the load on the distribution netwark be
likely to reduce the losses [17].

c) Voltage profile improvement the voltage of the
distribution system is regulated through the lohdnging
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transformers at the substation end and by thefusgpacitors If LLRI < 1, then DG has reduced the electricalsks
on the distribution feeders. Since the control oftage Minimum value of LLRI corresponds to best locatmDG
regulation is usually based on radial power flowise in the distribution system.

inappropriate DG allocation can cause low or owatages in

the network [15]. By changing the direction and niagle of IV. RESULT AND DISCUSSIONS

real and reactive power flows DG may result in g@nin  |n this section, the line loss reduction index (Il &nd the
voltage profile along a feeder. Fig. 2 shows thag t percent decrease in the losses are calculated basetich

may cause overvoltage due to too much injectiaacte and ifferent sizes of DGs namely 5, 15, 20, 25, 30, &5, 45
reactive power. Without DG, voltage received at fad ppyy.

terminals is lower than the voltage at the primafythe Eqr DG size =5 MW
transformer. The connection of DG can cause a sevagower
flow, and can raise the voltage on the secondaly sf the
distribution transformer which may result in higbltage on

Table 3. Analysis carried out on 14 bus data system
with DG of size 5 MW

the customers end. This can happen if the locatiothe Number Losses with LLRI Percent
distribution transformer is at a point on the faedbere the of DGs DGs decrease
primary voltage is near or above the fixed limigs [n Fig. 2, 1 17.54 0.96 4.31
there is shown a DG installed downstream the LTC 2 17.24 0.94 5.90
transformer which is equipped with a line drop cemgator 3 17.13 0.94 6.51
(LDC). In this case, the voltage becomes lowerhenfeeder 4 17.02 0.93 7.11
side with DG than without the DG installed in thetwork. S 16.98 0.93 7.34
The DG reduces the load observed from the load 6 16.95 0.93 7.48
compensation control side, which makes the regulatcet 7 16.93 0.92 7.62
less voltage at the end of the feeder [2]. 8 16.90 0.92 7.78
£ e It could be observed from the Table 3 that the lwes
_35%% A reduction ranges from 0.96 to 0.92 and correspanpincent
ey g e decrease changes from 4.31 to 7.78. It can beyeasimined
that there is no significant decrease in LLRI raffier 4 DGs.

For DG size = 15 MW
[ Temend i b v o With DG size 15 MW, in Table 4, the line loss rasifflem

e profile at peak

_______ e i 5O i 0.90 to 0.55 and corresponding percent decreasegeba
TR e S from 9.82 to 44.46. The line losses decrease imifgignt way
e et till DG 5 but after DG 5 the decrease was not matin that
- way. So, it's not advisable to install further m@&s in the

system as it will only increase the total costhaf system.

Fig. 2. Voltage profile with and without DG [2]

lll. METHODOLOGY Table 4. Analysis carried on 14 bus data system vitDG
For the investigation, the experiment was performed4 of size 15 MW
bus system. DGs were inserted at load buses losagiach as Number Losses with LLRI Percent
4, 5, 7,9, 10, 11, 12, 13, and 14. The experinvess of DGs DGs decrease
performed with different sizes of DGs in differemainges. 1 16.52 0.90 9.82
Firstly, the DG1 was installed at different locasoand the 2 15.00 0.82 18.16
minima point was found. This minima location waptxed 3 13.93 0.76 24.00
for the insertion of next DG and then again thelgtwas 4 12.99 0.79 29.11
carried on with the insertion of DG2 at differeatations to 5 12.18 0.66 33.56
find the minima location point. The location wasagkept 6 11.42 0.62 37.69
fixed for the next DGs and the process was repesitbdotal 7 10.76 0.59 41.27
6 DGs. Using these optima values, the line lossiatan 8 10.18 0.56 44.46
index (LLRI) was found. Based on this line lossuetibn _
index values, the optimum number of DGs that ctneldised Of DG size = 20 MW
in the distribution system to have minimum valu¢hef power Table 5. Analysis carried out on 14 bus data system
losses could be obtained. The whole investigaticas w with DG of size 20 MW
repeated with DG size of 5 MW, 15 MW, 20 MW, 25 MBQ, T NUmDberof  Losses with LRI Percent
MW, 35 MW, 40 MW and 45 MW and accordingly their DGs DGs decrease
results were obtained and the final conclusion dexsved. 1 16.06 0.88 1237
LLRI could be defined as: - 2 14.01 0.76 23,55
LLR| = —LInelosswithDG 3 12.71 0.69 30.65
LinelosswithoutD G 4 11.57 0.63 36.84
5 10.58 0.58 42.28
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6 9.81 0.54 46.46 Table 8. Analysis carried out on 14 bus data systewith
7 9.06 0.50 50.55 DG of size 35 MW
8 8.53 0.47 53.44 Number of  Losses with LLRI Percent
. DGs DGs decrease
It could be observed from the Table 5 that the loss 1 14.71 0.80 19.74
ranges from 0.88 to 0.47 and corresponding pedetrease 2 11.87 0.65 35.24
changes from 12.37 to 53.44. The line loss rednctias 3 10.20 0.56 44.32
significant up to DG 5 and after that insertiorfuther more 4 8.94 0.49 51.18
DGs didn't show any significant decrease in the livsses. 5 8.35 0.46 54.45
For DG size = 25 MW 6 8.23 0.45 55.08
Table 6 shows that with DG size 25 MW, the lineslos 7 8.53 0.47 53.46
ranges from 0.85 to 0.43 and corresponding peetrease 8 9.30 0.51 49.23

changes from 15.00 to 537.27. The line losses dser@
significant way till DG 5 but after DG 5 the decseavas not
noticed in that way. So, it's not advisable to afisturther
more DGs in the system.

Table 6. Analysis carried out on 14 bus data systemith
DG of size 25 MW

For DG size = 40 MW

It could be seen from the Table 9, the line losgjes from
0.78 to 0.61 and corresponding percent decreasegeba
from 21.91 to 39.29 and the line loss reduction sigsificant
up to DG 4 and with that insertion of further m@x&s in the
system, the losses started increasing. So, 4 D@staken as

Number of  Losses with  LLRI Percent optimal no.
DGs DGs decrease Table 9. Analysis carried on 14 bus data system witDG
1 15.57 0.85 15.00 of size 40 MW
2 13.17 0.72 28.11
3 11.65 0.64 36.42 Number of Losses with LLRI Percent
4 10.44 0.57 43.01 DGs DGs decrease
5 9.31 0.51 49.17 1 14.31 0.78 21.91
6 8.58 0.47 53.17 2 11.38 0.62 37.90
7 8.07 0.44 55.98 3 9.75 0.53 46.76
8 7.83 0.43 57.27 4 8.69 0.47 52.57
5 8.49 0.46 53.70
For DG size = 30 MW 6 8.81 0.48 51.93
When 30 MW DG was installed, the line loss rangemf 7 9.78 0.53 46.63
8 11.12 0.61 39.29

0.82 to 0.44 and corresponding percent decreasegeba

from 17.62 to 55.78. The line losses were reduoedl great
extent with the 5 DGs in the system. After DG &, litsses are
decreased till DG 7 but not in that expected way &ith the
installation of DG 8, the line losses are increaséit. So, in
this case 5 DGs were taken as the correct no.

Table 7. Analysis carried out on 14 bus data systewith
DG of size 30 MW

Number of Losses with LLRI Percent
DGs DGs decrease
1 15.09 0.82 17.62
2 12.48 0.68 31.90
3 10.82 0.59 40.96
4 9.64 0.53 47.40
5 8.63 0.47 52.90
6 8.08 0.44 55.87
7 7.96 0.43 56.55
8 8.10 0.44 55.78

For DG Size = 35 MW
Table 8 shows that with dg size 35 mw, the lins l@ges

For DG size = 45 MW
Table 10. Analysis carried on 14 bus data systemthiDG

of size 45 MW
Number of  Losses with LLRI Percent
DGs DGs decrease
1 14.04 0.77 23.34
2 11.00 0.60 39.94
3 9.30 0.51 49.26
4 8.68 0.47 52.63
5 8.87 0.48 51.56
6 9.82 0.54 46.38
7 11.40 0.62 37.75
8 13.69 0.75 25.30

In Table 10, the line loss ranges from 0.77 to Cansl
corresponding percent decrease changes from 23251 30.
The line losses were reduced to DG 4 but withitis&llation
of further more DGs in the system the line lossestex
increasing which is not at all desired. So, in t@se 4 no. of
DGs is taken as optimal no.

from 0.80 to 0.51 and corresponding percent deereas For significant decrease in the electrical llosses, the

changes from 19.74 to 49.23. The line losses dser@a
significant way till DG 4 but after DG 4 the decseavas not
noticed in that way. When DG 7 and 8 were installed line
losses seemed to be increased. So, it's not adeitanstall
more than 4 DGs in the system.

29

LLRI < 1. From the results derived in the aboveises, it is
clear that for all the DG sizes the value of LLRIldss than 1.
But the optimal numbers of DGs to be used in tistesy are
derived based on the fact that up to which poiet lthss
reduction is significant. Otherwise simply increwgithe
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number of DGs to reduce the electrical lossestibaneficial
all the time
V. CONCLUSION

The investigation is done to study the impact oftriGs
on power losses using the line loss reduction indé&RlI).
The study has been carried out on 14 bus systemg MR
method for load flow analysis. Based on this limessl|
reduction index values, the optimum number of D&at t
could be used in the distribution system to haveimmuim
value of the power losses are obtained. The resiltse
investigation show that with the installation of(85s of
different sizes, the line losses were decreaskd tif 5 DGs
in the distribution system but with the additiorfufther more
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17. James O’Donnell, “Voltage Management of Networkihvdistributed
Generation,” The University of Edinburgh, 2008.

DGs in the system, the losses were increased. tSo, i

concluded that 4 or 5 DGs could be used to havémmim
losses in the system. The analysis of the reshlisvghat
simply by increasing the number of DGs in the gyste
reduce the losses is not beneficial all the timesi@e the
optimal location and size of DG for the loss reduttin
distribution system, number of DG is also a vigaitbr. In this
work, it is concluded that the optimal number of 16 very
important parameter to reduce the losses. The sgjivdyg the
optimal number of DGs that could be installed ire th
distribution system to have minimum line losses.
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