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Abstract— In the present energy scenario, increased conceyn
are shown towards distributed generation (DG) driva by
renewable energy resources. DG is a small scale geating
units that are connected near to customer load ceet or directly
to the distribution network. Such DGs has capabiliy of altering
power flow, system voltage, and the performance othe
integrated network. When DGs are integrated to exiing
distributed network, offers many techo-economical bnefits. To
maximize the availing benefits, optimal DG planning is
necessary. The two critical issues of DG planning ar (1)
Optimal placement of DG (2) Optimal sizing of DG. h this
paper, the optimal locations for DG units are foundout by using
three sets of indices, such as Power loss reductimex (PLRI),
Voltage deviation index (VDI), & Multi-Objective Ranking
index (MORI) and optimal sizing of DGs at optimal bcations is
decided for both voltage profile improvement and nevork loss
reduction. The buses with the lowest value of MORAbre the
candidate buses for allocation of DG units. The eféiveness of
the proposed methodology has been tested on standdEEE-33
bus radial distribution system using MATLAB 2014. The
method has potential to be a tool for identifying he best
locations and capacity of DGs to be installed formproving
voltage profile and reducing power losses in a disbution
system as the results are very much encouraging.

Index Terms—Distributed Generation (DG), Multi-Objective
Ranking Index (MORI), Optimal Allocation, Power Loss
Reduction Index (PLRI), Voltage Deviation Index (VD).

I. INTRODUCTION
A. Distributed Generation

Distributed power generation is any small-scale/gro
generation technology that provides electric poatea site
closer to customers sites to meet specific custoreeds, to
support economic operation of the existing pow
distribution grid or both. A distributed power urian be
connected directly to the consumer or to a utiity
transmission or distribution system. These teclgieb are
usually-small enough to add in increments thatebbettatch
today's rate of load growth characteristics. Itthaspotential
to improve the reliability of the power system, wed power
and energy losses, improve voltage profile andraffean,
efficient, reliable and flexible on-site power aitatives. The

while others are emerging fast. DG technologiesrofonsist
of modular generators, and they offer a numberotémtial
benefits. Some of DG technologies are small gasirtar
wind turbines, micro turbine, solar photovoltaiaglf cells,
biomass and small geothermal generating plants.

In order to achieve the maximum benefits from the
integration of DG with distribution system it issestial to
determine the best location and sizing of DG ins#rithution
system. The optimal allocation of DG in a distribatsystem
as following technical and economic benefits sixialtage
support and power quality improvement, Utility syrst
reliability improvement, Voltage profile improventgn
Spinning reserve support during generation outages,
Reduction in line losses and hence reduce demanthéo
grid, Environmental impact in terms of reductiorpislluting
emission as compared with traditional power plants,
Transmission and distribution costs can be redsoet the
DG units are closer to the customers, DG plantsrajbod
efficiencies especially in co-generations and
combined-cycles (for larger plants) and many mdree
main applications of DG can be found in the appiices
involving Base load, Standby Power, Standaloneesyst
Peak load shaving, Rural and remote applicatioosmtined
Heat & Power (CHP), & Grid support[5].

B. Review of Literature

F.Gonzalez-Longatt. al [1] describe a brief summary of
DG definitions, from different institution arountle world.
In this paper distributed generation is conside®dource of
electrical power connected to the distribution retwor to
the customer site, which is smaller than main ggtiveg

eﬁlant. Nibedita Ghoshkt. al [2] describe a load flow based

.approach for determining the optimum allocatio®@f units

in distribution system using ETAP software. The aifhthis
paper is to improve system voltage profile and loss
minimization. Julius Kilonzi Charlest. al [3] presents a
GA-PSO based approach, which utilizes combined
sensitivity factor analogy to optimally locate asite a
multi-type DG in IEEE 57-bus test system with thie &f

Power systems consist of a number of DG technafogigeducing power losses and improving the voltagéfilpro

Some of these technologies have been used fottiimeg

Chiradeja and Ramkumar [4] presented a generaloapbr
and set of indices to assess and quantify the ieaHrenefits
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of DG in terms of voltage profile improvement,
environmental impact reduction. Maruthi PrasannaAHet.

al
placement of combined DG and capacitor units inafad
distribution system, in which the optimal locatioof
combined DG and capacitor is found out by using $ets of
indices such as PLRI and VDRI. The DG unit is pthegth
an objective of loss minimization and capacitott is\placed
for voltage deviation reduction. Seyed Reza Seyedeh al
[6] proposed a PSO algorithm based approach to tfied
optimal location and sizing of PVDGs in distributieystem
to minimizing the power loss and improving voltggefile
by penetrating PVDG. The proposed algorithm isedsin
IEEE 33 bus system. The optimal sitting and sizmdG
units in electrical distribution system is found lkiging
different algorithms, such as Imperialist Compediti
Algorithm (ICA), Artificial bees colony AlgorithnfABCA),
Fuzzy and Real Coded Genetic Algorithm (RCGA) ahuee
the power losses and to improve the voltage profileadial
distribution system. These algorithms are tested/arious
IEEE test system [7-11].

From the literature survey it has been observedrizany
authors have emphasized the importance of dis&ibut
generators in a distribution system. Proper locatiotDG's in
power system is important for obtaining their maim
potential benefits. In the present paper, the D&eqrhent
problem is solved by using indices such as VDI, PER
MORI, with an objective to improve voltage Profied
simultaneously reduce losses. Multi-Objective Ragki
Index is used to determine candidate bus for placerof
DG. The present methodology has been tested on-B2EE
bus radial distribution test system and resultsstinat there
is considerable amount of reduction in system pdoagses
and good improvement in system voltage profile.

The proposed paper is organized as follows: Sedtion
defines the problem and constraints. In Sectiondéfines
solution methodology, Section IV discusses the Itesu
obtained by the proposed method and finally, sachib
concludes the paper.

The problem of optimal allocation of DGs in a distition
system consists of two main objectives and thegectibes
have to be met satisfying the three constrainteyTare
explained below.

PROBLEM FORMULATION

A. Objectives
The two main objectives of this paper are:

1. Maximize

(Lngs_ F1_033(DG> (1)
Where Rssis the total real power loss of a distribution
system without DG: Bss (pg)total real power loss of a
distribution system with DG.

2. Minimize

[5] developed an analytical approach for optimal
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Where, \; is the Nominal Voltage in pu. In this paper, it is
taken as 1 pu; Ms the Voltage at the ith bus in pu.

B. Constraints

The above two objectives have to be met by satigfyhe
following constraints:

1. Bus Voltage constraint: The voltage at each bus
should lie within the voltage limits.
Vin< Vi Vi 1=1, 2. no of buses
Where, Vi, is the minimum acceptable voltage at
any bus; W.ax is the maximum allowable voltage at

any bus; Vis the voltage of any bus i.

2. Line load ability limit: Power flow in the line should
not exceed the acceptable value.

Piine i.)< P line(i,jmax

Where, R is the line flow between nodes i and j;
Pine(ijy Max is the maximum line flow capacity of line
between nodes i and j.

3. Number of DGs and capacity constraint: The
injected power should not exceed the sum of total
load and the total real loss of the system.

(3
Where Nbus= total number of buses

C.Equations

In order to obtain the benefits from integratiofs n
distribution system, three sets of indices are uséus paper
such as VDI, PLRI and MORI. They are explained belo

1) Voltage Deviation Index (VDI):

A voltage deviation index (VDI) as defined as siuwen of
the squared value of the absolute voltage diffexdratween
the nominal voltage and the actual voltage fobafles in the
system. Smaller the deviation of bus voltage frame t
nominal voltage, the better the voltage conditidntie
system. VDI of the distribution system is given by

Nbus

VDI = Z

V. — 13
v=n

LY ey .
4

Trr? LY .'I

Vi
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Where, Vn is the Nominal Voltage in pu. In this pgpt is
taken as 1 pu; Vi is the Voltage at the ith bupun

The VDI is a measure of the voltage profile of the

distribution system and it indicates how the voltaglues of
the distribution nodes are nearer to the specifadthge. It is
expected that this value should be nearer to zerdhat all
the nodes of the distribution system will be havirdtage

COMPUTATIONAL PROCEDURE

1. Run the base case load flow to obtain base case
results.
2. By penetrating DG with 50% of the total feeder

nearer to the specified voltage (1 pu) [5]. loading capacity at each bus at a time, the MORI is
calculated using equation (6).
3. The bus with least MORI value will be picked as the

best location for the DG placement

2) Power Loss Reduction Index (PLRI):

It is defined as ratio of real power loss when BG i
connected to the"ibus, to the real power loss without DG

connection in the distribution system (Base cass)lo The flow chart for finding optimal location for D@acement
The Power Loss Reduction Index 8fbus when DG is

is shown in Fig (1).
connected to that bus is given by,

v
. - - . Read the Distribution Line and
PLRI (i) =—== (2 Load Data
L

Y

Run NR Method load flow to obtaine base
case results

=i+l >
Y
Run NR Method of load flow by inerting DG at bus i
having capacity equal to 50% of total demand of given
distribution network

Where, Pl is the distribution system real power loss
when DG is connected to th8 bus; PL is the distribution
system real power loss without DG connection.

3) Multi-Objective Ranking Index (MORI)

The Multi-Objective Ranking Index (MORI) is produte
by multiplying above two indices. This index is ds&o

identifying the best location of DG in the distrilmn system, 7
for both voltage profile improvement and loss reucin Calculate the Mulii-Objective Ranking Index (MORI) at
the system. bus i: MORI(i)=VDI(i) * PLRI(i)

The Multi- Objective Ranking Index of ibus when DG
is connected to that bus is given by,

Remove DG inseted Yes
atbusi

No

MORI (i) = VDI (i) x PLRI (i) (6)

Where, VDI (i) is the voltage deviation index and=
(i) is the Power loss reduction index when DG isreexted to
the " bus.

Optimal Location of DG = Bus number corresponding to
minimum value of MORI

The node with least value of MORI is taken as besie END
for DG placement for both voltage profile improverhand Figure 1: Flowchart for finding optimal location BfG in
loss reduction. distribution system using MORI.

lll. SOLUTION METHODOLOGY 2. Optimal Sizing of DG at optimal location:

Two solution methodologies have been developehisn

section, one for simple single DG placement anckrofar
multiple DG placements.

A. Solution methodology for simple single DG placement

The solution methodology is in two steps. Firepsts to
identify the optimal location of DG. In this stepptonal

location of DG is determined by using index -called

multi-objective ranking index and then optimal stfeDG is
selected at optimal location.

1. Optimal location of DG using MORI:

The step by step computation procedure for degidin

optimal size of DG at optimal location is as folkw

1. First, the DG is placed at the bus with least MORI.

2. Keep power factor of DG constant, its size is \drie
from a minimum value to a value equal to feeder
loading capacity in equal steps until the minimum
real power loss is found.

3. The DG size which results in minimum real power
loss is taken as optimal size at optimal location.

The flow chart for determining the optimal sizetbé

DG to be placed at optimal location for loss mirgation and

The step by step computational procedure for DGoltage profile improvement is shown in fig (2).

location is as follows:
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New demand (&,) = (Previous demand §&,) —
DG injection ($cop))-

8. Repeat the above steps until DG capacity reach 50%
of the total feeder loading capacity.

IV. CASE STUDY AND NUMERICAL RESULTS
/ Read the Distribution Line and /

Load Data A. |[EEE 33-Bus Radial Distribution System
v The solution methodology has been tested on IEEBU33
Set minimum and maximum DG capaity s distribution test system with the total load of MW and
SDG(min) & SDG(max) 2.3 Mvar as shown in fig. 3. This radial distrilautisystem
having following characteristics: Number of buse3=3
* Number of lines=32; Slack Bus No=1; Base Voltage=
12.66kV; Base MVA=100MVA. A Newton-Raphson

Set ASDG=0.5; SiXioph =SDGmin algorithm based load flow program is used to sthesload

- flow problem for radial distribution system. Simtide is
Increase DG - done in MATLAB 2014 to solve load flow based algjonn
capacity in step of i .
ASDG of an IEEE 33-bus distribution system.
Insert the DG at optimal location, which is

4 obtained from previous section

The method to allocate DG unit to reduce losses and
¢ improve voltage profile is demonstrated through the
simulation of this test network.

Run NR method load flow to obtain
P, Q & S losses

23425

_ Remove D(_] Yes
inserted at optimal
location

Is Present loss < Previous loss

8§ 91011 121314151617 18

1 2
Optimal capeity of DG (SbGopt) = DG capcity (SDG) @ ‘ |
corresponding to minimum value of Ploss ‘

19 20 21 22

Figure 2: Flow chart for determining the optimal size of the Figure 3: Single line diagram of standard IEEE-33 Bus
DG to be placed at optimal location for loss mirgation and system
voltage profile improvement.

B. Results for the Base Case

B. Solution Methodology for muilti DG placement The active & reactive power losses of the systentHe
base case are 211 kW, 143.1 kvar respectively.agelt

The solution methodology for multi DG placemenass magnitudes of the system are tabulated in Tabledllzse

follows: case voltage profile as shown in Fig. 4. It is sttt many
buses are having voltage lower than 0.92p.u.

1. Run the base case load flow to obtain base case
results.

2. By penetrating DG with 10% of the total feeder
loading capacity at each bus at a time, the MORI is
calculated using equation (5).

3. ldentify the bus corresponding to the minimum value
of MORI.

4. The bus corresponding to the minimum MORI value
when DG is inserted at the same bus will be taken a
optimal location of DG in the distribution system.

5. Connect incremental size of DG with 5% of total
feeder loading capacity at optimal location;
simultaneously calculate the real power loss ifheac
step.

6. The capacity of DG corresponding to minimum value
real power loss will be taken as optimal size of DG
at optimal location.

7. Fix the optimal size of DG at optimal location in
distribution network by using following equation,

TABLE |
BASE CASEBUS VOLTAGE FOR IEEE33BUS TEST SYSTEM
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minimum value to maximum one in steps of 0.5 dedint
pf and losses are calculated in each step. The &facity

Plot of bus Voltage (Base case IEEE-33BUS System)

Bus Bus Voltage Bus Bus Voltage | Bus Bus Voltage
No (p.u.) No (p.u.) No (p.u.)
1 1.0000 12 0.9177 23 0.9793
2 0.9970 13 0.9115 24 0.9726
3 0.9829 14 0.9092 25 0.9693
4 0.9754 15 0.9078 26 0.9475
5 0.9679 16 0.9064 27 0.9450
6 0.9495 17 0.9044 28 0.9335
7 0.9459 18 0.9038 29 0.9253
8 0.9323 19 0.9965 30 0.9218
9 0.9260 20 0.9929 31 0.9176
10 0.9201 21 0.9922 32 0.9167
11 0.9192 22 0.9916 33 0.9164

5 10 15 20 25 30
Bus No

which gives minimum loss is taken as optimal size.

Figure 4: Base Case Voltage Profile for IEEE-33 bus system  ag shown in table 11l the optimal capacity of th&t
optimal location is 2MVA at 0.8 pf lag (i.e 1600 k&/1200

C. Results for the Case of Smple Sngle DG Placement

index (MORI) with DG placement. The MORI of eachtst

Table Il shows the variation of multi-objectivenkéng

is found by using Eq.5, after DG installation orcledus.
Optimal location for DG having rating 50% of totahd of
distribution system found to be Bus No: 8 correstiog to

kVAR). The minimum value of loss at this stage 3sW.

TABLE Ill

COMPARISON OFREAL POWER LOSSES FOR OPTIMAL SIZING
OFDG AT OPTIMAL LOCATION

o Optimal Real Power Loss (Rs9 in kW
minimum value of MORI. Location = BUS
n No 8
VARIATION OF MOQ?I\_/E:H DG PLACEMENT DG Rating in CASE 1 CASE 2 CASE 3
MVA (UPF) (0.9 pf lag) (0.8 pf
lag)
Bus MORI Bus MORI Bus MORI
NoO NoO NoO 0.5 165.0 155.8 155.6
2 01225| 13 0.0174 24 0.0774 1 135.2 117.4 117.0
3 0.0759 14 0.0218 25 0.0849 15 120.4 94.3 93.7
4 0.0551 15 0.0264 26 0.0131 2 119.3 849 339
5 0.0386 16 0.0319 27 0.0121
6 0.0140 17 0.0420 28 0.0098 2.5 130.9 87.9 86.6
7 00113| 18 0.0463 29 0.0093 3 154.3 102.3 100.6
8 0.0054 | 19 0.1244 30 0.0096 3.5 188.7 127.3 125.0
9 0.0055 20 0.1452 31 0.0124 4 233.6 161.9 159.0
10 0.0079 21 0.1517, 32 0.0136 —
11 0.0085 22 0.1632) 33 0.0151 M'”'”.‘”m Loss 119.3 84.9 83.9
1 0.0097] 23 0.0757 Optimal DG 2 2 2
Size ($¢°7) in
018 — , : : MVA
016
250
014 s CASE 1 (UPF)
e CASE 2 (0.9 pflag)
012 200 CASE 3 (0.8 flai) //
g 2 -
= om g 150 // ,/
0.06 é ¥__,——/ /
. % 100 ~_ |~
[
002 L
: 50
DZ é A‘i ; l; 7‘ é 9‘ 1:] 1‘1 1I2 1‘3 1IA 1‘5 ‘\‘E Wi? ‘\‘E 1‘9 Z‘EI 2‘1 2‘2 2‘3 EIA 2i5 2:5 2‘7 2;3 2‘9 3‘EI 3‘1 3‘2 33
Bus No o
Figure 5: Variation of MORI with DG Placement 05 15 > as 3 35 a4
DG Capacity in MVA

Table 11l gives the optimal capacity of the DG atimal

location. In this case the DG capacity is increafed
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Figure 6: Comparison of real power losses after placeme!

of DG for different cases.

T 1

===Base Case

—8—Casel:0G of 2MVA at upf
—&—Case2:06 of 2MVA at 0.9 pf lag

—F—Case3:0G of 2MVA at 0.8 pf lag

Voltage Magnitude in pu

09 i i 1 L I i
0

Bus No

Figure 7: Comparison of System Voltage Profile after DG

Placement with Base Case

Fig. 7 shows the effect of DG placement on theesyst
voltage profile, there is considerable improvemanthe
system voltage profile after allocation of DG. Befahe
placement of DG, minimum voltage in the systemtibus
no. 18 is equal to 0.9038p.u. After installing th& of
optimal capacity, the minimum voltage at this buss h
improved to 0.9739p.u.

D. Results for the Case of Multi DG Placement

In previous section, placement of single DG in th

distribution system is discussed. More than one da be
optimally placed in the distribution system. Tableshows
the load flow results of optimal size of DGs plaeé@ptimal
buses for two iterations.

The Optimal location for DG having rating 10% ofal
load of distribution system found to be Bus No: BB
corresponding to minimum value of MORI. The optirsiale
of DGs at optimal locations is found to be 25% luf total
load (i.e.928.75kW, 575kvar) corresponding to mimim
value of real power loss.

From table IV we conclude that total real powesslof
the system is decreases to some more extent asacen
base case loss of distribution system. The deciiedssses
at each stage of placement of DG is pictoriallyvamin Fig.
8

TABLE IV
DG’'SPLACEMENT ALGORITHM FOR TWOITERATIONS

No of DG | Location DG Capacity Real
Iteration | No power
I:)DG QDG |((l)j/\3/§5
(kW) (kvar)
1% 1% 17 928.75| 575 119.5
iteration | DG
2" 2" 33 928.75| 575 53.4
iteration | DG

250
A 211 B Real Power Loss
4
" 200 -
N’
1
3150 -
i 119.5
v
2 100 -
e
E 53.4
8 50 -
9
m .
0 | T
Base Case DGatBus17 DG atBus17 &33

Figure 8: Real Power Loss for different DG placement
Scenario

106 ! !

———Dase Case
——DG at Bus No 17
—E—DG at Bus No 17 & 33

“oltage Magnitude in pu

=1
=
il

09 1 1 1 I 1 I

il

Figure 9: System Voltage profile for Multi DG Placement

Fig 9 shows the effect of DG’s placement on theteay
voltage profile. Before the placement of DG’s minim
voltage in the system is at Bus no. 18 and is edoal
0.9037p.u. After installing the first DG, the minim voltage
at this bus has improved t01.008 p.u. finally witist and
second DG'’s installed, the minimum voltage at this has
improved to 1.0262p.u.

V. CONCLUSION

Distributed Generation (DG) has various technical &
economic benefits, when integrated in distributgystem.
These benefits always depend on placement andgsfin
DG. To maximize the benefits it is necessary td faptimal
allocation of DG in radial distribution system.

This paper presents simplified approach for ogkim
allocation of DG in distribution system in which topal

140



International Journal of Emerging Technology in Conputer Science & Electronics (IJETCSE)
ISSN: 0976-1353Volume 23 Issue 6 —-OCTOBER 2016 (SPECIAL ISSUE)

location is determined by using an index called
Multi-Objective Ranking Index for improving nodeltages
and optimal capacity is determined at optimal lmcatfor
minimizing power loss of the system.

The proposed method has been tested on IEEE-3& radi
distribution test system using MATLAB 2014. The Bltsof
this system reveal that integration of DG unitsoptimal
locations is highly effective in terms of bettedtage profile
and reduced power losses of system.
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