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Abstract: The aim of the optimal distributed generations
(DG) placement is to provide the best locations and sizes of
DGs units to optimize electrical distribution network
operation and planning taking into account DG capacity
constraints. This paper propose a heuristic technique for
optimally determining the location and sizing of different
types of distributed generation (DG) units in the
distribution network for real power loss reduction. DG
type-1 and type-II have been considered in the proposed
approach. Maximum penetration of type-I DG is
considered in a range of 0-50% of total load. The
proposed method has been tested on IEEE-69 and 118 bus
radial distribution systems. Test results are also compared
with other optimization techniques and found that the
proposed method is more effective and has higher
capability in finding optimum solutions.

LINTRODUCTION

Distributed generation (DG) devices can be strategically
placed in power systems for grid reinforcement,
reducing power losses and on—peak operating costs,
improving voltage profiles and load factors, differing or
eliminating for system upgrades, and improving system
integrity, reliability, and efficiency. The aim of the
optimal DG placement (OPDG) is to provide the best
locations and sizes of DGs to optimize electrical
distribution network operation and planning taking into
account DG capacity constraints. Several optimization
techniques have been presented by researchers in
determining the optimal location and size of DG. Such
optimization methods can be classified into
deterministic methods such as analytical methods and
heuristic methods such as Genetic Algorithm (GA),
Particle Swarm Optimization (PSO), Artificial Bee
Colony (ABC), etc., or into single- and multi-objective,
based on the number of objectives. [Kyu-Ho Kim et. al.
[1] employed a hybridized method for determining DG
size and location in distribution system. The authors
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combined the GA with fuzzy set theory. M. Gandomkar
et.al [2] proposed Hereford Ranch Algorithm (HRA) to
determine optimum location and size of DGs. N.
Acharya et. al. [3] proposed an analytical method to
determine the optimal capacity of DG. Kashem et.al.[4]
proposed a deterministic methodology based on the SQP
algorithm to identify the optimal location and size of DG
in distribution system. Author proposed a multi
objective function to minimize real power loss at
minimal DG cost. Beromi et.al. [5] used GA technique
to determine optimal location of DG for voltage profile
improvement and power loss reduction. . S. Kamalinia,
et-al [6] presented the solution to optimal DG allocation
based on MADM (Multi-Attribute Decision Making)
and Genetic algorithm. Gozel et.al [7] formulated loss
sensitivity factor to determine the optimum size and
location of distributed generation. Mouti and hawary [8]
proposed an artificial bee colony (ABC) algorithm for
DG placement problem. Safari et.al. [9] used hybrid
genetic algorithm and particle swarm optimization
technique to determine optimal location and size of
DGs. In [10] Particle Swarm Optimization (PSO)
technique is used to determine optimal size and location
of multi DGs. M. Abbagana et. al. [11] proposed a
Differential Evolution technique for the optimum
placement and sizing of a DG in a distribution network.
Amanifar [12] proposed sensitivity analysis and Particle
swarm optimization technique for optimal DG
placement, sizing for loss and THD reduction and
voltage profile enhancement in distribution system.
Shaaban et.al. [13] used analytical technique to
determine the optimal size and location of DG in
distribution system for power loss reduction and voltage
profile improvement. Duong Quoc Hung et. al. [14]
proposed an improved analytical (IA) method of
multiple distributed generators placement to achieve a
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high loss reduction in large-scale primary distribution
networks.

Different types of Distributed Generators (DGs) are
classified as:

Type-I: Deliver only active power (like photovoltaic,
micro turbines, fuel cells etc.)

Type-II: Deliver only reactive power (like synchronous
compensator, capacitor etc.

Type-I1I: Deliver both active and reactive power (like
synchronous machine)

Type-1V: Deliver active power but consuming reactive
power (like induction generators used in wind farms)

Most of the researchers have been used only type-1 DG
in their algorithm to solve DG placement problem. In
the proposed method type-I and type-1I DG are used to
solve the problem. In this paper, sensitivity analysis
method is used to determine optimal location and size of
DG units in distribution system. The maximum
penetration of type-I DG is considered in a range of 0—
50% of'total load. The proposed method has been tested
on IEEE 69 and IEEE 118 bus test system and results
are compared with the various optimization techniques.
The rest of the paper is organized as follows: section 2
gives the description of problem formulation. Section 3:
gives the solution methodology DG placement problem.
Section 4 portrays the simulation results of test
distribution systems used in this paper. A brief summary
of the obtained results is also included in this section and
the conclusion of the paper is summarized in Section 5.

II.PROBLEM FORMULATION

The objective of DG placement problem is to minimize
the real power losses of the distribution network through
determining the optimal DG sizing and location. The
operating constraints of the problem are divided into
equality and inequality constraints [20].

For n bus radial distribution system, the problem is
formulated as:

Minimizef= min (WDG, Loss) (1)
Where,
Wpé,Loss = ZZ[aij(Pin +Q:Q;) + B (PQ; — P,Q;)] (13)
i=1 j=1
Where,

R..
a’i]- = r;] COS(6,: - 6])

_ Ry
‘8,:]- = VlV] sm(5i 5])
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Zij = Rij + X;;
Z; is the impedance of the line between bus 1 and bus j;
Rjis the resistance of the line between bus i and bus j;
Xj; is the reactance of the line between bus i and bus j
Vi is the voltage magnitude at bus i ;
V; is the voltage magnitude at bus j ;
d; is the voltage angle at bus i ;
9 is the voltage angle at bus j;
Pi and Q; is the active and reactive power injection at bus
i
P; and Q  is the active and reactive power injection at
bus j

Subjected to:

(a) Equality Constraints:
The power flow equations must be satisfied as:
P:=Ppgi - Ppi

= Vi Z?:]_ V] (Gl] COS((S,: - 6]) + Bl] Sin(5i - 6])) (2)

0= Opai - Obi
=V, X1, V; (G sin(8; — 6;) — Byjcos(6; — &;)) (3)
Where, Ppai and Qpgi are distributed power generations
at bus i. Ppi and Qp; are the loads at bus i. Gjj is the
conductance of the line between bus i and bus j and B;
is the susceptance of the line between bus i and bus j.
(b) Inequality Constraints:
(i) Power generation limit must be satisfied as
Ppgi" < Pogi < Pogi
pei < Qpei < Qpgi-
(ii) Bus voltage limits Vinin < Vi < Vinax
(iii) Line current constraints ~ L;< I/
Where 1/ is current permissible for branch i within
safe limit of temperature.

III. SOLUTION METHODOLOGY

To solve the DG allocation and sizing problem, heuristic
sensitivity technique is used. The sensitivity constant to
determine the size and location of type-I DG for each
bus is given by

_ 1 Pdgloss (i)
Ski s Prealloss (4)
The sensitivity constant to determine the size and
location of type-II DG for each bus is given by
(3)

1 Pdgimgloss (i)

S k i =
Where,

S Pimgloss

s= Z KVA, ) * V(i)
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KVAL(i) is the load at i bus in kVA.

V(i) is the voltage at i bus in kV.

Pagloss is the real power loss after DG placement at i bus.
Preatoss 1S the real power loss of the system without DG
placement.

Pagimgloss 1S the reactive power loss after DG placement
at i bus.

Pimgloss 18 the reactive power loss of the system without
DG placement.

Sensitivity constant (sk) is evaluated at each bus, firstly
using the values obtained from the base case power
flow. The buses are ranked in descending order of the
values of their sensitivity constant to form a priority list.
The top-ranked buses in the priority list are the first to
be selected for alternatives location.

Computational procedure:

Step 1: Run load flow program for base case.

Step 2: Calculate the sensitivity constant using Eq. (4)
or (5) of each bus and rank the sensitivity in descending
order and form priority list.

Step 3: Select the bus which has highest priority and
place DG at that bus.

Step 4: Now change the size of DG in “‘small’’ step and
calculate real or reactive power loss for each size by
running load flow program.

O

Step 5: Store the size of DG that gives the minimum loss.
Step 6: Repeat Step 3 to 5 to find more location of DGs.
Step 7: Place the DG of obtained size at optimal
location and once again perform load flow

IV. SIMULATION RESULTS

To illustrate the effectiveness of the proposed method it
is tested on IEEE 69 and IEEE 118 bus radial
distribution system. The proposed method is
implemented using MATLAB 10 software running on a
computer with Intel Core i3 CPU @ 2.27 GHz and 4
GB of RAM.

For each system three cases are considered.

Case I: Only type-I DGs is placed

Case-11I: Only type-11 DGs is placed

Case-III: Simultaneous placement of type-I and type-II
DGs

4.1 Test system-I (IEEE 69 bus system)

The IEEE 69 bus radial distribution system [15] has a
total load of 3.802 MW and 2.694 MVAr. The system
has real power loss 0f 225 kW and minimum bus voltage
is 0.9092 pu.
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Fig.1 IEEE 69 bus distribution system
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Case —I: Only type-I DGs is placed

The proposed technique is applied on 69 bus system.
The optimal location and size of DG type-I is shown in
table 1. 50% DG penetration is used here. It is observed
from table 1 that after DG placement of total size 1750
kW at specified location the real power loss is reduced
to 78.3 kW it accounts for 65.2% of loss reduction and
minimum bus voltage is improved to 0.97 pu.

The obtained results for simultaneous placement of a
type-1 and type-II DG are shown in table 3. The real
power loss is now 19.60 kW i.e. 91.3 % loss reduction.
The minimum bus voltage is also enhanced to 0.9815

pu.

Table 3: Simulation results of Simultaneous placement
of type-I and type-II DGs on 69 bus system.

DG Type Type-I1 Type-11
Ta‘t:le 1: Simulation results of DG type-I on 69 bus 21(250)
system. Optimum Location | 61 (950) 61 (1050)
Bus Real Bus % loss 64 (550)
Locati P Volt ducti
M oftage | reduction Total Size 1750 kW | 1050kVAr
(Size m | Loss
kW) Power Loss 19.60 kW
21 (250) 78.3kW | 0.9704 65.2 % % Loss Reduction 91.28%
61 (950) Min. bus Voltage 0.9815 pu
64 (550)

Case —II: Only type-1I DGs is placed
The DG type —II (capacitor) is used for placement. It is

Table 4: Comparison of results of Simultaneous
placement of type-I and type-II DGs on 69 bus system

observed from table 2, that optimal location and size of PSO[16] | Proposed
DG type-II is bus 61 and 1050kVAr. This will reduce Total DG Type-I size (kW) 1828 1750
the power loss to 155.02 kW and enhanced the bus Total DG Type-II size | 1300 1050
voltage to 0.9265 pu. (kVAr)
Power Loss (kW) 23.17 19.60
Table 2: Simulation results of DG type-II on 69 bus % Loss reduction 89.7% 91.28%
system. Minimum bus Voltage 0.9724 0.9815
Bus Real Bus % loss In table 4, the results of proposed method for 69 bus
Location Power Voltage reduction system are compared with results of PSO [16]
(Size in | Loss technique. It is seen from table, that the proposed
kVAr) method gives more loss reduction on less DG (type-1 &
61 (1050) 155.02 0.9265 3L1% II) size. The minimum bus voltage is also enhanced in
kW proposed method. Figure 2 shows the comparison of real

Case —IlI: Simultaneous placement of type-I and type-
11 DGs

power loss for base case, after DG type-I placement,
after DG type-1I placement and after simultaneous
placement of DG type-I and II. The comparison of bus
voltages are shown in figure 3.

Table 5: Comparison of results of placement of type-I1 DGs on 69 bus system

Method Total DG size (kW) Power Loss (kW) % loss reduction Vmin. (pu)
GA [17] 2998 89 60.44 0.993

PSO [16] 1808 83.36 62.95 0.9679
SA[18] 2181 83.31 62.97 0.9811
Analytical [3] 1810 81.44 63.8 -

BFO [19] 2025 84.2 62.5 0.9875
MBFO [19] 1880 83.4 62.9 0.9797
Proposed 1750 78.3 65.2 0.971

IJIRT 199543

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

15651




© April 2026] IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002

The simulation results for DG type-I placement are compared with various optimization techniques like genetic
algorithm (GA), particle swarm optimization (PSO), simulated annealing (SA), analytical method, Bacterial Foraging
Optimization algorithm (BFO) etc in table 5. From the table it is observed that the percentage loss reduction by
proposed method is least from all other methods. The size of DG unit is also less as compared to other techniques.

2

£ [ Base

o [l After DG type-l
S [ Afer DG type-li
> [l Afer DG type-l &I
2

o

o

o |

Fig. 2 Comparison of power loss for 69 bus system
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Fig. 3 Comparison of bus voltages before & after DG placement for 69 bus system
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4.2 Test system-II (IEEE 118 bus system)

Second test system is a 11 kV, 118 bus radial
distribution system [22]. The total load is 22709.7 kW
and 17041.1 kVAR. The base case real power loss and

respectively.

Case —I: Only type-I DGs is placed

| Volume 12 Issue 11 | ISSN: 2349-6002

improved to 0.939 pu. The maximum size of DG type-I
at each bus has been fix to 2 MW.

Table 6: Simulation results of DG type-I on 118 bus
system.

minimum bus voltage are 1245 kW and 0.8737 pu Bus number | Real Bus % loss
(Size in kW) | Power Voltage | reduction
(0-2000kW) | Loss (pv)
(kW)
For type-I DGs optimal location for 118 bus system are 51 (1680) 711 0.93 42.9
found at 51 (1680 kW), 74 (1820 kW), 111 (1760 kW). 74 (1820)
The reduction in real power loss is 42.9 %. From the 111 (1760)
table 6, it is seen that minimum bus voltage is also
i
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Case —II: Only type-1I DG is placed

The optimum DG size and location for type-II DG unit
is obtained as 2500 kVAr at bus 74. This accounts to
29.2 % power loss reduction. Minimum bus voltage is
also improved to 0.905 pu.

Table 7: Simulation results of DG type-II on 118 bus
system.

Bus Real Bus % loss
Location Power Voltage reduction
(Size  in | Loss (kW) | (pu)

kVAr)

74 (2500) | 881.03 0.9053 29.2 %

Case —I1I: Simultaneous placement of type-I and type-
11 DGs

The results obtained from simultaneous placement of a
type-I and type-II DG for 118 bus system is shown in
table 8. The real power loss is reduced to 510.67 kW. It

accounts to 59 % loss reduction. The minimum bus
voltage is also enhanced to 0.94 pu.

Table 8: Simulation results of Simultaneous placement
of type-I and type-1I DGs on 118 bus system.

DG Type Type-1 Type-11
51(1680) 74 (2500)
Optimum Location 74 (1820)
111 (1760)
Total Size 5260 kW 2500kVAr
Power Loss 510.67 kW
% Loss Reduction 59%
Min. bus Voltage 0.940 pu

Figure 5 shows the comparison of real power loss for
base case, after DG type-I placement, after DG type-II
placement and after simultaneous placement of DG
type-1 and II. The comparison of bus voltages for 118
bus system are shown in figure 6.

Power Loss in kW

Base

After DG type-l
After DG type-Il
After DG type-l & Il

UL e

Fig. 5 Comparison of power loss for 118 bus system

IJIRT 199543

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

15654



© April 2026] IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002

1
0.98 \ A

0.96

P

0.94

0.92

W
ERTREE)

Voltage (pu)

= B ase case

\J

2
o

s A fter DG type-1 &II placement

0.88

0.86 T T T T T
1 10 19 28 37 46

5 64 73 82 91 100 109 118

Bus no.

Fig. 6 Comparison of bus voltages before & after DG placement for 118 bus system

V. CONCLUSION

In this paper, heuristic sensitivity technique has been
presented to solve the DG placement problem in radial
distribution system. The optimal location and size of DG
units has been determined in order to minimize real
power losses and to enhance the voltage profile. Two
types of DG units (type-I and type-II) are used to solve
the problem. The method is implemented on two test
system and simulation results have shown better
performance and effectiveness of the proposed method.
The obtained results produce better results when
compared with various optimization technique.
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