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Optimal Placement of DGs in Northwest Anatolia Power System by
Using a Multi-Objective Genetic Algorithm

Highlights
«» The issue of determining the power and allocation for Distributed Generations (DGs) in the 114-bus
Northwest Anatolia power system has been addressed.

«» 4 different case was created, bus voltages, voltage stability index values and power losses were examined
for each case.
<+ An evaluation was made against possible load increases in the power system.

X/

** Voltage stability was achieved by bringing the index values closer to 1 pu in the buses.

Graphical Abstract
The flow diagram of the proposed algorithm is presented in the figure.
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Figure. Flowchart of the proposed algorithm.

Aim

The goal of this article is to reduce power losses, bring the bus voltage values closer to 1 pu, sizing and allocation the
DGs by keeping the index values within the desired range.

Design & Methodology

Network modelling, load flow analyses and genetic algorithm operations were performed in MATLAB m-file.
Originality

The originality of this paper is to investigate the bus voltage stability considering load increases.

Findings

Line losses are decreased, bus voltage values are enhanced and voltage stability index is increased within the
desired range.

Conclusion

It is concluded that the addition of DGs with the proposed approach increases bus voltage values, contributes to bus
voltages stability and reduces losses.

Declaration of Ethical Standards
The authors of this article declare that the materials and methods used in this study do not require ethical committee
permission and/or legal-special permission.



Politeknik Dergisi, 2025; 28(5) : 1493-1502 Journal of Polytechnic, 2025; 28(5) : 1493-1502

Optimal Placement Allocation of DGs in Northwest
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ABSTRACT

The voltage profile and power losses of traditional network are influenced by the location, power and the number of Distributed
Generation (DG) resources. To prevent the network from being adversely affected by DG resources, the integration of DG resources
into the grid is done using various optimization methods. In this study, the allocation of DG resources in the Northwest Anatolian
(NWA) power system with 114 buses, was discussed by using one of the most common optimization methods, the Genetic
Algorithm (GA). For this purpose, minimizing active power losses, enhancement of voltage profile and maximization of voltage
stability index were used as objective functions. 4 different cases were created and DG resources were integrated according to these
cases. The power system was examined in terms of active power losses, index values and voltage profile. In two of these cases,
load increase was made in the power system to evaluate the possible load increases that may occur during the operation. The
simulation results verified the effectiveness of the recommended approach; the active power losses decreased, the voltage profile
enhanced and the voltage stability index increased within the specified range. It has been observed that the proposed approach
reduces losses in the power system by between 27.84% and 33.63% for different conditions.

Keywords: distributed generation, voltage stability index, multi-objective optimization.

Kuzeybat1 Anadolu Gii¢ Sisteminde Dagitik Uretim
Kaynaklarinin Cok Amacli Genetik Algoritma
Kullanilarak Optimal Yerlesimi

Geleneksel bir sebekenin gerilim profili ve giic kayiplar, dagitik iiretim kaynaklarnin konumu, gilici ve sayisindan
etkilenmektedir. DG kaynaklarinin sebekeyi olumsuz etkilemesini 6nlemek i¢in, bu kaynaklarin entegrasyonu ¢esitli optimizasyon
yontemleri kullanilarak gerceklestirilmektedir. Bu caligmada, 114 baraya sahip Kuzeybati Anadolu gii¢ sisteminde DG
kaynaklarinin tahsisi, en yaygin optimizasyon yontemlerinden biri olan Genetik Algoritma (GA) kullanilarak ele alinmistir. Bu
amagla, aktif gii¢ kayiplarinin minimum yapilmasi, gerilim seviyesinin iyilestirilmesi ve gerilim kararlilik indeksinin maksimum
yapilmasi hedef fonksiyonlar olarak belirlenmistir. Calismada 4 farkli senaryo olusturulmus ve DG kaynaklar1 bu senaryolara gore
entegre edilmistir. Gii¢ sistemi, aktif gii¢ kayiplari, indeks degerleri ve gerilim profili agisindan incelenmistir. Bu senaryolardan
ikisinde, isletme sirasinda meydana gelebilecek olast yiik artiglarini degerlendirmek amaciyla giic sisteminde yiik artis1 yaptlmustir.
Simiilasyon sonuglari, 6nerilen yaklagimin etkinligini dogrulamus; aktif gii¢ kaybmin azaldigini, gerilim seviyesinin iyilestigini ve
gerilim kararhilik indeksinin belirlenen aralik iginde arttigini gostermistir. Onerilen yaklagimimn, gii sistemindeki kayiplar1 farkl
calisma kogullara bagli olarak %27,84 ile %33,63 arasinda azalttig1 gézlemlenmistir.

Anahtar Kelimeler: dagitik iiretim, gerilim kararlilig: indeksi, cok amach optimizasyon.

1. INTRODUCTION country has reached 115.975 MW as of the end of
December 2024, and the total electricity production in
2023 was 331,1 TWh. According to TEIAS 2023 annual
report, when the primary generation sources of electricity
in Turkey are reviewed, wind accounts for 11.806,1 MW
and solar for 15.613,4 MW [3]. The main advantages of
integrating DG resources to the power system can be
listed as follows [4], [5]:

The rise in DG resources has underscored the
significance of stability assessment within power
systems. In power systems, DG typically refers to
electricity production units that utilize renewable energy
sources and are positioned near consumption points for
efficient integration [1], [2]. The integration of renewable
energy sources, mostly consisting of wind, solar, etc., has
been increasing in Tiirkiye. The installed power in our
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e Reducing of power losses,

e Improvement of voltage profile,

e  Shorter time construction planning since it can
be installed in locations close to the consumer,

e Reducing of stability problems,

e Reduced greenhouse gas emissions
conventional power plants,

e Reducing of harmonic distortion. The DGs can
be used as a source in power systems or to
provide energy during peak load.

The DGs can be independent of the system or used in
network connection. To make DG controllable, power
electronic inverters are often used as interfaces between
the grid and renewable energy sources [6], [7]. Therefore,
DG energy sources are often called inverter-based

than

generators [8]. They are integrated to the power system
as microgrids to make the DG resources controllable. A
grid-connected microgrid schema is given in Figure 1. If
DG resources are integrated to the power system without
detailed research, it is likely to have adverse effects on
system security [9], stability and reliability [10], due to
increases in the power losses [11] and the voltage [12],
[13]. It is essential that the power system must still be
stable after allocation of the distributed generation. Thus,
the proposed methods must operate under certain
constraints while integrating DG into the power system.
There are many studies in the literature that include
single and multiple objective functions for the allocation
of DG resources [14], [15]. Some studies in the literature
on distributed generation are given in Table 1.

Table 1. Some studies in the literature on the distributed generation.

Ref. No.  Objective Types of DG Proposed Test System
Method
[16] Minimizing power loss of the Supporting reactive power Dynamic 12 -Bus, 33-
system and enhancing to system and absorbing real programming Bus and
reliability improvement and power from system 69-Bus
voltage profile
[17] Power loss minimization and Real power support to Voltage index 25-Bus and
the improvement of the system analysis, IEEE 37-Bus
voltage profile of the system variational
algorithm
[18] Allocating multiple DG Real power support to Heuristic IEEE-69 Bus
system techniques
[19] Optimal allocation of DG Real power support to GA and PSO IEEE-69 Bus
system,
Supporting reactive power
to system and absorbing real
power from system
[20] DG planning Real and reactive power GA IEEE-30 Bus
support to system
[21] production costs and costs of Real and reactive power discrete  PSO IEEE-30 Bus
the power losses support to system and OPF
[22] Power loss and voltage profile Real and reactive power Whale 36-Bus radial
support to system optimization distribution
algorithm system
[23] Minimizing total energy loses Real and reactive power Non-linear IEEE 33-Bus
support to system programming and 404-bus
distribution
system
[24] total operational emission, Real and reactive power fuzzy- 33-node droop
total operational cost and total support to system embedded controlled
active power loss multi-objective islanded
particle swarm microgrid test
optimization network
[25] Power loss and voltage profile Real and reactive power decision tree IEEE 33 and
support to system (DT) 69 node
classification distribution
approach networks
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In this study, the problem of integrating renewable
energy sources to the NWA power system as a DG
resource is discussed. The optimal connection points and
power values of DG resources were determined using the
genetic algorithm optimization method. Three different
objective functions were used in the algorithm and 4
different cases were created. With the location and power
information obtained from the algorithm, DG resources

were integrated to the power system and the results were
examined. This study used genetic algorithms to tackle
the multi-objective optimization problem. Since genetic
algorithms gave good results in other studies, they were
also used in this study. The use of Thevenin based
voltage stability index in the objective function in this
study reveals its difference from other studies.

In addition, since the connection points are integers, the
integer efficiency of genetic algorithms was used [16].

AC BUS

CONNECTION
POINT OF DG

h

DC/DC DC/AC
converter converter
DC DC
; DC — AC
PV Panel
AC/DC DC/AC
/ converter converter
/ AC — DC
/ DC — AC
Wind Turbine DCIDC DCIAC
converter converter
[
Battery DC DC ; 4
DC [ AC

Transformer GRID

LOAD

Figure 1. Grid-connected DG unit consisting of wind, solar and battery.

2. MATERIAL AND METHOD

The interconnected systems are partitioned regions, each
controlled by its center. The NWA system, which is
considered a sample region in this study, is one of these
regions. [26]. The voltage level of 12 buses is 380 kV and

the voltage level of 102 buses is 154 kV. The operating
voltage of the power system is 380 kV and 154 kV. 18 of
114 buses are production and 96 of them are load buses,
5 auto producers, 4 privates. The generation values
of the generation plants in the NWA power system are
given in Table 2.

Table 2 . The generation values of the generation plants in the NWA power system (pu values are given on a 100 MVA base).

PRODUCTION VALUES OF GENERATION PLANTS IN NORTHWEST ANATOLIA POWER SYSTEM

[26]
Station Name P (Pu) Q (Pw P (MW) Q (MVAR)
380 kV Ada DGKCS 1 14,32 1,86 1432 186
380 kV Ada DGKCS 2 7.22 0.72 722 72
380 kV Bursa DGKCS 3.50 0.67 350 67
380 kV Tutes Salt 1.05 0.05 105 5
380 kV Seyitomer 3.70 0.00 370 0
154 kV Colakoglu 4.74 1.16 474 116
154 kV Enerji Sa 0.41 0.04 41 4
154 kV Nuh Enerji 0.58 0.14 58 14
154 kV Entek 2 0.97 0.30 97 30
154 kV Sariyar 1.60 0.17 160 17
154 kV Yeni Cates 2.28 0.97 228 97
154 kV Bozoyiik Akenerji 1.11 0.18 111 18
154 kV Seyitomer 1.10 0.10 370 120
154 kV Tutes A 1.25 0.10 125 10
154 kV Tutes B 1.30 0.10 130 10
154 kV Bursa DGKCS 7.15 1.35 715 135
154 kV Orhaneli 1.30 0.10 130 10
154 kV Entek 1 1.37 0.09 137 9
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There are 7 thermal and 2 hydraulic power plants. In
Table 2, the generation values of the generation plants in
the NWA network are given in per unit (pu) values on a
100 MVA base. In this article, the default features of
genetic algorithm in MATLAB Global Optimization
Toolbox are used [27]. Figure 2 shows the flow chart of
the proposed algorithm. The objective functions and
constraints are presented in the following sections of the
paper.

2.1. Objective Functions Used in the Optimization
Problem

Three different objective functions are used in this paper.
The objectives include minimizing active power losses,
maximizing the voltage stability index and improving the
voltage profiles of system buses.

2.1.1. Minimization of power loss

First objective function is minTotalP;,s in the NWA
power system. The objective function is formulated as
given in Equation 2.1.

Niine . 2
k=1 Rline Iline

minTotalP,;c = ) (2.1)

Where Ry, IS the line resistance, I, is the line current.
2.1.2. Improvement of the voltage profile

The 2nd objective function is to set all bus voltages in the

system approximately to 1 pu. Therefore, the 2nd

objective function is formulated as given in Equation 2.2.
N

minVD = ) (1-V;)2

1

2.2)

4

In Equation 2.2, i represent the relevant bus number and
N represent the total bus number.

2.1.3. Maximizing the voltage stability index

The third objective function is maximizing the voltage
stability index. The voltage stability index gives
information about the stability of the system. The index
varies between 0 and 1, and if it approaches 0, it is
concluded that the bus approaches instability [28]. If the
voltage stability index is 0, no power flow occurs. In
Figure 3, the equivalent circuit is shown from the bus k,
the selected bus to be evaluated in terms of voltage
stability. The Thevenin equivalent is a simple two-node
system with one input and output, simplifying the
complex power system. Using the Thevenin equivalent,
the critical voltage value of the bus to be evaluated for
voltage stability is calculated. The critical voltage value
is calculated under the assumption that the value of the
load impedance and Thevenin impedance are identical.
The voltage stability index is given in equation 2.4. The
critical voltage is given equation 2.3.

Eth (2.3)

2cosé8

critical=

VSM., = Vmeasured—Vcritical
v

(2.4)

Veritical

Run the Newton
Raphson power flow of|
the pre-optimization
state with Matpower,

Enter power
system data.

Construct the initial
population and the
fitness function.

save pre-
optimization state
characteristic.

Is the initial population
tompatible with the constraint
functions determined for the

lacement of DG units? no

Run the power flow
with Matpower and
set the fitness function
for each chromosome.

}

Generate new
solutions by crossover|
and mutation,

as the specified
number of generations,
been reached? no

Figure 2. Flowchart of the proposed algorithm.

Eth Zth ” Vk

Load

k. bus

Figure 3. Thevenin equivalent circuit from the kth bus.

2.2. Constraints

For the power system to be stable in terms of voltage
stability, both voltage and power value must be kept
within acceptable limits in case load increases. In the
optimization problem, the constraint that the capacity of
the DG to be integrated into the power system is less than
the total load value in the system that has been added.
Additionally, keeping the voltage values of all buses in
the system between 0.95-1.05 pu has been added as a
constraint. The constraint functions are given in
Equations 2.5 and 2.6.

z:PDG < z:PLoad (2-5)

0.95 < Vyyus < 1.05 (2.6)
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Table 3. The objective functions, load conditions, and the DG capacity values added in the four distinct scenarios investigated.

Load Condition

DG power to be added

No changes have been
made to the load values
of the NWA power

DG power is determined as 24.38% of
the power value produced by the
power system.

No changes have been
made to the load values
of the NWA power

DG power is determined as 26.55% of
the power value produced by the
power system.

Load ratings of the
NWA power system
increased by 8% [3].

DG power is determined as 23.92% of
the power value produced by the
power system.

Load ratings of the
NWA power system
increased by 8% [3].

DG power is determined as 24.51% of
the power value produced by the
power system.

Politeknik Dergisi, 2025; 28(5) : 1493-1502

Case Objective Function
min Total Py,
Case 1 min VD
system.
min TotalP; g
Case 2 min VD
maks VSM,,
system.
min TotalP; g
Case 3 min VD
min TotalPy g
Case 4 min VD
maks VSM,,
3. RESULTS

The 4 cases presented for the solution of the optimization
problem are given in table 3. Detailed information for
each case will be provided in sections 3.1, 3.2, 3.3, and
3.4.

3.1.Case 1l

The objective functions presented in Equations 2.1 and
2.2 are used in Case 1. The constraints given by equation
2.5 and equation 2.6 are used. The system load is used
without modifying the load data of power system. In
Table 4 the power values of the bus and DG resources
integrated into the NWA power system for Case 1 are
given. The total additional DG power constitutes 24.38%
of the total production of the NWA power system before
optimization.

The buses where the DG resources will be added are the
13th, 15th, 16th, 19th, 22nd, 24th, 25th, 26th, 32nd and
103rd buses. The proposed algorithm in Case 1 has added
a DG system to a capacity of 24.38% of the production
capacity of the NWA power system. Figure 4 shows the
voltage profile of Case 1. The pre-optimization voltage

profile of the NWA power system and the post-
optimization voltage profile were compared. In Table 5,
the active power losses of the NWA power system before
and after optimization are given. After adding DG
resources, it has been observed that active power losses
in Case 1 decreased from 283.31 MW to 204.42 MW.

3.2. Case 2

Obijective functions 1, 2 and 3 are used in Case 2. The
objective functions are given in equation 2.1, equation
2.2, and equation 2.4, respectively. The constraints given
by Equation 2.5 and Equation 2.6 are used. Load values
are used without changing the load values of the NWA
power system. In Table 6, DGs and index values to be
added power system according to Case 2 are given. The
additional total DG constitutes 26.55% of the total
production of NWA power system before optimization.
The buses where DG resources will be integrated are
given in Table 6. DG placement was made in Case 2 with
the proposed algorithm, and DG, with a capacity of
26.55% of the total production capacity of the power
system, was added. Details of the analyses after adding
DG resources are given.

Table 4. According to Case 1, the Distributed Generations (DGs) to be integrated into the power system are determined.

Bus

Power of DG (MW)

13
15
16
19
22
24
25
26
32
103

235.5587
238.9561
223.5597
229.7044
211.1126
234.3709
128.7376
238.7255
121.6427
88.3326
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BUS NUMBER e =
Figure 4. Voltage profile of Case 1.
Table 5. Active power losses according to Case 1.
Base Case Loss With DG Loss
PLoss (MW) PLoss (MW)
283.31 204.42
Table 6. DGs and index values to be added power system according to Case 2.
Base Case VSM,, With DG VSM,, Bus Power of DG (MW)
0,98 1,00 13 215.9600
0,94 0,98 15 249.8649
0,98 1,00 16 246.2697
0,98 0,99 18 249.8703
0,97 0,99 19 223.1123
0,99 1,00 22 206.8930
0,97 0,99 23 160.1013
0,97 0,99 24 243.2513
0,98 0,99 26 236.7288
0,94 1,00 103 91.9225
Figure 5 illustrates the voltage profile of Case 2. The pre- Table 7. Active power losses according to Case 2.
optimization voltage profile of the NWA power system Base Case Loss With DG Loss
and the post-optimization voltage profile were PLoss (MW) Pross (MW)
compared.In Table 7, the active power losses are given 78331 204.14

for Case 2. After optimization, it has been observed that
active power losses decreased from 283.31 MW to
204.14 MW by adding DG resources in Case 2.
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Figure 5. Voltage profile of Case 2.

3.3. Case 3

Objective functions 1 and 2 are used in Case 3. The
objective functions are given in equation 2.1 and
equation 2.2, respectively. The constraints given by
Equation 2.5 and Equation 2.6 are used. The load values
of the NWA power system are used by increasing the
load data by 8%. In Table 8, DGs to be added to the
power system according to Case 3 are given. The
additional DG constitutes 23.92% of the total production
of the power system before optimization. DGs will be
integrated into the 13th, 15th, 16th, 20th, 21st, 23rd, 24th,

30th, 32nd and 103rd buses. The proposed algorithm has
been applied for Case 3, and DG resources with a size of
23.92% of the total generation power have been added to
the NWA power system. Details of the situation after
optimization are given. Figure 6 shows the voltage
profile of Case 3. The pre-optimization voltage profile of
the NWA power system and the post-optimization
voltage profile were compared. In Table 9, the active
power losses before and after optimization of the NWA
power system for Case 3 are given. If DG resources were
added according to Case 3, it was found that Ppess
decreased from 283.31 MW to 188,024 MW.

Table 8. According to Case 3, the Distributed Generations (DGs) to be integrated into the power system are determined.

Bus Power of DG (MW)
13 228.2228
15 243.1686
16 220.5422
20 245.9556
21 189.7756
23 220.2021
24 243.7229
30 101.0931
32 132.7693
103 88.0978

Table 9. Active power losses according to Case 3. 3.4. Case 4

Base Case Loss With DG Loss
PLOSS (MW) PLQSS (MW)
283.31 188.024

Obijective functions 1, 2 and 3 are used in Case 4. The
objective functions are given in Equation 2.1,

2.2 and 2.4, respectively. The constraints given by
Equation 2.5 and Equation 2.6 are employed. The load
data of the NWA power system are used after being
increased by 8%.
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Figure 6. Voltage profile for Case.

The total DG power to be added constitutes 24.51% of
the total production of the power system before
optimization. The buses where DG resources are added
the 15th, 16th, 19th, 21st, 23rd, 24th, 30th, 32nd, 73rd
and 102nd buses. Table 10 gives DGs and index values
to be added power system according to Case 4. With the
algorithm proposed for Case 4, DG resources with a total
size of 24.51% of the production power of the power

system were added to the system, and the results of the
post-optimization situation have been given.

Figure 7 illustrates the voltage profile of Case 4. The pre-
optimization voltage profile of the NWA power system
and the post-optimization voltage profile have been
compared. Table 11 shows the active power losses for
Case 4. After the optimization, it has been observed that
active power losses decreased from 283.31 MW to
190,565 MW

Table 10. DGs and index values to be added power system according to Case 4.

Base Case VSM,, With DG VSM,, Bus Power of DG (MW)
0,98 1,00 15 247.8381
0,98 0,98 16 249.7030
0,98 0,98 19 247.3079
0,98 0,99 21 237.5054
0,97 0,99 23 249.5143
0,96 0,97 24 249.3309
0,97 0,98 30 144.6978
0,98 0,98 32 176.1921
0,97 0,97 73 0.0606
0,93 0,95 102 158.8862

Table 11. Active power losses according to Case 4.

Base Case Loss With DG Loss
PLOSS (MW) PLoss (MW)
283.31 190.565
4. DISCUSSION

The allocation and sizing problem of DG resources in the
NWA power system consisting of 114 buses, is solved by
using the GA optimization method. Three objective
functions are used. Four different Cases have been
created, and these Cases have been applied to the NWA
power system. To examine the network behavior when
the load demands on the user side rise, load increases
have been applied in 2 out of the 4 Cases.

In Case 1, the equations expressed in Equations 2.1 and
2.2 represent the objective functions. If DG resources are
installed at the positions and power values specified in
Case 1, it has been observed that the voltage profile for
both the buses with DG resources and the other buses
improved, while the active power losses were reduced by
27.85%.

For Case 2, the objective functions expressed by
Equations 2.1, 2.2 and 2.3 are used. When DGs are placed
according to Case 2, the voltage profile improves, and
active power losses are reduced by 27.94%. When the
index values were compared to those before
optimization, it was found that they increased, indicating
that the voltage stability is improved.
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Figure 7. Voltage profile for Case 4.

In Case 3, the objective functions expressed by Equations
2.1, 2.2 are applied. The load in the NWA power system
have been increased by 8%. If DG resources are added at
the positions and power values specified in Case 3, it is
observed that the voltage profile improves, and the active
power losses decrease by 33.63%.

For Case 4, the objective functions expressed by
Equations 2.1, 2.2 and 2.3 are applied. The load in the
NWA power system have been increased by 8%. When
DG resources are placed according to Case 4, it is
observed that the voltage profile enhances, and the active
power losses decrease by 32.74%. Index values increased
after optimization showing that system became more
stable.

When all Cases were examined, it was observed that the
active power losses of the power system decreased, the
voltage profile enhanced, and the voltage stability index
increased due to the allocation of the DGs in the power
system with the proposed approach.

5. CONCLUSION

This study solved the optimal DG placement and sizing
problem using genetic algorithms. The objective function
of the optimization problem aims to reduce active power
losses, enhance the voltage profile, and maximize the
Thevenin-based voltage stability index. The proposed
approach has been applied to the NWA power system for
four different scenarios. For Case 1, the real power loss
is reduced to 204.42 MW from 283.31 MW. For Cases
2,3 and 4, it reduced to 204.14 MW, 188.024 MW, and
190.565 MW, respectively. Active power losses have
been reduced by %27.84, %27.94, %33.63 and %32.72
for all Cases, respectively. It has been observed that
losses decrease, voltage levels enhance, and the stability
index increases for each scenario. The DG placement and
sizing problem can be solved using different stability
indices and optimization techniques. Furthermore, the
optimization problem can be solved using dynamic load
models instead of existing ones. This will ensure that the
analyzed power system is closer to the real system.

Analysis made with dynamic load models will provide a
more stable system operation.
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