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Abstract. Distributed generation (DG) units in Transmission Network have become more and more important in the present
time. The aim of the optimum DG unit allocation in Transmission Network is to offer the best places in entire network. Here
an endeavor has been made to control the most sensitive buses to voltage collapse in Transmission Network. Here a method
for allocation of DG units in Transmission Network has been offered. The proposed method is based on the study of power
flow continuation and determination of most sensitive buses to voltage collapse. The proposed method illustrations significant
reduction in real and reactive power losses, improve voltage profile, it also may permit intensification in power transfer
capacity, and voltage stability margin, and improves the loading capability of transmission network.

Keywords: DG Technologies, Placement algorithm, Effect of Placement of DG units, Case Study, Different DGs installed in
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1 Introduction

An electric power system is a network of electrical tackles used to source, transmission and use of electric power. An electric
power system mainly divided in two portions one is the generators that is source, its supply the power and second one is the
transmission system that transfer the power from the generating station to the consumer and the distribution system that brought
the power to neighboring homes and industries 524,

Distributed generation comparatively limited- scale generators that produce some kilowatts to 10 MW of power and usually
connected to the grid at the distribution or substation levels. Distributed generation units custom a wide range of generation
technologies, including gas based turbines, diesel engine generators, solar photovoltaic generation, wind turbines, fuel cells,
biomass energy and hydroelectric generators. Distributed generation, also called on-site generation, drive in generation,
decentralized generation, dispersed energy and produce electricity from many trivial energy sources 2. Distributed generation
permits collection of energy from several sources and may provide lesser environmental effects and improved safety of source.
As an import, the connection of DG to the network may impact the stability of the power structure, i.e., angle, frequency, and
voltage stability I,

The greatest and fast placement and transfer DG units are one of the main tasks in the design area and several approaches were
used for discovering. Lagrange method, two degrees gradient method, and sensitivity analysis method have been used for that
purpose & 141,

This research work presents a method for placement of DG units in transmission network; it is based on load flow study and
determination of most sensitive buses to the voltage collapse. Then the DG units with assured capacity will be connected in
these buses through an objective purpose and an iterative algorithm. In load flow study is used for determination of the voltage
collapse bus or maximum loaded bus. This method will be performed on an IEEE 14 test system.

2 Hybrid Distributed Generation (DG) Technologies

In the recent years the electrical power profits have proficient fast restructuring process universally. With a regulation, progress
in technologies and uneasiness about the environmental impacts, competition is predominantly accepted in the generation side,
thus permitting augmented interconnection of generating units to the utility networks. These types of generating sources are
termed distributed generators (DG) and distinct as the plant which is directly connected with network and isn’t centrally
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prearranged and transmitted. These are also entitled as a static or distributed generation units. DG systems are nothing but one
type of a connection among the transmission system and the electricity users [?°1. The size of the DG systems can lies between
some kW to 100 MW. Several new forms of distributed generating systems like micro turbines, fuel cells, solar and wind power
are generating new prospects for the addition of diverse DG systems to the utility. Interconnection of generators will offer a
number of benefits such as enhanced reliability, power quality improvement, efficiency, development of system constraints
with the environmental benefits (€1,

The main features of DG units can be listed follows:

Reduction of power loss in transmission line
Voltage profile improvement in transmission system
High reliability of electrical system

Power quality improvement in transmission system

e Voltage stability improvement in transmission system

3 Effect of DG on Voltage Stability

3.1  Synchronous Generator

Synchronous generators are proficient of both generating and absorbing reactive power in electrical system. Therefore the
overexcited synchronous generators will allow on-site generation of reactive power in transmission system. The local
generation of reactive power decreases its significance from the feeder, thus decreases the related losses, and improves the
voltage profile (13241,

3.2 Asynchronous Generator

An asynchronous generator has a number of features that make it very appropriate for Distribution Generation unit.

Following are the features of Asynchronous generator:
e Relatively inexpensive prices,
e Low maintenance requirements,
e Robust
e  This type of DG consumes reactive power when directly connected to the transmission network. The reactive power
consumption of asynchronous generators is generally reimbursed by the shunt capacitor banks.

This is a part solution to the voltage stability problem; meanwhile a voltage drop will decrease the amount of reactive power
generated by the capacitor banks, whereas swelling the reactive power consumption of the asynchronous generator. Thus, there
is a risk that instead of supportive the network at an under voltage situation, the asynchronous generator will further reduce the
system voltage and it capacity cause a voltage stability 3 141,

3.3  Line-Commutated and Self-Commutated Converter

That is fact the conventional line commutated converters continuously consume reactive power. The total consumed reactive
power 30% high from the rated power of the converter. To reimburse the demand, capacitor banks are generally installed on the
ac side of the converter. Therefore, below certain circumstances, the occurrence of such a converter can negatively disturb
voltage stability. Furthermore, the capacities of DG are often quite small, which creates the utilization of unconventional power
electronics devices economically beneficial. Consequently, it can be expected with certain degree of confidence that in the
upcoming days most of the power electronics converters will be self-commutated.

The use of self-commutated converters for interconnection of DG units with the transmission network allows fast and precise
control of the output voltage magnitude and angle. Thus, reactive power can be either produced or absorbed, depending on the
control mode. Meanwhile normally the power factor of such a converter is close to unity, no reactive power is injected in the
transmission network. Case studies presented [18] in report a important development of transient stability by a fuel cell power
plant interfaced with power electronic converters 3141,

4 Flow Chart for DG Placement

For location of DG units, it is essential to describe objective function to solving this problem. As per the structure of placement
algorithm in Fig.1, the desire voltage profile will achieve.
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5 Case Study (IEEE 14-Bus Test System)

The rating and nature of the test system play a main role in the study of the transient stability. A big system may increase the
time and difficulty of the analysis whereas a small system may lead to ignoring essential factors. So a medium sized typical 14-
bus test system has been select for the study. The single-line diagram of this test system is shown in Fig. 2 as similar to typical
system and the characteristics of the test system are given in Table 1.

Table 1: Characteristics of the IEEE 14-bus test system

System Characteristics Value
Total number of buses 14

Total number of source

Main source

Distributed source

Number of load buses

Total number of transformers

w O w NN un

THREE  WINDING
TRANSFORMER EQUIVALENT

9
(©) ceneraToRS

(©) sacHrRonous
CONDENSERS

Figure 2. IEEE 14-bus test system [29]
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In this test system bus 1 is consider as a slack bus the buses 2, 3, 6, and 8 consider as a generator bus and also buses 4, 5, 7, 9, 10,
11, 12, 13, and 14 consider as a load bus.

The test system contains of a main source connected to bus no.1 and bus no. 2. There are three DGs connected to buses 14, 4, and
5. The DGs connected with buses 3, 6 and 8 are denoted by synchronous condenser which are shown in figure 2. In this test
system buses 4, 5, 7, 9, 10, 11, 12, 13 and 14 are at a voltage level of 1.0 kV and only bus no. 8 is at higher voltage level of 1.09
kv.

Synchronous generator, transformer, loads, and induction generator have been taken with classic values in MATLAB. Here given
test system study by Newton Raphson Method for only load flow study and then we can compare different results obtain from
respective DG installation.

This method was performed on an IEEE 14-bus test system and the outcomes presented the healthiness of this method for opti-
mum and firm placement of DG units.

Now we can execute load flow analysis on IEEE 14 Bus test system to find out the voltage collapse profile curve in normal state
and three iterations of placement algorithm with different certain loading capacity of DGs.

Case: 1 With DG units (10 MW Pg)
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Fig.2.Voltage profile curve for an IEEE 14-bus test network with DG units

(10 MW Pg)

Table 2: Voltage profile for an IEEE 14-bus test network with DG units (10 MW Pg)

Without DG With One DG With Two DG With Three DG

puetlo v (pu) v (pu) v (pu) v (pu)

1 1.045 1.045 1.045 1.045

2 1.01 101 1.01 1.01

3 0.99 0.99 0.99 0.99

4 0.9654 0.9678 0.9708 0.9727

5 0.972 0.9744 0.9766 0.9781

6 1.04 1.04 1.04 1.04

7 0.9995 1.0015 1.0071 1.008

8 1.05 1.05 1.06 1.06

9 0.977 0.9795 0.9837 0.9847

10 0.977 0.979 0.9826 0.9834

11 1.0028 1.0039 1.0057 1.0062

12 1.0151 1.0161 1.0164 1.0164

13 1.0049 1.0077 1.0083 1.0085

14 0.9619 0.9726 0.9753 0.976
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Case: 2 With DG units (10 MW Pg+ 10 MVar Qg)
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Table 3: Voltage profile for an IEEE 14-bus test network with DG units (10 MW Pg+ 10 MVar Qg)
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Fig.3. Voltage profile curve for an IEEE 14-bus test network with DG units

(10 MW Pg+ 10 MVar Qg)

Case: 3 With DG units (10 MVar Qg)

Without DG With One DG With Two DG With Three DG
Bus No.
V (pu) V (pu) V (pu) V (pu)
1 1.045 1.045 1.045 1.045
2 1.01 1.01 1.01 1.01
3 0.99 0.99 1 1
4 0.9654 0.9717 0.9803 0.9892
5 0.972 0.978 0.9836 0.9905
6 1.04 1.05 1.05 1.06
7 0.9995 1.0122 1.0161 1.0259
8 1.05 1.06 1.06 1.07
9 0.977 0.9941 0.9979 1.008
10 0.977 0.993 0.9961 1.0064
11 1.0028 1.016 1.0176 1.0278
12 1.0151 1.0287 1.029 1.0392
13 1.0049 1.0225 1.0231 1.0333
14 0.9619 1.003 1.0054 1.0156
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Fig.4. Voltage profile curve for an IEEE 14-bus test network with DG units

(10 MVar Qc)
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Table 4: Voltage profile for an IEEE 14-bus test network with DG units (10 MVar Qg)
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Bus N Without DG With One DG With Two DG With Three DG
us No.
V (pu) V (pu) V (pu) V (pu)
1 1.045 1.045 1.045 1.045
2 1.01 1.01 1.01 1.01
3 0.99 0.99 0.99 1
4 0.9654 0.9676 0.9736 0.9803
5 0.972 0.9735 0.9783 0.9824
6 1.04 1.04 1.05 1.05
7 0.9995 1.0078 1.0122 1.0152
8 1.05 1.06 1.06 1.06
9 0.977 0.9875 0.9935 0.9964
10 0.977 0.9857 0.9925 0.9949
11 1.0028 1.0073 1.0157 1.0169
12 1.0151 1.018 1.0279 1.0281
13 1.0049 1.0104 1.0201 1.0205
14 0.9619 0.9861 0.9938 0.9957
Case: 4 With DG units (20 MW Pg)
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Fig.5. Voltage profile curve for an IEEE 14-bus test network with DG units

(20 MW Pg)

Table 5: Voltage profile for an IEEE 14-bus test network with DG units (20 MW Pg)

Bus No Without DG With One DG With Two DG With Three DG
V (pu) V (pu) V (pu) V (pu)
1 1.045 1.045 1.045 1.045
2 1.01 1.01 1.01 1.01
3 0.99 0.99 1 1
4 0.9654 0.9711 0.9857 0.9893
5 0.972 0.9773 0.9902 0.993
6 1.04 1.04 1.07 1.07
7 0.9995 1.0079 1.0295 1.0312
8 1.05 1.06 1.07 1.07
9 0.977 0.9848 1.0171 1.0189
10 0.977 0.9835 1.0158 1.0173
11 1.0028 1.0062 1.0375 1.0383
12 1.0151 1.0172 1.0519 1.052
13 1.0049 1.0107 1.0492 1.0494
14 0.9619 0.9846 1.0493 1.0504

JRTI2502115 |

International Journal for Research Trends and Innovation (www.ijrti.org)



http://www.ijrti.org/

© 2025 IJRTI | Volume 10, Issue 2 February 2025 | ISSN: 2456-3315

Case: 5 Voltage profile curve for an IEEE 14-bus test network with DG units (20 MW Pg + 20 MVar Qg)
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Fig.6. Voltage profile curve for an IEEE 14-bus test network with DG units

(20 MW Pg + 20 MVar Qg)

Table 6: Voltage profile for an IEEE 14-bus test network with DG units (20 MW Pg + 20 MVar Qg)

Bus No Without DG With One DG With Two DG With Three DG
V (pu) V (pu) V (pu) V (pu)
1 1.045 1.045 1.045 1.045
2 1.01 1.01 1.01 1.03
3 0.99 1 1 1.01
4 0.9654 0.9802 0.995 1.0179
5 0.972 0.9852 0.996 1.0139
6 1.04 1.06 1.07 1.07
7 0.9995 1.0253 1.0379 1.0525
8 1.05 1.07 1.08 1.09
9 0.977 1.0112 1.0239 1.0367
10 0.977 1.009 1.0214 1.0321
11 1.0028 1.0291 1.0404 1.0459
12 1.0151 1.0421 1.0524 1.0534
13 1.0049 1.0396 1.0501 1.052
14 0.9619 1.0419 1.0535 1.0614
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Fig.7. Voltage profile curve for an IEEE 14-bus test network with DG units

(20 MVar Qg)
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Table 7: Voltage profile for an IEEE 14-bus test network with DG units (20 MVar Qg)

Bus No Without DG With One DG With Two DG With Three DG
V (pu) V (pu) V (pu) V (pu)
1 1.045 1.045 1.045 1.045
2 1.01 1.01 1.01 1.01
3 0.99 0.99 1 1
4 0.9654 0.9722 0.9903 0.9952
5 0.972 0.9785 0.9924 0.9938
6 1.04 1.06 1.07 1.07
7 0.9995 1.0161 1.0315 1.0364
8 1.05 1.06 1.07 1.08
9 0.977 1.0026 1.0189 1.0215
10 0.977 1.0019 1.0172 1.0193
11 1.0028 1.0254 1.0382 1.0393
12 1.0151 1.04 1.0521 1.0509
13 1.0049 1.0339 1.0494 1.0453
14 0.9619 1.02 1.0504 1.0356

Case: 7 With DG units (25 MW Pg + 20 MVar Qg)
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Fig.8. Voltage profile curve for an IEEE 14-bus test network with DG units

(25 MW Pg + 20 MVar Qg)

Table 8: Voltage profile for an IEEE 14-bus test network with DG units (25 MW Pg + 20 MVar Qg)

BUS No Without DG With One DG With Two DG With Three DG
V (pu) V (pu) V (pu) V (pu)
1 1.045 1.045 1.045 1.045
2 1.01 1.01 1.01 1.03
3 0.99 1 1.01 1.01
4 0.9654 0.9829 0.9993 1.0205
5 0.972 0.9883 0.9991 1.016
6 1.04 1.07 1.07 1.07
7 0.9995 1.0284 1.0401 1.0539
8 1.05 1.07 1.08 1.09
9 0.977 1.0161 1.0262 1.0383
10 0.977 1.0149 1.0233 1.0334
11 1.0028 1.0371 1.0414 1.0466
12 1.0151 1.0522 1.0529 1.0538
13 1.0049 1.05 1.0515 1.0532
14 0.9619 1.0526 1.0587 1.0662
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6 Conclusion

In this research we can carried out load flow study with the help of NR method on IEEE 14 Bus test system and get the results
as above. The different cases are described in this paper with 10% to 25% power value of their base MVA rating of this
particular DG, Also get the result of active, reactive and active plus reactive power for better analysis and find out the optimum
size of the Hybrid DG. By comparing all the results we can conclude that approximate optimum size of the Hybrid DG from
given case study is 25pu active and 20pu reactive power for DG rated base 100 MVA. This method is simple and
straightforward, because one has to simply detect the voltages at weak buses at the voltage collapse point, which are found at
the end of NR method solution. The known week buses are selected for selecting the location of DG units. Based on survey this
technique is effective for improvement of voltage profile, reduction of power losses and also an increase in maximum loading
and voltage stability margin in transmission system.
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