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Abstract: As energy demand is increasing, power systems’ complexities are also increasing. With
growing energy demand, new ways and techniques are formulated by researchers to increase the
efficiency and reliability of power systems. A distribution system, which is one of the most important
entities in a power system, contributes up to 90% of reliability problems. For a sustainable supply of
power to customers, the distribution system reliability must be enhanced. Distributed generation
(DG) is a new way to improve distribution system reliability by bringing generation nearer to the
load centers. Artificial intelligence (AI) is an area in which much innovation and research is going on.
Different scientific areas are utilizing Al techniques to enhance system performance and reliability.
This work aims to apply DG as a distributed source in a distribution system to evaluate its impacts
on reliability. The location of the DG is a design criteria problem that has a relevant effect on the
reliability of the distribution system. As the distance of load centers from the feeder increases, outage
durations also increase. The reliability was enhanced, as the SAIFI value was reduced by almost
40%, the SAIDI value by 25%, and the EENS value by 25% after injecting DG into the distribution
network. The artificial neural network (ANN) technique was utilized to find the optimal location
of the DG; the results were validated by installing DG at prescribed localities. The results showed
that the injection of DG at proper locations enhances the reliability of a distribution system. The
proposed approach was applied to thte Roy Billinton Test System (RBTS). The implementation of the
ANN technique is a unique approach to the selection of a location for a DG unit, which confirms that
applying this computational technique could decrease human errors that are associated with the hit
and trial methods and could also decrease the computational complexities and computational time.
This research can assist distribution companies in determining the reliability of an actual distribution
system for planning and expansion purposes, as well as in injecting a DG at the most optimal location
in order to enhance the distribution system reliability.

Keywords: electric power reliability; distribution system; distributed generation; artificial neural networks

1. Introduction

Energy needs are typically managed through energy generated in generating plants.
Figure 1 depicts a typical electric power system with generating plants, a transmission
system, and distribution networks that are connected with each other. The power pro-
duced depends upon the capacity of generation. This ability ranges from megawatts to
gigawatts [1]. These huge levels of power-generating stations are situated far away from
load points. The transmission system and distribution system supply electrical power from
power-generating plants to different load centers [2,3].

The three most important entities in power systems are the power generation, power
transmission, and power distribution systems. The distribution system comprises different
components, such as transformers, circuit breakers, cables and wires, poles, etc. The failure
of one component in a distribution system can affect consumers’ supply. An electric power
distribution network contributes up to 90% of reliability problems due to the complex
nature of its service, that contributes a large number of reliability issues.
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Figure 1. Typical power system [4].

The fundamental function of an electric power system is to provide an uninterrupted,
reliable, and economical electric supply to its consumers [5]. Consumer or load-point
interruptions are power quality concerns; when the voltage is reduced to zero, the con-
sumers are disconnected from the power grid. Reliability is a subset of power quality, and
therefore, it is related to consumer or load-point interruptions [6].

DG is a completely novel approach that is based on the contributions of conventional
and renewable resources as important entities in electric power systems, as energy demand
around the globe is increasing day by day. DG can also be defined as an electric-power-
generating unit that is installed near the load center. When injecting DG into the distribution
system, one should first know about the location, size, and type of DG unit in order to
achieve the highest reliability standards. Locating a DG unit in a distribution network
will affect the voltage profile, reliability, harmonics, and many other parameters of the
distribution system [6]. There are two main approaches used to evaluate the reliability of
distribution networks—namely, (a) the analytical method and (b) the Monte Carlo method.

The Monte Carlo method samples network component failures to compute the prob-
abilities of the reliability indices, while analytical techniques use different mathematical
expressions to calculate the reliability indices.

An ANN is an innovative machine learning methodology that is developed and
derived from humans’ ability to copy or imitate once they learn. A power system is
one of the potential areas in which an ANN can be utilized to achieve the highest stan-
dards [7]. Electric power reliability is one of the areas that has not received much attention
in this regard.

This paper demonstrates the impact of DG on reliability, and an ANN approach was
applied to find the optimal location of the DG. The Electrical Transient and Analysis Pro-
gram (ETAP) tool was used to validate the results. For modeling of the network and system,
reliability data that were available in RBTS were utilized. Based on the analytical method,
the reliability indices were calculated. After injecting the DG at different locations, the
reliability indices were evaluated in terms of their enhancement. The complete framework
of this work is shown in Figure 2. This paper has seven sections; Section 1 gives a brief
introduction to this work. Section 2 presents the literature about reliability. Section 3 gives
a brief introduction of DG and its impacts. Section 4 presents a critical review of related
work and describes how the problem was formulated. Section 5 presents the mathematical



Sustainability 2021, 13, 11407 30f16

modeling. Section 6 provides a description of the simulations. Sections 7 and 8 present
discussions on the results and conclusions, respectively.
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Figure 2. Framework for the proposed work.

2. Electric Power System Reliability

In electric power systems, the main focus is to supply continuous energy to consumers
or load points. Reliability is a subset of power quality and may be defined as the variation
from standard voltage and standard frequency; lesser deviations from the standard voltage
and frequency result in better power quality [6]. Figure 3 shows different aspects of
sinusoidal waveforms in the context of reliability problems.
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Figure 3. Reliability problems in the context of sinusoidal waveforms.

An electric power distribution network contributes up to 90% of the reliability prob-
lems due to the complex nature of its service, which contributes a large number of reliability
issues; the other 10% is contributed by transmission and generation systems. Therefore,
electric companies and utilities give importance to uplifting the reliability of distribution
systems in order to improve the electric supply to load points [8].
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3. Distribution Generation

DG can be defined as an electric-power-generating unit that is installed near the load
center. By installing a DG near load centers, electric power transmission lines are bypassed,
thus bringing the generation closer to the load centers [9], as shown in Figure 4.

Localized power generation

—
»
.
-
g l
-
v
Solar PV =
- power plant
@
Flow -j
A - control  Storage
N -

4
et
2
SR
- G
g
$

@ B
A4 —

Power quality
dewce

Local CHP plant -

1

Figure 4. DG unit and storage capabilities.
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A conventional electric supply system is a centralized system comprising generating
units, transmission lines, and the distribution system. A conventional power system has
poor reliability due to its complex configuration. A fault at one location can make the whole
feeder trip, due to which all consumers connected at that feeder are affected. Therefore,
with the help of modern technologies, power systems are changing, and new techniques
are being implemented to make the current power systems more reliable [4].

A DG uses on-site power generation, and before it is connected to an electric distribu-
tion network, it feeds the distribution system with information about the exact location, its
type (either non-conventional or conventional), and, most importantly, the size of the DG,
which are all are important parameters to be considered [10].

4. Reliability and DG (Critical Review)

In [11], the optimal location of a DG was evaluated based on the performance indices
derived for the reliability index and the total cost of power consumed by the system.
Only three reliability parameters were analyzed, i.e., energy not supplied, total cost, and
electricity market price; these do not show the complete picture of the reliability of a
particular network. The most important parameters that are considered worldwide for
analysis are SAIDI, SAIFI, and EENS.

Reconfigurations of distribution systems for constant loads and for optimal DG alloca-
tion and sizing problems were studied simultaneously to find an optimal condition for a
distribution network based on operational thresholds and reliability improvements [12].
Energy that is not supplied and power losses are calculated by using network the reconfig-
uration approach in order to improve the reliability or reduce power losses, which looks
impossible in the real world, as the reconfiguration of an existing network will create more
problems regarding consumer’s localities and connectivity.

In [13], the proposed schemes were evaluated in a test workbench that used digital
relays in different scenarios, which comprised DG penetration levels and changing net-
work topologies. A self-healing system uses negotiations among agents to maximize the
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number of restored loads, while the agents of an adaptive protection system (APS) reset
the protection settings after changes occur in the network topology and the state of the
DGs. Relying on the capabilities of the APS scheme and making suppositions that it will
change the current setting after DG penetration seems to be presumptive.

The transformation of a distribution grid from passive to active imposes the need to
consider the effects of a DG during planning [14]. This literature overview does not address
the importance of reliability in the context of DG in planning and designing distribution
networks, as it has now been established that 90 percent of outages or interruptions are
due to reliability problems. This establishes that reliability is one of the most important
factors to consider in the planning and design of a distribution network.

An analytical method was used in [15], where the impacts of using photovoltaics,
a wind turbine generator, an electricity storage system, and a diesel generator on the
reliability of a power distribution system were investigated. It was not established in the
work how the authors modeled the DG sources, nor was it demonstrated how active and
passive failure rates of the sources were incorporated and from where they were taken, as
every component in a distribution system has its own active and passive failure rates.

In [16], the optimal planning of a DG was shown to have great importance in ensuring
that the performance of the distribution network could meet the expected power quality
and reliability. All analytical techniques with applications in assessing the voltage profile,
power losses, etc. were discussed in detail, while information about the analytical tech-
niques used for the reliability analysis was inadequately discussed or was not provided.

To investigate the impact of DG on reliability, modified particle swarm optimization
was used for optimize the size and location of the DG [17]. Power loss reduction was
analyzed through the injection of DG into different bus bars. The optimal size and location
were identified with the hit and trial method. Reliability analyses were performed with
only two cases. Two DG units were installed un-deterministically at different locations,
and reliability indices were recorded.

In [18], the reliability of a network with and without DG units was investigated. The
network that was modeled did not have specified data of the failure rates of the components.
Normally, a standard system is modeled so that the results can be validated with other
techniques or approaches. The hit and trial method was used to plant the DG units.

Power transmission and distribution companies provide reliable power with minimal
customer interruptions (Cls) and customer interruption minutes (CMIs). The reliabil-
ity block diagram (RBD) technique was used to develop precise reliability models for
120 substations by using field data [19]. It is not only the restoration factor that plays
an important role, but also parameters such as failure rates and their nature. Analyses
were performed by considering only one factor. There are many other factors that affect
reliability as a whole. The main factors that affect the reliability of any electric system are
the type of configuration of the network (either radial or ring), the nature of the consumers,
and the distance of the feeder from the load points.

In [20], an analytical technique was used for an evaluation of the reliability of elec-
trical power distribution networks. All of the possible failures of each component were
considered, and the reliability was evaluated in terms of system reliability indices such as
SAIFI, SAIDI, ENS, and ASAI No remedial actions were suggested for future networks if
a particular network lags from a reliability perspective. However, the reconfiguration of
existing or real electric distribution systems will have diverse impacts, as the localities of
load centers cannot be changed.

5. Problem Formulation

The methodologies applied for modeling DG units and their impacts on reliability have
not been adequately addressed in the current scientific literature. The location/placement
and size of the DG are design criteria problems that have relevant effects on the reliability
of a distribution system. Methodologies for determining the optimal location, size, and
type of DG are of particular interest.
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In this research work, a reliability assessment of modern distribution networks was
conducted with an integrated DG source, which was modeled in the Electrical Transients
and Analysis Program (ETAP), and its impact was analyzed. Different tests based on the
hit and trial method were conducted to find the optimal location in the distribution system.

After that, an ANN technique was used to find the optimal location for the DG,
and the results were validated with an analytical approach. The applied approach was
implemented on RBTS bus 2 [21] to validate our findings. A flowchart of the proposed
approach is given in Figure 5.
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Figure 5. Flowchart of the proposed method.

6. Reliability Modeling and Evaluation

The modeling process was based on component modeling and network modeling, as
detailed below.

6.1. Component Modeling

Every component in distribution system has its own interruption frequency, which
can be denoted by A. The sums of the active failures (1;) and passive failures (A,) combine
to form A. The equation is given below:

A=A+ A 1)
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The active failure rates of components are due to short circuits or foul weather con-
ditions. These faults or failures of components are restored after replacement or repair.
However, passive failures are scheduled maintenance or open-circuit faults [22].

6.2. Network Modeling

Network modeling is a component-based approach in which components arranged in
series and parallel combine to make a network. Figures 6 and 7 show the configurations
when components are arranged in series or parallel, while Equations (3) and (4) show how
they are solved.

— ‘lsl’rsl )“Sz’rsz -

Figure 6. Block diagram of series components.
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5127 81

A, T

532° 8o

Figure 7. Block diagram of parallel components.

For series configurations:

/\system = )\sl + /\sz (2)
_ As Ty + Ay T, + (Asi7s1) (Asy T'sy) 3
Vsystem = /\system 3)

For parallel configurations:

)‘51 ')‘52 (rsl + 752)

/\system — 1 /\51 '1’51 /\sz 'rsz ~ )Ls1 -/\sz (751 752) (4)
rs, s,

— 52 5

Tsystem re, + 75, 5)

As, ¢ failure rate of the 1st component.
As, @ failure rate of the 2nd component.
Asystem : failure rate of the system.
15, © outage duration of the 1st component.
ts, : outage duration of the 2nd component.
Tsystem : outage duration of the system.

6.3. System Modeling

The IEEE has defined reliability indices based on load-point indices and system in-
dices [23]. Evaluation of these indices helps us to know about the reliability of a distribution
system. Load-point indices are calculated on the basis of component failure rates when
arranged in parallel and series, while system indices are calculated on the basis of inter-
ruption frequency and interruption durations for all customers connected to the system.
Mathematically, these indices are written as follows.
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6.3.1. Load-Point Indices

Equations (6)—-(9) show the mathematical expressions for failure rates, annual outages,
and average outages, and the cost of interruptions at a given load point.
Average Failure Rate at Load Point i, A; (failures per year):

Ai = Zjen,Ae,j (6)
Annual Outage Duration at Load Point i, U;(hours per year) :
Ui = Zjen,Aejti (7)

Average Outage Duration at Load Point i, #; (hours) :
Annual outage duration at load point i, U;

Average outage duration at load point i, r; = Average failure rate af load pointi, A 8)
Expected Interruption Cost Index at Load Point, ECOST; (dollars per year) :
ECOSTZ‘ = Pi ZjeNe f(Ti ]) 'Ae,j (9)

A; = (Average) failure rate at point i.

U; = (Annual) outage duration at load point i.

ri j = Failure duration at load point i due to a failed element j.

Y = function of Summation.

N, = (Total) number of elements whose fault will interupt load point i.
Aej = (Average) failure rate.

P; = (Average) load of load point i.

f(ri j) = Composite customer damage function.

6.3.2. System Indices

The IEEE has defined many system indices to evaluate reliability, but only some are
used by distribution companies around the globe for the evaluation of reliability. This
research will also focus on these indices. Their mathematical expressions are given in
Equations (10)—(12) [6]:

System Average Interruption Frequency Index (SAIFI):

sAIFr — =) (10)
T
System Average Interruption Duration Index (SAIDI):
sarpr = =i * Ni) (11)
T
Expected Energy Not Supplied Index at Load Point,
EENS; (MW hours per year):
EENS; = P; -U; (12)

% : Function used for summation.

r; . Restoration time in minutes.

N; : Total number of interupted customers.
Nt : Total number of served customers.

6.4. Injecting a DG Source

A wind turbine with 1 MW capacity is modeled as a DG source that injects both
real and reactive power into the system. The wind turbine generator is connected to the
distribution network with a protection device, i.e., a circuit breaker in series to isolate the
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DG in faulty conditions. Based on operational observations, the failure rate is considered to
be 0.03 f/year, while the repair time is 50 h [24]. Figure 8 depicts the DG set when injected
into the distribution system.

P,Q
g >

Figure 8. DG unit injecting both real and reactive power [6].

6.5. Modeling in ETAP

The ETAP tool was selected for the modeling of the test cases in order to validate the
results. ETAP is a powerful electric power simulation tool with the help of which many
analyses related to power systems can be performed. The reliability analysis with the help
of ETAP used an analytical approach to evaluate the distribution system reliability. RBTS
bus 2 [25] was modeled in ETAP, as shown in Figure 9. The active and passive failure rates
of the components, load-point capacity, and cable lengths were taken as per RBTS.
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Figure 9. RBTS bus 2 was modeled in ETAP [25].
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7. Results and Discussion
Four cases in different scenarios are created, evaluated, and analyzed in order to
depict different impacts. The cases included:

1. Reliability analysis with no DG connected.

2. Reliability cost analysis.

3.  Injecting the DG at different locations to find the optimal location.
4.  Using the ANN technique to find the optimal location for DG.

7.1. Case 1: Reliability Analysis with No DG Connected

According to the IEEE standards, the SAIFI index must be less than 1.765 f/yr. The
reliability indices of the test system models were calculated after evaluating the SAIFI,
SAIDI, and EENS, as shown in Table 1, which shows a higher reliability than the IEEE
standard value.

Table 1. Systems’ reliability indices with no DG connected.

S.No. System Indices Results
1 SAIFI (f/Customer. year) 1.97720
2 SAIDI (h/Customer. year) 7.95680
3 EENS (MWh/year) 117.8540

7.2. Case 2: Reliability Cost Analysis

Many customers, such as residential, industrial, commercial, and governmental cus-
tomers, that are connected to different feeders in a distribution system are affected by
interruptions that are caused due to component failures or deficits in the energy supplied
to the load centers. This deficiency in energy that is not supplied can cost millions of
dollars for utility companies in minutes. Cost-wise analysis was performed with case 1 as
a reference. Table 2 shows how interruptions in different load centers, such as commercial,
industrial, and residential centers, can cause cost utility companies.

Table 2. ECOST for interruptions at selected load points.

. Outage Rate Avg. Outage Yearly Outage
Sector Name Load Points (f/lyear) Duration (h) Duration (h/year) ECOST
Commercial 1 2.7010 4.27 11.5440 45,251.25 $/year
Commercial Sector
Commercial 2 3.1305 4.37 13.6825 53,056.410 $/year
Industrial 1 1.7305 3.89 6.7395 45,251.25 $/year
Industrial Sector
Industrial 2 2.1115 4.09 8.6355 66,215.125 $/year
Residential 1 1.5905 3.79 6.0335 4186.485 $/year
Residential
Residential 2 1.7205 3.88 6.6835 4683.128 $/year

7.3. Case 3: Injecting DG at Different Locations to Find the Optimal Location

In this case, DG units were installed at different points in the distribution system, and
the system reliability indices were evaluated. By installing DG sources at seven localities in
the system, the recorded indices showed that the optimal or best place to install DG was
location A. Figure 10 shows the DG placement at location A. The same was repeated for all
other locations. Table 3 depicts the best location in the distribution system.
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Figure 10. DG placement at location A.
Table 3. Systems indices at different locations.
SAIFI (f/Customer. year) SAIDI (h/Customer. year) EENS (MWh/year)

Without DG 1.9772 7.9568 117.854
A 1.1979 6.0093 88.267
B 1.3236 6.6311 101.492

C 1.2041 6.0391 89.672

D 1.2110 6.0721 94.885

E 1.3290 6.6514 98.689

F 1.2537 6.2863 90.089

G 1.2564 6.2997 91.254

The graphical representation in Figure 11 shows the comparison of the SAIFI index at
different locations, from which it is clear that location A is the best location for injecting DG.

System Average Interruption Frequency Index (SAIFI)

1.329
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Figure 11. Comparison of the SAIFI index at different locations after injecting DG.

7.4. Implementation of an ANN

An ANN is a machine learning methodology that was developed and derived from
humans’ ability to copy or imitate once they learn. There is now a trend of applying
techniques such as the ANN to the power system domain. Electric power reliability is
one of the areas that has not received any attention in this regard. Reliability problems
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associated with distribution systems have a large impact on consumer outages. The
complex nature of distribution systems with unlimited components attached in series and
parallel contributes to reliability. DG is one way to increase the reliability of a distribution
system; an ANN can be used to formulate a possible solution for improving the reliability.

The main interest in using an ANN in this research was to model the most suitable
algorithm for finding the best possible location for DG in a distribution network, which
can lead to the improvement of the reliability of the distribution network in terms of SAIDI,
SAIFI, and EENS. In implementing the ANN-based model, the intention was to evaluate
the predictive capabilities of the proposed ANN in such a way that it stood a reasonable
chance of performing well in terms of selecting the right location for the DG in the given
distribution network, to establish its effectiveness, and to validate its implementation.
Figure 12 shows the layers and how these layers were modeled.

Input Layer

1. Number of Load points
* Residential
¢ Commercial

N

Hidden Layer
Black Box

¢ Selection Criteria
e Based on Complexities of the

~
|

Output Layer

1. Location of DG Unit wr.t
distance from the grid.

)

e Industrial Problem
¢ Govemmental
. Customers served at each load /
point

e 1830
e 30
e 02
* 06
3. Distance from Feeder
e 1KM
e 2KM
e 4KM
e SKM
4. MVAat each Load Point
e 456MVA
e 227MVA
e 226MVA
* 3396MVA

Figure 12. The layers and how these layers were modeled.

A Matlab tool was used to code the ANN technique. Two types of datasets were
formulated: a training dataset and a testing dataset. The ANN was trained on 70 data
points or load points; the x-axis in the graph shows the load points with four different
types of input scenarios, as shown in the input layer in Figure 12. Based on these inputs,
the y-axis shows the location of the DG unit, which is to be placed at a particular distance
from the feeder. Figure 13 shows the training dataset of 70 load points in graphical form.

Best Location For DG
1800 T T T T

Training Set
1600 T #*  Training Set Best Location

1400
1200 ll |1 |
| |

1000 | T | |( * [ ||‘||

Location

0 10 20 30 40 50 60 70
Number of Load points

Figure 13. Graphical presentation of DG locations using the ANN training dataset.



Sustainability 2021, 13, 11407

After the ANN was trained with the RBTS training dataset, random tests of 25 datasets
or load-point data were used to find the best possible location of the DG for installation at
that particular node point. Figure 14 shows the plotting of the testing dataset, in which
three points were selected for validation. After placing the DG at these localities, reliability

tests were performed in ETAP, and the system indices were recorded.
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Figure 14. Outcome of the test dataset with marked locations for validation.

7.4.1. Case 4—Scenario 1: Validation in ETAP at Point 1

The DG was placed near load point 1 at a distance of approximately 500 m from the

feeder, as per the test dataset. Figure 14 shows the placement of the DG. After placing

the DG at a specified distance, as shown in Figure 15, a reliability test was performed and

the indices were recorded. Table 4 shows that the reliability indices slightly decreased
compared to when no DG was installed. This depicts a slight improvement in reliability.

Cl 0.5y o " €2 0.75 _ c30.75 c4 0.6
1 MW - - -
€15 0.6 [ C16 0.8 c17 o8 fcis o.6 €19 0.8 €20 0.75 £21 0-a
T.3. T.4. T.5. T.6. 7. T.8. T.9
2 MVA 2 MVA 2 MVA 2 MVA 2 MVA 2 MVA 2 MVA
Residential.l Residential.2 Residential.3 G & I.1 G &I .2 Commercial.l Commercial .2
0.535 MVA 0.535 MVA 0.535 MVA 0.566 MVA  0.566 MVA 0.454 MVA 0.454 MVA
Figure 15. Implementation in ETAP for validation of the results.
Table 4. System indices at location 1 selected by the ANN.
. . . DG at Point 1
S.No. System Indices with No DG Unit Selected by ANN
1 SAIFI (f/Customer. year) 1.9772 1.3323
2 SAIDI (h/Customer. year) 7.9568 8.7651
3 EENS (MWh/year) 117.8540 124.715
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7.4.2. Case 4—Scenario 2: Validation in ETAP at Point 12

The DG was placed near load point 12 at a distance of approximately 1200 m from the
feeder, as per the test dataset in Figure 14. After placing the DG at a specified distance, as
shown in Figure 16, a reliability test was performed and the indices were recorded. Table 5
shows that the reliability indices slightly decreased as compared to point 1. This depicts a
slight improvement in reliability.

C7 0.5 - Cs8 0.5 €3 0.8 . €10 0.75

cz26 0.8 cz8 0.8 LA
Snss 14 T.16
11 kv 1= . =
2 MVA 2 MVA 2 MVA
Residential.4 Residential.5 Residential.é G & I3 G & I.4 Commercial.3
0.535 MVA 0.535 MVA 0.535 MVA 0.566 MVA 0.566 MVA 0.454 MVA
Figure 16. Implementation in ETAP for validation of the results.
Table 5. System indices at locations 1 and 12 selected by the ANN.
S.No Svstem Indices DG at Point 1 DG at Point 12
o y Selected by ANN Selected by ANN
1 SAIFI (f/Customer. year) 1.3323 1.2168
2 SAIDI (h/Customer. year) 8.7651 7.4972
3 EENS (MWh/year) 124.715 111.820
7.4.3. Case 4—Scenario 3: Validation in ETAP at Point 14
The DG was placed 1400 m from load point 14, as shown in Figure 14. Figure 17 shows
the injection of the DG at the optimal location predicted by the ANN. The results in Table 6
show that the indices had the greatest decrease as compared to the previous positions.
From the indices recorded here, it can be concluded that point 14, which was predicted by
the ANN as the best location for the DG, was validated, as the system indices were further
decreased and the reliability was enhanced.
GEN
1w
C7 0.5 _ ca 0.5 _ c9 0.5 () €10 0.75
c24 0.6 c26 0.8 c28 0.8 23 =6
Bus2
11 xv T-12 3-14 £-16 T-17
2 MVA 2 MVA 2 MVA 2 MVA
Residential.4 Residential.5 Residential.6 G & I.3 G s I.4 Commarcial.3
0.535 MVA 0.535 MVA 0.535 MVA 0.566 MVA 0.566 MVA 0.454 MVA

Figure 17. Implementation in ETAP for validation of the results.
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Table 6. System indices at the optimal location selected by the ANN.

S.No. System Indices NoDG SellDe(c;t:ctl i‘;ifl\lm sgg:tztdpl(;;n;ll\lzN sgitaetdpl(;;nzzll\?N
1 SAIFI (f/Customer. year) 1.9772 1.3323 1.2168 1.2065
2 SAIDI (h/Customer. year) 7.9568 8.7651 7.4972 6.0904
EENS (MWh/year) 117.8540 124.715 111.820 100.731

As evidenced by Table 6, SAIFI, SAIDI, and EENS showed a reduction to acceptable
IEEE levels and the system reliability improved when using the ANN technique to deter-
mine the DG location. The implementation of the ANN technique is a completely new
approach to the selection of locations for DG units, which confirms that applying such a
computational technique could decrease human errors that are associated with hit and trial
methods and decrease the computational complexities and computational time. Table 7
shows a comparative analysis between the results achieved here and previously published
related work.

Table 7. Comparison of the proposed approach with related work.

Proposed Approach Battu, N. et al. (2015) Adefarati, T. et al. (2017)

Technique Used for . . .
Assessment of Reliability Analytical. Analytical. Analytical.
Approach Used for Injection of DG at the Injection of DG at Injection of a DG unit at
Improving Reliability optimal location. different locations. different locations.

An ANN model was utilized, = No innovation; the hit and

as errors associated with hit trial method was used. No innovation; the hit and
Innovation and trial methods and Decision of DG placement trial method was used for

computational complexities based on trade-off between injection of DG into RBTS.

were decreased. location and quantum of DG.

Results of Improvement

Reduction of SATFI by 40%, Improvement of reliability

based on reduction of the Reduction in ECOST and
0,
IS)AI;;{/by 25%; and EENS energy not supplied EENS indices.
y oo (ENS) index.

8. Conclusions and Future Work

From the results generated here, it can be established that the proper installation of DG
at a suitable location in a distribution network increases the reliability of the distribution
network. The distribution system reliability can be further enhanced by installing DG at
locations near load centers in the distribution system. The reliability was enhanced, as the
SAIFI value was reduced by almost 40%, SAIDI by 25%, and EENS by 25% after injecting
DG into the distribution network.

The implementation of an ANN technique is a unique approach for the selection of
locations for DG units, which confirms that applying such a computational technique could
decrease human errors that are associated with hit and trial methods and decrease computa-
tional complexities and computational time. The ANN technique showed improved results
when applied here, as the system indices were decreased to acceptable levels according to
the IEEE.

Since this work utilized a existing static distribution networks, dynamic models must
be addressed for future long-term planning of DG units. More advanced versions of Al
techniques could be used for the optimal placement and sizing of DG units in order to
address reliability issues as well.
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