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Abstract — Electrical distribution system is a component of electrical power system that
is very important because it is closest to the customer. In its operation, the distribution
system often suffers that causes the flow of electricity to the customer is interrupted. This
situation is not expected by customers or by electric power companies. The more
frequent and longer the occurrence of electrical power flow interruption, the lower the
system reliability, and vice versa. Reliability of a distribution system can be analyzed
based on SAIDI and SAIFI parameters. In this research, reliability analysis of
distribution system on Gejayan substation. The analysis result using SAIDI and SAIFI
parameters shows that Gejayan substation is reliable enough to national standard, while
based on international standard still not reliable. Copyright © 2017 Universitas
Muhammadiyah Yogyakarta- All rights reserved.
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l. Introduction

Electricity is a basic necessity that is not
released from every activity of society. Electricity
energy utilized by the community is generated from
power plants powered by various power plants such
as steam power plants, hydroelectric power, gas
power plants, diesel power plants, and nuclear
power plants [1]-[4]. Electric power utilized by the
society in Indonesia is provided by PT PLN
(Persero) as a provider of electricity, therefore PT
PLN (Persero) also has a quality target in the
distribution of electrical energy so that electricity
can be channeled with good continuity and the
frequency of blackouts that minimum [5]. Not only
the quality, the reliability of the network becomes
an important aspect in the distribution of electrical
energy to customers, so to achieve it, then a good
protection system must be met [6].

An electrical power system, the level of which
is very important in determining the performance of
the system. This can be seen from where can supply
continuously in one year. The most fundamental
problems in the distribution of electrical power are
in quality, continuity and power [7]-[11].
Disturbances that occur in units of generation will
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cause disruption of electricity supply with all the
consequences for electricity companies and
consumers.

It needs to be a concern number of disturbances
that occur on. Currently, of course, can affect in the
distribution of electrical energy. This can be known
by standards that are in accordance with predefined
standards [12]. Therefore, the parameters that can
be used as reference in calculating the clarity of
energy by calculating the average index of system
interference  with  SAIFI  (System  Average
Interruption Frequency Index), the average duration
index of system interruption during the season is
SAIDI (System Interruption Period Length (CAIDI)
(Average Customer Interruption Duration Index),
ASAIl (Index of Average System Availability),
ASUl (Index of Elements of No System
Attendance). Therefore, the quality of electrical
energy distribution will assess both the frequency
of blackouts that occur as small as possible and the
duration of its outage as soon as possible [13]-[17].

Potential of energy in Kalasan and Yogyakarta
city (North and South of Yogyakarta) is where the
electricity supply for Yogyakarta City and its
surrounding area is done by PT PLN (Persero) APJ
Yogyakarta - Rayon Kalasan and Rayon
Yogyakarta through Gejayan Substation. Gejayan
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Substation serves the needs for various business
sectors and services. In this research will be
analyzed quantity and duration of disturbance at
each feeder in Gejayan Substation, Yogyakarta.

Il.  Reliability of Distribution System

2.1 Reliability Analysis

The reliability of electric power distribution
system plays an important role in the comfort and
security for both corporate and household
consumers [18]. The reliability index is a method of
evaluating the reliability parameters of a power
distribution equipment on the reliability of the
quality of service to the customer. These indexes
include SAIDI (System Average Interruption
Duration  Index), SAIFI  (System  Average
Interruption Frequency Index).

Saodah [2] conducted a study on the Evaluation
of Power Distribution System Reliability Based on
SAIDI and SAIFI. In his research described about
SAIDI and SAIFI that both of these are reliability
indices that can determine whether the system is
stated as expected or not. In the research it can be
concluded that the number of interference in
medium-voltage air distribution system (SUTM)
61.36% caused by releases work without obvious
cause so that PMT can work again. Then this data is
also obtained from the processing and calculation
of data disturbance, blackout data, and customer
data based on SAIDI and SAIFI index.

Yaom [3] conducted research on Reliability
Analysis of Power Distribution System at PT. PLN
UPJ Rayon Bumiayu, explains that there are only
two repeats that have reliable SAIFI and SAIDI
values. This means that in every substation must be
analyzed to find out how big the value of reliability,
because it affects the quality of electricity provided
to customers. In his research it can be concluded
that some repeater on the Tambun substation does
not meet the standard of reliability index. Six
feeders are categorized less reliable because the
SAIFI value is greater than the IEEE standard,
while four feeders are categorized as less reliable
because the SAIDI value is greater than the IEEE
value standard. Then the wvalue of rayon
performance is also still less reliable because there
are some rayon in Gejayan Substation that has not
met the standard of WCS (world class service) and
WCC (world class companies).

2.2 Distribution System
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Generally, the power plant is located far from
the load center, especially the large-scale power
plant, so to distribute the power to the consumer or
the load center, the power must be channeled.
Distribution network system can be divided into 2
primary distribution network system and secondary
distribution network system [19]. Both systems are
differentiated by their working voltage. In general,
the working stress on the primary distribution
network system is 20 kV, while the working voltage
on the secondary distribution network system is 380
V or 220 V [20].

To supply power continuously and reliably, the
selection of appropriate distribution system is
needed. The selection criteria are based on several
factors, including economic factors, location, and
feasibility. Selection of network system must meet
the criteria of requirements are [21]:

a. High reliability

b. Continuity of service

c. Low investment cost

d. Low frequency and voltage fluctuations

The primary distribution network system is part
of the power system between the Substation and the
Distribution Substation. This primary distribution
network generally consists of a three-phase
network, which is three wires or four wires. The
voltage drop of this system from the transmission
voltage is first performed on the sub-transmission
substation, where the voltage is lowered to a lower
voltage from the 500 kV voltage system to the 150
kV voltage system or to the 70 kV system voltage,
then to the re-distribution substation 20 kV.

The primary distribution network system used
to channel the electrical power at each load is
called a feeder. In general, each repeater is named
according to the loaded area served. It aims to make
it easier to remember and mark the paths served by
the feeders [22].

The secondary distribution network is part of
the primary distribution network where the network
is directly connected with the consumer of electric
power. In the secondary distribution network, the
primary distribution voltage system of 20 kV is
lowered to a low voltage system of 380 / 220V.

The number of repeaters in a region / area is
generally more than one repeater. The larger and
complex loads served in a region / region, the more
the number of repeaters needed. Some repeats are
assembled at a point called Hose. Subway is an
installation of electrical equipment that serves as:
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1. Collecting points of one or more sources and

feeders.

2. Place the transfer (transfer) load in case of

interference on one of the network served.

Combined multiple feeders can form several
types of primary distribution network systems.
Based on the shape or pattern, the type of primary
distribution network system can be divided into
four, namely:

1. Radial system

2. Circular system (loop / ring)

3. Spindle system

4. Cluster system (mesh)

The security system aims to prevent, limit or
protect networks and equipment against the danger
of damage caused by interference with both
temporary and permanent disturbances so that the
quality and reliability of electric power distribution
expected by consumers can be guaranteed properly.
20kV medium voltage network safety system is a
very important component designed to secure.
Medium voltage network and equipment and serves
to carry a limited electric current to be supplied by
the distribution transformer. In general, the safety
equipment contained in the medium voltage
distribution network system are: Power Breaker,
Disconnecting Switches, Automatic Sequence
Switch (SSO), Load Switch (SB), Fuser, and
Arrester.

Disturbance in the distribution system is the
disruption of the electrical system that causes the
work of the repeater safety relay works to open the
circuit breaker at the substation causing the
dissolution of the power supply. This is to secure
the equipment through which the interference flow
to from damage. So the function of the safety
equipment is to prevent equipment damage and not
to nullify interference.

Disturbances in the distribution network are
more prevalent in the free-flow distribution
channels generally do not use isolation compared to
the distribution channels grown in the soil by using
insulating wrappers. Source of interference in the
distribution network can come from within the
system or from outside the distribution system.

Reliability in a distribution system is a measure
of the availability / level of electricity supply
service from system to user / customer. The size of
reliability can be expressed as how often the system
goes into blackouts, how long the blackout occurs
and how fast it takes to recover from the outage.

The reliability of the distribution network
system is closely related to the problem of

Copyright © 2017 Universitas Muhammadiyah Yogyakarta - All rights reserved

termination of the load (blackout) due to a system
interruption. In this case, the reliability of the
distribution system is inversely proportional to the
level of load termination (blackout) on the system.
The higher the level of load termination, the
reliability will decrease. Vice versa. Systems that
have high reliability will be able to provide power
at any time needed, while the system has a low
reliability when the low availability of power is
often extinguished.

The application of the concept of distribution
system reliability differs from the application of the
generation system and the transmission system,
whereby the distribution system is more oriented to
the customer’s load point rather than the orientation
of the system, and the local distribution system is
considered more than a broadly integrated system
that includes generating and transmission facilities.
The reliability of transmission and transmission
systems takes into consideration the probability of
loss of load, with little regard for system
components, whereas distribution reliability looks
at all aspects of engineering, such as design,
planning, operation. Since the distribution system is
less complex than the integrated generation and
transmission systems, the mathematical probability
calculations are simpler than those required for the
assessment of transmission and generation
reliability.

Reliability is the performance of a device or
system in accordance with its function within a
certain period of time and operating conditions. The
various levels of reliability in service can be
divided into 3 (three) things, among others:

1. High system reliability

Under normal conditions, the system will
provide sufficient capacity to provide power at peak
loads with good voltage variation and in an
emergency when there is interference with the
network, then this system of course required some
equipment and safety enough to avoid the existence
of various kinds of interference on the system.

2. Medium system reliability

Under normal conditions the system will
provide sufficient capacity to provide power at peak
loads with good voltage variation and in an
emergency in case of interference with the network,
the system can still serve part of the load even
under peak load conditions. So in this system
required a lot of equipment to overcome and
overcome these disorders.

3. Low system reliability
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Under normal conditions the system will
provide sufficient capacity to provide power at peak
loads with good voltage variation, but if a system
interference occurs the system could not at all serve
the load. So it needs to be fixed first. Of course, on
this system the safety equipment is relatively very
few in number.

I1l1. Research Methodology

In this research there are several steps work
done to achieve the desired end result according to
the flow diagram as can be seen in Fig. 1.

Start

.

Introduction Study

T

Identification and Problem Formulation

v

Literature review

Data Collecting j

Primary Data: Secondary Data:
Interviewing

Documentation

Data Analysis

Completion of
research

l

End

Fig.1 Flow Chart of the research

To give a clearer picture then below is given a
more thorough explanation of each of the research
steps:

1. Introduction Study

A preliminary study is an early stage in the
writing methodology. At this stage the study and
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observation in the field directly to perform data
collection in PT.PLN Area Yogyakarta.

2. ldentification and Problem Formulation.

After a preliminary study, problems in the area
of electricity distribution system of Gejayan
Substation can be identified. Then the cause of the
problem can be traced. In tracing the root cause of
the problem, it is done through data collection on
electricity distribution system. In this research, the
problem raised to the topic is Reliability Analysis
of Power Distribution System in Gejayan
Substation, especially on every feeder 20 kv in
Gejayan Substation.

3. Library Studies

Literature study was conducted to obtain
references related to research to find information
about the theory of SAIDI, SAIFI, CAIDI, electric
power transmission system, power distribution
system, component on substation, reliability of
power distribution system 20 kv, standard value
reliability indexes, methods, and concepts relevant
to the problem. So that with the information can be
used as a reference in solving the problem.

4. Data Collection

Type of data in this research there are 2 (two)
kinds, that is primary data and secondary data.
Primary data is data obtained from the results of the
study and direct observation of the object of
research. One of the methods used to obtain
primary data is interview (interview) while in the
field. The following primary data required in this
research is the amount of power transformer and
capacity of each transformer on the Gejayan 150
KV Substation and the number of feeder 20 kv on
the 150 kv Gejayan Substation.

Secondary data collection is done directly at
PT. PLN APJ Area Yogya. The purpose of this data
collection is to obtain data relating to research of
final project which will analyze how reliable 20 kv
power distribution system in each feeder 20 kv on
Gejayan Substation. The following data required as
documentation is the number of subscribers
supplied by the Gejayan 150kv Substation and the
data of each feeder 20 kv Substation of 150kv
Gejayan.

5. Data Analysis

Based on the data obtained in this research, will
be analyzed to get the value of SAIDI, SAIFI and
CAIDI to find out how much reliability level
realization of power distribution system on each
feeder 20 kv in 150 kv Gejayan and compare the
standard value of reliability index which is used in
this thesis research. Standard index values used are
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IEEE std 1366-2003, world-class company standard
(WCC) and world class service (WCS), SPLN 68-2:
1986 and target PT. PLN Rayon Kalasan, Rayon
North Yogyakarta and Rayon South of Yogyakarta
in 2015.

6. Improving the Manuscript

After completion of data processing and data
analysis the next step is to compile the final project
with the standard rules.

1V. Results and Discussion
4.1 SAIFI of Gejayan Substation

The data of the feeder disruption for one year
by 2015 includes data:

1. Time for Outage (Extinction)

2. Entry Time (On)

3. Duration of Outage

From these data it will be known how long the
duration of outages and the frequency of outages on
each feeder. In the calculation of duration will be
known in time in units of minutes, while the failure
rate will only calculate the total number of trips or
turns off each feeder in 2015. Below is a table of
data disturbance disturbers Gejayan Substation in
2015.

There is a little note that on the duration of the
disturbance data in GJN 02 and GJN 03 sufferer
miscalculation. The Microsoft Excel application is
not precise and accurate in understanding the clock
calculations in day shifts. Calculations performed
by PLN (Persero) is to reduce the time of flame
with time off, so the result of the time difference
will be used as the duration of the occurrence of
power outages. However, the Microsoft Excel
application misunderstood its calculation time. It
should calculate the duration of the outage of the
electric current counterclockwise clockwise in the
day, but the repeater GIJN 02 and GJN 03 clockwise
in one day so that the duration of the results
obtained is very large. The solution of this problem
is to perform manual calculations on GJN 02 and
GJN 03 feeders in January of 2015.

Here is the comparison of SAIFI value
calculation of Gejayan Substation in feeder of
Kalasan area as shown in Figure 2.

The GJN 19 feeder as shown in Fig. 2
illustrates that in an area in which electricity is
powered through a GJN 19 repeater has the most
disturbance problems, so the reliability level based
on the lower SAIFI value is due to the number of
disturbances. This is due to the fact that the power
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consumption is high enough and the number of
consumers that much so that the occurrence of
Overload. When compared with other feeder in
Kalasan area, then the disturbance that occurs at
most due to internal factors such as overload. From
the calculation of SAIFI value on Gejayan
Substation feeder in Rayon Kalasan, SAIFI value
can be categorized less reliable if it refers to
standard of SAIFI value according to SPLN No. 68-
2 1986 which is 3.2 times / customer / year. For
international standards used i.e. IEEE stdb1366-
2003 which has a standard value of SAIFI that is
1.45 times / customer / year, Gejayan Substation
feeder located in Kalasan area, there is one repeater
that is categorized as less reliable that is GJN 19
repeater, because its SAIFI value greater than the
IEEE value standard. Repeater GJN 02 and feeder
GJN 18 are categorized as reliable because they
have SAIFI value 0,447 times / customer / year
(GJN 02) and 0.898 times / customer / year (GJN
18).

SAIFI Per Feeder inKalasan Area

6
4,889

5

4

3

z

U890
1 0,447
0 = I  IN——
GJNO02 GJN18 GJN19
@ Feeders

Fig. 2. SAIFI per feeder in Kalasan Area

The performance of PLN Rayon Kalasan if the
total of all the existing feeders in the Gejayan
Substation has a SAIFI value of 6,264 times /
customer / year is categorized as reliable because it
meets the target value of SAIFI PLN Rayon
Kalasan is 7.75 times / customer / year. The
performance value of SAIFI PLN Rayon Kalasan is
still less reliable because it is bigger than SAIFI
grade world class service (WCS) and world class
company (WCC) that is 3 times / customer / year.

Here is the comparison of SAIFI value
calculation of Gejayan Substation in feeder of
Yogyakarta City area as shown in Figure 3.
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SAIFI Per Feeder in Yogyakarta City
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Fig. 3. SAIFI per feeder in Yogyakarta City Area

Feeders GIJN 03, GJN 16 and GJN 18 as shown
in Figure 3, explains that in areas with electrical
power through repeater GJN 03, 16 and 18 have the
most disturbance problems. The reliability level
based on the lower SAIFI value is due to the
number of disturbances. This is due to the fact that
the power consumption is high enough and the
number of consumers that much so that the
occurrence of Overload. When compared with other
repeater in Rayon Yogya, then the disturbance that
happened at most because of internal factor like
overload. This factor is reinforced by the presence
of high-reliability repeaters, such as GJN, 05, 11
and 13. Very rarely, interference caused by external
factors.

From the calculation of SAIFI value on Gejayan
Substation feeder in Yogyakarta area, SAIFI value
can be categorized as reliable when referring to
SAIFI standard value according to SPLN No. 68-2
1986 which is 3.2 times / customer / year. For
international standards used ie IEEE std 1366-2003
which has a standard value of SAIFI that is 1.45
times / customer / year, Gejayan Substation feeder
located in Rayon Yogyakarta there is one repeater
that is categorized as less reliable that is GJN 03,
because its SAIFI value greater than the standard
value of IEEE std 1366-2003. Feeders GJN 05, GIJN
11 and GJN 13 Repeater is categorized as very
reliable because it has SAIFI value 0 times /
customer / year.

Performance of PLN Yogyakarta area is totaled
from all feeders in Gejayan Substation has a value
of SAIFI 7.04505 times / customer / year. It has
been categorized less reliable because its SAIFI
value is bigger than target of SAIFI value of PLN
Rayon Yogyakarta which is 6.98 times / year. The
performance value of SAIFI PLN Yogyakarta area
is still less reliable because it is bigger than SAIFI
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grade world class service (WCS) and world class
company (WCC) 3 times / customer / year.

4.2 SAIDI of Gejayan Substation

Here is the comparison of the calculation of the
value of SAIDI for feeders of Gejayan Substation in
Kalasan area as shown in Figure 4.

SAIDI Per Feeder for Kalasan Area
18 1,67

04
o 0115 0479

0 — I
GINO2 GIN18 GIN 19

u Feeders

Fig. 4. SAIDI per feeder in Kalasan Area

The GIN 19 feeder as shown in Fig. 4
illustrates that in an area in which electricity is
supplied via a GJN 19 receptacle it has the most
interference problem, so the reliability level based
on the lower SAIDI value is due to the number of
disturbances. This is because of the factor of
electricity consumption is high enough and the
number of consumers that much so that the
overload. When compared with other repeater in
Rayon Kalasan, the disturbance that occurs most
due to internal factors such as overload.

From the calculation of SAIDI value on
Gejayan Substation feeder in Rayon Kalasan,
SAIDI value can be categorized as reliable when
referring to SAIDI standard value according to
SPLN No. 68-2 1986 which is 21.09 hours /
customer / year. For international standard used i.e.
IEEE std 1366-2003 which has SAIDI standard
value 2,3 hours / customer / year, Gejayan
Substation feeder located at Rayon Kalasan can be
categorized reliable because its SAIDI value has
complied with IEEE value standard.

The performance of PLN Rayon Kalasan if the
total of all the existing feeders in Gejayan
Substation has a value of 1.964 hours / customer /
year is categorized as reliable because it is smaller
than the target value of SAIDI PLN Rayon Kalasan
is 8.65 hours / customer / year. Performance of
SAIDI in PLN Rayon Kalasan is still less reliable,
because it is bigger than world class service world
class service (WCS) and world class company
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(WCC) standard that is 1.666 hours / customer /
year.

Here is the comparison of the calculation of the
value of SAIDI for feeders of Gejayan Substation in
Yogyakarta city area as shown in Figure 5.

SAIDI Per Feeder in Yogyakarta City
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Fig. 5. SAIDI per feeder in Yogyakarta City Area

The GJN 16 feeder, as shown in the Figure 5,
explains that in areas where electricity is supplied
through a repeater GJN 16 has the most disturbing
problems, so the reliability level based on lower
SAIDI values is due to the number of disturbances.
This is due to the fact that the power consumption
is high enough and the number of consumers that
much so that the occurrence of Overload. when
compared with other repeater in Rayon Yogya, then
the disturbance that happened at most because of
internal factor like overload. Then the GJN 16
repeater has a long duration of interruption. When
calculated using the SAIDI formula, the largest bar
graph on the highest GIN 16. SAIDI formula is
based on the duration of the disturbance.

From the calculation of SAIDI value on the
feeder of Gejayan Substation in Rayon Yogya,
SAIDI value can be categorized as reliable if it
refers to SAIDI standard value according to SPLN
No. 68-2 1986 which is 21.09 hours / customer /
year. For the international standard used ie IEEE
std 1366-2003 which has SAIDI standard value 2.3
hours / customer / year, Gejayan Substation feeder
located in Rayon Yogyakarta can be categorized as
reliable because its SAIDI value is smaller than
standard of IEEE value.

The performance of PLN Rayon Yogya if it is
totaled from all the existing feeders in Gejayan
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Substation has a value of 7.501 hours / customer /
year is categorized as reliable because it is smaller
than the target value of SAIDI PLN Rayon Yogya
which is 8.10 hours / customer / year. The
performance value of SAIDI PLN Rayon Yogya is
still far less reliable, because it is bigger than world
class service world class service (WCS) and world
class company (WCC) standard which is 1.666
hours / customer / year.

V. Conclusion

The value of SAIFI and SAIDI on the Gejayan
Substation feeder located in the working area of
two rayon, Rayon Kalasan and Rayon Yogya can be
categorized as less reliable than the SAIFI and
SAIDI value standard according to SPLN No. 68-2
1986, SAIFI 3.2 times / customer / year and SAIDI
21.09 hours / customer / year. SAIFI value at one
rayon is Rayon Kalasan categorized reliable
because its SAIFI value is smaller than standard
value according to SPLN No. 68-2 1986. For
international standard used ie IEEE std 1366-2003
which have standard value SAIFI that is 1,45 times
/ customer / year, the GJN 19 and GJN 03 feeders
are categorized less reliable because the SAIFI
value is greater than the IEEE standard. For the
international standard used ie IEEE std 1366-2003
which has SAIDI standard value 2,3 hours /
customer / year, all repeater in Rayon Kalasan and
rayon Yogya is categorized as reliable because
SAIDI value is smaller than IEEE value standard.
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