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Power system reliability is affected by the reliability of its sub-
systems, including generator reliability. The reliability of a power
plant can be seen, among others, based on the LOLE (Loss of Load
Expectation) index. Processing and calculating data using excel or
matlab will take a lot of time and effort. This is unfavorable for system
evaluation which is a routine activity. The contribution of this research
is to create an easy data processing method with a user-friendly display
using Java programming-based Visual Studio. The research data uses
generator operating data in 2018 and 2019 Hydroelectric Power Plant
Ir. H. Djuanda. Calculations using visual studio have been validated
with calculations using Excel. LOLE calculation results in 2018 was
0.17356748092842464 days/year and for 2019 it produced a LOLE of
0.006204969593183424 days/year. The results obtained did not
exceed the PLN standard, namely 1 days/year, in other words, in 2018
and 2019 Hydroelectric Power Plant Ir. H. Djuanda has a good level
of reliability.

Document Citation:

I. Alfi and R. F. Kusmayana, “Visual Studio Application for Generation Power System Reliability
Calculations,” Buletin Illmiah Sarjana Teknik Elektro, vol. 5, no. 1, pp. 56-66, 2023, DOI:

10.12928/biste.v5i1.7076.

Journal Website: http://journal2.uad.ac.id/index.php/biste/

Email: biste@ee.uad.ac.id


https://doi.org/10.12928/biste.v5i1.7076
http://journal2.uad.ac.id/index.php/biste/
http://journal2.uad.ac.id/index.php/biste/
mailto:biste@ee.uad.ac.id
mailto:ikrima.alfi@uty.ac.id
https://creativecommons.org/licenses/by-sa/4.0/deed.id
https://creativecommons.org/licenses/by-sa/4.0/deed.id
https://creativecommons.org/licenses/by-sa/4.0/deed.id
http://journal2.uad.ac.id/index.php/biste/article/view/7076

57 Buletin llmiah Sarjana Teknik Elektro ISSN: 2685-9572

1. INTRODUCTION

Stages in the operation management of the electric power system are operational planning,
implementation and control of operations as well as analysis of operations. Operational planning of the electric
power system is a matter of how the electric power system will be operated for a certain period of time, while
the analysis of operations is an analysis of the results of operations to provide feedback for planning operations
as well as for the implementation and control of operations [1].

System reliability calculations are required in the planning process and the operation process. During
planning, reliability calculations are needed to determine system design criteria or requirements and identify
areas or weak points that require modification or reinforcement [2]. During system operation, reliability
calculations are required to monitor system performance.

The reliability of the electric power system is the level of availability and service of electric power from
a system to consumers/loads. The reliability of the power system is influenced by the reliability of its
subsystems, including the reliability of the power plant. The reliability of a power plant can be seen, among
others, based on the index of LOLP (Loss of Load Probability) [3]-[9], LOLE (Loss of Load Expectation) [5],
[6], [9]-[13], EENS (Expected Energy Not Served) [3], [11], [14]-[19], Equivalen Availability Factor (EAF)
[20], Net Capacity Factor (NCF) [3], [20], Generating Availability Data System (GADS) [21], Failure Mode
Effect Analysis (FMEA) [22], [23], Method of Bayesian Network [24], Monte Carlo Simulation [25], [26].
Some researchers use heuristic methods in analyzing generator reliability, including using a genetic algorithm
[27].

In calculating the reliability index, some researchers use Matlab software [4], [6], [10], [11], [13], [15],
[18], and excel [4], [15], [25], [26]. Data processing using excel or matlab will require a lot of time and energy.
This is especially unfavorable for system evaluation, which is a routine activity.

Visual Studio is a graph-based software. The use of graph-based software makes it easier for users to
calculate reliability indices. This research will create a Loss of Load Expectation (LOLE) calculation program
using Visual Studio 2019. The contribution of this research is to create an easy way of processing data with a
user-friendly display using visual studio based on java programming. The data of this research is the generator
operation data of Ir. Juanda Hydroelectric Power Plant in 2018 and 2019.

1.1. Electrical Power System Reliability

Power outages that are too frequent with long outages are a reflection of the poor reliability of the electric
power system. Reliability can be interpreted as the level of availability and service of electric power from an
electric power system. The level of reliability can be seen from several things, namely:

a. How often does the system experience outages or interruptions.
b. How long the outage or interruption lasted.
c. How fast is the time needed to recover from the blackout or disturbance that has occurred.

The reliability of system operation does not only depend on the power reserve available in the system but
also on the size of the FOR (Forced Outage Rate) of the operating generating u nits. FOR is a measure of
whether a generator is frequently disturbed, a generator can be said to have good reliability if the generator is
able to provide electricity at any time or does not often go out, while a generator can be said to have poor
reliability if the level of energy availability is low or the generator is often not operating. To get the FOR value
stated in Equation (1).

Disruption hours

FOR 1)

" Operating hours + Disruption hours
1.2. Availability

Availability can be defined as the characteristic of an equipment which is expressed by the probability
that the equipment will operate according to its function under stated conditions in a certain moment of time.
Availability is the complement of unavailability. The probability of a unit failure is the forced outage rate
(FOR) or the unavailability of the unit. The probability of a unit's success is the unit's availability stated in
Equation (2) [28].

Availability =1 — FOR 2

1.3. Loss of Load Probability (LOLP)

Loss of Load Probability (LOLP) expresses the value of the possibility of a loss of load because the
available power capacity is equal to or less than the system load. The loss of one generating unit results in the
expected risk of loss of power supply E(t), which is defined in Equation (3) [28].

Ei(t) = pit; ®)
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With,
p; is the probability of capacity loss, and t; is the duration of loss of capacity in percent.
The system-wide load loss probability is defined as the sum of all expectations for all units.

n
i=1

1.4. Loss of Load Expectation (LOLE)

Expected loss of load indicates the possibility that the plant is not able to cover the required power
consumption. The term LOLE is closely related to the term LOLP. The time interval used for LOLP is in
percentage values, while the time interval used for LOLE is in days [28]-[30]. The possibility of losing this
load is a risk faced in operating a power system and needs to be formulated, to formulate this it requires a load
duration curve that describes the length of time each load value lasts as shown in Figure 1.

Power
A

Installed Capacity |- —————————pm— === ———————— — -

Reserve margin

peak load - ————-—————*¥44----------———
Outage capacity

Duration of lost
capacity

1 >
0 365 day

Figure 1. Load duration curve [28]

LOLE can be expressed as in the Equation (5) [1].
t=365

LOLE = Z Pxt )
t=1

Where,

P is the cumulative probability of system capacity < load, and ¢ is time ranging from 1 to 365 days (one year).
The reliability standard used by PLN is Loss of Load Probability (LOLP) smaller than 0.274% or

equivalent to the probability of outage 1 day a year [31].

2. METHODS
The research was conducted in several stages as shown in Figure 2.

Data — ; . .
L L
I N Valid Results

Figure 2. Flowchart of research stage
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3.

3.1.

Data Generators

The generator data needed is data on the number of interruptions, the length of interruptions, the amount
of maintenance and the length of maintenance of each generator unit and the length of time the generator
unit is standby or ready to be operated per year. The data that will be used for this research is taken from
Perum Jasa Tirta |1, which includes disturbance data on generator units 1 to 6 for the last 2 years, namely
2018 and 2019.

Application Creation

The create applications using visual studio with java-based programs. In the application there are several
results that will be determined including the length of time the generating unit operates, FOR, availability,
individual probability, cumulative probability, load loss time expressed in days/year and also LOLE.
Data Processing

Data processing is done after the application is completed.

Analysis of Results

The results of data processing from Visual Studio will be analyzed by comparing the results of the LOLE
calculation using Excel software. If the error is within the desired tolerance limit, then the program made
is valid and the LOLE value obtained is the desired output value.

RESULTS AND DISCUSSION
Generator Operation Data in 2018
Details regarding data on the number of disturbances, duration of disturbances, number of maintenance

and duration of maintenance of each generator unit in 2018 at the Ir. H. Djuanda Hydroelectric Power Plant
are shown in Table 1.

3.2

Table 1. Generator operation data in 2018

Generator ~ Amount of Interruption Amount of Maintenance
Units Interruption Duration (hour)  Maintenance Duration (hour)
Unit 1 6 244 8 62.33
Unit 2 30 11.36 22 162.18
Unit 3 25 10.77 17 410.48
Unit 4 25 9.66 13 1,572.53
Unit 5 10 3.56 14 296.27
Unit 6 25 10.74 17 987.4
Total 121 48.53 91 3,491.19

Generator Operation Data in 2019
Details regarding data on the number of disturbances, duration of disturbances, number of maintenance and

duration of maintenance of each generator unit in 2019 at the Ir. H. Djuanda Hydroelectric Power Plant are
shown in Table 2.

3.3.

Table 2. Generator operation data in 2019

Generator Amount of Interruption Amount of Maintenance
Units Interruption Duration (hour)  Maintenance  Duration (hour)
Unit 1 8 3.07 10 261.95
Unit 2 16 6.87 19 1,239.74
Unit 3 32 12.77 32 1,256.66
Unit 4 34 13.88 25 620.9
Unit5 24 9.64 21 1,274.44
Unit 6 14 6.25 18 359.94
Total 128 52.48 125 5,013.63

Program Display in Visual Studio Applications
The making of this program uses the Visual Studio 2019 application which is based on the Java

programming language, as seen in Figure 3. There are several parameters in this program including generator
interruption and maintenance hours, generator operating hours, FOR, availability, individual probability,
cumulative probability, t (day/year) and LOLE value as well as 3 buttons which are used to calculate, delete
text and also stop the program.

To run this program, it is enough to enter data about the length of interference in the generator and also

data (t) based on the load duration curve, after the two parameters are entered the next step is to press the equal
button (=) then all the results of the parameters in the program layout will automatically appear and display
fairly accurate results.

Visual Studio Application for Generation Power System Reliability Calculations (Ikrima Alfi)
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Power Generator Reliability
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Perusahaan Umum Jasa Tirta Il Unit Hydroelectric Power Plant Ir. H. Djuanda
JI. Lurah Kawi No. 01, Jatiluhur, Purwakarta, Jawa Barat

Figure 3. Layout of the program to calculate reliability

3.4. FOR (Forced Outage Rate) in 2018

The data used to find FOR is data on disturbances that occur in generators in 1 year, including how long
the generator experiences interference/maintenance that causes the unit to not operate and also the time of the
generator unit operating in 1 year.
a. FOR Generator Unit 1

FOR = 244 =0.000281
T 8,695.23 4+ 2.44

Availability = 1 — 0.000281 = 0.999719
b. FOR Generator Unit 2
11.36

FOR = 558646 + 1136 0001321
Availability = 1 — 0.001321 = 0.998679

c. FOR Generator Unit 3
FOR = 10.77 = 0.001290
©8,338.75 + 10.77

Availability = 1 — 0.001290 = 0.998710

d. FOR Generator Unit 4

FOR = 966 = 0.001344
T 7177.814+9.66

Availability =1 — 0.001344 = 0.998656
€. FOR Generator Unit 5

FOR = 3.56 = 0.000421
T 8,460.17 +3.56

Availability = 1 — 0.000421 = 0.999579
f. FOR Generator Unit 6

FOR = 10.74 =0.001382
T 7,761.86 + 10.74

Availability =1 — 0.001382 = 0.998618

3.5. Load Duration Curve in 2018

To obtain the LOLE value of the power system, it is necessary to have a load duration curve expressed in
days/year as shown in Figure 4 is the load duration curve during 2018, this load duration curve data is needed
to be able to calculate LOLE.
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Figure 4. Load duration curve in 2018

3.6. Probability of System Operation in 2018

The Ir. H. Djuanda Hydroelectric Power Plant has 6 generator units consisting of 5 units with a
capacity of 35 MW (units 1 to 5) and 1 unit with a capacity of 40 MW (unit 6). Based on this, there will be
26 combinations that can occur in system operation as shown in Table 3 in the form of an accumulation of
64 combinations (individual probabilities) and cumulative probabilities.

Table 3. Individual and cumulative probabilities in 2018

334

Power Quantity Off

Individual Probability

Cumulative Probability

0 MW
35 MW
40 MW
70 MW
75 MW
105 MW
110 MW
140 MW
145 MW
175 MW
180 MW
215 MW

0.99397642575130200000
0.00463371635672077000
0.00137535420795647000
0.00000807448304982590
0.00000641162217189965
0.00000000639515653116
0.00000001117257306305
0.00000000000221683549
0.00000000000884890750
0.00000000000000026991
0.00000000000000306741
0.00000000000000000037

1
0.00602357424869763000
0.00138985789197687000
0.00001450368402040040
0.00000642920097057454
0.00000001757879867489
0.00000001118364214373
0.00000000001106908068
0.00000000000885224519
0.00000000000000333769
0.00000000000000306778
0.00000000000000000037

3.7. Loss of Load Expectation (LOLE) in 2018

Loss of Load Expectation (LOLE) states the value of the possibility of losing load because the
available power capacity is equal to or less than the system load, expressed in days/year. The data used to
calculate LOLE is the result of cumulative probability and data based on the old load curve in 2018 as

shown in Table 4.

Tabel 4. LOLE in 2018

365

g?JV::QEQU%];ga(t?gxg Cumulative Probability load> Operating power (days/year) LOLE (days/year)

0 215 1 0 0.00000000000000000000
35 180 0.006023574248697630000 0 0.00000000000000000000
40 175 0.001389857891976870000 120 0.16678294703722400000
70 145 0.000014503684020400400 319 0.00462667520250773000
75 140 0.000006429200970574540 334 0.00214735312417190000
105 110 0.000000017578798674890 365 0.00000641626151633485
110 105 0.000000011183642143730 365 0.00000408202938246145
140 75 0.000000000011069080680 365 0.00000000404021444820
145 70 0.000000000008852245190 365 0.00000000323106949435
175 40 0.000000000000003337690 365 0.00000000000121825685

180 35 0.000000000000003067780 365 0.00000000000111973970
215 0 0.000000000000000000370 365 0.00000000000000013505

Total

0.17356748092842500000

Visual Studio Application for Generation Power System Reliability Calculations (Ikrima Alfi)
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Figure 5 is the result of the LOLE calculation using the visual studio application.

Power Generator Reliability

Generator Capacity Disturbance Maintenance Duration Operating Forced Outage Rate Availability
hour * hour ¥ hour
hour hour F s hour
hour 174 hour * hour 1209094300
hour hour hour
hour ¥ hour “* hour

hour 4 hour "*M S hour

o . . . t LOLE
Outage Y ¢ Y (day/year) (day/year)

162 3417209746 08 . e % Q
. ) A 41501 164
&3
Total 0.999999999999999% 0.173546748092842444 J

Perusahaan Umum Jasa Tirta Il Unit Hydroelectric Power Plant Ir. H. Djuanda
JI. Lurah Kawi No. 01, Jatiluhur, Purwakarta, Jawa Barat

Figure 5. Calculation of LOLE in 2018 using the Visual Studio 2019 application

LOLE calculation using Ms. Excel gets a result of 0.173567480928425 days/year, while the results of
calculations using the Visual Studio application are 0.17356748092842464 days/year for 2018.

3.8. FOR (Forced Outage Rate) in 2019

The data used to find FOR is data on disturbances that occur in generators in 1 year, including how long
the generator experiences interference/maintenance that causes the unit to not operate and also the time of the
generator unit operating in 1 year.
a. FOR Generator Unit 1

3.07

 8,494.98 + 3.07
Availability = 1 — 0.000361 = 0.999639

FOR = 0.000361

b. FOR Generator Unit 2

FOR = 687 = 0.000914
751339+ 6.87

Availability = 1 — 0.000914 = 0.999086

c. FOR Generator Unit 3

FOR = 12.77 =0.001702
T 7490.57 4+ 12.77

Availability =1 —0.001702 = 0.998298

d. FOR Generator Unit 4

FOR = 13.88 =0.001705
" 8,125.22 4+ 13.88

Availability =1 — 0.001705 = 0.998295

e. FOR Generator Unit 5

FOR = 0.64 =0.001288
T 747592 4+9.64

Availability =1 —0.001288 = 0.998712

f. FOR Generator Unit 6

FOR = 625 = 0.000744
7 8,393.81+6.25

Availability = 1 — 0.000744 = 0.999256

Buletin llmiah Sarjana Teknik Elektro, Vol. 5, No. 1, March 2023, pp. 56-66
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3.9. Load Duration Curve in 2019
To get the LOLE value of the power system, it is necessary to have a load duration curve expressed in

days/year as shown in Figure 6 is the load duration curve during 2019, this load duration curve data is needed
to be able to calculate LOLE.

Load Duration Curve in 2019

Generator Capacity (MW)
i

151 181 212 243 273 304 334 365

Time Duration (Day/Year)

= (Generator Capacity

Load

Figure 6. Load duration curve in 2019

3.10.Probability of System Operation in 2019

The Ir. H. Djuanda Hydroelectric Power Plant has 6 generator units consisting of 5 units with a capacity
of 35 MW (units 1 to 5) and 1 unit with a capacity of 40 MW (unit 6). Based on this, there will be 26
combinations that can occur in system operation as shown in Table 5 in the form of an accumulation of 64
combinations (individual probabilities) and cumulative probabilities.

Table 5. Individual and cumulative probabilities in 2019

Power Quantity Off Individual Probability Cumulative Probability
0 MW 0.99330411895106900000 1
35 MW 0.00593827247189115000  0.00669588104893151000
40 MW 0.00073961058725944200  0.00075760857704036000
70 MW 0.00001355172420415980  0.00001799798978091780
75 MW 0.00000442161580370770  0.00000444626557675799
105 MW 0.00000001454121602760  0.00000002464977305029
110 MW 0.00000001009056391269  0.00000001010855702269
140 MW 0.00000000000715920988  0.00000000001799311000
145 MW 0.00000000001082733588  0.00000000001083390012
175 MW 0.00000000000000123260  0.00000000000000656424
180 MW 0.00000000000000533072  0.00000000000000533164
215 MW 0.00000000000000000092  0.00000000000000000092

3.11. Loss of Load Expectation (LOLE) in 2019
The loss of load expectation value in 2019 using Excel can be seen in Table 6. LOLE calculation
using visual studio application can be seen in Figure 7.

Table 6. LOLE in 2019

g?JV::QEQU%];I‘:ga(t?gx\;} Cumulative Probability ~ load> Operating power (days/year) LOLE (days/year)

0 215 1 0 0

35 180 0.00669588104893151000 0 0

40 175 0.00075760857704036000 0 0

70 145 0.00001799798978091780 265 0.00476946729194322000
75 140 0.00000444626557675799 320 0.00142280498456256000
105 110 0.00000002464977305029 365 0.00000899716716335585
110 105 0.00000001010855702269 365 0.00000368962331328185
140 75 0.00000000001799311000 365 0.00000000656748515000
145 70 0.00000000001083390012 365 0.00000000395437354380
175 40 0.00000000000000656424 365 0.00000000000239594760
180 35 0.00000000000000533164 365 0.00000000000194604860
215 0 0.00000000000000000092 365 0.00000000000000033580

Total 0.00620496959318343

Visual Studio Application for Generation Power System Reliability Calculations (Ikrima Alfi)
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Power Generator Reliability

Generator Capacity Disturbance Maintenance  Duration Operating Forced Outage Rate
35 MW 5 7

Availability

hour | 2615 hour | 49498 hour |0.0003612593477327152
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hour 5209 hour 31252200000 hour 000

hour 127444 hour 747592 hour

hour 15834 hour 835381 hour  0.000

t Lop
(day/year) (day/year)

Outage

0w

Total 1.0000000000000004 0.006204969593 183424

Perusahaan Umum Jasa Tirta Il Unit Hydroelectric Power Plant Ir. H. Djuanda
JI. Lurah Kawi No. 01, Jatiluhur, Purwakarta, Jawa Barat

Figure 7. Calculation of LOLE in 2019 using Visual Studio 2019 application

LOLE calculation using Ms. Excel obtained a result of 0.00620496959318343 days/year, while the
calculation results using the visual studio application obtained 0.006204969593183424 days/year for 2019.

4. CONCLUSION

As a step to simplify the calculation of the reliability level of the Ir. H. Djuanda Hydroelectric Power
Plant, the researcher created a reliability calculation program using the Visual Studio 2019 application which
uses the java programming language. With this program, the reliability level of the Ir. H. Djuanda
Hydropower Plant can be directly known by entering data on the length of time the generator unit does not
operate for a year and also data from the load duration curve for a year, then other data such as FOR,
availability, individual probability, cumulative probability to LOLE can be directly known. The reliability
level of the Ir. H. Djuanda Hydroelectric Power Plant for 2 years has relatively good reliability, for 2018 the
reliability level of the Ir. H. Djuanda Hydroelectric Power Plant based on the LOLE index is
0.173567480928425 days/year, while for 2019 the LOLE index of the Ir. H. Djuanda Hydroelectric Power
Plant is 0.00620496959318343 days/year. To develop this research, it can describe in more detail about the
kinds of disturbances that often cause generator units to not operate and add ways to overcome the disturbances
that occur. Can add several other parameters besides LOLE to determine the reliability level of a power plant
in Indonesia, especially the Ir. H. Djuanda Hydroelectric Power Plant.
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