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Abstract

Electrical system in the Central Java Province is managed by PT PLN (Persero). The Electrical energy distribution is carried
by the APJ (Service Area Network). One of APJ operating in the Central Java Province is APJ Cilacap, APJ Cilacap which is
responsible to fulfill the electricity needs in the District of Cilacap and Kebumen. It makes APJ Cilacap as manager of the
utility company should be able to provide the energy needs of electricity in both area. In addition of electrical energy
demand’s problem, the problems belong to SAIDI, SAIFI and line losses also becomes a problem of electrical energy
distribution. Therefore, it needs to have the electrical energy planning so that energy needs, SAIDI, SAIFI and line losses can
be known for the following years. In Preparation of Planning estimates that the software used are LEAP (Long Range Energy
Planning System) version 2008.0.0.96. In Planning Making using two scenarios namely BAU (Base As Usual) is the result of
scenario planning is still the same trend with the growth of base year or there is no policy affected and RPTL PLN which is
based on RUPTL PLN (General Planning of Electricity Supply) in period 2012-2016. From the results of planning using
LEAP, projected electricity supply, BAU scenario growth in electrical energy consumption, has the average value of customers
equal to the Household sector in UPJ Cilacap, Majenang, Sidareja, and Kroya that is 0.41% per year, while the commercial
sector, Industrial, and General are 5.39%, 2.33%, 4.60% per year, while UPJ Kebumen and Kroya for each sector 0, 51%,
4.27%, 7.40%, 4.48% per year. While the projections for electricity supply, outage rate index (SAIDI SAIFI), and losses, RPTL
PLN scenario of electricity energy consumption growth follows a policy document RUPTL PLN year 2009-2019. Policy
scenarios in RPTL PLN where the electrical energy consumption projections estimates the population growth of 0.3% per
year, PDRB growth of 4.5% -5.83% per year, Electrification Ratio in 2019 is targeted at 97.5%, and 4.99% growth in
connected power per year. For Policy in making electric energy losses in 2019 is targeted at 5.65%. While in making target of
outage Index (SAIDI SAIFI) predicted value of SAIDI in the year 2019 at 77,44 minute/consument/years and the value of
SAIFI in 2019 by 4,4 times /consument/years.
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I.  INTRODUCTION
1.1 Background
One of APJ operations in Central Java province is APJ
Cilacap. Today, It is facing for supplying of electrical
energy, so there is no balance between supply and
consumption. 2.

1.3 Restriction of issue
In making this paper the author limit the issue as
follows:
1. Areas used in manufacture of modeling estimation are
PT PLN (Persero) APJ Cilacap.
Software used to transformation is LEAP.

Besides it, the problem of loss energy or shrinkage of
electrical energy and also the extinction rate index of SAIDI
SAIFI to complex problems faced today.

Given the problems of energy supply, shrinkage of
energy and extinction rate index, it is necessary  for
electrical energy supply planning to the balance between
demand and supply, as set forth in this final plan.

1.2 Objectives
Objectives of this paper i.e.:

1. Applying the LEAP Software in the manufacture of
electric power estimates.

2. Knowing the transformation of the output electrical
energy consumption, number of customers of electric
energy, Electrification Ratio, Power Installed, Losses or
electrical energy losses and extinction RATES SAIDI
SAIFI APJ Cilacap in 2012-2016 according to Business
As Usual scenario (BAU) scenario RPTL and PLN.

3. Scenario planning is used is Business
As Usual scenario (BAU) scenario RPTL and PLN.

4. Planning projections covered are electrical
energy consumption, number of customers of electrical

energy, Electrification Ratio,
Power Installed, shrinkage or electrical energy losses

and SAIDI SAIFI extinction rates .

Il. BASIC THEORY
2.1 Classification of Electric Energy Costs and

Consumption
PT PLN grouping expenses according to grouping of
load distribution based on the group:
1. Household sector.
2. Commercial sector.
3. Industrial sector.
4. Public sector.
5. Social sector.
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2.2 Electrical Energy Losses
Energy Losses when associated with the energy loss
experienced by PLN is the difference between the energy that
is ready to be sold with energy sold
Losses =  energy thatis ready to be sold (kWh)- energy sold (kWh)x 100 %
energy that is ready to be sold(kWh)

2.3 The extinction rate of SAIDI and SAIFI.
Stating the value of outages often called SAIDI and
SAIFI.

2.3.1SAIDI (System Average Interruption Duration Index)
Value is defined as the average value of the duration of
failure for each consumer for one year.

SAIDI  Y(duration failure x number customer of failure) (minute customer'vear)
Number of customer
2.3.2SAIFI (System Average Interruption Frequency
Index)

Value is defined as the average number of failures
per customer served by the system per unit time (usually per
year).

SAITFI

- ¥ number customer of failure (time/customer/vear)

Number of customer

2.4 APJ Cilacap

APJ Cilacap is an electric company that works
administratively covered network cilacap service area. APJ
Cilacap region covered 2 or 2 districts, namely Cilacap and
Kebumen.

2.5 Theory of Electricity Planning

Electrification planning in Indonesia is carried out
within scope of national and local levels. Electrification plan
contained in Act No 30 2009.

2.6 Planning Assessment of electrical energy

In a good energy planning should be able to integrate all
the sub sectors of energy, so that a proper balance of planned
sector and related aspects into a single unit.

2.7 Method of Energy Planning Estimates
Energy estimation method used is as follows:

2.7.1 Method of Growth

In doing estimates with this method, the energy
consumption data required several years, a minimum of two
years. Further, annual data can be found a pattern of growth

2.7.2 Econometric Method

This method is done by making the magnitude of the
correlation or relationship with other quantities of energy
demand that affects, for example, energy demand is
correlated with the population, so in making the estimate that
is intensity of electrical energy.

2.7.3 Electrical Energy Intensity

The intensity ofenergy useis a parameter that
states the amount of energy use to perform a particular
activity. The intensity of energy consumption has unit of

volume energy that divided by activity volume.
evergy volumeuse

Intensity = activity volume

2.8 Analysis of Energy Demand

In analysis of demand is Used by energy end use.
Analysis energy used end use energy is the energy directly
used by consumers, such as the use of electrical energy in
electrical energy consumers.

2.9 Scenario Planning
Scenario planning is an assumption or policy direction
in determination of planning to be done.

2.9.1 BAU scenario (Base AS Ussual)

BAU scenario or Base As Ussual, scenario is
considered that the year-end projection of trend pattern of
electrical energy consumption is equal to the base year.

2.9.2 RPTL PLN scenario

RPTL PLN scenario is scenario underlying in
electrical power of PLN's planning estimates. RPTL scenario
based on RUPTL (General Plan Provision of Electrical
Energy) in 2009-2019 and combined with other planning
documents.

2.10 Software planning

In this study data input into the software , which in
this study using LEAP Software. The software used in this
planning is LEAP software 2008.0.0.96 series.

2.10.1 LEAP Software

LEAP stands for Long Range Energy Alternatives
Planning system. LEAP is software that can be used to
perform analysis and evaluation of policies and energy
planning. LEAP software was first developed by the
Stockholm Environment Institute, based in central Boston,
USA. The first version of LEAP was launched in 1981.
LEAP version in 2000, LEAP has a window-based.

Figure 1. Early appearance sotfware LEAP version
2008.0.0.96

2.10.2 Expression of LEAP is used

Expression is a formula or a calculation formula for
the projection of a variable. The following expressions in the
leap, Growth Rate, and Interpolation, Time Series Wizard,
Expression Builder.

2.1(3.3 Running LEAP Result

B BRIC nS gy

- — ) ) ) —

Figuré 2. RUnning sotfware LEAP 2008.0.0.96 version
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I1l. RESEARCH METHODOLOGY
3.1 Literature
Literature here is a learning process for the object to
be examined, in this case about
the planning, and softwareused i.e. LEAP software.

3.2 Method of Data Collection

In this research, data collection was conducted froma
survey data to institution or entities that provide
the data required. In this study the data needed include:

No Institution Data Needed

1 BPS (Statistic center ) Central
java

Cilacap in rate, Kebumen in
rate, PDRB Cilacap, PDRB
Kebumen.

Document  of RUPTL
Region Distribution Central
Java DIY in 2009-2019.

2 PT PLN Distribution Central
Java DIY.

3 PT PLN ( Persero ) APJ
Cilacap.

Electrical energy
consumption data (kWh),
Customer Number, attached
Power  (kVA),  Energy
Losses (kwWh), and SAIDI

Table 1. List of stakeholder data needed

3.2 Method of Data Processing

Data are grouped in this study are data on the number of
people, data GRDP (Gross Regional Product Dareah), while
the electrical data from PLN APJ Cilacap is energy
consumption data, the number of customers, Losses of
electrical energy and SAIFI SAIDI data.

3.4 Method of Calculation Data

Once the raw data obtained is classified in accordance
with the provision that have been determined, the next step is
to perform data processing to be used in simulation model of
planning. Calculations are carried out such calculations
growth of GDP, Population, and intensity and the growth
electricity ratio such as electrification, installed power,
shrinkage or loss of electrical energy and SAIFI SAIDI value.

3.5 Preparation of stimulating estimate in LEAP
After data processing is complete, the next step is to
input data which has been calculated into LEAP software.

IV. ANALYSIS AND DISCUSSION
4.1 Electrical Energy Consumption
From projection electrical energy consumption, so
gotten value of projection number of customer with BAU
scenario and RPTL as follows:
Table 2. Number electricity customers in BAU scenario in

Table 3. Consumption of electric energy in BAU scenario

2011-2016
e ¥ B T B T T mH
Clicap Xats | SETATATT | LSy T Y 100008 | I oha st ] bl 45yl
Housebokia HOA26 793 | 11203565 | §41.TI2299 | 142365604 | 142547 297 | 145 333341
Conummmal TEUTOS4R | 14337307 | J63PAd61 | JRIO0 161 | A0AIEADE | 42400 A0T |
Indutry TIAIS | 1958587 | 9§39 | ET%i0a0 | EosEns0| 0168
O TI604113 | §6477923 | 90455000 | 4416004 | OEDSE340 | 103 320805

Average growth in number of customers and electric energy
consumption in UPJ Cilacap for household sector, average
growth 0,41 % per year, while commercial, industrial, and
general sector were 5,39%, 2,33%, 4,60% per year. Also
growth in UPJ Sidareja, UPJ Kroya, and UPJ Majenang.
While UPJ Kebumen and Gombong value of growth
household sector was 0,51% per year, while for commercial,
industrial and general sector were 4,27%, 7,40%, and 4,47%.
Following diagram and output number of customer and
electric energy of RPTL scenario.

;i == i i i

(a) Number of customer BAU scenario

(b) Energy consumption BAU scenario
Figure3. Number of Customers and Electric Energ

consumption in 2011-2016 UPJ Cilacap with
BAU Scenario.

electrical
RPTL

of
of

While projection
energy consumption and number
scenario is as follows:

Table 4. Number of customers of PLN RPTL scenario

customers

2011- 2016
o R
' 3001 012 T 2014 5
Cilacap Kota $0.70¢| 81359 | B1009| 82590| §3239| 33502
Househalds TS061| 75369 | 715.678| 75088 76300| 76603
posem— (T 3313 |  3.492| 3.080| 3878| 4087
Tndvntry T3 M 03 3 3 7
Other 335 T853| 2704|  2002| 3083|317

in 2011- 2016

T Takun

Sk 3011 | 2013 i) 00
Cilacap Kota 80659 81.151 BLESY 219 82,785 aan
Households a8 75.204 a0 13.056 75,883 /6311
Commeroual 3120 3.267 3423 i 3.770 3,961
Industry 7 25 77 B 5 Ty
Other 2335 2.655 175 2918 3.063 s
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Table 5. Consumption of electric energy of RPTL scenario in

2011-2016
Cllacap Rots | 264020966 | 270,043 057 | 276 865,831 | 263919540 | 200438 007 | 200457474
oo TOATISST | 14094 157 | TII3TE0 | TaI785er | 1A 166001 | 14159290 |
Commecctal S350 007 | SEOILAIN | 33 6RL0I3 | 37430381 | I9390051 | 41393983
Tndestry §350683 | 8743775 | SI61846| 9609961 | 10089393 10602405 |
Toher WI6T2007| W030A 0 | BBIOI 119 | U3 130508 | SOARIUIA | 104 VR TIT |

Average growth in number of customers and electric energy
consumption in UPJ Cilacap was 0,30 % per year. While
growth energy of commercial, industrial, and general sector
were same 4,88% per year. Also, growth in UPJ Sidareja,
UPJ Kroya, and UPJ Majenang. While in UPJ Kebumen and
Gombong average growth in all of other UPJ were same
0,30% per year. While growth of commercial, industrial and
general sector in all UPJ were same 4,88 % per year. is graph
diagram of electrical energy consumption projection :

| | | | |
]

(@ Number of customer scenario RPTL

iiiii

(b) energy consumption RPTL scenario

Figure 4. electrical senergy consumption and number
customer UPJ Cilacap of RPTL scenario in
2011-1016
4.2 Ratio of electrification and power connected
From projection result got electrification ratio value as
follow:
Table 6. electrification ratio in BAU scenario 2011-2016

Ei ) TEa e i e e
CilacapKota | 8002 #252| #501| 8131] so00 o251
Sidares W3] 7358|7131 8,09] s 78,66
Kroya 84,03 86,02 2o 00,02 02,01 04,01
Mujemang 7971]  8230] ®48| §.36] wss| 9241
Gomboag 08| 8L74| 8521|  87.67] oM 93,60
Kebumen 8574| #252| &w31|  0100| 9287|  oas

In UPJ Cilacap average growth every year was 2,94% in
accordance with specified scenario. While average growth for
UPJ Sidareja, kroya, and Majenang were 4,91%, 2,27%, and

2,29%. average growth in UPJ Gombong and Kebumen were
2,90 % and 2 %.
While electrification ratio of RPTL scenario are:

Table 7. electrification ratio of RPTL scenario in 2011-2016

e T e O B L
ClacwpRets | T074| 8196| B4iB|  8640| 8ae| 908
Sy a7 798|  J6a8| S| mae| 5699
Kooy R I A 3 3
Muenmg 40| §LA| 99| 6234| $830] 90,75
Gombong 0 12,10 $5.37 .56 38,75 90,54 |
Kebumen T I T 7 B TPy ST B TR Y MY

-]

In UPJ Cilacap average growth of electrification ratio
as much as 2.64% per year , UPJ
Sidareja, Kroya, and growth ratio of Majenang
electrification per year each by 4.60%,1.97% and 2.68%,
while in the UPJ Kebumenen and Gombong growth rate
of electrification ratio as much
as 2.60% and 1.70% per year. Here is a graph diagram

electrification ratio:

@ BAU scenario

i

Figure 5. projection of electrification ratio of APJ Cilacap in
2011-2016
From projection result was got power connected value as
follow:
Tabel 8. Power Connected of BAU scenario in 2011-2016

RPTL scenario

v Yeaurs (KVA)
Cilacap Kota | 162390 168768 | 175433 182 169633 197152
Sedareja BOI90 | 98193 120237 147230 180285 220.757
Krova 147283 199539 | 270.335 366251 196,196 672.247
Mjeang | W5I] D061 5| GBI G| 86|
Gombong 838261 96.165] 110321 126.560 145189 166,561
Kebumen 1138651 122200 131145 140.745 151.048 162.105
APJClacap | 637.256] 737926 | E64079( 1023538] 1226705 | 1487447
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Average growth in installed power UPJ
Cilacap was 3.96% per year, while average  growth in
Sidareja, Kroja, and Majenang were ~ 22.45%,  35.48%,
and 6.65% per year. For UPJ Gombong
average growth per year was 14.72%, while
in UPJ Kebumen was 7.32% per year. While RPTL

projection scenarios are as follows:

Table 9. power connected of RPTL scenario in 2011-2016

Cilacap Kota 162 048 172,129 180.718 189,736 199 204 0144
Sidaea 8756 12187 15.780 win 85541 £2710
Kroya 114137 119.832 125812 132.000 138,681 145601
Majenang 48978 51402 33.988 56.682 59510 62480
Gomboog 16716 80 544 84 563 88.783 93.213 97 865
Kebumen 113.393 110,552 122788 128915 135348 132102
APJ Cilacap 383928 615.066 641 658 6757977 700 498 T4 902

For average growth in power installed each UPJ same was
amount of 4,99 % per year. This is because in accordance
with RUPTL PLN policy where growth of power installed
was 4,99%. The following graph power connected:

il

(a) BAU scenario
i (== i =R
projected power connected per APJ Cilacap in

(b) RPTL scenario
2011-2016

Figure 6.

4.3 Shrinkage of electric energy or electric energy losses
in network
In determining target value based policy of RUPTL
PLN scenario. From Determination target result so shrinkage
of energy or electric losses in network as follow:

Table 10. shrinkage of energy of scenario RPTL in 2011-
2016
Cilacap 626 600 39| 59| 38| 38
Sidareja .26 6,00 595 5,90 35BS 38
Kroya 626| 600 395| 59| 3835 58
Majenang 626 600 395 SX| 385 38
Gombong 6.26 6,00 395 590 5,85 5B
Ketumen 626| 600 395| 590| 385| 58

Target value of electrical energy losses each UPJ were same
and experiencing decreased per year, this is because the
value of losses for next years was targeted to experience
decreased each year. Value decreased in 2011 to 2012 of
0.26%, while the decrease for 2012 to 2016 of 0.05% per
year. Here is graph of shrinkage energy or energy lossesin the

i

i

Figure 7. shrinkage energy value per UPJ APJ Cilacap per
year 2011-2016 RPTL scenario

4.5 SAIDI and SAIFI Value
From the result of determination target was got SAIDI
value due to interference as follows:

Tgble 11. SAIDI of RPTL scenario in 2011-2016

Cilscap Kota 199,78| 16479 13599] 11218 92,53 76.36
Sidarmya 6161 5082 am 5 28.53 N3
Keova ™08 063,23 3585 A 36,63 3023
Myenang N3,75 168,06 138,69 11441 0436 7757
Gombong 25897 215,01 176,28 14542 119,64 05,98
Kebumen 229,61 18930 136,30 12893 106,34 27,76

SAIDI index value in each UPJ SAIDI value was almost
same pattern every year. Where target value in each SAIDI
UPJ experiencing decline. Where the decline based policy
each year in all UPJ were same 17,50 % per year. Where
average target decline index SAIDI each UPJ Cilacap Kota,
Sidareja, Kroya, Majenang, Gombong, and Kebumen were
27,63, 8,52, 10,94, 28,18, 35,82, and 31,76 minute / customer
/year. Here is graph diagram of SAIDI :

i

Figure 8. target SAIDI of RPTL scenario in 2011-2016
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Tabem {Tiemes /cocsument years)

e VW I 0 LU
Cilacap Kota $38 748 875 6,10 545 4%
Sidareja 4.04 361 325 264 263 236
Kroyz 267 218 215 1o 1,73 158
Najewams 633 <56 510 461 a1 3.5
Gombeag 7.8 7.05 6.3 5.4 313 4467
Kebumen 7.85 7.01 633 5.2 51 4,65

Target value in SAIFI each UPJ experiencing decline. Where
the decline based policy each year in all UPJ were same 9,90
% per year. Where average target decline index SAIFI each
UPJ Cilacap Kota, Sidareja, Kroya, Majenang, Gombong,
dan Kebumen were 6,52, 3,14, 2,07, 4,93, 6,14, dan 6,11
minute / customer /year.

Here is graph diagram of SAIFI:

Figure 9

fiisa

SAIFI interference target UPJ APJ Cilacap of
scenario RPTL in 2011-2016

V  CLOSING

5.1 Conclusion

Based on research that has been done, it can be

concluded some of the following:
1. LEAP can be used to project number of customers,

electric energy needs, values Connected Power,
Electrification Ratio, Energy Losses and SAIDI SAIFI
Value.
. Average growth in number of customers and electric
energy consumption in BAU scenario for UPJ Cilacap
household sector average growth of 0.41% per year,
while the Commercial sector, Industrial, and General
were 5.39%, 2.33%, 4,60% per year. Also in UPJ
Sidareja, UPJ Kroya, and UPJ Majenang. While in UPJ
Kebumen and Gombong household sector growth rate
was 0.51% per year. while for commercial, Industrial,
and general sector in all UPJ were4,27%, 7,40%, dan
4,48%.
. While average growth of number of customer in
household sector in UPJ Cilacap was0,30 % per year.
While growth energy in Commercial, Industrial, and
general sector were same 4.88% per year. Also growth
in UPJ Sidareja, UPJ Kroya, and UPJ Majenang. While
in UPJ Kebumen and Gombong average growth in all of
other UPJ were same 0,30% per year. While growth in
the Commercial, Industrial, and General in all UPJ were
same 4.88% per year.
. Projection ratio of electrification and power connected
ratio of BAU scenario period 2011-2016 average
growth ratio of electrification per year in UPJ Cilacap,
Sidareja, Kroya, Majenang, Gombong and Kebumen
were 2,94%, 4,91%, 2,27%, 2,29%, 2,90 %, dan 2% per
year.

5.

5.2

For electrification ratio projection and power
connected RPTL PLN scenario period 2011-2016 in
UPJ Cilacap, Sidareja, Kroya, Majenang, Gombong,
and Kebumen growth constellation electrification were
2,64%, 4,60%, 1,97%, 2,650%, 2,63%, and 1,81% per
year.

Average growth power installed BAU scenario in UPJ
Cilacap was 3,96% per year. While average growth in
Sidareja, Kroya, dan Majenang were 22,45%, 35,48%,
and 6,65 % per year. For UPJ Gombong Average
growth per year was 14,72%, while in UPJ Kebumen
was 7,32% per year.

While Average growth power installed RPTL scenario
in each UPJ were same 4,99% per year. This is because
in accordance with RUPTL PLN policy where power
installed that average were 4,99%.

Target of electrical energy losses RPTL scenario each
UPJ were same and experiencing decreasing each year,
this is because energy losses for next are targeted years
experiencing decreasing each year. Decline value in
2011 to 2012 as much as 0,26%, while decreasing for
2012 to 2016 the decline are 0,05% per year.

Average growth SAIDI interference in UPJ Cilacap
was22,67% per year, while Average growth in UPJ
Sidareja, Kroya, and Majenang were 43,58%, 25,94%,
and 147,40%. For Average growth in UPJ Gombong
and Kebumen were 55,92 % and -21,18%. For target
index SAIDI of RPTL PLN scenario in period 2011-
2016 assumption policy pattern for value of all UPJ
were same. For target index SAIFI of RPTL PLN
scenario in period 2011-2016 assumption policy pattern
for value of all UPJ are same. The decreasing based on
policy each year in all UPJ are same 9,90 % per year,
where average target decline index SAIFI each UPJ
Cilacap city, Sidareja, Kroya, Majenang, Gombong, and
Kebumen were 6,52, 3,14, 2,07, 4,93, 6,14, and 6,11
minute / customer /year.

Advice
Based on research that has been done it can be given

several suggestion, there are:

1.

LEAP software can also be used to projection other
energy, is modeled in accordance with wishes users and
can also to be used to see emission impact from energy.
To get better value projection, should use data trend in
several years, so gotten better growth average data.

To get level of truth from software LEAP plan should
be made also planning the same with using other
software that supports.

The result of this research can be used as a comparison
with the planning undertaken by institution involved in
this case is PT PLN APJ Cilacap.
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