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Abstract

The Indonesian government aims to achieve a renewable energy mix target of 23% by 2025, this commitment is stated in the
National Determined Contribution (NDC) document which was last updated in 2021. The potential for solar energy
development in Indonesia is quite large at 4.8 Kw h/m2. In this regard, the PT. Puncakjaya Power PLTU wants to contribute to
energy savings using LED lights and the use of environmentally friendly solar energy for lighting at the PT. Puncakjaya Power
PLTU. This is also one of the solutions in obtaining optimal lighting during a total blackout. In this study, by taking direct data
on lighting power, it was obtained that the current electricity load consumption for lighting was 161.72 KWh converted using
LED lights down to 79.5 KWh. For the utilization of PLTS using PV system simulation, the power obtained in PLTS on grid is
71.2 KWh and off grid is 8.3 KWh, the efficiency level of solar panels at standard test conditions (STC) is 20.43% and the
temperature loss reaches 6.58%. In the economic analysis of Net Present Value, Benefit Cost Ratio (1.3 -1.5), and Payback
Period (9.09-10.65) it can be concluded that PLTS ongrid is feasible, while for Off grid it is not feasible but in terms of

operation and impact on the environment it is very helpful and needed at PLTU PT. Puncakjaya Power.
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Introduction

Steam-electric Power Station (PLTU) PT Puncakjaya Power
is a steam power plant that is utilized for the provision of
energy to PT Freeport Indonesia. It possesses an installed
capacity of 3 X 75 MW and is situated in Portsite, Timika,
Papua. The PLTU PT Puncakjaya Power sector is integrated
into the pre-existing PLTD power grid system in
Tembagapura, operating at a voltage of 230 KV. During
operation, occasional interruptions occur that lead to a lack
of electricity flow. Consequently, the lighting in the PLTU
PT. Puncakjaya Power area is suboptimal due to the limited
availability of emergency lights that rely on direct current
(DC) power from the Accu. Some of this power is utilized
for control and lubrication purposes. As a result, the start-up
process for repairs is not fully optimized, limiting operator
access in the field. Additionally, the recovery of power from
Tembagapura PLTD to PLTU PT. Puncakjaya Power takes
approximately 1-2 hours. The plant has demonstrated
compliance with the relevant rules in Indonesia, both
internally and in its interaction with the intricate power
system.

Indonesia's objectives for the year 2045, as outlined by
KLHK, demonstrate a strong dedication to mitigating
greenhouse gas emissions and enhancing environmental
conditions. Indonesia, being recognized as a nation
susceptible to the impacts of climate change, has set a goal
to decrease its greenhouse gas emissions by 29% through
domestic initiatives and 41% with collaboration from
international partners by the year 2030. The pledge is
explicitly outlined in the National Determined Contribution
(NDC) agreement, which underwent its most recent revision
in 2021. Indonesia has set a goal to achieve a 23% share of
renewable energy in its national energy portfolio by the year
2025, as part of its commitment to executing a clean energy
transition.

The scarcity of fossil energy sources as a primary source of
electrical energy has prompted extensive research and
development efforts focused on improving energy efficiency
and exploring other energy sources. One such alternative is
the utilization of solar energy sources, specifically LED
lights, for lighting purposes. The utilization of solar energy
in Indonesia exhibits promising prospects, owing to its
geographical location as a tropical nation situated along the
equator, which confers favorable solar energy potential. The
usage of solar power through photovoltaic conversion has
been extensively implemented, encompassing both
individual systems and hybrid systems that integrate
conventional energy sources with renewable energy sources
(Revolta, 2020; Kual et al., 2022).

When subjected to sunlight of a specific intensity, the
surface of this solar cell generates direct current (DC).
When solar energy sources are effectively harnessed
through the design of an energy converter system capable of
meeting energy demands, they have the potential to
significantly contribute to various sectors. The utilization of
solar energy sources offers numerous benefits, such as the
accessibility of cost-free energy sources, environmental
sustainability due to its pollution-free nature, and the
potential for endless deployment. Hence, it is important to
undertake a comprehensive investigation to have a deeper
understanding of the electrical system derived from this
solar energy source. One of the challenges associated with
the utilization of solar energy is the variability in energy
generation, which is contingent upon seasonal and
environmental factors. This phenomenon is particularly
evident in regions characterized by significant variations in
solar intensity. Hence, it is imperative to implement an
energy storage mechanism, specifically an accumulator or
battery. The utilization of solar energy derived from the sun
enables the deposition of power into an accumulator, which
can thereafter be immediately utilized.
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In accordance with the above explanation, the researcher
devised a system wherein solar panels were integrated with
an automated charger to facilitate the charging of a battery,
which serves as a reservoir for the electrical energy
produced by the solar panels. The present system comprises
solar cells, which serve as a means of generating electrical
energy. Researchers at PLTU PT. Puncakjaya Power are
now investigating the potential of a Solar Charge Controller
(SCC) to serve as a standalone electricity source for lighting
purposes. This system combines a controller, battery, and
inverter to achieve this objective.
The objective of this research is to investigate the utilization
of solar energy through the energy conversion process
taking place in solar panels. Specifically, the focus is on
utilizing the potential of solar energy to generate electrical
energy, with the aim of achieving Indonesia's projected goal
of incorporating 23% New Renewable Energy by 2025.
According to the given description, the researcher aims to
address four objectives as follows:
1. Calculating the electrical energy consumption of
lighting in the PLTU PT. Puncakajaya Power.
2. Analyze the optimal process of converting solar energy
to electrical energy at the PLTU PT Puncakjaya Power.
3. Analyze the effect of changes in light intensity and
temperature on the power of the Solar Cell.
4. Analyze the technical and economic feasibility of LED
lighting systems using solar panels at the PLTU PT
Puncakjaya.

Research method

Research type

The present research employs a quantitative research
methodology. This study examines the implementation of
solar-powered photovoltaic (PV) cells in LED lighting
systems at PLTU PT. Puncakjaya Power. The research
explores the potential of solar energy as an alternative
energy source for lighting operations. In the design,
modeling, and real energy production outcomes of Rooftop
PLTS on buildings/facilities at PLTU PT. Puncakjaya
Power, quantitative methodologies are employed. The
findings indicate that the implementation of Rooftop PLTS
and the utilization of LED lighting led to cost savings.

Research location and time

The research was carried out at the PT Puncakjaya Power
Plant, a coal-fired steam power plant specifically designed
to meet the electrical demands of PT Freeport Indonesia in
the highland regions. The power plant has a total capacity of
3 X 65 MW and is in Amamapare Timika, Papua. To ensure
smooth production, PT Freeport Indonesia as a mining
company requires continuous electrical energy, so PT
Puncakjaya Power, which consists of Diesel Power Plant
(PLTD) and Steam-electric Power Plant (PLTU), tries to
meet electricity needs optimally and handle quickly and
precisely if there is a disturbance.

The research was conducted between August 2023 and
August 2024. The research activities were segmented into
distinct stages, including preparation, data gathering,
analysis, and report production.

Data Type and Source
This research uses 2 types of data sources, namely:
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1. Primary Data

Primary data refers to the outcomes derived from direct
measurements and observations conducted in the field,
which can serve as informative parameters. In the present
research, the main data consist of the documentation
regarding the area, structure, building area, and lighting
spots.

2. Secondary Data

Secondary data refers to the supporting data that includes
information on electricity usage, journals, articles, and
climate data.

Data Collection Technique

The data collection techniques were carried out including
the following steps:

1. Selection of the Research Site

2. Data Collection of the Lighting Usage

PLTU PT. Puncakjaya Power currently uses fluorescent,
incandescent, halogen, HID type lighting. HPS (High
Pressure Sodium) lamp power and fluorescent / fluorescent
lamps that are converted to LED lights. Lights based on
lumens per watt where HPS is 54.2 lumens: LED 105.7
lumen, while fluorescent / fluorescent lamps to led based on
comparison, namely fluorescent / fluorescent lamps 23 Watt
and LED 10 Watt.

3. Data collection of the intensity, radiation, and
temperature of the solar panel

This data collection methodology employs web-based
software or applications. At this stage, a field survey is
conducted to observe and quantify the criteria employed in
the design of rooftop solar power plants, encompassing roof
conditions, shading potential, and the energy capacity
allocated to buildings or facilities at PT Puncakjaya Power
Plant. Geographical coordinates will be obtained by the
utilization of GPS technology to ascertain the precise
location, facilitating the acquisition of global irradiation
data and the subsequent calculation of the roof area using
the geotagging methodology. The precise determination of
the roof area can be accomplished by the utilization of
Google Earth software.

Data analysis technique

The initial stage of the PLTS design was an analysis of the
prevailing conditions and availability of the area at the
designated location. Moreover, the computation of the
magnitude of potential energy that can be produced by the
given area is performed. The subsequent phase involves the
identification of the lighting region that requires access to
crucial areas in the event of electricity interruption from the
PLTU and PLTD. This is achieved by modifying the power
source capacity of the PLTS, which is optimized based on
the system mapping within the given area. The simulation
process is conducted using PVsyst software to ascertain the
most optimal power capacity that can be achieved.

Findings and discussion

The calculation of electrical energy consumption for
lighting

The lighting lamps utilized at PLTU PT. Puncakjaya Power
consist of HPS (High Pressure Sodium) lamps and
fluorescent lamps, as indicated in table 111.2. Data collection
is conducted directly in the field, yielding a value of
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161.717 KWatt. Subsequently, the conversion process is
performed using LED lamps, which are known for their
higher energy efficiency. The power obtained from HPS
(High Pressure Sodium) lamps and fluorescent lamps is
transformed into LED lights. In terms of lumens per watt,
the HPS exhibits a lumen output of 54.2 lumens, while the
LED demonstrates a lumen output of 105.7 lumens. When
comparing fluorescent lamps to LEDs, it is observed that
fluorescent lights output 23 Watts, while LED lamps
produce 10 Watts. Consequently, the overall conversion
result amounts to 79.499 KW. The lighting strategy
employed at the WWT Building Plant area is as follows:

1. CA (HPS lamp type with power 250-Watt, voltage
120 Volt) = 28
Total Power = Power x number of lamps
= 250-Watt x 28
= 7000 Watt
Converted to LED lights based on lumens to be as follows:
Power = 7000 x (54,2:105,7)
= 3589.4 Watt

2. FA (Fluorescent lamp type, Voltage 120 Volts, 800
MA, Power (2X96) Watts) = 3
Total Power = Power x number of lamps
=192-Watt X 3
=576 Watt

Converted to LED lights based on lumens to be as follows:
Power =576 x (10:23)
= 250,43 Watt

3. FC (Fluorescent lamp type, Voltage 120 Volts, 800
MA, Power (2X96) Watts) = 1
Total Power = Power x number of lamps
=192-Watt x 1
=192 Watt

Converted to LED lights based on lumens to be as follows:
Power =192 x (10:23)
= 83,48 Watt

4. FD (Fluorescent lamp type, Voltage 120 Volts, 800
MA, Power (2X96) Watts) = 2
Total Power = Power x number of lamps
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=192-Watt x 2
= 384 Watt

Converted to LED lights based on lumens to be as follows:
Power =384 x (10:23)
=166.96 Watt

Therefore, the aggregate power consumption of lighting at
the WWT building plant can be represented as follows:

Total Power = CA power + FA power + FC power +
FD power

=7000+576+192+384

=8152 Watt

Moreover, the aggregate power consumption of lighting
infrastructure at the WWT building plant after the
implementation of LED lighting is:
Total Power =3589.4 +250.43+83.48+166.96

=4090.27 Watt
Data collection using PV SYST software
This research involved a comprehensive literature review on
PLTS technology and a data search to determine the power
load demands for lighting at PLTU PT. Puncakjaya Power,
Timika Papua. Additionally, the study aimed to gather
weather data and average solar radiation values within the
PLTU PT. Puncakjaya Power operational region. The
present study investigates the application of solar power
plant-generated energy for the purpose of powering LED
lights, employing 340 Wp solar panels. This study examines
the utilization of two PLTS supply systems. The first
system, known as on-grid PLTS, is employed when solar
energy is available without any battery storage. The second
system, referred to as off-grid PLTS, serves as a continuous
power source for lighting for 24 hours. Its purpose is to
enable the monitoring of critical equipment and provide
access in the event of a blackout or complete blackout of the
PLTU and PLTD network at PT Puncakjaya Power. The
storage battery is utilized during periods when solar energy
is unavailable, specifically during nighttime.
The following table presents the daily average solar
radiation value of 4.88 kWh/m2/day at the study location.
The data for the period of 2016-2021 was obtained from
Meteonorm 8.1, with a synthetic sat value of 100%
calculated at 0 km.

Table 1: Daily Average Data during 2016-2021

Global Horizontal Temperature  Wind Velocity  Linke turbidity Relative
horizontal diffuse humidity
irradiation irradiation
KWh/m3/day kWh/m2/day m/s [ %

January

February

March

Apri

May

June

July

August

September

October

November

December {
Year d 4.88 2.50 1.2 3.715 85.5
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Table 2: Monthly Radiation Values during 2016-2021

Global i ! T Wind Velocity  Linke turbidity Relative
hod:uhl “;m humidity
kKWh/m3jmth kWhjm?jmth L mfs %

R e v R — ] B
Febuary 152.9 729 27.0 [1.39 | [85.9
March 27.0 (13 | (6.6
Aped 26.8 | Loz | | (e84
May 2.3 | I X ] ] [ess
June [26.6 [1o9 | {e5.9
2y [27.0 {1.19 | 82
August [6.5 [1.20 ] [g0.2
268 | [ro | | EE |
27.3 [r.18 | [ss
26.9 [1.00 | [s7.7
o — | )
270 1.2 855

Bascdata | Sizes and = Data Graghs
Mode! [wavam340c | Maufactrer |Auwdn Solar ]
Fie name [Auoan_ANG 1M340C.PAN | Datasowce [Marufactrer 2022 |
@ Orignel PYsyst database Prod. Since 2021

Nom.Power  [3%.0 |wp ol 4+ o0 |10 %

(ot STC)
Manufacturer speafications or other measurements 0 Model summary 0
Main parameters
§ B
Reference condtions GRe! w/m? TRef [25 c b =
Short-drcutt current e 103101 A Open creutt Voc [41.26 | V Rsh(G=~0) 5000 2
| Max Power Point irop [9.600 | A vmpp [35.11 | V R serie model 0190
= % R gere max, 0190
Tempenture coefficient mulsc 5.2 | m/ec Nb cels n series [60 Inseries || 0 earent osen
or mulsc {0.050 | %/°C Model parameters
Internal model result tool y | a2
0 ToRet 0.01nA
Operating condRions GOper o W/im# TOper E}: . muvos -111 mv/°C
Max Power Pont Pmpo 3409 W 0 Temper. cooff.  -0.32 %/°C | | MuPMax fxed 032 /°C
Current Impp  9.84 A Vokage vmpp 346y
Short-circuk current kc 1031 A Open crutt Voc 413V
Efficency [Celsarea 23.14 % /Module area  20.43 %

Fig 1: Auxin Solar AXNG1M340C Monocrystalline 340 Wp

The figure above shows the type of solar panel used, namely Auxin Solar AXNG1M340C Monocrystalline 340 Wp, Voc (41.3
V), Isc (10.31 A).

Manwametersimdu:yuve Additional parameters Output parameters  Sizes and Technology Commerdcal data

Model |sun2000-6KTL 1 | Manufacturer [Huawei Technologies
Fie name {Huawei_SUN2000_6KTL L 1.00D | Data source [Manufacturer 2020
7] Original PVsyst database Prod. Since 2020
~Input side (DC PV field) tput side (AC grid)
Minimum MPP Voltage v ® Monophased .e ]
O Triphased 4 50 Hz
Mnivdlage for PNom v o Rl
Maximum current per MPPT N/A A |
it $ Grid voitage e v
Manains MPP Voltage v Nominal AC Power 600 | kva
e i Maimum AC Power WA
Default :
o w0 0 Nominal AC current A 0O
Maximum AC current A O
C::Imacrual specifications, without 0 & = ~Efficiency
R ptsonl ol o Maximum efficiency 98.23%
Nominal PV Power NJA kw
Maximum PV Porver w 0O @ efficency defined for 3 voltages

>

Maximum PV Current 0O 0
Fig 2: Huawei inverter SUN2000-KTL-L1
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Figure 2 above illustrates the simulation of the photovoltaic
(Pv) system, highlighting the utilization of the Huawei
inverter SUN2000-KTL-L1 model.

The Demin rooftop ongrid solar power plant has been
implemented to provide lighting in the Water Treatment
Building Plant complex, generating a total power output of
4.09 kW. The Pvsyst software was used to simulate a solar
panel system design with an asymptotic angle of O degrees
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north and a slope of 7 degrees north. The system consisted
of 16 units of 340 Wp monocrystalline panels arranged in
parallel and series, with a total capacity of 5.44 kWp.
Additionally, the Ongrid inverter had a capacity of 5 kWp
and operated with 1 unit. The generation capacity of this
system is 8236.64 kilowatt-hours per year.

The PVSyst simulation scenario is shown in the figure
below.

-~ Project: Demin Atap
ﬁ: Vanant New simulation variant
PVsyst V7.4.0
VCO, Simulation date
04720124 03:11
with v7.4.0
Prujm S y
Geographical Site Situation Project settings
Amamapare swgr B Latitude 48378 Albedo 0.20
Indonesia Longitude 136.84 "E
Altitude Bm
Time zone UTC+2
Meteo data
Amamapare swgr B
Meteconorm 8.1 (2016-2021), Sat=100% - Synthetic
System summary
Grid-Connected Systom No 3D scene defined, no shadings
PV Field Orientation Near Shadings User's noods
Fixed plane No Shadings Unlimited load (grid)
TivAzimuth 710
System information
PV Array Inverters
Nb. of modules 16 units Nb. of units 1 unit
Prnom total 5.44 K¥Wp Pnom total 4950 W
Pnom ratio 1.099
Results summary
Produced Enargy B235.64 kWhiyear Specific production 1514 kWhkWp/year Perl. Ratic PR 8492 %
Apparent energy B236 64 kVAhlyear
Fig 3: PVSyst simulation scenario on the Demin Roof
Normalized productions (per installed kWp)
7 T T T l T ! T T ! ! T
[ Lc: Collection Loss (PV-array losses) 0.55 kWh/kWp/day 1
_ 6 Ls: System Loss (inverter, ...) 0.18 KWh/KWp/day =1
z ced useful energy (inverter output) 4.15 KWh/kWp/day 3
s 5
<
=
= 4
g 3
3
|
T 2
.
1
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig 4: Electric energy generated on Demin Roof

In March, the observed peak in electrical energy production
amounted to approximately 4.7 kWh/kWp/day. The mean
daily electrical energy generation capacity is approximately
4.15 kilowatt-peak (kWp). Based on the solar panel's total
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capacity of 5.44 kWp, the average daily electrical energy
generation is estimated to be approximately 22.576
kWh/day.
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Fig 5: Performance Ratio

The simulated performance ratio, which represents the
effective ratio of energy produced to energy required, is

depicted in Figure 5. The performance ratio of the solar
photovoltaic (PV) system reached a stable value of 0.849.

Table 3: PVSyst Solar Energy Potential Simulation Results

Balances and main results

GlobHor DiffHor T_Amb Globinc GlobEff EArray E_Grid PR

kWh/m* kWh/m? ‘C kWh/m?* kWh/m?* kWh kWh ratio
January 171.7 83.11 27.10 1648 160.1 7911 7584 0.846
February 1528 7284 26.97 1496 1459 719.2 689.1 0.847
March 171.7 79.85 27.01 1721 168.3 8289 7945 0.849
April 152.5 72.87 26.84 156.1 1524 7526 7212 0.849
May 143.2 61.58 27.29 150.1 146.6 7233 692.7 0.848
June 119.0 72.03 26.63 124.2 121.0 603.4 577.7 0.855
July 126.0 72.93 26.96 131.1 128.1 636.2 609.0 0.854
August 140.8 75.24 26.93 1453 1422 704 4 6746 0.854
September 136.8 70.24 26.78 1379 1345 664.7 636.3 0.848
October 154.3 87.59 27.31 152.3 148.5 7335 703.0 0.848
November 153.6 75.26 26.95 148.6 1448 7148 6848 0.847
December 157.6 81.23 27.22 150.9 146.5 725.7 695.3 0.847
Year 1780.2 904.76 27.00 17829 1738.8 8597.9 8236.6 0.849
Legends
GlobHor  Global horizontal irradiation EAmray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Gnd Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio
Globlinc Global incident in coll. plane
GlobEff Effective Global, corr. for IAM and shadings

Table 3 presents the available monthly electrical energy
generation capacity of the solar panel system. The available
data indicates that the month of March exhibits the largest
electricity production, amounting to 7945 kWh,
accompanied by an irradiation value of 171.7 kWh/m2.

Conversely, in June, the lowest power production is
recorded, measuring 577.7 kWh, with an irradiation value of
119 kWh/m2. The mean monthly electrical
production was recorded as 686.38 kilowatt-hours (kWh).
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Fig 6: Energy losses in on-grid rooftop solar PV Demin

Within the solar panel system, there exists data pertaining to
the Sun's potential energy, which is measured at 1780
kWh/m2. Given the solar panel's efficiency level under
standard test settings (STC) of 20.43%, the primary source
of electrical losses in this solar panel system is attributed to
temperature losses, which amount to 6.58%, along with
various other losses as depicted in Figure 6. Hence, the
aggregate load supply provided to the electrical grid
annually amounts to 8236.6 kilowatt-hours (kWh).

Economic analysis of PLTS

1. Initial investment cost

The initial investment cost of PT Puncakjaya Power's
rooftop solar power plant encompasses the expenses
associated with the components of the PLTS system, as well
as the costs incurred in the production of panel supports and
necessary installation. The Rooftop PLTS facility of PT
Puncakjaya Power is designed to operate on the grid or be
connected to the PLN network or other electricity sources
without the use of batteries. On the other hand, the offgrid
PLTS system is not connected to the PLN network or any
other electricity source. The initial investment costs of PT.
Puncakjaya Power's ongrid PLTS system in the demin area
were determined through a comprehensive analysis of
surveys conducted among offline and online retailers
affiliated with various e-commerce platforms in Indonesia.
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2. Operation and maintenance costs

The annual operation and maintenance (O&M) costs of PT
Puncakjaya Power's rooftop solar power plant is computed
using the following formula: The maintenance costs were
ascertained using Table IV.7. The annual operational and
maintenance expenses for PT Puncakjaya Power's ongrid
PLTS system in the demin area are typically determined as a
conservative proportion of the overall initial investment
expenditure for system components. Typically, the estimates
encompass a range of 1 to 2% of the initial investment
expenditure. In this scenario, the projected annual running
expenses for the on-grid solar photovoltaic (PV) system
may be determined by utilizing a specific proportion of the
overall initial investment cost. This approach ensures that
the resulting table closely aligns with the actual costs
incurred in the Papua province region. The aggregate
starting expenditure amounts to Rp. 4,509,176,560.00, while
the yearly upkeep expenditure stands at Rp. 85,353,600.00.

3. Cash flow of plts investment in pltu pt. puncakjaya
power
A comprehensive analysis of the feasibility of implementing
the PT. Puncakjaya Power Plant involves the assessment of
various components, including Cash Inflow, Cash Outflow,
Present worth Benefit, Present worth Cost, and Present
Interest Factor. The present study suggests that the PLTS is
expected to operate for a duration of 25 years,
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encompassing the economic lifespan of its constituent
components. The study incorporates a discount rate of 6%,
aligning with the interest rate set by Bl bank for the year
2024. According to the power price administered by PT
PLN (PERSERO) as of May 2024, the non-subsidized tariff
for electricity stands at Rp.1,699.53 per kilowatt-hour
(kwWh). As of May 2024, the yearly inflation rate stands at
4.00%. The calculation of the Present worth Benefit value
involves the multiplication of the cash input by the Present
Interest Factor (FBP), whereas the Present worth Cost is
derived by multiplying the cash outflow by the FBP.

4. The calculation of net present value (NPV)

The calculated Net Present Value (NPV) is derived by
subtracting the Present worth Cost (PWC) from the Present
worth Benefit (PWB) values. Table 1VV.11 presents the cash
flow related to PT Puncakjaya Power's PLTS investment.
The PWB value is recorded as Rp. 289,792,727.26, whilst
the PWC value is reported as Rp. 193,783,083.33. The Net
Present Value (NPV) value will be derived using the
subsequent calculation:

NPV = PWB - PWC
NPV = Rp. 289,792,727.26 — Rp. 193,783,083.33
NPV = Rp. 96,009,643.93

In accordance with the stipulations of the computation, the
investment is deemed viable and can be presumed to yield
advantages if the net present value (NPV) exceeds zero.
Conversely, in the event that the net present value (NPV) is
less than zero, the investment is anticipated to lack the
capacity to provide advantages, hence rendering it unviable.
Based on the calculated net present value (NPV) of Rp.
96,009,643.93, it can be concluded that the execution of the
PT Puncakjaya Power PLTS Demin area is deemed feasible.

5. The calculation of benefit cost ratio (BCR)

The calculation of the Benefit Cost Ratio (BCR) involves
the division of the Present worth Benefit (PWB) by the
Present worth Cost (PWC). The cash flow generated from
the PLTS investment of PT Puncakjaya Power in the Demin
area has a PWB value of Rp. 289,792,727.26, whilst the
PWC value amounts to Rp. 193,783,083.33. Therefore, the
BCR value can be derived in the following manner:

BCR — PWEB
~ PWC
Rp.289,792,727.26
BCR =
Rp.193,783,083.33
BCR = 1.5

The BCR value was determined to be 1.5. Therefore, based
on the BCR value being more than 1, it may be concluded
that the investment in PLTS PT. Puncakjaya Power's Demin
region is technically viable.

6. The Calculation of Payback Period (PBP)

In order to determine the predicted repayment time,
investors might employ the repayment time (PBP) value
computation. The cumulative cash flow and net cash flow
for the PLTS investment of PT Puncakjaya Power demin
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region have been computed based on the data shown in
Table IV.11. Thus, the calculation of PBP can be elucidated
as follows:

Cumulative cash flow for the year (n — 1)
PEP =n+ :

Net cash flow for the yearn

Cumulative cash flow for the year (9)
PEP =10+

Net cash flow for the year 10

—Rp. 3,748,854.27

PEP =10+
Rp.16,695,717.64

—Rp. 3,748,854.27

PEP =10+
Rp.16,695,717.64

PEP =978

Based on the aforementioned calculations, the Payback
Period value is determined to be 9.78. This indicates that the
investment can be deemed viable as it falls below the
specified project life value of 25 years. The capital
investment in the Demin area of PT Puncakjaya Power
PLTS is expected to yield a return on investment by the
tenth year.

Conclusion

The utilization of PVSYST software enables the design of

both ongrid and offgrid solar cell systems within the PT

Puncakjaya Power PLTU building, with the aim of

achieving the optimal capacity of solar panels.

Consequently, the outcome of this analysis yields the

following conclusions:

1. The electrical energy use for lighting at PT Puncakjaya
Power PLTU amounts to a total of 161,717 kWh prior
to the implementation of LED lights. However, when
LED lights are utilized, the power consumption
decreases to 79.50 kWh.

2. A grid-connected lighting system utilizing solar panels
comprises a total of 262 units of photovoltaic type 340
Wp, together with 16 units of inverters with a capacity
of 5 kW, 1 unit with a capacity of 3 kW, and 5 units
with a capacity of 2 kW. The capacity of the system is
sufficient to generate a cumulative annual electrical
energy output of 127.34 MWh.

3. The proposed lighting system utilizes an offgrid
configuration, employing photovoltaic technology with
a total capacity of 47.6 kWp and 340 Wp type. The
system consists of 140 units and utilizes Universal
Controller MPPT Converter Technology. The storage
capacity of the system is 180 battery units, with each
battery having a voltage of 120 Volts and a power
output of 2400 Ah. The system is sealed and features
gel technology. The system has the capacity to generate
a cumulative annual electrical energy output of 70.29
MWh.

4. After conducting an economic analysis using the Net
Present Value (NPV) calculation method and the
Benefit Cost Ratio (BCR) calculation, it has been
determined that the investment in PLTS on all rooftops
of PT Puncakjaya Power ongrid is viable.
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Based on the economic analysis conducted using the Net
Present Value (NPV) calculation method and the Benefit
Cost Ratio (BCR) calculation, it can be concluded that the
investment of PLTS on the roof of the PLTU PT.
Puncakjaya Power offgrid system is not economically
viable. This conclusion is drawn even though the payback
period for the investment is 18 years, which does not
account for the maintenance and operational costs, which
would require 25 years. As observed from an operational
perspective at Puncakjaya Power PLTU, the monitoring of
important regions proves to be quite beneficial.
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