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ABSTRACT

Indonesia is located in an equatorial region with an abundance of solar energy, with an average solar radiation intensity
of 4.8 KWh/m2 per day. It can be used to build solar power plants. This research aims to estimate and plan the efficiency
of a solar farm so that the power produced in the faculty of engineering at the university Sultan Ageng Tirtayasa —
Cilegon, Banten. In accordance to the desired and can avoid power loss caused by miscalculation of specifications
such as photovoltaic (PV) modules with capacity 2.4kWatt peak (Wp), battery, solar charge controller, or inverter
used. The method used is to predict by influenced factors such as shading, a tilt of solar modules, cable use, and natural
factors. The calculated power generated after that analysis for solar power plants can be done using PVSyst software
applications. PVSyst is used to do calculation simulations for solar power plants with a 2.4kWatt capacity at a given
location that will be charged four times with a 36 Volt and a current of 2 Ampere for a duration of three hours
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1. INTRODUCTION solar cells. PLTS generates DC electricity from sunlight,

A solar power plant (PLTS) is a power plant that
converts solar photon radiation into electrical energy us-
ing solar cells (photovoltaic). PLTS success in Indonesia
was heavily influenced by a number of factors. Environ-
mental parameters, PV module temperature factors, me-
teorological conditions, and sunshine intensity factors
are among them [1]. In one day, solar cells receive sun-
light illumination varies greatly. This is due to the fact
that sunlight is much more intense during the day than it
is in the morning. On the gums of solar cells called mod-
ules, current (1) and voltage (V) measurements are taken
to assess the capacity of the power produced [2]. Solar
cells have emerged as a highly promising energy source.
Sunlight falling on the surface of a solar cell area of one
square meter will create 900 to 1000 W/m2 of electrical
energy in its peak state, or when the sun's position is per-
pendicular. Thin layers of pure silicon (Si) semiconduc-
tor material and other semiconductor materials make up

which can then be converted to AC electricity using an
inverter if necessary. As a result, even in cloudy weather,
PLTS can generate power as long as there is light [3].
Because PLTS is a power supply, it can meet a wide
range of electricity needs, either alone or in combination
(combined with other energy sources). PLTS can alterna-
tively be developed using one of two approaches: decen-
tralized (one residence, one generator) or centralized
(distributed electricity) with a grid connected network
[4].

The research methodology of initial design by
PVsys software for solar plant mini-grid has three types.
First, there's PLTS Off-grid/Self-contained. It is a stand-
alone PLTS system that is not connected to the grid [5].
There is PLTS On-grid, which connects its system to the
grid or an existing system. PLTS Hybrid is the final op-
tion [6].
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2. METHODS

To measure the maximum current, the two termi-
nals of the module are short-circuited, resulting in a volt-
age of zero and a maximum current. A maximum current
called short circuit current can be obtained by using a
current meter (Isc). By not connecting solar cells to other
components, voltage (V) is measured on the positive and
negative terminals of solar cell modules. Open circuit
voltage is the term for this measurement (Voc) [5]. On
the 1-V curve, the maximum Power Point (Vmp) and
(Imp) are operational points that show the maximum
power generated by solar cell panels. Isc is the maximum
output current of a solar cell panel that can be expelled in
conditions of no resistance or short circuit, whereas Voc
is the maximum voltage capacity that can be produced in
the absence of current equation 1. Equation 2 can be used
to compute the short circuit current. The Fill Factor is a
metric that controls how much power solar cell panels
can produce. To compute the electrical power in the
PVSys software aplication, equation 3 in the technique
will utilize a formula based on the formula from Voc, Isc,
and fill factor.

The highest voltage capacity that may

be achieved in the absence of current is known as open
circuit voltage (Voc). The following is the equation:

Voc=kT/q 1n(Isc/Is+1) 1)
Where,

k = boltzmann constant (1.30x10-16 erg)

q = electron charge constant (1.602x10-19 C

T = temperature in Kelvin

Is = Saturation current

The greatest output current from a solar cell

panel that may be supplied under no resistance or short
circuit conditions is known as the short circuit current
(Isc) [5]. The following equation can be used to calculate
the short circuit current:

Isc=gG(Ln+Lp) 2
Where,

G = generation rate

Ln = electron diffusion length

Lp = hole diffusion length

The Fill Factor is a characteristic that controls how
powerful solar cell panels may be [1]. The following for-
mula can be used to calculate the amount of FF:
FF=(VmpxImp)/(VocxIsc) 3

In general, use the following formula to predict the
requirement for solar power plants, as well as the prepa-
ration of components such as solar panels, batteries, in-
verters, and solar control panels, all of which will be es-
timated with precision and accuracy.
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3. RESULTS AND DISCUSSION

To begin using the PVSys program, navigate through
the numerous menus to select the type of PLTS to utilize
and the design you wish to create. Because the system
utilized in this solar farm is Off-Grid or stand alone, the
menu selected is Project Design > standalone (see Figure
1).
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Figure 2. Determination of the location coordinate
graph

The next step is to construct a database based on the
PLTS location after you've decided on a project design.
As shown in Figure 2, the PLTS location points can be
calculated by entering coordinates or by adding the loca-
tion points to a map. Select the Meteo data that will be
imported next. Use Meteonorm 8.0 to import the most
recent weather data. The Monthly Meteo data will be au-
tomatically filled after importing data from Meteonorm
8.0, as illustrated in Figure 3.

The GHI value in Cilegon City — Banten Indonesia is
4.87 kWh/m2 per day, according to the Meteonorm 8.0
data collection, and the determination of the position co-
ordinate graph can be shown in Figure 2. It will then go
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to the PVsyst application's start page, as seen in Figure 4.
The initial step in the simulation process is to calculate
the system. As shown in Figure 5, the computation begins
by identifying the direction of the solar panels.

Figure 3. Monthly meteo data from Meteonorm 8.0

The outcome may be seen in Figure 3 for orientation
determination, which seeks to identify the most appropri-
ate angle based on the sun's velocity. The proportion of
electricity lost (loss) in a year can be used to determine
the performance of solar panels. The field is the build-
ing's flat roof, which is not equipped with a solar tracker.
PV systems can be configured with the most effective tilt
angle of 9-15 degrees and the most suitable azimuth an-
gle of 0 degrees. The loss of the solar panel owing to the
orientation angle for one year is 0% with this angle.
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Figure 4. Determine of PLTS solar panel orientation

Figure 4 shows how this PLTS design and implemen-
tation is used to charge two electric bicycles (e-bikes).
Maximum speed is 20 km/h, with a 15 km range. Brush-
less motor DC 36 V 180 W dynamo Charger station pro-
vides: Lithium charger 36 V, 2A output = 72 Watt, ca-
pacity battery: 36 V 5.2 Ah = 187.2 Wh, controller:
brushless dc motor controller with a maximum current of
12 A, and capacity battery: 36 V 5.2 Ah = 187.2 Wh. As
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a result, the approach is as follows: the next calculation
result is the load or energy required on the PLTS. The
purpose of estimating the load is to use generic equations
to adjust the characteristics of the system to be devel-
oped, such as solar panel, battery, solar charger control-
ler, and inverter. So, the electric bike as a single load as
reference on this simulation. This PLTS design can
power two electric bicycles, allowing the total energy re-
quired to be entered into the PVSys software application
with the value of power per hour in units of day (daily
needs). The required power per hour is equivalent to two
72W bicycle chargers or 144 W per hour. The simulation
PVSys program shows how much power one bike con-
sumes.
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Figure 5. PLTS system load data

As a result of the initial design, the number of bicy-
cles used starts from the fully charged state of each bat-
tery. With a power of 187.2 Wh, the bicycle may be op-
erated from 06.00 to 21.00 with a total of 4 charging pe-
riods. On a single charge, the bike takes 3 hours to
charge. As shown in Figure 6, the load with the highest
utilization is 1.73 kWh per day.

€ oy arvay detaled wang ol

PV power: average (PS0) 37w

PV power: your-20-yeur RMS BWp 16%

PV power P99 SIWp

4 | PV power, worst year 658 Wp

o= 7=

Figure 6. Loss of Load Probability

PLOL checked over 240 different
symthetsc years
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The PLTS system appears in the PVSys simulation as
batteries, solar panels, and SCC. The system determina-
tion technique starts with pre-sizing to determine initial
measurement conditions such as LOL (loss-of-load), au-
tonomy and battery sizing, and battery voltage, as shown
in figure 6. The LOL value is based on the project that
will be developed when the simulation is completed,
which is 5%, with this number being the percentage of
the possibility that the PLTS will not function in a year.

Stzing of the PV array power to be Show
nstalied PLOL probabiity

PV array target for years with dfferent ® Priom PV dabution

620 | PV power, worst year esswp

20 sS40 0
Nomnat PV Power (Vb

O caosste K cancel o o
Figure 7. Nominal probability of PV module distribu-

tion

PLOL checked over 240 different
Aynthet

The LOL value is based on the project that will be
developed when the simulation is completed, which is
5%, with this number being the percentage of the possi-
bility that the PLTS will not run in a year. Figure 6 shows
how LOL should refer to the likelihood of a load loss. It
is possible that the load will not be activated. The value
of autonomy is 1 day, and the battery sizing is the number
of days it takes to charge the battery. The voltage of the
batteries utilized is 12 V. As a result, figure 7 shows the
pre-sizing details.

It's possible that the load won't be brought on. The
value of autonomy is one day, and the number of days it
takes to charge the battery is the battery size. The batter-
ies used have a voltage of 12 V. Figure 6 depicts the pre-
sizing information as a result.
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Figure 8. Determination of PLTS PV system storage
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PV modules with a peak capacity of 450 watts are al-
ready available on the market (Wp). As a result, the re-
quired number of solar modules is 450 Wp of PV mod-
ule. Figure 8 shows the selection of a PV module versus
two or more modules to reduce roof use area. Following
the determination of the system, the following step is to
examine the system's detailed loss as determined by the
I-V curve. Module quality loss, array mismatch, inci-
dence angle effect, temperature effect, wire ohmic loss,
and series diode loss are the parameters entered, as
shown in Figure 9.
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Figure 9. Curve I-V on PV modules Loss

Figure 9 shows the result parameter for each power
loss in the module employed. The temperature, which ac-
counts for 8.7% of the loss, is the most significant factor.
The module has a total power loss of 10.6 percent. The
current coming out of the solar panel can be used to de-
termine SCC. The panel's current draw is 11.50A. As a
result, the SCC used is MPPT 20A.

Prskosmance Ratis PR sod Sl Facton 15

Figure 10. Performance ratio PR of solar Fraction

Because the PV is positioned far away from build-
ings or other impediments, the shading simulation result
is 0. Furthermore, as illustrated in Figure 11, the total
simulation is carried out.
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Figure 11. Daily input / output diagram

Figure 12 shows the PV effectiveness, which
demonstrate that PV production ranges from 3.47
kWh/kWp per day with a loss from the array of 1.1
KWh/kWp per day. Meanwhile, the PLTS system's loss
is negligible, at 0.3 kWh/kWp each day.
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Figure 12. Array power distribution of the solar power

Figure 13 shows how a solar power plant with a bat-
tery capacity of 2.4 kWh can satisfy the needs of two
electric bicycles with a capacity of 187 Wh over the
course of four charging times. Since this voltage on an
electric bicycle is DC, no inverter is involved; instead, a
boost converter can be used to boost the voltage and
adapt it to the bicycle battery input.

Aoy Temparature v Efoctive Iadiance

Figure 13. Array temperature vs effective radiation
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Temperature causes the most loss in the module, ac-
counting for 8.7%. The system produces a total loss of
0.3 kWh/kWp each day. The ideal tilt angle for solar pan-
els is 9-15 degrees to the tilt axis and 0 degrees to the
azimuth axis. The specifications of the tools required be-
fore installation in the field at the solar power plant will
be supported by the findings received from the PVSys
software simulation.

4. CONCLUSION

PVSyst software application can take into account
the components that must be utilized while planning a
solar power plant. The simulation results will show com-
ponent parameters such as solar modules, batteries, in-
verters, and SCC, as well as the probability of power out-
put. A solar module with a capacity of 2.4 kW is the sys-
tem that must be developed to generate electricity.

Furthermore, this software can evaluate the sys-
tem's efficiency by displaying the resulting power output
and comparing it to a graphic representation of the sys-
tem. As a result, power loss in the system can be avoided.
The simulation findings show that this system has a fairly
decent efficiency, with a total efficiency of >80%, with
the temperature being the most significant source of loss.
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