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Abstract. Energy generation by conventional energy has been an issue in many countries due
to more demands and less supply and getting lesser by the years. This condition urges all the
countries in the world to search for other alternatives of energy generation and the desired one
is the one with unlimited sources. This unlimited source or self-renewable is called renewable
energy. PT. Pertamina (Persero) RU-III Plaju as a state-owned enterprise is committed taking
the active role in supporting the government in the campaign of using renewable energy in
generating electricity. PT. Pertamina (Persero) RU-III Plaju installed a 3 x 3000 WP PV
system to supply the managerial building, and this PV system is considered a research device
to develop the possibility of substituting the conventional energy with renewable energy. This
paper discussed the performance comparison of the fixed panel and solar-tracking solar panel
application for the PV system in PT. Pertamina (Persero) RU-III Plaju. The performance
analysis is including final yield, reference yield and performance ratio. Experiment results
show that the fixed panel has more energy production with the average percentage of final
yield is 3.3% and capacity factor is 13.6%, while the PV panels with solar-tracker have the
average final yield of 2.3% and capacity factor of 9.6%. Therefore, this study shows that the
application of solar-tracker is not necessary for PV panels in Palembang, due to the average
maximal power achieved from 11 AM to 02 PM every day.

1. Introduction

The energy demand in Indonesia is projected to increase by 4.27% per year in 2011-2030 [1, 2]. This
energy growth is directly proportional to the increase in population and the rate of economic growth.
The depletion of petroleum and coal, which currently are the primary energy resource insist people
and government find the alternatives to meet the energy demand. Energy consumption is including
electricity generation that relies heavily on fossil fuel, and although Indonesia has a deposit amount of
coal 0.1 billion tons, it will run out in 50 years [3, 4].

The source of energy is divided into non-renewable energy or known as conventional energy
and renewable energy. Non-renewable energy is defined as an energy source that cannot be recreated
in a short period of time, such as coal, natural gas, and oil. Renewable energy is another type of energy
that has unlimited sources, such as hydropower, solar energy, biomass energy, etc.

People started to look for energy alternatives, and one of them comes from above, the sun,
which can be the inexhaustible source of energy. The earth only receives the energy emitted by the sun
at 69% of the total emission of the sun. The supply of solar energy to the earth reaches 3x1024
joules/year. This energy is equivalent to 2 x 1017 W. This amount of energy is equivalent to 10,000
times the energy consumption in the entire world today [2. 5]. In other words, only by utilizing 0.1%
of the solar energy received on the surface of the earth by using PV system and with the efficiency of
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10% alone can cover the needs of the world today. As a tropical country located in the equatorial
region, Indonesia has a great potential in developing renewable energy sourced from solar energy of
4.8 kWh/m? per day. The other feature of this type of renewable energy is that it is free of CO
emissifl and environmental friendly [6].

Solar Power Plant or PV system at PT. Pertamina (Persero) RU-III Plaju is a manifestation of
state-own enterprises campaign for supporting government regulation or Regulation of the Minister of
Energy and Mineral Resources (ESDM) No.49 of 2018 in shifting from utilizing fossil fuel into
renewable energy, and Regulation of ESDM No. 17 of 2013 regarding State Electricity regulation in
purchasing electricity produced by customer’s PV system.

PV system based on place of installation is divided into two; roof top and ground installation.
[V system is also divided into On-Grid or connected to utility and Off-Grid or stand-alone system.
The PV system installed in PT. Pertamina (Persero) RU-III Plaju is an on-grid system used to supply
the managerial building with a capacity of 9 kWp and established since 2016 [7].

here are two types of solar panel commonly used; fixed and solar tracker installed panel [6-
10]. Fixed panel is the PV system panel that is installed within a certain angle facing the sun. Solar
tracker installed panel is made so that the panel can receive sunlight optimally by following the
direction of the arrival of sunlight [13-15]. PV system panel with a solar tracker system is expected to
produce more power than the fixed panel type. However, in fact, tracker usage on solar panels reduces
the electrical energy proficed by the panel.

The objective of PV system installation in PT. Pertamina (Persero) RU-III Plaju is a research
device in renewable energy in line with government regulation regarding renewable energy for electric
generation. Due to this obje@ve, PT. Pertamina (Persero) RU-IIT Plaju installed both fixed and solar
tracker installed PV panel. This paper investigates the performance of both fixed and solar tracker
installed PV panel. The performance measurement will be conducted to botEJtypes of PV panel
installation and compare the result to obtain the optimum generated electricity for the PV system in
PT. Pertamina (Persero) RU-II Plaju [16-18]. The result will show the best method to apply in
Palembang. The fixed tilt angle is 15°, and solar tracker keeps on rotating hased on the detection of the
highest intensity of irradiance.

2. Materials and Method
This study is to show the comparisofffof output power produced by the fixed and solar-tracker installed
panel. The research is conducted at the PV system installed in PT. Pertamina (Persero) RU-III Plaju, a
state-owned company engaged in energy processing and production. Figure 1 shows the complete
installation plan of the fixed and solar-tracker panel considered in this study, and Figure 2 shows the
single line diagram of the installed PV system.

Table | presents the specification technique of installed PV system, where P Is maximum
power, Proul is total power, Vi, is voltage at maximum power, Ly is current in maximum power, L. is
current in short circuit, and V. is the voltage in open circuit.

T r ® 22 I
g '!d‘. Electronic Costrol Cabimet
. I ] i 1 I

Figure 1. Installation plan of fixed and solar tracker installed PV system
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Fig 2. Single line diagram of installed PV System

Table 1. Specification technique of installed PV system

Specification Solar Cell
technique Fixed Mounting solar Tracker
Pruax 250 Wp 250 Wp
Proul 3000 Wp 3000 Wp
Vo 30.9 Volt 30.9 Volt
Liup 8.12 Amp 8.12 Amp
L 8.47 Amp 8.47 Amp
Ve 37.8 Volt 37.8 Volt
PV cell 36 cell 36 cell
Cell 17.12 % 17.12 %
Efficiency 1640 x 992 x 40 mm 1640 x 992 x 40 mm
Dimension 19.00 kg 19.00 kg
Weight Monocrystalline Monocrystalline
Type Silicon Silicon

2.1 Solar Power Plant or PV System
PV system is an electric power plant that uses sunlight through the photovoltaic effect to convert solar
radiation into electrical energy [19-20]. In simple terms, solar cells consist of a connection between p
and n semiconductor materials (p-n junction semiconductor), which is exposed to sunlight, will occur
electron flow, and this electron flow is referred to as electric current flow [21]. Figure 3 is the process
of converting solar energy into electrical energy. 3

Many studies have been carried out to develop this renewable energy and give effort in finding
the optimum method to harmess the energy, one of them is discussing the effect of tilt angle on PV
panels [22-27]. The ability of solar power plants to produce electrical energy is very dependent on the
intensity of irradiance and duration of the sun's rays exposal on the PV panel [26]. The current
technology for a PV system is installing actuators on the panel to direct PV panels to follow the
direction of sunlight. This device is called a solar tracker.
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Fig 3. Process of converting solar’s ray into electricity

Some research discussing the application of solar tracker for PV system has been simulated and
experimentally measured on the produced energy output [27]. The efficiency comparison on single
axis sun tracker and dual axis solar tracker was also applied [10][30][6].

2.2 Fixed Panel System

The fixed panel system is solar power plant whose panel installed within certain tilt angle based on the
position of the sun or the location of installed PV system relative to the position of the sun duringghe
highest intensity of irradiance of a day. Figure 4 shows the installation of fixed PV panels in PT.
Pertamina (Persero) RU-III Plaju. The panels are installed with a 15° tilt angle, and this angle is due to
the position of Indonesia. The position of Indonesia is 5°. However, this angle does not have enough
cleaning power, therefore, the angle adjusted into 15° to accommodate the possibility of self-cleaning
by falling rain that carries dust and dirt on the surface of the PV panel. The solar panels used in PT.
Pertamina (Persero) RU-III Plaju are Solar Panel 3000 WP (12 x 250WP) Monocrystalline Type. The
number of solar cells per module is 60 cells, with module size (972x1640x40) mm, one solar panel
consists of 6 solar modules, with the size of a solar panel (3280x2976x40) mm, and one PV system
has two solar panels (3x6 solar modules) with a capacity of 12 x 250WP or 3000WP.

MODULE "
SUNLIGHT l L s I
\ b ; “
\ # N
A (TS .
K :

] & -

Fig 4. Design of fixed panel system

All three sets of solar generating systems are installed in parallel with a capacity of 3 x 3000WP.
The advantage of using the fixed panel system when compared to the sun tracker system is that the
installation price is relatively cheaper because it does not require an actuator to drive the PV panel, but
it is not optimal in receiving sunlight because it cannot follow the direction of the light.

2.3 Solar Tracker System

Fig 4 and 5 show the design of the solar tracker system. solar tracker system is a further development
of finding the best way to hamest solar energy and convert it into electrical energy. This system is
designed to overcome the problems found in fixed panel systems, which are less optimal reception of
sunlight by PV panels; therefore, it does not produce optimum electrical energy. The solar tracker
system has an actuator that can move the PVglanel in accordance with the direction of sunlight, and
solar sensor to sense the direction of the sun. The PV system in PT. Pertamina (Persero) RU-III Plaju
has a solar Panel 3000 WP (12 x 250WP) with Monocrystalline type. The number of solar cells per
module is 60 cells, with module size (972x1640x40) mm. One solar panel consists of 6 solar modules,
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with the size of a solar panel (3280x2976x40) mm. One system has two solar panels (2x6 solar
modules) with a capacity of 12 x 250WP or 3000WP. All three sets of solar generating systems are
installed in parallel with a capacity of 3 x 3000WP.

Fig 5. Design of Solar Tracker System
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Fig 6. PV panel position at (a) 07.00 AM, (b) 08.00 AM and (c) 09.00 AM.

(a) Solar tracker sensor
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(b) Installed solar tracker and actuator in PV system

Fig 7. Solar trackern and the nstalled solar tracker with actuator in PV system

Fig 7 shows the solar tracker sensor and the installed solar tracker along with the actuator used to
move the panel.

2.4 Performance Analysis of PV System
Based on IEC 61724: Photovoltaic system performance monitoring-guidelines for measurement, data
exchange and analysis, and performance parameter of the PV system is represented by [21]:

2.4.1 Final Yield

Final yield (YF) is set in the annual, month, or daily period of the AC energy output on the system
divided by the peak power of the PV array installed at standard test conditions (STC) on solar
irradiation 1000W/m? and cell temperature 25°C.

_Ew
F Po

(D)

where
EPV = power given to network (kWhAC)
PO = peak power (kWpDC)

2.4.2 Reference Yield
The Reference Yield (YR) is the total of the insulation in a field divided by the iridation array installed
under standard test conditions (STC).
Hy
Yp=—.(2
R = Gore (2)
where
HT = irradiance falls on array (kWh/m2)
GSTC = irradiance reference STC (1kW/m2)
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2.4.3 Performance Ratio
The Performance Ratio (PR) can determine the quality of a PV system. PR is expressed as a

percentage, this percentage shows the total ratio of the system when converting from DC to AC
output.

Y
PR=L.03)
Yr

where
PR = performance ratio (%)

2.4.4 Capacity factor
The capacity factor of a PV system is also expressed as a percentage. The capacity factor is the final
result of YF in a three-month period with output if it operates at nominal power for three months,

A

CF=Taea ™

where
CF = capacity factor (%)

3. Results anggDiscussion

The installed system in PT. Pertamina (Persero) RU-III Plaju solar power plants is monitored via
Ethernet as shown in Figure 8. Electric power output data from the PV system can be read via
Ethernet. However, in the research, direct measurements were carried out for several parameters. The

solar tracker consider in this study is single axis solar tracking at PT Pertamina (Persero) RU 3 Plaju
as shown in Figure 9.
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Fig 9. PV system installed at PT Pertamina (Persero) RU 3 Plaju

3.1 Data Output PV Sysgan in PT. Pertamina (Persero) RU Il Plaju

PV system installed at PT. Pertamina (Persero) RU III Plaju uses modules with materials made of
monocrystalline. The solar panel consists of 12 modules with each producing power of 250 Wp, or
3000 WP per PV system. Overall, three sets of solar generating systems are installed in parallel with a
capacity of 3 x 3000WP. Table 2 is the PV systemproduced power within 3 months.

Table 2. Data produced within 3 months

Qutput Rate of
Date Power Irradiance/day

(kWh) (w/m2)

May 29 —Jun 17,2017 150.1 4,620.99
Jun 18 —Jul 7, 2017 133.4 4,595.10
Jul 8 — Jul 27, 2017 132.2 4,636.35
Jul 29 —-Aug 17, 2017 188.1 5,966.54
Aug 18 —Sep 6, 2017 190.3 5,882.30
Sep 7 — Sep 26, 2017 210.3 6,387.30

Fig 10 shows the power output comparison between fixed and solar tracker installed panel. Based on
data in table 2 and Figure 10, fixed panel produces more power than solar tracker installed panel.

16.0
14.0
12.0
10.0

6.0
4.0
2.0

29 May 2017 up to 27 Sep 2017

@ Solar Tracker — ==@e==\Nithout Solar Tracker

Fig 10. The power output comparison between fixed and solar tracker installed panel

This condition is due to the use of PV system with a solar tracker system that has a one-axis drive
actuator that moves the PV panel to follow the direction of sunlight direction. This actuator consume
clectricity as its source, and the electricity consumed comes from solar panels that are driven by
actuators which causes a reduction in the energy produced by the solar panel. In the end when
compared to fgkd panel systems, PV system with a solar tracker system is less efficient to use as a
power plant at PT. Pertamina (Persero) RU-III Plaju.

2

3.2 Performance Analysis of gV System installed in PT. Pertamina (Persero) RU-III Plaju

From the data results of electricity production output comparison in PV system with a fixed and solar
tracker installed panel de'ng the period of May 29, 2017 to September 26, 2017, it can be seen that
electricity production in PV system PT. Pertamina (Persero) RU-III Plaju with an average fixed panel
system is 9.8 kWh, this value is greater than PV system with a solar tracker system where the average
productiogggpt electricity produced is only 7.0 kWh. Table 2 shows the specific performance and
factors of the PV system capacity of PT. Pertamina (Persero) RU-III Plaju. By using two solar panels
installed in a Solar tracker system and a fixed panel system PT. Pertamina (Persero) RU-III Plaju
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produces 1,022 MWh of electricity for three months, with a performance ratio (PR) of 51.9% with
production details can be seen in Table 2.

Table 3. Specific performance and capacity factor ofgl system in PT. Pertamina (Persero)
RU-III Plaju

Date ‘l),‘;:fe':_t YF CF YR PR
o, o, o o,
(kWh) (%) (%) () (%)
May 29 — Jun 150.1
17,2017 ' 25 104 4.6 541
Jun 18 — Jul 7,
2017 1334 22 93 4.6 484
Jul 8 — Ju 27,
2017 1322 22 92 46 475
Jul 29 —Aug 188.1
17,2017 ’ 3.1 13.1 6.0 525
Aug 18 — Sep
6,2017 190.3 32 132 59 539
Sep 7 - Sep
: 2103
26,2017 3.5 146 6.4 549
1 ® Final Yield (YF) ® Capacity Factor (CF) m Reference Yield (YF)
14
12
10 |
g
6 -
4
7
0
May 29 - Junl8- Jul8-Ju Jul29- Augl8- Sep7-
Jun17, Jul7,2017 27,2017 Augl?7, Sep6,  Sep 26,
2017 2017 2017 2017

Figure 11.Specific performance and capacity factor of PV system in
PT. Pertamina (Persero) RU-III Plaju

'ﬁgt}ata in Table 3 shows that there is an increase in specific performance and capacity
factors in system PT. Pertamina (Persgp) RU-III Plaju. Figure 11 shows the comparison of
specific performance and capacity factor of system in PT. Pertamina (Persero) RU-III Plaju. The
increase occurred when implementing the fixed panel system in PV system starting on 29 July - 27
September 2017. The final yield or the final result of PLTS with a fixed par% system on 29 July - 27
September 2017 the average percentage is 3.3%. This result is greater than the PV system with solar
tracker system where the average percentage of final results (YF) is 2.3% in vulnerable time 29 May -
28 July 2017. Figure 1lshows the specific performance and PV system capacity factors of PT.
Pertamina (Persero) RU-III Plaju for three months.

4. Conclusion
Experiment results shows that the characteristics of changes in output power data that are not affected
by tracker or static usage. Ouput power data shows the setup of solar panels with solar tracker, does
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not increase the output of electrical power produced compared to fixed panel. This is because, among
other things: the use of an actuatorreduces the output of electrical energy for external loads. Solar
tracker does not increase the efficiency of solar panel electrical power output. Specific performance
and capacity factor in PLTS with fixed panel system average percentage yield (YF) is 3.23% and the
average percentage capacity factor (CF) is 13.6% which is greater than PV syatem with a solar tracker
system that only has an average. The final yield percentage (YF) is 2.37% and the average capacity
factor (CF) percentage is 9.6%.
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