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The existence of the Township Housing, which is currently near the coal
mine site, precisely in Tanjung Enim, South Sumatra, with a relatively open
area (41 Ha) and a relatively high elevation of approximately 100 meters
over the sea level, has the potential to be installed with PV panels as a solar
power plant. Installation of PV panels in residential areas close to coal
mining activities has the potential to indirectly generate a lot of mine dust
which can reduce the amount of light received by the PV panels, which in
turn can affect the output power of the PV panels. The purpose of this study
is to analyze the use of an automatic cleaning system to increase the output
power of PV panels by comparing the output power of PV panels produced
between PV panels with an automatic cleaning system in the form of a water
sprayer with PV panels that are not equipped with a water sprayer (standard
PV installation). The use of an automatic cleaning system shows an increase
in the average output power of 44.56 Watt. The difference between Isc PV
water sprayer and normal PV is 0.5513 A. Iload measurement on PV water
sprayer is 0.1973 A higher than normal PV, while for VOC PV panel water
sprayer is smaller than normal PV is about 0.45 V. For PV water sprayer
Vload is 0.431 V is more significant than normal PV panels. Meanwhile, for
the generated load power or Pload, the PV water sprayer is 9.47 watts higher
than normal PV. From all these values, the average efficiency produced by
PV water sprayer is 1.81% greater than the efficiency produced by normal
PV. This study shows that PV using a water sprayer produces an average
output power of 44.56 watts

This is an open access article under the CC BY-SA license.

Corresponding Author:
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Electrical Engineering Department
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1. INTRODUCTION

The use of solar power plants has begun to be widely used in Indonesia, such as street and park
lighting, traffic lights, and so on. However, compared to other developed countries, Indonesia is still very far

behind. However, until now, many

researchers, scientists, and Indonesian people continue to develop,

research, and optimize the use and utilization of solar power plants [6].
The government, through the Ministry of Energy and Mineral Resources (ESDM) has encouraged

the business world to implement the

use of new and renewable energy, including the installation of solar

DOI: https://doi.org/10.53893/ijrvocas.v1i2.48
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panels for places or locations that have not been reached by the PLN electricity network, namely remote
villages or island areas [1].

Especially in mining locations that are identical to locations far from urban areas, applying new and
renewable energy sources, especially solar power plants, is possible to be applied. Apart from the large area,
the mining area is an opening area where the potential for sunlight is relatively free on the surface. However,
the mining activities carried out produce a lot of mining dust, reducing the amount of light entering the PV
panels. In recent years, there has been an increase in projects for the installation and operation of renewable
energy generation systems at abandoned mine sites (post-mine reclamation) to revitalize ex-mining land [6].

Recently, global mining companies and international environmental protection organizations have
identified the application of solar energy as a solution to address all the demands of mining areas to reduce
environmental impacts and re-establishment of post-mining areas into green energy areas. As a result, PV
systems are being installed globally at both operating and abandoned mining sites. One of the top copper-
producing countries, Chile, designed the 1MW Calama 3 solar power plant project connected to the grid near
the world's largest copper mine, the Chuquicamata copper mine, to meet the mine's electricity needs. As a
result, Chile experienced an annual reduction in GHG emissions of 1,600 metric tons. in Western Australia
installed a 10.6 MW PV generating system at the copper-gold mine, the Degrussa mine. In this area, mining
operations previously relied on fossil fuels, and the installation of a PV system reduced Australia’s total
emissions by 12,000 metric tons per year. Shanta Gold, an East African gold mining company in Tanzania,
deployed a 63 kWp solar power plant in the vicinity of the New Luika gold mine in 2014. Following the
success of the initial phase, the addition of seven new PV mini-grid projects was installed in the next three
years, which is equivalent to a reduction in CO2 annual amount of 660 tons [7].

Germany's largest PV power plant (166 MW) is installed at Meuro, an abandoned minefield near
Leipzig. In Korea, a small-scale (85 kW) photovoltaic (PV) system was installed at the passive acid mine
drainage (AMD) treatment facility at the Hambaek coal mine (Jeongseon-gun, Gangwon-do) and another 80
kW PV system at the AMD physicochemical treatment facility in Hamtae coal mine (Taebaek-si, Gangwon-
do) [6].

In Indonesia itself, at this time, considering the reclamation area of former coal mines supervised by
the Government for the reclamation program, the relatively large land area of 6,017 hectares has the potential
to become a PLTS development area, although it still requires further study. This is related to the challenges
in its implementation, including the allocation in the RUPTL of PT PLN (Persero), which is still limited for
PLTS development, the status of the mining area land, and the manager price and area of land used.
Currently, eight mining companies have proposed the use of ex-mining land for PLTS. These companies
include PT Trubaindo Coal Mining, PT Indominco Mandiri, PT Multi Harapan Utama, PT Bukit Asam Thbk.,
PT Timah Tbk., PT Adaro Indonesia, PT Borneo Indobara, and PT Berau Coal. [6].

The factors that affect the optimal performance of a solar panel are the influence of temperature,
shading effect, dust, and the material of the solar cell itself. One example is if the cover glass, which is the
outermost layer of a solar panel, is covered with dust or other barrier materials, then it blocks the entry of the
intensity of sunlight and dramatically affects the process of the photoelectric effect on the solar cell panel so
that the electrical energy produced is not optimal, which called the shading effect. This paper was created to
obtain data on the characteristics of PV panels installed in the employee housing area near an open-pit mine
site that produces a lot of mining dust. This study compares the output produced by PV panels equipped with
an automatic cleaning system in a water sprayer and PV panels under normal conditions.

2. RESEARCH METHOD

This study analyzes the characteristics of PV panels installed in residential areas that are relatively
close to open pit coal mine activities that produce a lot of mining dust. One of the PV panels will be equipped
with an automatic water cleaning system (water sprayer) and the other will not (normal). The electricity
production and efficiency of the two installed PV panels will be compared to determine their characteristics.
2.1. Potential Installation of PV Panels in Township Housing Near an Open-Pit Coal Mine

This research was carried out in the Township Housing, which is within 6.8 km from the open-pit
coal mine activity, which allows the amount of concentrated mining dust to reduce the amount of sunlight
entering the PV panel.

International Journal of Research in Vocational Studies, Vol. 1, No. 2, August 2021: 59 - 66
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Figure 1. Satellite photo of the open-pit coal mine site

Figure 1 illustrates the open-pit coal mine location. The Township housing area is approximately 41
hectares open with a high enough elevation, which has the potential to be installed with PV panels as a solar
power plant. However, open-pit mining activities currently produce a lot of concentrated mining dust and can
reduce the amount of light received by the PV panels
2.2. Research Design

This research design uses two monocrystalline 120 WP (W-peak) PV panels equipped with a water
sprayer automatic cleaning system and one without a water sprayer at the Tanah Putih Township Housing
location. The output condition of the PV panel is connected to a 17 Watt 12 VDC water pump as a load. The
arrangement of the circuit and the installation of the measuring instrument is shown in Fig 2.

Front View Side View

2lem

e
 — ] 13em
16cm 1 1 1lem

-
Solar PV Panel ‘

—\

35em

Them 103cm

Figure 2. PV panel mount rack structure

Figure 3 shows the dimensions of the frame for the PV panel position. The difference between the
two PV panel installations is that one PV panel is equipped with an automatic water cleaning system in the
form of a water sprayer, and the other is a normal PV panel.

This research began from March 1 to March 30, 2021 in Tanjung Enim, Muara Enim Regency,
South Sumatra. PTBA Tanah Putih Township Housing is located at 3°4620’S, 103°46'49”E, about 190 km
from Palembang, the capital city of South Sumatra province. The measurement data is recorded every hour
from 07.00 WIB to 17.00 WIB every day. The PV panel temperature with the highest water spray was 65.4
°C, the highest normal PV was 65.1°C, while the highest ambient temperature was recorded at 33.6 °C.

Automatic Cleaning System Design to Increase PV Panel Output Power
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Figure 3. Circuit and installation of measuring tools

3. RESULTS AND DISCUSSION

This research focused on the results of the power output characteristics of PV panels paired with a
water sprayer to see their potential in the future. As a comparison, measurements are also made on normal
PV panels at the Tanah Putih Township Housing location. Figure 4 shows a comparison graph between
irradiance, ambient temperature, PV temperature, and load power generated when the weather conditions are
quite sunny on March 3, 2021. The graph shows that the increase in irradiance is followed by an increase in
PV temperature and increased load power. The temperature of the PV water sprayer is 15.78°C lower than
normal PV, while the load power produced by the PV water sprayer is higher than normal PV with an
average difference of £17 Watt. Maximum power occurs from 09.00 to 14.00 GMT+7.
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Figure 4. Comparison of power production to temperature March 3, 2021

As for changing weather, electricity production or load power generated by PV panels can be shown
in Figure 5, where the sample data used is March 20, 2021. The graph shows that weather significantly
affects electricity production generated from both installed PV, where a decrease follows the decrease in
irradiance during cloudy weather in electricity production and a decrease in PV temperature. The difference
in average power produced between PV water sprayer and normal PV is + 7 Watt.

60 45
40
50
:G 35 .
< =
520 30
5 25 =
® 30 =
@ 20 g
£20 15 3
e 10
10
5
0 0
Weather Sunny sunny Sunny Sunny Sunny Cloudy Sunny Cloudy Cloudy Cloudy Cloudy
Irradiance 015.4 301.6 439.0 840.3 1013.4 2722 210.6 3127 785.5 163.5 236
Time 7:00 8:.00 9:00 10:00 11:00 12:00 13:00 14.00 15:00 16:00 17:00

mm Ambient Temp.  mmmm Temp. PV Water Sprayer =i Temp. PV Normal ~ —@—P Load PV Water Sprayer ~—®—P Load PV Normal

Figure 5. Comparison of load power production to changes in temperature and weather on March 20, 2021.
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Furthermore, to illustrate the influence of weather on electricity production, it will be shown in
Figure 6, where the load power data on March 2, 2021 when the weather is sunny, will be compared with
data on March 17, 2021 when it is cloudy and rainy all day and March 20, 2021 when it is cloudy or cloudy.
When the weather is sunny all day (2 March 2021), solar radiation received by PV panels continues to
increase every hour, followed by an increase in electricity production until its peak at 09.00 to 15.00 GMT+7,
and electricity production continues to decrease along with a decrease in solar radiation until the afternoon.
The electricity generated on March 17, 2021 and March 20, 2021 is very inefficient due to cloudy weather
and rain for most of the day.
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Figure 6. Power generated on March 2, March 17 and March 20, 2021

Figure 7 will show the effect of sunlight intensity (irradiance) on the maximum Isc (short-circuit
current) value of the water sprayer PV and normal PV, as well as the maximum lload (load current) of the
two PVs when connected to a DC water pump load during the research time. Furthermore, Figure 8. shows a
comparison between the VOC values of the two installed PV panels and the difference between the Vload
values measured while being loaded with a DC water pump on the two PV panels. Isc is the maximum
current generated by the panel when the voltage is zero, and Voc is the maximum voltage generated by the
PV panel when the current is zero. These two parameters are the critical components for the formation of the
1-V curve.
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Figure 8. Maximum Vo and Veaq results from watersprayer PV and normal PV

Then in Figure 9 below shows the comparison of the power generated per day from each installed
PV panel. The power generated is very dependent on the size of the solar radiation (irradiance) captured by
the PV panel. From Figure 9, it is clear that the higher the irradiance, the higher the power generated, and
vice versa. Fairly sunny weather occurred on March 2, 3, 8, and 19, 2021, where the average irradiance was
relatively high on those dates and was proportional to the power generated. On March 2, 2021 the maximum
irradiance that occurs is 528.44 W/m2, on March 3, 2021 it is 539.83 W/m2, on March 8, 2021 it is 487.9
W/m2, on March 19, 2021 it is 348.5 W/ m2. Of the four dates above, the highest total load power was
recorded on March 3 and 19, 2021, namely 312.4 Watt and 334.9 Watt.
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Figure 10 shows the maximum irradiance measured daily during the study compared to the
maximum daily load generated by the two installed PV panels. From the measurement results, the maximum
load power produced by the PV water spray is on average 9.47 watts higher than the average maximum load
power produced by normal PV. The highest load power was recorded on March 8, 2021, which was 58.3
watts.
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Figure 10. Effect of irradiance on load power (P watersprayer and P normal)

Figure 11 shows the efficiency of the PV panels that are installed with a water sprayer automatic
cleaning system and normal PV panels in the Township housing. This efficiency is measured based on the
ratio of the input power of the Pin and the power of the load (power generated), where the Pin is calculated
based on the irradiance received/measured multiplied by the area/cross-section of the PV panel. The average
efficiency of PV panels using a water sprayer is 1.81% higher than the efficiency of normal PV panels.
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Figure 11. Comparison of Efficiency of PV water sprayer and normal PV
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The higher efficiency value obtained compared to normal PV proves that the design of an automatic
cleaning system in the form of a water sprayer can increase the output power of the PV panel up to 1.81%.
The difference in PV temperature between PV water sprayer and normal PV shows that in the PV water
sprayer during the panel cleaning process, the output power on the PV panel is greater and maximum, this
also causes the efficiency value in the middle to the end of the month to tend to decrease because the research
takes place during the transition season of the rainy season.

4. CONCLUSION

The research results that have been carried out in this study make it possible to install a water
sprayer on PV panels at the Tanah Putih Township housing location PTBA Tanjung Enim, Muara Enim
Regency South Sumatra to increase the output power of the PV panels. PV panels installed with a water
sprayer produce better electrical power and efficiency than normal PV panels. In addition, the difference
between the Isc PV panel water sprayer and the normal PV panel is 0.5513 A. lload measurement on the PV
panel water sprayer is 0.1973 A, which is higher than normal PV panel water sprayer. As for the Voc PV
panel water sprayer is smaller than normal PV panels around 0.45 V. Moreover, the VVload PV water sprayer
is 0.431 V larger than normal PV. Meanwhile, for the generated load power or Pload, the PV water sprayer is
9.47 Watts greater than normal PV. From all these values, the average efficiency produced by PV water
sprayer is 1.81% greater than the efficiency produced by normal PV.
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