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Abstract: A steam power plant (PLTU) uses demin water to generate 3x350 MW of electrical energy. Reverse
Osmosis Desalination system is used to treat the 190 m3/hour of desalinated water that is produced from
seawater. Solar energy will replace the 225.41 kW of electrical energy required for the RO desalination pump in
order to lessen pollution and the greenhouse effect caused by PLTU. The PLTU is situated in Pelabuhan Ratu
Sukabumi, West Java. This region has a solar radiation potential of 3.189 kWp/day/m? and a deployment space
for PV modules of 6,167 m?, divided into two zones: the ground and the roof. The needs analysis is carried out
by utilizing software simulations that estimate the power requirements of desalination pumps and the potential of
electrical energy from solar radiation based on land availability. According to the modeling findings, PLTS can
produce 1024 MWh/year of electrical energy with 1,458 pieces of 450 Wp PV modules and 5 units of 120 kW
inverters.
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1. INTRODUCTION

The world's expanding demand for energy, in correlation with its growing population and
economy, is met by traditional energy sources that damage the environment. This will worsen in the
future, as energy consumption will increase by 44 percent from 2006 to 2030 [1]. For a time during the
previous ten years (2010-2020), Indonesia's final energy consumption headed from 134 million TOE
to 258 million TOE, representing an 8.5% annual increase [2]. The need to reduce greenhouse gas
emissions while also controlling substantial price hikes for conventional energy fuels offers an
opportunity for each country's governments to implement new energy policies, particularly those that
use new and renewable energy sources [3].

Global warming occurs as a result of CO; production exceeding its limit, and PLTU is one of
these producing sources. This cannot be prevented because coal is used as a fuel in the PLTU's power
production process. To reduce or substitute CO, emissions in PLTUs that use coal, energy conversion
is required at various stages of the PLTU process, one of which is energy conversion in seawater
treatment systems (desalination), which utilizes the reverse osmosis method in this case. Conventional
desalination systems have an enormous effect on the global warming phenomenon, while producing
1000 m* of fresh water requires 5 tons of crude oil, resulting in 10 tons of CO, equivalent to 5000 m’
of greenhouse gases [4].

The amount of energy required for the desalination process depends on the quality of the
feedwater, the level of water treatment, the treatment technique applied by the facility, and the plant's
capacity. Despite reduced energy costs for groundwater and surface water treatment, the supply from
these sources is insufficient to fulfill the increased demand for fresh water [5]. As a result, renewable
energy may be a solution and a crucial component in preventing climate change through reducing air
pollution [6]. Earth receives about 3.8 x 10** J of solar energy on average, which is 6000 times larger
than global use [7]. Although desalination technology is currently fairly expensive, the decreasing
price of renewable energy is predicted to lower the total cost of the desalination process in future [8].

The capacity of solar power generation can be computed according to the available land area in
the selected zone [9]. Solar power plants disadvantages include insufficient materials, expensive
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installation costs, and relatively low energy conversion performance (ranging from 12% to 29%).
When weather conditions are favorable, photovoltaic (PV) systems must be developed to operate at
their optimum performance so as to preserve the maximum power of the solar system panels. Solar
panels, inverters, power conditioning devices, and grid-connected equipment compose a photovoltaic
system. Also, the cost of these components is rapidly decreasing. PV systems are assessed based on
the total amount of energy produced annually, the specific product, and the performance ratio. Many
factors impact the performance of a solar panel module, such the module, inverter quality, geographic
coordinates, tilt, and orientation of the PV panels [10].

A stage needed for the development or execution of a reliable PLTS to determine data that affects
system performance. Data collection can be categorized into two categories: location data and data
required for estimating general energy requirements. As a result, the size of the PV module
arrangement must be estimated in order to meet the required energy requirements [11].

The object discussed in this study is the West Java II PLTU, which has a capacity of 3x350 MW it is
located in Palabuhan Ratu Sukabumi, West Java. PVSYST 7.3.2, the software used in the simulation
to calculate a PV system, is used along with data from different sources.

2. METHOD

The West Java II PLTU Pelabuhan Ratu, which is utilized for RO desalination, was chosen as the

site for the PLTS development plan based on a number of factors, including land topography, land
usage, present land functions, and distance from the RO desalination location.
The capacity of the pumps used in the RO desalination process is utilized to determine electricity
demand using an interview survey. Data regarding solar radiation are acquired from the worldwide
solar atlas site (https://globalsolaratlas.info) and Meteonorm 8.0 data (2010-2014), and Sat = 100%
can be obtained in PVSYST 7.3.2.

2.1Flowchart

PLTS planning for RO desalination in PLTU requires several stages, including calculating elec-
tricity demand through interviews and determining the location, determining solar radiation data, de-
termining potential electrical energy production based on land availability, and system modeling. The
flowchart of the research stages can be seen in Figure 1.
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Figure 1. Research flowchart

Data collection on energy requirements in desalination is based on interview results, and the total
power requirements of pumps 1, 2, 3, and 4 are 225.4 kW working for 24 hours. Pump 1 has a
capacity of 75 kW and is used to pump seawater into the intake pond for the pre-treatment process.
Pump 2 drains water for the reverse osmosis process and has a 475 m*/hour discharge. Pump 3 has a
capacity of 74 kW and is used to drain the demin water tank's contents. Pump 4 distributes demin
water and has a 200 m*/hour discharge. Water treatment flow can be seen in Figure 2.
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Figure 2. Seawater treatment process diagram

2.2 Location

Bl Global Solar Atlas % [WGE i = x
& C & globalsolaratlas.info/map?s=-7.022336,106.5431798m =siteftc=-7.023017,106.538329.15 c W et &8 0@ (P}

GLOBAL SOLAR ATLAS . ¢ tocations Map Sitesv PVstudy Download About v

GLOBAL WIND ATLAS | ENERGYDATAINFO

Palabuhanratu
-07.022336°,106.543179° ~

unnamed road, Palabuhanraty, Jawa Barat, Indonesia
Time zone: UTC+07, Asia/Jakarta [WIB]

L] a < B
Open detail Bookmark Share Reports
SITE INFO o
Map data Per year ~
Spe:?\ﬁc photovoltaic power PVG‘{T 1436.8
output specific
Direct normal irradiation DNI 1164.0 kwh/m ™
Global horizontal irradiation GHI 1796.5
Diffuse horizontal irradiation DIF 898.6

Global tilted irradiation at p— —
optimum angle
Optimum tilt of PV medules OPTA 1/0

ESMAP

@

u B3 @ o &1 =

Figure 3. Location of PLTU Jawa Barat 2 Sukabumi

Located in Palabuhan Ratu, Sukabumi City, West Java Province, with coordinates -07.022336°,
106.543179° (Figure 3), West Java Steam Power Plant 2 has a 3x350 MW capacity. It has a potential
solar radiation of 3.189 kWp/day/m* or 95.67 kWp/day/m”. With a land area of 6167 m?* allocated for
the development of a solar power plant (PLTS), it is divided into a ground zone (zone B) and a roof
top zone (zone A), each measuring 2338 m* and 3829 m?, respectively. Figure 4 and Figure 5 show
the location and position of zones A and B.

Figure 4. Zone A area
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The potential for solar energy production can reach 19667 kWp/day if we consider the potential
for solar radiation around the place, which has a total area of 6167 m”. This occurs because we did not
account for the distance between modules, the angle of the modules, the area of the panel house, the
space for lightning rods, and the area for guardrails; as a result, the area that may be used for PV
installation is often less than 60% of the available area.

Measure distance

Click on the map to add to your path
Total area: 3,366.52 m* (36,236.97 ft3)
Total distance: 232 62 m (763.20 ft}

a
Imagery 82023 CNES / Airbus, Maxar Technologies. Map data ©2023

Figure 5. Zone B area.
3. RESULT AND DISCUSSION

According to the simulation results produced with PVSYST 7.3.2, the PV module utilized is
LR4-72 HPH 450 with a capacity of 450 Wp of monocrystalline silicon, dimensions of 2.17 m?, and a
weight of 23.5 kg. The inverter utilized is the PVS 120 TL, which has a nominal AV power of 120
kVA and a grid voltage of 480 V. In zone A, 576 PV modules and 2 inverters with nominal PV power
of 220 kWAC and 250 kWp were installed. 882 PV modules and 3 inverters with a nominal PV output
of 360 kWAC and 397 kWp were installed in zone B. The total installed nominal PV power is 656
kWp and 580 kWAC. This solar system can generate 1024 MWh of power each year, with zone A
producing 404 MWh and zone B producing 620 MWh.

3.1 Data analysis

The analysis step makes use of two data sources: the PVsyst program, which uses solar radiation
data from Meteonorm 8.0 (2010-2014), and Sat = 100%, as seen in Table 1. The second set of data
was obtained from https://globalsolaratlas.info for the point of -07°0120", 106°32'35", which has a
potential solar radiation of 3.189 kWp/day/m?, as seen in Figure 5.

Global horizontal irradiance (GHI) refers to the total quantity of shortwave solar radiation re-
ceived horizontally by a ground surface, whereas diffuse horizontal irradiance (DHI) refers to the
amount of solar radiation received per unit area by a surface that is neither shaded, shadowed, or re-
flected from any direction. The quantity of solar radiation that is received by a surface that is always
perpendicular (or normal) to the incoming rays from the sun is known as direct normal irradiance
(DNI). The equation obtained is GHI = DNI x cos(0) +DHI [12].
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Table 1 shows the average value of solar radiation that can be received by an object where for the
location of the West Java II PLTU an average GHI of 5.03kWh/m?/day, a temperature of 25.2°C and a
wind speed of 1.1m/s is obtained.

Table 1. Meteonorm 8.0 data (2010-2014), Sat=100%

Global Horizontal I]?Ifi?;:n al Temp. ind
Month Irradiation (GHI) Irradiation (DHI) Velocity

kWh/m?/day KWh/m?/day °C m/s
January 4,59 2,24 248 1,30
February 5,35 2,71 24,6 1,20
March 4,58 2,56 252 1,10
April 5,21 2,45 253 0,90
May 4,64 2,28 25,8 0,90
June 4,78 2,14 252 0,99
July 4,97 2,16 25 1,00
August 5,27 2,5 253 1,10
September 5,49 2,4 25,3 1,20
October 5,6 2,98 25,9 0,99
November 5,04 2,51 25,1 1,00
December 4,87 2,56 25,1 1,10
Year 5,03 2,46 25,2 1,10

Table 2 shows that the color red indicates the month with the highest average solar radiation from
April to September during the hours of 10:00 to 14:00. The blue color represents the lower average of
sun radiation from 18.00 to 06.00 every day.

Table 2. Sun radiation Average at point -07°01'20", 106°32'35"

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

5-6 2 4 5
6-7 35 27 32 37 40 32 28 31 49 &5 84 61
7-8 145 145 173 192 202 185 182 203 245 250 224 183
8-9 358
9-10
10-11
11-12
12-13
13-14 378 373
14-15 307 315 315 397 230 249
15-16 192 181 187 169 201 238 273 291 263 179 123 143
16-17 101 98 88 78 85 103 129 140 120 77 57 71
17-18 33 33 27 15 7 9 21 24 17 7 11 20

AVG 284 295 323 332 342 343 362 389 395 345 293 275

The amount of energy that can be generated by this from January to December based on the
information available is 2955 MWh/year, whereas the global solar atlas produces 2558 MWh/year.
The potential electrical energy produced by the solar power plant from January to December and the
gap (difference) of electrical energy after being used for the RO desalination process can be calculated
using meteonorm and global solar atlas data. Figure 6 and Figure 7 show that an electrical energy gap
exists when the line is below the bar and vice versa.

JTTM: Jurnal Terapan Teknik Mesin is licensed under a Creative Commons Attribution-
NonCommercial 4.0 International License.




124 ‘

Erdiansyah, Tarsisius Kristyadi, Diki Ismail Permana

Solar energy utilization in desalination power plan

400.00 300.00
350.00
300.00

250.00

250.00

200.00

200.00
150.00

100.00

' A\l
- »~
»
R P Ny N
‘ . 150.00
100.00
50.00 50.00

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
mm M\Wh GAP

Figure 6. PLTS production patten (meteonorm data)

The difference in the amount of electrical energy produced by meteonorm and global solar atlas is

due to differences in solar radiation patterns in February, when it should still be rainy season, but the
radiation value received exceeds the radiation value in July and August, when the dry season is

typically at its peak.
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Figure 7. PLTS production patten (global solar atlas data)

3.2 Technical design
As shown in Table 3, there are several options for how PV for Desalination Reverse Osmosis
(PV-RO) can be applied [13]:

Scenario 1: Grid-RO: The grid supplies all of the RO's electrical energy demands; therefore,
no PV panels are required.;

Scenario 2: PV-Grid-RO: During the day, solar energy is used, while at night or when it is
overcast or rainy, electrical energy from the grid is used.

Scenario 3: PV-Grid Assisted-RO: PV is considered the main source of power, with grid
electricity serving as a backup. This means that the PV system was designed to meet the RO's
entire needs.

Scenario 4: Grid-PV Assisted-RO: The grid is the primary source of power, and all solar-
generated electricity is sold back to the grid.

Scenario 5: PV-Batteries-RO: when the electricity from the sun is insufficient for the RO's
needs.

In this study RO produce 4560 m*/day of demineral water. Grid-PV-assisted-RO is the PV-RO
scenario used, in which the grid is considered the primary source of power and all electricity generated
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by PV is sold back to the grid [13]. In this scenario, the quantity of electricity produced by the PV and
exported to the grid equals the amount of power imported from the grid for 12 hours of operation.

Table 3. Scenario type PV-RO [13].

Scenario Title Primary power source Auxiliary power
no. SOUTCE
1 Grid-RO Grid N/A
2 PV-Grid-RO Both PV (daytime} and N/A
Grid (night-time)
3 PV-Grid PY Grid
assisted-RO
4 Grid-PV Grid PV (by zelling back
assisted-RO to the grid)
5 PV-Battery- PV Batteries
RO

Figure 8 shows a design of 32 unit modules stringed together with 18 PV modules for zone A,
which is located on the roof top. Zone B, which is on the ground, has 49 unit string module
configurations with 18 PV modules a piece.

Figure 8. PV Layout zone A

Limited space in PV installations, especially on the roof, is a critical challenge where generally

the land required for PV is 10m*/kW [14]. Components of concern for zone A include:

a. PV module placement, where the distance between modules must be considered for mainte-
nance and the height of the module holder because the higher the forces caused by the wind
can affect the strength.

b. For the area of the panel room, attention must be paid to air circulation so that the room tem-
perature does not affect the inverter and panel work.

c. Lightning rod installation must be ensured that it can reach the zone A area

The location of the PLTU which is a coastal area and the available area is still large, so it can be
considered using an alternative energy source other than the sun, namely wind. Hybrid power genera-
tion systems, such as solar PV panels combined with wind turbines, are becoming more suitable with
complementary advantages that can improve reliability and improve the environmental aspects of de-
salination systems [15].
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4. CONCLUSION

The electric power required for a 225.4 kW RO desalination pump, which operates 24 hours a
day, can produce the demineralized water needed for a power plant of 4560 m*/day. The plant is PLTU
Jawa Barat 2 Palabuhan Ratu Sukabumi West Java, with coordinates of -07°01'20" and 106°32'35".
The location has a potential solar radiation of 3.189 kWp/day/m?. Solar energy, transformed using
PLTS with an installed capacity of 656 kWp, will meet electricity demands. PLTS capacity is built
from two areas, or zones. Zone A has an area of 1252 m? and can generate 259 kWp, whereas Zone B
has an area of 1917 m2 and can generate 397 kWp. The solar module applied has a capacity of 450
Wp and is configured with 81 string modules, each having 18 solar modules. The scenario chosen is
Grid-PV-Assisted-RO, in which the quantity of power generated by PV and exported to the grid equals
the amount of electricity imported from the grid for 12 hours of operation.
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