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Abstract 

The implementation of on-grid PV systems was conducted to ensure a continuous supply of electricity. This 

article discusses implementing an on-grid PV system in a fish farm that requires a continuous electricity 

supply. Continuous electricity is used to power the aeration system. The aeration system is critical in 

determining whether or not fish farmers can harvest well. An electric motor drives the water wheel in the 

aeration system, circulating oxygen in the fishpond. Based on the design, operation, and economic 

parameters, a comparison is made between the proposed system, namely the PV system, and the current 

system, namely the grid with a diesel generator as a backup. The nominal discount rate, diesel fuel price, and 

grid reliability level have all been subjected to sensitivity analysis. The hybrid optimization of multiple 

energy resources software was used for the study. The results show that the on-grid PV system can 

continuously provide electricity to meet the demand for fish farming. The proposed system has a net present 

cost that is 20% lower than the net present cost of the current system. The cost of energy generated by the 

on-grid PV system is also 27% less than the cost of energy generated by the current system. Changes in fuel 

prices do not result in changes in net present cost for all levels of grid reliability to produce continuity in 

electricity supply. The nominal discount rate strongly influences the net present cost, the higher the nominal 

discount rate, and the lower the resulting net present cost. 
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1. Introduction 

Electricity is a form of modern energy required to 

support all human activities including the 

economic ones. To support economic activity, 

electricity must be supplied continuously and with 

a high degree of reliability. A reliable electricity 

supply can be obtained with a backup power 

system, which typically employs a diesel 

generator with a quick-starting unit [1]. In 

addition, diesel generators offer financial benefits 

for both the on-grid [2] and off-grid [3] systems 

when used as power reserves. This economic 

advantage is a result of the still-low price of diesel 

fuel [4]. On the other hand, the use of diesel 

generators as a backup power source has 

disadvantages, particularly from an environmental 

standpoint because diesel generators produce 

emissions [5]. Nonetheless, there are several 

methods for reducing diesel generator emissions, 

including exhaust gas heater [6], hydrogen-

oxygen injection [7], and real-time non-surfactant 

emulsion fuel supply system [8]. 

The methods for reducing diesel generator 

emissions still need to be improved to completely 

eliminate emissions. To completely eliminate 

emissions, fossil fuel-based electricity generation 

systems must be replaced with renewable energy-

based generation systems [9]. According to 

previous research, implementing renewable 

energy can solve not only energy-environmental 

[10] but also energy-economic [11] and energy-

social [12] issues. Renewable energy can generate 

electricity locally [13] or in remote areas that are 

not connected to the grid [14]. In fact, some 

devices like cell phone towers can use renewable 

energy as a source of electricity [15]. Combining 

renewable energy with an energy storage system 

has been shown to be technically and 

economically viable as a backup electricity source 

[16]. 

Solar radiation, used as a source of electrical 

energy through a photovoltaic (PV) system, is the 

most widely employed renewable energy source, 

accounting for 2.1 TW or 62% of total renewable 
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energy capacity in 2022 [17]. Previous research 

has addressed using PV as a backup power source 

for large power systems. If the appropriate control 

strategy is implemented, PV systems can be 

utilized as backup power in partial shading [18] 

and dynamic shading [19] conditions. PV can be 

combined with other renewable energy sources 

such as hydro to overcome the flexible load 

reserve in its operations [20]. In addition, 

numerous studies have addressed the 

implementation of PV as an off-grid [21] and on-

grid [22] microgrid system. Depending on the 

electrical load pattern being served, PV can also 

generate electricity with [23] or without [24] 

energy storage technology. The use of different 

tracking systems [25], the reliability of the 

designed system [26], and highly probabilistic 

weather [27] all impact the PV system's 

performance and economy. 

Based on the literature review findings, PV has 

not been utilized extensively as a backup power 

source, particularly for electrical loads that require 

a continuous supply of electricity. In addition, a 

sensitivity analysis must be conducted on the 

variables that directly impact the implementation 

of PV as a backup resource, namely fuel price, 

grid reliability, and nominal discount rate. This 

article evaluates PV as a backup energy source in 

a fish farm, where the aeration facility must be 

supplied with electricity continuously. It has been 

demonstrated that, in comparison to fish ponds 

without an aeration system, fish farming with an 

aeration system increases fish productivity [28]. 

The challenge that fish farmers experience at the 

case study area is that the grid's electrical supply 

is unreliable. Diesel fuel is currently the most 

viable solution for ensuring the continuity of 

electricity supply. On the other hand, the 

government has set targets for reducing emissions 

in all activity sectors, which are contained in the 

presidential regulation for 2021. Thus one of the 

contributions to this presidential decree is the 

substitution of diesel fuel for renewable energy 

sources in fish farming. 

This article makes the following contributions: 

• an analysis of the technical and economic 

feasibility of the PV system as a backup 

power source to increase the reliability of 

electricity supply; and  

• a sensitivity analysis of three variables that 

directly influence the implementation of the 

PV system as a backup resource. 

This article proposes to analyze the PV system as 

a backup resource to replace the current system, 

which is a diesel generator-based backup power 

source. The implementation of the PV system as a 

backup resource to produce a continuous supply 

of electricity will be influenced by price variables, 

namely the price of fuel and electricity. This 

article's subsequent sections are organized as what 

follows. Section 2 describes the method used. The 

second Section describes the software utilized, 

data of case study, and the mathematical model of 

the system's constituent parts. In Section 3, results 

and discussion are presented. In Section 4, 

conclusions based on the analysis of research 

results are presented. 

 

2. Materials and methods  

This article uses the open-source version of 

HOMER (Hybrid Optimization of Multiple 

Energy Resources) Pro [29] to analyze PV 

systems as a backup power. HOMER has the 

potential to develop the most cost-effective 

system configuration. HOMER can be used to (1) 

combine engineering and economics in a model, 

(2) allow the users to quickly and efficiently 

determine least-cost options, (3) simulate real-

world performance and deliver a choice of 

optimized design, and (4) consider geographic-

specific criteria and risks such as fuel price 

changes, load growth, accelerated battery 

degradation, and changing weather patterns, when 

designing micro-grid systems or distributed 

generation systems. 

Many studies have been demonstrated that 

HOMER can explore microgrids comprised of 

multiple energy supply technologies including 

green hydrogen, renewable electricity, and heat 

[30]. HOMER can also be used to conduct 

comparison studies of various PV panel 

technologies [31]. Several previous studies have 

demonstrated HOMER's versatility in analyzing 

the use of PV systems by sector, specifically in 

the household [32] and industrial [33] sectors. 

Furthermore, HOMER can be used to conduct 

community[34]-based and small-scale [35] 

analyses of hybrid renewable energy systems 

(HRES) in order to increase electrification ratios. 

HOMER can be used for simulation, optimization, 

and sensitivity analysis [36]. Figure 1 depicts the 

architecture of the HOMER Pro software. 

 

2.1. Study location  

This article presents a case study of a fish farm in 

Pemalang Regency, Central Java Province, 

Indonesia (Latitude: 7° 20´ South, Longitude: 109° 

40´ East). This location is situated on the northern 

coast of Java Island, where the climate is tropical. 

The highest monthly precipitation is 321 mm3 in 

March [37]. 
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2.2. Load profile estimation  

There are aeration system pumps, water pumps, 

and lights among the electrical loads in fish farms. 

There are two periods in which the electricity load 

is utilized: the harvest period and the non-harvest 

period. The aerator fan is turned off during the 

harvesting period. The electrical load of the fish 

farm, based on the survey, is detailed in Table 1. 

Figure 2 and Figure 3 depict the difference in 

electrical load during and after harvest, 

respectively. The harvest season occurs three 

times a year, in January, May, and September. 

 

2.3. Solar resource 

The NASA surface meteorology and solar energy 

database were used to obtain information on solar 

radiation resources in Pemalang City. Figure 4 

depicts solar radiation data. The average solar 

radiation for one year in Pemalang City is 5.43 

kWh/m2/day with an average clearness index of 

0.55 (this fraction indicates that more than half of 

the solar radiation reaches the earth's surface). The 

maximum and minimum solar radiation occurred 

in September (6.6 kWh/m2/day) and January (4.41 

kWh/m2/day), respectively, as depicted in figure 

4. It was determined that the highest production 

capacity of photovoltaic panels could be 

anticipated in September.  
 

 
 

Figure 1. Architecture of HOMER Pro software [38]. 

 

Table 1. Electrical load and period of use for each equipment. 
 

Equipment Electrical power (W) Quantity Total power (W) Period of use 

Lamps 30 30 900 06.00 p.m. – 06.00 a.m. 

Lamps 15 10 150 06.00 p.m. – 06.00 a.m. 

4-inch water pumps 3,000 2 6,000 00.00 a.m. – 23.59 p.m. 
6-inch water pumps 7,500 2 15,000 00.00 a.m. – 23.59 p.m. 

8-inch water pumps 15,000 1 15,000 00.00 a.m. – 23.59 p.m. 

Aerator fan 750 60 45,000 00.00 a.m. – 23.59 p.m. 

 

 
Figure 2. Electric load in harvest periods. 

 

 
Figure 3. Electric load off-harvest periods. 

 

 

The production of electricity by PV systems is 

affected by ambient temperature. In addition to 

solar radiation reaching the surface of the PV 

panel, the ambient temperature influences the 

temperature of the PV cell. Ultimately, the 

temperature of PV cells will affect the production 

of electricity. Consequently, the ambient 

temperature data is one of the parameters used in 

this article to model the PV system. Figure 5 

depicts the temperature in Pemalang City from the 

same source as solar radiation. The highest and 

lowest temperatures occur in October (26.06 °C) 

and July (25.38 °C). 
 

 
Figure 4. Solar resources of the city of Pemalang, 

Indoensia. 
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Figure 5. Temperatures of the city of Pemalang, 

Indoensia. 
 

2.4. Components modeling and parameters  

Figure 6 depicts the design of a PV system used as 

a backup power source. Figure 6 shows a PV 

module, battery, converter, generator, and grid as 

system components. The system currently used in 

fish farming has a grid-based primary power 

source and a diesel generator for backup power. 

Each of the system's components is explained in 

the section that follows. 

 

2.4.1. PV modules  

The PV module's power output (𝑃𝑝𝑣 in W) can be 

expressed as [39]:  
 

𝐏𝐩𝐯 = 𝐧𝐩𝐯𝐕𝐩𝐯𝐈𝐩𝐯 
 

where 𝑛𝑝𝑣 is the number of PV modules, 𝑉𝑝𝑣 the 

voltage of PV modules terminals (V), and 𝐼𝑝𝑣 is 

the current flow between PV modules terminals 

(A). Solar radiation and ambient temperature 

influence the voltage and current generated by 

each PV panel. Under optimal PV panel operating 

conditions, the voltage produced by each PV 

panel is denoted by 
 

𝐕𝐩𝐯 = 𝐕𝐦𝐚𝐱 [𝟏 + 𝟎. 𝟎𝟓𝟑𝟗 × 𝐥𝐨𝐠 [
𝐆𝐓
𝐆𝐬𝐭
]] + 

𝛃𝟎(𝐓𝐀 + 𝟎. 𝟎𝟐 × 𝐆𝐓 − 𝐓𝐬𝐭)  
 

where 𝑉𝑚𝑎𝑥 is the maximum voltage of PV panel 

(V), 𝐺𝑇 is solar irradiation on PV panel (W/m2), 𝐺 

is the standard solar irradiation (1,000 W/m2), 𝛽0 

is the voltage temperature coefficient, 𝑇𝐴 is the 

ambient temperature (°C), and 𝑇𝑠𝑡 is the standard 

ambient temperature (25 °C). When the PV panel 

is operating optimally, the electric current is stated 

as: 
 

𝐈𝐩𝐯 = 𝐈𝐬𝐜 [𝟏 − (𝟏 −
𝐈𝐦𝐚𝐱

𝐈𝐬𝐜
) × 𝐞

(−
𝐕𝐦𝐚𝐱

𝐊𝟐×𝐕𝐎𝐂
)
× (𝐞

(
𝐕𝐦𝐚𝐱

𝐊𝟐×𝐕𝐎𝐂
)
− 𝟏)] + 𝚫𝐈  

 

with  
 

𝐊𝟐 =
𝐕𝐦𝐚𝐱/(𝐕𝐎𝐂  −  𝟏) 

𝐥𝐧 (𝟏 −  
𝐈𝐦𝐚𝐱  
𝐈𝐬𝐜

)
 

 

and 
 

𝚫𝐈 = 𝛂𝟎 × (
𝐆𝐓
𝐆𝐬𝐭
) × (𝐓𝐩𝐯 − 𝐓𝐬𝐭) + (

𝐆𝐓
𝐆𝐬𝐭

− 𝟏) × 𝐈𝐬𝐜 
 

where 𝑉𝑂𝐶 is the open-circuit voltage (V), 𝐼𝑠𝑐 is 

the short-circuit current (A), and 𝛼0 is the current 

temperature coefficient. 

The PV panels used in this article were selected 

based on a market survey of the existing PV types 

and manufacturers. Based on the survey results, 

the TSM-DE18M PV panel has been chosen. 

Table 2 displays the technical specifications of 

these PV panels at standard test condition (STC) 

and nominal operating cell temperature (NOCT). 

The per-panel capital cost including shipping fees 

is USD 251.07. The operating and maintenance 

cost (OM) of PV panels is USD 14.84 per year. 
 

LOAD

GRID

DIESEL 

GENERATOR

PV

BATTERY

INVERTER

DC AC

 
 

Figure 6. Design of PV system as a back-up power supply. 
 

2.4.2. Batteries  

The PV system is supported by energy storage 

technology as a backup power source. The battery 

is the energy storage system used in this article. A 

battery's capacity is its capacity when it is charged 

and discharged. Battery capacity is a function of 

time and expressed as: 
 

𝐂𝐜𝐡𝐠(𝐭) = 𝐂𝐜𝐡𝐠(𝐭 − 𝟏)(𝟏 − 𝛔) + (𝐏𝐓(𝐭) −
𝐏𝐋(𝐭)

𝛈𝐜𝐨𝐧𝐯
) × 𝛈𝐛

𝐂𝐝𝐜𝐡𝐠(𝐭) = 𝐂𝐝𝐜𝐡𝐠(𝐭 − 𝟏)(𝟏 − 𝛔) + (
𝐏𝐋(𝐭)

𝛈𝐜𝐨𝐧𝐯
− 𝐏𝐓(𝐭)) × 𝛈𝐛

}
 
 

 
 

 

 

where 𝐶𝑐ℎ𝑔 is the capacity of the battery bank 

while it is charging and 𝐶𝑑𝑐ℎ𝑔 (W) is the capacity 

of the battery bank when it is discharged (W). 𝑃𝑇 

and 𝑃𝐿 are the total output power generated by the 

system (W) and the load demand (W) at the 

corresponding hour respectively. 𝜂𝑏 and 𝜂𝑐𝑜𝑛𝑣 are 

the battery efficiency (%) and the conversion 

efficiency (%), respectively. 

PowerSafe SBS 1500 batteries are utilized in this 

article. A survey of the types of batteries on the 

market is also conducted to determine the type of 

battery used. The cost of one battery including 

shipping is USD 852.71 with OM cost is USD 

46.5 per year. Table 3 lists the technical 

specifications of this type of battery. 
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Table 3. Technical specifications of battery [41]. 
 

Battery parameters Value 

Nominal voltage 12 V 

Nominal capacity 16.7 kWh 

Capacity ratio  0.297 
Max. discharger current 2300 mAh 

Dimension 210 cm x 233 cm x 0,695 cm 

Weight 93 kg 

 

2.4.3. Converter  

The converter in this article serves as an inverter, 

converting DC power from the battery to AC 

power for the electrical load. The inverter used is 

an ICA Solar SNV-GT1032DM model. The cost 

of an inverter including shipping is USD 1,984 

(capital cost). The annual OM fee for an inverter 

is USD 98. The inverter's technical parameters are 

displayed in table 4. 
 

Table 4. Technical specifications of inverter [42]. 
 

Inverter parameters Value 

Nominal output power (AC) 10 kW 

Nominal AC frequency 50/60 Hz 

Maximum efficiency  98% 

Power factor lagging 0.8 – leading 0.8 

Dimension (W*L*D) 553 mm x 715 mm x 228 mm 

Weight 35 kg 

 

2.4.4. Diesel generator  

A diesel generator is currently used as a backup 

source of electricity. Thus there is no parameter 

for diesel generators' capital cost. OM costs and 

fuel prices are the economical parameters of diesel 

generators. According to a survey conducted at 

the research site, the OM diesel generator costs 

USD 200 per year, and fuel costs USD 0.45 per 

liter. This fuel is priced similarly to subsidized 

fuel. The capacity of the diesel generator currently 

used is 50 kW. 

 

2.4.5. Grid 

The grid is the primary source of electricity 

supply in fish farming. The grid parameters used 

in modeling are the price of grid electricity and 

the level of grid reliability. The subsidized price 

of grid electricity is USD 0.96 per kWh. Grid 

reliability parameters include mean outage 

frequency (1/yr) and mean repair time (h). The 

mean outage frequency is the value of the system 

average interruption frequency index (SAIFI). The 

mean repair time is the value of the customer 

average interruption duration index (CAIDI), 

which is calculated using: 

 

𝐂𝐀𝐈𝐃𝐈 =
𝐒𝐀𝐈𝐃𝐈

𝐒𝐀𝐈𝐅𝐈
 

where SAIDI is system average interruption 

duration index (h). The distribution network of 

Pemalang City is part of the distribution network 

of Central Java Province. According to electricity 

statistics [43], the value of SAIDI and SAIFI is 

7.29 hours and 5.43 times per year, respectively. 

Thus the average outage rate is 5.43 times per 

year, and the average repair time is 1.34 hours. 

HOMER can calculate when a grid outage will 

occur based on these reliability values. Figure 7 

depicts the grid outage calculation results. In 

figure 7, the green color represents the grid 

serving the electrical load, and the black color 

represents a power outage. 
 

 
Figure 7.  Calculated grid outage. 

 

2.5. Optimization using HOMER  

Optimization calculations using HOMER aim to 

minimize net present cost (NPC). NPC is 

described as: 
 

𝐍𝐏𝐂 =
𝐂𝐚𝐧𝐧,𝐭𝐨𝐭

𝐂𝐑𝐅(𝐝, 𝐍)
 

 

where 𝐶𝑎𝑛𝑛,𝑡𝑜𝑡 is annualized total cost of the 

system (USD) and 𝐶𝑅𝐹(𝑑,𝑁) is the capital 

recovery factor that depends on the annual real 

interest rate. 𝐶𝑎𝑛𝑛,𝑡𝑜𝑡 is defined as: 
 

𝐂𝐚𝐧𝐧,𝐭𝐨𝐭 = 𝐂𝐚𝐧𝐧,𝐜𝐚𝐩 + 𝐂𝐚𝐧𝐧,𝐫𝐞𝐩 + 𝐂𝐚𝐧𝐧,𝐎&𝐌 + 𝐂𝐚𝐧𝐧,𝐟𝐮𝐞𝐥 −

𝐑𝐚𝐧𝐧,𝐬𝐚𝐥𝐯  
 

where Cann,cap, Cann,rep, Cann,O&M, Cann,fuel, and 

Rann,salv are annualized capital cost (USD), 

annualized replacement cost (USD), annualized 

OM cost (USD), annualized fuel cost (USD), and 

annualized salvage value of all system component 

(USD), respectively. Capital recovery factor 

(CRF) is defined as: 
 

𝐂𝐅𝐑 =
𝐝(𝟏 + 𝐝)𝐍

(𝟏 + 𝐝)𝐍 − 𝟏
 

 

where 𝑑 is discount rate (%), and 𝑁 is the lifetime 

of the project (year). Discount rate is defined as: 
 

𝐝 =
𝐢 − 𝐟

𝟏 + 𝐟
 

 

where 𝑖 and 𝑓 are nominal interest rate (%) and 

annual inflation rate (%), respectively. This article 

considered the discount rate of 5% and the 

inflation rate of 3%. HOMER calculates the 

parameter cost of energy (COE) for each system 
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obtained from optimization in addition to the 

NPC. The equation is used to calculate COE 

(USD/kWh) is: 
 

𝐂𝐎𝐄 =
𝐂𝐚𝐧𝐧,𝐭𝐨𝐭 − 𝐂𝐛𝐨𝐢𝐥𝐞𝐫 × 𝐇𝐬𝐞𝐫𝐯𝐞𝐝

𝐄𝐬𝐞𝐫𝐯𝐞𝐝
 

 

where 𝐶𝑏𝑜𝑖𝑙𝑒𝑟 is boiler marginal cost (USD/kWh), 

𝐻𝑠𝑒𝑟𝑣𝑒𝑑 is total thermal load served (kWh/year), 

and 𝐸𝑠𝑒𝑟𝑣𝑒𝑑 is total electrical load served 

(kWh/year). 

In this article, the constraint function parameters 

in HOMER are set to maximum annual capacity 

shortage (%) and minimum renewable energy 

faction (%). In the simulation and optimization, 

the maximum annual capacity shortage parameter 

was set to 0% to simulate a situation where the 

system could always supply the load on fish 

farming. The minimum renewable energy fraction 

parameter is set to 0%, implying that the current 

system, namely the grid and diesel generator, can 

be simulated. 

Sensitivity analysis can be performed as part of 

the optimization process using the HOMER 

software. In this article, the variables utilized in 

the sensitivity analysis are diesel generator fuel 

price and grid reliability. In Error! Reference 

source not found., sensitivity variables are 

specified in detail. There are two values for the 

fuel price variable, representing the fuel cost with 

and without government subsidies. Compared to 

the existing data, the grid reliability variable 

represents a state of worse and better reliability. 

The current situation is represented by sensitivity 

variables such as a diesel price of 0.45 USD/liter, 

a grid failure rate of 5.43 per year, and a nominal 

discount rate of 5%. 

 

3. Result and discussion  

The two main topics covered in this section are 

the optimal system configuration resulting from 

HOMER simulations and sensitivity analysis. The 

optimal system configuration is compared to the 

currently used system. The capacity of each 

required component is included in the analysis. 

The three sensitivity variables the price of diesel, 

the level of grid reliability, and nominal discount 

rate are used in the sensitivity analysis to compare 

the economic value of the proposed system. 
 

Table 5. Sensitivity variables and their values. 
 

Sensitivity variable Value 

Diesel price (USD/liter) 0.45; 1.23 

Grid failure rate (1/year) 2.5; 3.5; 4.5; 5.43; 6.5; 7.5 

Nominal discount rate (%) 5; 6; 7; 8; 9; 10 

 

3.1. Optimal configuration  

Compared to other configurations, the 

optimization calculation results in the on-grid PV 

system being the most optimal, consisting of PV 

panels, batteries, inverters, and grids. Table 6 

compares an on-grid PV system to the current 

electricity supply system used in fish farming. The 

results of this optimization are obtained using the 

current values of the sensitivity variables, namely 

the grid failure frequency of 5.43 times per year 

and the price of diesel fuel at USD 0.45 per liter. 

The proposed on-grid PV system configuration is 

shown in the first section of table 6. The following 

section of Table 6 displays the economic 

parameters and electricity production. 

The proposed system consists of PV panels with a 

total power of 164 kW, 34 batteries, and a 41.2 

kW inverter. This system has an NPC of USD 

558,633 and a COE of USD 0.08 per kWh. 

Compared to the current system, the NPC and 

COE generated by the on-grid PV system are 

lower. The on-grid PV system can provide 

continuous electricity for one year, with 249,747 

kWh produced by the PV system and 113,322 

kWh purchased from the grid. 

Figure 8 depicts the monthly electricity 

production for the current system in use. As 

shown in Figure 8, almost all electricity needs are 

met by the grid, with only 235 kWh generated by 

diesel generators in one year. Figure 9 depicts the 

fuel used to generate 235 kWh of electricity per 

year. The diesel fuel consumption pattern shown 

in figure 9 represents the diesel generator's 

function as a backup power source to overcome 

grid outages (Figure 7). Diesel fuel consumption 

in one year is 71.1 liters, with an average daily use 

of 0.20 liters. 
 

 
Figure 8. Monthly electricity production by current system. 

 

 
Figure 9. Fuel consumption of diesel generator. 
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Table 6. Optimization results of proposed and current system. 
 

Item Component Unit Proposed system Current system 

System architecture PV kW 164 - 

 Battery Quantity 34 - 

 Inverter kW 41.2 - 

 Grid Yes/No Yes Yes 

 Diesel Generator kW - 50 

Cost COE USD/kWh 0.08 0.11 

 NPC USD 558,633 693,994 

 Fuel Liter/year - 33.6 

Electricity production PV system kWh/year 249,747 - 

 Grid purchase kWh/year 113,322 337,507 

 Diesel generator kWh/year - 235 

 

Figure 10 shows monthly electricity production of 

proposed system. The production of electricity 

from PV systems is highly dependent on solar 

radiation, as illustrated in Figure 4. The PV 

system generates more electricity in August, 

September, and October compared to other 

months. Due to the occurrence of the rainy season, 

PV system electricity production decreased in the 

months following until February. As an on-grid 

PV system, the electricity load on fish farms still 

requires monthly grid purchases. Electricity 

purchased from the grid reached its highest value 

in February, at 12.53 MWh. Meanwhile, the 

smallest amount of electricity purchased from the 

grid was 1.62 MWh in September. 

Figure 11 depicts the proposed system's daily 

operation. As of the previous day, the inverter's 

output power from the battery was no longer 

sufficient to serve the load in the early hours of 

the morning. At this point, the load begins to be 

served by grid electricity. The load is served by 

the inverter output during the day once the PV 

panels have started to convert solar radiation into 

electricity. A portion of the electricity generated 

by the PV panels is used to charge the batteries in 

addition to serving the load during the day. The 

state of charge (SOC) graph depicts the battery's 

state of charge, with the SOC value increasing 

until the afternoon. The PV system can serve the 

load until 23.00 at night. 
 

 
Figure 10. Monthly electricity production by proposed 

system. 
 

 
Figure 11. Daily power curve: load, PV panel power, 

battery SOC, and inverter output power. 
 

Figure 12, Figure 13, and Figure 14 depict 

operations in the proposed system over the course 

of a year. Figure 12 depicts the output power of 

the PV panels. The average power generated by 

the PV panels is 28.5 kW, despite their rated 

capacity of 164 kW. As a result, PV panels have a 

capacity factor of only 17.4%. The average daily 

electricity production is 684 kWh, with a total 

annual production of 250 MWh. 

The inverter converts the electricity generated by 

the PV panels to AC power, which is then used to 

charge the batteries and serve the load. When the 

PV panels generate electricity, the charging of the 

batteries begins. Figure 13 shows the SOC value, 

which indicates the battery charge condition. The 

SOC value rises throughout the day, peaking in 

the afternoon. In addition, the SOC value dropped 

until night. A rise in the SOC value indicates that 

the batteries are being charged. In contrast, a fall 

in the SOC value indicates that the electricity in 

the batteries is being used to power the load via 

the inverter. 

Figure 14 depicts the inverter's output power over 

a year. With a capacity of 41.2 kW, the average 

output power produced by the inverters in one 

year is 25.6 kW, resulting in an overall inverter 

capacity factor of 62.1%. The inverter's maximum 

output power is 41.2 kW, equal to the load power 

to be served. According to Figure 14, the inverter 

generates output power from morning to night. 

Meanwhile, the inverter does not produce 
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electricity in the early morning hours, and the load is served by grid electricity. 

 

 
Figure 12. Power output from PV panels. 

 

 
Figure 13. State of charge of the batteries. 

 

 
Figure 14. Power output from inverters. 

 

3.2. Sensitivity analysis  

Sensitivity analysis is required for decision-

makers and investors to decide on renewable 

energy investment activities. Changes in the 

sensitivity variables, diesel fuel price, reliability 

level, and discount rate are used to investigate 

changes in the resulting optimal system 

configuration. The economic parameters, namely 

the NPC, will change if the optimal design of the 

system is changed. The NPC parameter is a 

parameter that is frequently used in investment 

decisions. The discussion in this section focuses 

on the impact of changes in sensitivity variables 

on NPC. 

Figure 15 depicts the effect of changes in grid 

reliability and diesel fuel prices on NPC with 

constant discount rate of 5%. Changes in the grid 

reliability level result in insignificant changes in 

the NPC value, as can be seen. Similarly, changes 

in diesel fuel prices produce two identical curves 

for diesel prices of 0.45 USD/liter and 1.23 

USD/liter. These two similar curves result from 

setting the maximum annual capacity shortage 

value to 0% (as discussed in the previous section). 

Thus electricity demand must be met throughout 

the year by selecting this value, regardless of grid 

reliability. 
 

 
Figure 15. The impact of diesel fuel prices and grid 

reliability on NPC with discount rate of 5%. 
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Figure 16. The impact of grid reliability and nominal 

discount rate on NPC. 
 

Figure 16 depicts the effect of changes in grid 

reliability level and nominal discount rate on 

NPC. Figures 15 and 16 show the same results in 

terms of changes in grid reliability level for NPC, 

indicating that changes in grid reliability level 

have no significant effect on NPC. Changes in the 

nominal discount rate, on the other hand, have a 

substantial impact on NPC. According to Figure 

16, the higher the nominal NPC discount rate, the 

lower the nominal NPC discount rate. Changes in 

the NPC value indicate a change in the optimal 

system configuration, specifically in terms of PV 

panel capacity, inverter capacity, and the number 

of battery. Figure 16 depicts the prices of all 

diesel fuels. 

 

4. Conclusions  

A case study of a fish farm that requires a 

continuous supply of electricity was used to 

analyze the use of PV systems in providing 

reliable electricity. In terms of system 

configuration, economic parameters, and system 

operation parameters, a comparison of the 

currently used system, namely the grid with diesel 

generator backup, and the proposed system, 

namely the PV system, was performed. According 

to the optimization results, the proposed system 

has a lower NPC value than the current system. 

The proposed system, which consists of PV 

panels, inverters, and batteries, is more cost 

effective to implement. Three sensitivity 

variables, namely diesel fuel price, grid reliability, 

and nominal discount rate, have been examined 

for their impact on NPC. Because the designed 

system must be capable of supplying electricity 

continuously, changes in diesel fuel prices on the 

NPC. A shift in grid reliability, on the other hand, 

has no significant effect on NPC at a constant 

discount rate. Changes in the nominal discount 

rate have a considerable impact on NPC. The 

lower the NPC generated for all levels of grid 

reliability, the higher the nominal discount rate. 

Consideration of uncertain factors such as load 

changes, price fluctuations, and the 

unpredictability of renewable energy sources can 

be incorporated into PV system analysis to ensure 

a reliable electricity supply. It is possible to 

develop an optimization model to account for 

uncertainties in the design of microgrids with 

renewable energy sources. Using an optimization 

model with multiple objective functions, cost and 

environmental parameters can be further analyzed. 

 

5. List of abbreviations  
 

CAIDI Customer Average Interruption Duration 

Index 

COE Cost of Energy 

HOMER Hybrid Optimization of Multiple Energy 

Resources 

HRES Hybrid Renewable Energy System 

NOCT Nominal Operating Cell Temperature 

NPC Net Present Cost 

OM Operating and Maintenance 

PV Photovoltaic 

SAIDI System Average Interruption Duration 

Index 

SAIFI System Average Interruption Frequency 

Index 

SOC State of Charge 

STC Standard Test Condition 
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