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 The use of solar PV system in Indonesia has expanded to various field and 

area. One example is residential buildings in urban areas. This article 

discusses calculation methods for designing a solar power generation system 

that is applied to residential buildings, such as homes, offices, or colleges. 

Electricity generated from the solar home system (SHS) is used to support 

many kinds of electrical equipments, where the electrical equipments are 

used by building occupants in their daily life. The calculation method is 

considered from the potential of solar energy and the reliability of the on-site 

system to generate electricity. The system is designed in an off-grid topology 

by exchanging connections with the public electricity grid owned by PLN. 

Calculation results shows that this SHS has a generation capacity of 1 kWp, 

24 V 300 Ah battery storage, and a 200 W inverter. This SHS can reduce 

electricity usage in this sector by 18.2 kWh in average every month.  
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1. INTRODUCTION 

The solar power generation system has been applied to a variety of purposes and locations that 

require electricity supply apart from the public electricity grid. In Indonesia, many solar power plants use 

photovoltaic technology. This technology uses silicon wafers to convert sunlight energy into electrical energy 

[1]-[4]. The use of solar power generation systems has been very diverse, such as centralized generators, 

distributed generators, solar home systems [5]-[7], solar water pumping systems [8]-[10], public street 

lighting [11]-[15] and also in the operation of electric vehicles [16]. Many of these systems have also been 

utilized to reduce the consumption of electrical energy from public networks with a smart-grid topology. This 

system topology is commonly used in residential sectors [17]-[22]. This topology allows the solar power 

generation system to be integrated with the public electricity network to increase the availability of electricity 

for users [23]-[25]. The demand to build a solar home system (SHS) in residential sector in Indonesia is also 

increasing, related to the government's policy to buy and sell electricity with the state electricity company 

(PLN). Apart from being a source of backup electricity, this system is also useful for reducing electricity bills 

for the public grid. In designing this system, the correct calculation method is always needed so that the solar 

power generation system that is built can operate optimally [26]-[29]. The calculations carried out must also 

consider various parameters of the installation site conditions and the specifications of each component of the 

solar power generation system. 

https://creativecommons.org/licenses/by-sa/4.0/
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Several studies related to calculation methods for systems that utilize sunlight energy sources to 

meet electricity needs have been carried out. One of them is the research conducted by the author to design a 

solar water pumping system for the residential sector [9]. A study was also conducted by Diantari and 

Pujotomo. in designing a solar power system with a capacity of 5 kW [30]. Khin et al. estimated solar 

radiation and optimal tilt angle in photovoltaic systems in campus buildings [31]. A research that designed 

software to calculate the potential for solar radiation and based on the location coordinates that have been 

conducted by Bukvina et al. [32]. 

The research in this article proposes a method for calculating the SHS requirement for electrical loads 

in the residential sector. The calculation will involve the parameters of the potential solar irradiation at the site 

and the electricity load per day. Calculations are carried out sequentially from the electricity load per day, the 

estimated solar irradiation rate per day, to the number and specifications of each SHS component. This article 

will also discuss the results of the implementation of the SHS design that was built on the rooftop of the Nanizar 

Zaman Joenoes Building at Airlangga University Campus C, which is located in Surabaya, Indonesia. 

 

 

2. RESEARCH METHOD 

The method in this research is used to determine the total electrical energy required by a residential 

building every day, and to consider what are the type of electric load and how long it is used in a day. The solar 

energy potential at the location is expressed in terms of solar irradiation levels and peak sun hours (PSH). These 

two variables are used to calculate the type, number, and specifications of each SHS component that will be 

installed on-site. This is so that the designed system can meet the electricity needs of residential buildings. Only 

in this study, the electric load which is the target for meeting the energy supply covers the entire electrical load 

in the building, but only for a part of the lighting. The SHS design is shown in the block diagram Figure 1.  

 

 

 
(a) 

 

 
(b) 

 

Figure 1. (a) SHS block diagram, (b) SHS system calculation flow chart 
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Figure 1 (a) shows the general components of a solar power generation system, including the SHS. 

The system consists of an array of photovoltaic (PV) panels and a solar charge controller (SCC) as the 

generation unit. Array battery as a storage unit. Inverters as distribution units for electrical loads. Also, a 

metering unit in the form of a datalogger or control panel is needed to monitor system performance. The 

calculation method showed in Figure 1 (b) is used to determine the capacity and specification of each part of 

SHS. The consideration of SHS design is based on daily loads and energy potential in the area, so the method 

needs to calculate them first. Then, the capacity of PV array need to be calculated by the consideration of the 

2 parameters mentioned before. The calculation of battery bank capacity is needed for the next process 

because it used to store the energy from PV array. Afterwards, is the calculation of SCC and inverter that 

used as electrical energy conversion. 

 

2.1.   Electricity daily needs calculation 

The total demand for electrical energy used in some buildings in a day can be calculated by the (1). 
 

𝐸𝑡𝑜𝑡𝑎𝑙 = ∑ 𝑛 𝑥 𝑡 (1) 
 

where 𝐸𝑡𝑜𝑡𝑎𝑙is the sum of total electrical energy needs for each electricity device per day, n is the 

number of each electricity device that has been used per day, t is the time for each device is used per day. 

 

2.2.   Solar energy potential calculation 

Surabaya is located at coordinate 07°09'00"-07°21'00" South Latitude and 112°36' - 112°54' East 

Longitude. If this method will applied to other locations, then just change the global horizontal insolation 

(GHI) value for the coordinates of the location obtained from RETScreen. GHI of the location is obtained 

from the RETScreen climate data accessed at 23 March 2021 showed in Table 1. According to [33], average 

daylight hours (ADH) in Indonesia is 12 hours a day. Then direct normal insolation (DNI) could calculated in 

average per month with (2). 

 

𝐷𝑁𝐼 =
𝐺𝐻𝐼

𝐴𝐷𝐻 
 (2) 

 

 

Table 1. Secondary data of daily averaged insolation incident on a horizontal surface  

(source: RETScreen database for Surabaya region) 
Month GHI (kWh/m2/day) DNI (kW/m2) 

January 4.57 0.38 
February 4.90 0.41 

March 4.91 0.41 

April 4.93 0.41 
May 4.77 0.39 

June 4.76 0.39 

July 4.69 0.38 
August 4.86 0.40 

September 5.04 0.42 

October 4.89 0.40 
November 4.66 0.38 

December 4.47 0.37 

Average 4.79 0.40 

 

 

The value of insolation used to calculate the need of solar panels is the average value by the 

minimum for each month, i.e, 

 

𝑃𝑚𝑖𝑛𝑖𝑚𝑢𝑚_𝐷𝑁𝐼 =  0.37 𝑘𝑊ℎ/𝑚2 (3) 

 

By retrieving the value of the minimum DNI, we expected that SHS system can work optimally 

even in the condition at rainy season. The analysis of the energy needs is provided by solar panels which are 

obtained from the amount of energy consumed by the load per day.  

The DNI value can be used to reference the output power that a solar panel can produce in the array 

when it is installed on-site. For example, if the solar panel on the datasheet has an output power capacity of 

100 Wp, it means that the solar panel can produce the same power value only when getting 1000 W/m2 

dunlight insulation and a temperature 32 °C. The light and temperature insulation parameters are obtained in 

the standard test condition (STC). So if the solar panel is installed at a location that has a DNI of 0.37 

kW/m2, it will have a maximum output power of 37 W. 
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2.3.   PV panel array capacity 

The first thing that will be calculated from the SHS design is the number and capacity of the PV 

panels. PV panels are a major component in the generation unit of a solar power plant. This component 

converts solar radiation energy into electrical energy. This calculation will involve one more parameter 

known as peak sun hours (PSH). is a parameter to express the ratio of the maximum duration of solar 

irradiation (in hours) per day to the standard solar radiation intensity which is 1 kW/m2, the unit of PSH is 

the hour. According to [34], the PSH value in Indonesia is 4-5 hours per day. In this study we take the PSH 

value is 5 hours. With the total consumption of electrical energy that has been calculated, the required total 

capacity of the PV panel 𝑃𝑝𝑣 array can be calculated in the (4). 

 

𝑃𝑝𝑣_𝑐𝑜𝑚 =
𝐸𝑡𝑜𝑡𝑎𝑙

𝑃𝑆𝐻 𝑥 𝑃𝑚𝑖𝑛𝑖𝑚𝑢𝑚_𝐷𝑁𝐼
 (4) 

 

With the PV panel capacity expressed in 𝑃𝑝𝑣_𝑐𝑜𝑚, it is possible to design a series and parallel 

connection configuration for a solar panel array. It is used as a reference for determining the operating 

voltage and current in the generation unit. The SHS design also considers the electrical losses that occur in 

each component of the system. This is described in Table 2.  

From Table 2 it is known that the total losses of the solar PV system are 6.5%. Electrical properties 

refer to the properties of silicon wafers (solar cells) which are required to create a voltage difference in cells 

when exposed to sunlight. Several components can cause a voltage drop, including resistors. The cable itself 

has a small amount of internal resistance, the amount of which will be based on the size (thickness) of the 

wire and its length. Connection losses capture resistive losses across the cable and diode connectors. The 

NREL study found a loss value of 0.5% for this component. The efficiency of a solar PV module also 

depends on one of its characteristic, namely the external quantum efficiency (EQE). EQE is the ratio between 

a number of charge carrier collected by solar cells with the number of incident photons [33]. EQE includes 

the effect of optical losses such as transmission and reflection. However, it is often useful to look at the 

quantum efficiency of the light left after the reflected and transmitted light has been lost. Ananda determined 

the measurement method to calculate the EQE for a PV module [34]. It is intended to capture events that 

completely paralyze the system - including inverter shutdown or failure, grid outage, or other actions that 

disconnect the PV system and prevent it from generating electricity for the home. Standard silicon solar 

panels consist of a silicon wafer, a connecting busbar, an encapsulating material, a glass and polymer backing 

sheet, and other electrical connection components. Over time, these components will wear and tear due to the 

effects of thermal expansion and contraction, UV rays, and damage from windblown particles, causing the 

system to degrade. 
 
 

Table 2. Total losses of a PV system 
Losses Percent of Losses (%) Efficiency (%) 

Multi crystalline PV module 0.5 99.5 
Wiring  2 98 

Connection 0.5 99.5 

System Availability 3 97 
System Degradation 0.5 99.5 

Total losses (𝐿𝑜𝑠𝑠𝑇𝑜𝑡𝑎𝑙) 6.5  

(source: https://www.aurorasolar.com/blog/understanding-pv-system-losses-part-1/) 

 

 

𝑃𝑝𝑣_𝑡𝑜𝑡𝑎𝑙 =
𝑃𝑝𝑣_𝑐𝑜𝑚

(100%−𝐿𝑜𝑠𝑠𝑇𝑜𝑡𝑎𝑙%)
 (5) 

 

The PV panel array configuration is expressed in terms of the number of parallel and serial 

connections. Parallel connection (𝑛𝑝) will double current, while series connection (𝑛𝑠) will double the 

voltage.  
 

𝑛𝑠_𝑝𝑣 =
𝑉𝑠𝑦𝑠𝑡𝑒𝑚

𝑉𝑚𝑝
 (6) 

 

where 𝑉𝑠𝑦𝑠𝑡𝑒𝑚 is operational voltage of the SHS and 𝑉𝑚𝑝 is PV voltage at maximum power.  
 

𝑛𝑝_𝑝𝑣 =
𝑃𝑝𝑣_𝑡𝑜𝑡𝑎𝑙

𝑃𝑝𝑣
 (7) 

 

where 𝑃𝑝𝑣 is maximum power output of each PV panel. 



                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 23, No. 3, September 2021: 1736 - 1747 

1740 

2.4.   Battery capacity  

This SHS will be activated to meet the electricity needs for 24 hours, therefore a storage system is 

needed. This storage system is useful so that SHS can generate electricity for 24 hours. The storage system 

uses a battery array to store the electrical energy generated by the generation unit. The storage system 

capacity considers the total energy that the generation unit produces during PSH. This is because, during 

PSH, the generation unit produces the maximum output power according to STC.  
 

𝑊𝑏𝑎𝑡𝑡𝑒𝑟𝑦 = 𝑃𝑝𝑣_𝑐𝑜𝑚  𝑥 𝑃𝑆𝐻 (8) 
 

where 𝑊𝑏𝑎𝑡𝑡𝑒𝑟𝑦 is the capacity of the storage system expressed in energy (Wh / kWh). Where this 

energy is the product of the battery voltage (𝑉𝑏𝑎𝑡𝑡𝑒𝑟𝑦) which is expressed in units of Volts times the current 

capacity of the battery. Solar power generation systems are indeed suitable for using VRLA type batteries 

either dry or gel with a deep discharge (DoD) of 80%. This type of battery that has DoD is a deep cycle type. 

If the operating voltage of the system is 24 V, the current capacity that must be provided by the battery array 

(𝐼𝑏𝑎𝑡_𝑡𝑜𝑡𝑎𝑙) is calculated from the (9).  
 

𝐼𝑏𝑎𝑡_𝑡𝑜𝑡𝑎𝑙 =
𝑊𝑏𝑎𝑡𝑡𝑒𝑟𝑦

𝑉𝑠𝑦𝑠𝑡𝑒𝑚 𝑥 𝐷𝑜𝐷
 (9) 

 

This system uses a battery configured in series and parallel. The number of batteries arranged in 

series using the (10). 
 

𝑛𝑠_𝑏𝑎𝑡 =
𝑉𝑠𝑦𝑠𝑡𝑒𝑚

𝑉𝑏𝑎𝑡
 (10) 

 

where 𝑉𝑏𝑎𝑡 is each battery’s voltage rate in specification sheet.  
 

𝑛𝑝_𝑏𝑎𝑡 =
𝑊𝑏𝑎𝑡𝑡𝑒𝑟𝑦

𝑉𝑠𝑦𝑠𝑡𝑒𝑚 𝑥 𝐼𝑏𝑎𝑡
 (11) 

 

where 𝐼𝑏𝑎𝑡  is each battery’s current rate in specification sheet stated in Ah.  

As with PV panel arrays, the parallel connection will double the current capacity, while the series 

connection will double the voltage. 

 

2.5.   SCC specification 

SCC functions to optimize the process of producing electrical energy from the PV panel array. In 

general, SCC has a maximum power point tracking (MPPT) feature. Where this feature serves to track the 

maximum power point voltage of the PV panel array. The DC/DC converter in the SCC will change the 

charging voltage of the electric current to that voltage. This will increase the production of electrical energy 

and increase the efficiency of the system. This MPPT feature usually uses certain programming algorithms to 

perform its function, such as genetic algorithms [35]-[38]. Calculation of the capacity and specifications of 

the SCC takes into account the system voltage and specifications of the PV panel used. The calculation of 

voltage and current specification must fulfilled. 
 

𝑉𝑠𝑐𝑐 = 𝑛𝑝 𝑥 𝑉𝑜𝑐  (12) 
 

Where; 𝑉𝑠𝑐𝑐  is SCC’s voltage, 𝑛𝑝 is number of PV panel connected in parallel, and 𝑉𝑜𝑐  is PV panel’s 

open circuit voltage. 
 

𝐼𝑠𝑐𝑐 = 𝐼𝑠𝑐  𝑥 𝑛𝑠 𝑥 1.5 (13) 
 

where; 𝐼𝑠𝑐𝑐  is SCC’s current capacity needed and 𝑛𝑠 is number of PV panel connected in series. Then, they 

are must multiplied by 1.5 as 50 % compensation to create safety configuration. The 50 % compensation is 

needed to prevent overcurrent come from PV array.  

 

2.6.   Inverter specification 

The inverter device functions to convert DC electricity to AC. This device is needed because almost 

all electrical equipment uses AC power. In general, determining the inverter capacity in a solar power plant 

only considers the total power used by all loads plus compensation of 25%. This is considered to avoid 

overloading or “in-rush” current generated by inductive electric loads. The inverter capacity is calculated by 

the (14). 
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𝑃𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 = (∑ 𝑉𝑙𝑜𝑎𝑑  𝑥 𝐼𝑙𝑜𝑎𝑑) 𝑥 1.25 (14) 
 

where 𝑉𝑙𝑜𝑎𝑑 is voltage of every electricity load has been used and 𝐼𝑙𝑜𝑎𝑑  is RMS current of every electricity 

loaf has been used. 

 

2.7.   Data analyze for SHS installed 

Analysis of data from the SHS that has been built on the rooftop of the Nanizar Zaman Joenoes 

Building, Campus C, Airlangga University. The SHS design uses the calculation method as described in the 

previous section. This data analysis is used to determine the success of the SHS design for the institutional 

residential sector in meeting the needs of several electrical equipments and reducing the consumption of 

electrical energy from the public power grid. Data analysis is carried out taking into account the input and 

output parameters of the SHS, as well as knowing the characteristics of the system model from upstream to 

downstream. 

 

 

3. IMPLEMENTATION 

The implementation of the SHS design calculation method is applied to the construction of an SHS 

with a capacity of 1 kWp. This SHS is used to supply a number of lighting points in the building. The SHS 

connection to the public electricity network is utilizing an automatic switch (ATS). The electricity generated 

by the SHS is fully used for lighting points for 24 hours. 

If this SHS is used to turn on 15 lamps with a power of 10 W, and they are turned on for 12 hours 

per day, then the total power that must be fulfilled is 1800 Wh per day. Calculated by (4), the value of 

𝑃𝑝𝑣_𝑐𝑜𝑚 is 972 Wp. If the value of losses is entered into the (9), the total required PV panel array capacity is 

1040 Wp, rounded up to 1 kWp. According to the standard, a solar power plant that has a capacity of more 

than or equal to 1 kWp must have an 24 V operational voltage (𝑉𝑠𝑦𝑠𝑡𝑒𝑚). Therefore, the PV panel array is 

configured into 2 series to meet the operating voltage requirements.  

The calculation of the number and specifications of the battery is considered from the electrical 

energy that can be stored. Then based on a (8), the electrical energy that must be stored by the battery array 

(𝑊𝑏𝑎𝑡𝑡𝑒𝑟𝑦) is 5200 Wh, then the 𝐼𝑏𝑎𝑡_𝑡𝑜𝑡𝑎𝑙 value on this SHS is 270 Ah, rounded up to 300 Ah.  

The calculation of the SCC specification is considered from the specifications, configuration, and 

the number of PV panels used. Based on (6), with the 𝑉𝑜𝑐  on the PV panel is 21.1 V, a minimum voltage 

specification of 42.2 V is required. ased on (7), with the 𝐼𝑠𝑐  value on the PV panel of 4.32 A, a minimum 

current specification of 43.2 A is required. The SCC used must have a power of 𝑃𝑠𝑐𝑐 . 

 

𝑃𝑠𝑐𝑐 = 42.2 𝑉 𝑥 43.2 𝐴 = 1823 𝑊 (15) 

 

The calculation of the inverter specification uses a reference for the amount and amount of RMS 

power for each load used. In the research, the electric load was 15 units of lighting lamps with an RMS 

power of 10 W each, so the inverter power that must be fulfilled plus 25% compensation is 𝑃𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 . 

 

𝑃𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 = 15 𝑥 10 𝑊 𝑥 125% = 187 𝑊 (16) 

 

 

4. RESULTS AND ANALYSIS 

4.1.   SHS design 

The results of the implementation of the calculation of each SHS component are contained in this 

section along with the detailed engineering design for each configuration design of SHS units. Based on 

Figure 2, if the design use a PV panel with a P_pv of 50 Wp, based on (6) and (7), it will need 2 series 10 

parallel configurations. The required number of PV panels is 20 units. The cable used in the PV panel array 

uses the NYYHY type with a size of 4 x 4 mm square. The choice of this cable type is appropriate for use in 

outdoor areas and is more resistant to air and weather. The cable size is of course adjusted to the current.  
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(a) 

 
(b) 

 

Figure 2. Configuration of array PV panel; (a) PV connection in first array, (b) all PV panel wiring diagram 
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Based on Figure 3, if the design use a deep cycle battery with a voltage specification of 12 V and 50 

Ah. According to (9) and (10), 6 units are needed with a configuration of 2 series and 3 parallels. Figure 4 

shows the SHS design with a single line diagram that places all the designed SHS components to be reliable 

with design inputs. Along with wiring specifications and configuration of all system components. Coupled 

with a datalogger and metering from the DC and AC sides, as well as an exhaust fan on the battery panel. 

The wiring in the controller panel on the DC side uses the NYAF type with a size of 10 mm square. Wiring 

on the AC side uses NYH type with 2.5 mm square. The type of cable showed in Figure 4 is following the 

standard of use. Meanwhile, the size is adjusted to the voltage and electric current. 

 

 

 
 

Figure 3. Configuration of battery array 

 

 

 
 

Figure 4. Single line diagram of SHS 
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Figure 5 shows the 1 kWp SHS installation on the roof of the Nanizar Zaman Joenoes Building, 

Airlangga University, Surabaya, Indonesia. Another important thing is the placement of the PV panel array 

installation and the controller panel considering the topology that is built on top of the building or building. 

The elevation angle of the PV panel is 10-15 degrees facing the equator. If the location is south of the 

equator, the PV panel must face north and vice versa. Also, there should be no objects in the direction of the 

sunlight that has a height more than the PV panel mounting. This can cause shading on the surface of the PV 

panel array. The minimum height of the mounting feet is 20 cm from the roof surface. Then the panel 

distance between the array to the controller panel and the battery panel should not be more than 50 meters. 

This will cause big losses on the DC side. 

 

 

 

   
(a) (b) (c) 

 

Figure 5. 1 kWp SHS installation in rooftop; (a) PV panel array, (b) controller panel, and (c) battery bank 

 

 

4.2.   SHS data analysis 

Data analysis was carried out to determine the performance of the SHS that had been installed with 

the proposed design. These data are taken from the data logger installed on the SHS controller panel. The file 

obtained from the data logger has a CSV format. The data logger has been storing SHS data since December 

6, 2020. Until the last data collection date, which was February 22, 2021, there were 10002 data. Data 

sampling by the data logger is carried out in several 5-6 datasets per hour.  

Figure 6 shows the energy generated daily and in total. Since this article was written, SHS has only 

been operating for 3 months. This SHS operates to supply the weather station equipment near the PV array 

and 10 LED lights. The blue graph shows the daily energy generated during the 3 months that fluctuates. The 

peak of this generated energy occurs in mid-January. Total energy generated in December 2020 was 16.61 

kWh, in January 2021 it was 21.75 kWh, in February 2021 it was 16.43 kWh. 

 

 

 
 

Figure 6. Energy generated in first 3 months of operation 
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5. CONCLUSION 

The design of the SHS has been successfully applied to the rooftop of the Nanizar Zaman Joenoes 

Building, Airlangga University, Surabaya, Indonesia. The potential for solar energy at that location is an 

average of 0.37 W/m2. This design implementation can also be used to design SHS in different locations in 

Indonesia with specifications that match the required system capacity. The SHS designed to be built has a 

capacity of 1 kWp with a system specification using a 50 Wp PV panel with a total of 20 units arranged 2 

series 10 parallel, 6 battery bank units arranged 2 series 3 parallel, SCC-MPPT 2 kW, 200 W pure sine 

inverter waves, as well as supporting tools such as data loggers and metering. The SHS that has been built 

has been operating for 3 months with the total energy generated by 43.55 kWh, with an average of 18.2 kWh 

per month. The limitiation of calculation method presented in this paper is it only can be used to determine 

the off-grid system with total capacity lower than 30 kWp. Also it has less replicable for different load 

characteristics.  
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