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 ABSTRACT 
One of the main challenges in building a Solar Power Generation System at 
home or a Home Solar Power Plant (Home SPP) is choosing component 
specifications according to price. The main components of Home SPP are 
photovoltaic (PV) panels, inverters, and wiring systems. Given the strict price 
constraints, the selection of parts available on the commercial market is 
generally of low quality. However, low-quality components can still provide a 
significant advantage by optimizing the plant design. This research proves 
that the proper configuration can reduce electricity bills by 52.2%. This 
configuration does by choosing a Grid Tie Inverter (GTI) with a high working 
voltage and a 12 Volt PV configured in a parallel series circuit to work at 24 
Volts. In addition, the 12 Volt PV panels configured in series to 24 Volts are 
proven to increase the conversion efficiency. 
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INTRODUCTION 
 
Home solar power plants (SPP) are increasingly easy to find nowadays. Some families who care 
about green earth have started using their houses' roofs to generate electricity. The main 
advantage of solar power generation is that there is no need to buy solar energy sources.  

In Indonesia, where the equator crosses, solar energy can obtain abundantly for free. 
However, it needs solar panels to power daily household activities on the roof. The concept is 
cheap and straightforward; the challenge is to make a reliable PV installation using a 
commercially available device in the market with relatively cheap and low quality. 

  
LITERATURE REVIEW 
 
The rapid increase in PV energy use is related to solar cells' increasing efficiency and 
manufacturing of solar panels [1]–[3]. The PV generators can either be grid-connected (operate 
in distributed generation systems) or can work in stand-alone (autonomous) systems [4]–[6]. 
Both types result in the need for knowledge in choosing the type of solar panel and the financial 
problems that accompany it [7]. Furthermore, a control system that can be used in solar power 
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generation applications is also needed [8]–[11], integration into conventional [12]–[15] or with 
another renewable generation [7], [16]–[23], synchronization [24], optimization [25]–[34]. 

Home SPP installation has unique problems that do not always encounter Solar Power 
Generation experiments in the laboratory. For example, the limited choice of PV placement strictly 
depends on the available empty area [6], [35], [36]. The finished house's architecture and 
construction never be overhauled to install Home SPP. Also, funding is the main obstacle in the 
installation of Home SPP. The selection of home SPP components is a critical step, strongly 
influenced by the available funds, which are often minimal. Device selection becomes even more 
challenging when the choice is for products sold with specification data polished according to 
marketing conventions. The question is, how reliable is this marketing data, and how to prove it? 
This research experiments to install Home SPP with some of the market's equipment and get the 
optimum configuration. 
 
RESEARCH METHOD 
 
This study uses a work sequence or a research method to apply the home SPP system optimum 
design. The first step is to choose components that are on the commercial market. Next, make the 
optimal Home SPP configuration design based on existing data. Finally, the design results are 
installed in the home electrical system that has been connected to the State Electricity Company 
(PLN). Next, design simulation, observation, and measurement are conducted to obtain data and 
see the Home SPP system's behaviors. Finally, data processing and analysis are carried out to 
assess and conclude the performance of Home SPP. 
 
Home SPP Configuration 
 
Home SPP Installation can use DC (direct current) or AC (alternating current) configurations [1]. 
DC voltage is a natural characteristic of a PV panel composed of a series of photovoltaic cells using 
PN Junction as its basic component. A PN Junction exposed to photons produces a direct electric 
current from semiconductor P to N [ref]. So that SPP is a DC electric energy generator and can 
be directly used by DC loads such as LED bulbs. Meanwhile, an inverter must convert a DC to AC 
voltage [13]. 
 
Solar Power Plant Installation 
 
This research is based on observational data on the Home SPP Installation, deliberately installed 
at home. Its configuration allows it to be changed both on-grid and off-grid. It is also possible to 
change the type and specification of the inverter (GTI in this case) as one of its main components. 
The solar panel installations are divided into two array groups to support configuration flexibility 
during the research. The PV array configuration diagram shows in Figure 1. There are ten (10) 
panels with PV specifications as follows. 
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Table 1. PV Panel Specification Data 
Rated Maximum Power (Pm) : 100W 
Tolerance : +/-3% 
Voltage at Pmax (Vmp) : 17.8V 
Current at Pmax (Imp) : 5.62A 
Open-Circuit Voltage (Voc) : 21.8V 
Short-Circuit Current (Isc) : 6.05A 
Normal Operating Cell Temp (NOCT) : 47±2 °C 
Maximum System Voltage : 1000VDC 
Operating Temperature : -40 °C to +85 °C 
Cell Technology : Mono-crystal 
Dimension(mm3) : 1030x670x 30 

 
The table of the 𝑃𝑃𝑃𝑃 Specification Data set does not mention efficiency. However, it can easily 

be calculated because there is information on the dimensions, namely 1030x670x30 with Rated 
Maximum Power (𝑃𝑃𝑚𝑚): 100W. While the maximum normal surface irradiance (𝐼𝐼𝑝𝑝) is 
approximately 1000 W/m2 at sea level on a clear day [4]. If the area of 𝑃𝑃𝑃𝑃 (𝐴𝐴𝑃𝑃𝑃𝑃) is 1030 (length) 
x 670 (width) = 0.6901 m2. So, the efficiency of 𝑃𝑃𝑃𝑃 (𝜂𝜂𝑃𝑃𝑃𝑃) can be calculated by equation (1). 
 

𝜂𝜂𝑃𝑃𝑃𝑃 = �
�𝑃𝑃𝑚𝑚 𝐴𝐴𝑃𝑃𝑃𝑃� �

𝐼𝐼𝑝𝑝
� × 100% (1) 

 
The 𝑃𝑃𝑃𝑃 efficiency is obtained by entering the appropriate specification data in equation (1). The 
results of calculating the efficiency are described in this section. 
 

𝜂𝜂𝑃𝑃𝑃𝑃 = �
�100

0.6901� �
1000 � × 100% = 14.49% 

 
This efficiency value is a claim (calculated based on their data) from the 𝑃𝑃𝑃𝑃 manufacturers in 
their laboratory test results. This research proves whether this value is actually in actual 
conditions in the field. 
 

 
Figure 1. Two-path array arrangement 
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Array 1 consists of 8 PV panels with a total theoretical installed power of 800 Watts. And 
then, array 2 consists of 2 PV panels with 200 Watts of power. Each Array allows us to arrange 
in parallel and serial configurations. The parallel structure makes it possible to get a higher 
working voltage, for example, 24 Volts. The current flowing into the load becomes smaller with 
constant power—a smaller electric current provides an advantage in choosing a shorter conductor 
cable at a lower price. 
 

Table 2. Grid Tie Inverter Specification Data 
GTI1 GTI2 
Rated Power 1000W  
Compatible with Solar Panels 60 cells/24V,  
Vmp: 26-30V,  
Voc: 34-38V;  
72 cells/36V,  
Vmp: 35-39V,  
Voc: 42-46VDC  
Input Range 20-45V  
MPPT Voltage 28-36 VDC  
DC MAX. Current 60A  
AC Output 230VAC (190-260VAC)  
Frequency 50Hz/60Hz(Auto control)  
Power Factor  > 97.5%  
THD 5 %  
Phase Shift 2 %  
Efficiency 230VAC(190-260VAC)  
Peak Efficiency 87%  
Stable Efficiency 85%  
Operating Temperature -20 ℃-45 ℃ 

Rated Power: 600W 
Compatible with Solar Panels: 43 cells/12V 
DC Input Range: 11-32VDC 
MPPT Voltage: 15-22VDC 
DC MAX. Current: 38A 
AC Output : 230VAC (190-260VAC) 
Frequency: 50Hz/60Hz (Auto control) 
Power Factor: >98% 
THD: 5 % 
Phase Shift: 2 % 
Peak Efficiency: 86 % 
Stable Efficiency: 88 % 
Protection: Islanding; Short-circuit; Low 
Voltage; 
Over Voltage; Over temperature Protection 
Working Temperature: -20oC-65oC 

 
The next main component is the Grid Tie Inverter (GTI). Again, two GTIs with different 
specifications were selected, the GTI1 had a working voltage of 24 Volts, and the GTI2 had an 
operating voltage of 12 Volts. GTI1 is used to experiment with PV panels in parallel configurations, 
while GTI2 is used when PV panels configure in series. The specifications of the two GTIs are 
shown in Table 2. 

The Home SPP system in this study is also equipped with energy storage devices in the form 
of Valve Regulated Lead Acid (VRLA) dry batteries, BCC (battery charge controller), Pulse Width 
Modulation (PWM), and Maximum Power Point Tracking (MPPT) as well as a 1500 Watt pure 
sinusoidal inverter. This additional device is used for backup power when the grid of PLN goes 
out or off-grid. Also, for further experiments in the future. 

The Home SPP system's main control board includes GTI, Pure Sine Inverter, BCC, MCB, 
and meter equipment at each important measuring point. This meter equipment makes it possible 
to know voltage (Volts), current (Ampere), power (Watts), energy (kWH), frequency, and Cos 
Phi. The basic configuration of the Main Control Board diagram shows in Figure 2. 
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Figure 2. Main control board diagram 

The installed equipment is a commercial product on the market. However, this research does not 
discuss the brand but determines how the product specifications match the test results. 
 
Exploring the Characteristics of PV Panels 
 
The photovoltaic cell has an equivalent circuit, shown in Figure 3, consisting of an Iph current, a 
diode with current Io, shunt resistor Rs, and parallel resistor Rp [rev]. Overall, a single PV panel 
also behaves like a one-cell equivalent circuit. 
 

 
Figure 3. Solar cell equivalent circuit 

Figure 3 shows that PV current is proportional to 𝐼𝐼𝑝𝑝𝑝𝑝 = 𝐼𝐼𝑝𝑝ℎ −
𝐼𝐼𝑜𝑜{𝑓𝑓�𝑅𝑅𝑝𝑝,𝑅𝑅𝑠𝑠,𝑃𝑃𝑝𝑝𝑝𝑝 , 𝑞𝑞,𝑁𝑁,𝐴𝐴,𝐾𝐾,𝑇𝑇,𝐺𝐺�}. Where: q is the electron charge constant, N is the number of 
cells in a PV panel, A is the ideal diode factor, K Boltzmann constant, T temperature, and G are 
solar irradiance received by solar cells [14]. The complete equation of IPV shows in formula (2). 
 

𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝 = 𝐼𝐼𝑝𝑝ℎ − 𝐼𝐼𝑜𝑜I × �exp�
𝑞𝑞�𝑃𝑃𝑝𝑝𝑝𝑝 + 𝐼𝐼𝑝𝑝𝑝𝑝𝑅𝑅𝑠𝑠�

𝑁𝑁𝑠𝑠𝐴𝐴𝐾𝐾𝑇𝑇𝑘𝑘
� − 1� −

�𝑃𝑃𝑝𝑝𝑝𝑝 + 𝐼𝐼𝑝𝑝𝑝𝑝𝑅𝑅𝑠𝑠𝑁𝑁𝑠𝑠�
𝑅𝑅𝑝𝑝𝑁𝑁𝑠𝑠

= 0 (2) 

 
PV panels have a maximum Ipv when their output is short-circuiting (𝑃𝑃𝑝𝑝𝑝𝑝 = 0 Volts). 

Conversely, when the output power is open (𝐼𝐼𝑝𝑝𝑝𝑝 = 0), the Vpv is maximum. So, the PV panel 
produces an output power that changes with changes in load. There is a point where multiplying 
IPV by 𝑃𝑃𝑝𝑝𝑝𝑝makes full power (𝑃𝑃𝑝𝑝𝑝𝑝), known as Maximum Power Point (MPP). The simulation uses 
the PV Module software for mobile devices downloaded from the Google Play store. Simulation 
graph results are used for the rest of this paper. 
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Maximum Power Point (MPP) occurs at a voltage of 15 Volts and a current of 8 Amps. The 
Maximum Power-Point position is at graph IV's knee and constantly changes depending on the 
sun's radiation and load. 
 
PV Performance Simulation 
 
This simulation aims to prove whether the "commercial" specifications of PV are used, see Table 
1, and correspond to the results of calculations using Equation 2. The simulation uses the PV 
Module software, whereas the computation method uses Equation 2 [17]. Therefore, the first step 
in the simulation is to enter data from the PV specification in Table 1 into the PV Module Program 
data input screen. The results can see in Figure 4 a. then, by pressing the Calculation button, the 
calculation results for the outcome variable were obtained, as shown in Figure 4b. 
 

  
(a) (b) 

Figure 4. (a) PV variable, (b) Calculation result 

Furthermore, the PV Module Program simulates and plots the calculation results graphs I to V, 
P to V for Irradiant 1000 W/m2, 600 W/m2, and 300 W/m2 at 250 o C and 45o C. 

 

 
Figure 5. Plotting I to V 
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The curve in Figure 5 shows that the MPP occurs at the coordinate point (V, I) = (15.4). With the 
simple power equation P = VI, the maximum 𝑃𝑃𝑃𝑃𝑃𝑃𝑚𝑚𝑝𝑝𝑃𝑃 power obtained from this commercial PV 
is 60 Watts. So, the PV efficiency from the simulation results using Equation 3 is 
 

𝜂𝜂𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = �
𝑃𝑃𝑃𝑃𝑃𝑃𝑚𝑚𝑝𝑝𝑃𝑃

𝐼𝐼𝑝𝑝
� × 100% (3) 

 

𝜂𝜂𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = �
60

1000
� × 100% = 6%. 

 
While the calculation of efficiency (ɳPV) from the PV data quotation obtained ɳPV = 14.49%. 

So, the efficiency of the simulation results is only 0.41 of the efficiency based on these commercial 
data. Therefore, it is never possible to get the PV power output installed in subsequent 
installations, producing 100 Watts of power, as stated in the PV packaging data. 
 

 
Figure 6. Results of plotting p to v with changing irradiation and temperature 

The panel surface temperature affects solar energy conversion to electrical energy by PN 
Junction in PV cells. Figure 6 shows that MPP = 60 Watts occurs when solar irradiation Ip is 1000 
W/m2 at a panel surface temperature of 25 °C. When operating in the sun, the Temperature of 
the solar panels rises to 45 °C. In the plot to the right of Figure 6b, it can see that the MPP drops 
to 55.1 Watts at Ip 1000 W/m2 with a panel surface temperature of 25oC. 

The production of electric power from solar radiation energy conversion by this limited PV 
is also getting smaller due to the wiring system's conductor [ref]. Weather is also very influential, 
especially the potential for clouds to cover sunlight. 

Partial closure of the PV panel array by the shadows of buildings or trees also dramatically 
affects the Home SPP's overall performance [23]. 

This study seeks to take advantage of these limited conditions by selecting the most optimum 
configuration. So, it can obtain a Home SPP capable of producing maximum power with market-
quality commercial equipment. 
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DISCUSSION 
 
The experiment's equipment comprises the Solar power meter, Lux meter, digital thermometer, 
and several multimeters, including measuring voltage, current, power, energy, frequency, and 
cos-phi. These measuring instruments are attached to the main control board as a monitor device. 
This research does not require a high-precision measuring tool but rather consistency in its 
measurement.  

The first experiment was to measure the characteristics of the PV panel to obtain actual data. 
Then, the results can compare with manufacturer-supplied PV specification data. The binary load 
is used during the experiment. The connected loads are marked with a switch number. After that, 
experiments are carried out repeatedly to obtain a series of data that can be processed. After the 
data is collected, each measured variable's consistency can be seen. In this discussion, data 
samples are taken to show the performance of PV Table 3 provides an example of the data from 
the time at 11:45 measurement. During the day, the Solar Power Meter shows 973 Watts/m2, and 
the measured PV surface temperature is 47.2 °C. Furthermore, the graph of PV voltage versus 
power can see in Figure 7. 
 

Table 3. Measurement data from PV Home system 
V (volt) I (Amp) P(Watt) P/10 Load step 
19.9 0 0 0 0.0.0.0.0 
19.6 0.57 11.172 1.1172 1.0.0.0.0 
18.1 2.87 51.947 5.1947 0.2.0.0.0 
17.7 3.36 59.472 5.9472 1.2.0.0.0 
13.6 4.85 65.96 6.596 0.2.3.0.0 
11.5 4.85 55.775 5.5775 1.2.3.0.0 
7.2 4.86 34.992 3.4992 0.2.3.4.0 
6.42 4.87 31.2654 3.1265 1.2.3.4.0 
0.2 4.89 0.978 0.0978 1.2.3.4.5 

 
Temp oC Lux x 1000 SPM Watt/m2 
47.2 843 973 

 

 
Figure 7. Graph of PV plotting I-V and PV Measurement 
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It is interesting to note that these measurement results indicate an MPP condition with a 
value of 65.96 watts. This rated PV output power exceeds the simulation results showing an 
amount of 60 Watts. This difference can cause by faulty measuring equipment, inaccurate factory 
specification data that affects the final simulation results, or inconsistencies in the PV product 
itself. However, the difference is less pronounced and remains below the 100 Watts claimed by 
the manufacturer. Therefore, it does not change the quality level of this commercial PV product. 
Likewise, the efficiency value of the measured PV is 
 

𝜂𝜂𝑚𝑚 = �
𝑃𝑃𝑚𝑚
𝑆𝑆𝑃𝑃𝑆𝑆

� × 100% (4) 

 

𝜂𝜂𝑚𝑚 = �
65.67
973

� × 100% = 6.78% 

 
This measurement result's efficiency value is higher than the simulation result's efficiency 

(6%). However, it is still far from the manufacturer's claim. However, it should still be 
appreciated as a positive value. 

With low quality and efficiency conditions, every watt of energy produced by PV is precious. 
Therefore, it must utilize and reduce the losses of conductors and GTI (grid-tie inverter). 

Conductor losses can reduce by choosing high-quality cables. However, this solution is 
another disadvantage because of the very high price. Therefore, the answer is to increase the 
voltage, resulting in less current passing through the conductor. So that cheaper conductors can 
deliver the same amount of electric power. 

 The selection of the GTI also plays an important role. The assumption is that the smaller 
the current is, the easier it is to get a higher conversion efficiency for the same power. Therefore, 
choosing a GTI with a higher operating voltage is necessary. There are many GTIs with various 
operating voltages on the market. However, this experiment only compares the 12 Volt GTI with 
the GTI 24 Volt. 

The experiment uses a PV circuit and its equipment, as shown in the diagram in Figure 2. 
The total PV used is ten panels, with panels 1 to 8 installed in parallel series. That is (1 with 2, 3 
with 4, 5 with 6, 7 with 8, then the series pairs are parallel) with a working voltage of 24 Volts to 
form Array 1. While panels 9 and 10 are parallel to remain at a working voltage of 12 Volts to form 
Array 2. So that the area of AArray(1) = 5.52 m2 andAArray (2) = 1.38 m2. 

A snapshot of the measurement results is shown in Table 4 below. 
 

Table 4. Measurement results for comparison array 1 and array 2 

No. A clock's Temp 
(°C) 

SPM 
(Watt/m2) 

Lux 
x 1000 

GTI 1 
(Watt) 

GT2 
(Watt) 

In Out In Out 
1 9:42 45.9 800 725 360 331 86.60 72.20 
2 9:51 45.6 1035 890 442 386 91.00 75.30 
3 10:00 46.3 1075 924 460 409 91.20 75.80 
4 10:10 45.9 1000 890 430 385 88.90 73.11 
5 10:20 45.6 900 789 401 360 84.01 68.80 
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No. A clock's Temp 
(°C) 

SPM 
(Watt/m2) 

Lux 
x 1000 

GTI 1 
(Watt) 

GT2 
(Watt) 

In Out In Out 
6 10:30 45.1 992 863 440 394 88.20 72.20 
7 10:40 45.6 980 846 419 372 89.00 72.80 
8 10:45 47.6 1016 880 445 395 88.10 73.80 
9 10:55 48.1 1046 905 431 380 89.00 73.30 
10 11:00 45.5 1046 905 449 389 89.70 74.30 
11 11:10 45 1052 912 455 403 90.00 74.00 

 
The input of the GTI 1 is the output power produced from PV panels 1 - 8 with a maximum 

output according to the factory specification data of 800 Watts at 24 Volts. While the GTI 2 is 
input from PV panels 1 and 2 with a power of 200 Watts/12 Volts. 

The conversion efficiency of the GTI defines as the output power divided by the input power. 
Therefore, the efficiency of GTI 1 and GTI 2 can be found by calculating the existing data with this 
efficiency definition. At the same time, the following equation can calculate the Array's efficiency 
below. 
 

𝜂𝜂Array = �
𝑃𝑃𝑟𝑟𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑃𝑃Array

� × 100% (5) 

 
While the following equation can calculate PArray 
 

𝑃𝑃Array = 𝜂𝜂Array × 𝐴𝐴Array × 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑆𝑆𝑃𝑃𝑆𝑆 (6) 
 
Using Equations 4 and 5, the efficiency of Array1, Array2, GTI 1, and GTI 2 is obtained, as shown 
in Table 5. 
 

Table 5. The efficiency of PV and GTI arrays 
No ɳArray1 ɳArray2 ɳGTI1 ɳGTI2 
1 56.25 54.13 91.94 83.37 
2 53.38 43.96 87.33 82.75 
3 53.49 42.42 88.91 83.11 
4 53.75 44.45 89.53 82.24 
5 55.69 46.67 89.78 81.90 
6 55.44 44.46 89.55 81.86 
7 53.44 45.41 88.78 81.80 
8 54.75 43.36 88.76 83.77 
9 51.51 42.54 88.17 82.36 
10 53.66 42.88 86.64 82.83 
11 54.06 42.78 88.57 82.22 

 
The values are listed in Table 5, shown by comparing the efficiency of Array 1 and Array 2 and 
the GTI 1 and GTI2. They clarified the difference, and the data in the table is plotted in a graph. 
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Figure 8. Comparison chart of array efficiency 

 
Figure 9. Comparison graph of GTI efficiency 

Figure 8. It shows that Array 1, with an operating voltage of 24 Volts, the sum of the two 
PVs' voltages connected in series, shows higher efficiency than Array 2, with an operating voltage 
of 12 Volts. 

Likewise, GTI 1, with an operating voltage of 24 Volts, shows a higher conversion efficiency 
than GTI2, with 12 Volts, as shown in Figure 9. 

Since July, experiments have been conducted. The GTI began to connect to the PLN grid in 
August. Comparing the June, July, and October bills shows this Home SPP's economic effect. 
Accounts for August and September do not include experiments because experiments are carried 
out by making configuration changes, so the data was less convincing. The bill comparison shows 
in Figure 10. 
 
CONCLUSION 
 
This study proves that the equipment for building Home SPP, obtained in the low-mid-level 
commercial market tends to have a lower efficiency than the specification data included in the 
product. Therefore, carefully selecting Home SPP components in the retail market is necessary. 
In addition, it would be wise to compare testimonials from other consumers. 
A mini-grid system with a PV energy source increases the system's operating voltage. This 
efficiency increase applies to solar cells made with medium to low-quality materials. Thus, a low-
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quality PV serial connection to raise the voltage to match the inverter operating voltage improves 
performance. 

Economically, Home SPP builds benefits carefully by lowering monthly electricity bills. 
However, we must also follow the legal law of power export-import regulations to do this. 
 

 
Figure 10. Electricity Bill for October, July, and June 2020 

The bill in June was IDR 427,924.00, and in July, it was IDR 429,568. Although not shown, 
August and September bills tend to fall. However, a significant decline appeared in October, 
namely IDR. 223,965.00. This bill reduction was around 52%. 
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