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Abstract: The objective of the research is to design and evaluate the grid-connected solar photovoltaic roof-top system 

at Tetulia, Panchagrah, Bangladesh using PVsyst software. The main factors of this research are the move toward 

renewable energy like PV with environmental consequences. The overall performance of a photovoltaic cell is 

determined by the amount of solar irradiation, the type of PV module used, and the orientation of PV module. Now, the 

grid-connected PV system is the best choice for large-scale renewable energy. For the case study, PVsyst software is 

used to analyze a 3kW solar PV plant installed on a rooftop for residential load consumption of 8.1kWh/day. The 

available AC energy generated by the PV panels is 4172kWh/year, and 1871kWh/year of surplus energy is supplied to 

the grid after daytime power demand is met. The yearly global horizontal irradiation of Tetulia, Panchagrah is 

1485.4kWh/m
2
 and during the night, the quantity of electricity imported from the grid is 1050kWh/year. This 

technology helps in the prediction of power outages and backup energy storage because it makes use of the energy 

stored in the batteries. 

 

Index Terms: Solar PV technology, Renewable energy, Grid connected, PVsyst, Rooftop system. 

 

 

1. Introduction 

The electricity demand of Bangladesh is rapidly increasing day by day. To balance the increasing electricity 

demand, the majority of energy has been produced by burning finite fossil fuels. But the fossil fuels are rapidly 

depleting, which is a great problem for the future demand for electricity. Besides, fossil fuels have a bad influence on 

the environment, releasing massive amounts of carbon-dioxide [1]. So, green energy sources; solar, biomass, wind, and 

hydro energy must be utilized for an effective solution that is alternative to fossil fuels [2]. One of the most feasible 

green sources in this regard is solar energy. Because solar energy is renewable, inexhaustible, free, requires less 

maintenance and is safe for the environment [3]. This solar energy has gained quite acceptance in Bangladesh for its 

implementation and affordability. In contrast, the major drawback of solar PV for necessary power generation is that it 

requires huge land. Almost 3 acres of land are needed to generate 1 MW of electricity from PV panels [4]. In an over 

populated country like Bangladesh, the land for solar power generation is quite limited because of competing demands 

for land for agriculture or other purposes [5]. On the other hand, metropolitan, industrial, corporate, and government 

buildings all can provide substantial rooftop space for solar power generation. Rooftop solar is the greatest solution for 

meeting the energy demand targets and alleviating the country's existing energy problem [6].
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Several types of research have been analyzed in various ways; simulation [7], decision making process [8,9] and so 

on, to measure [10], compare and develop [11] the study. M.A. Habib et al. [12] described an evolutionary game 

analysis in power generation to analyze the cost and benefits. This study based on PV system shows different 

optimization; Vikrant Sharma et al. [13] analyzed the 190kWp grid-collaborative photovoltaic system with overall 

performance at Khatkar-Kalan, India. M.M.U. Rashid et al. [14] proposed the hybrid energy system to provide 

continuous electricity at Rangpur, Bangladesh. Rekhasree et al. [15] studied the 2.5kWp standalone photovoltaic system 

fitted in Karnataka, India. Based on PVsyst, P. Karki et al. [16] compared grid-tied PV systems of the entire electrical 

energy in Kathmandu and Berlin in Nepal. Chadel Meriem et al. [17] described a simulation analysis of a 9.9kWp grid-

connected solar system relied on PVsyst software at Tlemcen. M.M.U. Rashid et al. [18] presented a Simulink/Matlab-

based simulation technique to boost up the input volt by boost converter. P. S. Kumar et al. [19] conducted a research in 

Ramagundam on a 10MW grid-connected solar power plant. R. Singh et al. [20] described the environment-friendly 

electricity generation method and illustrated the energy from waste heat energy as well. Waqas Ali et al. [21] evaluated 

a stand-alone PV system and calculated daily electricity consumption with regarding the sizing of a solar PV panels, 

charge controller, batteries and inverter for the design configuration in Pakistan. 

This research is based on the design and analysis of an on-grid solar system using PVsyst software for commercial 

application in Chandra, Gazipur, Bangladesh [6]. But there is almost no research about rooftop solar cell at Tetulia, 

Panchagrah. The primary goal of this research is to develop a grid-connected PV system for electricity production and 

helps to meet the needs of the home. Coal, oil, and gas are some alternative energy sources. However, they are 

diminishing rapidly and therefore are severely affecting the environment. Solar energy, on the other hand, is 

environmentally safe, free, renewable, and inexhaustible. 

This paper discusses grid-connected PV system. This will reduce the dependence on the grid for generating 

electricity.  

The remaining of the paper proceeds on as: section 2 introduces materials and methods; section 3 establishes result 

and discussion; section 4 includes the conclusion. 

2. Materials and Methods 

The PVsyst software is used to construct a fixed PV system producing 11.4kWh to fulfill the average electrical 

power demands of household consumption. PVsyst is a simulation-based software which was initially designed for 

measuring and analyzing data from photovoltaic systems. PVsyst software facilitates system configuration design and 

allows the system to calculate the amount of energy generated. The results of PVsyst software show different simulation 

variables of calculated energy as monthly, daily, or hourly values. [22]. PVsyst software includes extensive meteo and 

PV systems components databases, as well as generalized solar energy tools for pumping, grid-connected, stand-

alone and DC-grid (public transportation) PV systems [23]. The grid-connected system is schematically represented in 

Fig.1, having several primary components; the PV array, inverters, and the end-user loads. The PV system absorbs the 

solar radiation and converts the solar energy into DC current that flows as electricity. The inverter is required to convert 

DC current into AC current for the home's appliances. The surplus energy produced by the PV system is sent to the grid 

[24]. The battery is connected when there is no electricity in the grid or when the weather is cloudy. 

 

 

Fig. 1. PV grid connected system with Solar. 

2.1  Database collection  

Database collection is necessary to assess the critical data that has influenced the performance of system in order to 

develop a long-term grid-connected system. The data for this research was categorized into two sections (i) site 

installation area, and (ii) overall energy consumption by required loads. Each value of data has a significant influence 

on the establishment of an economic system [25]. 
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2.1.1  Geographical of site location  

Presuming the situation, the test site is Tetulia (latitude 26.491°N, longitude 88.342°E and altitude 87m), 

Panchagarh, Bangladesh [26]. According to the latitude of the testing site, the tilt angle is 27⁰ . In addition, for fixed 

axis and one-axis tracking, the sun azimuth angle is zero, and for two-axis tracking, the sun azimuth angle is 0⁰  to 

180⁰ . 

 

 

Fig. 2. Map of Tetulia, Panchagarh, Bangladesh 

In Fig.2, the combination of yellow and red colors, represent the boundary of Bangladesh. The red color represents 

the proposed projected area. The green color represents the border of India.  

2.1.2  Energy demand consumption 

In a grid-connected system, total energy consumption must be calculated in order to avoid higher costs and 

oversizing the power system. The electricity consumption is calculated based on the daily power usage and the duration 

of operation. The design of a solar PV rooftop system for residential load consumption is considered as 8.1kWh/day. In 

Table 1, the total energy is used on a daily basis =8094Wh/day =8.1kWh/day, hourly load=1556W/h=1.6kW/h~2kW/h 

Table 1. Load consumption for home electronic devices. 

Item Power 
(Watt) 

Number of 
elements 

Number of 
hours 

operation 

Wh per day 
(Wh/day) 

Hours of 
operation 

(W/h) 

Citation 

Lamps 10 5 6 300 50  
 

 

[27], [28] 

Tv 50 1 3 150 50 

Refrigerator 150 1 24 3600 150 

Fan 75 4 8 2400 300 

Domestic appliances 500 2 1.5 1500 1000 

other 6 1 24 144 6 

Total 846W   8094 1556 

2.2  PV module, inverter and battery 

PV module converts the solar radiation into electrical energy. Many PV modules are mapped together to improve 

the power generation of a solar array. The PV module must be precisely measured in order to serve the load throughout 

the year. For this project, the 250Wp Generic, 13 mono-crystalline modules are chosen, and the parameters of the 

selected module are shown in Table 2. The PV array must be aligned at a precise, specific angle to absorb the maximum 

amount of solar radiation. The panel should be faced to the south for absorbing maximum solar radiation, and should be 

angled to match the height of the site location for maximum sun exposure. Table 2 shows the specification of the PV 

module, inverter, and battery. The open circuit voltage of the PV module is 37.4V, maximum output voltage is 30.7V, 

short circuit current is 8.63A and maximum output current is 8.14A. The Generic 3kW AC inverter model is used. The 

minimum MPP voltage is 125V and maximum MPP voltage is 440V, absolute maximum PV voltage is 550V of the 

inverter. The capacity of the lithium-ion battery is 13V 100Ah.  
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Table 2. PV module, inverter, battery 

Component Specification Parameters 

 

 

 
PV module 

PV module capacity 250Wp 

Voc 37.4V 

Vmax 30.7V 

Isc 8.63A 

Imax 8.14A 

 
Inverter 

Model Generic 3kWac inverter 

Minimum MPP voltage 125V 

Maximum MPP voltage 440V 

Absolute max PV voltage 550V 

Battery Battery type Lithium-ion 

Capacity 13V 100Ah 

2.3  System specifications 

System specification describes the functionality and operational parameter of a system. System operating and 

performance requirements are described in system specifications [29]. The system specification of the proposed project 

indicates the system components, design parameters, cost estimation, and load consumption. 

2.3.1  System components 

The components required to build the grid-connected solar system for the case analysis is demonstrated in Fig.3 

with some specification. The selection of PV modules and inverter is shown in Fig. 3. The PV power plant capacity is 

3kW/h and can generate 11.4 kW/d of electricity when the sun shines 5-6 hours each day. With respect to Fig.3, the 

total number of 13 PV modules, as well as a 3kW inverter, are required.  

2.3.2  Design parameters 

The specification of parameter for rooftop PV system are represented in Table 3. The total capacity of the PV plant 

is 3 kW, required surface is 21 sq. meter which is equivalent to 226.042 sq. feet. The PV panel of 1 kW can generate 

5kW of electricity per day on average. Table 3 shows some parameters of the PV panel in the projected area. The total 

energy consumption is 8.1kW/day where the hourly load is 1.6kW/h. Total power generated by 13 modules is 

11.4kW/day and surplus energy is fed to the grid. 

Table 3. Calculation steps for rooftop PV system. 

Parameter Specification 

Energy consumption 8.1kWh/day 
Hourly load 1.6kW/h 

Selected PV module capacity 250Wp 

Quantity of PV module  13modules 
Total power generated by 13 

modules 

11.4kW/day 

Excess power feed to grid is 3.3kW/day 
For off-grid, battery requires 13V, 100Ah 

Single battery energy 1.3kW 

Total Battery required 2 battery 

 

 

Fig. 3. PV module and inverter selection
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2.3.3 Cost estimation  

Cost estimation refers to the procedure of estimating costs and other resources needed to complete a project within 

a certain scope. Cost estimation generates the cost of a project by considering each component needed for the project. 

Fig.4 shows the cost estimation of the proposed system where the cost of the power plant is $1500, the cost of the 

inverter is $800, the cost of batteries is $200, the net metering and installation cost is $300. [30].  

 

 

Fig. 4. Cost estimation 

2.3.4  Load consumption 

The energy demand consumption is determined based on the daily power use and operating time which is shown in 

Fig. 5. For this study, the lighting system contains 5 LED bulbs with a rating power of 50W/day, 1 TV with a rating 

power of 150W/day, 2 home appliances with a power consumption of 1500W/day, 1 fridge with a power consumption 

of 3600Wh/day, and 4 fans with a power consumption of 2400Wh/day. 

 

 

Fig. 5. Household load consumption 

Fig.5 demonstrates the daily household load consumption. The daily consumption is 8.1kWh and the monthly 

consumption is 243kWh, while the hourly load is 2kW. The consumed power supply of every electronic device is on an 

hourly and daily basis. Hence, the inverter is chosen based on the hourly load whereas the battery is chosen on the daily 

load.  
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3. Result and Discussion 

The analysis and design of an on-grid solar PV system are simulated using PVsyst software. After several 

calibrations and simulation runs, the most pleasing results are obtained. The manufacturer's data sheet attests to the 

effectiveness of the PV module's simulation results. Metrological data (temperature, irradiance) determines how well a 

PV module will perform in practice. The PVsyst software analyzes various weather data from Meteonorm, NASA-SSE 

and other sites. The different outcomes are depicted in this study; the daily energy output plot including incident 

variations, performance ratio data plot, array power distribution plot, normalized production including loss diagram [31]. 

When compared conventional power plants which use oil, coal, and gas to the solar PV offers far lower operating and 

maintenance costs and no fuel charges Therefore, as long as the sun shines, PV will continue to generate energy. An 

entirely environmentally friendly and sustainable approach to generate power is with PV panels. 

3.1  PV module characteristics 

The basic properties of a solar cell are short circuit current (ISC), open-circuit voltage (VOC), fill factor (FF), and 

solar energy conversion efficiency(η). Several PV module characteristics are discussed for this proposed system. 

 

 

Fig. 6. Voltage vs. current characteristic curve 

Fig.6 shows a voltage vs. current curve with a module temperature of 45°C. Power fluctuates with incidental 

irradiance, with the maximum energy being 229.9W for 1000 W/m
2
 irradiance and the minimum energy being 44.4W 

for 200W/m
2
 irradiance. 

 

 

Fig. 7. Voltage verses current with different temperature. 

Fig.7 depicts a voltage vs current curve with temperature variations. When the temperature goes up, the voltage 

drops, and at 10°C, the utmost power is 264.5Wp. The power is inversely correlated to temperature due to the negative 

thermal coefficient of the material. 
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Fig. 8. P-V characteristic curve 

Fig.8 shows the P-V characteristic curve. The cell temperature is 45°C and the power fluctuates with incident 

irradiance. Different colors represent the different incident irradiance. The highest output is 229.9W for the irradiation 

of 1000W/m
2
, and the lowest output is 44.4W for the irradiation of 200W/m

2
.  

 

 

Fig. 9. P-V characteristic curve with varying temperature curve 

Fig.9 shows the P-V characteristic curve with varying temperature curve. The maximum power point is 264.5W at 

10°C, and the minimum power point is 204.2W at 70°C. According to Fig.9, the power decreases when the temperature 

increases. 

 

 

Fig. 10. ɳ vs i curve 

Fig.10 shows the efficiency vs incident global curve. As per the graph, the maximum relative performance with 

regard to STC (standard test condition) is 15.36% for the irradiation of 1000W/m
2
. The minimum relative performance 

with regard to STC (standard test condition) is -3.0% for the irradiation of 200W/m
2
. Different colors represent different 

cell temperatures. 
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Fig. 11. Efficiency vs. temperature in varying irradiance curve 

Fig.11 shows the efficiency vs temperature in varying irradiance curve. The effectiveness at maximum power 

(Pmax) vs. module temperature by changing the incoming irradiation is shown in Fig.11. The highest irradiation is 

1000W/m
2 
and the lowest irradiation is 200W/m

2
. 

3.2  Daily input/outputs of PV plant 

The amount of energy produced by a PV power plant directly relates to the global incidence on the collector plane 

[32]. The daily input-output schematic diagram of the solar system as illustrated in Fig.12. The daily input-output 

schematic diagram demonstrates the fluctuation of energy of the solar system which is delivered to the grid with the 

variation in global incidence [33].  

 

 

Fig. 12. Daily input-output variation 

Fig.12 illustrates the simulation parameter, which results in a system production of 4172kWh every year. The PV 

module selection necessarily requires an MPP voltage of 26.2V and an MPP current of 8.14A. The input energy will 

differ when compared to the output energy value. The highest energy delivered to the grid of 149.4kWh in March, and 

the lowest energy delivered to the grid of 56.6kWh in July. 

3.3  Normalized production 

The normalized production includes system losses, collection losses, and performance useable energy per installed 

kWp/day, as shown in Fig.13 which shows the yearly output of normalized power production and loss factor.  The 

normalized power production is 3250Wp. The system has suffered a 7.7% loss, and the loss in the collection (PV-array 

losses) is 19.2 %. The produced useful energy is 73% 

3.4  Performance ratio 

The annual average performance value (PR) value of the simulated 250Wp monocrystalline photovoltaic system is 

73 %, as shown in Fig.14. The PR value fluctuates modestly on a monthly basis. A quality factors indicates the quality 

of a PV plant performance ratio. The performance ratio expresses the link between the theoretical and empirical energy 

outputs of the solar plant. The PR exhibits energy after reducing the losses. The performance ratio is typically about 80% 

due to inherent losses during operating [34]. The system will be much more effective and productive when the PR value 

is closer to 80%. The performance ratio (PR) of the PV plant of 3kW with the use of a mono-crystalline photovoltaic 

system is shown in Fig.14. Overall, the performance ratio of the PV plant is approximately 73%, which is a significant 

amount [31].
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Fig. 13. Normalized production and loss factors. 

 

Fig. 14. Performance ratio 

3.5  Balance and main result 

Table 4 shows the balance and main result of the system. Some parameters are assessed for the main simulation 

result [35]. From the Table 4, the effective energy at the output of the array is 4171.7kWh/year, energy fed to the grid is 

1870.9kWh/year, yearly global horizontal irradiation is 1485.4kWh/m
2
, horizontal diffuse irradiation is 883.23kWh/m

2
, 

the ambient temperature is 24.78℃, and energy from the grid is 1049.8kWh/year. 

Table 4. Balance and main result 

Balances and main results 

 Globhor Diffhor T_Amb Globinc GlobEff Earray E_user E_Solar E_Grid EFrGrid 

 Kwh/m2 Kwh/m2 oC Kwh/m2 Kwh/m2 Kwh Kwh Kwh Kwh Kwh 

January 96.5 55.80 16.86 122.5 116.0 337.4 250.9 148.7 134.6 102.2 

February 103.7 59.94 19.88 121.6 115.1 325.4 226.6 145.7 156.3 80.9 

March 152.6 76.76 23.84 168.7 159.7 438.3 250.9 159.4 214.9 91.5 

April 151.4 85.78 25.51 152.1 143.3 392.9 242.8 169.3 19.6 73.5 

May 156.1 97.04 27.65 145.4 136.3 374.2 250.9 177.0 170.1 73.9 

June 134.7 91.94 28.61 122.9 114.9 316.7 242.8 166.7 125.1 76.1 

July 114.0 82.03 29.35 104.7 97.8 270.0 250.9 148.7 99.3 102.2 

August 145.3 92.11 29.48 140.2 131.5 360.5 250.9 172.2 162.5 78.7 

September 113.9 70.98 28.22 117.2 110.2 302.1 242.8 157.9 120.0 84.9 

October 115.3 64.19 26.75 131.5 124.6 341.8 250.9 153.7 163.5 97.2 

November 105.4 55.87 22.31 133.7 126.8 358.3 242.8 159.6 173.7 83.2 

December 96.5 50.79 18.63 129.2 122.6 354.1 250.9 145.5 154.3 105.4 

Year 1485.4 883.23 24.78 1589.5 1498.8 4171.7 2954.3 1904.5 1870.9 1049.8 

 

Legends 

Globhor    Global horizontal irradiation 
Diffhor      Horizontal diffuse irradiation 

T_Amb      Ambient Temperature 

Globinc      Global incident in coll. Plane 
GlobEff      Effective Global, corr. For IAM and shadings 

Earray      Effective energy at the output of the array 
E_user      Energy supplied to the user 

E_Solar     Energy from the sun 

E_Grid       Energy injected into grid 
EFrGrid      Energy from the grid 
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3.6  Loss diagram 

Power loss comes from several levels of the PV system due to a variety of factors. In PV arrays, several losses 

occur and are caused by module mismatch, module quality, ohmic wiring, converter loss during operation, converter 

loss due to threshold power, battery efficiency loss, charge/discharge current efficiency loss, inverter threshold power 

loss, etc. [36]. Fig.15 clearly shows the loss diagram throughout the power generation on a yearly basis. The PV loss 

due to irradiance level is 0.89%, PV loss due to temperature is 10.03%, mismatch loss is 2.1%, ohmic loss is 0.9%, IAM 

loss is 2.79%, LID loss is 2%, system unavailability is 2%.    

 

 

Fig. 15. Solar PV loss diagram 

4. Conclusion 

Design and performance evaluation of a solar PV rooftop system at Tetulia, Panchagrah, is installed with a 

capacity of 250Wp. PVsyst software is used to analyze and design PV system. The PV rooftop design and total 

performance evaluation reveals a grid-connected system with a potential of 3kW. The PV module, inverter, and storage 

selection are determined by the daily load demand of 8.1kW and hourly load demand of 1.6kW in a particular scenario. 

The overall annual energy supply into the grid is 1871kWh. The highest energy (214.9kWh) of PV roof-top system is 

sent to the grid in March while the lowest energy (99.3kWh) is delivered in July. For the corresponding residence, the 

average yearly performance ratio of this particular solar plant is 73%. The tilt angle is 27⁰  and one-axis tracking, the 

sun azimuth angle is zero. This research enables the user to implement their own PV system that fulfills their criteria, 

with the opportunity to select the appropriate components such as photovoltaic cells and inverters.This reduces power 

mismatching losses and increases the PV system's lifespan. 
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