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1. Introduction 

Global energy consumption has been steadily growing 

over the past few decades. Fossil fuel resources are 

decreasing while the world energy consumption is 

increasing considerably. Not only that but also, the 

consumption of fossil fuels causes pollution. A considerate 

solution for energy problem is the utilization of renewable 

energies[1]. One of the forms of sustainable and 

alternative energy is the renewable energy which has 

become in considerable use in today's world due to several 

factors including depletion of fossil fuels as well as the 

emissions associated with the use of those fossil fuels[2]. 

There are several renewable energy sources such as solar, 

wind, hydro, geothermal, biomass energies and others. 

One of the most important renewable energies is the solar 

energy. Energy from the sun has been used to provide 

electricity for many years [3]. 

Renewable energy technologies are becoming a realistic 

means of generating a significant proportion of the world 

electricity needs. One of those technologies is photovoltaic 

(PV) systems, which have several advantages compared 

with other energy production solutions. First, PV is 

currently the only renewable energy technology which can 

be deployed effectively in residential environments as 

distributed systems and building-integrated elements [4]. 

Secondly, the system output can be modeled fairly reliably 

from solar radiation data, based inter alia on the 

orientation of panels, surfaces or roofs [5]. 
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A B S T R A C T 
 

Given the growing demand for various energies and the crisis of the end of the adoption of 
fossil fuels in the near future, the world needs to be an effective alternative to reduce 
pollution caused by the use of fossil fuels and thus reduce greenhouse gases and prevent 
environmental degradation. the aim of this study is to investigate the the amount of energy 
saving in the use of sustainable energy, the photovoltaic system is one of the last 
achievements in solar energy consumption to produce the electricity required for buildings, 
which is considered in this research. the method of this study is based on introducing a 
building sample in Mashhad city according to the definition of conventional house and the 
calculation of its energy consumption as a representative of a building in this area. then with 
the ladybug software, the maximum power generation is calculated by panels which are 
calculated from the optimization angle and optimized distance. according to these results and 
with the proposed improvements, the photovoltaic panels can be saved up to 16737.21 kWh 
per house using photovoltaic panels. according to the general energy consumption of a 
common house with Six levels ( 29618.25 kW per year), 56.5 percent of the electrical energy 
can be provided by photovoltaic panels. 
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2. literature review 

Hoffmann [6] studied the development of a two-axis solar 

tracker and performance evaluation of a solar panel, 

compared to a fixed system in southern Brazil. The panel 

with tracking system presented average monthly gains 

varying from 17, 20 % and 31, 1 %, indicating that this is 

an alternative to make photovoltaic energy more attractive.  

Santana et al[7].presents a solution for estimating the 

electricity production of a photovoltaic application useful 

in energy management and show that the MFNN can be 

used to estimate the energy produced by the photovoltaic 

production unit and are conditioned by an appropriate 

structure of the neural network that is dependent on the 

nature and amount of data provided in the regression data 

window. 

Vulkan et al.[8]seek to estimate the potential for electricity 

generation by building-integrated PV in typical residential 

building types in dense urban locations, accounting for 

shading by adjacent structures and show that although 

roofs are less affected by mutual shading than vertical 

facades, some facades (mainly south and east oriented) 

can still make a substantial contribution to the overall 

solar potential of urban buildings. 

Laib et al.[9] study the performance of the grid-connected 

photovoltaic system and the energy balance in the 

residential building ] in the northern region of Algeria that 

indicated the PV system generated 67.6 % of the overall 

energy used in the house. Only, 33.4 % are purchased 

from the grid. An energy positive balance of 2 kWh / day 

is observed. 

Fitriaty et al.[10]predict the energy generation prospect of 

the residential building attached PV systems in a tropical 

area based on optimum location on the building envelope 

employing Revit 3D BIM software. The results indicated 

that the optimal location for installing PV panels was on 

the roof of a building where incident solar radiation levels 

are high and uniform throughout the year. And the 

implementation of photovoltaic on the residential building 

has a huge potential in tropical areas. 

W.G. Le Roux [11] studied optimum angles of fixed solar 

collectors in South Africa and showed that the annual 

solar insolation of a solar tracking collector in South 

Africa can, on average, be 45% more than a horizontally-

fixed collector. 

Filomeno et al. [12] in 2016 presents the design of an 

energy storage system to be used in residential buildings. 

The sizing of the energy generation and storage system 

was done to convert a residential building into a Zero-

Energy Building. Then, designed the control system and 

modeled in MATLAB/Simulink. Its operation was 

simulated under different conditions of solar radiation and 

19 demand, showing a reduction of 76% and in 78.3% on 

the energy sent and consumed from the grid, 20 

respectively. The results also show a reduction of 87.2% 

on the annual energy bill. 

Tarek[13] investigates PV panel optimum tilt angles for 

various cities in the Kingdom of Saudi Arabia and 

simulated in MATLAB software for optimizing tilt angle 

by maximizing solar radiation. Results demonstrate that 

adjusting tilt angles six times per year harvests 99.5 % of 

the solar radiation that could be attained with daily PV 

panel adjustment. 

3. Energy and its history 

The sun is the main source of different types of energy at 

the surface of the Earth, from the beginning the energy of 

the Sun to produce fire , cook food and eat it , followed by 

agricultural growth , and was able to use water and wind , 

which was cheaper to develop trade , agriculture , and 

transport . After that, by the invention of the steam engine 

by James Watt, the long-term boom in energy 

development was developed, and crude oil was discovered 

in 1859 and was able to accelerate progress and evolution 

with products such as gasoline, diesel, kerosene, and 

gasoline in the energy cycle[14]. 

It followed internal combustion engines and diesel engines 

until 1958, natural gas entered the cycle of fossil fuel 

energy. Finally, given that the energy of fossil fuels has 

limited resources and ends, developed countries are able to 

acquire nuclear energy using the theory of mass theory 

and energy, replacing fossil fuels and currently looking for 

more efficient resources[14]. 

 

3.1.Solar energy 

 
Solar energy, one of the most important types of 

renewable energy as a renewable source, is one of the 

most important alternatives for fossil fuels, and increasing 

pollution from relieving it from other energies[15]. 

 

3.2. Solar energy production in Iran 

 
according to the radiation chart, the highest average 

amount of solar radiation on different parts of the earth is 

7555 kWh and the lowest average daily radiation is 155 

kW / h. iran is located between 75 - 15 degrees north 

latitude and can be said in a region where solar energy is 

highest in the world, as far as the amount of solar radiation 

in Iran is estimated to be between 1155 and 7755 kWh per 

year, which is higher than the average global average[16]. 

on average, in Iran, over 705 sunny days are reported that 

the figure is significant[16]. 

 

 
Figure 1. Global solar energy distribution. Courtesy of 

NASA, 2008. 
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4. Photovoltaic  

The term photovoltaic is a combination of the Greek 

word photo means light and volt means generating 

electricity from light. The discovery of the photovoltaic 

phenomenon is attributed to the French physicist Edmund 

Burke, which was published in 1839 by a more battery - 

battery article [17]. 

4.1. Solar cell  
 

A solar cell is a tool that converts solar energy into 

electricity under a photovoltaic effect. photovoltaic 

technology is a branch of technology that affects the use of 

solar cells[17]. 

 

4.2. components of the photovoltaic system 
A photovoltaic system consists of an essential 

component that is required to generate certain electricity 

power. The main components of the photovoltaic system 

are modules, arrays, voltage regulators and controllers, and 

a power storage battery[17]. 

 

4.3. The orientation of the panels 
The energy output from a PV module, made from 

crystalline silicon cells, is maximum if the sunlight is 

incident with a perpendicular angle on it [18]. 

 

4.4. Fixed or tracking mechanism 
 

 
 

Figure 2. Fixed, single-axis and double-axis tracking 

mechanisms 

 
 

Abdallah and Nijmeh [19] found a 41.34% increase in 

the energy output for two axes tracking PV panel 

compared to a fixed one. 

Thus, if the surface of the module is made to track the 

sun so that the light is also perpendicular to the panel, the 

energy yield increases [20]. The tracking system can be 

either a single axis or dual axis type [21] as shown in Fig. 

2. Viitanen [22]. presented in one the studies that panels 

with 2-axis tracking system produced 25–45% more power 

than panels installed on the fixed optimum tilt angle. 

 

4.4. Type of photovoltaic systems 

 
There are two main types of photovoltaic systems for use 

in the building. Figure.3 shows different types of PV 

configurations that work for both Grid-connected and 

Stand-alone applications that can see that the main 

difference between these two main types is utility grid 

availability.  

 
Figure 3. Type of photovoltaic systems 

 

Off-grid photovoltaic systems 

 
A single or independent system of the network is the 

need for a single system when connected to the power grid 

is not possible or desired in such cases to provide 

electricity at night or in cloudy days as well as the 

maximum amount of electricity required for a number of 

charges. The size of the photovoltaic arrays is adjusted so 

as to inhibit the common loads and the charging of the 

stores. The warehouses make a significant increase in the 

storage and storage of photovoltaic systems. Fig. 3 is a 

single system, in addition to the storage for energy storage 

to a transformer to convert the DC electric current into AC 

electricity[23]. 

 

 
Figure 4. Off-grid photovoltaic systems 
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Grid-connected photovoltaic systems 

 
There is no need for storage when using the 

photovoltaic system where the power grid exists. During a 

solar day, the surplus power in the photovoltaic system is 

sold to the electricity company and instead of being 

electrocuted on the night of the electric grid. As a result, 

the grid operates as a very large storage warehouse. Again, 

it should be noted that there is no need for the store in this 

system and thus will save considerable savings in both the 

cost and maintenance of the system; Figure 1 is the 

example of a photovoltaic system connected to the 

network[23]. 

This paper analysis is base un grid-connected system. 

 

 Figure 5. Grid-connected photovoltaic systems 

 

5. Methodology 
5.1. Features of building investigated 

   in each city and area, due to the height code of buildings, 

area, north and south, the materials used in the facade and 

so forth are defined as the common house. This house can 

be considered as the default of its studies and studies . on 

this basis, the customary house in Mashhad, apartments of 

four to six stories that originated in northern and 

southern.[24] 

Figure5. Common housing in Mashhad  

 

 

 

            Figure 6. North housing in Mashhad    

 

The home is explored by the north-south orientation 

and the so-called northern house, which first enters the 

building after the passage of the open space. 

 

5.2. Designing a photovoltaic system for a 

residential home 
 

  After determining the building, the solar panels were 

examined and feasible. Due to the limited installation 

space on the roof of the solar panels, the "Photovoltaic 

system design according to available space" method is 

used as a benchmark for designing a networked 

photovoltaic system [25]. 

 

Chart 1: General criteria for designing a networked 

photovoltaic system 
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Steps for selecting the capacity and arrangement of 

photovoltaic arrays with design criteria are shown (based 

on the amount of space available) in the graph below. 

 

 
Chart 2: Initial determination and estimation of 

photovoltaic panels 

 

5.1.1 Determine the amount of available space 

   To allocate the roof space to the photovoltaic 

panel, the size of the existing space is 170 square 

meters, and with a reduction of 20 square meters of 

storage space and facilities, 150 square meters of 

space is planned for implementation of the panels. It 

should be noted that no shading of adjoining 

buildings is assumed to exist on the building. 

 

5.1.2 Determine the most ideal number of 

modules that fit into the area 

     The optional LG module is the Neon2 model. 

The physical characteristics of the modules are given 

in the following table. 

Also:   Area of each module is: 

 A = 1.024*2.024 = 2.0725 m2        and    Mashhad  

Latitude = 36.27 

Sun Altitude: Using the Ladybug software, the sun's 

altitude angle (α) was calculated for the most critical 

day of the year in Mashhad, December 22, and is 

equal to α = 30.29 

 
Table 1: Physical characteristics of the modules [27] 

 

 
 

Figure 7:  Calculation of Distance between Panels 

[Source: Writers] 

 

According to the above information, the distance 

and manual calculation shown in Fig. 8, the distance 

between the panels to avoid shading is 1.85 meters.  
 

 

 

 

Figure 8: Roof Dimensions and Placing Panels 

 

5.1.3 Positioning Panels 

 

  Based on the shading and dimensions of the panels, 

their number has been calculated, considering the 

space available in the roof at a distance of 0.5 m in 

the direction of 10 meters of the building for the 

panels. 

Then: 10/2.024 = 4.9 ~4panels,and15/1.85 = 8.1    

.5.1.4 Determine the state of the array field and thus 

determine the number of modules that will be 

installed on the ceiling. 

This stage of the design is done with the help of the 

pvsyst software to select the best positioning array 

and inverter for panels. After the designing of the 

project in this software, according to the coefficients 

and input of the selected panel information in the 

software, output with regard to shadowing 

throughout the year is as follows:( The details are 

not summarized due to the summary) 
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Figure9: pvsyst software report      

5.1.5 The amount of energy output using the 

formula 

 

According to the photovoltaic panel manufacturer, 

the energy output from the arrays is calculated as 

follows. 

Earray = Pstc × fman × ftemp × fdirt × Htilt × N                                                                                                          

Earray= Average energy output from photovoltaic array 

(watt hour) 
Pstc= Module output power in the STC conditions (watt) 

Fman= Reduction Factor Producer Tolerance (no Units) 

Ftemp= Temperature Reduction Factor (no Units) 

Fdirt= Contamination Reduction Factor (no units)  

Htilt= Radiation at sunrise hours for orientation and 

special collision angles                

Then: 

Earray=400*(97/100)*0.875*0.95*5.3*(7*4)*=47.9

62 KWH per day 

Earray=47.962*365=17155 KWH per year 

 

 
table2: electrical properties STC [27] 

 

5.1.6 The amount of energy delivered by the 

photovoltaic system 

 

It will be counted by Esystem = Earray × ηinv×Ls 

Esystem: The average daily energy output from a 

photovoltaic system connected to a power grid 

Earray: The average daily energy output from the 

photovoltaic array (watts hours) 

ηinv: Converter yield (no unit) 

Ls: Fault factor in system cables (no unit) 

Then: 

Esys=47.862*(97/100) *(95/100)*365=16098 KWH 

per year 

 

6.simulation software 

In this paper, we used Grasshopper version1.0.005 and 

its plugins ladybug version 0.0.66 and honeybee 0.0.63 as 

the modeling and simulating energy program and we use it 

for building and PV energy analysis . Grasshopper is a 

visual programming language and environment developed 

by David Rutten at Robert McNeel & Associates,[28] that 

runs within the Rhinoceros 3D computer-aided design 

(CAD) application. Programs are created by dragging 

components onto a canvas. The outputs to these 

components are then connected to the inputs of subsequent 

components.  

Advanced uses of Grasshopper include parametric 

modeling for structural engineering,[29] parametric 

modeling for architecture and fabrication,[30] lighting 

performance analysis for eco-friendly architecture[31][32] 

and building energy consumption.[32] 

The first version of Grasshopper was released in 

September 2007 and titled Explicit History. Grasshopper 

has become part of the standard Rhino toolset in Rhino 6.0 

and late [33] 

The LadyBug plugin is used to display the results of 

three - dimensional graphical output data and receive valid 

the validated weather data file ( EPW ). And honeybee has 

also been used to create a link with the EnergyPlus, 

Radiance, DaySim and the Openstudio and Run Energy 

and lightning simulation.[Fig 10-11] 

Fig 10. HoneyBee workflow diagram [34] 

 
Fig 11. LadyBug workflow diagram [34] 
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6.1. Simulation Process 

 
At first, for the beginning of the simulation process, the 

north angle should be modified with respect to the 

direction of the house in the specified area. The difference 

between the north and the line of buildings ( in Fig 12. ) is 

equal to 12.88 degrees. 
 

 
Fig 12. The angle of the north angle with respect to the 

buildings [source: authors]. 

 

The desired panels base on preliminary calculation in 

previous part are drawn up in the roof in the Rhino 

environment and then enters the Grasshopper 

Environment. The initial assumption is that the panels are 

centered at a 35 – degree tilt angle with the horizon and 

facing to the south. All modules are plotted on the roof 

after a single panel arrangement. ( Fig 13-15. )  

 

 

 

 

 

 

 

 

 

Fig 13. The single primary panel position on the roof 
[source: authors] 

 
Fig 14. Position of the panels on the roof ( right view ) 

[source: authors] 

 

 

Fig 15. Draw all panels on the roof [source: authors] 
 

In order to calculate the power generation in Ladybug, 

after introducing photovoltaic panels into the ladybug’s 

component and entering whether the file (epw) of 

Mashhad, the apply the module's settings according to the 

manufacturer 's data. 

 
value description input 

1 Flush type mount on 
roof 

mount type 

19.5 The ratio of the 

electrical energy 
output from the 

module to the 

incoming energy 

 

module 

efficiency 

-0.36  The percentage 

reduction/ increase 

in the output of the 
modules when 

Temperature 

become higher than 
25 ° C 

temperature 

coefficient OR 
Pmpp 

100 The percentage area 

of the modules, 
except the frame 

and the distance 

between modules 

 

module active 

area percent 

 

Table 3 . properties of photovoltaic panels ( LG NeON®2 

400w 72cell) [27] 

 

After that, the reduction coefficients of the DC to AC in 

the inverter which are related to the photovoltaic system, 

are applied in the software[35]. 
 

 

 

Values (%) reduction 

coefficients 
0 Annual Shading 
0 Age 

0.5 Snow 
2 Wiring 
2 Soiling 

1.5 Mismatch 
1 Availability 

0.5 Connections 
1 Name Plate 

Rating 
1.5 Light-Induced 

Degradation 
Table 4. reduction coefficients of the DC to AC [35]  

The settings applied for the simulation in the 
ladybug are shown in Fig 16. 
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Fig 16. Apply Settings to Ladybug [authors] 

 

6.2 The process of optimization the panels at 

Grasshopper 

 
The main objective of this work is to find optimal 

orientation to increase the potency of producing even more 

energy out of the photovoltaic panels. Hence, the 

Galapagos component has been used for the optimization. 

The Galapagos provides a generic platform for the 

application of evolutionary algorithms to utilize the use of 

different types of problems by non-programmer 

individuals[36]. genetic algorithm is used to solve the 

problem . for this purpose, the objective function of the 

model to perform the optimization operation is considered 

to be the annual output energy ( AC ) from a photovoltaic 

panel and the optimization genes are considered to be ± 90 

degrees east-west of the panel and lower panel orientation 

toward the initial panel mode while drawing in Rhino.  

 
Operational optimization using a genetic algorithm with 

the goal of minimizing the output energy parameter (AC). 

This process is done with the help of the Galapagos Plugin, 

which is solved by the genetic algorithm. In this algorithm, 

there are 10 generations that other generations develop and 

evolve. After finding the closest answer to the optimal 

state, one or 10 other generations will be produced as 

needed, in order to ensure the reliability of the solution to 

be achieved. 

In this type of optimization, the goal is not a definite 

answer, but to reduce the simulation time, an optimal 

solution is obtained that is acceptable in architectural 

design. Based on the results, calculations are done 

annually and for all months of the year. 

After 10 generation produces the optimization after 

converging the results the process of 

optimization will be stopped.in this process, 624 

experiment has been done on the genes. 

In fig 18. we can see the optimum answer 

have been finding .so we can conclude that the 

optimum answer is different with we assume 

base on manual calculations. 

 
Fig 17. Convergence of optimization results[writers] 
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Fig 18. Results of optimization [writers] 

 
It can be concluded that the panel should be 11 ° to the 

west and 4 ° to the sky, ie, angle 31 ° to the horizon to 

obtain the optimal amount of energy for obtaining energy 

(Fig 19.) to obtain the maximum solar radiation (Fig. 14), 

using this optimal mode You can increase the amount of 

energy produced from 583.38 to 597.75 kilowatt-hours per 

year. So, to ensure that no shading is done, the Ladybug 

plug-in is used to examine panel shading on the most 

critical day of the year, December 22nd. 

 

 
Fig 19. Optional optimal panel orientation (yellow) 
relative to the original panel (red) [writers] 

 

To do this, the sun's direction will be displayed on the 

day of the day at 9 to 15. It is based on the fact that the 

shading on the panels is very small and the panel spacing 

is considered appropriate. (Fig 20-21.). 

 

Fig 20. The direction of the sun on December 22 at 
different times with yellow spots 

Fig 21. Shadow panels on one another on December 22 at 

9 am to 15 pm [writers] 

 

7. Building energy consumption analysis 

In the following, as Common Housing introduced by 

Honeybee energy simulation software [24].In accordance 

with the floor space floor plan, the thermal zones in the 

Honeybee Software have become obsolete (Fig 6 and 22). 

 

 

Fig 22. Display of thermal zones created in Honeybee 

environment[writers] 

 

7.1.  Assumptions and variables 

 
The thermal properties of the building and the heating, 

ventilation and air conditioning (HVAC) conditions are 

shown in Table 4. These assumptions are considered in all 

the simulations due to the uniformity of the fixed plan in 

all fixed classes, and only the ratio of the elevation of the 

classes from the surface of the earth is considered as a 

variable. 

 

External wall 

(Tile: 8 mm, mortar: 20 mm, 

concrete: 150 mm, expanded 

polystyrene: 50 mm, air layer, 

chipboard: 9 mm, fiberboard: 12 

mm) 

  U-value : 

0.55W/m2k                        

roof                               

 )Lightweight concrete: 60 mm, 

expanded polystyrene: 50 mm, 

asphalt: 10 mm, concrete: 150 

mm, air layer, chipboard: 9 mm, 

fiber board: 12 mm) 

U-value : 

0.46W/m2k 

Internal floor               
(Rock wool: 12 mm, gypsumboard: 

9 mm, Air layer, Concrete: 150 

mm, Plastic tile: 3 mm) 

U-value : 

1.13W/m2k                                                                                                                     

window                                                                                   
Low E double glazing (6mm-13mm-

6mm) 
U-value : 

k21.8W/m 

Mechanical 

ventilation 

7lit/s – Minimum air conditioning rate:0.5  ACH   

Schedule( :weekdays )off- 09:0- on - 18:00 -off    

cooling                                                 

Power of the network 
Cooling performance factor: 3 

Starting temperature: 28 ° C 

schedule ( :weekdays )off-8:00 –on -18:00 – off  

heating                                                  
Power of the network 

Cooling performance factor: 2 

Starting temperature: 20 ° C 
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schedule ( :weekdays )off-8:00 –on -18:00 – off  

 

Table 5. Thermal Properties of Building Elements and Air 

Conditioning System [writers] 

 

 
 

 
Fig  23.: Introducing Materials to Honey Bee [1] 

 

A minimum of 300 lux for office space lighting is 

considered in Section 13 [37], which, if this amount is 

lowered, is obtained from artificial lighting. 

The assessment points are set for the lighting level of 

the living room, the bedrooms, and the kitchen. 

The variables applied in the software for simulation are 

given in Table (6) 

Artificial 

lightning 
10               2w/m  

electrical 

equipment : 
41               2w/m 

persons 5                          
Fresh air input 0.5              volume per hour 

Unwanted air 

penetration 
0.00944      Square meter per 

second per person 
Table 6.Simulation variables[writers] 

 

Results 

The energy consumption results, which include cooling, 

heating, electrical equipment and lighting on a floor of the 

building, are shown in [Fig 24]. 

Fig 24: Energy consumption of a floor of the building, 

broken down by months of the year (yellow electricity 

consumption, red heating, and blue cooling)[writers] 

 
The total electricity consumption of one floor of the 

building is 5923.65-kilowatt hours per year. Considering 

that the 5-story building has the same plan, so the total 

electrical consumption of this building is 29618.25 

kilowatt-hours per year. 

 

Fig 25.Calculates the electric consumption of a floor of 

the building in honeybee software [writers] 

 

According to 24 photovoltaic panels, the total area of 

the panels is 49.7418 square meters. After optimizing the 

orientation of the panels to get more energy, the azimuth or 

posterior angle was 178.12 degrees and the angle with the 

tilt angle was 31 degrees. The electric power generated 

from these panels is 16737.21 

kWh

 
Fig 26. Calculate the angle of deviation and the side of the 

panel and the amount of energy produced by the 

photovoltaic panels.[writers]                          

4. Conclusion 

As one of the developing countries, Iran plays a major 

role in increasing the water, energy and climate crisis in 

the world, and, according to IAEA figures, about 40% of 

energy consumption is allocated to them. These statistics 

and these crises have led to optimization in the building 
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sector as a principle. Solutions for optimizing and 

beneficial use of renewable resources in the building are 

very large and useful if properly implemented. In the 

meantime, photovoltaic panels are considered as one of the 

tools for using renewable resources in buildings. In this 

paper, by studying the use of photovoltaic panels, we 

concluded that using photovoltaic panels could provide a 

significant part of the electrical consumption of the 

building. These results and studies show that the electric 

consumption of a common house in Mashhad is 6 floors 

with 29618.25 kilowatt-hours per year. By selecting the 

optimal orientation of panels, 16737.21 kWh of electrical 

energy can be produced per year. Thus, it can be 

concluded that 56.5 percent of the power consumption of 

conventional buildings is provided using photovoltaic 

panels. 
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