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Abstract: Bengkulu has abundant direct sunlight all year round. Nonetheless, this region faces limited 

energy availability. Based on its potential, there is an immense opportunity for the development 

of electrical energy systems based on solar energy. In the coastal area, the operation of this energy 

system is still too limited and vulnerable. In order to fix energy requirements, a rooftop solar 

photovoltaic (PV) system can be implemented. The utilization of the rooftop requires preliminary 

studies related to solar mapping to identify the economic potential of the rooftop solar energy 

system. In this study, Unmanned Aerial Vehicle (UAV / Drone) technology has been adopted to 

map the potential of rooftop solar PV system. The drone is used to collect aerial photographic 

data on the rooftop, which is then processed to acquire a two-dimensional map. This map is used 

to obtain rooftop parameters such as area, tilt angle, and orientation of the roof. These rooftop 

parameters are favorable to estimate the potential of solar energy that can be generated. Based on 

these parameters, an estimate is made to assess the maximum solar energy that can be generated 

if the building rooftop is installed with a number of solar panels. To calibrate the calculated 

parameters of the rooftop, we compare the calculation results with the direct measurements. It 

has been proven that the drone technology can give promising results on high-resolution mapping 

of solar potential area. In addition, direct normal irradiance measurements are also performed in 

the case study area by using previously developed equipment. 
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1. INTRODUCTION 

Bengkulu is one of the regions of Indonesia where most of its territory is along the coastline. Based on 

these conditions, Bengkulu has abundant marine wealth and various other natural resources. On the 

other hand, this region has unfavorable economic trends and limitations in infrastructure, electrical 

energy, etc. In fact, if the variety of resources is optimized, these limitations can certainly be overcome. 

An example is the issue of energy limitations, indeed, Bengkulu receives direct sunlight all year round 

based on the location along the coastline under tropical climate at the vicinity of the equator [1]. If solar 

energy can be converted into necessary energy such as electricity, energy limitations can be overcome. 

Until now, the utilization of solar energy is still limited to drying various marine products and other 

agricultural products.  

In general, solar energy is the primary source of renewable energy with abundant availability and eco-

friendly, which can be converted into various types of energies needed by humans. The utilization of 

solar energy can be a solution to various problems related to the use of fossil fuels, such as the limitation 

of availability and the issue of environmental damage [2,3,4,5]. Moreover, the availability of various 

technologies to convert solar energy allows us to easily use its abundant energy. In terms of electrical 

energy, solar energy can be converted directly to electricity by using solar panels [6,7,8,9,10,11].   This 

device has been used in various parts of the world to convert solar energy into electrical energy.  

Recently, the application of solar panel systems continues to increase and expand. This condition due to 

the development of solar panel technology so that the resulting panels have better efficiency and 

increasingly competitive supply costs [4]. Many countries across the world have been applied solar panel 

systems both commercially and personally, such as in Ontario [5], European Union [12,13], Canada [4], 

China [2,3], Japan [14]. Furthermore, the system has been integrated into the national energy system 

[4,5,13]. Meanwhile, in Bengkulu, the application of solar panel systems is still very limited and 

generally for street lighting. 

In the solar energy generation system, a specific area is required for the placement of solar panels. 

Recently, the usage of building rooftop has become a solution for the land availability problem for solar 

energy plants. This architecture has several advantages such as reducing construction costs, shorten 

electrical transmission, optimizing the usability of the building, and avoiding attacks [4,5,12,15,16].  

The construction cost and attacks are among the main issues in the development of solar panel systems 

in Bengkulu. Therefore, the development of rooftop solar PV systems has immense potential to be 

developed. However, before implementing this architecture, a preliminary study is necessary to identify 

the feasibility of using the building rooftop. The main parameters that need to be investigated are the 

topology and characteristics of the rooftop, the height of the building, and the surrounding environment 

[4,5,12,13]. These parameters are then used to predict the energy that can be generated if the rooftop is 

installed with a number of solar panels. Further, the prediction results are then analyzed to obtain the 

efficiency, economic value, and potential use of building rooftop in the solar energy generation system. 

In general, several methods have been developed to determine the characteristics and topography of a 

building rooftop, such as manual measurement [16], Geographic Information System (GIS) [4,5,17], 

LIDAR [4,12], Artificial Intelligence (AI) [1] etc. These methods are still being used and proposed to 

map and obtain the characteristics of the rooftop [18,19,20,21]. In addition, in developed countries, there 

is a building database (building blueprint) that can be used as preliminary data in assessing the potential 

use of the rooftop. This condition is in contrast to Indonesia and Bengkulu in particular, especially where 

data on building construction plans are not available. Moreover, data on the potential use of solar energy 

is also still very limited. Besides the problem of initial data availability, the availability of equipment 

and funding for the development of this energy study is also still very limited. Therefore, the step taken 

to address the issue of initial data availability for building roof potential is to involve Unmanned Aerial 
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Vehicle (UAV) technology. UAV technology is utilized to obtain roof parameters that can affect the 

solar energy potential of a building, including determining the area that can accommodate solar panels 

and estimating the potential energy that can be generated if the area is covered with a certain number of 

solar panels.  

In this study, we utilized UAV technology, which is widely used in mapping activities [22,23], to obtain 

the area and characteristics of the roof, as well as online PV applications to calculate potential energy. 

This application is very simple to use. Hence, the innovation of analyzing roof potential using UAVs 

will contribute to the accuracy of renewable energy development and provide initial data on roof 

potential for the transition to solar energy, as well as for sustainable urban planning strategies. The 

employment of UAV technology in mapping offers advantages, such as high quality results, high 

resolution, reliability, less time, safety, and low cost [23,24]. Therefore, in this study, we have conducted 

a preliminary study to obtain the parameters of rooftop that can be used in the analysis of the potential 

of rooftop solar PV system using drone technology. Furthermore, the obtained rooftop parameters are 

then used as initial data to predict solar energy potential on building rooftops. In detail, each of these 

steps will be discussed in this paper. 

 

2. METHODOLOGY 

This research is a preliminary study on the development of the rooftop solar PV system in a coastal area 

with a case study of the building rooftops at the University of Bengkulu. The selection of case study 

sites is motivated by the position which is in the coastal area, the availability of electricity sources, and 

the increasing consumption of electricity every year. In addition, the development of this research can 

also be a learning tool for students and increase the role of educational institutions in campaigning the 

use of environmentally friendly energy. The main objective of this preliminary study is to obtain the 

parameters of building rooftop needed to identify the potential use of rooftop solar PV system. The 

parameters of the rooftop are then used to simply estimate the possibility of electricity that can be 

generated if the rooftop is covered with solar panels. As additional data, measurements of direct normal 

irradiance have also been conducted using our previously developed system. 

In general, to achieve the main objectives of this study, three general steps were carried out, namely the 

realization of a 2D map, identification of the main parameters of the rooftop, and the estimation of solar 

energy potential. These three steps can be divided into several sections as shown in Fig. 1. Besides, the 

methods and steps for producing a 2D map and calculating the main parameters of rooftops are the 

novelty of this research.  

This study uses the general mapping methods and steps to obtain the desired parameters. These steps 

are interdependent and must be carried out sequentially. The first step is to create a 2D map. In creating 

a 2D map, aerial photographs of the object are processed using the widely used mapping software. To 

collect aerial photographs, drone technology has been widely applied. The drone used in this study is 

the Mavic Pro type, which produces aerial photographs with pixel resolution. The drone is equipped 

with a camera that has a 12-megapixel (MP) sensor, which means it captures photos with a resolution 

of 4000 x 3000 pixels. To obtain aerial photographs of the building rooftop and its surrounding 

conditions, the flight is performed in an automatic grid mode which is controlled using the pix4D 

application at a ground surface elevation of 60 m to 80 m. The choice of elevation considered the 

building height and safety aspects in data collection. Fig. 2 shows the type of drone and one of the data 

collections sites. In addition, data collection is enabled on several buildings at the University of 

Bengkulu. 
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Figure 1. Flowchart of rooftop solar potential mapping. 

If the aerial photographs of the object of study have been collected, the next step is to process the data 

to produce a 2D map. In this study, Agisoft Photoscan software is extensively used to create a 2D and a 

3D map. This processing requires a computer specification with a minimum RAM of 8 GB. The 

selection of computer specification is linked to the speed of data processing. In general, the mechanism 

for creating 2D map consists of merging small aerial photographs into orthorectified aerial photographs. 

To obtain a 2D map, the steps are to enter the aerial photographic data that will be used and to select the 

treatment and treatment results that we want to display. In this 2D reconstruction, after entering the 

aerial photographic data, the system will retrieve the metadata from the photograph in the form of 

camera coordinates. These coordinate points are linked to the flight path which specified when retrieving 

the data for each object. In this data processing, we define the coordinates of the aerial photograph as 

survey data. For this study, survey data and camera positions on the study object can be seen in Figs. 

3(i,ii). Based on this survey data, we can analyze the number of overlapping photographs. The 

overlapping amount is shown in Fig. 3(i) in blue which indicates that the overlapping photographs are 

higher than 9. To get a smoother and higher resolution map, we need a larger amount of aerial 

photographs. 

 
Figure 2. Location for collecting data and type of drone. 

Based on the survey data points, the number of aerial photographs for each building is 255 for the 

auditorium, 183 for the classroom, and 93 for the research center. The differences in the number of aerial 

photographs are linked to the flight path established according to the area of the building used as an 

object. The difference in the number of aerial photographs also affects the number of connection points 

for each object. Another form of output from this image processing is the Digital Elevation Model 

(DEM). Based on the DEM data, some information about the surface such as elevation and height of the 

surface object can be explored. Fig. 3(iii) shows the DEM data for the three data collection sites. In the 

DEM data, the height difference is indicated in different colors. Orange indicates an object higher than 
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the surrounding object. The height scale of this object is indicated in the information in the color bar at 

the bottom right of each object. Based on the DEM data, the rooftops of auditorium and classroom are 

higher than the trees and other surrounding buildings, while for the research center building there are 

trees and other higher objects. This data can be used in an initial analysis to predict the shading effect 

due to trees and the presence of other objects around the rooftop. For the research center building, the 

existence of other objects around it is possible to cause shadows. In addition, the position of this other 

object is very close to the rooftop. As with the other two buildings, the rooftop is the highest level, hence 

the possibility shading effect is caused by the rooftop itself due to the orientation of the sun against the 

rooftop. 

 
Figure 3. Survey data (i), camera location (ii), and digital elevation model (iii) for (a) Auditorium, (b) classroom, 

and (c) research center, respectively.  

Fig. 3 shows some results, generated using Agisoft Photoscan software after entering aerial photographic 

data. In addition, the main output obtained using this software is 2D and 3D spatial data. To obtain the 

parameters of the rooftops such as tilt angle, area, and orientation of the rooftop, calculations have been 

performed by using the 2D spatial data. The tilt angle and area parameters are needed to estimate the 

potential energy that can be generated. Eq. 1 is the calculation used to determine the number of PV 

panels needed (n) for each building, where Aroof  is the rooftop area and APV  is the size of the PV panel 

used. 

𝑛 =  
𝐴𝑟𝑜𝑜𝑓

𝐴𝑃𝑉
 (1) 
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On the other hand, the energy estimation is obtained from an online tool for PV system analysis. The 

open-source software estimates the energy by taking into account various factors such as location, 

orientation and tilt, type of PV, and number of PV panels. By using input data, the tool calculates solar 

irradiance throughout the year. The output provides a detailed report on energy estimation for PV 

systems. 

 

3. RESULT AND DISCUSSION 

The standard parameter needed to estimate the potential electric energy of a solar PV system is the 

ability of the installation area to isolate sunlight [3,17]. Solar insolation is influenced by several factors 

such as location, altitude, shade, the position of the sun, and climate change. Each area is unique to these 

factors [4,5,13,25]. Therefore, in order to harness the conversion of solar energy more effectively and 

more efficiently, knowledge of these factors is required before installing solar panels. In the 

development of rooftop solar PV system, the existence of these factors suggests that not all rooftops are 

compatible with this system. This is the reason why the rooftop solar PV system requires knowledge 

related to the potential through solar mapping. 

In this work, as explained in the methodology section, solar potential mapping has been conducted by 

using drones and mapping software. The resulting 2D spatial data is presented in Fig. 4. The selection 

of buildings is related to the rooftop architecture of the buildings which represents the characteristics of 

various building rooftops at the University of Bengkulu. The spatial data shown in Fig. 4 has been 

adjusted with the direction of the rooftop relative to the compass points. These spatial data are used to 

obtain solar insolation factors. The first factor identified is the slope and area of the building rooftop. 

Measurement calibration is performed by comparing the measurement data in the field with calculations 

using spatial data. The calculations for these areas and tilt angle factors are shown in Table 1. 

 
Figure 4. The image of building rooftops at the University of Bengkulu: (a) Auditorium, (b) classroom, and (c) 

research center, respectively. 

 

Table 1. Area and Elevation of Rooftop 

Building Rooftop Area (m2) Elevation (degree) 

Auditorium 2850 30 

Classroom 1892 35 

Research center 1335 48 

The area indicated in Table 1 is the total area regardless of the position of the rooftop to wind direction. 

The entire rooftop of the buildings could be utilized to place solar panels. The area and tilt parameters 

are used to estimate the energy that can be generated. A simple estimate of energy potential is performed 

by using open-source software, requiring only input data in the form of location coordinates of the area, 
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the tilt angle of the rooftop, type of the solar panel, and the number of panels required. The determination 

of the number of solar panels took into account the area of each building rooftop. In this estimation, the 

solar panel type PSR-e20-327 has been used. The solar panel has characteristics such as power 327 Wp, 

20.06 % of efficiency and size of 2 m x1 m. The results of the energy estimates for the three rooftops 

are shown in Table 2, while Fig. 5 shows the estimated monthly energy that can be generated. The 

simple simulation conducted shows the good potential of the building rooftop if it is covered with several 

solar panels. 

Table 2. Estimated energy generated by solar panels 

Building Number of solar panels Energy estimation in a year (kWh) 

Auditorium 170 64575 

Classroom 112 40628 

Research center 80 25039 

Based on the data in Tables 1 and 2, a simple analysis of the effect of tilt angle on the estimated energy 

can be generated and this can be performed for additional calculations. In general, the use of solar panels 

is proportional to the total area. Simple mathematical calculations, represented by Eq. (1), show that the 

ratio of the total area of the three building rooftops is proportional to the area of the rooftops. This ratio 

is proportional to the energy potential, that there is an increase in the energy ratio obtained for classroom 

and auditorium rooftops where there is an increase of 14% and 24%, respectively. This simple analysis 

shows that the tilt angle of the rooftop immensely influences the energy that can be harvested. Based on 

these three tilt angle variations (300, 350, 480), the rooftop with a tilt angle of 300 has the capacity to 

absorb more energy than other tilt angle variations. This result is supported by several other studies 

which indicate that the optimal tilt angle for installing solar panels in Indonesia is at a small angle [26].  

Fig. 5 displays the monthly distribution of energy on each rooftop. The three rooftop types show the 

same trend of change. The highest absorption occurred in December and the lowest in June. In a study 

by Ref. [1], it was described that the pattern of solar radiation in Bengkulu was at its peak in August, 

September and the lowest in November. The results we obtained are quite different from the results of 

modeling conducted by Ref. [1]. This difference in results can be explained by the approach to the events 

of precipitation in Indonesia. Usually, starting from September, the precipitation events continue to 

increase until the beginning of the New Year, both in frequency and intensity. However, in recent years, 

the frequency and intensity of precipitation have not been concentrated in September until New Year. 

Moreover, several studies have also suggested that changes in the orientation of the sun also affects the 

potential power that can be absorbed [27,28,29].  The orientation of the sun in each region is constantly 

changing on a monthly scale.  

In general, the power estimation results shown in Table 2 and Fig. 5 consider only the area and tilt 

factors and ignore other factors. However, these results indicate the good potential of the utilization of 

rooftops in the rooftop solar PV system. In addition, the estimation results show the effect of solar 

insolation in the form of elevation. 

  
Figure 5. The estimated monthly generated energy. 
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Figure 6. Irradiance apparatus. 

Apart from the elevation factor, the orientation of the sun against the object also affects the solar 

insolation capacity [29,30].  To determine the pattern of solar energy intensity, measurements of direct 

normal irradiance are performed by using previously developed equipment in Fig. 6. This equipment is 

equipped with a sensor system stimulating the system to move in accordance with the movement of the 

sun. The power recorded in the system is the power when the orientation of the sun is perpendicular to 

the solar panel installed on the system. To calculate the power generated on the DNI (direct normal 

irradiance) data, calculations are performed using the model developed by Moshksar and Ghanbari from 

Ref. [31]. The distribution of solar energy each time obtained using this tool is illustrated in Fig. 7 as in 

Ref. [32]. The distribution of energy data each time shows the fairly large potential power of using solar 

panels. Harvesting solar energy can last nearly 12 hours with peak power at 12.00 PM and 02.50 PM. 

In addition, the results obtained are DNI, hence the actual power that can be produced is greater than 

this power. 

The results of the power estimation based on the parameters of building rooftop in the form of area and 

tilt angle measurements, as well as the DNI data, show good potential for the development of a rooftop 

solar PV system at the University of Bengkulu. However, when assessing sunlight, other factors to 

consider are the shade and location of the area. For the shading factor, an analysis can be performed 

based on the DEM data. For all three study objects, the research center building has higher shading 

factors than the other buildings. The shading effect is not only caused by itself but also by the presence 

of other objects around it. The level of the building which is lower than the dense trees around the 

building creates a fairly dominant shading effect which prevents sunlight from reaching the rooftop. 

Meanwhile, the design and level of the building with the lowest shadow effect is the auditorium building. 

For the location of the study area around the coast has a tropical climate and average solar radiation of 

4.75 kWh/m2, there is a very good potential to be exploited. Its presence on the coast with a tropical 

climate makes this area has a fairly high daily temperature. 
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Figure 7. Irradiance data in a day. 

 

4. CONCLUSION 

This research aims to identify the feasibility of using the rooftop of building at University of Bengkulu 

in development of a rooftop solar PV system by using the UAV technology. The main parameters 

required in the rooftop solar mapping system are the characteristics of the rooftop and the surrounding 

environment.  In this study, the application of drone technology to mapping for different purposes is 

adopted to obtain these main parameters. The Mavic Pro drone type has been used to collect aerial 

photographs of the rooftop with automatic flight in grid mode. The 2D rooftop map is produced by 

processing aerial photograph data using the software Agisoft Photoscan. The slope and area of the 

rooftop, and the surrounding environment such as shade factor are obtained by using these maps. These 

results also show that drone technology and image processing using Agisoft Photoscan software can be 

used for solar rooftop potential mapping studies with advantages such as less time, high quality, high 

resolution, reliability, and low cost. In addition, the buildings at the University of Bengkulu are ideally 

suited for the generation of electricity through the rooftop solar PV system. The development of this 

system has the potential to provide adequate energy. However, the power estimation results presented 

in this article only considers the area and tilt factor of the rooftop. The effects of climate parameters, 

weather, and other building shapes with more varied slopes have not been examined in this paper and 

require more complex data support. Therefore, further study is needed to confirm these results. 
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