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 Abstract 

The Solar Energy Calculator project is a groundbreaking initiative that makes use 
of technology to encourage the use of sustainable energy sources. By harnessing a 
suite of web development technologies, including HTML, CSS, JavaScript, PHP, 
and MySQL, this initiative has given rise to a cutting-edge tool for estimating 
solar energy production. The user interface design prioritizes accessibility and user-
friendliness, incorporating features such as visual cues and intuitive input forms. 
The seamless integration of geographic and environmental data into a robust 
MySQL database ensures the precision of solar energy predictions. The thorough 
system testing process, which includes a variety of testing forms and constant 
monitoring of important indicators, has acted as a measure for the system's 
dependability and quality. This initiative is a demonstration of technology’s 
transformational potential in tackling urgent environmental issues and fostering a 
more sustainable future. With global energy demands on the rise and a growing 
imperative to transition towards renewable energy sources, the Solar Energy 
Calculator emerges as a timely and essential tool. It empowers users to make 
informed decisions regarding solar energy adoption, fostering a cleaner and more 
sustainable energy landscape. The Solar Energy Calculator reflects a dedication to 
environmental stewardship and a brighter future in addition to being a cutting-
edge technology advancement. 
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INTRODUCTION
The importance of renewable and sustainable energy 
sources has increased recently in response to the 
rising global energy demand and to the 
environmental problems brought on by the 
production of conventional energy (Ahmed et al. 
2022). Solar energy has emerged as a potential 
alternative among the numerous renewable energy 
sources because of its availability, affordability, and 
environmental friendliness. For people, 
organizations, and communities looking to lessen 
their carbon footprint and achieve energy 

independence, utilizing photovoltaic systems to 
harness the energy of sunshine and convert it into 
electricity has grown to be a popular option (Mayer, 
Szilágyi, and Gróf 2020). 
To ensure maximum efficiency and cost-effectiveness, 
however, the implementation of solar energy systems 
needs to be done with careful planning and proper 
equipment sizing (Razmjoo et al. 2021). A well-
designed solar system must consider various 
important elements, including the quantity of solar 
panels that should be used, their rating, the capacity 
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of the batteries, the rating of the charge controllers, 
and others. In this situation, a solar energy calculator 
has emerged as a crucial tool for amateurs and 
experts engaged in solar energy planning and system 
design (Shen et al. 2020). 
The use of a solar energy calculator has various 
benefits. First, by considering variables like location, 
sun exposure, roof orientation, and shadowing, it 
enables users to easily determine their solar potential 
(Lian et al. 2019). Users of the calculator can get 
useful details about the anticipated sun irradiation 
and possible energy generation at their particular 
location by entering these values. To assess the 
viability and practicality of solar energy systems, this 
data is an essential starting point (Alshammari and 
Asumadu 2020). 
A solar energy calculator also enables consumers to 
size equipment accurately (Tan et al. 2021). The 
calculator can calculate the necessary number and 
rating of solar panels, as well as the suitable battery 
capacity and charge controller rating, by taking into 
account variables like energy consumption patterns, 
desired backup time, and system efficiency. This aids 
users in maximizing energy production and return 
on investment while avoiding under- or over-sizing 
their solar systems (Østergaard et al. 2020). 
A solar energy calculator also offers consumers 
insightful information on system performance and 
cost factors. Users can assess the possible savings on 
their electricity bills and the length of time it will 
take for their solar investment to pay off by 
evaluating the predicted energy production 
(Østergaard et al. 2020). With the help of this 
information, people and companies can make wise 
judgements and determine the long-term financial 
advantages of switching to solar power (Ekren, 
Canbaz, and Güvel 2021). 
The main objectives of the study are to give a quick 
and simple estimate of solar potential and system 
configuration, assisting in deciding on the quantity 
and quality of solar panels, batteries, a charge 
controller, and the necessary charging current. 
Additionally, based on the required power, it aids in 
estimating the battery backup duration and directs in 
choosing the best solar panel for your home. 
 
 
 

MATERIALS AND METHODS 
This section outlines the technical and 
methodological steps involved in the development of 
the Solar Energy Calculator, a web-based application 
designed to estimate solar energy potential for 
various locations. The process was structured into 
key phases, including the selection of appropriate 
web technologies, designing an intuitive user 
interface, and integrating a comprehensive dataset to 
ensure accurate estimations. Each step was carefully 
planned and executed to create a robust, efficient, 
and user-friendly platform that meets both 
functional and usability standards. 
 
2.1 Developing Website 
2.1.1 Selecting the Framework 
The selection of a suitable web development 
framework is the first step in creating the Solar 
Energy Calculator. We opted for a combination of 
HTML, CSS, JavaScript, PHP, and MySQL to create 
a dynamic and interactive web application. The wide 
range of compatibility, adaptability, and effectiveness 
with which these technologies can manage user 
inputs and database interactions led to their 
selection.  
 
2.1.2 Designing User Interface (UI) 
A crucial component of the creation of the Solar 
Energy Calculator is the user interface (UI) design. 
We employed a user-centered design approach to 
ensure that the interface is intuitive, visually 
appealing, and capable of accommodating users with 
varying levels of technical expertise. The layout was 
carefully designed to provide an uncluttered and 
organized view of the calculator's functionalities. 
Navigation menus and clear labels were implemented 
to guide users seamlessly through the application. 
Input forms are a fundamental element of the 
calculator, allowing users to input location-specific 
data. We designed these forms to be concise and 
user-friendly, ensuring that users can easily 
understand and provide the required information. 
Visual cues, such as color changes and error 
messages, were incorporated to provide immediate 
feedback to users when they input incorrect or 
incomplete data. This function improves the 
calculator's overall usefulness. 
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2.1.3 Integration of data 
The Solar Energy Calculator uses a large database to 
get precise estimations of solar energy. MySQL was 
chosen as the relational database management system 
to efficiently store and retrieve geographic and 
environmental data. 
Geographic data, including latitude, longitude, and 
elevation, was collected from reliable sources and 
incorporated into the database. Environmental data, 
such as solar radiation values for different regions, 
was also included. PHP scripting was used to 
establish a connection between the web application 
and the MySQL database. This made it possible for 
the calculator to instantly retrieve the information 
required to calculate solar energy. 
 
2.2 Calculation of Solar Energy 
2.2.1 Estimating Solar Insolation  
The capacity to calculate solar insolation, or the 
quantity of solar radiation received at a certain place 
during a specified time, is the core function of the 
Solar Energy Calculator.  
 
The following process was used to provide precise 
estimations: 
• The position of the sun with relation to the user's 
location was determined using solar radiation 
models, such as the Solar Position and Intensity 
(SOLPOS) model. This model utilizes elements like 
time, date, latitude, and longitude. 
• The clear sky model was employed to estimate the 
extraterrestrial solar radiation and atmospheric 
transmittance. We were able to determine solar 
insolation using this information together with 
variables unique to the given region. 
• The yearly and monthly solar insolation numbers 
were estimated to provide consumers a thorough 
picture of the year's potential for solar energy. 
 
2.3 Presentation of Results 
Users are given the results of the solar energy 
calculations in an easy-to-understand format. The 

result successfully communicates critical insights 
through the use of tables, graphs, and text. 
For the purpose of displaying the monthly 
fluctuation in solar insulation, graphs and charts 
were created. These visuals enable users to identify 
peak solar energy periods and seasonal trends. 
Detailed tabular data, including monthly and annual 
solar insolation values, are provided to users for 
reference and analysis. Making informed decisions 
concerning the use of solar energy is made easier 
with the help of this data. 
 
2.4 Validation 
2.4.1 Precise Testing 
To assure its accuracy, usability, and performance, 
the Solar Energy Calculator completed a series of 
tests. Individual components of the web application 
were tested to verify their correct functionality. This 
included input validation, data retrieval, and solar 
insolation calculations. The integration of various 
components, such as the user interface, database 
interactions, and solar calculation algorithms, was 
thoroughly tested to ensure seamless operation. Real 
users, including individuals with limited technical 
knowledge, participated in user acceptance testing. 
Their feedback was quite helpful in figuring out 
usability problems and optimizing the design. 
 
2.4.2 Validation 
The calculator's output was compared with actual 
data gathered from solar monitoring stations to 
confirm the reliability of the estimates of solar 
insolation. 
 
RESULTS  
We present the outcomes and findings of the Solar 
Energy Calculator project, highlighting key results 
and observations in website development, user 
interface design, and data integration. Software was 
developed by giving the name “Solar Energy 
Calculator” using the methodology mentioned in 2.1 
above. The Back-end look is presented in the figure 
4.1 & 4.2 below. 
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Figure 4.1: Shows the back end of the Software. 

 
Figure 4.2: Shows Admin dashboard where admin can manage all the pages of user side website and many other 

functionalities. 
 
4.1 Trace-ability Matrix 
The traceability matrix was essential in verifying that 
the Solar Energy Calculator achieved its goals and 
complied with all specifications. It acted as an all-

inclusive tool to monitor how well tests were aligned 
with certain features and criteria. Here, we present a 
distilled version of the traceability matrix, 
emphasizing significant findings: 

 
Table 4.1: Trace- ability Matrix. 
Test Case ID Test Description Test Result 
Test 1 Verification of error message on wrong password Passed Successfully 
Test 2 Access restriction with invalid credentials Passed Successfully 
Test 3 Error messages for incorrect entries Passed Successfully 
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Test 4 Successful update of changes Passed Successfully 
Test 5 Error handling for invalid input data Passed Successfully 
Test 6 Error message for incorrect username Passed Successfully 
Test 7 Error message for incorrect password Passed Successfully 
Test 8 Validation of various links Passed Successfully 

 
Each test case was clearly mapped to the particular 
feature it validated using the traceability matrix. The 
Solar Energy Calculator was able to conform to the 
stated requirements and carry out as anticipated as 
evidenced by the successful conclusion of all test 
cases.We examine the quantitative findings from 
exhaustive testing and analysis in the sections that 
follow, giving a thorough evaluation of the 
calculator's functionality and accuracy. 
 
4.2 User Interface (UI) Design 
The user interface (UI) design of the Solar Energy 
Calculator is an important component. In order to 
build an intuitive, aesthetically pleasing interface that  
 

 
can serve users with diverse levels of technical 
competence, we used a user-centered design 
approach. The layout was carefully planned to offer a 
clear, structured perspective of the calculator's 
features. 
Clear labeling and navigation menus were used to 
effortlessly lead users through the program. Another 
crucial component of the calculator is the input 
forms, which were made to be clear and simple to 
use so that users could readily comprehend them 
and enter the required data. The calculator's general 
usability was improved by using visual signals, such 
as color changes and error alerts, to provide users 
with quick feedback when they input incomplete or 
inaccurate data. 

 

 
Figure 4.3: User side Website 

 
4.3: Data Integration  
The Solar Energy Calculator uses a large database 
that contains geographic and environmental data to 
provide accurate estimates of solar energy. As a 
relational database management system, we chose 

MySQL to effectively store and retrieve this vital 
data. 
Latitude, longitude, and elevation data were carefully 
gathered from reliable resources and smoothly 
included into the database. To improve the accuracy 
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of the estimates, geolographic data such as solar 
radiation values for different places was also 

included. 

 
Table 4.1: Shows Data Integration and its Components. 
Data Integration Component Description 
Database Management System MySQL was used for efficient data storage. 
Geographic Data Collected latitude, longitude, and elevation. 
Environmental Data Included solar radiation values for regions. 
Scripting Language PHP facilitated connection with the database. 

 
A smooth link between the web application and the 
MySQL database was made possible by the inclusion 
of PHP scripting. As a result, the calculator had 
immediate access to the data needed to make 
accurate computations of solar energy. 
 
DISCUSSION 
In any web-based project, the selection of a web 
development framework is a pivotal decision. In the 
case of the Solar Energy Calculator project, we made 
a deliberate choice to combine HTML, CSS, 
JavaScript, PHP, and MySQL (Schifreen 2020). 
These technologies were carefully chosen for their 
compatibility, versatility, and efficiency in handling 
user inputs and database interactions. This strategic 
selection laid a robust foundation for the successful 
development of the Solar Energy Calculator (Sotnik, 
Manakov, and Lyashenko 2023). 
The role of user interface design cannot be 
overstated when it comes to shaping the user 
experience of an application (Sotnik, Manakov, and 
Lyashenko 2023). For the Solar Energy Calculator, 
we adopted a user-centric design approach, 
prioritizing an interface that is not only intuitive but 
also visually appealing. Our aim was to ensure that 
users, regardless of their technical expertise, could 
navigate the application with ease. The layout of the 
interface was meticulously planned to offer a clean 
and well-organized presentation of the calculator's 
features. We incorporated navigation menus and 
clear labels to guide users seamlessly through the 
application. The input forms, a fundamental 
component of the calculator, were purposefully 
designed to be concise and user-friendly, facilitating 
easy comprehension and data input. An innovative 
aspect of our user interface design was the 
integration of visual cues, such as color changes and 
error messages, which provided instant feedback to  

 
users in cases of incorrect or incomplete data entry. 
This enhancement significantly elevated the overall 
usability of the calculator. 
The Solar Energy Calculator's ability to provide 
precise solar energy estimations hinged on a 
comprehensive database encompassing geographic 
and environmental data (Li et al. 2020). Our choice 
of MySQL as the relational database management 
system was driven by its efficiency in storing and 
retrieving this critical information. The integration 
of geographic data, including latitude, longitude, and 
elevation, was an intricate process involving 
meticulous data collection from reliable sources. We 
also incorporated environmental data, such as solar 
radiation values for various regions, to bolster the 
accuracy of our calculations. The integration of PHP 
scripting was instrumental in establishing seamless 
communication between the web application and the 
MySQL database. This connection empowered the 
calculator to instantaneously access the information 
required for precise solar energy predictions. 
Cascading Style Sheets (CSS) are indispensable in 
web design, offering a means to control the 
presentation of a document written in a markup 
language (Li et al. 2020). For the Solar Energy 
Calculator, CSS was instrumental in ensuring a 
visually captivating and consistently formatted user 
interface. It not only enabled the separation of 
content from presentation but also provided the 
flexibility to specify layout, colors, and fonts. This 
segregation not only improved content accessibility 
but also facilitated interface adaptation based on the 
user's screen size or device (Jain 2020). 
HTML, as the primary markup language for web 
pages, played a foundational role in structuring the 
user interface of the Solar Energy Calculator. HTML 
tags, including headings, paragraphs, lists, links, and 
others, were judiciously employed to create a well-
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structured and cohesive interface. Moreover, HTML 
allowed for the seamless integration of images and 
interactive forms, enriching the overall user 
experience. Adobe Photoshop, specifically version 
CS4, emerged as a pivotal tool in our project, aiding 
in the creation of images and banners for the website 
(Xiong et al. 2020). The use of Photoshop ensured 
that the visual elements of our interface not only 
appealed aesthetically but also aligned seamlessly 
with the overarching objectives of the project. 
Validation constitutes a critical facet of web 
development, serving as a safeguard against the entry 
of invalid data. JavaScript played a vital role in 
implementing form validation within the Solar 
Energy Calculator. This client-side scripting language 
ensured that users received immediate feedback in 
the event of incorrect or incomplete data entry. The 
incorporation of JavaScript significantly contributed 
to the system's overall reliability and user-
friendliness. PHP, a server-side scripting language, 
held a central position in the Solar Energy 
Calculator project. Running within the Apache 
server, PHP was selected for its open-source nature 
and compatibility across various operating systems. 
PHP facilitated the creation of dynamic web pages, 
enabling the system to respond dynamically to user 
queries and effortlessly access the MySQL database. 
The versatility of PHP allowed for tailor-made web 
pages that adapted to user requirements, all within a 
secure execution environment, ensuring the 
protection of sensitive information (Franklin 2019). 
MySQL served as the bedrock for our relational 
database management system, housing the crucial 
geographic and environmental data required for 
precise solar energy calculations. Leveraging MySQL 
facilitated efficient data storage and retrieval, 
guaranteeing that the calculator had real-time access 
to indispensable information. System testing, a 
cornerstone of software development, plays a decisive 
role in evaluating the reliability and effectiveness of 
the final product (SALMANOĞLU and ÇETİN 
2022). In the Solar Energy Calculator project, we 
conducted comprehensive system testing to ascertain 
its robustness and accuracy. System testing involves 
the execution of the software with the primary 
objective of identifying and rectifying any defects or 
issues. It is not about fault-finding but rather a 

proactive strategy to mitigate potential problems 
within the system. 
Our structured testing approach encompassed an 
array of testing types, including assertion testing, 
functional testing, stress testing, black-box testing, 
white-box testing, unit testing, beta testing, 
regression testing, and integration testing. Each type 
of testing served a specific purpose, collectively 
contributing to the overarching quality assurance 
process. Testing metrics emerged as invaluable tools 
for assessing software quality. We closely monitored 
key metrics such as bug counts, trends in bug 
discovery, and code coverage throughout the testing 
phase. These metrics enabled us to gauge software 
quality and make informed judgments regarding the 
readiness of the Solar Energy Calculator for 
deployment. 
It's imperative to recognize that encountering bugs is 
an inherent aspect of software development. The 
objective is not to create flawlessness but to deliver 
high-quality software (Astriani et al. 2021). A 
pragmatic approach involves acknowledging the 
presence of a certain number of bugs per lines of 
code developed, thereby maintaining realistic 
expectations. Our rigorous testing regimen 
encompassed diverse facets of the Solar Energy 
Calculator project, spanning website development, 
user interface design, and data integration. The 
results of these tests serve as critical barometers of 
the system's performance and reliability. The 
traceability matrix, thoughtfully presented in Table 
3.1, meticulously documents test cases and their 
outcomes, unequivocally affirming that the Solar 
Energy Calculator consistently adhered to predefined 
criteria. 
The results gleaned from the testing and 
development phases furnish invaluable insights into 
the performance and efficacy of the Solar Energy 
Calculator. These results from the bedrock for 
discussing the accomplishments of the project and 
avenues for potential enhancement. The user 
interface design of the Solar Energy Calculator 
emerged as a linchpin in delivering a user-friendly 
and intuitive experience. The combined synergy of 
CSS, HTML, and Photoshop contributed to a 
visually engaging and well-structured interface. The 
incorporation of visual cues and user-centric input 
forms elevated the usability of the interface, 
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markedly enhancing the system's overall 
effectiveness. 
 
CONCLUSION 
The development of the Solar Energy Calculator 
involved strategic technology choices, user-friendly 
design, meticulous data integration, and rigorous 
testing. This synergy of HTML, CSS, JavaScript, 
PHP, and MySQL provided a robust foundation. 
The user interface prioritized usability with visual 
cues, and data integration enhanced accuracy. 
Comprehensive testing validated reliability, resulting 
in a successful project that contributes to sustainable 
energy solutions. 
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