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Abstract: This project proposes the develop-
ment of a framework based on Optical Cha-
racter Recognition (OCR) to calculate the Re-
turn on Investment (ROI) of residential solar
energy installations. The importance of such
a system stems from the growing adoption of
renewable energy solutions in homes, aimed
not only at environmental sustainability, but
also at economic efficiency. In this context,
the calculation of ROI emerges as a critical
factor in assessing the viability and perfor-
mance of solar energy investments. The core
of this project is the combination of advanced
image processing and machine learning tech-
niques. This dual approach makes it possib-
le to automate the collection and analysis of
the data needed to calculate ROI, overcoming
traditional methods that are often manual, ti-
me-consuming and prone to errors, because
through OCR, the system is able to extract re-
levant information from documents and ima-
ges, such as energy bills. This data, once scan-
ned and processed, provides a solid basis for
subsequent analysis. The next stage involves
the use of machine learning algorithms, whi-
ch are trained to interpret the extracted data
and perform ROI-related calculations.
Keywords: ROI; Solar Energy; Residential
Installation; OCR; Return On Investment;

INTRODUCTION

Technological advances and growing awa-
reness of environmental issues have driven
the search for more sustainable and econo-
mically viable energy alternatives. Within this
context, residential solar energy is emerging
as a promising solution, offering a way of re-
ducing dependence on fossil fuels and mini-
mizing low environmental impact.

However, the adoption of this technology
depends not only on its environmental
viability, but also on its economic efficiency.
It is therefore essential to assess the Return on
Investment (ROI) to ensure that the financial
benefits justify the initial investment.
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Recognizing this need, this project aims
to develop a framework based on Optical
Character Recognition (OCR) and machine
learning techniques to automate the collection
and analysis of data needed to calculate the
ROI of residential solar energy installations.

This system allows an approach to how
solar energy investments are evaluated, but
also facilitates informed decision-making by
homeowners, thus encouraging the wider
adoption of renewable energy solutions.

The motivation behind this project lies
in the growing need for sustainable and
economically viable energy solutions in the
context of the global climate and the depletion
of natural resources.

Solar energy, one of the most promising and
abundant renewable sources, presents itself as
a viable alternative for reducing dependence
on fossil fuels and mitigating greenhouse gas
emissions. However, large-scale adoption of
residential solar systems is often hindered by
the complexity and uncertainty associated
with calculating Return on Investment (ROI).

This challenge highlights the need for to-
ols capable of simplifying and automating the
financial evaluation of solar energy installa-
tions, making it more accessible and unders-
tandable for homeowners and investors.

Therefore, its development comes as a
direct response to this demand, seeking not
only to promote environmental sustainability,
but also to guarantee the economic viability
of investments in renewable energy, thus
encouraging a faster and more effective
transition to clean energy sources.

This research project aims to fill several
important knowledge gaps in the field of resi-
dential solar energy and the financial analysis
of renewable energy projects, bringing signifi-
cant contributions in several areas, such as au-
tomating the financial analysis of solar energy
installations, as currently, many of the proces-
ses involved in evaluating ROI are manual, ti-
me-consuming and prone to errors.
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This project can significantly simplify
these processes, increasing the accuracy and
efficiency of data collection and analysis.

Theintegrationofdiversedataalsoaddresses
the difficulty of integrating and analyzing data
from diverse sources and in varied formats, a
common issue in the evaluation of solar energy
projects. By developing advanced image
processing techniques and machine learning
models, the proposed system can extract and
synthesize information from a wide range of
documents, filling the knowledge gap related
to heterogeneous data management.

We also identified adaptation to different
regulatory and market contexts, which is
why the ability to adapt financial analysis to
different market contextsis another knowledge
gap that the project aims to overcome.

Solar energy systems operate in a complex
environment, subject to significant variations
in terms of government policies, tax incentives
and market conditions. The framework
developed seeks to incorporate flexibility
and adaptability, allowing for accurate ROI
calculations under different scenarios.

And finally, we can say that the project in
question allows the democratization of access
to the financial analysis of solar energy installa-
tions, since the complexity and lack of accessi-
ble tools limit the ability of homeowners and
small investors to adequately assess the finan-
cial potential of investments in solar energy.

In this way, by providing an intuitive
interface and clear, accurate results, the
proposed system has the potential to empower
a wider audience, promoting wider adoption
of renewable energy solutions.

In summary, this project has the potential
to fill critical gaps in knowledge related to au-
tomation and accuracy in the financial analy-
sis of solar energy installations, management
of diverse data, adaptability to changing con-
texts and democratizing access to financial in-
formation, thus helping to speed up the ener-
gy transition to more sustainable sources.
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MATERIAL AND METHODS

The following methods were used to carry
out this research:

Data Collection and Preparation: We be-
gan by collecting a wide range of documents
related to the solar energy installation, in-
cluding energy bills, obtained through OCR,
and technical specifications, obtained from a
graphical interface where the user enters the
values of the respective variables.

OCR application: We used OCR tools to
extract text from the prepared documents.
This step was crucial for transforming uns-
tructured information into analyzable data.
The accuracy of the extraction was validated
through manual review and adjustments,
guaranteeing the quality of the data for subse-
quent analysis.

USER INTERFACE
IMPLEMENTATION:

We have developed an intuitive and
accessible interface, allowing users to easily
enter data and access ROI analyses. This
interface has been designed to be usable by a
wide audience, without the need for advanced
technical knowledge.

Through this methodological approach,
the project aims not only to develop a tool, but
also to ensure that it is practical and accessible
to facilitate decision-making in residential
solar energy investments.

The most common way to calculate the
Return on Investment (ROI) of a residential
solar energy installation involves a few basic
steps and takes into account various factors,
such as the total cost of the solar system,
savings on the electricity bill, tax incentives
and subsidies, as well as the depreciation of the
system over time. We have therefore defined
the following variables for calculating ROI:

Calculating the Total Cost of the System:
Includes the purchase price of the solar panels,
inverters, mounting materials, labor for the
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installation, and any other additional costs,
such as permit or inspection fees.

Estimated Annual Energy Savings: This can
be done by comparing your current energy
bills with the estimated energy production
of the solar system over the course of a year.
These savings can vary based on the location,
orientation and inclination of the panels, the
efficiency of the system and the price of energy
in your area.

Consideration of Incentives and Subsidies:
Many governments offer tax incentives,
subsidies or other forms of financial support
for the installation of solar energy systems.
These benefits should be subtracted from the
total cost of the system to obtain the net cost
of the investment.

ROI calculation: ROI is calculated by
subtracting the net investment cost (after
incentives and subsidies) from the total
estimated energy savings over the expected
lifetime of the solar system. The result is
then divided by the net investment cost, and
the value obtained is multiplied by 100 to be
expressed as a percentage.

This is how we arrived at the following
formula for calculating ROLI:

Total Energy Savings - Net Investment Cost
Ol= x 100
Net Investment Cost

Consideration of the Payback Period: The
payback period is the time needed for the
savings generated by the solar installation to
cover the initial investment. This gives you an
idea of how long it will take to start “profiting”
from your investment.

It is important to consider that the
accuracy of these calculations depends on
the quality of the cost and savings estimates.
In addition, the value of the property and the
reduction in carbon emissions, although not
directly quantified in the ROI calculation, are
additional benefits that many owners take
into account when evaluating the investment
in solar energy.

To define the software architecture for this
project, we used the C4 framework, adapted
from Brown (2006), which is an effective
approach for visualizing and communicating
software architecture.

It provides a set of simple but powerful dia-
grams that allow software architects to repre-
sent the various perspectives of a system in a
clear and concise way, starting with a high-le-
vel context and delving into increasingly spe-
cific details, helping to organize and structure
complex information, allowing a quick and
efficient understanding of the system.

The container diagram in Figure 1 shows
the high-level form of the software architecture
and how responsibilities are distributed across
it. It also shows the main technology options
and how containers communicate with each
other. It is a simple, high-level technology-
focused diagram that is useful for software
developers and support/operations staft.

Figure 1- Project software architecture

The concept of framework was used in this
project, and according to Gimenes & Huzita
(2005), one of the main objectives of Software
Engineering is reuse. By reusing software,
it is possible to increase quality and reduce
development effort.

By adopting a solution based on the
framework model, it is possible to rely on pre-
developed functionalities and modules, such
as machine learning algorithms, data pre-
processing methods, visualization of results,
among others.
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This can significantly speed up project de-
velopment, allowing developers to focus more
on the specifics of the problem at hand, since
the framework presented seeks to encapsulate
a series of complex techniques and concepts,
providing interfaces and tools that simplify the
implementation of these techniques, allowing
developers with different levels of experience
to work on advanced projects.

In addition to these forms of reuse, fra-
mework technology allows a family of pro-
ducts to be generated from a single structure
that captures the most general concepts of the
family of applications (Pinto, 2000).

Frameworks can be classified in various
ways. Initially, they are classified into two main
groups: object-oriented application frameworks
(Fayad et al., 19994, b; Fayad & Johnson, 2000)
and component frameworks (Szyperski, 1997),
which by definition, this project will be classi-
fied as a component framework.

The main benefits of using frameworks,
according to Fayad et al. (1999b) and Pinto
(2000), come from the modularity, reusability,
extensibility and inversion of control that
frameworks provide.

According to Mattsson (1996, 2000), a fra-
mework is an architecture developed with the
aim of achieving maximum reuse, represen-
ted as a set of abstract and concrete classes
with great potential for specialization.

Another technology involved is cloud
computing, which is an approach that involves
the design and organization of computing,
storage, network and service resources in an
online infrastructure on the Internet, as well as
providing the advantage of ease of integration
and collaboration.

Cloud architecture allows interoperability
between different systems and services, fa-
cilitating the integration of applications and
the sharing of data between them, boosting
collaboration between teams, suppliers and
partners, promoting innovation and business
agility.

To build this project we used the following
components identified below in the Microsoft
Azure cloud computing environment, adapted
from Altaiar(2022):

App Service: is a PaaS (platform as a
service) offering in Azure. You can use App
Service to host web applications that can be
scaled or horizontally scaled manually or
automatically. The service supports various
languages and frameworks, such as ASP.NET,
ASPNET Core, Java, Ruby, Node.js, PHP and
Python.

Azure Functions: is a serverless computing
platform that you can use to create
applications. With Functions, you can use
triggers and associations to react to changes
in Azure services, such as Blob Storage and
Azure Cosmos DB. Functions can execute
scheduled tasks, process data in real time and
process message queues.

Forms Recognition: part of Azure Applied
AT Services. Forms Recognition offers a
collection of pre-built endpoints for extracting
data from invoices, documents, receipts, ID
cards and business cards. This service maps
each piece of extracted data to a field as a key-
value pair. Form Recognition also extracts the
content and structure of the table. The output
format is JSON.

Azure Storage: cloud storage solution that
includes object, blob, file, disk, queue and table
storage. Blob Storage is a service that is part of
Azure Storage. Blob Storage offers optimized
cloud object storage for large amounts of
unstructured data.

Once the components have been defined,
the architecture of the solution is as follows,
shown in figure 2.
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Figure 2-Project implemented in Microsoft
Azure

RESULTS AND DISCUSSION

The study achieved considerable results,
demonstrating  significant  progress in
optimizing the financial evaluation of
renewable energy projects, highlighting both
technical innovations and practical impacts.

Asaresult, we will have created an effective,
automated system for extracting data from
documents related to the installation of solar
energy, such as electricity bills, contracts and
technical specifications for the equipment.

Using OCR and cloud computing techno-
logies, it has shown excellent accuracy and
efficiency in converting physical and digital
documents into analyzable data. This success
represents a significant step towards reducing
human error and increasing efficiency in data
collection, for example for financial analysis.

The development of this framework
presents significant technical challenges,
especially with regard to the accuracy of
the OCR in dealing with the diversity and
complexity of the data. However, the

Overcoming this challenge has the
potential to transform the way homeowners
and investors assess the financial impact of
solar energy installations.

Furthermore, the successful implementa-
tion of this project could set a new standard for
the analysis of renewable energy investments,
offering valuable insights for stakeholders at
different levels, from individual consumers to
policymakers and large-scale investors.

By providing an automated tool to calculate
ROIL, the framework facilitates informed
decisions, thus promoting the adoption of
solar energy and contributing to the global
transition towards more sustainable energy
sources.

This project aims not only to optimize the
financial evaluation of solar energy projects,
but also to encourage their adoption by
making investment analysis more accessible
and reliable. As a result, such innovation is
expected to play a crucial role in promoting
environmental sustainability and maximizing
the economic benefits of renewable energy for
consumers.

From a practical point of view, the fra-
mework developed has had an impact on the
way solar energy investments can be evalua-
ted by homeowners and investors. Through
an intuitive and accessible user interface, the
system has made it possible to quickly and
accurately analyze ROI, making the finan-
cial evaluation of solar energy projects more
transparent and accessible.

This advance has made it significantly ea-
sier to make informed decisions about adop-
ting solar energy, and could contribute to an
increase in the implementation of residential
solar systems in a more reliable way.

By providing a reliable tool for calculating
ROI, the project has helped to demystify
investment in solar energy, encouraging more
people to consider this sustainable energy
generation option.

In terms of contributions to sustainability,
the project plays a vital role in promoting solar
energy as a viable and financially attractive
alternative to fossil fuels.

By facilitating the calculation of ROI, the
system not only promotes the adoption of re-
newable energies, but also supports the tran-
sition to a low-carbon economy by reducing
dependence on non-renewable energy sour-
ces and mitigating the environmental impact
associated with energy production.
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CONCLUSION

The completion of this project marks a sig-
nificant advance in the intersection of tech-
nology and sustainability, demonstrating the
transformative potential of automated tools in
evaluating investments in renewable energy.

The development of this project represents
an important milestone in facilitating the
energy transition to more sustainable sources.
This work not only attests to the technical and
economic viability of residential solar energy
solutions, but also highlights the importance
of technological innovations in overcoming
barriers to the adoption of renewable energies.

The accuracy achieved in data extraction
and subsequent ROI calculations demonstrates
that it is possible to provide reliable financial
assessments, essential for informed decision-
making by homeowners and investors.

In addition, the system’s adaptability to di-
fferent regulatory and market contexts highli-
ghts its applicability in a variety of geographi-
cal regions, significantly increasing its reach
and impact.

This flexibility ensures that the framework
can contribute to the expansion of solar energy
in different jurisdictions, effectively tackling
the various economic and regulatory barriers.

This usability is key to democratizing access
to solar energy investment analyses, allowing
a broader spectrum of society to participate in
the energy transition.
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