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Abstract

This paper presents the design and development of an Online Electricity Bill Management System (OEBMS) for an energy
supplier company in Somalia, with the objective of improving the efficiency, accuracy, and reliability of electricity billing
operations. The system is developed using the Waterfall model within the Software Development Life Cycle (SDLC), providing
a structured framework for analysis, design, implementation, and testing. The proposed OEBMS replaces traditional manual and
paper-based billing systems with a web-based application that enables customers to access billing services anytime and from
anywhere. It offers key functionalities such as customer account management, electricity consumption monitoring, automated
invoice generation, and secure online payment processing. A major contribution of this paper is the integration of machine
learning techniques, including regression models and random forest algorithms, to analyze historical electricity consumption
data and predict future usage patterns. This predictive capability supports energy providers in demand forecasting and resource
planning while also enabling customers to better understand and manage their electricity usage. In addition, the system generates
analytical reports that identify consumption trends, potential demand increases, and customer segments with varying usage
behaviors. The system utilizes a MySQL database for efficient data storage and management and an Apache web server to
support the application interface. By automating billing processes and reducing human intervention, the OEBMS minimizes
errors, improves data accuracy, and reduces operational costs. Furthermore, it promotes environmental sustainability by
eliminating paper-based processes. Overall, this paper demonstrates how the integration of web technologies and machine
learning can modernize electricity billing systems and enhance service delivery in the energy sector.
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1. Introduction

In the past, managing electricity bills has evolved signifi- applications has revolutionized this process by providing
cantly from the days when consumers had to visit utility of- online platforms for bill management [1] These platforms of-
fices or make mail payments, a method that was inconvenient ~ fer consumers the convenience of 24/7 access to services, al-
for both customers and energy providers. The advent of web lowing them to view consumption data,
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receive electronic invoices, and make secure online pay-
ments The integration of these platforms with financial tools
analyze historical data and predict trends, offering potential in
electricity usage forecasting [2]. This paper proposes an
Online Electricity Bill Management System (OEBMS) that in-
tegrates ML to forecast consumption patterns, allowing for
proactive resource allocation and optimized demand manage-
ment [3]. The web-based application enables users to access
their accounts, view usage statistics, and make payments se-
curely. Utility databases ensure accurate billing, while ML al-
gorithms analyze previous consumption to predict future us-
age [4].

Accenture's research suggests that such solutions could re-
duce operational costs by 20% and improve customer satisfac-
tion by 15%. The system also distinguishes between adminis-
trators and users, enhancing security and efficiency [5]. This
thesis adopts a Software Development Life Cycle (SDLC) ap-
proach to develop the OEBMS, emphasizing digitized opera-
tions, automated bill calculations, and a user-friendly interface
that benefits both consumers and utility providers. like Mint
reflects a broader acceptance of online financial management.
Several factors, such as the growing number of internet users,
increased mobile device usage, and enhanced security
measures, have fueled the popularity of online bill payment
solutions [6]. A 2023 Pew Research Center survey highlighted
that 82% of U.S. bank account holders use online bill payment
services, underscoring the demand for efficient online bill
management. Furthermore, machine learning (ML) tech-
niques, such as random forest and regression models, have
gained traction for their ability to vulnerabilities were com-
mon, leading to significant frustration among both energy pro-
viders and their customers (Kseb, 2019). The adoption of
KSEB's OEBMS addresses these issues by automating key
processes, thereby enhancing operational efficiency and re-
ducing the potential for human error. This shift is consistent
with findings from a comprehensive literature review on
power management systems, which underscores the benefits
of automation in improving efficiency, cutting costs, and in-
creasing customer satisfaction [10]. These improvements
align closely with the potential benefits that KSEB's OEBMS
offers, positioning it as a model for other utility companies
seeking to modernize their operations. An example of the
broader trend toward automation in the energy sector is the
"GSM Based Automatic Electricity Billing System," which
uses mobile network technology for meter reading and bill de-
livery. Although KSEB’s OEBMS does not specifically utilize
GSM technology, it follows a similar trajectory by digital so-
lutions to streamline bill management. This trend reflects a
growing emphasis on using technology to deliver faster, more
accurate, and more convenient billing processes.

2. Literature Review

The Kerala State Electricity Board (KSEB) has embraced
technological advancements through the implementation of an
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Online Electricity Bill Management System (OEBMS), which
exemplifies the broader digital transformation occurring
within the energy sector. Historically, electricity firms like
KSEB relied on manual processes for tasks such as meter
reading, bill calculation, and record management [8]. These
paper-based systems were not only labor-intensive but also
prone to errors and inefficiencies. Issues such as data redun-
dancy, instability, and security vulnerabilities were common,
leading to significant frustration among both energy providers
and their customers [7]. The adoption of KSEB's OEBMS ad-
dresses these issues by automating key processes, thereby en-
hancing operational efficiency and reducing the potential for
human error. This shift is consistent with findings from a com-
prehensive literature review on power management systems,
which underscores the benefits of automation in improving ef-
ficiency, cutting costs, and increasing customer satisfaction
[10]. These improvements align closely with the potential
benefits that KSEB's OEBMS offers, positioning it as a model
for other utility companies seeking to modernize their opera-
tions. An example of the broader trend toward automation in
the energy sector is the "GSM Based Automatic Electricity
Billing System,” which uses mobile network technology for
meter reading and bill delivery. Although KSEB’s OEBMS
does not specifically utilize GSM technology, it follows a sim-
ilar trajectory by leveraging digital solutions to streamline bill
management. This trend reflects a growing emphasis on using
technology to deliver faster, more accurate, and more conven-
ient billing processes. The economic and customer service
benefits of such systems are well-documented. A white paper
published by Accenture in 2024 explores these advantages,
noting that utility companies adopting online bill management
technologies can achieve up to a 20% reduction in operational
costs and a 15% increase in customer satisfaction. These find-
ings are particularly relevant to KSEB’s OEBMS, which is
expected to provide similar economic and service improve-
ments. The alignment between these projected benefits and
the actual outcomes reported by Accenture suggests that
KSEB's initiative is well-positioned to succeed. Moreover, the
increasing adoption of online bill payment services is a global
trend. A 2023 Pew Research Center survey revealed that 82%
of American households with a bank account now use online
bill payment services, highlighting the growing demand for
reliable and efficient digital bill management solutions [9].
KSEB’s OEBMS meets this demand by offering a user-
friendly platform that facilitates online transactions, enabling
consumers to manage their electricity bills with greater ease
and security. The deployment of KSEB's OEBMS also reflects
a broader shift in the energy sector towards automation and
digitization, as utilities worldwide seek to enhance their ser-
vice delivery and operational efficiency. By integrating tech-
nology into its billing process, KSEB has the potential to sig-
nificantly improve the accuracy of its billing, reduce opera-
tional costs, and elevate the overall customer experience. This
approach aligns with the growing consumer preference for
online bill management tools and the demonstrated benefits of
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such systems in improving economic performance and cus-
tomer satisfaction. In summary, KSEB’s adoption of an
OEBMS is a clear indication of the ongoing digital transfor-
mation in the energy sector. By leveraging automation and
digital technologies, KSEB is not only improving its opera-
tional efficiency and billing accuracy but also enhancing cus-
tomer satisfaction by providing a streamlined and accessible
method for managing electricity bills. This initiative is in line
with global trends and is supported by research that highlights
the significant economic and service-related benefits of such
systems [11].

2.1. Smart Systems Vs Manual Systems

The energy industry is increasingly shifting from manual

systems to smart, digital solutions, such as Online Electricity
Bill Management Systems (OEBMS). Traditional methods,
including manual meter reading and invoicing, are becoming
obsolete due to their inefficiency and higher operational costs
[12]. Automation enhances productivity, reduces labor costs,
and improves customer satisfaction through prompt and effi-
cient services. Research demonstrates a growing preference
for digital bill management, with 78% of U.S. households us-
ing online payment services monthly. OEBMS not only offers
convenience but also promotes environmental sustainability
by reducing paper usage and enhancing security through se-
cure online payment gateways. A comparative analysis be-
tween OEBMS and manual systems highlights these advance-
ments and supports the transition towards more efficient and
user-friendly solutions [13].

Table 1. Comparison of Key Features of OEBMS and Manual System.

Feature OEBMS

Manual System

Convenience

Customers can access their billing information and make
payments remotely 24/7 from anywhere with an internet
connection.

Accessible from any device (computer, smartphone, tablet) with

Requires physical visits to designated payment
centers during operating hours, leading to time and
effort inefficiencies.

Limited by location and operating hours of payment

Accessibility internet access.
Automates processes like meter reading, bill calculation, and
Efficiency record-keeping, reducing manual data entry and associated er-
rors.
Minimizes errors through automation and data validation func-
Accuracy . .
tionalities.
Time Sav- Saves time by eliminating the need for physical visits and wait-
ings ing in queues at payment centers.
Paper Re- Reduces paper usage for bills and records, promoting a More en-
duction vironmentally friendly approach.
. Offers secure online payment gateways with encryption proto-
Security L .
cols, minimizing the risk of fraud.
Customer Provides additional functionalities like automated payment re-
Features minders, payment schedules, and historical bill data access.

2.2. Role of Information System OEBMS

The rise of Online Electricity Bill Management Systems
(OEBMS) is driven by the need for efficient, user-friendly
billing solutions, heavily reliant on robust Information Sys-
tems (IS). These systems streamline billing procedures by au-
tomating data collection, processing, and analysis. Smart en-
ergy management systems [14]. leverage IS for data transmis-
sion and management, enhancing communication and system
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centers.

Relies on manual processes, prone to errors due to hu-
man calculations and data entry.

More susceptible to human error in meter reading,
calculations, and data entry.

Time-consuming due to travel time and potential
waiting lines at payment centers.

Relies on paper-based bills and records, contributing
to environmental impact.

Increased risk of fraud or loss of paper bills.

Limited features and functionalities, offering basic
bill viewing and payment options.

efficiency. highlight the broad application of IT in electric
power systems, covering not only billing but also grid man-
agement. emphasize the role of Database Management Sys-
tems (DBMS) in smart metering, offering user-friendly access
to invoices and payments. An effective OEBMS integrates
hardware, software, and procedures to boost efficiency, organ-
ization, and security. Advanced technologies, such as block-
chain and machine learning, are expected to further enhance
these systems [15].
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2.3. Web Applications in OEBMS

The Inteet
Ads
o—H
Web document
» A
Ads server Video server

Figure 1. Process of Retrieving a Static Webpage.

Web applications play a crucial role in enhancing Online
Electricity Bill Management Systems (OEBMS). emphasize
that user interface design is vital for improving user engage-
ment, which is essential for OEBMS to encourage effective
energy cost management. Testing, as discussed by Li et al.
(2014), ensures that web applications are reliable and user-
friendly, which is critical for tasks such as invoice reading and
payment. McGlinn et al. (2017) highlight the importance of a
user-friendly interface in web-based systems, relevant to
OEBMS for accessibility and consumer acceptance. Addition-
ally, Komninos et al. (2014) and Dileep (2020) underscore the
role of web apps in smart grids for monitoring and managing
real-time data. Rind et al. (2023) suggest that web apps can
engage customers in energy conservation and demand man-
agement, further demonstrating their importance in OEBMS.

The static web represents an early version of the World
Wide Web, where web pages are served exactly as stored on
the server, without any modifications based on user interac-
tions. The process starts when a user enters a URL in their
browser, specifying the protocol, domain, and path to the de-
sired resource. The browser sends an HT TP request to the web
server, including details like the type of request (e.g., GET)
and any necessary headers. Upon receiving the request, the
web server retrieves the static file and sends it back to the
browser, along with any additional resources such as images
or stylesheets. The browser then renders the HTML into a dis-
play for the user. Although static web pages are still used for
basic sites, modern websites predominantly use dynamic web
pages created by server-side programming languages like
PHP, allowing for personalized content and interactive fea-
tures [16].

2.4. BECO Company

The Benadir Energy Company (BECO) is vital in supplying
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electricity to southern Mogadishu, Somalia, addressing signif-
icant challenges in the country's electrical sector, such as re-
building infrastructure post-conflict and limited financial re-
sources. Established in 2014, BECO emerged to tackle issues
highlighted in the Somalia Report of 2014, aiming to enhance
service delivery and provide a more reliable energy supply
Despite the advantages of its private status, BECO faces on-
going obstacles. Studies suggest that incorporating renewable
energy sources like solar and wind power could foster a more
sustainable and eco-friendly electricity future for Somalia In-
vestments in infrastructure and renewable energy programs
could offer a less environmentally damaging solution and fur-
ther BECO’s role in the country's energy development [17].

2.5. Machine Learning Approach in OEBM

The Online Electricity Bill Management System (OEBMS)
has emerged as a critical tool in response to the growing em-
phasis on energy conservation. These systems extend beyond
simple computerized invoicing by incorporating predictive
analytics, enabling clients to gain deeper insights into their en-
ergy usage and exercise greater control over it. Among the
predictive analysis algorithms employed in OEBMS, Random
Forest and K-Nearest Neighbours (KNN) are particularly
prominent. Random Forest is a machine learning ensemble
technique that excels in estimating energy usage, especially
due to its ability to manage complex and non-linear relation-
ships between variables. This algorithm works by creating
multiple decision trees, each trained on different samples of
data and randomly selected attributes. The ensemble method
generates a prediction by averaging the forecasts from all in-
dividual trees, a process that often leads to enhanced perfor-
mance by reducing variability and improving prediction accu-
racy. Random Forest's strength lies in its capacity to model
intricate energy consumption patterns, which might be chal-
lenging for simpler models to capture. Furthermore, the algo-
rithm can assess the relative importance of various attributes
in predicting energy consumption, providing valuable insights
into the key factors influencing usage under specific customer
conditions (Hapfelmeier & Ulm, 2013). This makes Random
Forest an effective tool for analyzing energy consumption data
affected by multiple variables, such as meteorological condi-
tions, temperature, occupancy levels, and appliance usage pat-
terns. K-Nearest Neighbours (KNN), though not originally de-
signed for linear regression, can be adapted for energy con-
sumption analysis in OEBMS. KNN is particularly effective
in detecting anomalies by comparing the similarity between a
new data point (current consumption) and its closest neighbors
(similar past consumption patterns). Significant deviations in
energy consumption, as detected by KNN, may indicate
equipment failures or unusual events leading to increased en-
ergy use. The algorithm's simplicity and ease of understanding
make it accessible and interpretable, yielding clear outcomes
by focusing on the nearest neighbors. However, KNN's effec-
tiveness depends on the quality and quantity of available data.
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The accuracy of anomaly detection can be compromised when
data is scarce or of low quality. Additionally, the "curse of
dimensionality" can hinder KNN's performance as the number
of variables increases, necessitating feature selection pro-
cesses to maintain efficiency. In conclusion, both Random
Forest and KNN offer valuable insights and benefits in the

context of OEBMS. Random Forest's ability to handle com-
plex, non-linear interactions and assess variable importance
makes it suitable for modeling intricate energy consumption
patterns, while KNN's simplicity and effectiveness in anomaly
detection provide a straightforward method for identifying ir-
regularities in consumption [18].

Table 2. Comparision of predictive Analycs Approaches for OEBMS.

K-Nearest Neighbors (KNN)

Detects anomalies in energy consumption

Focuses on similarity to historical data points

Simple, interpretable results, adaptable to dif-

Feature Random Forest
Primary Predicts future energy
Function consumption
Algorithm Machine Learning (Ensemble . .
Type Method) Machine Learning
Data Han- Handles complex and non-linear
dling relationships between variables
High accuracy, robust to noise,
Strengths |dent|f_|es key drivers of con- ferent data types
sumption
Requires a large amount of
Weaknesses  training data, can be computa-

tionally expensive

Enables cost estimation, budget-
ing, personalized recommenda-
tions

Benefits for

OEBMS unusual events

3. Methodology

The methodology chapter of the Online Electricity Bill
Management System (OEBMS) focuses on the systematic
techniques employed to create and execute a system for mon-
itoring energy billing procedures within a web-based environ-
ment. This section delves into the methods, techniques, algo-
rithms, and analyses used to manage the different components
of the billing system effectively. The system itself is built
around gathering, analyzing, forecasting, and generating in-
voices, ensuring that billing procedures are both precise and
efficient. The scientific method applied in the development of
the OEBMS serves as the foundation for determining the sys-
tem’s functionalities. This approach combines electronic in-
frastructure with exploratory research methods to identify the
need for the system and establish a suitable framework. The
system utilizes object-oriented analysis and user-centric pro-
gramming, with PHP serving as the primary language for in-
terface design. The development process for the OEBMS is
guided by the Waterfall model, a linear and sequential ap-
proach to software development. The Waterfall model con-
sists of distinct phases, each of which builds upon the previous

Accuracy depends on data quality and quantity,
susceptible to the "curse of dimensionality"

Identifies potential equipment malfunctions or
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Existing System

Generates bills based on historical
data or meter readings

N/A (Process-based)

Relies on historical usage data or
meter readings

Efficient, well-established pro-
cesses

Limited insights into future con-
sumption, the potential for errors
in manual processes

Streamlines billing processes to re-
duce errors

one. The Waterfall model, while offering a structured and sys-
tematic approach, can present challenges in dynamic environ-
ments due to its inflexibility. Despite this, it provides a clear
roadmap for the development of the OEBMS, ensuring that
each phase is thoroughly completed before moving on to the
next. The model's linear nature makes it ideal for projects with
well-defined requirements and a clear understanding of the de-
sired outcome.

Requirement
Analysis
System
Design
Implementation ]—‘
Testing H

Deployment

Figure 2. SDLC Waterfall Model.
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phase must be completed before moving on to the next, and
revisiting previous stages is challenging without restarting the
entire process. This structured flow ensures that progress is
measured and that each stage is dependent on the completion
of the previous one. These phases include requirements gath-
ering, system design, implementation, testing, deployment,
and maintenance. In this model, each in the requirements
phase, all possible conditions of the system to be developed
are recorded and proved in specifications.

1) System Design: In this phase, the conditions specifica-
tion from the first phase is reviewed and the system de-
sign is prepared. This system design specifies the tackle
and system conditions and helps define the overall sys-
tem armature.

2) Implementation: With input from system design, the
system is first developed in small programs, so-called
units, which are integrated in the coming phase. Each
unit is developed and tested for functionality called unit
testing.

3) Testing: All units developed during the perpetration
phase are integrated into the system after each unit is
tested. After integration, the entire system is tested for
crimes and failures.

4) Deployment: Once functional testing is complete; the
product is stationed in the client's terrain or retailed.

5) Maintenance: There are some issues we're passing on in
our customer terrain. some better performances will be
released to ameliorate the product. conservation will be
performed to emplacement these changes in the client
surroundings.

3.1. Methods to Use Machine Learning

Algorithms

The OEBMS utilizes machine learning techniques such as
Random Forest and Linear Regression to forecast energy use
and optimize billing procedures. The system intends to en-
hance accuracy, efficiency, and customer satisfaction in han-
dling online electricity billing operations by using these algo-
rithms together with effective data gathering and processing
methodologies. The data collection procedure.

predicted paid amountgp %Z{-V:l tree; (custig, billgmount)

represents this aggregation, where
predicted paid amountpgy is the predicted paid amount by
the Random Forest model, N is the number of trees, and tree;
represents the it" decision tree's prediction for a given customer
ID and bill amount. Random Forest Regression is robust and ef-
fective for handling complex nonlinear relationships in data.

3.2.2. Linear Regression
Linear Regression models the relationship between a de-
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Figure 3. Flowchart of Data Collection.

To forecast energy consumption for the next year using ma-
chine learning, we collect historical energy usage data and rel-
evant factors like weather conditions and time of day. After
per-processing the data to address missing values and outliers,
it's divided into training and testing sets. We then train both
Random Forest and Linear Regression models. The Random
Forest model builds decision trees from data subsets, while
Linear Regression establishes a linear relationship between
features and energy use. Performance is assessed using Mean
Absolute Error (MAE) and Root Mean Squared Error (RMSE)
on the testing set. The better-performing model is used to fore-
cast energy usage for the upcoming year. This approach helps
identify patterns in energy demand, informing decisions on
energy management and resource distribution. Continuous re-
finement of the models enhances prediction accuracy and sys-
tem efficiency.

3.2. Mathematical Formulation

3.2.1. Random Forest Regression

Random Forest Regression is an ensemble learning method
that builds Multiple decision trees and aggregates their pre-
dictions to make a final prediction. The formula

)

pendent variable (outcome) and one or more independent var-
iables (predictors) by fitting a linear equation. The formula

Y= Bo +Brxy + Baxy + e+ Bty )
represents this linear relationship, where y" is the predicted
value, B, is the intercept term, and B4, 3,, ..., B, are the co-
efficients for each feature x,,x,, ..., X, respectively. Linear
regression is widely used for making predictions and under-

standing the relationship between variables in fields such as
economics, finance, and social sciences.
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4. Testing Set-Up and Output Results 4.1. Main Screen Implementation

In this paper, the factual development begins, and the pro- The implementation of all screens is defined in this section.
gramming is erected. The perpetuation of design begins con-  Figure 5 shows all the information that describes the login but-
cerning writing law. inventors have to follow the rendering  ton for customers, creating a new account, and login for admin
guidelines described by their operation and programming ~ Or staff.
tools like compilers, practitioners, debuggers, etc. are used to
develop and apply the law.

mc@ HOM \BOUT LOGIN REGISTER CONTACT

Online Electricity Bill management System

Our project Electricity Bill System proposes a computerized system which calculates electricity bill automatically and it simplifies the task and
reduces the paper work. This system automates each and every activity of the manual system and increases its quality. The system calculates

current bill, previous pending bill with penalty, etc.

Figure 4. Main Screen Implementation.

4.2. Login Screen Implementation

Presents an entry for the customer user name and password login screen implementation.

mc@ T MBOAT U 4 EEGISTIR CONTACT

Entar Login D and password 1o Login.

Abdi122@gmail.com

Figure 5. Login Screen Implementation.
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4.3. Admin Main Screen Implementation word, customer account, view account, settings, adding elec-

tricity broad, view electricity broad, adding tariff, view tariff,

Description of adding new staff, view staff, changing pass- invoice, adding invoice, view invoice, view billing reports,
and out.

mc@ ADMINISTRATOR PANEL STAFF ~ CUSTOMER ACCOUNTS ~ SETTINGS ~ INVOICE ~ LoGouT

/’///

POWERING SOMALIA

Electricity board Select -
Number of Accounts 1
Number of Users 3
Number of Billings 1
Number of Customers 4
Number of Electricity Boards 1
Number of Electrets 1
Number of Tariffs 4

Figure 6. Admin Main Screen Implementation.

new account, viewing the account, viewing the profile, pay-

4.4. Customer Main Screen Implementation ment panel, viewing an invoice, viewing billing, printing in-
voice, feedback, and logout.

presents all the information about the customer adding a

mc© HOME C MER ARE ACCOUNT PAYMENT PANEL SLUNG TELDBACK LocouT

Customer Panel

Account Number Reading date Previous Current Bal Net Amount View Make Payment
Balance Amount

1o 2022001

Figure 7. Customer Main Screen Implementation.
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4.5. Bill Payment Screen Implementation

m HEME CUSTOMER AREA ~

ACCOUNT - PAYMENT PANEL BILLING - FEEDBACK LOGOUT

Arcount No 1ol -
bill Month
Pavment Mode Dehit card
Card numbes 12545678001 25456
CVV Code 123
Expiry Date 406,/ 2021 w]
RR Number 1201
Bill Amsoasnt
Paid Amouint 200
Excess Paid !
Submi

Figure 8. Bill Payment Screen Implementation.

4.6. Print Invoice Screen Implementation

mc@ HOME CUSTOMER AREA ~

ACCOUNT ~ PAYMENT PANEL ~ BILLING ~ FEEDBACK LoGgout
POWERING SOMAUIA
@ Previous Reading | e about:blank = (m] X
4  Consumption Unit
© Fixed Charge Print 1 sheet of paper
4  Energy Charge
POWERING SOMALIA
B Tax Destination 9 EPSON L3210 Series ¥
Electricity Bill
® il Amount Customer Name Mohamed Al
Account Number 123456789 P: All v
% Interest Address Mogadishu W=
Meter Number 987654321
O Previous balance Previous Reading 24563
Current Reading 25012 Goisles 1
27, Interest for previous balance Consumption Unit 449 P
Fixed Charge 10.00
N Energy Charge 13470
Others Tax 1347 "
: Bill Amount | 15817 Layout Portrait ¥
B Credit Interest 0.00
Previous balance 20,00
) Concession Interest for previous balance 0.00
Others 0.00 .
B Net Amount Credit 000 More settings v
Concession 0.00
a Due Date Net Amount 17817
Oue Date. 20251015
Thank you for your payment! Page1of1 / & =
| Cancel )
HOME ABOUT US LOGIN REGISTER CONTACT US

COPYRIGHT © ELECTRICITY BILL | ADMIN LOGIN

Figure 9. Print Invoice Screen Implementation.

4.7. Report Implementation

The figure provides a detailed view of the billing report
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generated by the Online Electricity Bill Management System
(OEBMS). The report, closely resembling a computer-gener-
ated invoice, is accessed through a web interface, as indicated
by the URL "localhost/e-bill/viewbilling. php" at the top left
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corner. This highlights the system'’s functionality, allowing us-
ers to view their bills online. The central section of the report
contains essential billing information. This includes the ac-
count number ("EBS0000"), the billing period dates (""2023-
10-19" and "12:23"), and a "Select EI" section, likely detailing
electricity usage charges. The "Consumption Charges" section
prominently displays a total amount of "120.00," which ap-
pears to be the total bill for the period. Additional elements in
the interface include abbreviations like "bec" and "beco" in

v Electricity Bill - Online Electricit, X 4

< [¢] @ localhost/ev_bill/viewbilling.php

POWERING SOMALIA

View Billing
Select Electricity

Account Number 850001234
Account Number

Account
Number

Previous Current Energy  Fixed Tax Bl

EBS0001234 Reading Reading Charge  Chargo Amount

EBS0001234 1200 1450 1470 1000
EBS0005678

EBS0005678 850 1020 9840 1000 984 11824 000

EBS0009012

EBS0009012 560 720 7230 1000 723 895 000

Thank you for your payment!

HOME ABOUT US LOGIN

Interest

134715817 000

the upper right corner, and options to "Print" or "Cancel" the
printing process. The lower part of the interface resembles a
typical print dialog, with options for selecting the number of
copies, layout orientation (portrait or landscape), and a search
bar. Overall, the report demonstrates the OEBMS's capability
to generate and present detailed, printable invoices, fulfilling
its primary goal of providing clear and comprehensive billing
information to customers.

Select Electricity Boord  Mogadshy

— o X
* 9 0@
Print 1 sheet of paper
Destination % Epson L3210 Series ¥
Pages All -
Copies 1
Previous  Total
Balance  Amount
000 17817 Layout Portrait s
1500 13324
L B More settings v

m i

Page1of1

REGISTER CONTACT US

COPYRIGHT © ELECTRICITY BILL | ADMIN LOGIN

H ,O Type here to search

241 PM

AT D) NG e poas

=

Figure 10. Report Sample Output of the Proposed System.

4.8. Output of the Report After Implementation
of Regression Model

Figure 10 illustrates a client billing report that plays a cru-
cial role in the The historical data serves as the foundation for
the models, enabling accurate consumption forecasting by an-
alyzing past trends and relevant factors. The report also offers

consumer categorization, segmenting clients based on con-
sumption habits or payment patterns, which further enhances
prediction accuracy. For instance, a random forest model is
better suited for customers with unpredictable usage, while
linear regression excels with stable consumption patterns. In-
tegrating these models into the OEBMS allows the utility
company to provide personalized bill estimates and optimize
resource allocation.

custid account_id electricity payment_mod payment date payment time number bill amount_paid amount_excess_paid account_no status  one_year_expense_finear_reg one_year_expense_rf_reg
1 1 1 Master Card 25/12/2023 02:27:13 111 458 100 356 EBS0000001 Active 582.03 481.89
2 2 2 Credit card 26/04/2024 10:26:30 6738899 458 356 712 EBS0000002  Active 705.34 481.89
3 3 3 Master Card 25/04/2024 10:28:27 6738898 458 1223 1935 EBS0000003 Active 830.65 1155.88
4 4 4 Master Card 26/04/2024 11:28:27 6738896 458 1224 1936 EBS0000004 Active 954.96 1201.27
5 5 5 Master Card 27/04/2024 12:28:27 6798400 458 1225 1937 EBS0000005 Active 1075.27 1224.59
6 6 6 Master Card 28/04/2024 13:28:27 6738401 458 1226 1938 EBS0000006 Active 1203.58 1225.60
7 7 7 Master Card 29/04/2024 14:28:27 6738402 458 1227 1939 EBS0000007  Active 1327.89 1227.09
8 8 8 Master Card 30/04/2024 15:28:27 6738403 458 1228 1940 EBS0000008  Active 1452.2 1227.59

Figure 11. Output of the Report After Implementation of the Regression Model.
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4.9. Comparison of Actual Vs Predictive Values
in Regression Models

Figure 11 illustrates the difference between the actual val-
ues of the target variable and the values predicted by the Lin-
ear Regression model. Each point in the test set has a corre-
sponding data point. In some scenarios, the observed values
coincide with the forecasted values, indicating the precision
of the forecasts. The diagonal red dashed line represents these
instances. The scatter plot allows for a visual assessment of
the model's accuracy in capturing the real values. In the scatter
plot, points that are in closer proximity to the diagonal line
indicate improved performance of the model.

Actual vs. Predicted Values (Linear Regression)
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Figure 12. Actual vs Predicted values of Linear Regression.

Figure 13 is the comparative analysis of observed and fore-
casted values using Random Forest Regression: The graph in
like the previous one, presents a comparison of the real values
and the forecasts given by the Random Forest Regression
model. Each data point from the test set is shown as a point on
the graph, and the diagonal line on the graph reflects com-
pletely accurate predictions. By examining the scatter plot, we
may ascertain the level of accuracy shown by the Random
Forest model about the real data.

Actual vs. Predicted Values (Random Forest Regression)
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Figure 13. Actual vs. Predicted Values for Random Forest Regres-
sion.
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5. Conclusion

In this paper online system for handling electricity bills uses
machine learning models, including random forest and regres-
sion models, to ensure precise data input and achieve a high
degree of accuracy The accuracy rate has been validated based
on the findings of comprehensive testing.

By using this technology, the electrical department can sub-
stantially decrease the occurrence of mistakes caused by hu-
man involvement, leading to a streamlined billing procedure.
The system can both decrease anomalies and predict future
energy use for individual consumers or groups, owing to the
incorporation of machine learning algorithms. With the use of
this feature, users may effectively manage their consumption
and budget for future expenses by customizing precise bill es-
timates. In addition, the electricity department may get ad-
vantages from enhanced resource management capabilities by
using forecasts on future power demand. Moreover, the sys-
tem exhibits a high level of adaptability due to its modular ar-
chitecture. The capacity for adaptation, thoroughly examined
throughout the development phase, allows for future modifi-
cations to satisfy unanticipated user requirements or depart-
mental expansion. This capacity was thoroughly evaluated
during the whole procedure. Consequently, the system can ex-
pand and develop to the requirements for electricity bill man-
agement. We like to convey our profound appreciation to all
those who, in whatever capacity, contributed to the successful
conclusion of this thesis, whether it was via direct or indirect
means. We have high confidence that our online bill manage-
ment system will effectively and consistently accomplish its
intended purpose for an extended duration, hence providing a
seamless and precise billing procedure for all involved parties.

Abbreviations

OEBMS  Online Electricity Bill Management System
ML Machine Learning

Al Artificial Intelligence

SDLC Software Development Life Cycle

IS Information System

DBMS Database Management System

KSEB Kerala State Electricity Board

BECO Benadir Energy Company

GSM Global System for Mobile Communications
KNN K-Nearest Neighbors

RF Random Forest

LRM Linear Regression Model

MAE Mean Absolute Error

RMSE Root Mean Squared Error

PHP Hypertext Preprocessor

HTML HyperText Markup Language

CsSs Cascading Style Sheets

URL Uniform Resource Locator

HTTP HyperText Transfer Protocol
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SQL Structured Query Language

MySQL My Structured Query Language

API Application Programming Interface

loT Internet of Things

ICT Information and Communication Technology
U. 1 User Interface

uUXx User Experience

EBS Electricity Billing System
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