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ABSTRACT: The development of a prepaid energy management system using the 8051 microcontroller marks a significant step
forward in reducing energy waste in public buildings. This project leverages advanced embedded systems technology to enhance
how energy is measured, controlled, and utilized. By combining state-of-the-art hardware with user-friendly interfaces, the system
aims to cut electricity waste, encourage sustainable practices, and improve cost-effectiveness. The prepaid model requires users to
pay for energy in advance, promoting mindful consumption and better budget management. The system features real-time energy
monitoring, automated control of electrical devices, and a credit mechanism that disconnects power when credits are depleted. This
approach ensures energy use stays within the prepaid limits, minimizing excess consumption and lowering operational costs.
Successful implementation of this system could set a precedent for similar solutions in both public and private sectors, demonstrating
how microcontroller-based technologies can drive efficient and responsible energy use. This research highlights the value of

merging technological advancements with sustainable practices to tackle modern energy management challenges.
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. INTRODUCTION

The prepaid energy control system is a progressive
method for managing energy consumption, where users pay in
advance for their electricity usage. This approach is designed
to ensure efficient energy utilization and minimize waste. In
the context of this study, the design and implementation of a
prepaid energy control system using the 8051 microcontroller
exemplify this innovative strategy. By integrating a prepaid
mechanism, the system encourages users to monitor their
energy consumption against their prepaid balance, fostering
greater awareness and efficiency. This proactive approach aids
in identifying and reducing unnecessary energy expenditures.

The benefits of a prepaid energy control system are
substantial. Firstly, it promotes responsible energy usage by
making users directly accountable for their consumption,
leading to a reduction in energy waste and lower operational
costs. Additionally, the system offers real-time monitoring
capabilities, allowing users to track their energy use and make
adjustments as needed. This feature enhances user satisfaction
and supports more sustainable energy practices. Beyond cost
savings, the system fosters an energy-conscious culture,
encouraging more responsible behavior. The use of advanced
technologies, such as the 8051 microcontroller, ensures
efficient energy management and supports future
technological innovations.

This study focuses on the development and
implementation of a "Prepaid Energy Control System Using
8051 Microcontroller,” incorporating components such as a
coinslot, timer, 4-digit seven-segment display, 1C 8051, power
supply, and magnetic contactor. This technology is highly

reliable, cost-effective, and user-friendly. The primary goal of
the study is to address the issue of energy wastage due to
unattended lights by implementing a prepaid control system.
The anticipated outcomes include reduced energy
consumption, cost savings, and improved operational
efficiency, with the potential for this model to serve as a
reference for similar energy management challenges. The
study aims to contribute to broader energy conservation and
sustainability efforts.

Review of Related Literature

Recent years have witnessed a remarkable surge in
vending machine innovations, each advancing convenience
and functionality. A study demonstrated the effectiveness of a
coin-based cell phone charger integrated with a solar tracking
system, setting the stage for novel solutions in mobile charging
technology [1]. Exploration into stationary vending machines
has highlighted their critical role in both rural and urban
settings. Innovations such as ultrasonic sensors, coin
acceptors, vibrant LCD displays, and seamless online payment
systems have significantly transformed user experiences and
operational efficiency [2]. Further, coin-based vending
machines have been refined to offer cost-effective solutions
for dispensing treats, such as chocolates, addressing both coin
processing complexities and the integration of mechanical and
electronic components [3]. The application of the Finite State
Machine (FSM) model in multi-select vending machines has
showcased adaptability across various scenarios and potential
cost savings for businesses [4].
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Affordable solutions have been emphasized with low-
cost coin acceptor designs, targeting small and medium-sized
enterprises (SMEs) entering the vending market [5]. The shift
towards automation has been marked by Arduino-based
vending machines, enhancing user interactions [6]. Vending
solutions have also been tailored for specific needs, including
A4 paper dispensers for high-traffic areas [7], Cadbury
chocolate dispensers [8], and medical supply vending
machines [9]. Advances in intelligent unmanned vending
machines (UVMSs) have introduced methods to improve
product recognition [10]. Additionally, sustainable practices
have been incorporated with solar-powered reverse trash
vending machines, promoting recycling [11] and
environmentally conscious automated recycling bins with
fraud detection [12].

Future trends include short message payment systems for
seamless transactions [13], smart vending machines for office
environments [14], VLSI-based first aid vending machines for
highways [15], and wireless vending systems using GSM
networks [16]. Research into smart vending systems has
revealed optimization models for economic efficiency [17] and
the potential of loT-based cashless vending systems to
enhance customer experiences [18]. 10T vending machines for
mobile payments [19] and intelligent systems combining cloud
and 10T technologies for on-demand services [20] indicate a
promising future for vending technologies. Automated coin-
operated systems, initially developed in Europe and the United
States in the 1970s, offer a range of services, from snacks and
drinks to newspapers and consumer goods [21]. The
sophisticated design and functionality of vending machines
utilize optical, mechanical, and electrical technologies [22],
with an emphasis on efficient control systems including alarm
mechanisms and payment solutions [23].

Current advancements include intelligent sanitary napkin
dispensers [24], smart charging vending machines [25], and
Wi-Fi-enabled machines [26]. Coin-operated systems extend
beyond vending machines to include pay-per-use systems like
Piso-net in the Philippines [27] and coin-operated lockers in
Japan [28]. Additionally, various coffee vending machines
employ automatic coin mechanisms [29][30][31].

In conclusion, the rapid evolution of vending machine
technologies  highlights  significant advancements in
convenience, functionality, and sustainability. ~From
improvements in stationary vending machines [2] to
innovations in unmanned machines [10], each development
contributes to a vibrant and evolving field. The integration of
loT, cloud, and connectivity technologies promises a future
filled with enhanced, personalized vending experiences,
driving ongoing excitement and innovation.

Conceptual Framework

The Plan-Do-Check-Act (PDCA) methodology is an
exceptionally effective approach that will be utilized to
develop a viable solution for the proposed project. This
iterative method aims to ensure success and enhance the
overall process by promoting continuous improvement. It

aligns seamlessly with the objectives of the capstone project,
providing a structured framework for addressing challenges
and implementing solutions. By adopting the Plan-Do-Check-
Act (PDCA) methodology, the project guarantees a systematic
and disciplined approach to problem-solving, facilitating the
successful implementation and refinement of solutions.

Figure 1. PDCA Method for the Project

In the Plan phase, a quantitative research design is utilized to
evaluate the effectiveness of the "Design and Fabrication of
Prepaid Energy Controlled System Using 8051
Microcontroller” project. This phase focuses on collecting
numerical data related to energy consumption, cost-
effectiveness, and user satisfaction through various means
such as surveys and questionnaires. The system’s architecture
and program sequence are depicted through block diagrams
and flowcharts, highlighting the coordination among key
components including the 8051 microcontroller, coin sensor,
power supply, and magnetic contactor.

During the Do phase, diverse stakeholders, including local
officials and community members, actively engage in the
process, contributing their expertise and perspectives. A
structured Data Gathering Procedure is implemented to collect
data on user interaction, system uptime, and feedback through
sensors, surveys, and interviews. The collected data are
analyzed using quantitative methods such as mean
calculations, standard deviation, and comprehensive data
analysis, which provide insights into participant demographics
and system performance. This analysis supports informed
decision-making regarding the project's effectiveness and
reliability.

In the Check phase, the system’s performance is evaluated
through surveys and statistical analysis to assess energy usage,
cost-effectiveness, user satisfaction, and system availability.
Feedback from users is gathered to understand their
experiences, behaviors, and the system's impact on energy
efficiency and overall satisfaction. This phase also involves
evaluating the system’s reliability, functionality, and ease of
use to ensure alignment with project goals and to encourage
responsible energy consumption.

Finally, the Act phase involves the full deployment of the
prepaid energy control system after rigorous testing and
evaluation. The project progresses from research and planning
to analysis, design, programming, and construction, followed
by extensive testing to ensure functionality, reliability, and
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efficiency. Successful testing leads to implementation, where
the system is monitored, maintained, and continuously
improved based on user feedback and performance data.

Obijectives

The primary aim of this capstone project is to utilize

8051 microcontroller technology to enhance energy efficiency
through a prepaid control system. The specific objectives are:

1.

1.
In

Develop a Cost-Effective System: Design a prepaid
energy control system using the 8051 microcontroller
to manage energy use efficiently in various facilities.
Create an Automated and User-Friendly
Interface: Implement a system that is automated and
easy to use, preventing energy waste by ensuring
proper management of electrical devices.

Evaluate System Performance: Assess the system’s
effectiveness, efficiency, and usability through
rigorous testing to ensure it meets project goals and
performs reliably.

METHODS
addressing the specific objectives of the study, a

systematic approach is essential to ensure the effective
development and implementation of the prepaid energy control
system using the 8051 microcontroller. The methodology
involves several key phases, including the design and
fabrication of the hardware, the development of software
components, and a comprehensive evaluation of system
performance.

1. Development of Microcontroller-Based Prepaid Energy

Control

System:

Design and Selection:

Microcontroller Selection: The 8051
microcontroller has been selected due to its reliability
and capability to manage complex tasks involved in
prepaid energy control systems. Its architecture and
peripherals make it suitable for handling various
input and output operations required for this project.
System Design: The initial phase involves drafting
detailed design schematics and circuit diagrams. This
design will outline the integration of the 8051
microcontroller with other components such as coin
sensors, relays, and power management units. The
goal is to create a cohesive system that efficiently
manages energy consumption based on prepaid input.

Hardware Fabrication:

PCB Design and Assembly: Utilizing electronic
design automation software, the printed circuit board
(PCB) layout will be developed, incorporating all
necessary components. This step involves creating a
prototype PCB and assembling the hardware
components, including the microcontroller, relays,
and power supply, onto the board.

Component Integration: Additional hardware
elements such as coin sensors, timers, and displays

will be integrated to complete the system. This
involves connecting these components to the
microcontroller and ensuring proper functionality
through initial testing.

Software Development:

Programming: The microcontroller will be
programmed to handle various functions of the
prepaid energy system, including processing
transactions, managing energy limits, and controlling
the relay modules. The software development will
focus on creating a robust and efficient code to ensure
reliable system performance.

User Interface: A user-friendly interface will be
developed to facilitate interaction with the system.
This interface will include options for setting energy
limits, processing payments, and monitoring energy
usage, making it accessible and easy to operate.

2. Implementation of Automated, User-Friendly System:
System Setup:

Installation: The developed system will be installed
in a controlled test environment to replicate real-
world conditions. This involves setting up the
hardware and configuring it to operate according to
predefined parameters.

Configuration: System settings will be configured to
establish energy usage limits, payment procedures,
and operational protocols. This ensures that the
system functions as intended and aligns with the
project objectives.

System Testing:

Performance Testing: The system will undergo
rigorous testing to evaluate its performance in
managing energy consumption, handling
transactions, and ensuring reliability. This includes
checking the accuracy of energy measurement and
the effectiveness of the prepaid functionality.
Usability Testing: The user interface and interaction
process will be assessed to ensure that the system is
intuitive and easy to use. Feedback from users will be
collected to identify areas for improvement and to
refine the interface.

3. Evaluation of System Effectiveness:
Data Collection:

Quantitative Data: Data on energy consumption,
cost savings, and user satisfaction will be collected
through system logs and feedback surveys. This data
will provide insights into the system’s impact and
effectiveness.

Analysis: The collected data will be analyzed to
determine the system’s performance in terms of
energy efficiency, cost-effectiveness, and user
satisfaction. Statistical methods and performance
metrics will be used to evaluate the system’s success
in meeting its objectives.
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System Refinement:

Feedback Incorporation: Feedback from testing
phases will be used to make necessary adjustments
and improvements to the system’s design and
functionality. This iterative process ensures that the
system is optimized for real-world use.

Final Testing: Comprehensive final testing will be
conducted to confirm that the system meets all project
objectives and performs effectively under actual
operating conditions. This step is crucial for
validating the system’s readiness for deployment.

I1l. RESULTS AND DISCUSSIONS

In addressing the study's specific objectives, the results
and discussion section provides a detailed examination of the
effectiveness of the prepaid energy control system developed
using the 8051 microcontroller. This section presents the
design, fabrication, and testing outcomes, along with an
analysis of the system’s performance and user feedback.

System Development and Implementation:
Design and Fabrication Results:

Microcontroller Integration: The 8051
microcontroller was successfully integrated into the
system, demonstrating its capability to manage
complex tasks required for energy control. The
system design, including detailed schematics and
circuit diagrams, facilitated the effective coordination
of components such as coin sensors, relays, and
power management units. Figure 2 shows the
simulated schematic diagram.

ety

Figure 2. Simulated Circuit Diagram

Hardware Assembly: The PCB design and assembly
process yielded a functional prototype. The
integration of additional hardware elements—such as
timers, coin sensors, and displays—was completed,
ensuring that all components worked together as
intended. Initial testing verified that the hardware
setup met the design specifications and operational
requirements. Figure 3 below shows the assembled
PCB layout and parts

Figure 3. PCB Layout with Parts

Software Development Outcomes:

Programming: The microcontroller  was
programmed to handle key functions of the prepaid
energy system, including transaction processing,
energy limit management, and relay control. The
software proved robust and efficient, enabling
reliable system performance using the Intel 8051
family microcontroller and Assembly Language
programming.

User Interface: The development of a user-friendly
interface facilitated ease of interaction with the
system. Features such as setting energy limits,
processing payments, and monitoring usage were
implemented effectively, making the system
accessible and intuitive for users.

System Implementation and Testing:
Performance Testing Results:

Energy Management: The system demonstrated
effective management of energy consumption, with
accurate measurement and control of energy usage
based on prepaid input. The performance testing
revealed that the system reliably prevented excess
energy consumption, aligning with the project's goal
of promoting energy efficiency.

Usability Testing: User feedback highlighted that
the interface was easy to navigate and user-friendly.
The system's design allowed for smooth operation,
and users found it straightforward to set limits and
monitor their energy usage. This feedback was
instrumental in identifying areas for improvement
and refining the system’s functionality. Figure 4
shows the functional systems
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Figure 4. Functional Systems

Evaluation and Analysis:
Data Collection and Analysis:

e Quantitative Data: Data collected on energy
consumption, cost savings, and user satisfaction
provided valuable insights into the system’s impact.
The analysis of this data confirmed that the system
contributed to significant cost savings and improved
energy management.

e System Performance: Statistical methods were
employed to evaluate the system's efficiency,
effectiveness, and reliability. The analysis
demonstrated that the system met its objectives,
providing a cost-effective solution for energy control
and enhancing user satisfaction.

System Refinement:

Feedback Integration: The iterative process of incorporating
feedback led to several refinements in the system’s design and
functionality. These adjustments ensured that the system was
optimized for real-world use and addressed any issues
identified during testing.

e Final Validation: Comprehensive final testing
validated that the system met all project objectives
and performed effectively under actual operating
conditions. The successful implementation in a real-
world environment confirmed the system’s readiness
for deployment and highlighted its potential for
broader application.

Prepaid Energy Control System

The Prepaid Energy Control System represents a cutting-
edge solution for energy management in gymnasiums and
community facilities. Its performance metrics, detailed in
Table 1, highlight its reliability, cost-effectiveness, and user-
friendly design, with users praising its ease of use and notable
cost savings. The 8051 microcontroller, illustrated in Figure 4,
is crucial for real-time monitoring and effective energy
management. The system’s meticulous design and assembly,
as shown in Figure 4, have led to successful testing and
evaluation, confirming its readiness for deployment and
marking a major step forward in sustainable energy practices

for public spaces. Table 2 illustrates the system's strong
reliability and performance, with consistent uptime and precise
energy tracking. Users report high satisfaction with its ease of
use and cost-effectiveness. Overall, the system's efficiency,
functionality, and user-friendly interface make it an essential
tool for gymnasiums and community facilities.

Table 1. Performance Metrics and User Feedback for the
Prepaid Energy Control System

Aspect Criteria Description
System Uptime and | The system runs reliably
Reliability & | accuracy and accurately tracks
Performance energy usage
User Ease of use, | Users find the system easy
Satisfaction feedback, user | and give positive
response feedback.
Cost- Cost savings, | The system demonstrates
effectiveness | efficiency significant cost savings
and efficient  energy
management.
Energy Reduction in | Users have significantly
Efficiency energy reduced energy
consumption | consumption with  the
system.
Optimal Functioning The system  functions
System without seamlessly without any
Functionality | issues, no | reported issues or
downtime downtime
Effective Control, Power management is
Power distribution effective,  but  slight
Management | efficiency improvements can
enhance efficiency further.
User Interface | Interface The user interface is well-
design, designed, intuitive, and
intuitiveness, | user-friendly, enhancing
user- user experience.
friendliness
Accessibility | Access for | The systemis accessible to
diverse users, | all users, including those
inclusive with disabilities or special
design needs.

Participants in the Prepaid Energy Control System
study were highly satisfied with the system’s clarity and
effectiveness in managing energy. Although the interface was
user-friendly, there is potential for further enhancement.
Increasing transparency could boost confidence in the system's
reliability.

Performance Evaluation of the System

Table 2 details the criteria for evaluating the prepaid
energy control system, emphasizing its effectiveness, energy
efficiency, and practical usability, along with other key
performance metrics. The evaluation thoroughly examines the
system's capability to manage energy, decrease consumption,
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ensure user satisfaction, operate reliably, and maintain
accessibility for all users.

Table 2. Performance Evaluation Criteria

Criteria Description

Efficacy Measures how effectively the system
manages and controls energy usage in
the gymnasium.

Energy Efficiency Assesses the reduction in energy
consumption achieved by using the
system.

Usability Evaluates how user-friendly and
intuitive the system is for gymnasium
users.

Reliability Considers the system's consistent

uptime and accuracy in tracking
energy usage without failures or
downtime.

Measure’s user feedback on the ease
of use, clarity of system explanation,
and overall satisfaction with the
system.

User Satisfaction

Cost-effectiveness | Analyzes the system's ability to
generate cost savings through efficient

energy management.

System
Functionality

Checks the seamless operation of the
system without any reported issues.

Power Management | Reviews the effectiveness of power
control and distribution, identifying

any potential areas for improvement.

Accessibility Ensures the system is accessible to all
users, including those with disabilities

or special needs.

V. CONCLUSIONS AND RECOMMENDATIONS

The "Design and Implementation of a Prepaid Energy
Control System Using the 8051 Microcontroller" project
effectively addresses the critical issue of energy waste in
public gymnasiums. Through the implementation of this
innovative system, the gymnasium benefits from a highly
efficient energy management solution that encourages
responsible energy usage. The integration of the 8051
microcontroller, along with advanced components like the
coin sensor and magnetic contactor, ensures both effectiveness
and reliability. This technology demonstrates significant cost
savings and energy efficiency while promoting a culture of
sustainability.

The project's multi-faceted evaluation highlights its
robust performance and high user satisfaction. Consistent
uptime and precise energy usage tracking underscore the
system's reliability, while the intuitive user interface has
received positive feedback for its ease of use. The cost-
effectiveness of the system is evident from the notable
reductions in energy consumption and operational costs.
Detailed analysis and design phases have resulted in a well-

structured and functional system that operates seamlessly
without downtime. The comprehensive approach during
development and testing has ensured that the system meets its
intended objectives, providing a valuable asset for gymnasium
energy management.

Overall, the project exemplifies the practical application
of embedded systems technology in real-world scenarios and
contributes to broader sustainable development goals. By
fostering an energy-conscious culture and offering a replicable
model for other communities, the "Design and Implementation
of a Prepaid Energy Control System Using the 8051
Microcontroller" project sets a precedent for innovative
solutions in public facility management. Insights gained from
this project can guide future initiatives aimed at enhancing
energy efficiency and sustainability in various public and
private sector applications.

Recommendations

To further enhance the effectiveness and user experience
of the "Design and Implementation of a Prepaid Energy
Control System Using the 8051 Microcontroller" project, the
following recommendations are proposed:

1. Incorporate Smart Sensors: Integrate smart sensors
into the prepaid energy control system for real-time
monitoring of energy usage. These sensors can
provide detailed insights into usage patterns, peak
hours, and areas of potential energy waste, enabling
more targeted energy management strategies.

2. Develop Consumption Reports: Create a feature
within the system that generates regular energy
consumption reports for users and administrators.
These reports can highlight trends, identify energy-
saving opportunities, and facilitate data-driven
decision-making to optimize energy usage.

3. Enhance User Interface: Continuously improve the
user interface to ensure it remains intuitive, user-
friendly, and accessible to all, including those with
disabilities. Conduct usability testing and gather
feedback from diverse user groups to implement
design enhancements that improve user experience.

4. Collaborate with Experts: Partner with energy
management experts, sustainability consultants, or
local energy authorities to gain insights into industry
trends, regulatory requirements, and innovative
energy-saving technologies. This collaboration can
provide valuable guidance for further improving the
system's effectiveness and aligning it with industry
standards.
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