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ABSTRACT

The rapid growth of electric mobility has significantly increased the adoption of electric bicycles (E-bikes) as an eco-
friendly transportation alternative. However, the lack of intelligent charging infrastructure and transparent billing
mechanisms limits their large-scale deployment. This research proposes the design and implementation of an 10T-
Based Smart Charging and Billing System for E-Bikes aimed at providing secure, automated, and real-time energy
monitoring and payment processing.

The system integrates loT-enabled smart charging stations, cloud-based monitoring, RFID authentication, mobile
application support, and automated billing algorithms. Sensors measure voltage, current, power consumption, and
charging duration, transmitting data to a cloud server for analysis and billing computation. Users can monitor
charging status, receive notifications, and complete digital payments through integrated gateways.

Extensive testing demonstrates improved energy efficiency, reduced power theft, transparent billing, and enhanced
user convenience. The proposed system supports scalable deployment in smart cities and contributes to sustainable
energy management within urban mobility ecosystems.

INTRODUCTION

The global transition toward sustainable transportation has accelerated the adoption of electric vehicles, particularly E-
bikes. Cities such as Amsterdam, Beijing, and Pune are witnessing significant growth in electric micro-mobility solutions.
E-bikes offer affordability, zero tailpipe emissions, reduced congestion, and improved last-mile connectivity.

Despite these advantages, current charging infrastructure suffers from several limitations:

o Absence of intelligent energy monitoring

Manual billing and payment systems

Lack of user authentication

Energy theft and unauthorized access

Poor integration with renewable energy sources

Traditional charging systems operate on fixed-time charging or manual supervision, which often results in inaccurate
billing and inefficient power utilization. Furthermore, the absence of real-time tracking prevents both users and operators
from monitoring energy consumption effectively.

To address these challenges, this research proposes an loT-Based Smart Charging and Billing System that enables:
e Real-time energy measurement

Automated usage-based billing

Secure RFID-based user authentication

Cloud-based data analytics

Mobile app-based monitoring and payments

The system bridges the gap between electric mobility growth and smart infrastructure development.
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Fig. 1. System Architecture Block Diagram
LITERATURE REVIEW

The rapid growth of electric mobility has encouraged significant research in intelligent charging infrastructure and loT -
based energy management systems. Various studies have explored smart charging mechanisms, automated billing systems,
and cloud-integrated monitoring platforms to enhance efficiency and transparency in electric vehicle (EV) ecosystems.

Early research in smart grid systems, particularly those published by IEEE, emphasized real-time energy monitoring and
load balancing for electric vehicle charging stations. These studies highlighted the importance of integrating distributed
energy resources with loT-enabled communication frameworks to ensure grid stability. However, most implementations
focused primarily on high-power electric cars rather than low-energy E-bike applications.

Several researchers have proposed loT-based smart metering systems using microcontrollers such as ESP8266 and ESP32
for monitoring voltage, current, and power consumption. These systems employ Hall-effect sensors, current transformers,
and digital energy meters to transmit real-time data to cloud platforms. While these approaches demonstrate accurate
energy tracking, many lack integrated billing automation and secure authentication mechanisms.

Tablel.Summary of Literature Review

Ref. No. Ag(t:]((;;(rs) System Focus || Technology Used Key Contributions Limitations
A. Sharma Smart EV 10T + Smart Grid || Real-time load monitoring and I_:ocused malnlyl on
[1] et al., 2021 || Charging Station Integration rid balancin high-power EVs; not
B ging g g g optimized for E-bikes
2] B. Kumar et||loT-Based Energy|| ESP8266 + Cloud || Remote monitoring of voltage || No integrated billing
al., 2022 Meter Storage and current parameters mechanism
[3] C. Patel et RFID-Based RFID + Secure authentication and Billing handled
al., 2020 || Charging Access || Microcontroller controlled power access manually; no cloud
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Ref. No. A;t?((;;(rs) System Focus || Technology Used Key Contributions Limitations
| | analytics
D. Singh et || Cloud-Based EV loT + Web Remote supervision and energy High |r.1frastructure
[4] : : cost; complex
al., 2023 Charging Dashboard analytics ;
architecture
[5] E. Rao et ||[Automated Billing|| Smart Meter + Usage-based billing Lacks authentication
al., 2022 for EV Dynamic Pricing computation security layer
F. Mehtaet|| SmartMicro- Compact charging system Limited scalability and
[6] al., 2021 ||Mobility Charging Embedded Systems design no mobile integration
G. Verma et||loT Charging with . Real-time user notification and | No integrated RFID
7] al., 2023 Mobile App loT + Android App monitoring authentication
loT-Based Smart Integrated real-time monitoring, . .
Proposed || This Work Charging & ESP32 + RFI[.) N secure authentication, Requires ?t%b'? _m_te_rnet
- Cloud + Mobile - connectivity; initial
System (2026) Billing for E- A automated billing, and scalable setun cost
Bikes PP cloud analytics P
METHODOLOGY

The proposed system follows a three-tier architecture:

3.1. Presentation Layer
o Mobile application for users
e Web dashboard for administrators
3.2. Application Layer
e |oT data processing
e Billing engine
e Authentication module
o Cloud analytics
3.3. Data Layer
Cloud database storing
User profiles
Charging logs
Energy consumption data
Transaction records
4. Hardware Components
ESP8266/ESP32 Wi-Fi Module
Voltage Sensor
Current Sensor (ACS712)
Energy Metering Module
RFID Reader
Relay Module
LCD Display
Power Supply Unit
3.5. Working Procedure
Step 1: User Authentication
e User scans RFID card
o System verifies ID from cloud database
o Charging access is granted
Step 2: Charging Initialization
o Relay activates power supply
e Sensors begin monitoring voltage and current
Step 3: Real-Time Monitoring
Energy consumption is calculated using:
Power(W)=VoltagexCurrentPower (W) = Voltage x

e 6 06 06 06 06 0606 WO O OO ®
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CurrentPower(W)=VoltagexCurrentEnergy(kWh)=PowerxTimeEnergy (kWh) = Power x
TimeEnergy(kWh)=PowerxTime

Data is transmitted to cloud server via Wi-Fi.

Step 4: Automated Billing

Billing formula:

TotalBill=EnergyConsumedxUnitRateTotal Bill = Energy Consumed x Unit RateTotalBill=EnergyConsumedxUnitRate
Optional dynamic pricing can adjust rates during peak hours.
Step 5: Payment Processing

e User receives notification

e Payment completed via integrated digital gateway

e Invoice generated automatically

3.6. Cloud Integration

Cloud server performs;

Data storage

Consumption analysis

Load prediction

Fraud detection

Report generation

Administrators can monitor:

e Total energy usage

e Active charging stations

e Revenue statistics

o Fault alerts

System Architecture for loT-Based Smart Charging and Billing System for E-Bikes
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Fig 2. System Architecture For smart charging and billing system

4. Results and Discussion

Extensive system testing was conducted under controlled conditions.
4.1. Energy Measurement Accuracy

o Achieved £3% measurement error

e Accurate real-time monitoring

4.2. Billing Accuracy

e 100% match between measured energy and generated bill
e Transparent usage-based pricing

4.3. System Response Time

o RFID authentication: < 2 seconds

o Cloud data update delay: ~1.5 seconds

4.4. Power Theft Prevention

e Unauthorized access attempts blocked

e Automatic relay cutoff on mismatch
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CONCLUSION

This paper presented the design and implementation of an loT-Based Smart Charging and Automated Billing System
specifically developed for E-bike charging infrastructure. The proposed system integrates real-time energy monitoring,
RFID-based authentication, cloud data management, and automated billing mechanisms within a unified architecture.

Unlike conventional charging systems that rely on fixed-duration charging or manual supervision, the proposed framework
enables accurate measurement of voltage, current, and power consumption to compute energy usage dynamically. The
integration of loT-enabled controllers ensures seamless data transmission to a cloud server, where billing calculations and
analytics are performed in real time. The incorporation of RFID authentication enhances security by preventing
unauthorized access and minimizing energy misuse.

Experimental evaluation demonstrates satisfactory system performance in terms of energy measurement accuracy, response
time, billing precision, and user convenience. The implementation confirms that intelligent charging systems can
significantly improve transparency, operational efficiency, and revenue management in micro-mobility infrastructure.
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