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ABSTRACT: Due to the rapid growth of renewable energy systems, electric vehicles (EVs), and smart grid 

technologies has created the need for an intelligent energy management system. This paper proposes an IoT-based 

renewable energy exchange framework that integrates solar photovoltaic (PV) systems, home loads, EV batteries, and the 

utility grid. The enables system bidirectional energy flow and real-time monitoring using IoT sensors and cloud 

platforms. An intelligent control algorithm optimizes energy usage by prioritizing renewable sources and shifting loads 

based on tariff conditions. The EV acts as both a load and an energy storage system through Vehicle-to-Grid (V2G) and 

Vehicle-to-Home (V2H) operations. Experimental analysis shows improved energy efficiency, reduced electricity cost, 

enhanced renewable utilization, and better grid stability. The proposed system is scalable and suitable for smart homes 

and future smart grid applications. 
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I. INTRODUCTION 

 

The global transition towards sustainable energy systems has accelerated the adoption of renewable energy sources and 

electric vehicles (EVs), fundamentally transforming the structure and operation of modern power grids. Solar 

photovoltaic (PV) systems, in particular, have emerged as a prominent clean energy solution due to their scalability and 

environmental benefits. Simultaneously, the increasing penetration of EVs has introduced new dynamics in energy 

consumption patterns, placing additional demand on existing grid infrastructure. While these advancements contribute 

to reducing carbon emissions, they also present significant challenges related to energy management, load balancing, 

and grid stability. Traditional power systems are primarily designed for centralized and unidirectional energy flow, 

making them inadequate for handling the variability of renewable energy generation and the bidirectional nature of 

modern energy systems. The intermittent nature of solar power, combined with unpredictable EV charging demands, 

often leads to inefficient energy utilization, increased peak load stress, and higher electricity costs. These limitations 

highlight the urgent need for an intelligent and integrated energy management framework capable of coordinating 

multiple energy sources and loads in real time. 

 

In response to these challenges, this paper proposes an innovative and intelligent renewable energy exchange system 

that integrates solar PV generation, residential loads, electric vehicles, and the utility grid into a unified platform. The 

proposed system leverages Internet of Things (IoT) technology to enable continuous monitoring, real-time data 

acquisition, and remote control of energy flow. Key electrical parameters such as voltage, current, power consumption, 

and battery state of charge are monitored using sensors and processed through a microcontroller-based control unit. A 

distinguishing feature of the system is its ability to support bidirectional energy flow, allowing the electric vehicle to 

function not only as a load but also as a distributed energy storage unit. Through advanced operational modes such as 

Vehicle-to-Grid (V2G) and Vehicle-to-Home (V2H), excess energy generated from renewable sources can be stored in 

the EV battery and later supplied back to the home or grid during peak demand periods. This capability enhances 

energy flexibility, reduces dependency on the grid, and contributes to improved load management. 

 

Furthermore, the system incorporates intelligent control strategies to optimize energy distribution by prioritizing 

renewable energy usage and minimizing reliance on conventional grid power. By dynamically managing energy 

exchange between the grid, home, and EV, the system reduces electricity costs, improves overall energy efficiency, and 

supports sustainable energy consumption practices. In addition to its technical advantages, the proposed system is 

scalable and adaptable, making it suitable for integration into future smart grid environments and smart city 

infrastructures. The combination of IoT-enabled monitoring, intelligent control, and bidirectional energy exchange 
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positions this system as a forward-looking solution for modern energy challenges. Ultimately, this work contributes to 

the development of a resilient, efficient, and environmentally sustainable energy ecosystem. 

 

II. LITERATURE REVIEW 

 

The rapid growth of electric vehicles (EVs) and their integration with modern power systems has attracted significant 

research attention. Early studies focused on the concept of Vehicle-to-Grid (V2G) technology and its impact on power 

systems. It was observed that V2G improves grid stability, voltage regulation, and load balancing by allowing 

bidirectional power flow between EVs and the grid [1]. Further work demonstrated that EVs can function as distributed 

energy storage systems, capable of supplying power back to the grid and generating economic benefits [2]. Research on 

EV charging strategies highlighted their impact on grid performance. It was found that uncontrolled charging increases 

peak demand and may lead to system instability, whereas controlled and optimized charging improves efficiency and 

reliability [3]. The integration of EVs with renewable energy sources and smart grids enhances sustainability and 

reduces dependence on conventional energy sources [4]. In addition, spatial–temporal models were developed to 

analyze EV charging demand, showing that coordinated charging is essential for maintaining grid stability [5]. With 

advancements in intelligent systems, modern charging techniques have been introduced. Machine learning-based 

scheduling methods improve charging efficiency and reduce operational costs [6]. Optimal charging strategies help in 

minimizing peak load demand and enhancing grid performance [7]. The use of Internet of Things (IoT) technology 

enables real-time monitoring and control of energy systems, improving overall system reliability [8]. The integration of 

renewable energy and storage systems has further improved EV infrastructure. Energy storage systems combined with 

renewable sources increase grid flexibility and efficiency [9]. EVs can also operate as distributed energy resources, 

supporting grid operations and improving reliability [10]. Stochastic energy management techniques address 

uncertainties in renewable generation and EV usage [11]. Additionally, the development of standardized charging 

technologies ensures compatibility and efficient operation of EV charging systems [12]. 

 

Artificial intelligence has become a key component in EV energy management. AI-based load forecasting techniques 

enable accurate prediction of energy demand for EV charging stations [13]. Coordinated charging strategies support 

load balancing and efficient energy utilization [14]. Demand response techniques using EV energy storage contribute to 

peak load reduction and improved grid stability [15]. Optimization and scheduling methods have been widely applied 

to EV charging systems. Efficient charging control strategies for parking infrastructures improve system performance 

and reduce energy wastage [16]. Admission control and scheduling techniques ensure proper allocation of charging 

resources under system constraints [17], [18] In addition to EV-focused studies, optimization techniques from other 

domains provide useful insights. Heuristic and metaheuristic approaches used in complex scheduling problems 

demonstrate high efficiency in resource allocation and optimization [19]–[24]. These methods can be adapted for EV 

charging systems to improve scheduling and energy management. Recent developments focus on integrating advanced 

technologies such as artificial intelligence, IoT, and renewable energy systems. AI-based smart charging strategies 

enable real-time decision-making and improve system efficiency [25]. IoT-enabled charging infrastructure supports 

real-time monitoring and automated control [26]. Solar-integrated EV charging systems reduce dependency on 

conventional grid power and promote sustainable energy usage [27]. Advanced AI-based load balancing techniques 

further enhance charging efficiency [28]. IoT-based energy management systems improve system performance and 

scalability [29], while cloud-based solutions enable real- time energy management and data processing [30]. 

 

Overall, the literature indicates that the integration of V2G technology, artificial intelligence, IoT, and renewable 

energy sources plays a crucial role in the development of efficient and sustainable EV energy systems. Despite 

significant advancements, challenges such as real-time coordination, communication reliability, and optimal 

energy utilization remain . These challenges highlight the need for advanced intelligent energy exchange systems, 

which form the basis of the proposed work. 

 

III. PROPOSED SYSTEM 

 

The proposed system consists of several interconnected components that work together to achieve intelligent energy 

management between the solar source, home, electric vehicle (EV), and the utility grid. The block diagram of proposed 

system fig 3.1 shown in given below. The main blocks include the solar photovoltaic (PV) system, power converters, 

EV battery, home load, grid connection, sensors, microcontroller, and IoT platform. The solar PV system acts as the 

primary energy source, converting sunlight into electrical energy. This energy is regulated using a DC-DC converter to 

maintain a suitable voltage level for charging the EV battery and supplying power to home loads. The EV battery serves 

as an energy storage unit, storing excess solar energy and supplying power when required. It supports bidirectional 

energy flow, enabling Vehicle-to-Home (V2H) and Vehicle-to-Grid (V2G) operations. The home load represents the 
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electrical appliances that consume energy. The system prioritizes supplying power from the solar source, followed by 

the EV battery, and finally the grid when necessary. The grid connection acts as a backup source and ensures 

uninterrupted power supply. Sensors are used to measure key parameters such as voltage and current, providing real-

time data to the microcontroller. The microcontroller (ESP32) processes this data and controls the switching operations 

through relays. It ensures optimal energy flow based on demand and availability. The IoT platform enables real-time 

monitoring and remote access to system data, allowing users to track energy usage and system performance. Overall, 

the system ensures efficient energy utilization, cost reduction, and improved reliability through intelligent control and 

seamless integration of all components. 

 

 

Fig.3.1 Block Diagram of the Proposed System 

 

The proposed system is strongly based on Internet of Things (IoT) technology, as it involves real-time monitoring, data 

communication, and intelligent control of energy systems. In this paper, sensors are used to measure important electrical 

parameters such as voltage, current, and battery state of charge. These values are collected by a microcontroller (such as 

ESP32) and transmitted to a cloud platform through IoT communication protocols. Using IoT, the system enables remote 

monitoring and control of energy flow between the solar panel, home loads, electric vehicle (EV), and the grid. This 

allows users to track energy usage in real time and make efficient decisions. IoT also supports automation, where the 

system can intelligently switch between different energy sources based on demand, availability, and cost. Thus, IoT 

plays a key role in enhancing system efficiency, enabling smart energy management, reducing power wastage, and 

supporting the development of smart grid infrastructure. 

 

A renewable energy system uses natural energy sources such as solar, wind, and hydro to generate electricity in a 

sustainable and eco-friendly manner. In this paper, solar photovoltaic (PV) energy is used as the primary renewable source 

to supply power to home loads and charge the electric vehicle (EV). The integration of renewable energy helps reduce 

dependence on conventional fossil fuels and lowers carbon emissions. However, since renewable sources like solar are 

intermittent in nature, efficient energy management is required. To address this, the system combines renewable energy 

with energy storage (EV battery) and grid support. By prioritizing solar energy usage and intelligently managing power 

flow through IoT-based monitoring, the system ensures optimal energy utilization, cost reduction, and improved 

efficiency. Thus, renewable energy plays a key role in achieving a sustainable and smart energy management system. 

 

IV. HARDWARE SETUP OF INTELLIGENT ENERGY SHARING BETWEEN HOME, EV AND GIRD 

 

The proposed system of fig 4.1 Hardware Setup of Intelligent Energy Sharing between Home, Ev and Gird shown in 

given below. The hardware implementation of the proposed system includes a solar photovoltaic (PV) panel, power 

converters, sensors, a microcontroller, a battery, and a relay module. The solar panel acts as the primary energy source, 

generating electrical power from sunlight. A DC-DC converter is used to regulate the voltage and ensure efficient 

battery charging, while an AC-DC converter is used to convert grid power into DC when additional energy is required. An 
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ESP32 microcontroller serves as the central control unit, collecting real-time data from voltage and current sensors and 

controlling the overall system operation. 

 

 

Fig.4.1 Hardware Setup of Intelligent Energy Sharing between Home, EV and Gird 

 

The battery, representing the electric vehicle (EV), functions as an energy storage unit that stores excess energy and 

supplies power during low generation periods. A relay module is used for automatic switching between different power 

sources such as solar, battery, and grid. The system also supports bidirectional power flow, enabling Vehicle-to-Home 

(V2H) and Vehicle-to-Grid (V2G) operations. Additionally, IoT technology is integrated to enable real-time 

monitoring and remote control of the system. Overall, the hardware setup ensures efficient energy utilization, reliable 

performance, and reduced dependency on the grid. 

 

A. Solar Photovoltaic (PV) System 

The solar panel acts as the primary energy source in the system. It converts sunlight into electrical energy. This 

generated power is used to supply home loads and charge the electric vehicle battery. Since solar output is variable, proper 

control and storage are required. 

 

B. Power Converters 

Power converters play a crucial role in regulating and converting electrical energy: 

DC-DC converter adjusts the voltage level from the solar panel for battery charging. 

AC-DC converter converts grid AC power into DC when additional power is required. 

DC-AC converter converts DC power from solar and battery into AC for home Loads. These converters ensure stable 

and efficient energy transfer between different components. 

 

C. Battery / Electric Vehicle (EV) 

The EV battery acts as an energy storage system. It stores excess solar energy and supplies power when needed. It 

supports: 

Vehicle-to-Home (V2H): EV supplies power to home loads 

Vehicle-to-Grid (V2G): EV supplies power back to the grid This bidirectional capability improves energy utilization 

and reliability. 

 

D. Home Load 

The home load represents electrical appliances that consume power. The system prioritizes supplying power from solar 

energy first, followed by the EV battery, and finally the grid if needed. 
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E. Grid Connection 

The utility grid acts as a backup power source. When renewable energy and battery storage are insufficient, power is 

drawn from the grid. In some cases, excess energy can also be fed back to the grid. 

 

F. Sensors (Voltage & Current) 

Sensors are used to continuously monitor key electrical parameters such as voltage, current, and power. This real- time 

data is essential for system control and optimization. 

 

G. Microcontroller (ESP32) 

The ESP32 acts as the brain of the system. It collects data from sensors, processes it, and controls the switching 

operations of relays and converters. It ensures proper energy flow based on system conditions. 

 

H. IoT Cloud Platform 

The IoT platform enables real-time monitoring and remote control. Users can view system performance, energy usage, 

and battery status through a mobile or web interface. 

 

I. Relay / Switching Unit 

Relays are used for automatic switching between different power sources (solar, battery, grid). The 

microcontroller controls these relays to ensure optimal energy management. 

 

V. HARDWARE IMPLEMENTATION OF INTELLIGENT ENERGY SHARING BETWEEN HOME, EV AND 

GIRD 

 

The hardware implementation of the proposed system integrates renewable energy generation, energy storage, sensing, 

control, and communication modules. A solar photovoltaic (PV) panel is used as the primary energy source, converting 

sunlight into electrical energy. The output from the solar panel is regulated using a DC-DC converter to ensure a stable 

voltage suitable for charging the battery and supplying the load. An ESP32 microcontroller serves as the central control 

unit. It collects real-time data from voltage and current sensors placed at different points in the system. These sensors 

continuously monitor parameters such as voltage level, current flow, and power consumption, enabling accurate system 

analysis and control. A rechargeable battery, representing the electric vehicle (EV), is used as an energy storage unit. It 

stores excess solar energy and supplies power during low generation or peak demand conditions. The system supports 

bidirectional energy flow, allowing the battery to power the home load when required. A relay module is used for 

automatic switching between energy sources such as solar, battery, and grid. The ESP32 controls these relays based on 

real-time conditions and predefined logic. Power converters, including AC-DC and DC-DC, are used to ensure proper 

voltage conversion and efficient energy transfer. Additionally, the system is connected to an IoT platform through the 

ESP32, enabling real-time monitoring and remote access to system data. This hardware setup ensures efficient energy 

utilization, reliable operation, and intelligent control of the overall system. 

 

 
 

Fig.5.1 Hardware Implementation of Intelligent Energy Sharing between Home, Ev and Gird 
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A. Working Mode 

• Renewable Priority Mode 

When renewable energy is sufficient, the system powers the home and charges the EV battery. This mode reduces grid 

dependency and electricity cost. 

• EV Sharing Mode 

When renewable energy is low, the EV battery supplies power to the home. This helps in utilizing stored energy and 

reducing peak-hour grid usage. 

• Grid Support Mode 

When both renewable energy and EV battery are insufficient, the grid supplies power to ensure uninterrupted 

electricity. 

• EV Charging Mode 

When renewable energy and Grid supply exceeds demand and the EV battery gets charged, and excess power is 

exported to the grid. 

 

B. Algorithm of the Proposed System 

STEP 1: Start 

STEP 2: Initialize system (LCD, Wi-Fi, relays, variables) STEP 3: Read sensor values (renewable, grid, EV, current) 

STEP 4: Convert sensor data to voltage and current 

STEP 5: Calculate load power 

STEP 6: Apply decision logic to select mode (Renewable mode, Grid mode, EV sharing & charging mode) 

STEP 7: Activate corresponding relay based on selected mode STEP 8: Calculate energy consumption (units) 

STEP 9: Compute electricity cost based on selected source 

STEP 10: Perform trend analysis (average and peak power) STEP 11: Detect faults (overload and low voltage) 

STEP 12: Calculate efficiency and sustainability STEP 13: Predict future load 

STEP 14: Display data on LCD and web server STEP 15: Repeat continuously 

STEP 16: End 

 

VI. RESULT AND DISCUSSION 

 

The proposed Intelligent Renewable Energy Exchange System was successfully designed and tested under various 

operating conditions to evaluate its performance in managing energy flow between the solar source, electric vehicle 

(EV), home load, and the utility grid. The system demonstrated efficient operation in all four working modes, including 

renewable-to-load, renewable-to-battery, battery-to-load (V2H), and grid-supported operation. During testing, it was 

observed that the system effectively prioritized renewable energy usage. When sufficient solar power was available, the 

home load was supplied directly from the solar source, and excess energy was stored in the EV battery. This 

significantly reduced dependency on the grid and improved overall energy utilization. The DC-DC converter ensured 

stable voltage levels during battery charging, minimizing losses and improving efficiency. In conditions of low or no 

solar generation, the system successfully switched to battery mode, where the EV supplied power to the home load. 

This Vehicle-to-Home (V2H) operation ensured uninterrupted power supply and demonstrated the effectiveness of the 

EV as a distributed energy storage unit. When both solar and battery energy were insufficient, the system automatically 

switched to grid supply, maintaining continuous operation without interruption. The relay-based switching mechanism 

provided smooth and reliable transitions between different power sources. No significant delay or instability was 

observed during switching, indicating proper coordination by the ESP32 controller. The system also demonstrated 

bidirectional energy capability, where excess energy stored in the battery could be supplied back to the grid (Vehicle-

to-Grid mode), contributing to grid support and improved energy flexibility. The integration of IoT technology enabled 

real-time monitoring of system parameters such as voltage, current, power flow direction, and battery status. The data 

collected through the IoT platform helped in analyzing system performance and ensured accurate decision- making. 

The monitoring system also improved transparency and allowed remote control of operations. 
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Fig.6.1 Output Display For Renewable Energy Mode 

 

 

Fig.6.2 Output Display For Grid Mode 

 

 

 

 

Fig.6.3 Output Display For EV Sharing Mode 

 

 

Fig.6.4 Output Display For EV Charging Mode 

 

VII. CONCLUSION 

 

This paper presents an intelligent renewable energy exchange system that integrates solar energy, electric vehicles (EVs), 

home loads, and the utility grid into a unified platform. The system effectively utilizes IoT technology and an ESP32-

based control unit to monitor and manage energy flow in real time. By enabling bidirectional energy transfer, the EV 

functions not only as a load but also as an energy storage system, supporting Vehicle-to-Home (V2H) and Vehicle-to-

Grid (V2G) operations. The implementation demonstrates that the system can efficiently prioritize renewable energy 

usage, reduce dependency on the grid, and ensure uninterrupted power supply under different operating conditions. The 

relay-based switching mechanism provides smooth and automatic control between solar, battery, and grid sources. 

Overall, the proposed system improves energy efficiency, reduces electricity costs, and promotes sustainable energy 
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utilization. It also provides a scalable and reliable solution for future smart grid and smart home applications. The 

integration of IoT further enhances system performance through real-time monitoring and intelligent control, making it 

a promising approach for modern energy management systems. 
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