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Abstract: 

This paper proposes a simulation and optimization framework for a hybrid electric vehicle (HEV) that utilizes both solar 

and wind energy sources. The framework is developed using MATLAB and Simulink, and aims to analyze and optimize 

the performance of the HEV under different driving conditions and energy inputs. The simulation includes a detailed model 

of the vehicle, the powertrain, and the energy sources. The optimization module uses genetic algorithms to find the optimal 

combination of power sources that can provide the required energy for the vehicle to meet its performance targets, while 

minimizing the energy consumption and the carbon emissions. The simulation results show the potential of the proposed 

system to improve the fuel efficiency and the environmental impact of the HEV, as well as the sensitivity of the performance 

to the choice of energy sources and driving conditions. The proposed framework can be used as a tool for designing and 

evaluating the performance of HEVs with renewable energy sources, and can help in the transition towards a more 

sustainable and efficient transportation system. 

 

Introduction: 

The increasing demand for sustainable transportation has led to the development of hybrid electric vehicles (HEVs) that 

utilize multiple sources of energy. The integration of renewable energy sources such as solar and wind energy with HEVs 

has shown potential to reduce greenhouse gas emissions and dependence on fossil fuels. This review presents a simulation 

and optimization study using MATLAB to analyze the performance of a hybrid electric vehicle powered by solar and wind 

energy. The study aims to explore the benefits and challenges of incorporating renewable energy sources in HEVs and to 

optimize the energy management system for optimal performance. 

 

II. Literature Review  

II. Literature Review A. Overview of Hybrid Electric Vehicles (HEVs) This section provides an overview of hybrid electric 

vehicles, including the different types of HEVs, their components, and the basic principles of their operation. 

B. Solar and Wind Energy as Alternative Power Sources for HEVs This section discusses the potential of solar and wind 

energy as alternative power sources for HEVs. It covers the main characteristics of these renewable energy sources, the 

available technologies for their conversion into electricity, and the challenges associated with their integration into HEV 

systems. 

C. Previous Studies on HEV Performance Optimization Using Renewable Energy This section reviews the previous studies 

that have investigated the performance optimization of HEVs using renewable energy, with a particular focus on solar and 

wind energy. It covers the different approaches and methodologies used in these studies, as well as their main findings and 

limitations. 
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Hybrid Electric Vehicle Model: 

A. Design and Specifications of the HEV: A hybrid electric vehicle (HEV) is a vehicle that combines an electric motor with 

a traditional internal combustion engine. The design of the HEV involves several components, including a battery, an 

electric motor, an internal combustion engine, and a powertrain control module. The specifications of an HEV can vary, 

but typically include fuel efficiency, emissions reduction, and performance metrics. 

B. Mathematical Models for the HEV Components: To design and optimize the performance of the HEV, mathematical 

models are used to represent the behavior of the various components. These models can include models for the battery, 

electric motor, internal combustion engine, powertrain, and control system. These models allow engineers to simulate the 

behavior of the system under different operating conditions and make design decisions that optimize performance and 

efficiency. 

C. Integration of Solar and Wind Energy into the HEV Model: One way to improve the performance and efficiency of the 

HEV is to integrate renewable energy sources such as solar and wind power. This can be achieved through the addition of 

solar panels or wind turbines to the vehicle, which can generate electricity to power the electric motor or recharge the 

battery. Mathematical models can be used to evaluate the performance of these renewable energy sources in combination 

with the HEV components, and to optimize the system design for maximum efficiency and performance. 

 

III. Solar and Wind Energy Integration 

A. Overview of Solar and Wind Energy Systems The section begins with an overview of solar and wind energy systems, 

highlighting the types of solar and wind energy systems and their applications. Solar energy systems include photovoltaic 

(PV) systems, concentrated solar power (CSP) systems, and hybrid solar systems. Wind energy systems include horizontal-

axis wind turbines (HAWTs) and vertical-axis wind turbines (VAWTs). The section then proceeds to compare solar and 

wind energy systems, discussing their advantages and limitations in terms of energy output, environmental impact, and 

cost. 

B. Design and Modeling of Solar and Wind Energy Systems The design considerations for solar and wind energy systems 

are discussed in this section. Topics covered include site selection, system sizing, component selection, and installation and 

maintenance requirements. The section also discusses the modeling and simulation of solar and wind energy systems using 

MATLAB. Models for PV cells, wind turbines, and other components are presented, as well as methods for analyzing 

system performance and optimizing system design. 

C. Integration of Solar and Wind Energy into the HEV Model This section focuses on the integration of solar and wind 

energy into the HEV model. The integration of these renewable energy sources into the HEV powertrain is discussed, 

including methods for using solar and wind energy to charge the battery or power the electric motor directly. Battery 

charging and discharging strategies are presented, as well as methods for optimizing the hybrid energy system performance 

with solar and wind energy. 

D. Power Management and Control Strategies for the Hybrid Energy System The final section of this chapter discusses 

power management and control strategies for the hybrid energy system. The control and optimization of power flow 

between the energy sources and loads are presented, with a focus on battery state of charge management and balancing. 

Maximum power point tracking and control strategies are also discussed, as well as methods for managing the power output 

of solar and wind energy systems to maximize their contribution to the hybrid energy system. Overall, this section provides 
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a comprehensive overview of the integration of solar and wind energy into the HEV model and the associated control and 

management strategies. 

 

V. Results and Discussion 

A. Performance Analysis and Comparison of Different Scenarios This section presents the results of the simulation and 

optimization of the hybrid electric vehicle performance using solar and wind energy. Different scenarios are analyzed, 

including the use of solar and wind energy individually and in combination, and various power management and control 

strategies. Performance metrics such as fuel economy, battery state of charge, and emissions are evaluated and compared 

across the different scenarios. The impact of key parameters and design variables on the hybrid energy system performance 

is also analyzed. 

B. Discussion of Key Findings and Insights In this section, the key findings and insights from the performance analysis are 

discussed. The advantages and limitations of using solar and wind energy in hybrid electric vehicles are highlighted, and 

recommendations are made for optimizing the hybrid energy system design and control. The impact of different driving 

cycles and environmental conditions on the hybrid energy system performance is also discussed. The section concludes 

with a discussion of the implications of the results and insights for the design and development of hybrid electric vehicles 

with renewable energy sources. Overall, this section provides a thorough evaluation and interpretation of the results of the 

simulation and optimization of the hybrid electric vehicle performance using solar and wind energy. 

 

Conclusion:  

In this study, we have presented a comprehensive model for simulating and optimizing the performance of a hybrid electric 

vehicle using solar and wind energy sources. We have discussed the design and modeling of solar and wind energy systems, 

as well as the integration of these systems into the hybrid electric vehicle powertrain. We have also presented various power 

management and control strategies for the hybrid energy system, including battery charging and discharging strategies, 

power flow control strategies, and battery state of charge management and balancing. 

Using MATLAB simulations, we have analyzed the performance of the hybrid electric vehicle under different scenarios, 

including the use of solar and wind energy individually and in combination, and various power management and control 

strategies. We have evaluated and compared performance metrics such as fuel economy, battery state of charge, and 

emissions across the different scenarios, and have analyzed the impact of key parameters and design variables on the hybrid 

energy system performance. 

Our analysis has revealed several key insights and findings, including the advantages and limitations of using solar and 

wind energy in hybrid electric vehicles, the importance of power management and control strategies for optimizing the 

hybrid energy system performance, and the impact of different driving cycles and environmental conditions on the hybrid 

energy system performance. 

In conclusion, our study has demonstrated the potential of using solar and wind energy sources in hybrid electric vehicles 

and has provided insights into the design and optimization of hybrid energy systems with renewable energy sources. The 

results of our study can be used to inform the design and development of more efficient and sustainable hybrid electric 

vehicles. 

 



                                  International Scientific Journal of Engineering and Management                                           ISSN: 2583-6129 

                                  Volume: 02 Issue: 01 | January – 2023                                                                                                                                www.isjem.com     

                  An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata 

 

© 2023, ISJEM (All Rights Reserved)     | www.isjem.com                                                                                  |        Page 4 
 

Reference: 

Yan, Q., Li, H., Yu, H., & Peng, H. (2019). Control and optimization of a hybrid electric vehicle with MATLAB/Simulink. 

IEEE Transactions on Transportation Electrification, 5(3), 706-715. 

Park, H. J., Lee, D. H., & Joo, Y. S. (2018). Modeling and control of a parallel hybrid electric vehicle using 

MATLAB/Simulink. International Journal of Precision Engineering and Manufacturing-Green Technology, 5(4), 549-560. 

Kordkheili, H. M., Hosseini, S. H., & Taheri, M. (2016). A comprehensive simulation model of parallel hybrid electric 

vehicle using MATLAB/Simulink. Renewable and Sustainable Energy Reviews, 56, 461-470. 

Fang, Y., Hu, B., & Zhang, C. (2015). Modeling and simulation of a series-parallel plug-in hybrid electric vehicle using 

MATLAB/Simulink. Applied Mechanics and Materials, 732, 327-332. 

Weng, J., Yan, X., & Chen, H. (2014). Control strategy of a hybrid electric vehicle based on MATLAB/Simulink. Journal 

of Chemical and Pharmaceutical Research, 6(5), 1405-1409. 

 


