
Portable Solar EV Charging & Battery Swapping 

System

Introduction

This project demonstrates a portable solar-powered EV battery charging system using a battery 

swapping approach. The final design integrates a solar panel, an MPPT controller, and a removable 

24 V battery to enable reliable and safe off-grid operation. A commercial MPPT controller was used 

for demonstration, while a DIY MPPT design was studied to provide added engineering depth. 

Experimental validation confirmed stable charging behavior and repeatable performance under 

varying solar conditions. Overall, the system highlights the feasibility and future potential of 

portable, small-scale renewable charging solutions.

• Solar panels convert sunlight into DC electrical energy.

• Panel output changes with sunlight and temperature.

• An MPPT charge controller improves energy extraction and charging efficiency.

• Buck conversion regulates voltage and current for safe 24 V battery charging.

• A removable battery is charged, then swapped into the vehicle.

• This demonstrates a practical portable off-grid solar charging system.

Results
The growth of electric vehicles (EVs) has increased demand for flexible charging solutions, 

particularly in areas where grid-based infrastructure is limited. This project explores a portable, 

solar-powered battery charging and swapping system as an off-grid alternative. Instead of 

charging a vehicle directly, a removable 24 V battery is charged using a photovoltaic (PV) panel 

and later installed into a small electric utility vehicle (UTV), improving safety and enabling a 

controlled and repeatable demonstration.

The system consists of a solar panel, a maximum power point tracking (MPPT) charge 

controller, a rechargeable battery, and the vehicle load a Ryder 24 V all-wheel drive buggy. A 

commercial MPPT controller ensures reliable operation, while a parallel study of a DIY MPPT 

design provides insight into the underlying power electronics. The objective is to design and 

demonstrate a compact system that converts solar energy into stored electrical energy and 

supports a functional battery swap.

Conclusion

• The 120 W solar panel and MPPT controller successfully charged the 24 V battery.

• Charging tests showed stable current delivery and battery voltage increase without unsafe 

heating, shutdown, or open-circuit faults.

• The system achieved the intended energy flow from solar panel → MPPT controller → battery 

→ vehicle load.

• Battery swapping was successfully shown by installing the charged battery into the 24 V UTV 

and confirming operation.

• Overall, the project showed a practical portable off-grid solar EV charging and battery-swapping 

system. 

Theory
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