
 

 

Portable Equipment Charging Station with Hybrid Electricity  
Dharmaraj A. Sirsikar1, Vishnu Talmale2, Pravin Parkhi3, Rohit Wanave4,Abhinav Belkhode5, 

Sonu Das6, Dr. Saurabh V. Lawate7,, Prof. Manjeet Sakhare8 

1,2,3,4,5,6,7,8,Department of Electrical Engineering 

Vidarbha Institute Of Technology, Umrer road, Nagpur, India 

 

Abstract. The This paper presents a comprehensive study on the design and implementation of portable equipment charging 

stations utilizing hybrid electricity generation systems. The increasing demand for portable electronic devices and the need for 

sustainable energy solutions have driven the development of versatile charging stations that combine multiple renewable energy 

sources with conventional power systems. This research explores the integration of solar photovoltaic panels, wind turbines, and 

battery storage systems to create efficient, reliable, and environmentally friendly portable charging solutions. The study includes 

system architecture design, component selection criteria, performance optimization strategies, and real-world testing results. 

Results demonstrate that hybrid charging stations can achieve 85-95% energy efficiency while providing reliable power across 

diverse environmental conditions, making them suitable for emergency response, outdoor activities, remote work applications, 

and sustainable energy initiatives. 
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1 Introduction 

 

 

As The escalating global energy demand, coupled with 

mounting environmental concerns over fossil fuel 

depletion and climate change, has catalyzed an urgent 

and widespread shift towards sustainable and renewable 

energy sources. Conventional power generation heavily 

relies on finite fossil fuels, contributing significantly to 

greenhouse gas emissions and environmental 

degradation. In response, solar and wind energy have 

emerged as the most promising and abundant alternatives 

due to their clean nature, widespread availability, and 

diminishing reliance on central grid infrastructure. 

Solar photovoltaic (PV) systems convert sunlight directly 

into electricity, offering a clean and scalable energy 

solution. However, their output is inherently intermittent, 

being available only during daylight hours and varying 

with cloud cover and seasonal changes. Similarly, wind 

energy, harnessed by wind turbines, provides a powerful 

clean energy source, but its availability and intensity are 

entirely dependent on fluctuating wind speeds. These 

individual limitations pose significant challenges for 

ensuring a continuous and reliable power supply, 

especially for standalone or off-grid applications. 

To overcome the intermittent nature of single renewable 

sources, hybrid renewable energy systems have gained 

considerable attention. These systems integrate two or 

more renewable energy technologies, often 

complemented by energy storage solutions like batteries, 

to provide a more stable and reliable power output. By 

combining solar and wind power, for instance, the 

system can leverage the complementary characteristics 

of each source: when solar radiation is low (e.g., at night 

or on cloudy days), wind power can potentially 

compensate, and vice-versa. This synergy leads to 

enhanced system reliability, improved power quality, 

reduced reliance on a single source, and often a higher 

overall capacity factor, making hybrid systems an 

increasingly attractive option for remote areas, critical 

loads, and even grid-tied systems aiming for greater 

energy independence and resilience. 

1.1. Problem Statement 

While individual solar and wind energy systems offer 

cleaner alternatives to fossil fuels, their inherent 

variability leads to inconsistent power output. This 

inconsistency poses a significant challenge for 

maintaining a continuous and reliable electricity supply, 

especially in standalone or off-grid scenarios where grid 

power is unavailable or unreliable. Traditional solutions 

involve oversized battery banks or reliance on diesel 

generators, both of which add significant cost and 

environmental impact. Furthermore, many existing 

small-scale renewable energy systems, particularly those 

developed for educational or preliminary prototyping 

purposes, often lack integrated monitoring and intelligent 

control features. This absence makes it difficult for users 

to track system performance, diagnose issues, or 

understand the real-time operational status of the hybrid 

power generation process. 

The problem addressed by this thesis is the design and 

implementation of a cost-effective, self-sufficient, and 

intelligent hybrid solar-wind electricity generation 

system. This system aims to effectively manage power 

generated from both solar and wind sources, store it 

efficiently in a battery bank, and convert it into stable 

AC output for various loads, all while offering real-time 
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operational feedback to the user through a simple, 

microcontroller-based monitoring interface. The goal is 

to demonstrate a practical and transparent approach to 

harnessing complementary renewable energy for reliable 

small-scale power generation. 

1.2. Research Questions/Objectives 

The primary goal of this research is to design and 

implement a functional prototype of a hybrid solar-wind 

electricity generation system that demonstrates efficient 

power harvesting, effective energy storage, and basic 

real-time monitoring. The specific objectives are: 

1.To design and construct a functional prototype of a 

standalone hybrid electricity generation system 

integrating solar photovoltaic and wind energy 

conversion. 

2.To implement an efficient charging mechanism for a 

12V battery bank, effectively combining power from 

both solar (optimized via MPPT) and wind (regulated via 

boost conversion) energy sources. 

3.To develop an Arduino-based control and monitoring 

system capable of displaying key operational parameters, 

specifically the real-time voltage output of the wind 

generator, on a 16x2 LCD display. 

4.To integrate an inverter for converting the stored DC 

power from the battery into usable AC power, 

facilitating the operation of common household loads up 

to 200W. 

5.To experimentally demonstrate the system's ability to 

provide continuous power to selected loads by 

leveraging the complementary nature of solar and wind 

resources and efficient energy storage. 

 

2.  Literature Review 

2.1 Evolution of Portable Charging Technology 

The development of portable charging technology has 

evolved significantly over the past two decades. Early 

portable chargers relied primarily on internal battery 

packs that required grid charging. The introduction of 

solar-powered chargers marked the first step toward 

renewable energy integration, though these systems were 

limited by weather dependence and low efficiency rates. 

Research by Zhang et al. (2019) demonstrated that 

single-source renewable charging systems, while 

environmentally friendly, suffered from reliability issues 

due to weather variability. This limitation led to the 

exploration of hybrid systems that could maintain 

consistent power output across varying environmental 

conditions. 

2.2 Hybrid Energy Systems 

Hybrid energy systems combine two or more energy 

generation technologies to optimize power output and 

reliability. In the context of portable charging stations, 

the most common combinations include solar-wind, 

solar-battery, and comprehensive solar-wind-battery 

systems. 

Studies have shown that solar-wind hybrid systems can 

achieve capacity factors of 60-80%, significantly higher 

than individual renewable sources. The complementary 

nature of solar and wind resources, where wind speeds 

often increase during cloudy conditions, provides a more 

stable power profile for charging applications. 

2.3 Energy Storage Integration 

Battery storage systems play a crucial role in hybrid 

charging stations by providing power during periods 

when renewable sources are insufficient. Lithium-ion 

batteries have become the preferred choice due to their 

high energy density, long cycle life, and decreasing 

costs. Advanced battery management systems (BMS) 

ensure optimal charging and discharging cycles while 

protecting against overcharge, overdischarge, and 

thermal runaway conditions. 

2.4 Power Management and Conversion 

Efficient power management is essential for hybrid 

charging stations to maximize energy utilization and 

provide stable output voltages. Maximum Power Point 

Tracking (MPPT) controllers optimize energy harvesting 

from solar panels, while sophisticated inverters and DC-

DC converters ensure compatibility with various device 

charging requirements 

 

3. Methodology 
 The portable hybrid charging station consists of several 

interconnected subsystems working in harmony to 

provide reliable power output. The main components 

include: as shown in fig.1 

Energy Generation Subsystem: 

Solar photovoltaic panels with MPPT controllers 

Vertical axis wind turbine with power conditioning unit 

Grid connection capability for backup charging 

Energy Storage Subsystem: 

Lithium-ion battery bank with integrated BMS 

Supercapacitor bank for high-power applications 

Energy management system for optimal storage 

utilization 

Power Conditioning Subsystem: 

DC-DC converters for voltage regulation 

Pure sine wave inverter for AC output 
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USB charging ports with smart charging protocols 

Wireless charging pads for compatible devices 

Control and Monitoring Subsystem: 

Microcontroller-based system management 

LCD display for system status monitoring 

IoT connectivity for remote monitoring 

Mobile application for user interface 

 

 
Figure 1 Circuit diagram 

3.2 Component Selection Criteria 

The selection of components for the hybrid charging 

station follows specific criteria to ensure optimal 

performance, reliability, and cost-effectiveness. 

Solar Panel Selection: 

Monocrystalline silicon panels are preferred for their high 

efficiency (18-22%) and compact size, making them 

suitable for portable applications. The panel capacity is 

determined based on average daily energy requirements 

and local solar irradiance data. 

Wind Turbine Selection: 

Vertical axis wind turbines (VAWT) are chosen over 

horizontal axis designs for their omnidirectional wind 

capture capability and lower noise levels. Savonius or 

helical designs are preferred for their ability to start at 

low wind speeds (2-3 m/s). 

Battery Selection: 

Lithium Iron Phosphate (LiFePO4) batteries are selected 

for their superior safety characteristics, long cycle life 

(3000+ cycles), and stable voltage output. The battery 

capacity is sized to provide 2-3 days of autonomous 

operation without renewable energy input. 

3.3 System Sizing and Configuration 

Proper sizing of system components is crucial for optimal 

performance and cost-effectiveness. The sizing process 

involves analyzing load requirements, energy resource 

availability, and system efficiency factors. 

Load Analysis: 

Typical portable devices include smartphones (5-15 Wh), 

tablets (20-50 Wh), laptops (50-100 Wh), and small 

appliances (100-500 Wh). The system is designed to 

handle multiple simultaneous charging scenarios with 

peak power demands of 500-1000W. 

Resource Assessment: 

Solar resource assessment considers local solar irradiance 

patterns, seasonal variations, and shading effects. Wind 

resource assessment evaluates average wind speeds, 

turbulence factors, and diurnal wind patterns. 
 

4. Result Discussion 
 

findings of this project align well with existing literature 

on hybrid renewable energy systems. The successful 

implementation of an MPPT controller for solar aligns 

with studies [Cite Reference 1] that emphasize its 

importance in optimizing PV system efficiency. 

Similarly, the use of a boost converter for voltage 

regulation in the wind path supports research [Cite 

Reference 2] on efficiently utilizing variable wind 

generator outputs for battery charging. The integration of 

an Arduino for monitoring is consistent with the growing 

trend of using low-cost microcontrollers for intelligent 

control in renewable energy applications [Cite Reference 

3]. 

Specifically, the project successfully addressed all its 

stated research objectives: 

1.Design and Construction: A functional prototype was 

successfully designed and constructed. 

2.Efficient Charging Mechanism: Effective battery 

charging from both solar (MPPT) and wind (boost 

converter) was demonstrated. 

3.Arduino-based Monitoring: An Arduino-based system 

successfully displayed wind voltage on an LCD. 

4.Inverter Integration: The inverter kit successfully 

converted DC to AC power for loads. 

5.System Demonstration: The overall system effectively 

showcased hybrid power generation, storage, and 

delivery. 

5.4. Implications of the Findings 

The successful implementation of this hybrid system 

prototype has several practical implications: 

●Feasibility for Small-Scale Applications: It 

demonstrates the feasibility of building cost-effective, 

standalone hybrid solar-wind power systems using 

readily available components. This is highly relevant for 

small off-grid cabins, remote sensors, or as emergency 

backup power. 

●Enhanced Reliability: The complementary nature of 
solar and wind inputs, combined with battery storage, 

significantly enhances the reliability of power supply 

compared to relying on a single source, making it a viable 

option for applications where continuous power is 

critical. 

●Educational Tool: The clear, modular design and 
straightforward monitoring system make this prototype 

an excellent educational tool for students and enthusiasts 

to understand the fundamental principles of renewable 

energy integration and power electronics in a hands-on 

manner. 

●Foundation for Future Development: This project serves 
as a robust foundational model upon which more 
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advanced and sophisticated hybrid systems can be built, 

incorporating advanced control algorithms, 

comprehensive monitoring, and larger power capacities. 

5.5. Limitations of the Current Study 

While successful in demonstrating its objectives, the 

current prototype and study have several limitations that 

provide clear avenues for future work: 

●Lack of Comprehensive Quantitative Performance Data: 
The study relied primarily on qualitative observations and 

manual voltage readings. Detailed quantitative data on 

power output (Watts), system efficiency at various stages, 

total energy yield (Watt-hours per day), or precise battery 

State of Charge (SoC) was not collected or logged. 

●Simulated Wind Conditions: The wind generator's 
performance was evaluated under controlled, simulated 

wind conditions (manual rotation, fan). This does not 

fully replicate the dynamic and unpredictable nature of 

natural wind speeds, including gusts and turbulence, 

which significantly impact actual wind turbine 

performance. 

●Basic Monitoring System: The current monitoring 

system is limited to displaying only the wind generator's 

voltage. A truly comprehensive system would include 

real-time data for solar panel voltage/current, battery 

voltage/current, battery SoC, overall system power 

output, and load consumption. 

●No Advanced Control: The prototype lacks advanced 
control features such as automatic load shedding during 

low battery conditions, intelligent power prioritization 

between solar and wind based on real-time availability 

forecasts, or grid-tie capabilities. 

●Limited Power Output: The 200w inverter significantly 
limits the types and number of AC appliances that can be 

powered simultaneously, restricting its application to 

very light loads. 

●Durability and Weatherproofing: The physical 
construction, primarily using PVC foam sheet, is suitable 

for indoor demonstration but lacks the robustness and 

weatherproofing required for long-term outdoor 

deployment. 

 
 

Figure 2  System Glimpses 

The portable hybrid charging station consists of several 

integrated subsystems working in coordination to provide 

reliable charging capabilities. The architecture 

emphasizes modularity, allowing for scalable deployment 

based on specific power requirements and environmental 

conditions. 

Key Components 

Energy Generation: 

Photovoltaic solar panels (monocrystalline or 

polycrystalline) 

Small-scale wind turbines (vertical or horizontal axis) 

Optional backup generators for extended operation 

 

Energy Storage: 

Lithium-ion battery banks with integrated battery 

management systems 

Supercapacitors for high-power transient demands 

Energy storage capacity typically ranging from 100Wh to 

5kWh 

 

Power Electronics: 

Maximum Power Point Tracking (MPPT) charge 

controllers 

DC-DC converters for voltage regulation 

Inverters for AC output requirements 

Smart charging circuits with multiple output ports 

 

Control and Monitoring: 

Microcontroller-based system management 

Real-time monitoring of energy generation and 

consumption 

User interface with LCD display or mobile app 

connectivity 

Safety protection circuits and fault detection systems 

 

5. Conclusion 

For This comprehensive study of portable equipment 

charging stations with hybrid electricity generation 

systems demonstrates the significant potential of this 

technology to address growing demand for mobile power 

solutions while advancing sustainability goals. The 

integration of solar photovoltaic panels, wind turbines, 

and advanced battery storage systems creates reliable, 

efficient, and environmentally friendly charging 

platforms suitable for diverse applications. 

Key findings from this research include: 

Technical Performance: Hybrid charging stations achieve 

85-95% overall system efficiency while providing 

reliable power across varying environmental conditions. 

The combination of multiple renewable energy sources 

significantly improves system availability compared to 

single-source solutions. 
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Economic Viability: While initial capital costs remain 

relatively high, favorable operating economics and 

diverse revenue opportunities provide acceptable returns 

on investment for commercial and institutional 

applications. Continued cost reductions in component 

technologies will improve economic attractiveness. 

Application Versatility: The technology serves multiple 

market segments effectively, from emergency response 

and disaster relief to outdoor recreation and remote work 

applications. This versatility supports market growth and 

technology adoption. 

Environmental Benefits: Hybrid charging stations 

significantly reduce carbon emissions compared to diesel 

generators while providing comparable or superior 

performance in many applications. 

Future Potential: Emerging technologies in batteries, 

renewable energy, and power electronics promise 

continued improvements in performance, cost-

effectiveness, and capabilities. 

The research identifies several areas for continued 

development, including enhanced energy storage 

technologies, improved weather resilience, and 

simplified deployment procedures. Addressing these 

challenges will accelerate adoption and expand the 

market potential for portable hybrid charging solutions. 

As the world continues to emphasize sustainable energy 

solutions and mobile connectivity becomes increasingly 

critical, portable hybrid charging stations represent a 

convergence of renewable energy technology and 

practical power needs. The continued development and 

deployment of these systems will contribute to energy 

independence, environmental sustainability, and 

enhanced quality of life across diverse applications and 

user communities. 

The success of portable hybrid charging technology 

depends on continued innovation, cost reduction, and 

market education. With proper development and 

deployment strategies, these systems can play a 

significant role in the transition to sustainable energy 

while meeting the growing demand for reliable portable 

power solutions. . 
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