Development of a Hybrid Energy Harvesting Electric Travel Bag for Portable Electronic Charging





Abstract
Your reliance on mobile phones, laptops and other handheld devices is becoming something of a matter of fact as you get intrinsic need to charge there things while traveling and having no access to grid electricity. The following study designed and investigated a hybrid energy harvesting electric travel bag integrating a polycrystalline solar panel, piezoelectric elements, battery, inverter and charging outputs. The qualitative case study was augmented by descriptive prototype measures. Methods included interviews with five electrical engineering informants, direct observations while interacting with a prototype, documentation of the design and testing process, and records from controlled experiments involving piezoelectric loading (up to 417 N), solar-panel battery charging (0-10A charger current), laptop charging (up to 61W load per laptop placed directly on top of the platform), and inverter loading (150 VA inverter driving resistive loads). Based on the interviews, you discovered that users want an easy-to-transport energy source that is reliable, safe and portable. It was observed and documented that energy inputs of solar and mechanical could be incorporated together in a transportable system. A technical record indicated the battery state of charge was comprised of the following where 18 V solar panel increased it from 0% to full over five test days & 5 V Increase a smaller battery (a kiosk) from 0% to full in two test days. The piezoelectric subsystem generated greater voltage as the mechanical load increased, at 5 kg the average value reached 3.814 V for the parallel configuration. Testing was carried out with a laptop, which resulted in approximately a 19.8% state of charge boost after 20 minutes, and during inverter testing the metal-air power packs operated lower load over a longer period of time. Consequently, this research establishes that the Electric Travel Bag appears to be a viable additional portable charging system for use with renewable energy sources; however, various improvements in charging efficiency, power regulation, arrangement of components for prolonged usage without over-weight and electrical safety measures have potentiality as future works.
Keywords: Electric Travel Bag; Solar Panel; Piezoelectric Energy Harvesting; Portable Charging System; Renewable Energy
1. Introduction
These days, portable electronic devices are a must-have for education, work, communication and travel. But their mobility is still restricted due to the battery capacity and limited charging infrastructure. This constraint is increasingly important during long distance travel, field work and outdoor activities, mobile emergency response or in areas with limited grid connection. Against this background, portable charging systems for energy harvesting and storage have emerged as a significant engineering challenge.
Solar photovoltaics is amongst the most matured renewable power technologies for small-scale and portable electrical applications. Newer studies highlight that with improved conversion efficiency, lower cost, long durability and easy integration/reintegration with energy storage, photovoltaic systems are increasingly more feasible (Dada & Popoola 2023). According to International Energy Agency (IEA) solar PV technology is set to constitute almost 80% of the global renewable power capacity growth in the period from 2025 to 2030 emphasizing therefore its strategic importance for future energy system (IEA, 2025).
Similarly, alongside solar harvesting piezo gadgets harvest mechanical pressure or vibration as well as human motion transforming it into electrical energy. Some research has indicated that piezoelectric devices are the most promising for low-power applications since they are capable of harnessing biomechanical movement that occurs as part of one's daily activity (Ali et al., 2024; Golabek & Strankowski, 2024) with a greater emphasis on wearable and human-motion energy harvesting. The energy generated by piezoelectric elements is generally small; however, the technology is interesting as a variable power supply in wearable and mobile systems.
The Electric Travel Bag introduced in this paper contains two (solar and piezoelectric) sources in one mobile product. The system encompasses both a storage bag and a renewable-energy-based charging platform for electronics. Position within research landscape: The paper positions itself as a qualitative case study backed up by documenting prototype performance. It details the design, user perception, component performance and practical charging system feasibility of an electric travel bag.
1.1 Research Problems
• How can an Electric Travel Bag be designed to utilize renewable energy as an alternative power source?
• How does the solar panel perform in generating electrical energy to support the charging system of the   
   Electric Travel Bag?
• How capable is the piezoelectric component in generating electrical energy from pressure or movement    
   during bag usage?
• How effective are the battery and inverter in storing and distributing electrical energy to electronic 
  devices?
• Can the Electric Travel Bag be used as a practical and efficient portable charging system for travel needs?
1.2 Research Objectives
• To design an Electric Travel Bag that can utilize renewable energy as an alternative power source.
• To analyze the performance of the solar panel in generating electrical energy to support the charging   
   system of the Electric Travel Bag.
• To identify the capability of the piezoelectric component in generating electrical energy from pressure or 
   movement during bag usage.
• To evaluate the effectiveness of the battery and inverter in storing and distributing electrical energy to 
   electronic devices.
• To assess the feasibility of the Electric Travel Bag as a practical and efficient portable charging system for 
   travel needs.
2. Literature Review
Typically, a portable renewable charging system is composed of an energy conversion device, power-conditioning circuit, energy storage element and output interface. A solar energy system consists of a photovoltaic panel that converts sunlight into DC electricity and a battery, which stores the harvested energy for future utilisation. Since solar energy is intermittent, depending on weather, irradiance and time of day (Dada and Popoola 2023), energy storage represents a key component in photovoltaic systems.
Studies on portable solar charging in recent years have pinpointed the need for safe but regulated output, battery management systems, and system-level integration. Kok et al. for stable output that portable handheld wireless charging device (2024), Chen et al. (2025) presents an optimal charging device with battery energy storage and real-time monitoring for portable power applications based on solar energy. These studies suggest that portable renewable charging is possible but should be done under a controlled setting, accounting for the stability of the charge, battery load specifications and user safety.
Recent studies on portable solar charging emphasize regulated output, battery management, and system-level integration issues. Kok et al. Mobile Solar-powered wireless charging system with Algorithm for steady output. It designed a portable solar powered wireless item for interfacing and presents calculative purpose using matching algorithm. Yasini et al. (2025) proposed the design of a multi-functional solar charging device with built-in battery energy storage capabilities, capable of real-time monitoring and data processing, which can ideally meet portable power needs. These studies show the technical feasibility of portable renewable charging with careful design considerations for stability, load needs, and safety to users.
3. Methodology
3.1 Research Design
The research was conducted using a qualitative case study design confirmed with descriptive measurements of prototype performance. Case in Point: Development and Examination of an Electric Bag for Solar and Piezoelectric Powered Portable Electronics A qualitative approach was chosen to explore product design, user needs, perceived workability and real-world limitations of the prototype. Qualitative interpretation of system performance was supplemented by descriptive measurements.
3.2 Research Participants
Table 1. Research participants
	No.
	Participant
	Role in the study

	1
	Assoc. Prof. Dr. Ir. Armin Sofijan, M.T.
	Electrical Engineering, electric power systems, renewable energy, and energy conversion

	2
	Wirawan Adipradana, S.T., M.T.
	Engineering design, electrical systems, and applied technology development

	3
	[bookmark: _Hlk230305376]Sudirman Yahya, S.T., M.T.
	Electrical engineering, electronic systems, and technical product evaluation

	4
	Daeny Septi Yansuri, S.T., M.T.
	Engineering analysis, renewable energy application, and system testing

	5
	Nurhaida, S.T., M.T.
	Electrical engineering, energy systems, and portable technology applications



3.3 Data Collection Techniques
• Interviews were conducted with research participants to identify needs, responses, perceived benefits, and concerns related to the Electric Travel Bag.
• Observation was conducted by examining the product design, component placement, solar-panel operation, piezoelectric response, battery storage, inverter function, and charging output.
• Documentation was collected from design records, photographs, component descriptions, and experimental testing sheets. The documented data included piezoelectric loading tests, solar charging tests, laptop charging tests, and inverter load tests.
3.4 Data Analysis
Examination of qualitative data through thematic interpretation of interviews, observations, and documented results. Leading themes included user need, product benefit, energy-source integration, usage challenge and room for development. Experimental data was presented descriptively by using mean values such as voltage, current, state of charge (SOC), load and operational time. However, due to the reasoning that some raw piezoelectric voltage entries used decimal dots while others used decimal commas format, values which were considered clear evidence of being a decimal-voltage instances were normalised before averaging. Inverter data were interpreted descriptively, and efficiency was not calculated since current-scale calibration warrants additional verification.

4. Results
4.1 Interview Results
The results from the interviews show that it is perceived as necessary, considering longer trips, outdoor activities and lack of access to electricity on grid. As participants observed, laptops and mobile phones provided the ability to control digital in-transit devices. And how in this sense, people looked at Electric Travel Bag as a fascinating invention, as it seamlessly marries the familiar function of a bag to charging blind with renewable-energy-based autonomous work. But, participants all so said the product should not be heavy, safe, portable and easy to use.
Table 2. Summary of interview results
	No.
	Aspect Asked
	Interview Results

	1
	User needs
	Users need a portable power source while traveling.

	2
	Product benefits
	The Electric Travel Bag can store items and charge electronic devices at the same time.

	3
	Energy source
	Solar panels and piezoelectric technology are considered attractive because they use renewable energy.

	4
	Usage challenges
	Users are concerned about battery capacity, safety, bag weight, and charging time.

	5
	Development potential
	The product is feasible to develop as a portable charging system for travel needs.



4.2 Observation Results
The simplest observation is that it was a prototype made of portable charging system infused with renewable energy components. The basic elements included a solar panel, piezoelectric material, battery, inverter and charging output. The solar panel harvested electricity from the sun, and the piezoelectric part developed voltage when it felt pressure or movement. Battery here acts as an energy storage device, and the inverter convert electrical energy (which is stored inside a battery) so that it could be used for charging applications.
Table 3. Summary of observation results
	No.
	Observed Aspect
	Observation Results

	1
	Product design
	The bag is designed as a portable charging system integrated with renewable energy components.

	2
	Solar panel performance
	The solar panel can generate electricity, especially under direct sunlight.

	3
	Piezoelectric performance
	The piezoelectric component can generate electricity from pressure or movement, but the output is relatively small.

	4
	Battery and inverter
	The battery stores energy, while the inverter converts energy for charging electronic devices.

	5
	Product feasibility
	The product is feasible to develop, but improvements are needed in efficiency, safety, weight, and battery capacity.



4.3 Documentation Results
The Electric Travel Bag was confirmed to be a hybrid between a travel bag and renewable energy technologies, based on documentation. We put the solar panel on the outside of the bag so it can get direct sun. The piezoelectric layer was implemented as an alternative power supply from pressure or movement. The test describes how well the system was able to produce, hold, and transmit power.
Table 4. Summary of documentation results
	No.
	Documented Aspect
	Documentation Results

	1
	Product components
	The bag consists of a solar panel, piezoelectric element, battery, inverter, and charging output.

	2
	Solar panel placement
	The solar panel is placed on the outer part of the bag to receive sunlight directly.

	3
	Piezoelectric use
	The piezoelectric component is used as an additional energy source from pressure or movement.

	4
	Energy storage and conversion
	The battery stores electrical energy, while the inverter converts it for charging devices.

	5
	Product condition
	The product is functional but still needs improvement in safety, neatness, durability, and charging efficiency.



4.4 Piezoelectric Testing Results
Piezoelectric tests were performed under the application of loads 0.5 kg, 1 kg, 3 kg and 5 kg. The results have demonstrated that voltage leaves increased with the applied load. At either low or high load levels the parallel setup provided an increased average voltage. The setup of the series has a slightly higher calculating power (5 kg) as recorded by a higher current. These results suggest that piezoelectric harvesting can provide supplementary power, but not at a level comparable to the solar source.
Table 5. Average piezoelectric output under loading conditions
	Load (kg)
	Pressure (Pa)
	Series Voltage (V)
	Series Current (A)
	Parallel Voltage (V)
	Parallel Current (A)

	0.5
	184.21
	0.190
	0.000
	0.699
	0.000

	1.0
	368.42
	0.283
	0.000
	1.137
	0.000

	1.5
	552.63
	0.297
	0.001
	1.369
	0.001

	2.0
	736.84
	0.310
	0.002
	1.355
	0.001

	2.5
	921.05
	0.969
	0.003
	1.661
	0.001

	3.0
	1105.26
	1.101
	0.004
	1.979
	0.002

	3.5
	1289.47
	1.294
	0.004
	2.110
	0.002

	4.0
	1473.68
	1.389
	0.005
	2.160
	0.002

	4.5
	1657.89
	2.325
	0.006
	3.412
	0.004

	5.0
	1842.11
	2.640
	0.007
	3.814
	0.004



Note. Values are averages from repeated trials. Decimal-normalized values were used for technically identifiable piezoelectric voltage entries.
4.5 Solar-Panel Charging Results
Solar-panel testing included an 18 V polycrystalline panel and a 5 V polycrystalline panel. The 18 V panel was tested over five days and increased the battery state of charge from 0% to 100%. The average solar input voltage was 18.20 V, and the average input current was 15.68 mA. The 5 V panel was tested over two days and increased the battery state of charge from 0% to 100%, with an average input voltage of 5.00 V and an average input current of 9.36 mA.
Table 6. Summary of solar-panel charging tests
	Panel Type
	Test Records
	Average Vin (V)
	Average Iin (mA)
	Battery Voltage Range (V)
	Battery SOC Change

	18 V polycrystalline panel
	45 records / 5 days
	18.20
	15.68
	14.80 to 16.80
	0% to 100%

	5 V polycrystalline panel
	18 records / 2 days
	5.00
	9.36
	3.70 to 4.20
	0% to 100%



4.6 Laptop Charging and Inverter Results
For the laptop charging tests, we used a 4400 mAh battery from an Acer 4739 laptop. The average laptop state of charge across five trials was approximately 19.8% after 20 minutes. It can be seen the battery voltage drop from 16.45 V as average at charging session to 14.10 V after some time (20 minutes), while Average current decrease from 2.05 A to 0.89 A average testing of inverter that running in lower load has longer operating time as need [2]. It had an average operating time of 192 min at 5 W, 181.2 min at 10 W, and a maximum of 166.4 min at 15 W [110] and from it we can also measure the battery capacity which was lower to load task more output voltage stability in smaller loads as opposed high loads pointing directions doc that ensure good voltage regulation adequate load compatibility.
Table 7. Average laptop charging results
	Charging Time (minutes)
	Average Battery Voltage (V)
	Average Battery Current (A)
	Average Laptop SOC (%)

	5
	16.45
	2.05
	0.0

	10
	15.43
	1.84
	11.0

	20
	14.10
	0.89
	19.8



Table 8. Average inverter load-test results
	Load (W)
	Average Vout (V)
	Average Operating Duration (minutes)

	5
	100.48
	192.0

	10
	92.46
	181.2

	15
	27.97
	166.4

	20
	24.23
	142.2



5. Discussion
The results shows that the electric travel bag can be develop into hybrid renewable –energy charging product The insights from the interviews confirm that it is relevant because users really need electricity on the go. It follows research carried out on portable solar charging systems that argue for alternative power methods to be reliable when used in outdoor, emergency and off-grid scenarios (Kok et al. 2024; Rehman et al. 2025).
The most critical energy source within the prototype is the solar subsystem. For the 18 V panel, you are able to find that it successfully helped to increase battery state of charge across a longer term (over a number of days), while for the 5 V panel, in just two days it was capable of incrementally charging over a smaller battery. The results endorse the deployment of a photovoltaic system as the main renewable source for portable electricity charging applications. Importantly however the degree to which your panels will top up the battery is highly dependent on sunlight intensity at the time of charging, the orientation of your solar panel and how long you charge. So, future units should employ a proper charge controller and maximum power point tracking while also incorporating protective circuitry for increased efficiency and safety.
Although the piezoelectric subsystem yielded complementary output it was not adequate to be used alone as energy source. It produced higher average voltage than it does under the same mechanical load in parallel 3.814 V at 5 kg. This output is in agreement with the literature, where piezoelectric harvesting from human motion can supply low-power devices or self-powered sensing, but generates an insufficient amount of energy for larger loads (Ali et al., 2024; Zhao et al., 2023). Consequently, piezoelectric elements are better auxiliary harvesters and not the main power source in the Electric Travel Bag.

The Laptop charging results show that the prototype is capable of electronic charging, but performance again is unexciting In testing outlined, the system increased the laptop's charge state by around 19.8% after running for 20 minutes. In conclusion, such a result indicates an applicability feasibility primarily for usage in emergency or short-term charge up cases. Yet, the diminishing both voltage and current of battery while charging implies betterment in terms of battery capacity, voltage regulation and including thermal protection.
The inverter results imply that this is just what we ought to anticipate, since the system spent longer at a reduced load (but for good reason). Nonetheless, significant output voltage drop at higher loads suggests this inverter subsystem requires more appropriate sizing and load matching. We should perform future tests with calibrated measurement instruments to verify voltage, current, power, and efficiency. Electrical safety also needs to be improved by means of insulation, cable protection, fuse installation, load protection and enclosure.

At the same time, the Electric Travel Bag is a valid case-study, as concept goes but still needs some engineering work before it will get used in large-scale. The main upgrades include charging efficiency, leading edge integration, mechanical robustness, comfort of use, weather tolerance and electrical protection. Redesign the product such that: it has an optimal tilt angle of the solar panel, piezoelectric components in high-pressure contact points and battery-inverter secured.
6. Conclusion
This study proposed and evaluated a hybrid energy harvesting electric travel bag with function of portable electronic charging. The results indicate that the product is viable as an add-on charging system based on renewable energy sources. Interviews suggested a need for travelers for practical, safe and portable power. It was observed and documented that the prototype synthesized solar-panel/piezoelectric, battery, inverter and charging-output components. The solar panel was the primary energy harvested and then, secondary to the pressure and motion piezoelectric from which they also obtained energy. The energy conversion and storage was enabled by the battery, and its distribution was facilitated by the inverter, with some improvements needed on both voltage regulation/maximum power tracking and load compatibility. In general, the Electric Travel Bag has applications that students and workers may find useful with their GBon or from travelling, to outdoor users as well as providing emergency responses. The next frontier for development, however, lies in making charging more efficient reducing the time it takes for a battery to reach full capacity and optimizing electrical safety and layout. The overall durability, weight and usability ergonomics need work too.
7. Practical Implications
The study provides a practical reference for developing renewable-energy-based portable charging products. For engineering education, the prototype can be used as a project-based learning model involving photovoltaic systems, piezoelectric energy harvesting, energy storage, power electronics, and product design. For product development, the study indicates that hybrid renewable charging bags should prioritise solar energy as the main source and use piezoelectric energy as a supplementary source.
8. Limitations and Future Work
Limitations This study is limited by a small number of informants, the case-study design and the fact that prototype measurements constitute descriptive outputs. Calibrated instruments are necessary to confirm certain recorded electrical values. Future work should include controlled outdoor testing under measured irradiance, long term durability assessment, comparisons of different panel sizes and piezoelectric layouts, measures of real output power and efficiency as well as field trials to ensure that user comfort is assessed.Declarations
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