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Abstract—This research paper explores the design,
development, and potential applications of a portable
solar washing machine. As the world shifts towards
sustainable energy solutions, integrating solar
technology into everyday appliances becomes
increasingly essential. This paper discusses the necessity,
working principles, components, advantages, and
challenges associated with portable solar washing
machines. The study also highlights performance
metrics, efficiency evaluations, and cost analysis,
providing comprehensive insights into the viability of
this technology.

Index Terms—Off-grid Appliances, Portable Solar
Washing Machine, Renewable Energy, and Sustainable
Technology.

[. INTRODUCTION

The growing demand for eco-friendly and energy-
efficient appliances has accelerated innovations
utilizing renewable energy sources. A portable solar
washing machine is an ideal solution for off-grid areas,
disaster-stricken regions, and outdoor enthusiasts. It
aims to reduce water and electricity consumption
while maintaining efficient cleaning performance.
This paper investigates the feasibility, design, and
operational efficiency of such a system, contributing
to the broader objective of sustainable living.

As global energy consumption continues to rise, the
adverse environmental effects associated with
traditional energy sources, such as fossil fuels, have
become a significant concern. The depletion of non-
renewable resources and the increasing carbon
footprint from household appliances underscore the
urgent need for alternative energy solutions. Solar
energy, being  abundant, renewable, and
environmentally friendly, offers a promising
alternative. The integration of solar power into
portable appliances not only supports sustainable
energy goals but also enhances the resilience and
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adaptability of devices in off-grid and emergency
scenarios.

Moreover, the portability factor addresses the needs of
specific user groups, including campers, travelers,
military personnel, and residents in remote locations
where electricity supply is unreliable or non-existent.
In disaster relief operations, where quick deployment
of essential utilities is critical, a portable solar washing
machine can significantly improve hygiene standards
while minimizing logistical challenges related to fuel
supply and electricity access.

The evolution of photovoltaic (PV) technology,
coupled with advancements in energy storage systems
and efficient electric motors, has made it feasible to
design compact and effective solar-powered washing
machines. This paper explores the interdisciplinary
integration of renewable energy technologies,
mechanical design, and electronic control systems to
develop a sustainable solution for modern-day
washing needs.

II. LITERATURE REVIEW

As the demand for energy-efficient and sustainable
household appliances increases, there are efforts to
develop solar-powered washing machines, as a viable
substitute of commonly used electric washing
machines. Conventional washing machines are
electricity and water hogs and hence not appropriate
for off-grid locations, disaster areas, and eco-friendly
users. A number of studies have been devoted to solar
integration, energy-efficiency, portability and
automation-which  have  provided substantial
contributions for the development of solar-powered
washing systems.
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Among the fundamental areas of research has been the
integration of solar energy into clothing washing
machines so that they are always operational in
regions where electric supply is intermittent. Rahman
et al. [1] presented a solar-powered washing machine
demonstration device based on monocrystalline
photovoltaic (PV) panels and it turned out with as
much as 32.76% energy efficiency, indicating that
solar energy can be used to power household
appliances. Building on this, Metkari et al. [2] also
described an energy-saving portable washer based on
DC motor, SMPS-driven portable charge system and
microcontroller and automates washing procedure
with low energy use and improved usability. Similarly,
Shu’aibu et al. [4] designed an Arduino-based energy
management system to reduce energy wastage and
maximize charging of batteries in order that the
washing process can be carried out in a low-energy
way. Meanwhile, Kambale et al. [6] prepared a
photovoltaic-powered type washing machine, which
utilizes rechargeable batteries and charge controllers
to use stable power consumption. These investigations
provide confirmation that solar energy integration is
possible, but problems remain in energy storage and
maintain stable performance at low illuminance levels,
a situation that now requires better battery
technologies and hybrid energy control strategies.

In addition to energy efficiency, investigators have
also given importance to portabilty and a user-centric
concept to make washing machines widely accessible
for students, holidaymakers, etc. Hariulnizam and
Khairulmaini [3] designed ALENTA, a laundry
apparatus for college students from small size,
lightweight materials and low cost through making use
of recycled materials. Similarly, Kaur et al. [5]
designed a miniature size, solar powered laundry
machine using DC motor and rechargeable battery that
can be powered by power supply only available
without grid. Sahani et al. [7] dealt with the
mechanical design aspects, and especially improving
stability during the spinning cycles and employing
low-cost materials such that the cost of manufacturing
the solar-powered washing machines becomes cheaper
but their performance is improved. In addition to the
above, Hariono and Indryanto [8] have proposed
washing machine using microcontrollers and LCD,
solenoid valves and liquid level sensors and make it a
smart-automated and easy-to-operate  washing
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machine. Nevertheless, most studies do not include
IoT-based automation or long-term robustness in
adverse weather conditions, and therefore they are
practically useless.

From the combined analysis of this evidence of
studies, solar-assisted washing machines are power-
efficient, energy-saving, and environmentally friendly
devices showing significant performance gains across
various aspects, including power efficiency, smart
automation and portability. Nevertheless, there are
still some outstanding issues, such as system power
limitations, solar performance variability and the
absence of integrated water conservation features.
Although current designs are primarily energy-based
and do not possess strong hybrid energy-storage and
functionalities, advanced automation for adaptive
wash cycles, and long-term sustainable value
assessment and evaluation. Future research is
indicated to address these gaps with hybrid energy
systems, artificial intelligence-enabled autoregulation,
and better water recycling approaches. The aim of this
research is to address the remaining gaps by designing
an optimized hybrid power solar-powered washing
machine with smart automation and reinforcements of
mechanical robustness, thus being beneficial in the
overall vision of green, low-cost household
appliances.

III. METHODOLOGY

A. Components

Solar panel (44W), battery storage, solar charge
controller (12V) dc gear motor (100 RPM), water
pump, control circuit (powered by an Arduino Uno
and an L289D motor driver)

B. Design

Solar Panels: Photovoltaic panels convert sunlight into
electrical energy. The selection of high-efficiency
monocrystalline panels ensures maximum energy
generation.

Battery Storage: Lithium-ion batteries are used to store
excess energy, enabling operation during cloudy
conditions or at night.

DC Motor: A brushless DC motor drives the washing
drum, providing high efficiency and durability.

Water Pump: A low-power, high-efficiency pump
manages water intake and drainage.
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Control Circuit: Microcontroller-based control circuits
regulate power distribution, washing cycles, and
safety features.

C. Working principle

Solar panels generate direct current (DC) electricity,
which is stored in the battery. The microcontroller
manages energy distribution to the DC motor and
water pump. Washing cycles are optimized for low
energy and water usage, incorporating features such as
variable speed control and automatic load sensing.

D. Testing

Initial tests were conducted where the motor spun
clockwise and anticlockwise each for 10 seconds,
alternating between the 2 to demonstrate a washing
cycle. Further adjustments were made to the
component connections and wiring as well as utilizing
a 30 second spin in each direction.

Solar Panel

Solar Charge Controller
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12V Battery

Above: Circuit diagram for the final model (made
using draw.io)

IV. RESULTS AND DISCUSSIONS

The prototype demonstrated effective washing
capabilities with minimal energy consumption.
Performance tests under different sunlight conditions
showed that the system could operate efficiently with
an average solar irradiance of 600 W/m?. The battery
provided backup for up to two full washing cycles
without direct sunlight. Cost-benefit analysis revealed
significant long-term savings.
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V. DESIGN OF THE SYSTEM

The performance of the solar-powered washing
machine is evaluated through torque calculations,
motor efficiency analysis, power consumption
estimates, and energy feasibility studies. These
calculations determine whether the system can
effectively wash clothes while maintaining energy
efficiency and mechanical stability. By analyzing
torque, load capacity, electrical power consumption,
and energy storage, we ensure the system is optimized
for off-grid and sustainable operation.

A. Torque and Load Capacity
Torque (T) determines the washing drum’s ability to
rotate and handle laundry loads. It is given by:

T==2

w
where:

P=20W (assumed power output)

=21 x (£) = 1047 rad/s

r=2 _jo1n
1047 ™M

Considering a 10% mechanical loss, actual power
output is 18W, yielding:

r=28 1N
1047 em

The maximum laundry weight (m) is estimated using:

m =L =(1.72/0.2)/9.81 = 0.88 kg

@ =1

indicating light load capacity suitable for portable use.

B. Electrical Power and Efficiency
The electrical power required is:
Pmechanical 18

Pelectrical = 24W

nmotor  0.75 -

Current draw (I) at V=12V:
. Pelectrical 24

= =— =24
4 12

This ensures the battery and solar panel must provide
at least 2.01 A for continuous operation.
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C. Engineering Implications

1. Energy Efficiency Optimization:

e Power needs are satisfied by the system, but the
battery storage can be expanded for continuous
operation.

e A more-efficient motor (85%—-90% would also cut
power and battery consumption.

2. Mechanical Enhancements:

e The available drum design is capable of
withstanding 0.88 kg, which is still enough for the
low-level washing task but can be improved with
the use of high-torque motors or gearing.

e  Water resistance on the inside of the drum was not
considered; to achieve greater precision, fluid
resistance calculations should be performed.

3. Solar Panel Sizing for Maximum Efficiency:

Although a 32.4W solar panel can serve the
purpose, a higher-wattage panel (40W-50W) will
guarantee continuous operation under weak
illumination.

4. Overall Contribution to the Project:

This mathematical analysis confirms that a voltage
driven washing machine under solar power can be
mechanically and electrically realized. It also offers
important implications for energy efficiency, battery
size, and motor selection to make such a system
feasible for off-grid, real-world use.

VI. FUTURE SCOPE

The future scope of a portable solar washing machine
is promising, with potential advancements in smart
technologies like IoT integration for remote
monitoring, energy optimization, and automatic cycle
adjustments. Enhanced solar panel efficiency and
improved battery storage will boost performance even
in low-sunlight areas, while water recycling systems
can reduce water consumption significantly. Its eco-
friendly, energy-efficient design makes it ideal for
rural, off-grid regions, disaster relief operations, and
military use, contributing to sustainable living and
reducing environmental impact globally.

VII. CONCLUSION
The portable solar washing machine represents a

significant advancement towards sustainable living.
Despite challenges related to energy storage and cost,
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its environmental and economic benefits make it a
promising solution. The research confirms that with
technological improvements, solar-powered portable
appliances can play a crucial role in reducing energy
consumption and promoting renewable energy use.

VIII. IMAGES OF PROJECT
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