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ABSTRACT

The increasing demand for energy and the improper disposal of waste engine oil have become major
environmental and economic concerns. This research presents the design, development, and performance
evaluation of a waste oil powered thermoelectric power generation system intended for rural and off-grid
applications. The proposed system uses waste engine oil as the primary heat source and converts thermal
energy into electrical energy using TEC1-12706 thermoelectric modules based on the Seebeck effect. A
water cooling arrangement is employed to maintain the required temperature difference across the modules
for efficient power generation. The generated voltage is regulated using a DC-DC step-up boost converter
to provide a stable 13V output suitable for operating LED lighting systems. The project demonstrates a
low-cost, eco-friendly, and self-sustaining energy recovery system that simultaneously addresses waste oil
management and decentralized power generation. Experimental observations confirm that the developed
prototype successfully powers low-voltage lighting loads and can be scaled for broader applications.

Keywords: Waste Oil, Thermoelectric Generator, Seebeck Effect, Peltier Module, Renewable Energy,
Rural Electrification

1.1 INTRODUCTION

Energy is one of the most critical requirements for human civilization, and the growing demand for
electricity has made it essential to explore alternative and renewable sources of power generation. At the
same time, the improper disposal of waste engine oil from vehicles poses a serious threat to soil, water, and
environmental health across both urban and rural regions. This project addresses both of these challenges
simultaneously by combining a waste oil burner with thermoelectric power generation technology to
produce usable electricity from a material that is otherwise considered harmful waste.

The rapid growth in industrialization and transportation has significantly increased the consumption of
petroleum-based lubricants and fuels. As a consequence, large quantities of waste engine oil are generated
every year from automobiles, motorcycles, and industrial machinery. Improper disposal of waste oil
contaminates soil, water bodies, and ecosystems. At the same time, many rural and remote areas continue
to face challenges related to inadequate electricity supply and unreliable grid connectivity.
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Thermoelectric energy conversion technology offers a promising method of generating electricity from
waste heat. Thermoelectric generators operate based on the Seebeck effect, where a temperature difference
between two sides of a semiconductor material produces a voltage. Unlike conventional power generation
systems, thermoelectric generators contain no moving parts, require low maintenance, and operate silently.

This research focuses on utilizing waste engine oil as a heat source for thermoelectric power generation.
The proposed system combines a waste oil burner, Peltier modules, a cooling system, and power
conditioning electronics into a compact and affordable setup suitable for decentralized applications. The
study investigates the feasibility of converting waste thermal energy into usable electrical power while
reducing environmental pollution caused by waste oil disposal

1.2 OBJECTIVES

The major objectives of the proposed research are:

1. To design and develop a waste oil burner that utilizes used engine oil from bikes and vehicles as
fuel, thereby reducing environmental pollution caused by improper disposal of waste oil.

2. To harness the heat energy generated by the waste oil combustion using TEC1-12706 Peltier
thermoelectric modules and convert it into usable electrical energy through the Seebeck effect.

3. To maintain a stable temperature differential across the Peltier modules by using a water cooling
system with a 9V pump and an aluminum cooling block (40x80 mm), ensuring continuous and efficient
power generation.

4. To use a DC-DC step-up boost converter module to regulate and stabilize the generated voltage to
13V for consistent output to connected loads.
5. To power 12V LED lights using the electricity generated from waste oil combustion, demonstrating

a self-sustaining, low-cost lighting solution suitable for rural and off-grid areas.
To utilize lithium-ion cells (2 qty) for initial startup power for the pump, enabling the system to become
self-sustaining once the stove is ignited.

1.3 PROBLEM STATEMENT

Many rural and remote areas still face inadequate or unreliable access to electricity due to the absence of
grid connectivity and the high cost of conventional power infrastructure. EXxisting power generation
methods in off-grid regions often depend on fossil fuels, diesel generators, or expensive renewable energy
systems, which may not be economically feasible for small communities.

At the same time, large quantities of waste oil generated from automobiles, industries, and machinery are
improperly disposed of, leading to serious environmental pollution and wastage of potential energy
resources. Conventional waste oil disposal methods can contaminate soil and water, creating environmental
and health hazards.

Thermoelectric generators (TEGS) provide an opportunity to directly convert heat energy into electrical
energy through the Seebeck effect without requiring moving parts, making them reliable and low-
maintenance. However, the effective utilization of waste oil as a heat source for thermoelectric power
generation has not been widely explored for rural and off-grid applications.

Therefore, there is a need to develop a low-cost, sustainable, and efficient waste oil powered thermoelectric
energy generation system capable of utilizing waste heat for electricity production. Such a system can help
address rural energy shortages, reduce environmental pollution, and provide an eco-friendly alternative
power solution for remote locations
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1.4  NEED FOR PROJECT

Electricity Shortage in Rural Areas

Many rural and remote regions still suffer from unreliable or unavailable electricity supply. A standalone
thermoelectric energy generation system can provide basic electrical power for lighting, charging, and
small appliances.

Utilization of Waste Oil

Large amounts of waste oil from vehicles, industries, and machinery are discarded improperly, causing
environmental pollution. This project helps in converting waste oil into a useful energy resource.
Waste Heat Recovery

A significant amount of heat energy is wasted during combustion processes. Thermoelectric generators
can recover this waste heat and convert it directly into electricity, improving overall energy efficiency.
Eco-Friendly Energy Solution

The project promotes sustainable energy generation by reducing waste and utilizing available resources
efficiently, thereby minimizing environmental impact.

Low Maintenance System

Thermoelectric generators have no moving parts, making the system reliable, silent, durable, and suitable
for long-term operation in remote locations with minimal maintenance.

Cost-Effective Power Generation

Compared to extending grid infrastructure to remote villages, the proposed system can serve as a low-
cost alternative for small-scale electricity generation.

Reduction in Dependence on Conventional Fuels

The project helps reduce dependence on traditional diesel generators and conventional electricity sources
by utilizing waste-derived energy.

Support for Off-Grid Applications

The generated electricity can be used for street lighting, battery charging, mobile charging, sensors, and
small household applications in off-grid communities.

Promotion of Renewable and Alternative Energy Technologies

The project encourages research and development in thermoelectric energy systems and alternative
energy utilization methods.

Environmental Protection

Proper utilization of waste oil reduces soil and water contamination caused by improper disposal
practices, contributing to a cleaner environment

2. LITERATURE REVIEW

Thermoelectric energy generation has gained significant attention in recent years due to the increasing
demand for sustainable and off-grid power systems. Thermoelectric Generators (TEGS) convert heat energy
directly into electrical energy through the Seebeck effect. Researchers have explored various heat sources
such as industrial waste heat, biomass stoves, automobile exhausts, and combustion systems for electricity
generation. The present project focuses on utilizing waste oil as a heat source for thermoelectric power
generation in rural and off-grid applications.

2.1  Overview of Thermoelectric Generators (TEGS)

Thermoelectric generators are solid-state devices that convert temperature differences into electrical energy
without moving parts. Their advantages include compact size, silent operation, low maintenance, and long
operational life. Researchers have identified TEGs as suitable for waste heat recovery and remote power
generation applications.

According to recent studies, TEG systems can be applied in industrial waste heat recovery, domestic
heating systems, remote sensing, and micro-power generation. Their reliability makes them suitable for
rural and off-grid areas where maintenance facilities are limited.
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2.2  Waste Heat Recovery Using Thermoelectric Systems

Several researchers have studied the recovery of waste heat from engines, furnaces, and industrial systems
using thermoelectric modules. Waste heat recovery improves energy efficiency and reduces thermal losses
to the environment. Studies show that TEGs can generate useful electrical power even from low and
medium temperature heat sources.

A review on thermoelectric applications highlighted that waste heat from combustion systems can
effectively be converted into electrical energy for small-scale power generation. The study also emphasized
the importance of maintaining a high temperature gradient across the thermoelectric module for improved
efficiency.

2.3 Stove-Powered Thermoelectric Generators

Researchers have developed stove-powered thermoelectric systems for domestic and rural applications.
These systems use the heat generated during combustion to produce electricity for lighting, battery
charging, and small electronic devices. A detailed review on stove-powered TEGs reported that
thermoelectric systems integrated with stoves can improve fuel efficiency while simultaneously generating
electricity.

The studies further explained that proper heat sink design and cooling arrangements are essential to
maintain temperature differences across the TEG modules and improve power output. These systems are
particularly useful in remote regions where conventional electricity supply is unavailable.

2.4  Waste Oil as an Alternative Energy Source

Waste oil generated from automobiles, machinery, and industries is often disposed of improperly, causing
environmental pollution. Researchers have investigated the possibility of utilizing waste oil as a fuel source
for thermal applications. Waste oil contains significant calorific value and can serve as an alternative
energy source after proper filtration and handling.

Recent experimental research integrated a thermoelectric generator with a waste oil stove to generate
electricity. The study reported that a maximum temperature difference of 233°C produced an output voltage
of 37.32 V and a maximum power output of 11.72 W. The results demonstrated the feasibility of converting
heat from waste oil combustion into usable electrical energy

2.5  Thermoelectric Systems for Rural and Off-Grid Applications

Rural electrification remains a major challenge in many developing regions. Researchers have proposed
thermoelectric systems as a reliable alternative for small-scale power generation in remote areas. TEG
systems require minimal maintenance and can operate continuously when a heat source is available.

Studies on off-grid thermoelectric applications indicate that these systems are suitable for powering
sensors, charging batteries, and operating low-power devices. Their simple construction and absence of
moving parts make them ideal for harsh and isolated environments.

2.6 Research Gap

From the reviewed literature, it is observed that considerable research has been carried out on
thermoelectric generators using industrial waste heat, biomass stoves, and engine exhaust systems.
However, limited work has been conducted on the utilization of waste oil combustion specifically for rural
and off-grid thermoelectric power generation.

Most existing systems focus on industrial applications, while small-scale, low-cost, and portable waste oil
powered thermoelectric systems for rural communities remain underexplored. Therefore, there is a need to
design and develop an efficient waste oil powered thermoelectric energy generation system that can provide
sustainable electricity in remote locations while simultaneously reducing environmental pollution caused
by waste oil disposal
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3. RESEARCH METHODOLOGY AND DESIGN

The research methodology adopted for the project “Waste Oil Powered Thermoelectric Energy Generation
System for Rural and Off-Grid Applications” is based on experimental design, fabrication, testing, and
performance analysis of a thermoelectric power generation system using waste engine oil as the primary
heat source.

The methodology involves the collection of waste oil, design and fabrication of the burner system,
integration of thermoelectric modules, implementation of a cooling mechanism, power conditioning, and
testing of the generated electrical output under different operating conditions.

3.1 IDENTIFICATION OF PROBLEM

The study begins with identifying two major problems:

. Improper disposal of waste engine oil causing environmental pollution.

. Lack of reliable electricity supply in rural and off-grid regions.

To address these problems, a thermoelectric energy generation system using waste oil combustion as a heat
source is proposed.

3.2 DESIGN OF PROJECT AND SELECTION OF COMPONENTS

The developed system consists of the following major components:

* TEC1-12706 Thermoelectric Modules

» Waste Oil Burner fabricated using mild steel tubing
* Aluminum Cooling Block

* 2-Liter Water Tank

* 9V DC Water Pump

» DC-DC Step-Up Boost Converter

« Lithium-lon Cells

* 12V LED Lighting Load

* Mild Steel Frame Structure

* Cotton Wicks for combustion
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Each component was selected based on availability, cost-effectiveness, durability, and compatibility with
the proposed design.

4, WORKING AND CONSTRUCTION

4.1 CONSTRUCTION OF THE SYSTEM

The Waste Oil Powered Thermoelectric Energy Generation System is constructed using a compact three-
section mild steel frame designed to support the combustion unit, thermoelectric modules, cooling system,
and electrical components. The complete setup is fabricated using low-cost and easily available materials
suitable for rural and off-grid applications.

Main Parts of the System

411 Waste Oil Stove

The waste oil stove is fabricated using a mild steel (MS) tube of size 2 inch x 2 inch with a length of 7
inches. The stove acts as the heat source for the thermoelectric modules.

Construction Features

. Side inlet fitting for filling waste engine oil
. Three holes at the top for cotton wicks

. Compact and portable structure

. Heat-resistant metal body

The cotton wicks absorb waste oil through capillary action and maintain continuous combustion after
ignition.

4.1.2 Thermoelectric Generation Unit
The thermoelectric generation section consists of two TEC1-12706 Peltier modules connected in series.

These modules are mounted between the heat source and cooling block.
Arrangement of Modules

. Hot side faces downward toward the flame
. Cold side faces upward toward the cooling block
. Modules are clamped properly for efficient heat transfer

The modules convert thermal energy into electrical energy using the Seebeck effect.
The thermoelectric voltage generation principle is:
V = SAT
Where:
. V= Generated Voltage
. S= Seebeck Coefficient

AT= Temperature Difference
4.1.3 Cooling System
A cooling system is provided to maintain a temperature difference across the Peltier modules.

Components of Cooling System

. Aluminum cooling block (40 x 80 mm)
. 2-liter water tank

. 9V DC water pump

. Water circulation pipes

The cooling block is attached to the cold side of the modules. Water continuously flows over the block to
remove excess heat and improve power generation efficiency

4.1.4 Power Conditioning Unit
The output from the Peltier modules is low and unstable. Therefore, a DC-DC step-up boost converter is

connected to regulate the output voltage.
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Functions of Boost Converter

. Increases generated voltage
. Stabilizes voltage output
. Provides constant 13V DC output

The converter output is used for powering LED lights and other small DC loads.

4.1.5 Electrical Load
The final output is connected to:

. 12V LED lights

. Small DC appliances

. Battery charging circuits (future scope)

This demonstrates the practical use of the generated electricity for rural applications.

4.2  Working of the System

The working of the proposed system is based on the conversion of heat energy into electrical energy using
thermoelectric modules

Step 1 — Fuel Supply and Combustion

Waste engine oil collected from vehicles and machinery is poured into the MS stove through the oil inlet.
Cotton wicks absorb the oil and are ignited to produce a stable flame.

The burning waste oil generates thermal energy which acts as the heat source for the thermoelectric
modules

Step 2 — Heat Transfer to Peltier Modules

The heat generated by the stove is transferred directly to the hot side of the TEC1-12706 Peltier modules
mounted above the flame.

At the same time, the cold side of the modules is cooled continuously using circulating water through the
aluminum cooling block.

This creates a temperature difference across the modules.

Step 3 — Thermoelectric Power Generation

Due to the temperature difference between the hot and cold surfaces, the Peltier modules generate DC
electricity through the Seebeck effect.

The generated electrical power depends on the temperature gradient across the modules.

The generated power is calculated by:

P=VI
Where:
. P=Power Generated
. VV=\Voltage
. I= Current

Step 4 — Voltage Regulation

The output voltage from the Peltier modules is variable. This voltage is supplied to a DC-DC boost
converter which regulates and increases the voltage to a stable 13V DC output.

The boost converter operation is represented by:

o =1_D
Where:
. 7,= Output Voltage
. V;= Input Voltage

. D= Duty Cycle
Step 5 - Power Supply to Load
The regulated 13V output is supplied to 12V LED lights for illumination.
Initially, two lithium-ion cells provide startup power to operate the water pump. Once sufficient
thermoelectric power is generated, the system becomes self-sustaining.
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3  Overall Working Summary
Waste oil burns inside the stove.
Heat is transferred to Peltier modules
Cooling system maintains temperature difference
Peltier modules generate DC electricity.
Boost converter stabilizes output voltage.
LED lights operate using generated power.

SN E A

Thus, the system successfully converts waste thermal energy into useful electrical energy suitable for
rural and off-grid applications.

5. HEPA Filter for Reducing Air Pollution

A High- Efficiency Particulate Air (HEPA) filter is an advanced air filtration system used to remove
harmful airborne particles from air. HEPA filters are widely used in homes, hospitals, industries,
laboratories, vehicles, and clean rooms to improve air quality and reduce air pollution.

HEPA HEPA filters can capture very small particles such as dust, smoke, pollen, bacteria, mold spores,
and fine particulate matter (PM2.5 and PM10), which are major contributors to air pollution and
respiratory diseases.

A HEPA filter is a mechanical air filter that removes at least 99.97% of particles having a size of 0.3
microns from the air passing through it. The filter is made of randomly arranged fiberglass fibers that
trap particles through different mechanisms such as

o Interception
o Impaction

o Diffusion
Objectives

1. To reduce indoor and industrial air pollution.

2. To improve air quality and human health.

3. To remove harmful suspended particles from air.
4. To control allergens, bacteria, and dust particles.
5. To create a clean and healthy environment

Applications of HEPA Filter

HEPA filters are widely used in residential, medical, industrial, and automobile applications due to their
superior air purification capability. In residential applications, they are commonly used in air purifiers,
vacuum cleaners, and HVAC systems to maintain clean indoor air. In the medical field, HEPA filters are
essential in hospitals, operation theaters, and isolation rooms where sterile and contamination-free air is
required. Industrial applications include pharmaceutical industries, food processing plants, and electronic
manufacturing units where air cleanliness is critical for product quality and worker safety. In the
automobile sector, HEPA filters are used in cabin air filtration systems to provide cleaner air inside
vehicles.

ADVANTAGES

1. Utilization of Waste Oil

The system effectively uses waste engine oil as a fuel source, reducing environmental pollution caused by
improper disposal of used oil

2. Waste Heat Recovery

Heat energy that would normally be wasted during combustion is converted into useful electrical energy
using thermoelectric modules
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3. Eco-Friendly System

The project promotes sustainable energy generation and helps reduce environmental contamination and
carbon emissions.

4. Suitable for Rural and Off-Grid Areas

The system can provide electricity in remote locations where conventional grid supply is unavailable or
unreliable.

5. Low Maintenance

Thermoelectric generators have no moving mechanical parts, resulting in low maintenance requirements
and longer operational life.

6. Compact and Portable Design
The entire setup is simple, lightweight, and compact, making it suitable for portable and small-scale
applications.

7. Silent Operations

Since there are no rotating or moving components in the power generation process, the system operates
silently.

8. Low cost power generation

The project uses locally available and inexpensive materials, making it affordable for rural communities

Q. Self sustaining operations

Once the stove is ignited and sufficient temperature difference is achieved, the system can generate
continuous power for small electrical loads.

10.  Scalable system

Additional thermoelectric modules can be added to increase voltage and power output according to load
requirements.

DISADVANTAGES

1. Low Efficiency

Thermoelectric generators generally have lower efficiency compared to conventional power generation
systems.

2. Limited Power Output

The system generates only small amounts of electrical power, suitable mainly for LED lighting and low-
power devices.

3. Continuous Heat Requirement

Electricity generation depends on continuous combustion of waste oil and maintenance of temperature
difference.

4. Heat Losses

A significant amount of thermal energy may still be lost to the surroundings, reducing overall efficiency.
5. Cooling System Dependency

Efficient operation requires continuous water circulation and proper cooling arrangements.

6. Carbon Emissions from Combustion

Burning waste oil may produce smoke and harmful gases if combustion is incomplete.

7. Temperature Control Difficulty

Maintaining a stable temperature gradient across the Peltier modules can be challenging.

8. Limited Lifespan of Peltier Modules

Excessive heating or improper cooling can damage thermoelectric modules over time.

Q. Initial Startup Requirement

The water pump requires initial external power from lithium-ion batteries during startup.

10. Not Suitable for Heavy Loads

The generated power is insufficient for operating high-power electrical appliances or industrial
equipment.

IJCRTBV02001 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] 9


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 5 May 2026 | ISSN: 2320-2882

APPLICATIONS

1. Rural Electrification

The system can provide basic electricity for villages and remote areas where grid power is unavailable or
unreliable.

2. Off-Grid Lighting

It can be used to power 12V LED lights for homes, streets, farms, and small shops in off-grid locations.
3. Emergency Power Supply

The setup can serve as an emergency backup power source during power failures and natural disasters.
4. Battery Charging

The generated electricity can be used for charging small batteries, mobile phones, and portable electronic
devices.

5. Waste Heat Recovery Systems

The project demonstrates practical utilization of waste heat energy for useful electrical power generation.
6. Environmental Protection Applications

It helps reduce pollution by converting waste engine oil into useful energy instead of disposing it
improperly.

7. Small-Scale Power Generation

The system is suitable for powering low-energy DC loads such as LED lamps, sensors, and monitoring
devices.

8. Agricultural Applications

It can provide lighting and small electrical support in farms, poultry units, and agricultural fields located
away from the power grid.

9. Educational and Research Purposes

The project can be used in engineering colleges and research laboratories to study thermoelectric energy
conversion and waste heat recovery.

Portable Energy Systems

Due to its compact design, the system can be developed into portable power units for camping and
remote outdoor activities.

Result and discussion

Experimental observations demonstrated that the thermoelectric modules successfully generated
electrical energy from waste oil combustion. The generated voltage increased with increasing
temperature difference between the hot and cold surfaces.

The water cooling system effectively maintained the required thermal gradient and prevented overheating
of the Peltier modules. The DC-DC boost converter provided stable output voltage suitable for powering
LED loads.

The developed prototype proved capable of producing sufficient power for low-energy applications such
as lighting. The use of waste engine oil as fuel reduced operational costs and contributed to
environmental protection by recycling hazardous waste materials.

Although the generated power output is relatively low compared to conventional generators, the
simplicity, low maintenance, and eco-friendly nature of the system make it highly suitable for rural and
educational applications.

Future Scope

The project offers significant opportunities for future development. Advanced thermoelectric materials
with higher efficiency can improve electrical output. Automated fuel feeding mechanisms can simplify
operation and improve safety.
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Battery charging circuits may be integrated for energy storage applications. Larger systems with additional
thermoelectric modules can support higher electrical loads such as fans, communication devices, and small
household appliances.

The same concept can also be applied in industrial furnaces, boilers, and exhaust systems where large
amounts of waste heat are available

Conclusion

The research successfully demonstrated the feasibility of generating electrical energy from waste engine
oil using thermoelectric technology. The developed prototype integrates a waste oil burner,
thermoelectric modules, water cooling system, and voltage regulation circuitry into a compact and
economical setup.

The system effectively converts waste thermal energy into usable electrical power suitable for low-
voltage applications such as LED lighting. Experimental observations confirmed stable operation and
satisfactory performance under continuous operation.

The proposed design offers a practical solution for both waste management and decentralized energy
generation. With further improvements in thermoelectric efficiency and thermal management, the system
has the potential to become a viable renewable energy alternative for rural and industrial applications.
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