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Abstract—

The increasing demand for energy efficiency has created a need to utilize waste
heat generated in electrical and industrial systems. A significant portion of input
energy is lost in the form of heat, which remains unused and reduces overall
system efficiency. This study presents the design and implementation of a
thermoelectric system that converts heat energy into electrical energy using Peltier
modules. A controlled heating element is used to generate heat, creating a
temperature difference across the thermoelectric modules. The generated voltage
is directly stored in a lithium-ion battery, while an Arduino-based system is used
to monitor temperature and output voltage in real time through a digital display.

Experimental analysis was carried out at different temperature levels to evaluate
system performance. The results indicate a clear and consistent increase in output
voltage with rising temperature, demonstrating a direct relationship between
temperature difference and electrical generation. The system shows stable
operation under controlled conditions and provides measurable output even at
moderate temperature levels.

The proposed system offers a simple, compact and cost-effective solution for
small-scale energy recovery. Although the efficiency is limited, it highlights the
practical potential of thermoelectric technology in converting waste heat into
useful electrical energy. This work can be extended for applications in industrial
waste heat recovery and low-power energy generation systems.The developed

system emphasizes practical implementation by combining simple hardware components with real-time monitoring capabilities.
The use of a controlled heating element ensures consistent and repeatable experimental conditions, which improves the
reliability of observations. The integration of a temperature sensor with a microcontroller allows continuous tracking of system
behavior, making it easier to analyze performance variations. Additionally, the use of a lithium-ion battery for direct energy
storage demonstrates the feasibility of utilizing the generated power for low-power applications. The modular design of the
system enables easy scalability and modification, allowing future improvements in efficiency and output. Overall, the study not
only validates the fundamental concept of thermoelectric energy conversion but also provides a foundation for further
development of compact and sustainable energy recovery systems suitable for real-world applications.

Keywords— Thermoelectric generation; Peltier module; Waste heat recovery; Seebeck effect; Arduino monitoring; Energy
conversion
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I. INTRODUCTION

The Energy efficiency has become a critical
concern in modern electrical and industrial
systems due to increasing energy demand and
limited natural resources. A significant portion of
input energy in electrical machines is lost in the
form of heat, which is generally dissipated into
the environment without being utilized.
Recovering this waste heat can improve overall
system efficiency and contribute to sustainable

energy solutions.
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Thermoelectric technology provides a direct
method for converting heat energy into electrical
When a

temperature difference is established across a

energy using the Seebeck -effect.

thermoelectric material, an electrical voltage is
generated. This concept has gained attention for
its ability to convert unused thermal energy into
useful power without the need for moving parts,
making it reliable and maintenance-free [1].

Several studies have explored thermoelectric
power generation in industrial and automotive
applications, where large amounts of heat are
continuously available [2], [3]. However, most
existing research focuses on large-scale or high-
temperature systems, with limited emphasis on
simple and demonstrative models suitable for

controlled environments.

The main research gap identified is the lack of
compact,
systems that allow controlled experimentation and

low-cost and easily implementable

real-time analysis of thermoelectric performance.
This study addresses this gap by developing a
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practical system using a controlled heating element
and monitoring setup.

The objective of this research is to design and
implement a energy generation
system, analyze the relationship between temperature

thermoelectric

and output voltage, and demonstrate the feasibility of
converting waste heat into usable electrical energy.

II. LITERATURE REVIEW

Several researchers have contributed to the
development of thermoelectric energy conversion
systems using Peltier modules. Renge et al. [1]
provided a comprehensive review of electricity
generation using thermoelectric modules and
highlighted their potential in small-scale energy
applications. The study emphasized that the output of
thermoelectric systems is directly dependent on the

temperature difference across the module.

Harun and Azmi [2]
thermoelectric generators in automotive systems,

investigated the use of

focusing on heat recovery from engines and exhaust
gases. Their findings showed that a considerable
amount of energy can be recovered from waste heat,
effective

although maintaining an temperature

gradient remains a challenge.

Karthick et al. [3] developed a prototype system for
generating electrical power from waste heat sources
and observed that voltage output increases with
Their work also highlighted the
importance of module arrangement and system

temperature.

design for improving performance.

Other studies [4]-[7] have focused on improving
thermal conditions and system efficiency, suggesting
that
materials can significantly improve output. However,

enhanced cooling methods and advanced
most of these studies are either theoretical or focused
on large-scale applications.

From the reviewed literature, it is evident that while
thermoelectric technology is promising, there is a
need for simple, low-cost and controlled systems that
can be easily implemented for experimental and
educational purposes. The
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present work builds upon existing research by
developing a compact and practical system that

demonstrates real-time thermoelectric power
generation  under  controlled  temperature
conditions.

IHNI.METHODOLOGY

The present study is based on an experimental
research design aimed at demonstrating the
conversion of heat energy into electrical energy
using thermoelectric modules. The system is
developed using a controlled laboratory setup to
for

ensure stable and repeatable conditions

analysis.

The experimental setup consists of a heating
element, thermoelectric (Peltier) modules, a
Arduino  Uno
microcontroller, a DS18B20 temperature sensor
and a 16x2 LCD display. The heating element is
used as the primary heat source to generate
A metal

surface is placed in contact with the heating

lithium-ion  battery, an

controlled temperature conditions.
element, and thermoelectric modules are mounted

on this surface to ensure effective heat transfer.

Turn ON Power Supply

+

[ Heating Unit l

Generates Heat

Peltier Modules , |
Generate Vol!age‘ J

-

Is the Voltage
. Above Threshold?

[ Relay Activates

Yes o= \
; > Svstefn
Remains /
Active

LED Load

1!

Arduino Reads
Sensor Data

i

[7 Display Temperature ‘
& Voltage on LCD

B

L sTop i)

© 2026 The . Published by

ISSN: 3108-1754 (Online)

When the heating element is activated, it increases the
temperature of the surface, creating the hot side of
the thermoelectric module. The opposite side of the
module is exposed to ambient air, which acts as the
cooling side. This temperature difference across the
module results in the generation of electrical voltage
based on the Seebeck effect. Multiple modules are
connected in a series-parallel configuration to obtain
a usable output.

Temperature data is collected using the DS18B20
sensor, which provides accurate digital readings. The
Arduino microcontroller processes this data and
displays real-time temperature and voltage values on
the LCD. Voltage is measured through the analog
input of the Arduino and converted using analog-to-
digital conversion.

The system is tested at different temperature levels,
specifically 40°C, 50°C and 60°C, using switch-
controlled heating. For each temperature level, the
corresponding output voltage is recorded and
analyzed. The collected data is used to study the

relationship between temperature and voltage output.

The analysis is based on direct observation and
comparison of experimental values. The results are
further represented in tabular and graphical form to
The
methodology is designed to be simple, cost-effective

clearly illustrate system behavior. entire
and easily reproducible for similar experimental

studies.

IV.RESULTS AND DISCUSSION

The performance of the proposed thermoelectric
system was evaluated by measuring the output
voltage at different The
conducted controlled

temperature levels.

experiment was under
conditions using a heating element as the heat
source. The temperature was varied in steps, and

corresponding voltage values were recorded.

Table I: Experimental Readings
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Temperature (°C)|Voltage (V)

40 2.62
50 3.11
60 3.61

The results presented in Table I show a clear
increase in output voltage with an increase in
temperature. At 40°C, the generated voltage is
2.62V, which increases to 3.11V at 50°C and
further rises to 3.61V at 60°C. This indicates a
direct relationship between temperature difference
and electrical output.

Figure 1: Temperature vs Voltage Output
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The graphical representation further confirms that
the voltage increases in a nearly linear manner
with temperature. This behavior is consistent with
the fundamental principle of thermoelectric
generation, where the generated voltage is
proportional to the temperature gradient across the
module.

The system shows stable performance across all
tested conditions, with no sudden fluctuations in
output. The use of a controlled heating element
ensures consistent temperature levels, improving
the reliability of the results. The air cooling on the
opposite side helps maintain the required
temperature difference, which is essential for
voltage generation.

When compared with previous studies [1]—[3], the
observed results are in agreement with the

© 2026 The . Published by

established thermoelectric behavior, where output
increases with temperature difference. However,
similar to earlier research, the overall power output
remains relatively low due to the limited efficiency
of thermoelectric modules.

The use of a simple and compact setup in this study
demonstrates that thermoelectric generation can be
effectively implemented in small-scale systems. The
integration of real-time monitoring using Arduino
further enhances the system by allowing continuous
observation of performance.

Overall, the results validate the effectiveness of the
proposed system and confirm that waste heat can be
converted into usable electrical energy, even at
moderate temperature levels.

V. CONCLUSION

This study successfully demonstrates the practical
conversion of heat energy into electrical energy
using thermoelectric  (Peltier) modules. The
developed system provides a simple and controlled
approach to utilize waste heat through a heating
element-based setup. The experimental results
clearly indicate that the output voltage increases with
an increase in temperature, confirming the direct
relationship between temperature difference and
electrical generation.

The implementation of a compact system with real-
time monitoring using a microcontroller enhances
the understanding of thermoelectric behavior under
controlled conditions. The use of a lithium-ion
battery for direct energy storage further highlights
the practical applicability of the system for low-
power energy utilization.

From a practical perspective, this work emphasizes
the potential of thermoelectric technology in
recovering unused heat energy from small-scale
systems. Although the overall efficiency is limited,
the simplicity, reliability and low maintenance
requirements make it suitable for educational and
experimental applications.

Future work can focus on improving system
efficiency by wusing advanced thermoelectric
materials, enhancing cooling techniques and
incorporating power conditioning circuits. Scaling
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the system for real industrial applications and
integrating it with other renewable energy sources
can further expand its practical significance.
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