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Abstract - This paper introduces Thermobottle, a
portable travel friendly kettle designed for travellers
and commuters who need quick access to hot water on
the go especially in public transportations like buses
and trains. Thermobottle functions both as a kettle
and a thermal flask which offers rapid water heating,
effective temperature retention and compatibility with
power sources(110V and 230V)in vehicles and
residential settings. This system incorporates essential
features like: continuous temperature monitoring and
safety features like auto cut-off and alert system for
users safety and to conserve energy. This paper
presents the design methodology, hardware
implementation, and system integration details, along
with its performance evaluation and practical use case
scenarios.
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1. INTRODUCTION

In today’s fast-moving modern world, traveling has
become an integral part of everyone’s life. Hot water is a
necessity for travellers, whether for preparing tea or
coffee, making instant food, addressing health-related
needs or maintaining basic hygiene. However, obtaining
hot water, especially in public transportation such as
buses and trains can be challenging. To address this issue
we are introducing our product "Thermobottle”. It is a
portable, travel-friendly kettle that also functions as a
flask, capable of both heating water and retaining its
temperature for an extended duration. Unlike a
conventional Kkettle, it features enhanced insulation to
improve heat retention. It is designed with an advanced
heating coil for rapid water heating, a temperature sensor
for real-time monitoring and also a controller to set the
desired temperature based on a relay-based automatic
shut-off and a buzzer for safety and alert. One of the key
advantages of our product is its userfriendly design and
compatibility with power sources in public transport
systems including 110v ac power in buses and trains as
well as standard 230v ac household outlets. This makes it
ideal for daily travellers such as office travellers, students,

and commuters who face difficulties in accessing hot
water. By integrating modern technology with user-
friendly functionalities, we have developed a practical and
innovative solution to meet the demand for hot water
while traveling. Thermobottle eliminates the need for
conventional heating methods, offering users instant
access to hot water at their fingertips.

2. LITERATURE REVIEW

The development of electric Kkettles has evolved
significantly, with research focusing on intelligent
temperature control, energy efficiency, and sustainable
design. This review brings together studies that explore
these aspects from both technical and environmental
perspectives.

Shah et al. [1] introduce a temperature control system
based on the PID algorithm, specifically designed for
electric kettles. Their work highlights how properly tuned
PID controllers can maintain precise temperature levels,
improving user safety while also minimizing overheating
and excess energy usage.

In a related study, Aisuwarya and Hidayati [2] apply the
Ziegler-Nichols tuning method for a hot-water dispenser.
Their results show how strategic PID tuning can improve
system responsiveness and temperature accuracy—an
approach that can be extended to kettle designs. Beyond
control systems, the materials and environmental
footprint of kettles are also drawing attention. The Design
Life-Cycle platform [3] provides an analysis of the material
composition and life-cycle impact of electric kettles. It
emphasizes the need for sustainable materials and
responsible disposal practices to reduce long-term
environmental damage. Understanding insulation and heat
retention is essential when designing kettles meant for
travel or prolonged thermal storage. Anyanwu et al. [4]
investigate how vacuum flasks retain heat, offering useful
insights into thermal insulation materials and their
effectiveness—knowledge that can inform kettle designs
meant to keep water hot for extended periods. Meanwhile,
Chowdhury et al. [5] introduce a temperature sensitive
voltage regulator using RTD sensors for AC loads, which
helps in monitoring temperature and adjusting power
delivery accordingly. Such systems can support safer,
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energyaware kettle operations.The role of
microcontrollers in modern electric appliances is also well
represented. Ei et al. [6] develop a temperature sensing
and motor control unit using a PIC microcontroller,
demonstrating practical ways to implement automatic
heating and shutdown features.Farineau [7] presents a
compact brewing system using Arduino, showcasing how
microcontroller-based setups can manage timing and
temperature efficiently—principles easily applicable to
smart kettles. Accurate temperature monitoring remains
central to most kettle systems. Fezari et al. [8] and
Koestoer et al. [9] focus on the DS18B20 sensor, widely
used in temperature sensing applications. While Fezari
explains its functionality and calibration, Koestoer goes
further by proposing a specific method to calibrate the
sensor in liquids—valuable for boiling water monitoring.
This perspective is echoed by Marcinkowski and Zych [10],
who examine the environmental performance of kettle
production and promote the adoption of recyclable
components and  energy-efficient = manufacturing
processes. Energy consumption patterns also deserve
consideration. Murray et al. [11] study how users interact
with electric kettles and identify areas where energy
savings can be achieved. Their research supports the
integration of smart systems and better insulation to curb
unnecessary power usage. On the hardware side,
Pyakuryal and Matin [12] present filter design techniques
for converting AC to DC, ensuring a smoother and more
stable power supply for appliances like kettles. Finally,
Ramesh Saha et al. [13] describe a real-time temperature
monitoring system using Arduino and the DS18B20
sensor, providing a template for how smart kettles can log
and manage thermal data effectively.

Altogether, these studies offer a holistic view of how
modern electric kettles can be designed to be smarter,
safer, and more sustainable. By combining intelligent
control systems, robust sensor integration, and
environmentally conscious practices, future Kkettles can
meet the growing demand for both convenience and
responsibility in home appliances.

3. OBJECTIVE

The goal of this project is to create a practical and
travelfriendly solution to accessing hot water on the go. It
is designed with frequent travelers in mind, such as office
travelers, commuters, students, and outdoor enthusiasts,
who often find it difficult to get hot water during their
travels. The focus is on keeping the device compact and
lightweight so it can be easily carried in a bag without
adding bulk. Safety is a core priority, with features such as
automatic power cutoff, overheating prevention, and an
insulated outer surface that remains cool to the touch. In
addition to heating, the bottle is designed to retain the
temperature of the water for extended periods,

functioning similarly to a thermal flask. Another important
aspect is affordability, with the product priced between
1000 and 2500 to ensure it is accessible to a broad user
base. Durability is also emphasized, allowing the device to
withstand regular travel use while remaining simple to
operate. In general, Thermobottle aims to provide a
reliable, safe, and efficient solution to a common everyday
problem, improving comfort and convenience for users
during travel.

4.MOTIVATION

Although various models of electric kettles are widely
available, many are not optimized for portability or use in
transit. Most conventional designs are bulky, power-
specific, or lack features that support mobile usage,
making them inconvenient for daily commuters and
travelers. To address this gap, we developed
Thermobottle, a portable travel kettle designed to be
lightweight, compact, and easy to carry. It enables users to
heat water directly by connecting to standard 110-230V
AC outlets commonly found in buses, trains, and public
facilities. In addition to its heating function, Thermobottle
incorporates insulation technology that retains the
temperature of the water for extended periods, effectively
combining the features of a kettle and a thermal flask into
a single travel-friendly solution.

5. PROJECT OVERVIEW

The thermobottle is integrated with a heating system,
temperature sensing unit, and insulated design to deliver
an allin-one solution for water heating and retention. The
system is powered by commonly available AC sources
(110V-230V) and is suitable for use in vehicles such as
buses and trains, as well as indoor environments.

The core functionality is driven by the ATmega328P
microcontroller, chosen for its cost-effectiveness, adequate
I/O capacity, and ADC capabilities. Temperature
monitoring is achieved using the DS18B20 digital
temperature sensor, which provides accurate readings and
simplifies interfacing due to its one-wire communication.
Safety and automation are handled by a relay module with
auto cut-off functionality, triggered when the desired
temperature is reached.

The heating element is placed at the base of a stainless
steel 500ml bottle, surrounded by vacuum insulation to
ensure prolonged temperature retention. The user
interface includes a 16x2 LCD display for real-time
temperature feedback and a buzzer for alert notifications.
The system operates on a stepped-down DC voltage
regulated using a 7805 voltage regulator and a bridge
rectifier circuit for power conversion.
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Survey results and target user analysis shaped the
functional and safety priorities of the product, which
include:

. Auto cut-off to prevent overheating

. Leak proof construction

. Lightweight and durable materials

. Cost-effectiveness within a (INR)1000-(INR)2500
range

It is developed to serve the needs of office-goers,
commuters, and adventurers, offering a portable solution
to access hot water on demand. The project also includes
scope for future enhancements such as touch screen
control, solar charging, and integrated filtration.

6. REQUIREMENT ANALYSIS
A. Target users

1. Primary users:Officers
Commuters.

2. Secondary users:Campers,Students.

3. Tertiary users:Gadget enthusiasts,Gift buyers.

goers,Travelers and

B. Customer Requirements

. User Friendly design

. Heat Retention
. Durable
. Safety features

Multi-power source support
Temperature controlling
Cost effective design
Lightweight

7. DESIGN

7.1 SEQUENTIAL DIAGRAM
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Fig-1: Sequential diagram

7.2 USE CASE DIAGRAM
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8. BLOCK DIAGRAM
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Fig-3: Block diagram

The block diagram of this system illustrates the interaction
of essential components designed to enable portable,
temperature-controlled water heating and monitoring.
The system begins with a power supply unit that accepts a
standard 110-230V AC input, which is then stepped down
using a transformer. The stepped-down AC voltage is
rectified using a bridge rectifier and filtered with
capacitors to smooth the output. A 7805 voltage regulator
is employed to deliver a consistent 5V DC output required
to operate the microcontroller and other low-voltage
components.

At the core of the system is the ATmega328P
microcontroller, which serves as the central processing
unit. It collects real-time temperature data from the
connected sensor, processes the input, and controls other
components such as the relay, display, and buzzer based
on predefined logic. The DS18B20 digital temperature
sensor is used to measure the water temperature inside
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the bottle. Known for its accuracy and ease of
communication via a one-wire interface, it continuously
provides temperature data to the microcontroller for
precise monitoring.

The relay module operates as a switching unit that
controls the heating element. Based on the temperature
input and threshold conditions set in the system, the relay
is triggered by the microcontroller to either activate or
deactivate the heater. The heating element is placed at the
base of the bottle and is responsible for converting
electrical energy into thermal energy to heat the water
efficiently.

To enhance user interaction, the system includes a 16x2
LCD display, which shows key information such as the
current water temperature and heating status.
Additionally, a buzzer is integrated as an alert mechanism
to notify users about events like the completion of boiling
or any abnormal temperature conditions. Together, these
blocks work in coordination to ensure that Thermobottle
delivers a safe, user-friendly, and efficient heating solution
suitable for travel.

9. CIRCUIT DIAGRAM

Gacowa

Fig -4: Circuit diagram

10. RESULTS AND DISCUSSIONS

The initial implementation of the Thermobottle circuit was
carried out on a breadboard, which served as a flexible
and efficient platform for prototyping. This phase allowed
for rapid assembly of components such as the
ATmega328P microcontroller, DS18B20 temperature
sensor, LCD display, relay module, voltage regulator, and
buzzer using jumper wires. It provided the necessary

flexibility to test different circuit configurations, debug
connection issues, and fine-tune the interaction between
hardware and software components. Real-time monitoring
during this stage made it possible to verify voltage levels,
test temperature response, and adjust control logic,
ensuring all modules worked seamlessly.

Once the breadboard prototype was verified to be
functionally stable, the circuit was transitioned to a
custom-designed PCB, created using EasyEDA. This shift
introduced several improvements in terms of reliability,
compactness, and aesthetics. Unlike the breadboard
setup—which was more prone to loose connections, signal
noise, and physical instability—the PCB offered a more
robust, permanent platform with fixed routing paths and
cleaner signal transmission. The integration of all
components onto a single board also reduced wiring
clutter, minimized electrical interference, and made the
final product more suitable for enclosure within the
Thermobottle casing.

During the transition, careful attention was paid to
component placement, power line routing, and thermal
isolation, especially around heating control circuitry. The
physical arrangement was optimized to fit within the base
of a 500ml bottle without compromising the layout’s
electrical integrity. Testing on the PCB confirmed that all
core functionalities—such as temperature monitoring,
relay switching, auto cut-off, and user alerts—operated
consistently and reliably, as they did during the
breadboard phase.

Overall, moving from a breadboard prototype to a
finalized PCB significantly improved the system’s
structural integrity, reduced the likelihood of mechanical
failures, and contributed to a cleaner, more professional
product finish. This transition was essential in validating
the practical implementation of Thermobottle as a market-
ready, travel-friendly solution for hot water access.

11. CONCLUSIONS

Thermobottle is a clever and practical solution to a
common issue faced by daily travellers like the
inaccessibility of convenient hot water while travelling. It
is designed to be portable, suitable for power input
devices in homes, buses, and trains, and capable of rapid
heating and temperature retention.It focuses onn
protection and ease of use for mobile travellers.It
combines practical features with user-friendly technology
to meet real-world travel needs and aims to provide a
small but meaningful improvement by making hot water
available when it is most needed.
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