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1. Abstract

Water scarcity is a significant worldwide issue, particularly in isolated and arid regions with little access to conventional
water sources. The goal of this research is to create a sustainable and effective method for removing and creating drinkable
water from the atmosphere. Using cutting-edge techniques like condensation and moisture-absorbing polymers, the device
will efficiently absorb water vapor and transform it into liquid water. Through the use of renewable energy sources like
solar and wind, technology will promote sustainability and lower energy costs. Additionally, evaluating different materials,
creating scalable designs appropriate for a variety of climates, and enhancing water collection efficiency are also part of
the research. To maximize performance, experimental research and computer simulations will be carried out. An
innovative, low-energy, and environmentally friendly water harvesting device that can supply drinkable water in water-
scarce areas is the anticipated result. This concept offers a practical way to address climate change and water scarcity
while also supporting global water sustainability initiatives.

Keywords: Atmospheric water generation, water scarcity, condensation, clean drinking water, renewable energy, climate
resilience, and moisture-absorbing materials.

2. Introduction
2.1 Overview

In addition to being a resource necessary for life, water is also critical for industry, agriculture, sanitation, and human
health. However, a number of variables, including as population growth, urbanization, climate change, and inadequate
water management, have combined to cause a serious global water crisis. Global reports indicate that water stress impacts
billions of people year, and this figure is predicted to rise. Due to a lack of centralized water infrastructure, people in many
rural and undeveloped areas are forced to rely on contaminated or unreliable water sources. Traditional water sources like
rivers, lakes, reservoirs, and groundwater aquifers are losing their dependability. While groundwater levels are rapidly
dropping in many locations as a result of over-extraction, surface water supplies are frequently seasonal or impacted by
pollution and droughts. Finding alternative, climate-resistant, decentralized, sustainable water production technologies
that are not dependent on the existing infrastructure is therefore essential. In this regard, aromatic water generation, or
AWG, is a workable alternative. The extraction of atmospheric moisture to provide drinkable water is known as AWG. It
is estimated that 12,900 cubic kilometers of water vapor are present in the Earth's atmosphere at any given time. Even in
relatively arid regions, the air frequently contains enough humidity to enable the extraction of water when the proper
circumstances and methods are applied. For this reason, AWG could be a geographically independent renewable water

supply.
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2.2 Problem Statement

The bulk of existing systems are either active or semi-active and rely on electrical power or mechanical parts like fans,
compressors, or refrigeration coils, despite the great potential of AWG technology. Because of their high initial costs,
frequent maintenance requirements, and high energy consumption, these systems-while efficient are not suitable for off-
grid, rural, or economically disadvantaged people. Systems based on desiccants, which use hygroscopic materials to
absorb moisture, can save energy, but they usually require regeneration heat or other mechanisms to collect and release
the water. These financial and technological barriers hinder widespread adoption in the areas most in need of it.

2.3 Goals

The primary objective of this study is to design and analyze a passive Atmospheric Water Generation (AWG) system that
uses steel rods as the condensing surface to extract water from ambient air. The system is perfect for usage in rural or
water-scarce places where traditional water supplies are unreliable or unavailable because of its low cost and energy
independence.

To achieve this goal, the specific objectives mentioned below have been identified:

a. The ability to comprehend and use atmospheric condensation principles.

b. To create a steel rod-based passive water collection device prototype.

c. To assess the system's performance under various environmental circumstances.

d. To evaluate the steel rod AWG system's viability and effectiveness.

e. To investigate how the design might be improved and scaled for practical application.

f. To promote decentralized, sustainable water production techniques in areas with limited water resources
2.4 The Proposed Project

The current study suggests a passive atmospheric water production system that uses steel rods as the main condensation
medium in order to close this gap. The fundamental idea stems from the natural occurrence of dew creation, which occurs
when atmospheric water vapor hits a cold surface and condenses into liquid, especially at night or in the early morning
when the outside temperature drops. Steel rods' superior thermal conductivity, robustness, accessibility, and structural
strength make them the ideal material for the condensing surface. When exposed to the outdoors, the steel rods cool down
at night through radiative heat loss, particularly in regions with moderate to high humidity. A basic channeling system can
be used to collect the water vapor droplets created as the humid air passes over these colder surfaces. The method doesn't
use electricity, chemicals, or moving parts, making it environmentally benign and energy independent. It may be locally
implemented with readily available materials and simple construction techniques, making it perfect for decentralized
deployment. The device can also be grouped in arrays or scaled to increase water collection as needed. The study looks
into how environmental factors including surface orientation, wind speed, relative humidity, and ambient temperature
affect the system's yield and efficiency. A variety of real-world scenarios are used to examine the effectiveness of the steel
rod-based AWG unit, and the outcomes are contrasted with theoretical forecasts. Our research intends to support
international efforts to alleviate water scarcity, especially in vulnerable and marginalized groups, by concentrating on a
passive, affordable, and readily deployable solution. In addition to being feasible, the suggested system may be long-
lasting and low-maintenance.
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3. Working Principle and Theoretical Background
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The basic mechanism of this atmospheric water production device from fig 1 is the spontaneous condensation of air
moisture on a precisely designed hybrid metallic surface. The arrangement uses copper tubes wound around steel rods to
optimize the passive collection of water from air. This design offers both thermal and structural advantages. This strategy
is energy-independent, sustainable, and perfect for places with scarce water supplies.

Fig 1: Working principle
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3.1 The Scientific Foundation of Atmospheric Condensation

The concentration of water vapor in atmospheric air is influenced by a number of environmental conditions, including
temperature, humidity, and pressure. When the air temperature falls below the dew point, water vapor in the air condenses
into liquid water. The system's foundation is this physical phenomenon, which is typically observed in the early morning
as dew on surfaces.
The dew point, or the point at which the air becomes saturated with moisture and unable to hold any more water vapor, is
the cause of condensation. When chilled to these or lower temperatures, radiative heat loss to the sky causes water vapor
to begin condensing on a surface.

3.2 Application of Copper Tube and Steel Rod Together

The design of this project uses a unique copper and steel mix to offer mechanical durability and efficient heat exchange.
Each component supports the system's operation in the ways listed below:

. Steel Rod (Inner Core): This is the main structural element of the system. It provides rigidity in open
areas and facilitates vertical or inclined positioning. Steel makes sense as a material for large-scale or rural
installations due to its affordability, ease of availability, and corrosion resistance (especially when treated). It
ensures that the condenser tubes maintain their shape and position even when working outdoors.

. Copper Tube (Outer Condensation Surface): The copper is wrapped around or fastened to the steel
rod in the Copper Tube (Outer Condensation Surface). This layer of copper is the primary condensation surface.
Due to its high thermal conductivity (~400 W/m-K), copper has the ability to radiatively cool at night. The water
vapor in the surrounding air cools below the dew point and condenses as droplets on the copper surface.

3.3 Water Collection and the Condensation Process

The following steps comprise the condensation and collecting process:
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. Nighttime Radiative Cooling: At night, especially when the sky is clear, the copper tube releases heat
into the atmosphere. Due to the natural emission of long-wave infrared radiation and the lack of incoming solar
radiation, the tube's surface cools rapidly.

. Reaching Dew Point: When the temperature of the copper tube drops below the ambient dew point, the
air that comes into direct contact with the copper loses its capacity to retain moisture.
. Condensation of Water Vapor: The water vapor in the air begins to condense into tiny droplets on the

cool copper surface. These little droplets eventually come together to produce bigger ones.

. Gravity-Driven Runoff: The smooth, curved curvature of the copper tube and gravity force the
condensed droplets to begin to descend. The orientation of the tube facilitates this process; it is often vertical or
slanted to encourage efficient droplet flow.

. Collection Mechanism: The water droplets are collected at the tube's base by a water collection tray,
gutter, or funnel. Afterward, the water is sent to a tank or container for drinking, farming, or domestic usage.

3.4 Impact Environmental Elements

The effectiveness of atmospheric water condensation in the steel-copper hybrid system is greatly influenced by several
external factors. Because radiative heat loss makes it possible for the copper surface to cool more effectively at lower
nighttime temperatures, the surrounding temperature is crucial. Relative humidity (RH) is another important factor. Higher
humidity levels increase the amount of water vapor in the atmosphere, which leads to more condensation. As the copper
surface temperature becomes closer to the dew point temperature, condensation is more likely to happen, which also has
an impact on the system's performance. Light winds promote heat exchange and air movement, whereas strong winds may
hinder the formation and retention of water droplets on the surface. Wind speed can either help or impede the operation.
Sky clarity has a significant effect on radiative cooling because clear skies allow more infrared radiation to reach the
atmosphere, which cools the copper surface more effectively. Cloudy skies also reflect this radiation back, which reduces
the cooling effect. Last but not least, copper tube orientation matters. Placements that are vertical or slightly tilted
encourage faster droplet release and increase the effectiveness of water collecting.

The working system design like fig 2:
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Fig 2: Project model

4. Methodology and System Design
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Fig 3: Flow Chart of Atmospheric Water Extraction and Generation

The initial stage of this atmospheric water generating project involves assembling the required components, which include
the Peltier module, steel rod, heat sink, fan, and copper tubing. In order to remove heat from one side while maintaining
the other side cold, the Peltier module is first connected to a heat sink equipped with a cooling fan. A steel rod is attached
to the cold side of the Peltier module due to its high thermal conductivity, which accelerates cooling. When the power
source is switched on, the Peltier module starts cooling the steel rod, lowering its surface temperature. As air circulates
around the cold steel rod, moisture in the air collides with it and condenses into water droplets just like fig 2. These drops
progressively descend into a water collection pan that is placed underneath as they get bigger. The procedure is
continuously monitored to ascertain the amount of water collected and the effects of environmental factors such as
temperature and humidity on the results. Additionally, a steel rod is buried in the ground to act as an earthing rod, ensuring
electrical safety in the event of a current leak. Several experiments are conducted to assess the overall system performance
and water production efficiency of this simple and effective setup.

The following is the operational workflow as shown in fig 3:

o Air Intake and Filtration: Using fans or blowers, the system brings outside air into the device. Filters
are introduced to the air to eliminate dust, pollutants, and other particles before it reaches the condensation stages.
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o Cooling/Condensation Unit: A cooling mechanism, typically a refrigeration cycle or thermoelectric
coolers, lowers the temperature of a condensation surface. When humid air comes into contact with the cooled
surface, water vapor condenses into liquid water

o Condensation Surface or Chamber: A condensation surface or chamber is a specially designed area
where water droplets are formed. Some systems use special coatings or modify the surface contour to improve
the efficiency of water collection.

o Sorbent or Desiccant Materials: When it comes to absorption-based systems, certain AWG designs use
materials called desiccants, which naturally absorb water. When these materials are heated or treated, the moisture
they take from the air is released, allowing water to be collected.

o The collected water: It is typically filtered, UV sterilized, or subjected to additional purification
processes to ensure it is acceptable for human consumption.

o Control Electronics and Sensors: Sensors and microcontrollers monitor temperature, humidity, and
water quality. Performance optimization, cooling cycle control, and energy management are all aided by these
devices.

o Energy Supply (Renewable Integration): To guarantee sustainable operation, a lot of AWG systems
include renewable energy sources, such as solar panels or wind turbines. This reduces operating costs while also
reducing the environmental impact.

5. Prototype and Experimental Configuration

The Atmospheric Water Generation (AWG) system's experimental setup employs both passive and active condensation
methods to draw moisture from the atmosphere. A steel rod used to construct the core structure can provide robust support
for copper tubes positioned vertically or at a little slope. These copper tubes serve as the main condensation surfaces
because of their superior heat conductivity and smooth, corrosion-resistant surface. A Peltier module, sometimes referred
to as a thermoelectric cooler, is affixed to each copper tube using thermal paste. To dissipate heat and preserve cooling
effectiveness, a cooling fan and heat sink are placed on the opposing (hot) side. Water vapor in the surrounding air
condenses into droplets on the copper tube's surface when the Peltier module, which is powered by a 12V DC source,
reduces the tube's temperature below the ambient dew point. These droplets naturally fall and collect in a tray at the setup's
base due to gravity. Other instruments that can be used to measure temperature and humidity to improve performance
evaluation are a thermometer and a hygrometer. This straightforward but efficient prototype exemplifies the fundamentals
of atmospheric water gathering and works especially well in humid conditions. The Peltier module and copper tubing
work together to improve condensation even in less-than-ideal circumstances, making it a scalable and energy-efficient
freshwater generating option.

6. Result and Discussion:

Water Approx Power
Condition Temperature Humidity Collected Time Consumption
(ml) (hours) (Wh)
N 1
ormal Summef| o 65% 340 ml 6 hours 300 Wh
Day
Winter Season 20°C 50% 115 ml 6 hours 300 Wh
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Water Approx Power
Condition Temperature Humidity Collected Time Consumption
(ml) (hours) (Wh)
Phalodi  Peak 310 Wh
O I 70% 400 ml 6 hours
Condition

The environment has a big impact on how well the Atmospheric Water Generator (AWG) performs. In the winter (20°C,
50% humidity), the system only gathered 115 ml of water in 6 hours, however in the summer (45°C, 65% humidity), it
collected 340 ml. The maximum production of 400 ml was obtained under Phalodi peak conditions, which were 51°C and
70% humidity. Even while the power usage was almost constant at about 300 Wh, increasing temperatures and humidity
led to more efficient water generation.

The updated graph showing the AWG system's performance at three different conditions:

AWG System Result at Three Different Conditions

A25°C 65% Moty 20°C, 50% Humioey
Ervironmmectn! Condition

The Atmospheric Water Generation (AWG) system shown in this work has the potential to address water scarcity,
especially in remote and arid regions, because it is cost-effective and environmentally benign. In terms of cost, the system
is constructed utilizing easily accessible and fairly priced parts such as steel rods, copper tubes, and low-power Peltier
modules. It is quite inexpensive when compared to conventional water extraction or purification methods, particularly
those that use chemical treatment, desalination, or groundwater pumping. After installation, the operational cost is
minimal, especially for systems that run passively or are powered by renewable resources like solar panels. Recurring
electricity expenses are greatly reduced by the Peltier module's comparatively low energy consumption, which is typically
12V DC. Additionally, because copper and steel are strong and corrosion-resistant, ensuring a long service life with
inexpensive replacement costs, the system requires very little maintenance. The system offers a clean and sustainable
alternative to traditional methods of extracting water, which can lead to contamination or groundwater depletion. The
AWG system is safe for the environment and human consumption because it doesn't utilize any chemicals or produce any
dangerous byproducts during the condensation process. When powered by solar energy, it doesn't use up any natural water
supplies or emit significant amounts of carbon dioxide. Additionally, since copper is recyclable and the system may be
built using locally accessible components, the carbon footprints associated with production and transportation are
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negligible. By providing a decentralized, energy-efficient water generating option, the initiative advances goals for
sustainable development, climate resilience, and environmental preservation.

7. Benefits

This project's Atmospheric Water Generation (AWG) system has a number of noteworthy benefits that make it a viable
and sustainable way to produce clean water, particularly in areas with limited water resources. Its capacity to generate
potable water straight from the atmosphere, without the need for conventional sources like lakes, rivers, or subterranean
water, is among its most significant advantages. This makes it especially helpful in places where natural water supplies
are few, polluted, or overused. The system's sustainability and environmental friendliness are two more significant
benefits. It generates no waste or pollutants because it doesn't employ chemicals, filtration agents, or environmentally
harmful methods.

It merely makes use of the condensation principle, which permits water to spontaneously develop from air moisture.
Furthermore, even in local or rural settings, the system is inexpensive to construct and simple to assemble thanks to the
use of easily accessible materials like steel rods, copper tubes, and Peltier modules. The arrangement works quite well in
humid conditions with a lot of water vapor in the air. Under these circumstances, the system can provide a consistent
volume of clean water every day. It is also perfect for emergency assistance scenarios, military camps, or disaster-affected
locations where rapid deployment and transfer are essential because to its small size and portability.

Furthermore, because steel and copper are corrosion-resistant and can tolerate prolonged exposure to air and water, their
use guarantees longevity and minimal maintenance. Being directly condensed from the sky, the collected water is also
safe and pure because it is free of dangerous salts and heavy metals that are frequently present in surface or ground water.
Renewable energy sources are also very compatible with the system. It may be powered by solar panels and operates on
low-voltage electricity, which makes it totally self-sufficient and perfect for off-grid areas. In addition to lowering
operating expenses, this helps protect the environment by reducing the use of fossil fuels.

Lastly, the system is scalable and modular, meaning that, based on customer requirements, it may be expanded with
additional copper tubes and Peltier modules to produce more water. This makes it appropriate for both personal use on a
small scale and, with some adjustments, for future community-level applications.

8. Difficulties and Restrictions

8.1 Technical and practical issues:

o Peltier modules are less effective at cooling than compressor-based systems.

o Environmental elements like humidity and temperature have a significant impact on effective
condensation.

o Slow condensation rate requires longer operation time for apparent results; thermal insulation is required

to prevent energy loss and maintain a cool surface temperature; problems with heat dissipation on the Peltier's hot
side may reduce performance.

8.2 Scalability issues:

o Low water output per unit; many copper tube—Peltier systems are needed for increased production.

o Higher  water  demands  require  scaling, which adds complexity —and  cost.
Why Power usage increases dramatically with scale when renewable energy sources are not available.

o It becomes difficult to manage collection and consistent cooling in larger systems.

8.3 Water Purification and Filtration Requirements:

o The potential for dust, air pollutants, and microbial growth to taint copper surfaces.
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o Condensed water may not be drinkable without basic filtering or purification.
o Frequent cleaning and maintenance are required to maintain the system's hygiene.
o Additional filtration systems, such carbon or UV filters, become more expensive and sophisticated.

9. Future Extensions and Enhancements

The atmospheric water generating system, which has a lot of potential for development and practical application, was
designed using steel rods, copper tubes, and Peltier cooling modules. One of the primary areas that will be enhanced in
the future is efficiency and design optimization. The current configuration can be improved by using surface coatings that
enhance the creation and movement of water droplets, improved thermal management techniques, and advanced insulating
materials. Fins and copper coils are examples of larger surface area structures that could significantly increase water flow
without significantly increasing energy consumption. Another intriguing approach is the integration of the Internet of
Things (IoT) with Al-based smart monitoring systems. Sensors could be used to track real-time observations of variables
like humidity, dew point, condensation rate, and ambient temperature. Al algorithms may allow the system to
automatically adjust its operating cycle in reaction to outside influences, boosting output and reducing energy waste. In
remote or off-grid locations, remote monitoring and control would make the system more dependable and easier to utilize.

10. In conclusion

In this project, That successfully built an Atmospheric Water Generation (AWG) system that produces drinkable water
from the air. The device works on the principle of condensation, which states that when humid air encounters a cold copper
tube that has been cooled by a Peltier module, water vapor turns into liquid water. This water is then collected and stored
safely. Our study indicates that, in normal weather conditions, which include temperatures between 20°C and 51°C and
nearly about 65% humidity, the system can generatel10-400 ml milliliters of water per day. The more humid the air, the
more water it produces. The collected water is pure and suitable for human consumption. In remote areas or deserts where
access to potable water is limited, especially during natural disasters, this technology can be useful. However, under dry
or low-humidity conditions, it does not produce much water, and it needs energy to run. It's also perfect for small-scale or
emergency use. Overall, the experiment shows that producing water from air may be done with low-tech, eco-friendly
techniques. Future advancements like the use of solar energy and the incorporation of smart sensors could improve it even
further and make it more useful in tackling the water shortage problem.
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