International Journal of Multidisciplinary Advent Research and Review (IJMARR)
Vol. 1, No. 2, February 2025
E-ISSN: 3049-1932
Available online at https://www.ijmarr.org/

Atmospheric Water Extraction and Generation: A Review

Aasanti Muppidwar!, Vedanti Wankhade?, Rohit Chandre®, Vaishnavi Napte*, Samiksha
Shekdar®, Satish Ingale®, Dr. Vijay Neve’, Undergraduate Students'?>456, Professor and
Head of Department’ (Guide),

Department of Electrical Engineering, Jagadambha College of Engineering and Technology,
Yavatmal 445001, Maharashtra, India

Author: aasantimuppidwar@gmail.com

Abstract: Water scarcity is a significant worldwide issue, particularly in arid and isolated
regions with few conventional water sources. Creating a sustainable and effective method to
collect and produce potable water from the atmosphere is the main goal of this research. By
employing sophisticated techniques like condensation and materials that absorb moisture, the
system will efficiently absorb water vapor and transform it into liquid water. Renewable
energy sources like solar and wind power will be integrated into the system to improve
sustainability and lower energy prices. The study will test alternative materials, increase the
effectiveness of water collection, and create scalable designs that work in a range of climates.
Performance optimization will be achieved by computer simulations and experimental
investigations. The anticipated result is a cutting-edge, environmentally friendly, and low-
energy water harvesting device that can supply potable water in areas with water scarcity. In
addition to providing a viable way to fight water scarcity and climate change, this project
supports worldwide water sustainability initiatives.

Index Terms: Climate resilience, water scarcity, condensation, clean drinking water,
materials that absorb moisture, renewable energy, atmospheric water generation, and
sustainable water solutions.

1. Introduction:

Human health and well-being depend on having access to clean and safe drinking water,
which is a fundamental human right. However, because to water shortage, contamination, and
poor infrastructure, millions of people around the world still do not have access to clean
water. By removing water from the atmosphere through condensation, filtration, and storage,
atmospheric water generator (AWG) technologies present a viable way to address this issue.
The technology's potential to supply a decentralized, sustainable water source in rural and
desert areas has drawn more interest in recent years. The study analyses the main obstacles
and possibilities facing the technology, examines the body of research on AWG systems, and
evaluates current research and development trends. Understanding the current state of AWG
systems and their potential to support sustainable water resource management in the future are
two things that the study adds to.

Depending on temperature and pressure, water dissolves in the surrounding air. An endlessly
renewable resource, water-loaded air is a global resource. Climate technology already has the
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technical potential to trap water from the air. Using adsorbents, a method has been created to
bind the humidity in the air and then use desorption and condensation to collect the water for
drinking. This water extractor that we have developed is a good one; it is highly portable and
easy to use, and it will generate fresh water from the atmosphere. It is safe to drink the
generated water.

2. Literature Review:

1. Kaijie Yang et.al (2024) recent developments have brought about totally passive
SAWE systems that optimize three-dimensional layouts for effective mass transit and
energy consumption, generating freshwater constantly under sunshine. Without
maintenance, field experiments in Saudi Arabia showed steady water output of up to
3.0 Lm—2 per day throughout the seasons. Furthermore, SAWE systems have
demonstrated efficacy in off-grid watering, effectively promoting plant growth. These
developments demonstrate how SAWE may help with the world's problems with food,
energy, and water security[1].

2. Erica Sadowski et.al (2023)this study examines the effectiveness of two refrigeration-
based and one sorption-based AWG device in supplying extra water throughout the
United States. AWGs can provide drinkable water in isolated areas, but their
sustainability is reliant on weather conditions including temperature and humidity,
which causes seasonal fluctuations in performance. By comparing the effectiveness of
three devices in various geographical areas, this study shows that AWGs are not very
feasible in most of the US, but they can be useful in remote areas, such military sites in
Hawaii[2].

3. V.Ajithkumar and P.Ravichandran(2023)atmospheric Water Harvesting (AWH)
has become a popular method of using the large atmospheric water storage to supply
fresh water, particularly in rural and desert regions. Fog and dew collecting are two of
the sustainable water gathering techniques that have been investigated globally.
Creating affordable, locally sourced atmospheric water collectors that can produce
water at any humidity level is the main goal. Through mapping the effectiveness of
these techniques, research demonstrates how AWH can be used to address water
scarcity issues worldwide, especially in areas with limited resources|[3].

4. Krish Aravind (2023)although high energy needs continue to be a problem,
efficiency is improved by advancements in moisture-harvesting materials. Direct
solar-powered techniques provide a good substitute in arid regions. Research keeps
improving AWG efficiency by using new materials and renewable energy sources to
provide climate resilience and sustainability[4].

5. Nooman Khan et.al (2022)water from humid air is condensed and purified by AWGs
using refrigeration, sorption, or fog harvesting. When traditional water transportation
is impractical in areas with limited water resources, these technologies are especially

helpful. The goal of innovations like the integration of renewable energy is to increase



3.

International Journal of Multidisciplinary Advent Research and Review (IJMARR)
Vol. 1, No. 2, February 2025
E-ISSN: 3049-1932
Available online at https://www.ijmarr.org/

their sustainability. Through economical and effective water harvesting techniques,
research shows how AWH can help address the world's water shortage[5].

Yinyin Wang et.al (2022)AWGs condense and purify water using sorption, fog
harvesting, or refrigeration, whereas SAWE systems use solar energy for
environmentally friendly extraction. Through experiments and simulations, studies
evaluate the effectiveness of different extraction techniques. Particularly in dry areas,
research highlights scalable and reasonably priced ways to improve water
availability[6].

Robin Peeters et.al (2021) Increasing water scarcity as a result of population increase
and inadequate resource management has made atmospheric air water extraction more
popular. AWGs condense and purify water using sorption, fog harvesting, or
refrigeration, whereas SAWE systems use solar energy for environmentally friendly
extraction[7].

Xingyi Zhou et.al (2020)AWGs condense and purify water using sorption, fog
harvesting, or refrigeration, whereas SAWE systems use solar energy for
environmentally friendly extraction. New developments in moisture-harvesting
materials, such as adsorption and absorption processes, improve the effectiveness and
recyclability of water collecting. Particularly in arid areas, research focuses on scalable
and reasonably priced ways to increase water availability[8].

Almusaied, Zaid andAsiabanpour, Bahram(2017) Efficiency is increased by
material advancements, yet energy demands are still a problem. An environmentally
friendly substitute is provided by direct solar-powered techniques. For better water
collection, research focuses on refining membrane, desiccation, and gas law-based
separation methods [1].

Proposed System:

The essential elements consist of:

1. Aiir Intake & Filtration: To eliminate dust and impurities, air is drawn in by a fan
and then passed through filters.

2. Cooling/Condensation System: Water vapor is turned into liquid by cooling the air
with a refrigeration device.

3. Water Collection & Purification: UV sterilization, carbon filters, and sediment
filters are used to purify the collected water.

4. Storage & Distribution: When needed, purified water is poured from a tank.

5. Control & Monitoring System: Microcontrollers or PLCs regulate sensors that track
temperature, humidity, and water quality.

6.Power Supply: Solar energy, electricity, or hybrid energy sources can all power
systems.
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Fig [1]: Workflow Diagram of Atmospheric Water Extraction and Generation

Reverse-cycle systems are becoming more and more popular for extracting water from the air,
and there are currently several different types of air-to-water generators (AWGS) that market
themselves as the most effective. Since the atmospheric water generator (AWG) turns water
vapor into liquid water, it could be a potential remedy for water scarcity. The experimental
configuration of an atmospheric water generator is depicted in Figure 1. Driving the
condensation of the air vapor content is the same process used in all methods of extracting
water from air, whether or not they are reverse cycle. By chilling the air below the dew point,
AWGs with a compression reverse cycle (Figure 2) in particular force condensation.

Harvesting equipment may be placed almost anywhere (away from the coastline), which is the
main advantage of using atmospheric water as a source of drinking water. This eliminates the
need for water-transport infrastructure. The two types of dew condensers are active and
passive. Harvesting equipment may be placed almost anywhere (away from the coastline),
which is the main advantage of using atmospheric water as a source of drinking water. This
eliminates the need for water-transport infrastructure. Two types of dew condensers exist:

Expansion valve

Thermal vector (e.g
environmental air)

Cold and dry air

Water
condensation

passive and active.
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Fig [2]: Reverse Thromodynamic Principle

From fig. [2] above, The design of this project is based on the refrigeration concept, which
asserts that heat is transferred from one place to another through a process. Heat transfer is
typically powered by mechanical work, although it can also be powered by electricity, lasers,
magnetic, heat, or other sources. All of the circuits are designed, and then the connections are
made using the copper tube with a diameter of 5 mm and the capillary tube with a diameter of
0.5 mm to ensure that everything is connected as per the diagram below. The vacuum is then
created in the component using a vacuum maker. The compressor is then filled with
refrigerant gas using a nozzle. After that, the system was supplied with electricity. The
compressor transforms low pressure vapor into high pressure vapor by compressing the
refrigerant that is pumped into the system. After condensing the gas stream and turning it into
a high-pressure liquid, it travels from the compressor to the condenser before entering the
capillary tube, or expansion valve. Once the air stream is in the form of a high-pressure liquid,
the expansion valve will regulate its flow to the evaporator cabin in the form of a low-pressure
liquid.As a result, ice forms on the evaporator's surface because of the temperature differential
between the refrigerant and the ambient moisture. This cabin has a heating coil attached to it.
After that, low-pressure vaporized refrigerant is once more pumped via copper tubing to the
compressor. This process lasts for one and a half hours. Then, using a heating coil, the ice that
had accumulated on the evaporator is defrosted to water. After that, a water collector gathers
it.

4. Challenges and Opportunities for Atmospheric Water Generator Systems

Challenges for Atmospheric Water Generator System:

1. Need for Energy: The energy consumption of atmospheric water generator (AWG) systems
is one of their main problems. These devices are dependent on a power supply since they need
energy to condense water vapor from the air. It can be very difficult to supply the energy
needs in areas with poor power infrastructure or little access to electricity. To get beyond this
obstacle and make AWG systems work in a variety of environments, it is imperative to
develop more energy-efficient AWG technology.

2. Ambient Humidity Levels: The amount of water an AWG system can generate is directly
impacted by the ambient humidity of a given area. Cooling the air causes water vapor to
condense in AWG systems. Increased water production is the outcome of higher humidity
levels since they supply more moisture for condensation. Conversely, the AWG system's
ability to produce water may be greatly diminished in severely dry areas with little humidity.
This challenge is especially pertinent in desert and arid regions with low atmospheric moisture
content.

3. Maintenance and Cost: To maintain water quality and system efficiency, AWG systems
need routine maintenance, much like any other sophisticated system. Tasks like cleaning,
disinfection, and filter replacement are part of this upkeep. It can be difficult to reach and



International Journal of Multidisciplinary Advent Research and Review (IJMARR)
Vol. 1, No. 2, February 2025
E-ISSN: 3049-1932
Available online at https://www.ijmarr.org/

perform the required maintenance procedures in remote locations or areas with inadequate
resources. AWG systems can also have a comparatively high initial setup cost, which limits
their use in areas with low economic standing. Reducing AWG systems' overall cost and
maintenance needs would make them more cheap and sustainable for a larger range of
communities.

Opportunities for Atmospheric Water Generator Systems:

1. Technological Developments: Ongoing research and development in AWG technology
presents chances to lower energy consumption and increase system efficiency. Advancements
in energy recovery mechanisms, filtering systems, and condensation processes can improve
the efficiency and cost-effectiveness of AWG systems. Improved water collection capacities
and more effective heat exchange processes can result from investigating new materials and
designs.

2. Hybrid Systems: By combining AWG systems with renewable energy sources like wind or
solar, it is possible to lessen dependency on traditional electrical grids. By using clean energy
to fuel the water generation process, hybrid AWG systems can become more autonomous and
sustainable. In isolated or off-grid locations with limited access to dependable electricity, this
strategy is very beneficial.

3. Scalability and Distribution: AWG systems come in a range of sizes, from compact units
ideal for single-family homes to expansive systems serving communities or commercial
needs. Widespread water access can be made possible by creating effective distribution
networks and scalable AWG systems. Diverse communities' unique water needs can be met
by modifying AWG technology to fit various situations and water requirements.

5. Enhancing Performance of Atmospheric Water Extraction and Generation

One further use for this device is as a dehumidifier. More water can be produced via
compressors, condensers, and evaporators with varying capacities, ranging from modest to
high. Dehumidifiers are small machines that remove water vapor from the air. They reduce
humidity levels in areas where high humidity makes homes or buildings uncomfortable. This
water extractor makes water safe to drink. The distilled water produced by these devices is
entirely safe to drink. Power and filters are used by water-producing equipment to supply safe
drinking water wherever it is needed.Dehumidifier water is dangerous to drink if it is not
sanitized by distillation or boiling for at least five minutes. By employing the solar energy
source for operation, we can also save electrical energy. You can implement it at home as
well. Water extraction in the home can prolong the life of goods that are saturated or covered
in water, in addition to saving electricity. The machine was thoroughly tested and evaluated
based on its capacity to produce water and how much electricity it used.

6. Discussions and Conclusions

The necessity for portable fresh water arises from the uneven distribution of the sufficient
water supplies. Over two billion people reside in water-stressed areas. The air-cooling method
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is the most often used active water removal technology for atmospheric air, producing water
as a byproduct and doing so at no cost. Numerous investigations support this. Although there
are plenty of water resources, the desiccant method is the most efficient passive (without the
use of an energy source) method for extracting water because it can be used anywhere,
whereas the dew collection method can only be used in areas with extremely high levels of
moisture, such as coastal and mountain regions. They require portable fresh water due to their
erratic circulation. There are more than two billion people who reside in water-stressed areas.
The most widely used method for actively extracting water from ambient air is the air-cooling
method, which does so for free and creates water as a byproduct. This is supported by
numerous studies. However, because it may be used anywhere, the desiccant method is the
most efficient passive (without an energy source) method of extracting water.
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