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ATMOSPHERIC HARVESTING

Atmospheric Water Harvesting, also known as Atmospheric Water Generation (AWG), is a cutting-edge process
designed to capture moisture from the air and convert it into usable water. This innovative approach allows us to
harness the water that exists in the atmosphere all around us.

Here's a breakdown of how this remarkable technology works: The air we breathe contains minuscule water droplets,
even though they may not be visible to the naked eye. Atmospheric water harvesters employ various techniques to
extract these water droplets from the air and transform them into liquid water. One common method involves cooling
the air to a point where the water vapor condenses into liquid form, like the condensation you see on the outside of a
cold drink glass on a hot day.

Once the water vapor condenses, it is collected and stored for various purposes. Our atmospheric harvesting
technology employs advanced filtration and purification methods to ensure the collected water is clean and safe for
consumption or other applications. Remarkably, this water extraction process can operate efficiently even in conditions
with as low as 30% relative humidity, all the way up to 100% saturation. The specific water production for a given region
is determined by analyzing the average relative humidity in that geographical area.

To calculate this average humidity, we follow a meticulous process:

a. Identifying the Region: We determine the specific area or region for which we need to calculate the
average humidity, whether it's a city, state, country, or defined geographic area.

b. Obtaining Weather Data: We gather historical weather data for the chosen region from various reliable
sources, including meteorological departments, weather websites, or climate databases. It's crucial to select data
that spans a substantial period, typically several years, to derive a meaningful average.

c. Extracting Humidity Data: From the collected weather data, we isolate the variables related to humidity,
which are typically measured using relative humidity expressed as a percentage. Ve extract measurements of
relative humidity for each time period in the dataset.

d. Calculating Average Humidity: The next step involves calculating the average relative humidity for the
entire time period covered by the collected data. This is accomplished by summing up all the relative humidity
values and dividing the sum by the total number of data points. For example, if we have data for 365 days, we

add up all the relative humidity values and divide by 365 to obtain the average.

e. Considering Temporal Factors: Humidity can fluctuate throughout the year or across different seasons.
To achieve a more accurate average, we compute separate averages for different time periods, such as monthly
or seasonal averages.

f. Validating and Analyzing the Results: After calculating the average humidity, we rigorously validate the
results and analyze any emerging patterns or trends. Factors like climate zones, proximity to bodies of water,
and elevation are also considered, as they can significantly influence humidity levels. It’s important to note that
the accuracy of the average humidity calculation depends on the quality and representativeness of the weather
data collected. Additionally, regional variations and microclimates within a larger region may exist, so it's
advisable to consider local conditions and consult with meteorological experts for a more precise assessment if
needed.



WATER VAPOR

It's important to note that the accuracy of the average humidity
calculation hinges on the quality and representativeness of the collected
weather data. Additionally, regional variations and microclimates within a

larger area may exist, making it advisable to account for local conditions 40
and seek guidance from meteorological experts for a more precise

assessment if necessary.
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Water Vapor, a gaseous form of water with the chemical formula H2O, plays a fundamental role in Earth's climate
system. It consists of two hydrogen atoms bonded to one oxygen atom and shares the same molecular formula as liquid
water and ice. Water vapor exhibits the following key properties:

Molecular Formula: H20

Molecular Weight: 18.01528 g/mol

Boiling Point: 100°C (at standard atmospheric pressure)
Density: Varies with temperature and pressure.

oo o

Water vapor is an essential component of Earth's atmosphere, influencing various atmospheric processes, including the
water cycle. In the water cycle, water evaporates from the Earth's surface, forms clouds through condensation, and
eventually returns to the surface as precipitation.

One significant aspect of water vapor is its role in the greenhouse effect. Water vapor is the most abundant greenhouse
gas, contributing to the Earth's natural greenhouse effect. It absorbs and emits infrared radiation, effectively trapping heat
in the atmosphere. This natural process regulates the Earth's temperature, making it suitable for life as we know it.
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GREENHOUSE EFFECT

Greenhouse Effect: Water vapor is the most abundant greenhouse gas, contributing to the Earth's natural
greenhouse effect. It absorbs and emits infrared radiation, trapping heat in the atmosphere.

The greenhouse effect is a natural process that plays a crucial role in regulating the Earth's temperature and making it
habitable for life. However, human activities have enhanced this effect, leading to concerns about global warming and
climate change. Let's delve into a technical discussion of the greenhouse effect.

Greenhouse Gases and their Impact: The greenhouse effect is predominantly driven by specific gases present in the
Earth's atmosphere, known as greenhouse gases (GHGs). The most significant GHGs encompass carbon dioxide (CO2),
methane (CH4), nitrous oxide (N20O), and water vapor (H2O). These gases possess the unique property of absorbing
and subsequently re-emitting infrared radiation, which emanates from the Earth's surface.

CO2 Concentration in the Atmosphere: The concentration of carbon dioxide (CO2) in the Earth's atmosphere is
typically quantified in parts per million (ppm) by volume. The average CO2 concentration in the atmosphere stands at
approximately 415 ppm. Nevertheless, it's essential to recognize that this value can fluctuate based on geographical

location, time of year, and other contextual factors.



Calculating CO2 Content per Cubic Meter of Air: To ascertain the quantity of CO2 in one cubic meter of air,
conversion from ppm concentration to mass concentration is required. Carbon dioxide possesses a molar mass of
roughly 44 grams per mole. Employing the ideal gas law, the mass of CO2 in one cubic meter of air is determined as
follows:

a. Convert ppm to a decimal fraction: 415 ppm = 415/1,000,000 = 0.000415

b. Calculate the molar volume of an ideal gas under standard temperature and pressure (STP), which approximates
22.4 liters per mole.

c. Convert cubic meters to liters: | cubic meter = 1000 liters.

d. Divide the volume of air (1000 liters) by the molar volume (22.4 liters/mole) to ascertain the number of moles
of air in one cubic meter: 1000 liters / 22.4 liters/mole = 44.64 moles.

e. Multiply the number of moles of air by the CO2 concentration in moles to ascertain the moles of CO2 in one
cubic meter: 44.64 moles * 0.000415 = 0.0185 moles.

f. Convert moles to grams by multiplying by the molar mass of CO2: 0.0185 moles * 44 grams/mole = 0.814
grams.

Hence, based on the average CO2 concentration of 415 ppm, there would be approximately 0.814 grams of CO2 in one
cubic meter of air. It is important to note that this value may exhibit variability contingent on specific conditions and
timeframes.

Methane Concentration in the Earth's Atmosphere: The concentration of methane in the atmosphere can
fluctuate based on geographical location and particular circumstances. However, on average, the concentration of
methane in the Earth's atmosphere stands at approximately 1.8 parts per million (ppm) by volume.

Calculating Methane Content per Cubic Meter: To determine the quantity of methane in one cubic meter (m?) of
air, the following steps are employed:

i.  Convert the concentration from parts per million to a decimal fraction: 1.8 ppm = 1.8 x 10/(-6).
ii. ~ Multiply the concentration by the volume of air in cubic meters: 1.8 x [07(-6) X | m* = 1.8 x |0A(-6) m°.
iii.  Consequently, in one cubic meter of air, there would be approximately 1.8 x 10/(-6) cubic meters of methane.

Infrared Radiation Absorption and Emission: Solar radiation, upon reaching the Earth's surface, undergoes
absorption and re-emission as infrared radiation. Greenhouse gases within the atmosphere absorb a portion of this
outgoing infrared radiation, entrapping it and preventing its dissipation into space. This absorption and re-emission
process results in the warming of the Earth's surface and the lower atmosphere, analogous to how a greenhouse
preserves heat.

Enhanced Greenhouse Effect: Human activities, particularly the combustion of fossil fuels (e.g., coal, oil, and natural
gas), have notably escalated the concentration of greenhouse gases in the atmosphere. This augmented concentration
amplifies the greenhouse effect, leading to the retention of more infrared radiation and ensuing global warming.

Climate Feedback Mechanisms: The greenhouse effect initiates various feedback mechanisms that can either
magnify or mitigate the warming impact. For instance, as the Earth's temperature rises, it can induce the melting of ice
caps and glaciers, diminishing the planet's overall albedo (reflectivity). This decrease in albedo results in greater
absorption of solar radiation, further intensifying warming. Additionally, heightened warming can augment water
evaporation, subsequently elevating the atmospheric water vapor content—an influential greenhouse gas.



Impacts of Climate Change: The repercussions of an intensified greenhouse effect and ensuing climate change are
diverse and extensive. They encompass escalated global temperatures, altered precipitation patterns, rising sea levels,
ocean acidification, increased occurrences of extreme weather events (e.g., heatwaves, hurricanes), and ecological
disturbances. These impacts can entail severe consequences for ecosystems, biodiversity, human societies, and
economies.

Mitigation and Adaptation Strategies: Addressing the greenhouse effect and mitigating climate change necessitate a
multifaceted approach. This entails curbing greenhouse gas emissions by transitioning to cleaner energy sources (e.g.,
renewables), enhancing energy efficiency, adopting sustainable land-use practices, and implementing policies to restrict
emissions. Furthermore, adaptation measures are indispensable to contend with ongoing changes and minimize the
adverse effects of climate change on vulnerable communities and ecosystems.

In summary, the greenhouse effect constitutes a natural phenomenon governing the Earth's temperature. Nevertheless,
human activities have intensified this effect via heightened greenhouse gas emissions, culminating in global warming and
climate change. An understanding of the technical intricacies of the greenhouse effect is pivotal in crafting strategies to
address the challenges posed by climate change.

Direct Air Capture and Storage (DACS) of CO2: DACS represents a method for directly extracting carbon
dioxide (CO2) from the atmosphere and storing it for prolonged periods, effectively mitigating greenhouse gas emissions
and combatting climate change. This process encompasses several technical stages:

I.  Air Intake: Large-scale air intake systems are deployed to draw in ambient atmospheric air. These systems
typically incorporate a network of fans or blowers that guide air through filters, removing dust and other
particulate matter.

I. ~ CO2 Adsorption: Following air filtration, the air traverses a contactor or absorber where CO?2 is selectively
captured. Various methods are employed for CO2 adsorption, such as chemical sorbents or solid materials with
a high affinity for CO2. These materials bond with CO2 molecules, segregating them from the rest of the air.

lll.  CO2 Desorption: Subsequent to CO2 capture, separation from the sorbent or absorbent material is
necessary. This is usually achieved through a process known as desorption or regeneration. The captured CO2
undergoes specific conditions, including alterations in temperature and pressure, causing its release from the
sorbent material.

IV.  CO2 Concentration: Initially, the released CO2 is blended with a relatively substantial volume of air. To
render it suitable for storage or utilization, the concentration of CO2 needs augmentation. This can be
accomplished through various processes, including chemical reactions, physical separations, or a combination
thereof. The objective is to acquire a concentrated CO2 stream for further processing.

V. €CO2 Compression: The concentrated CO2 stream is subjected to compression, elevating its pressure
significantly to facilitate efficient storage. Compression reduces the volume of CO2, rendering it more
manageable for transportation and storage. This step necessitates substantial energy input and is generally
executed using sizable compressors.

VI.  CO2 Storage: Upon compression, the CO2 can be transported to a designated storage site. The most
common storage method is underground geological storage, wherein CO2 is injected into deep saline aquifers
or depleted oil and gas reservoirs. Additional storage options encompass mineralization, wherein CO2
transforms into stable carbonate minerals, or direct application in industrial processes.

VIl.  Monitoring and Verification: Ensuring the efficacy and safety of DACS systems necessitates continuous
monitoring and verification of the stored CO2. Monitoring methods encompass seismic monitoring, pressure
and temperature surveillance, and groundwater monitoring. These measures serve to detect any potential leaks
or alterations in storage conditions.



It is noteworthy that DACS is an energy-intensive process, and the amount of energy requisite for capturing and storing
CO2 from the air can be substantial. Nevertheless, the integration of atmospheric water generation into the collection
process significantly mitigates the cost per cubic meter of CO2 collected.

Direct Air Capture and Storage of Atmospheric Methane: DACS of methane pertains to the technical process of
capturing methane, a potent greenhouse gas, directly from the atmosphere and storing it in a secure and enduring
manner. The following elucidates the primary steps implicated in DACS of methane:

Air Capture: The process commences with the extraction of methane from ambient air. Air capture
technologies, such as sorbents or membranes, are deployed to selectively capture and concentrate methane
molecules. These technologies commonly encompass large-scale structures or facilities with a substantial surface
area to augment capture efficiency.

Methane Separation: Upon methane capture from the air, separation from other gases becomes imperative.
Various separation methods can be utilized, contingent on the specific DACS technology employed. For
instance, adsorption techniques may employ solid materials like zeolites or activated carbon to selectively
adsorb methane and subsequently release it. Alternatively, membranes with specific permeability properties can
be utilized for methane separation.

Compression and Purification: Captured methane typically exists in a diluted form and necessitates
compression and purification. Compression raises the gas's pressure to expedite transportation and storage.
Purification involves the removal of impurities, including water vapor, nitrogen, and other trace gases, to attain a
high-purity methane stream.

Storage: Post purification, methane requires storage in a secure and enduring manner to forestall its release
into the atmosphere. Various storage alternatives are available, comprising underground geological formations
such as depleted oil and gas reservoirs, deep saline aquifers, or non-mineable coal seams. These formations
furnish natural traps where methane can be safely preserved for protracted durations.

Monitoring and Leakage Prevention: Sustained monitoring and maintenance are indispensable to uphold
the integrity of methane storage sites. Continuous monitoring systems are implemented to identify potential
leaks or breaches in the storage reservoirs. Monitoring techniques encompass ground-based and aerial surveys,
coupled with advanced sensing technologies capable of detecting methane concentrations in the proximity of
storage sites.

It is pertinent to acknowledge that DACS of methane represents an evolving technology, with diverse approaches and
advancements under exploration by researchers and industry. DACS methane collection is carried out by Direct Air
Capture of Water vapor into our Atmospheric harvesting systems, thereby reducing methane concentration in the
atmosphere and mitigating its impact on climate change.

a.

Weather and Climate Influences of Water Vapor: Water vapor significantly influences weather patterns,
cloud formation, and precipitation, thereby impacting local weather conditions and long-term climate patterns.
Measurement of Water Vapor: Scientists and meteorologists employ various instruments for measuring
water vapor content in the atmosphere. Some commonly utilized techniques encompass:

Hygrometers: These instruments gauge humidity, serving as an indirect indicator of water vapor content.
Examples encompass capacitive, resistive, and chilled-mirror hygrometers.

Dew Point Measurement: The dew point temperature represents the temperature at which air reaches
saturation, and water vapor begins condensing. Measuring the dew point facilitates inference of water vapor
content.

Radiosondes: Weather balloons equipped with sensors that measure temperature, humidity, and atmospheric
pressure as they ascend through the atmosphere.



f. Remote Sensing: Satellite-based remote sensing instruments, including microwave radiometers, estimate
atmospheric water vapor content by assessing the radiative properties of water vapor within specific frequency
bands.

g. Practical Applications of Water Vapor: Water vapor content in the air holds relevance across a spectrum
of fields and applications, including:

h. Woeather Forecasting: Precise measurement and comprehension of water vapor content are pivotal for
forecasting weather conditions, precipitation, and severe storms.

i. Climate Modeling: Climate models incorporate water vapor data to simulate and project climate change,
including shifts in precipitation patterns and regional climate variations.

j.  Agriculture: Monitoring water vapor aids in evaluating crop water requirements, irrigation needs, and the
potential for drought or excessive moisture.

k. Air Quality: Water vapor interacts with atmospheric pollutants, influencing air quality and the formation of
smog and aerosols.

In summary, greenhouse gases, the greenhouse effect, DACS technologies, and water vapor are pivotal facets of our
contemporary environmental landscape. An in-depth grasp of these components is indispensable for addressing climate
change and charting a sustainable path forward for our planet.

A unique opportunity exists between the relationship of our atmospheric water generation systems and Direct Air
Capture to reduce CO2 emissions in the atmosphere. In fact, AQV’s Max Harvest systems cycle and process over
500,000 cfm every minute, which could be deployed in the future to extract carbon dioxide and methane at the same
time the system harvests water.



THE GLOBAL WATER CRISIS

The Global Water Crisis signifies the shortage of clean and readily available water resources across the world. This
pressing issue affects numerous nations, communities, and individuals, presenting substantial challenges to sustainable
development, public health, and the environment. One potential remedy to address this crisis is atmospheric water
generation. Atmospheric water generation, also known as atmospheric water harvesting or air-to-water technology,
entails the extraction of moisture from the atmosphere and its conversion into usable water. This technique employs
diverse technologies like condensation, dehumidification, or cooling to condense atmospheric water vapor, subsequently
collecting it for purification and consumption.

A primary advantage of atmospheric water generation is its potential to provide a decentralized and sustainable source
of clean water. This technology can be deployed in regions where conventional water sources are scarce, contaminated,
or unreliable. It proves particularly valuable in arid or drought-prone areas where freshwater access is constrained. By
harnessing the inherent moisture in the air, atmospheric water generation offers a viable solution for communities
grappling with water scarcity.

Moreover, atmospheric water generation has the potential to significantly diminish reliance on traditional water supply
systems, alleviating pressure on existing resources. It can serve as a supplementary or alternative water source,
particularly during periods of water scarcity or emergencies. This versatile technology finds application in various
settings, encompassing residential structures, commercial establishments, and disaster relief operations.

Nevertheless, it is crucial to acknowledge specific limitations and challenges associated with atmospheric water
generation. Firstly, the efficiency of the process hinges on the humidity levels of the surrounding air. Areas with humidity
below thirty percent will yield less water production compared to regions maintaining an annual average of sixty percent
or higher, rendering the technology less effective in certain geographical areas. Consequently, conducting a thorough
water vapor study before implementing the process in each locale is imperative.



The Global Water Crisis remains an acute challenge, with 27% of the world's population lacking access to safe drinking
water. Atmospheric water generation emerges as a promising solution, furnishing a decentralized and sustainable source
of clean potable water. According to the World Health Organization, 2.1 billion people worldwide, nearly 3 in 10 (27%),
lack access to safe drinking water. A report by the World Economic Forum underscores the water crisis as one of the
top five global risks concerning its impact on society.

TECHNICAL DISCUSSION: ATMOSPHERIC WATER GENERATION
(AWG) - HARVESTING WATER FROM THIN AIR

Introduction: Atmospheric Water Generation (AWG), often referred to as atmospheric water harvesting or air-to-
water technology, is an innovative method of extracting water from the ambient air we breathe. This emerging
technology holds great promise in addressing water scarcity issues globally. This technical discussion delves into the
principles, techniques, and challenges associated with AWG.

Principles of Atmospheric Water Generation: AWG is based on the fundamental principles of condensation and
dehumidification. The process involves several key steps:

a. Air Intake: Ambient air is drawn into the AWG system using fans or blowers.

b. Filtration: The incoming air is typically filtered to remove dust, particulate matter, and contaminants.
Cooling or Dehumidification: The filtered air is then cooled to a temperature below its dew point. This causes
water vapor in the air to condense into liquid water, like how dew forms on a cold surface during the night.

d. Condensation: As the air cools, moisture in the form of droplets or frost forms on a heat exchanger or
condensation surface.

e. Collection: The condensed water droplets are collected and channeled into a reservoir.

f.  Purification: The collected water undergoes purification processes to ensure it meets quality standards for
drinking or various applications.

Techniques in Atmospheric Water Generation: AWG encompasses a range of techniques and technologies to
maximize water yield and efficiency:

Cooling-Based Systems: These systems use refrigeration or thermoelectric cooling to lower the air temperature and
facilitate condensation.

Desiccant-Based Systems: Desiccants, substances with a high affinity for water, are used to absorb moisture from
the air, followed by a desorption process to release and collect the water.

Passive Systems: Passive AWG systems, such as dew collectors, rely on natural temperature changes, like day-night
temperature fluctuations, to induce condensation.

Solar-Powered AWG: Solar energy can be harnessed to power AWG systems, making them more sustainable and
suitable for remote areas.

Challenges and Considerations: While AWG holds tremendous potential, it's essential to address certain challenges
and considerations:

v Humidity Levels: AWG efficiency is directly linked to ambient humidity levels. Regions with lower humidity may
yield less water and some may not be suitable for large-scale deployment.

v" Energy Consumption: Energy-intensive cooling or desiccation processes can be a limiting factor in some AWG
systems. Efforts to reduce energy consumption are ongoing through the introduction of high efficiency systems



with smart control technologies.

v Maintenance: Regular maintenance and cleaning of filters, condensation surfaces, and other components are
crucial to ensure the system's longevity and efficiency.

v Quality Control: Water quality is paramount. Proper purification and treatment are necessary to meet drinking
water standards.

v" Scale and Cost: The scale of AWG systems can vary widely, from small household units to large industrial
installations. Cost considerations include upfront capital costs and ongoing operational expenses.

APPLICATIONS AND FUTURE PROSPECTS:

AWG has a wide range of applications, including providing clean drinking water in arid regions, supporting disaster relief
efforts, and serving as a sustainable water source for remote communities. Technology is still evolving, with ongoing
research and development efforts focused on improving efficiency, reducing energy consumption, and expanding its
reach to address global water challenges. In fact, high-production systems now exist that produce over 189,000 liters
daily at 70 degrees F, with a levelized water cost under $.03 cents per liter.

CONCLUSION

Water vapor is an integral part of the Earth's atmosphere, influencing weather, climate, and various applications.
Accurate measurement and understanding of water vapor content are vital for climate studies, weather forecasting, and
a wide range of practical applications.

Atmospheric Water Generation represents a promising solution to combat water scarcity, leveraging the abundant
moisture in the atmosphere. While facing challenges related to humidity levels and energy consumption, continued
advancements in AWG technology have the potential to transform access to clean and sustainable water sources,
contributing significantly to addressing the global water crisis.

Atmospheric water generation (AWG) and Direct Air Capture (DAC) systems are two technologies that offer unique
technical benefits in the realm of water and air resource management.



ATMOSPHERIC WATER GENERATION

AQV Aqua Harvest leads the globe with the highest production atmospheric water generation systems in the world.
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KEY TECHNICAL ADVANTAGES OF AWG AND DAC:

Atmospheric Water Generation (AWG):

a.

Woater Independence: AWG harvesting systems can extract water directly from the atmosphere, making
them independent of traditional water sources like rivers, lakes, or groundwater. This makes them especially
useful in arid regions or areas with limited access to clean water.

Renewable and Sustainable: AWG relies on renewable energy sources, such as solar or wind power, to
operate. By using renewable energy, these systems have a minimal carbon footprint and contribute to
sustainable water production.

Scalability and Flexibility: AWG technology can be easily scaled up or down based on water demand. It can
cater to various applications, from small-scale residential units to large-scale industrial installations, making it
adaptable to different needs and locations.

Woater Quality Control: AWG systems incorporate advanced filtration and purification mechanisms, ensuring
that the generated water meets high-quality standards. These systems can remove contaminants, impurities, and
even airborne pathogens, providing a reliable source of clean drinking water.



Direct Air Capture (DAC) Systems:

a. Carbon Sequestration: DAC systems are designed to capture carbon dioxide (CO?2) directly from the air,
helping mitigate greenhouse gas emissions and combat climate change. By removing CO2, DAC contributes to
reducing atmospheric pollution and achieving carbon neutrality goals.

b. Utilization of CO2: The captured CO2 can be used in various beneficial ways, such as carbon capture and
storage (CCS) projects, enhanced oil recovery, or the production of valuable chemicals and fuels. This enables
the transformation of greenhouse gas into a valuable resource, fostering a more sustainable and circular
economy.

c. Flexibility in Location: DAC systems are not constrained by specific geographical conditions or proximity to
pollution sources. They can be deployed globally, allowing for flexibility in choosing the most effective locations
to capture CO2 and address emissions.

d. Technology Advancements: Ongoing research and development in DAC technology are driving
improvements in energy efficiency, cost reduction, and scalability. These advancements increase the feasibility
and effectiveness of large-scale CO2 removal, bringing us closer to achieving global climate targets.

Both AWG and DAC systems demonstrate great potential for addressing critical environmental challenges. AWG
provides a decentralized water supply solution, reducing the strain on traditional water sources, while DAC technology
contributes to carbon and methane reduction efforts and the development of a sustainable carbon economy. As these
technologies continue to advance, their technical benefits will likely become even more significant, supporting a more
resilient and eco-friendly future.



