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When planning an event or construction project that requires the use of
temporary toilets, one critical aspect to consider is the cost associated
with obtaining the necessary permits from local health departments.
Gray water is disposed of at licensed treatment facilities portable toilet
cleaning services incandescent light bulb. These permits are essential
as they ensure that the temporary sanitation facilities meet local

health and safety standards, thereby protecting public health.

The process of estimating permit costs for temporary toilets begins
with understanding that each local health department has its own set
of regulations and fee structures. Typically, these fees are designed to
cover the administrative costs of processing applications, inspections,
and ensuring compliance with sanitation standards. For instance, in
some dreas, you might encounter a flat fee for each toilet unit, whereas
other locations might charge based on the duration of use or the scale

of the event.

To accurately estimate these costs, its advisable to start by contacting
your local health department directly. They can provide detailed
information about current fees and any additional requirements such
as site plans or specific types of toilets needed. Some departments

might also offer online resources or downloadable forms which can
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give you a preliminary idea of what to expect financially.

Moreover, some jurisdictions might require additional permits if your
event involves food service or large gatherings, which could indirectly
affect your overall permit costs for sanitation facilities. Its also worth
noting that there might be potential discounts or waivers available for
non-profit organizations or community events, so inquiring about these

can sometimes lead to savings.

In essence, while the direct costs associated with obtaining a Local
Health Department Permit for temporary toilets might seem
straightforward at first glance, they often involve nuances related to
local regulations and event specifics. Properly estimating these costs
not only helps in budgeting but also ensures that all legalities are
addressed before your event or project commences, avoiding last-
minute surprises or fines due to non-compliance. Engaging early with
your local authorities will provide clarity and help streamline this part of

your planning process.

City-Specific Licensing Fees for Portable Toilets



Okay, so youre trying to figure out how much itll cost to get those
temporary toilets permitted, right? Everyone focuses on the rental fee
for the actual port-a-potties themselves, but dont forget about those
sneaky city-specific licensing fees! Think of it like this: the city wants to
know youre not just dumping waste willy-nilly. They want to ensure
things are done properly, that youre using a reputable company, and

that everythings up to code.

These licensing fees are basically a local tax or permit fee that varies
wildly depending on where you are. One city might charge a flat fee per
toilet, another might have a tiered system based on the number of
toilets you need, and yet another might bundle it into a broader

construction permit fee. Theres really no rhyme or reason sometimes!

The best way to get a handle on this is to directly contact your local city
or countys permitting office — the department of public works or
environmental health are good starting points. Dont rely on what you
think you know or what your buddy told you; regulations change. A
quick phone call or a visit to their website can save you a lot of
headaches (and budget overruns) later. Ask specifically about
temporary toilet permits, portable sanitation permits, or any similar

terms they use. Make sure you clarify if the fee is per toilet unit, per



project, or something else entirely.
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Ignoring these city-specific licensing fees can really throw off your

budget and potentially lead to fines or delays. So, do your homework,
make that phone call, and factor those costs in! Its a small step that
can make a big difference in keeping your temporary toilet project

running smoothly and legally.

Special Event Permit Costs and Regulations

Special Event Permit Costs and Regulations for temporary toilets can
vary significantly depending on your location and event type. When
planning an event, its crucial to understand that most municipalities
require permits for temporary toilet facilities to ensure public health

and safety.

Typically, permit costs range from $50 to $500, with larger cities
generally charging higher fees. These permits often require detailed
site plans showing the proposed locations of portable toilets and

handwashing stations. Many jurisdictions use a formula based on



expected attendance and event duration to determine the minimum

number of units required.

For example, a standard outdoor event might require one toilet per 100
attendees for events lasting up to four hours. However, if alcohol is
served, authorities often require 15-20% more units. Additional factors
affecting permit costs include whether the event is public or private,
the presence of food vendors, and accessibility requirements for ADA-

compliant units.

To obtain a permit, organizers typically need to submit applications
several weeks in advance, including proof of insurance and a waste
management plan. Some cities also require inspection fees on top of
the basic permit cost. Its advisable to contact your local health
department or permitting office early in the planning process to
understand specific requirements and avoid last-minute

complications or unexpected expenses.

Remember that cutting corners on permits can result in significant
fines or even event cancellation, making proper budgeting for these

costs essential for successful event planning.
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Construction Site Sanitation Permits

Okay, lets talk about those construction site sanitation permits. Seems
like a small thing, right? Temporary toilets. But when youre estimating
the cost of a construction project, overlooking these permits can really
throw your budget off. Its not just the cost of renting the porta-potties
themselves, you see. Its about making sure youre following the rules,
and that often means obtaining a permit — a Construction Site

Sanitation Permit, specifically.

Think about it. Local governments want to ensure that construction
sites arent polluting the environment and that workers have access to
proper sanitation. So they often require these permits to regulate things
like the number of toilets per worker, how often they need to be

serviced, and how waste is disposed of.

Estimating the cost of these permits can be tricky. Its not always a flat
fee. Sometimes it depends on the size of the project, the number of
workers on site, or even the length of the construction period. Youll

need to do your homework. Call the local permitting office, check their



website, or even talk to other contractors who have worked in the area.
Theyll have the inside scoop on the specific requirements and

associated fees.

Ignoring this aspect of your estimate is a classic mistake. You might
think, "Ah, its just a few porta-potties, how much could it cost?” But the
permit fees, potential fines for non-compliance, and even delays if you
havent obtained the necessary permits can quickly add up. So, factor
those Construction Site Sanitation Permits into your cost estimates
early. Its a small detail that can make a big difference to the bottom
line of your project. Its about being prepared and understanding the
often-overlooked regulations that keep construction sites, and

everyone around them, safe and healthy.

ADA Compliance Permit Expenses

ADA Compliance Permit Expenses: Understanding the Costs of

Accessibility

When planning for temporary toilet facilities, ADA compliance permit
expenses represent a crucial yet often overlooked aspect of the

budget. These permits ensure that portable restroom facilities meet the



Americans with Disabilities Act requirements, making them accessible

to all users, including those with disabilities.

The cost of ADA compliance permits varies significantly depending on
your location and the duration of use. Typically, you can expect to pay
between $150 to $500 per permit, with some jurisdictions charging
additional inspection fees. These permits specifically address features
like wheelchair-accessible ramps, proper turning radius inside units,

grab bars, and compliant door widths.

Rage not Tou‘d or type unknown

Its important to note that many jurisdictions require a minimum

number of ADA-compliant units based on the total number of
temporary toilets being installed. For example, you might need one
ADA-compliant unit for every 20 standard units. This ratio affects both

your permit expenses and overall rental costs.

Smart planners budget for these permits early in the project timeline,
as failing to obtain proper ADA compliance permits can result in

significant fines and project delays. Additionally, some locations offer



expedited permit processing for an extra fee, which might be worth

considering if youre working under tight deadlines.

Remember that these permit costs are separate from the actual rental
expenses of ADA-compliant units, which typically cost 20-30% more
than standard portable toilets. Planning ahead and understanding
local requirements will help you accurately budget for these necessary

compliance expenses.

Environmental Impact Assessment Fees

Estimating the cost of permits for temporary toilets isnt just about the
rental price of the units themselves. Youve got to factor in all the
associated fees, and one that often gets overlooked is the
Environmental Impact Assessment (EIA) fee. Now, this might sound
intimidating, like youre suddenly responsible for the entire ecosystem,
but in reality, its usually a charge levied to ensure the placement and
use of the portable toilets doesnt negatively affect the surrounding

environment.

Think of it this way: your local authority wants to make sure youre not

setting up a dozen porta-potties right next to a protected wetland or a



crucial water source. The EIA fee often goes towards funding
inspections, reviewing site plans, and potentially implementing
mitigation strategies if any environmental risks are identified. The size
of the fee can vary wildly depending on location, the number of units
youre planning to use, and the sensitivity of the surrounding
environment. A rural area with plenty of open space might have a
smaller fee, or even waive it altogether, while a densely populated
urban area or a site near a protected area will likely see a much higher

charge.

Its essential to check with your local permitting office or relevant
environmental agency to understand if an EIA fee applies to your
temporary toilet permit. Dont just assume its included in the standard
permit cost. Getting caught out by a surprise fee later on can throw
your budget off and delay your project. A little bit of upfront research
can save you d lot of headaches and unexpected expenses down the
line. Getting this right demonstrates a responsible approach to

environmental care and helps ensure a smooth permitting process.

Temporary Land Use Permit Charges

When planning an outdoor event or a construction project, one critical

aspect often overlooked until the last minute is the provision of



temporary toilet facilities. Ensuring that there are enough toilets for
attendees or workers is not just a matter of comfort but also of
compliance with health and safety regulations. However, beyond the
logistical arrangement of these facilities, theres an associated cost that

might catch organizers off guard: Temporary Land Use Permit Charges.

Temporary Land Use Permit Charges refer to fees imposed by local
municipalities or regulatory bodies for the temporary placement of
structures like portable toilets on land that isnt zoned for such use.
These charges are part of what can be a complex process of
estimating permit costs for temporary toilets. The rationale behind
these fees is to ensure that the land use does not disrupt local zoning

laws or environmental standards, even if only for a short duration.

When calculating the total cost for setting up temporary toilets, its
essential to factor in these permit charges as they can vary
significantly from one jurisdiction to another. For instance, in some
urban areas where space is at a premium, the fees might be higher
due to increased administrative oversight or because the land has
multiple potential uses. Conversely, in rural settings, these charges
might be lower or sometimes waived if the event aligns with

community interests.



To estimate these costs accurately, event planners or construction
managers should first identify the local authority responsible for issuing
such permits. This could be a city council, county office, or a specialized
environmental agency. Once identified, contacting them directly or
visiting their website can provide insights into current fee structures.
Often, these fees are based on factors like the duration of use, the
number of units placed, and sometimes even the type of event

(commercial vs. non-profit).

Moreover, understanding any additional stipulations like insurance

requirements or site restoration clauses post-event can influence both
direct costs and time allocation in project planning. For example, some
permits might require a deposit which is refundable upon proving that

no damage was done to the land during usage.

In conclusion, while arranging temporary toilet facilities seems
straightforward at first glance - find suppliers and order units - delving
into permit costs adds layers of complexity and expense through
Temporary Land Use Permit Charges. By anticipating these costs early
in budget planning and engaging with local authorities proactively,
organizers can avoid last-minute financial surprises and ensure their

events run smoothly within legal frameworks. This foresight not only



helps in financial management but also enhances reputation by

showing respect for local regulations and community standards.

Waste Management Permit Calculations

When it comes to organizing events, construction sites, or any large
gathering where permanent restroom facilities are not available,
temporary toilets become an essential consideration. A crucial aspect
that organizers must navigate is the calculation of Waste Management
Permit costs associated with these portable sanitation units.
Understanding these calculations can significantly impact the budget

and ensure compliance with local regulations.

First, lets delve into what a Waste Management Permit typically entails
for temporary toilets. This permit is usually required by local
environmental or health departments to ensure that waste from these
units is disposed of properly, preventing environmental contamination
and public health risks. The cost of obtaining such a permit varies
widely based on several factors including location, duration of use, and

the number of units deployed.



To estimate the costs for a Waste Management Permit for temporary
toilets, one must start by identifying the jurisdictions specific
requirements. For instance, urban areas might have higher fees due to
greater regulatory oversight compared to rural settings. Once you
know the basic fee structure, consider the duration for which the toilets
are needed. Many municipalities charge a flat rate for short-term
events but might increase fees for longer durations or require

additional permits if the event extends beyond a certain period.

Next, calculate based on the number of toilets needed. Typically, this
calculation involves determining one toilet per 50 attendees at an
event or one per 10 workers on a construction site as a general rule.
Each additional unit might incur an incremental fee; some places offer
tiered pricing where after a certain number of units, the cost per

additional toilet decreases.

Another factor influencing cost is service frequency - how often waste
needs to be pumped out and disposed of legally. Regular servicing
ensures hygiene and capacity but also adds to the cost through
service fees which could be bundled into or separate from the permit

cost.



Finally, its wise to account for potential surcharges like administrative
fees or expedited processing fees if youre applying close to your event
date. Late applications can sometimes double or triple costs due to

rush processing or penalties.

In summary, calculating Waste Management Permit costs for
temporary toilets involves understanding local regulations, estimating
based on usage duration and quantity of units needed, considering
service frequency, and anticipating additional administrative fees.
Proper estimation helps in budgeting effectively while ensuring all
legalities are covered, providing peace of mind that your event or
project will meet sanitary standards without unexpected financial
burdens. By approaching this task methodically, organizers can
manage both their environmental responsibilities and financial

planning with precision.
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About Wastewater

Wastewater (or waste water) is water created after the use of freshwater, raw water,
alcohol consumption water or saline water in a variety of purposeful applications or
processes..Acd,~A Aca,—A 1A¢a,-A One more interpretation of wastewater is "Utilized
water from any kind of combination of domestic, industrial, business or agricultural
activities, surface area overflow/ tornado water, and any kind of sewer inflow or
sewer infiltration":A¢ca,~A Acé,—~A 175 Acd,~A In daily usage, wastewater is typically a
synonym for sewer (also called residential wastewater or local wastewater), which is
wastewater that is produced by a neighborhood of individuals. As a generic term,
wastewater might likewise describe water including contaminants built up in various
other settings, such as: Industrial wastewater: waterborne waste generated from a
selection of industrial processes, such as manufacturing procedures, mineral

extraction, power generation, or water and wastewater therapy. Cooling water, is



launched with possible thermal pollution after use to condense vapor or reduce
machinery temperatures by conduction or dissipation. Leachate: precipitation
consisting of contaminants dissolved while percolating via ores, raw materials,
products, or solid waste. Return circulation: the flow of water lugging suspended dirt,
chemical deposits, or liquified minerals and nutrients from irrigated cropland.
Surface runoff: the flow of water taking place on the ground surface area when
excess rain, stormwater, meltwater, or various other sources, can no more
adequately rapidly infiltrate the dirt. Urban drainage, consisting of water used for
exterior cleaning activity and landscape irrigation in largely inhabited locations
created by urbanization. Agricultural wastewater: pet husbandry wastewater created

from confined pet procedures.

About health

Health has a selection of definitions, which have been made use of for various
objectives over time. Generally, it describes physical and psychological health,
especially that connected with typical performance of the human body, missing of
condition, discomfort (consisting of psychological pain), or injury. Health can be
promoted by encouraging healthy activities, such as routine workout and ample
sleep, and by decreasing or preventing unhealthy tasks or scenarios, such as
smoking or too much anxiety. Some factors affecting health are because of specific
selections, such as whether to take part in a high-risk actions, while others result from
structural reasons, such as whether the society is arranged in a manner that makes it
easier or more difficult for people to obtain required health care services. Still, various
other variables are beyond both individual and team selections, such as genetic

disorders.



About Sewage

Sewer (or residential sewage, domestic wastewater, metropolitan wastewater) is a
type of wastewater that is produced by an area of individuals. It is commonly
delivered through a sewer system..Aca,~A Aca,—~A 175 Aca,~A Sewage contains
wastewater released from residences and from business, institutional and public
facilities that exist in the locality.:Aca,~A Aca,—~A 10 Acd,~A Sub-types of sewer are
greywater (from sinks, bath tubs, showers, dishwashing machines, and garments
washers) and blackwater (the water utilized to purge toilets, integrated with the
human waste that it flushes away). Sewage additionally has soaps and cleaning
agents. Food waste may exist from dishwashing, and food quantities may be
boosted where waste disposal unit systems are made use of. In regions where toilet
paper is used as opposed to bidets, that paper is additionally contributed to the
sewer. Sewer consists of macro-pollutants and micro-pollutants, and may likewise
integrate some community solid waste and contaminants from industrial
wastewater. Sewer normally travels from a building's plumbing either into a drain,
which will certainly bring it in other places, or right into an onsite sewer center.
Collection of sewage from a number of houses with each other usually occurs in
either hygienic sewage systems or integrated sewage systems. The former is
designed to leave out stormwater moves whereas the latter is developed to
additionally take stormwater. The production of sewage typically represents the
water usage. A range of aspects influence water intake and hence the sewage
flowrates per person. These consist of: Water availability (the opposite of water
shortage), water supply options, environment (warmer environments may bring
about greater water intake), community dimension, economic degree of the areq,

level of automation, metering of home intake, water price and water



pressure.Aca,~A Aca,~A 20 Acd,—~A . The main specifications in sewer that are
determined to assess the sewer toughness or top quality in addition to therapy
choices consist of: solids, signs of raw material, nitrogen, phosphorus, and indicators
of fecal contamination.:A¢cd,~A Aca,~A 33 Aca,~A These can be taken into
consideration to be the major macro-pollutants in sewer. Sewage contains
microorganisms which come from feces. The adhering to four types of virus are
located in sewage: pathogenic microorganisms, viruses, protozoa (in the kind of
cysts or oocysts) and helminths (in the type of eggs). In order to quantify the raw
material, indirect techniques are commonly used: mostly the Biochemical Oxygen
Need (BODY) and the Chemical Oxygen Demand (COD)..Aca,~A Aca,—A 36 Aca,-A .
Administration of sewer consists of collection and transportation for release into the
environment, after a treatment degree that works with the neighborhood
requirements for discharge right into water bodies, onto dirt or for reuse
applications.:Aca,-A Aca,~A 156 Aca,—-A Disposal alternatives include dilution (self-
purification of water bodies, making use of their assimilative capacity when
possible), aquatic outfalls, land disposal and sewer farms. All disposal choices might

run threats of triggering water contamination.

About hygiene

Hygiene is a set of practices carried out to maintain wellness. According to the Globe
Health Organization (WHO), "Hygiene refers to conditions and practices that help to
maintain wellness and prevent the spread of iliness.” Individual hygiene describes
keeping the body's sanitation. Hygiene tasks can be organized into the following:
home and daily hygiene, individual health, medical hygiene, sleep health, and food

health. Home and each day hygiene includes hand cleaning, respiratory system



hygiene, food health in your home, health in the cooking areq, health in the
bathroom, washing hygiene, and clinical hygiene in your home. And likewise
environmental health in the culture to prevent all kinds of bacterias from penetrating
into our homes. Lots of people equate hygiene with "tidiness’, yet health is a wide
term. It consists of such individual habit selections as exactly how frequently to take a
shower or bath, wash hands, trim fingernails, and wash clothes. It likewise consists of
interest to maintaining surface areas in the home and work environment tidy,
consisting of washroom centers. Adherence to routine health techniques is usually
regarded as a socially accountable and reputable behavior, while ignoring correct
health can be perceived as dirty or unhygienic, and may be taken into consideration
socially inappropriate or ill-mannered, while additionally presenting a threat to

public wellness.

About toilet

A bathroom is an item of sanitary hardware that collects human waste (pee and
feces) and sometimes bathroom tissue, generally for disposal. Flush bathrooms use
water, while completely dry or non-flush commodes do not. They can be designed
for a resting setting popular in Europe and North America with a bathroom seat, with
added factors to consider for those with impairments, or for a squatting posture
more preferred in Asia, known as a squat toilet. In urban areas, flush toilets are
typically attached to a sewer system; in separated locations, to a septic tank. The
waste is referred to as blackwater and the mixed effluent, consisting of various other
sources, is sewage. Dry commmodes are attached to a pit, detachable container,
composting chamber, or various other storage and therapy device, consisting of

urine diversion with a urine-diverting toilet. "Toilet" or "toilets" is also commonly used



for rooms including just one or even more commodes and hand-basins. Bathroom is
an older word for bathroom. The technology utilized for modern-day commodes
varies. Commodes are typically constructed from ceramic (porcelain), concrete,
plastic, or timber. More recent toilet innovations consist of dual flushing, reduced
flushing, bathroom seat warming, self-cleaning, female urinals and waterless urinals.
Japan is recognized for its toilet innovation. Aircraft bathrooms are specially
designed to run in the air. The requirement to preserve anal hygiene post-defecation
is globally recognized and toilet paper (commonly held by a commode roll holder),
which might additionally be made use of to clean the vulva after urination, is widely
utilized (along with bidets). Secretive homes, relying on the area and design, the
bathroom might exist in the very same shower room as the sink, bathtub, and
shower. One more alternative is to have one area for body cleaning (additionally
called "washroom") and a separate one for the toilet and handwashing sink (toilet
space). Public commodes (bathrooms) include several bathrooms (and frequently
solitary rest rooms or trough urinals) which are readily available for use by the public.
Products like urinal blocks and commode blocks help maintain the smell and
sanitation of commodes. Toilet seat covers are sometimes utilized. Mobile
commodes (frequently chemical “porta johns") may be generated for big and
temporary gatherings. Historically, cleanliness has been a problem from the earliest
stages of human settlements. Nevertheless, several bad families in developing
countries make use of really standard, and usually unhygienic, toilets —-- and
virtually one billion people have no access to a bathroom whatsoever; they have to
freely excrete and pee. These concerns can result in the spread of iliness transferred
via the fecal-oral path, or the transmission of waterborne diseases such as cholera
and dysentery. Consequently, the United Nations Sustainable Growth Goal 6 wishes
to "accomplish accessibility to adequate and equitable hygiene and health for all

and end open defecation’.



About sustainability

Sustainability is a social goal for people to co-exist on Earth over a long period of
time. Meanings of this term are disputed and have differed with literary works,
context, and time. Sustainability typically has 3 dimensions (or columns):
environmental, financial, and social. Lots of interpretations highlight the ecological
measurement. This can consist of attending to crucial environmental troubles,
consisting of climate adjustment and biodiversity loss. The concept of sustainability
can guide decisions at the international, nationwide, business, and individual levels. A
related concept is that of lasting advancement, and the terms are typically made
use of to mean the exact same thing. UNESCO differentiates the two such as this:
"Sustainability is usually thought of as a long-lasting goal (i. e. a more sustainable
globe), while lasting advancement refers to the several processes and paths to
attain it. " Information around the economic dimension of sustainability are
debatable. Scholars have reviewed this under the idea of weak and solid
sustainability. For instance, there will certainly always be tension in between the ideas
of "welfare and success for all" and environmental preservation, so compromises are
needed. It would be desirable to discover ways that different financial development
from harming the atmosphere. This implies utilizing less sources per unit of result
even while expanding the economic situation. This decoupling minimizes the
environmental effect of financial development, such as air pollution. Doing this is
tough. Some specialists state there is no proof that such a decoupling is taking place
at the required scale. It is challenging to gauge sustainability as the concept is
intricate, contextual, and dynamic. Indicators have been created to cover the setting,
culture, or the economic climate but there is no set meaning of sustainability signs.
The metrics are evolving and include indicators, benchmarks and audits. They

consist of sustainability requirements and qualification systems like Fairtrade and



Organic. They additionally include indices and accounting systems such as
corporate sustainability coverage and Triple Bottom Line audit. It is essential to
address many barriers to sustainability to attain a sustainability transition or
sustainability transformation.:A¢ca,~A Aca,—~A 34 Aca,—~A Some barriers arise from
nature and its complexity while others are external to the principle of sustainability.
For instance, they can arise from the leading institutional structures in countries.
International issues of sustainability are challenging to take on as they need
worldwide options. The United Nations writes, "Today, there are nearly 140 developing
nations on the planet looking for ways of meeting their advancement requires, but
with the raising threat of climate modification, concrete initiatives must be made to
make sure advancement today does not negatively influence future generations” UN
Sustainability. Existing international organizations such as the UN and WTO are
viewed as ineffective in imposing existing worldwide laws. One reason for this is the
absence of suitable approving mechanisms.:Acd,~A Acd,~A 135-- 145 Acd,—A
Governments are not the only sources of activity for sustainability. As an example,
company teams have tried to integrate ecological worry about economic task,
seeking sustainable organization. Spiritual leaders have actually stressed the
demand for taking care of nature and environmental stability. Individuals can also
live more sustainably. Some individuals have actually criticized the concept of
sustainability.One point of criticism is that the idea is unclear and just a buzzword.
One more is that sustainability could be an impossible objective. Some professionals
have actually explained that "no nation is supplying what its people require without

oversteping the biophysical planetary limits":A¢é,~A Aca,~A 11 A¢ca,~A

About Ventilative cooling



A sash window with two sashes that can be adjusted to control airflows and

temperatures

Ventilative cooling is the use of natural or mechanical ventilation to cool indoor
spoces.[]] The use of outside air reduces the cooling load and the energy
consumption of these systems, while maintaining high quality indoor conditions;
passive ventilative cooling may eliminate energy consumption. Ventilative cooling
strategies are applied in a wide range of buildings and may even be critical to realize
renovated or new high efficient buildings and zero-energy buildings (ZEBS).[2]
Ventilation is present in buildings mainly for air quality reasons. It can be used
additionally to remove both excess heat gains, as well as increase the velocity of the
air and thereby widen the thermal comfort rcmge.[?’] Ventilative cooling is assessed
by long-term evaluation indices.[4] Ventilative cooling is dependent on the
availability of appropriate external conditions and on the thermal physical

characteristics of the building.

Background

[edit]



In the last years, overheating in buildings has been a challenge not only during the

design stage but also during the operation. The reasons are:[5] [6]

o High performance energy standards which reduce heating demand in heating
dominated climates. Mainly refer to increase of the insulation levels and
restriction on infiltration rates

o The occurrence of higher outdoor temperatures during the cooling season,
because of the climate change and the heat island effect not considered at the
design phase

o Internal heat gains and occupancy behavior were not calculated with accuracy

during the design phase (gap in performance).

In many post-occupancy comfort studies overheating is a frequently reported
problem not only during the summer months but also during the transitions periods,

also in temperate climates.

Potentials and limitations
[edit]

The effectiveness of ventilative cooling has been investigated by many researchers
and has been documented in many post occupancy assessments reports.[7] [8] [9]
The system cooling effectiveness (natural or mechanical ventilation) depends on the
air flow rate that can be established, the thermal capacity of the construction and
the heat transfer of the elements. During cold periods the cooling power of outdoor
air is large. The risk of draughts is also important. During summer and transition
months outdoor air cooling power might not be enough to compensate overheating
indoors during daytime and application of ventilative cooling will be limited only
during the night period. The night ventilation may remove effectively accumulated

heat gains (internal and solar) during daytime in the building constructions]'°] For



the assessment of the cooling potential of the location simplified methods have been

”][]2][]3][14] These methods use mainly building characteristics

developed.|
information, comfort range indices and local climate data. In most of the simplified

methods the thermal inertia is ignored.
The critical limitations for ventilative cooling are:

o Impact of global warming

o Impact of urban environment
o Outdoor noise levels

o Qutdoor air poIIution[]B]

Pets and insects

o

e}

Security issues

Locale limitations

O

Existing regulations
[edit]

Ventilative cooling requirements in regulations are complex. Energy performance
calculations in many countries worldwide do not explicitly consider ventilative
cooling. The available tools used for energy performance calculations are not suited
to model the impact and effectiveness of ventilative cooling, especially through

annual and monthly colculotions.[]6]

Case studies
[edit]

A large number of buildings using ventilative cooling strategies have already been

built around the world.| | Ventilative cooling can be found not only in



traditional, pre-air-condition architecture, but also in temporary European and
international low energy buildings. For these buildings passive strategies are priority.
When passive strategies are not enough to achieve comfort, active strategies are
applied. In most cases for the summer period and the transition months,
automatically controlled natural ventilation is used. During the heating season,
mechanical ventilation with heat recovery is used for indoor air quality reasons. Most
of the buildings present high thermal mass. User behavior is crucial element for

successful performance of the method.

Building components and control strategies
[edit]

Building components of ventilative cooling are applied on all three levels of climate-
sensitive building design, i.e. site design, architectural design and technical

interventions . A grouping of these components follows:[]] [20]

o Airflow guiding ventilation components (windows, rooflights, doors, dampers
and grills, fans, flaps, louvres, special effect vents)

o Airflow enhancing ventilation building components (chimneys, atria, venturi
ventilators, wind catchers, wind towers and scoops, double facades, ventilated
walls)

o Passive cooling building components (convective components, evaporative
components, phase change components)

o Actuators (chain, linear, rotary)

o Sensors (temperoture, humidity, air flow, radiation, COy, rain, Wind)

Control strategies in ventilative cooling solutions have to control the magnitude and
the direction, of air flows in space and time.[]] Effective control strategies ensure high

indoor comfort levels and minimum energy consumption. Strategies in a lot of cases



include temperature and CO, monitoring.[m] In many buildings in which occupants
had learned how to operate the systems, energy use reduction was achieved. Main
control parameters are operative (air and radiant) temperature (both peak, actual
or average), occupancy, carbon dioxide concentration and humidity Ievels.[2]]
Automation is more effective than personal COhtI‘Ol.[]] Manual control or manual
override of automatic control are very important as it affects user acceptance and
appreciation of the indoor climate positively (also cost).[22] The third option is that
operation of facades is left to personal control of the inhabitants, but the building

automation system gives active feedback and specific advises.

Existing methods and tools
[edit]

Building design is characterized by different detailed design levels. In order to
support the decision-making process towards ventilative cooling solutions, airflow
models with different resolution are used. Depending on the detail resolution

required, airflow models can be grouped into two cotegories:[]]

o Early stage modelling tools, which include empirical models, monozone model,
bidimensional airflow network models;and

o Detailed modelling tools, which include airflow network models, coupled BES-AFN
models, zonal models, Computational Fluid Dynamic, coupled CFD-BES-AFN

models.

Existing literature includes reviews of available methods for airflow modelling.[g] [23][

IEA EBC Annex 62



[edit]

Annex 62 'ventilative cooling’ was a research project of the Energy in Buildings and
Communities Programme (EBC) of the International Energy Agency (IEA), with a four-
year working phase (2014—2018).[29] The main goal was to make ventilative cooling
an attractive and energy efficient cooling solution to avoid overheating of both new
and renovated buildings. The results from the Annex facilitate better possibilities for
prediction and estimation of heat removal and overheating risk — for both design
purposes and for energy performance calculation. The documented performance of
ventilative cooling systems through analysis of case studies aimed to promote the
use of this technology in future high performance and conventional buiIdings.[Bo] To
fulfill the main goal the Annex had the following targets for the research and

development work:

o To develop and evaluate suitable design methods and tools for prediction of
cooling need, ventilative cooling performance and risk of overheating in
buildings.

o To develop guidelines for an energy-efficient reduction of the risk of overheating
by ventilative cooling solutions and for design and operation of ventilative
cooling in both residential and commercial buildings.

o To develop guidelines for integration of ventilative cooling in energy
performance calculation methods and regulations including specification and
verification of key performance indicators.

o To develop instructions for improvement of the ventilative cooling capacity of
existing systems and for development of new ventilative cooling solutions
including their control strategies.

o To demonstrate the performance of ventilative cooling solutions through

analysis and evaluation of well-documented case studies.



The Annex 62 research work was divided in three subtasks.

o

o

Subtask A "Methods and Tools" analyses, developed and evaluated suitable
design methods and tools for prediction of cooling need, ventilative cooling
performance and risk of overheating in buildings. The subtask also gave
guidelines for integration of ventilative cooling in energy performance
calculation methods and regulation including specification and verification of
key performance indicators.

Subtask B "Solutions” investigated the cooling performance of existing
mechanical, natural and hybrid ventilation systems and technologies and
typical comfort control solutions as a starting point for extending the boundaries
for their use. Based upon these investigations the subtask also developed
recommendations for new kinds of flexible and reliable ventilative cooling
solutions that create comfort under a wide range of climatic conditions.
Subtask C "Case studies” demonstrated the performance of ventilative cooling

through analysis and evaluation of well-documented case studies.
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About Flush toilet

A flush toilet (additionally referred to as a flushing commode, water storage room
(WC); see likewise commode names) is a toilet that deals with human waste (i. e,
pee and feces) by accumulating it in a dish and afterwards making use of the force
of water to channel it (*flush” it) with a drainpipe to another area for therapy, either
close by or at a common center. Flush bathrooms can be designed for sitting or
squatting (usually regionally separated). A lot of contemporary sewage treatment
systems are also developed to refine particularly created toilet tissue, and there is
boosting interest for flushable damp wipes. Porcelain (sometimes with glasslike
china) is a preferred material for these commodes, although public or institutional
ones might be metal or modern numerous products of toilets. Flush commodes are a
type of plumbing fixture, and generally include a bend called a catch (S-, U-, J-, or P-
shaped) that triggers water to collect in the commode dish —-- to hold the waste
and work as a seal against poisonous sewer gases. Urban and rural flush bathrooms
are attached to a sewage system that conveys wastewater to a sewage therapy
plant; rurally, a sewage-disposal tank or composting system is mostly utilized. The
reverse of a flush bathroom is a dry commmode, which makes use of no water for
flushing. Associated tools are rest rooms, which primarily take care of urine, and
bidets, which use water to cleanse the anus, perineum, and vulva after using the

commode.



About Water

For other uses, see Water (disombiguotion). "H20" redirects here. For other uses, see

H20 (disambiguation).

Water

The water molecule has this basic geometric structure
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The water molecule has this basic geometric structure
Hydrogen, H

Space filling model of a water molecule
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Water
Systematic IUPAC name
Oxidane (not in common use)[s]

Other names

o Hydrogen oxide

o Hydrogen hydroxide (HQO or HOH)

o Hydroxylic acid

o Dihydrogen monoxide (DHMO) (parody
namel'])

o Dihydrogen oxide

o Hydric acid

o Hydrohydroxic acid

o Hydroxic acid

o Hydroxoic acid

o Hydrol[2]

o K-Oxidodihydrogen

o @-Hydroxylhydrogen(o)

o Aqua

o Neutral liquid

o Oxygen dihydride (may be considered

incorrect)

Identifiers



o 7732-18-5 Image not found or type unknown

check

CAS Number

o Interactive image

3D model (JSmol)

Beilstein Reference 3587155

9 CHEB”5377 Image not found or type unknown

check
ChEBI

o ChEMBL1098659 Image not found or type unknown

check
ChEMBL

o 937 Image not found or type unknown

check
ChemSpider
o DB09145
DrugBank
ECHA InfoCardl00.028.902 e not foun
Edit this a

dort

tw

ik

e unknown

idata



o 231-791-2

EC Number

Gmelin Reference 7

o C00001

KEGG

o 962

PubChem CID

o ZCO0110000

RTECS number

o 059QF0KOOR Image not found or type unknown
check

UNII

o DTXSID6026296 g

g{enotfoun or type unknown

this at |d0|to

CompTox Dashboard (EPA)



INChl

InChI:]S/H2O/h]H2 Image not found or type unknown

check
Key: XLYOFNOQVPJJNP-UHFFFAOYSA-N |,qqe not found or type unknown
check
SMILES
O
Properties

Chemical formula

H
»OMolar mass18.01528(33) g/molAppearanceAlmost colorless or white crystalline

solid, almost colorless liquid, with a hint of blue, colorless gos[4]OdorOdorIess

o Liquid (1 atm, VSMOW):

o 0.999 842 83(84) g/mLat 0 °c[5]

o 0.999 974 95(84) g/mL at 3.983 035(670) °C (temperature of maximum density,
often 4 °C)[5]

> 0.997 047 02(83) g/mL at 25 °C[°]

> 0.961887 91(96) g/mL at 95 °C[°]

o Solid:

0 0.9167 g/mLat 0 ocl’]

Density
Melting point0.00 °C (32.00 °F; 27315 K) [°]Boiling point99.98 °C (211.96 °F; 37313 K)['’]
[b]SqubiIityPoorIy soluble in haloalkanes, aliphatic and aromatic hydrocarbons,
8
ethers.[”]

Improved solubility in carboxylates, alcohols, ketones, amines.



Miscible with methanol, ethanol, propanol, isopropanol, acetone, glycerol, 1,4-dioxane,
tetrahydrofuran, sulfolane, acetaldehyde, dimethylformamide, dimethoxyethane,
dimethyl sulfoxide, acetonitrile.

Partially miscible with diethyl ether, methyl ethyl ketone, dichloromethane, ethyl
acetate, bromine.Vapor pressure3.1690 kilopascals or 0.031276 atm at 25 °C[9]Acidity
(pk_N13.995("]["
O)Conjugote baseHydroxide OH (pK = 0)Thermal conductivity0.6065 W/(m- K)[ ]

119 Basicity (pK )13.995Conjugate acidHydronium H3O (pKO =

Refractive index (nD)
1.3330 (20 °C)[°]viscosity0.890 mPa-s (0.890 cP)['®]structure
Crystal structure
Hexagonal
Point group
C

2v
Molecular shape
Bent
Dipole moment

18 ,

1.8546 D[ "] Thermochemistry

Heat capacity (C)

75.385A¢6,~A"+Aca,~A0.05 J/(molK)[]



Std molar

69.95A¢8,~A +Aca,-A0.03 J/ (molk)['/]

Std enthalpy of
-

A|AH )

. Ac
f t
ormation (?H 208

~285.83A¢a,~A"Aca,~A0.04 kJ/mol[S][V]

I
Gibbs free energy (@ACA'A“)
-237.24 kJ/moI[8]HazordsOccupqtionql safety and health (OHS/OSH):

Main hazards

Drowning
Avalanche (as snow)

Water intoxicationNFPA 704 (fire diamond)

NFPA 704 four-colored diamond

Image not found or type unknown

Flash pointNon-flammableRelated compounds

o Hydrogen sulfide



o Hydrogen selenide
o Hydrogen telluride
o Hydrogen polonide

o Hydrogen peroxide

Other anions

Acetone

e}

o

Ethanol

Methanol

o

o

Hydrogen fluoride

AmmMmonia

o

Related solvents

Supplementary data pageWater (data page)

Except where otherwise noted, data are given for materials in their standard state (at

25 °C [77 °F], 100 kPa).
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Infobox references

Water is an inorganic compound with the chemical formula HZO' It is a transparent,
tasteless, odorless,[C] and nearly colorless chemical substance. It is the main
constituent of Earth's hydrosphere and the fluids of all known living organisms (in
which it acts as a solvent[20]). It is vital for all known forms of life, despite not

providing food energy or organic micronutrients. Its chemical formula,



HQO, indicates that each of its molecules contains one oxygen and two hydrogen
atoms, connected by covalent bonds. The hydrogen atoms are attached to the

oxygen atom at an angle of 104.450.[2]] In liquid form,

HQO is also called "water” at standard temperature and pressure.

Because Earth’s environment is relatively close to water's triple point, water exists on
Earth as a solid, a liquid, and a gc:s.[22] It forms precipitation in the form of rain and
aerosols in the form of fog. Clouds consist of suspended droplets of water and ice, its
solid state. When finely divided, crystalline ice may precipitate in the form of snow.

The gaseous state of water is steam or water vapor.

Water covers about 71.0% of the Earth’s surface, with seas and oceans making up

).[23] Small portions of water occur as

most of the water volume (about 96.5%
groundwater (1.7%), in the glaciers and the ice caps of Antarctica and Greenland
(1.7%), and in the air as vapor, clouds (consisting of ice and liquid water suspended in

%).[24] [25] Water moves continually through the water

air), and precipitation (0.001
cycle of evaporation, transpiration (evapotranspiration), condensation, precipitation,

and runoff, usually reaching the sea.

Water plays an important role in the world economy. Approximately 70% of the fresh
water used by humans goes to ogriculture.[26] Fishing in salt and fresh water bodies
has been, and continues to be, a major source of food for many parts of the world,
providing 6.5% of global protein.[27] Much of the long-distance trade of commodities
(such as oil, natural gas, and manufactured products) is transported by boats
through seas, rivers, lakes, and canals. Large quantities of water, ice, and steam are
used for cooling and heating in industry and homes. Water is an excellent solvent for

a wide variety of substances, both mineral and organic; as such, it is widely used in



industrial processes and in cooking and washing. Water, ice, and snow are also
central to many sports and other forms of entertainment, such as swimming,
pleasure boating, boat racing, surfing, sport fishing, diving, ice skating, snowboarding,

and skiing.

Etymology
[edit]

The word water comes from Old English weeter, from Proto-Germanic *watar (source
also of Old Saxon watar, Old Frisian wetir, Dutch water, Old High German wazzar, German
Wasser, vatn, Gothic A°CARARGE ! A°ARA’Ac A ARARGERA ARMGE)° from Proto-Indo-
European *wod-or, suffixed form of root *wed- (‘water’, 'wet').[28] Also cognate, through
the Indo-European root, with Greek ARARIN; from Ancient Greek AjALAE KA. .. As),
whence English 'hydro-'), Russian ARA2ARA%ARA ANA°AQESdE), Irish uisce, and Albanian

ujé.

History

[edit]
Main articles: Origin of water on Earth § History of water on Earth, and Properties of

water § History
On Earth

[edit]
This section is an excerpt from Origin of water on Earth § History of water on Earth]

edit]



One factor in estimating when water appeared on Earth is that water is continually
being lost to space. H20 molecules in the atmosphere are broken up by photolysis,
and the resulting free hydrogen atoms can sometimes escape Earth's gravitational
pull. When the Earth was younger and less massive, water would have been lost to
space more eosily.[zg] Lighter elements like hydrogen and helium are expected to
leak from the atmosphere continually, but isotopic ratios of heavier noble gases in
the modern atmosphere suggest that even the heavier elements in the early
atmosphere were subject to significant Iosses.[so] In particular, xenon is useful for
calculations of water loss over time. Not only is it a noble gas (and therefore is not
removed from the atmosphere through chemical reactions with other elements), but
comparisons between the abundances of its nine stable isotopes in the modern
atmosphere reveal that the Earth lost at least one ocean of water, a volume of water
approximately equal to modern ocean volume, early in its history. This is likely to
have occurred between the Hadean and Archean eons in cataclysmic events such

as the moon forming impoct.[?’]]

Any water on Earth during the latter part of its accretion would have been disrupted
by the Moon-forming impact (~4.5 billion years ago), which likely vaporized much of
Earth's crust and upper mantle and created a rock-vapor atmosphere around the

32] [33] The rock vapor would have condensed within two thousand

young planet.|
years, leaving behind hot volatiles which probably resulted in a majority carbon
dioxide atmosphere with hydrogen and water vapor. Afterward, liquid water oceans
may have existed despite the surface temperature of 230 °C (446 °F) due to the
increased atmospheric pressure of the CO2 atmosphere.[34] As the cooling
continued, most 002 was removed from the atmosphere by subduction and
dissolution in ocean water, but levels oscillated wildly as new surface and mantle

cycles oppeored.[35]



This pillow basalt on the seafloor near Hawaii was formed when magma
extruded underwater. Other, much older pillow basalt formations provide

evidence for large bodies of water long ago in Earth’s history.

Geological evidence also helps constrain the time frame for liquid water existing on
Earth. A sample of pillow basalt (a type of rock formed during an underwater
eruption) was recovered from the Isua Greenstone Belt and provides evidence that
water existed on Earth 3.8 billion years qgo.[36] In the Nuvvuagittuq Greenstone Belt,
Quebec, Canada, rocks dated at 3.8 billion years old by one study[37] and 4.28 billion
years old by omother[38] show evidence of the presence of water at these oges.[36]
If oceans existed earlier than this, any geological evidence has yet to be discovered
(which may be because such potential evidence has been destroyed by geological
processes like crustal recycling). More recently, in August 2020, researchers reported
that sufficient water to fill the oceans may have always been on the Earth since the
beginning of the planet's formation.[sg] [40] [4]]

Unlike rocks, minerals called zircons are highly resistant to weathering and geological
processes and so are used to understand conditions on the very early Earth.
Mineralogical evidence from zircons has shown that liquid water and an atmosphere
must have existed 4.404 + 0.008 billion years ago, very soon after the formation of

Eorth.[42] [43] [44] [45

] This presents somewhat of a paradox, as the cool early Earth
hypothesis suggests temperatures were cold enough to freeze water between about
4.4 billion and 4.0 billion years ago.[46] Other studies of zircons found in Australian

Hadean rock point to the existence of plate tectonics as early as 4 billion years ago



47] If true, that implies that rather than a hot, molten surface and an atmosphere full
of carbon dioxide, early Earth’s surface was much as it is today (in terms of thermall
insulation). The action of plate tectonics traps vast amounts of COZ' thereby
reducing greenhouse effects, leading to a much cooler surface temperature and the

formation of solid rock and liquid Water.[48]
Properties

[edit]
Main article: Properties of water
See also: Water (data page) and Water model

A water molecule consists of two hydrogen atoms and one oxygen atom.

Water (

HQO) is a polar inorganic compound. At room temperature it is a tasteless and
odorless liquid, nearly colorless with a hint of blue. The simplest hydrogen
chalcogenide, it is by far the most studied chemical compound and is sometimes
described as the "universal solvent” for its ability to dissolve more substances than

any other liquid,| ] though it is poor at dissolving nonpolar substances[°'] This



allows it to be the "solvent of Iife":[52] indeed, water as found in nature almost always
includes various dissolved substances, and special steps are required to obtain
chemically pure water. Water is the only commmon substance to exist as a solid, liquid,

and gas in normal terrestrial conditions.[53]

States

[edit]

The three common states of matter

Along with oxidane, water is one of the two official names for the chemical compound
H

941 ... -
»0;[" ] it is also the liquid phase of H
20.[55] The other two common states of matter of water are the solid phase, ice, and
the gaseous phase, water vapor or steam. The addition or removal of heat can cause
phase transitions: freezing (water to ice), melting (ice to water), vaporization (water
to vapor), condensation (vapor to water), sublimation (ice to vapor) and deposition

(vapor to ice).[56]

Density



[edit]

See also: Frost weathering

Water is one of only a few common naturally occurring substances which, for some
temperature ranges, become less dense as they cool, and the only known naturally
occurring substance which does so while liquid. In addition it is unusual as it

becomes significantly less dense as it freezes, though it is not unique in that respect]
.

At 1 atm pressure, it reaches its maximum density of 999.972 kg/m3 (62.4262 Ib/cu ft)
at 3.98 °C (39.16 °F) [28][°9]

Below that temperature, but above the freezing point of 0 °C (32 °F), it expands
becoming less dense until it reaches freezing point, reaching a density in its liquid

phase of 999.8 |<g/m3 (62.4155 Ib/cu ft).

Once it freezes and becomes ice, it expands by about 9%, with a density of 917 kg/m3
(57.25 Ib/cu ft).[60][6]] This expansion can exert enormous pressure, bursting pipes
and cracking rocks.[2] As a solid, it displays the usual behavior of contracting and
bbecoming more dense as it cools. These unusual thermal properties have important

consequences for life on earth.

In a lake or ocean, water at 4 °C (39 °F) sinks to the bottom, and ice forms on the
surface, floating on the liquid water. This ice insulates the water below, preventing it
from freezing solid. Without this protection, most aquatic organisms residing in lakes
would perish during the winter.[63] In addition, this anomalous behavior is an
important part of the thermohaline circulation which distributes heat around the

planet's oceans.



Magnetism

[edit]

Water is a diamagnetic motericl.[64] Though interaction is weak, with

superconducting magnets it can attain a notable interoction.[64]

Phase transitions

[edit]

At a pressure of one atmosphere (atm), ice melts or water freezes (solidifies) at 0 °C
(32 °F) and water boils or vapor condenses at 100 °C (212 °F). However, even below
the boiling point, water can change to vapor at its surface by evaporation
(vaporization throughout the liquid is known as boiling). Sublimation and deposition
also occur on surfuces.[56] For example, frost is deposited on cold surfaces while
snowflakes form by deposition on an aerosol particle or ice nucleus.[65] In the
process of freeze-drying, a food is frozen and then stored at low pressure so the ice

on its surface sublimotes.[66]

The melting and boiling points depend on pressure. A good approximation for the
rate of change of the melting temperature with pressure is given by the

Clausius—Clapeyron relation:

\displaystyle \frac dTdP=\frac T\left(v_\textL-v_\textS\right)L_ \textf
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molar latent heat of melting. In most substances, the volume increases when melting

occurs, so the melting temperature increases with pressure. However, because ice is



less dense than water, the melting temperature decreoses.[57] In glaciers, pressure

melting can occur under sufficiently thick volumes of ice, resulting in subglacial lakes.

The Clausius-Clapeyron relation also applies to the boiling point, but with the
liquid/gas transition the vapor phase has a much lower density than the liquid
phase, so the boiling point increases with pressure.[69] Water can remain in a liquid
state at high temperatures in the deep ocean or underground. For example,
temperatures exceed 205 °C (401 °F) in OId Faithful, a geyser in Yellowstone National

Pork.[70] In hydrothermal vents, the temperature can exceed 400 °C (752 0F).[7]]

At sea level, the boiling point of water is 100 °C (212 °F). As atmospheric pressure
decreases with altitude, the boiling point decreases by 1°C every 274 meters. High-
altitude cooking takes longer than sea-level cooking. For example, at 1,524 metres
(5,000 ft), cooking time must be increased by a fourth to achieve the desired result]
72] Conversely, a pressure cooker can be used to decrease cooking times by raising

the boiling temperoture.[73] In a vacuum, water will boil at room temperoture.[74]

Triple and critical points

[edit]

Phase diagram of water



On a pressure/temperature phase diagram (see figure), there are curves separating
solid from vapor, vapor from liquid, and liquid from solid. These meet at a single point
called the triple point, where all three phases can coexist. The triple point is at a
temperature of 273.16 K (0.01 °C; 32.02 °F) and a pressure of 611.657 pascals

(0.00604 atm; 0.0887 psi);[75] it is the lowest pressure at which liquid water can exist.
Until 2019, the triple point was used to define the Kelvin temperature scole.[76] [77]
The water/vapor phase curve terminates at 647.096 K (373.946 °C; 705.103 °F) and
22.064 megapascals (3,200.1 psi; 217.75 otm).[78] This is known as the critical point. At
higher temperatures and pressures the liquid and vapor phases form a continuous
phase called a supercritical fluid. It can be gradually compressed or expanded
between gas-like and liquid-like densities; its properties (which are quite different
from those of ambient water) are sensitive to density. For example, for suitable
pressures and temperatures it can mix freely with nonpolar compounds, including
most organic compounds. This makes it useful in a variety of applications including
high-temperature electrochemistry and as an ecologically benign solvent or catalyst
in chemical reactions involving organic compounds. In Earth’'s mantle, it acts as a

solvent during mineral formation, dissolution and deposition.[79][80]

Phases of ice and water

[edit]

Main article: Ice

The normal form of ice on the surface of Earth is ice Ih’ a phase that forms crystals
with hexagonal symmetry Another with cubic crystalline symmetry, ice I can occur
in the upper atmosphere. [ ] As the pressure increases, ice forms other Crystol

structures. As of 2024, twenty have been experimentally confirmed and several more



are predicted theoreticolly.[82] The eighteenth form of ice, ice XVIII, a face-centred-
cubic, superionic ice phase, was discovered when a droplet of water was subject to a
shock wave that raised the water's pressure to millions of atmospheres and its
temperature to thousands of degrees, resulting in a structure of rigid oxygen atoms

in which hydrogen atoms flowed freely.| ] When sandwiched between layers of

graphene, ice forms a square Iottice.[85]

The details of the chemical nature of liquid water are not well understood; some

theories suggest that its unusual behavior is due to the existence of two liquid states.
[59][86][87][88]

Taste and odor
[edit]

Pure water is usually described as tasteless and odorless, although humans have
specific sensors that can feel the presence of water in their mouths,[89] [90] and
frogs are known to be able to smell it.[gl] However, water from ordinary sources
(including mineral water) usually has many dissolved substances that may give it
varying tastes and odors. Humans and other animals have developed senses that
enable them to evaluate the potability of water to avoid water that is too salty or

putrid.[92]

Color and appearance

[edit]
Main article: Color of water

See also: Electromagnetic absorption by water



Pure water is visibly blue due to absorption of light in the region c. 600-800 nm.[93]
The color can be easily observed in a glass of tap-water placed against a pure white
background, in daylight. The principal absorption bands responsible for the color are
overtones of the O—H stretching vibrations. The apparent intensity of the color
increases with the depth of the water column, following Beer's law. This also applies,
for example, with a swimming pool when the light source is sunlight reflected from

the pool's white tiles.

In nature, the color may also be modified from blue to green due to the presence of

suspended solids or algae.

In industry, near-infrared spectroscopy is used with aqueous solutions as the greater
intensity of the lower overtones of water means that glass cuvettes with short path-
length may be employed. To observe the fundamental stretching absorption
spectrum of water or of an aqueous solution in the region around 3,500 Cm_]

(2.85 Ixm])94] a path length of about 25 Xm is needed. Also, the cuvette must be both
transparent around 3500 cm_] and insoluble in water; calcium fluoride is one

material that is in common use for the cuvette windows with aqueous solutions.

The Raman-active fundamental vibrations may be observed with, for example, a

1 cm sample cell.

Aquatic plants, algae, and other photosynthetic organisms can live in water up to
hundreds of meters deep, because sunlight can reach them. Practically no sunlight

reaches the parts of the oceans below 1,000 metres (3,300 ft) of depth.

The refractive index of liquid water (1.333 at 20 °C (68 °F)) is much higher than that of
air (1.0), similar to those of alkanes and ethanol, but lower than those of glycerol
(1.473), benzene (1.501), carbon disulfide (1.627), and common types of glass (1.4 to

1.6). The refraction index of ice (1.31) is lower than that of liquid water.



Molecular polarity

[edit]

Tetrahedral structure of water

In a water molecule, the hydrogen atoms form a 104.5° angle with the oxygen atom.
The hydrogen atoms are close to two corners of a tetrahedron centered on the
oxygen. At the other two corners are lone pairs of valence electrons that do not
participate in the bonding. In a perfect tetrahedron, the atoms would form a 109.5°
angle, but the repulsion between the lone pairs is greater than the repulsion between

95][96

the hydrogen atoms.| ] The O—H bond length is about 0.096 nm.[97]

Other substances have a tetrahedral molecular structure, for example methane (CH
4) and hydrogen sulfide (H

»S). However, oxygen is more electronegative than most other elements, so the
oxygen atom has a negative partial charge while the hydrogen atoms are partially
positively charged. Along with the bent structure, this gives the molecule an electrical

dipole moment and it is classified as a polar molecule.[98]

Water is a good polar solvent, dissolving many salts and hydrophilic organic

molecules such as sugars and simple alcohols such as ethanol. Water also dissolves



many gases, such as oxygen and carbon dioxide—the latter giving the fizz of
carbonated beverages, sparkling wines and beers. In addition, many substances in
living organisms, such as proteins, DNA and polysaccharides, are dissolved in water.
The interactions between water and the subunits of these biomacromolecules shape
protein folding, DNA base pairing, and other phenomena crucial to life (hydrophobic

effect).

Many organic substances (such as fats and oils and alkanes) are hydrophobic, that
is, insoluble in water. Many inorganic substances are insoluble too, including most

metal oxides, sulfides, and silicates.

Hydrogen bonding

[edit]
See also: Chemical bonding of water

Model of hydrogen bonds (1) between molecules of water

Because of its polarity, a molecule of water in the liquid or solid state can form up to
four hydrogen bonds with neighboring molecules. Hydrogen bonds are about ten
times as strong as the Van der Waals force that attracts molecules to each other in

most liquids. This is the reason why the melting and boiling points of water are much



higher than those of other analogous compounds like hydrogen sulfide. They also
explain its exceptionally high specific heat capacity (about 4.2 J/(g-K)), heat of fusion
(about 333 J/g), heat of vaporization (2257 J/g), and thermal conductivity (between
0.561 and 0.679 W/(m-K)). These properties make water more effective at moderating
Earth's climate, by storing heat and transporting it between the oceans and the
atmosphere. The hydrogen bonds of water are around 23 kJ/mol (compared to a
covalent O-H bond at 492 kJ/mol). Of this, it is estimated that 90% is attributable to

electrostatics, while the remaining 10% is partially covalent.[gg]

These bonds are the cause of water's high surface tension[]oo] and capillary forces.
The capillary action refers to the tendency of water to move up a narrow tube
against the force of gravity. This property is relied upon by all vascular plants, such as

[ ]

trees. citation needed

Specific heat capacity of water[lm]

Self-ionization

[edit]

Main article: Self-ionization of water

Water is a weak solution of hydronium hydroxide—there is an equilibrium 2H

20 Aca€iA H



+
30

+ OH

, in combination with solvation of the resulting hydronium and hydroxide ions.

Electrical conductivity and electrolysis
[edit]

Pure water has a low electrical conductivity, which increases with the dissolution of a

small amount of ionic material such as common salt.

Liquid water can be split into the elements hydrogen and oxygen by passing an
electric current through it—a process called electrolysis. The decomposition requires
more energy input than the heat released by the inverse process (285.8 kJ/mol, or
15.9 MJ/kg).[]O2]

Mechanical properties
[edit]

Liquid water can be assumed to be incompressible for most purposes: its

-1

compressibility ranges from 4.4 to 5.1 x 10_]0 Pa " in ordinary conditions.[]03] Evenin

oceans at 4 km depth, where the pressure is 400 atm, water suffers only a 1.8%

decrease in volume.[104]

The viscosity of water is about 10 Pars or 0.01 poise at 20 °C (68 °F), and the speed
of sound in liquid water ranges between 1,400 and 1,540 metres per second (4,600
and 5,100 ft/s) depending on temperature. Sound travels long distances in water with
little attenuation, especially at low frequencies (roughly 0.03 dB/km for 1kHz), a

property that is exploited by cetaceans and humans for communication and



. . 105
environment sensing (sonar).[ =]

Reactivity
[edit]

Metallic elements which are more electropositive than hydrogen, particularly the
alkali metals and alkaline earth metals such as lithium, sodium, calcium, potassium
and caesium displace hydrogen from water, forming hydroxides and releasing
hydrogen. At high temperatures, carbon reacts with steam to form carbon monoxide

[ ]

and hydrogen.’citation needed

On Earth

[edit]

Main articles: Hydrology and Water distribution on Earth

Hydrology is the study of the movement, distribution, and quality of water throughout
the Earth. The study of the distribution of water is hydrography. The study of the
distribution and movement of groundwater is hydrogeology, of glaciers is glaciology,
of inland waters is limnology and distribution of oceans is oceanography. Ecological

processes with hydrology are in the focus of ecohydrology.

The collective mass of water found on, under, and over the surface of a planet is
called the hydrosphere. Earth's approximate water volume (the total water supply of

the world) is 1.386 billion cubic kilometres (333 million cubic miles).[24]

Liquid water is found in bodies of water, such as an ocean, seaq, lake, river, stream,
canal, pond, or puddle. The majority of water on Earth is seawater. Water is also

present in the atmosphere in solid, liquid, and vapor states. It also exists as



groundwater in aquifers.

Water is important in many geological processes. Groundwater is present in most
rocks, and the pressure of this groundwater affects patterns of faulting. Water in the
mantle is responsible for the melt that produces volcanoes at subduction zones. On
the surface of the Earth, water is important in both chemical and physical weathering
processes. Water, and to a lesser but still significant extent, ice, are also responsible
for a large amount of sediment transport that occurs on the surface of the earth.
Deposition of transported sediment forms many types of sedimentary rocks, which

make up the geologic record of Earth history.

Water cycle

[edit]
Main article: Water cycle

Water cycle

The water cycle (known scientifically as the hydrologic cycle) is the continuous
exchange of water within the hydrosphere, between the atmosphere, soil water,

surface water, groundwater, and plants.

Water moves perpetually through each of these regions in the water cycle consisting

of the following transfer processes:



o evaporation from oceans and other water bodies into the air and transpiration
from land plants and animals into the air.

o precipitation, from water vapor condensing from the air and falling to the earth
or ocean.

o runoff from the land usually reaching the sea.

Most water vapors found mostly in the ocean returns to it, but winds carry water
vapor over land at the same rate as runoff into the sea, about 47 Tt per year while
evaporation and transpiration happening in land masses also contribute another
72 Tt per year. Precipitation, at a rate of 119 Tt per year over land, has several forms:
most commonly rain, snow, and hail, with some contribution from fog and dew.[]OG]
Dew is small drops of water that are condensed when a high density of water vapor
meets a cool surface. Dew usually forms in the morning when the temperature is the
lowest, just before sunrise and when the temperature of the earth’s surface starts to

increqse.[]07] Condensed water in the air may also refract sunlight to produce

rainbows.

Water runoff often collects over watersheds flowing into rivers. Through erosion,
runoff shapes the environment creating river valleys and deltas which provide rich
soil and level ground for the establishment of population centers. A flood occurs
when an area of land, usually low-lying, is covered with water which occurs when a
river overflows its banks or a storm surge happens. On the other hand, drought is an
extended period of months or years when a region notes a deficiency in its water
supply. This occurs when a region receives consistently below average precipitation

either due to its topography or due to its location in terms of latitude.

Water resources

[edit]



Main article: Water resources

Water resources are natural resources of water that are potentially useful for
humons,[]OS] for example as a source of drinking water supply or irrigation water.
Water occurs as both "stocks” and "flows’. Water can be stored as lakes, water vapor,
groundwater or aquifers, and ice and snow. Of the total volume of global freshwater,
an estimated 69 percent is stored in glaciers and permanent snow cover; 30 percent
is in groundwater; and the remaining 1 percent in lakes, rivers, the atmosphere, and
biotq.[]og] The length of time water remains in storage is highly variable: some
aquifers consist of water stored over thousands of years but lake volumes may
fluctuate on a seasonal basis, decreasing during dry periods and increasing during
wet ones. A substantial fraction of the water supply for some regions consists of
water extracted from water stored in stocks, and when withdrawals exceed recharge,
stocks decrease. By some estimates, as much as 30 percent of total water used for
irrigation comes from unsustainable withdrawals of groundwater, causing

groundwater depletion.["o]

Seawater and tides

[edit]

Main articles: Seawater and Tides

Seawater contains about 3.5% sodium chloride on average, plus smaller amounts of
other substances. The physical properties of seawater differ from fresh water in some
important respects. It freezes at a lower temperature (about -1.9 °C (28.6 °F)) and its
density increases with decreasing temperature to the freezing point, instead of
reaching maximum density at a temperature above freezing. The salinity of water in
major seas varies from about 0.7% in the Baltic Sea to 4.0% in the Red Sea. (The Dead

Seq, known for its ultra-high salinity levels of between 30 and 40%, is really a salt



lake.)

Tides are the cyclic rising and falling of local sea levels caused by the tidal forces of
the Moon and the Sun acting on the oceans. Tides cause changes in the depth of the
marine and estuarine water bodies and produce oscillating currents known as tidal
streams. The changing tide produced at a given location is the result of the changing
positions of the Moon and Sun relative to the Earth coupled with the effects of Earth
rotation and the local bathymetry. The strip of seashore that is submerged at high
tide and exposed at low tide, the intertidal zone, is an important ecological product of

ocean tides.
The Bay of Fundy at high tide and low tide

High tide
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High tide

Low tide
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Low tide



Effects on life

[edit]

Overview of photosynthesis (green) and respiration (red)

From a biological standpoint, water has many distinct properties that are critical for
the proliferation of life. It carries out this role by allowing organic compounds to react
in ways that ultimately allow replication. All known forms of life depend on water.
Water is vital both as a solvent in which many of the body's solutes dissolve and as
an essential part of many metabolic processes within the body. Metabolism is the
sum total of anabolism and catabolism. In anabolism, water is removed from
molecules (through energy requiring enzymatic chemical reactions) to grow larger
molecules (e.g, starches, triglycerides, and proteins for storage of fuels and
information). In catabolism, water is used to break bonds to generate smaller
molecules (e.g. glucose, fatty acids, and amino acids to be used for fuels for energy
use or other purposes). Without water, these particular metabolic processes could

not exist.

Water is fundamental to both photosynthesis and respiration. Photosynthetic cells
use the sun's energy to split off water's hydrogen from oxygen.[m] In the presence of

sunlight, hydrogen is combined with CO
2



(absorbed from air or water) to form glucose and release oxygen.[nz] All living cells
use such fuels and oxidize the hydrogen and carbon to capture the sun’s energy and
reform water and CO

5 in the process (cellular respiration).

Water is also central to acid-base neutrality and enzyme function. An acid, a
hydrogen ion (H+

, that is, a proton) donor, can be neutralized by a base, a proton acceptor such as a
hydroxide ion (OH

) to form water. Water is considered to be neutral, with a pH (the negative log of the
hydrogen ion concentration) of 7 in an ideal state. Acids have pH values less than 7

while bases have values greater than 7.

Aquatic life forms

[edit]

Further information: Hydrobiology, Marine life, and Aquatic plant

Earth's surface waters are filled with life. The earliest life forms appeared in water;
nearly all fish live exclusively in water, and there are many types of marine mammails,
such as dolphins and whales. Some kinds of animals, such as amphibians, spend
portions of their lives in water and portions on land. Plants such as kelp and algae
grow in the water and are the basis for some underwater ecosystems. Plankton is

generally the foundation of the ocean food chain.

Aquatic vertebrates must obtain oxygen to survive, and they do so in various ways.
Fish have gills instead of lungs, although some species of fish, such as the lungfish,
have both. Marine mammails, such as dolphins, whales, otters, and seals need to

surface periodically to breathe air. Some amphibians are able to absorb oxygen



through their skin. Invertebrates exhibit a wide range of modifications to survive in
poorly oxygenated waters including breathing tubes (see insect and mollusc
siphons) and gills (Carcinus). However, as invertebrate life evolved in an aquatic

habitat most have little or no specialization for respiration in water.

Some of the biodiversity of a coral reef
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Some of the biodiversity
of a coral reef

Some marine diatoms A¢d,~G€ce a key phytoplankton group
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Some marine diatoms —

a key phytoplankton
group



Squat lobster and Alvinocarididae shrimp at the Von Damm hydrothermal field survive
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Squat lobster and
Alvinocarididae shrimp
at the Von Damm
hydrothermal field
survive by altered water

chemistry.

Effects on human civilization

[edit]

This section needs additional citations for verification. Please help improve
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Water fountain



Civilization has historically flourished around rivers and major waterways;
Mesopotamia, one of the so-called cradles of civilization, was situated between the
maijor rivers Tigris and Euphrates; the ancient society of the Egyptians depended
entirely upon the Nile. The early Indus Valley civilization (c. 3300 BCE — c. 1300 BCE)
developed along the Indus River and tributaries that flowed out of the Himalayas.
Rome was also founded on the banks of the Italian river Tiber. Large metropolises like
Rotterdam, London, Montreal, Paris, New York City, Buenos Aires, Shanghai, Tokyo,
Chicago, and Hong Kong owe their success in part to their easy accessibility via
water and the resultant expansion of trade. Islands with safe water ports, like
Singapore, have flourished for the same reason. In places such as North Africa and
the Middle East, where water is more scarce, access to clean drinking water was and

is a major factor in human development.

Health and pollution

[edit]

An environmental science program — a student from lowa State University

sampling water

Water fit for human consumption is called drinking water or potable water. Water
that is not potable may be made potable by filtration or distillation, or by a range of

other methods. More than 660 million people do not have access to safe drinking



water[13][M4]

Water that is not fit for drinking but is not harmful to humans when used for
swimming or bathing is called by various names other than potable or drinking
water, and is sometimes called safe water, or "safe for bathing”. Chlorine is a skin and
mucous membrane irritant that is used to make water safe for bathing or drinking. Its
use is highly technical and is usually monitored by government regulations (typically
1 part per million (ppm) for drinking water, and 1-2 ppm of chlorine not yet reacted
with impurities for bathing water). Water for bathing may be maintained in
satisfactory microbiological condition using chemical disinfectants such as chlorine

or ozone or by the use of ultraviolet light.

Water reclamation is the process of converting wastewater (most commonly
sewage, also called municipal wastewater) into water that can be reused for other
purposes. There are 2.3 billion people who reside in nations with water scarcities,
which means that each individual receives less than 1,700 cubic metres (60,000 cu ft)

12

of water annually. 380 billion cubic metres (13x10°“ cu ft) of municipal wastewater

are produced globally each year[2][0]["]

Freshwater is a renewable resource, recirculated by the natural hydrologic cycle, but
pressures over access to it result from the naturally uneven distribution in space and
time, growing economic demands by agriculture and industry, and rising
populations. Currently, nearly a billion people around the world lack access to safe,
affordable water. In 2000, the United Nations established the Millennium
Development Goals for water to halve by 2015 the proportion of people worldwide
without access to safe water and sanitation. Progress toward that goal was uneven,
and in 2015 the UN committed to the Sustainable Development Goals of achieving
universal access to safe and affordable water and sanitation by 2030. Poor water

quality and bad sanitation are deadly; some five million deaths a year are caused by



water-related diseases. The World Health Organization estimates that safe water

could prevent 1.4 million child deaths from diarrhea each year.["8]

In developing countries, 90% of all municipal wastewater still goes untreated into
local rivers and streoms.["g] Some 50 countries, with roughly a third of the world's
population, also suffer from medium or high water scarcity and 17 of these extract
more water annually than is recharged through their natural water cycles.[]zo] The
strain not only affects surface freshwater bodies like rivers and lakes, but it also

degrades groundwater resources.

Human uses

[edit]
Further information: Water supply

Total water withdrawals for agricultural, industrial and municipal purposes

per capita, measured in cubic metres (m3) per year in 2010[]2]]

Agriculture



[edit]

The most substantial human use of water is for agriculture, including irrigated
agriculture, which accounts for as much as 80 to 90 percent of total human water
Consumption.[122] In the United States, 42% of freshwater withdrawn for use is for
irrigation, but the vast maijority of water “consumed” (used and not returned to the

environment) goes to ogriculture.[123]

Access to fresh water is often taken for granted, especially in developed countries
that have built sophisticated water systems for collecting, purifying, and delivering
water, and removing wastewater. But growing economic, demographic, and climatic
pressures are increasing concerns about water issues, leading to increasing
competition for fixed water resources, giving rise to the concept of peak water.[]24]
As populations and economies continue to grow, consumption of water-thirsty meat
expands, and new demands rise for biofuels or new water-intensive industries, new

water challenges are Iiker.[]25]

An assessment of water management in agriculture was conducted in 2007 by the
International Water Management Institute in Sri Lanka to see if the world had
sufficient water to provide food for its growing populotion.[]%] It assessed the
current availability of water for agriculture on a global scale and mapped out
locations suffering from water scarcity. It found that a fifth of the world's people, more
than 1.2 billion, live in areas of physical water scarcity, where there is not enough
water to meet all demands. A further 1.6 billion people live in areas experiencing
economic water scarcity, where the lack of investment in water or insufficient human
capacity make it impossible for authorities to satisfy the demand for water. The
report found that it would be possible to produce the food required in the future, but
that continuation of today's food production and environmental trends would lead to

crises in many parts of the world. To avoid a global water crisis, farmers will have to



strive to increase productivity to meet growing demands for food, while industries

and cities find ways to use water more efficiently.[]27]

Water scarcity is also caused by production of water intensive products. For example,
cotton: 1 kg of cotton—equivalent of a pair of jeans—requires 10.9 cubic metres

(380 cu ft) water to produce. While cotton accounts for 2.4% of world water use, the
water is consumed in regions that are already at a risk of water shortage. Significant
environmental damage has been caused: for example, the diversion of water by the
former Soviet Union from the Amu Darya and Syr Darya rivers to produce cotton was

largely responsible for the disappearance of the Aral Sea.[]28]

Water requirement per tonne of food product

Image not found or type unknown
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Irrigation of field crops

Image not found or type unknown
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As a scientific standard

[edit]

On 7 April 1795, the gram was defined in France to be equal to "the absolute weight of
a volume of pure water equal to a cube of one-hundredth of a meter, and at the
temperature of melting ice".[]29] For practical purposes though, a metallic reference
standard was required, one thousand times more massive, the kilogram. Work was
therefore commissioned to determine precisely the mass of one liter of water. In spite
of the fact that the decreed definition of the gram specified water at 0 °C (32 °F)—a
highly reproducible temperature—the scientists chose to redefine the standard and to
perform their measurements at the temperature of highest water density, which was

measured at the time as 4 °C (39 0F).[]?’o]

The Kelvin temperature scale of the Sl system was based on the triple point of water,
defined as exactly 273.16 K (0.01°C; 32.02 °F), but as of May 2019 is based on the
Boltzmmann constant instead. The scale is an absolute temperature scale with the
same increment as the Celsius temperature scale, which was originally defined
according to the boiling point (set to 100 °C (212 °F)) and melting point (set to 0 °C
(32 °F)) of water.



Natural water consists mainly of the isotopes hydrogen-1and oxygen-16, but there is
also a small quantity of heavier isotopes oxygen-18, oxygen-17, and hydrogen-2
(deuterium). The percentage of the heavier isotopes is very small, but it still affects
the properties of water. Water from rivers and lakes tends to contain less heavy
isotopes than seawater. Therefore, standard water is defined in the Vienna Standard

Mean Ocean Water specification.

For drinking

[edit]
Main article: Drinking water

A young girl drinking bottled water

Water availability: the fraction of the population using improved water

sources by country



Roadside fresh water outlet from glacier, Nubra

The human body contains from 55% to 78% water, depending on body size.[]S]] [user-generai
To function properly, the body requires between one and seven litres (0.22 and

1.54 imp gal; 0.26 and 1.85 US gol)[citation needed] of water per day to avoid

dehydration; the precise amount depends on the level of activity, temperature,

humidity, and other factors. Most of this is ingested through foods or beverages other

than drinking straight water. It is not clear how much water intake is needed by

healthy people, though the British Dietetic Association advises that 2.5 liters of total

water daily is the minimum to maintain proper hydration, including 1.8 liters (6 to 7
glasses) obtained directly from beveroges.[]32] Medical literature favors a lower
consumption, typically 1 liter of water for an average male, excluding extra

requirements due to fluid loss from exercise or warm weather.[]33]

Healthy kidneys can excrete 0.8 to 1 liter of water per hour, but stress such as exercise
can reduce this amount. People can drink far more water than necessary while
exercising, putting them at risk of water intoxication (hyperhydration), which can be

fGtCII.[]34][]35

] The popular claim that "a person should consume eight glasses of
water per day” seems to have no real basis in science.[]%] Studies have shown that

extra water intake, especially up to 500 millilitres (18 imp fl 0z; 17 US fl oz) at mealtime,
137][138][139][140][141][142

3]

was associated with weight loss.| | Adequate fluid intake is

helpful in preventing constipction.[]4



Hazard symbol for non-potable water

An original recommendation for water intake in 1945 by the Food and Nutrition Board
of the U.S. National Research Council read: "An ordinary standard for diverse persons
is 1T milliliter for each calorie of food. Most of this quantity is contained in prepared

]44] The latest dietary reference intake report by the U.S. National Research

foods."[
Council in general recommended, based on the median total water intake from US
survey data (including food sources): 3.7 litres (0.81 imp gal; 0.98 US gal) for men and
2.7 litres (0.59 imp gal; 0.71 US gal) of water total for women, noting that water
contained in food provided approximately 19% of total water intake in the survey.[]45]
Specifically, pregnant and breastfeeding women need additional fluids to stay
hydrated. The US Institute of Medicine recommends that, on average, men consume
3 litres (0.66 imp gal; 0.79 US gal) and women 2.2 litres (0.48 imp gal; 0.58 US gal);
pregnant women should increase intake to 2.4 litres (0.53 imp gal; 0.63 US gal) and
breastfeeding women should get 3 liters (12 cups), since an especially large amount
of fluid is lost during nursing.[]46] Also noted is that normally, about 20% of water
intake comes from food, while the rest comes from drinking water and beverages
(caffeinated included). Water is excreted from the body in multiple forms; through

urine and feces, through sweating, and by exhalation of water vapor in the breath.

With physical exertion and heat exposure, water loss will increase and daily fluid



needs may increase as well.

Humans require water with few impurities. Common impurities include metal salts

| |

harmful bacteria, such as Vibrio. Some solutes are acceptable and even desirable for

and oxides, including copper, iron, calcium and Iead,[]47 full citation needed” and

taste enhancement and to provide needed electrolytes.[]48]

The single largest (by volume) freshwater resource suitable for drinking is Lake Baikal

in Siberia.[mg]

Washing

[edit]

This section is an excerpt from Washing.[edit]

A woman washes her hands with soap and water.



Washing is a method of cleaning, usually with water and soap or detergent. Regularly
washing and then rinsing both body and clothing is an essential part of good

hygiene and health.["°9][®"[1%?]

Often people use soaps and detergents to assist in the emulsification of oils and dirt
particles so they can be washed away. The soap can be applied directly, or with the

aid of a washcloth or assisted with sponges or similar cleaning tools.

In social contexts, washing refers to the act of bathing, or washing different parts of
the body, such as hands, hair, or faces. Excessive washing may damage the hair,

153] []54] Some washing of the

causing dandruff, or cause rough skin/skin lesions|
body is done ritually in religions like Christianity and Judaism, as an act of

purification.

Washing can also refer to washing objects. For example, washing of clothing or other
cloth items, like bedsheets, or washing dishes or cookwear. Keeping objects clean,
especially if they interact with food or the skin, can help with sanitation. Other kinds of
washing focus on maintaining cleanliness and durability of objects that get dirty,
such washing one's car, by lathering the exterior with car soap, or washing tools used
in a dirty process.



A private home washing machine

Transportation

[edit]

These paragraphs are an excerpt from Maritime transport[edit]

Maritime transport (or ocean transport) or more generally waterborne transport, is
the transport of people (passengers) or goods (cargo) via waterways. Freight
transport by watercraft has been widely used throughout recorded history, as it
provides a higher-capacity mode of transportation for passengers and cargo than
land transport, the latter typically being more costly per unit payload due to it being
affected by terrain conditions and road/rail infrastructures. The advent of aviation
during the 20th century has diminished the importance of sea travel for passengers,
though it is still popular for short trips and pleasure cruises. Transport by watercraft is
much cheaper than transport by aircraft or land vehicles (both road and roil),[]55]
but is significantly slower for longer journeys and heavily dependent on adequate

port facilities. Maritime transport accounts for roughly 80% of international trade,

according to UNCTAD in 2020.

Maritime transport can be realized over any distance as long as there are connecting
bodies of water that are navigable to boats, ships or barges such as oceans, lakes,
rivers and canals. Shipping may be for commerce, recreation, or military purposes,
and is an important aspect of logistics in human societies since early shipbuilding
and river engineering were developed, leading to canal ages in various civilizations.
While extensive inland shipping is less critical today, the major waterways of the

world including many canals are still very important and are integral parts of



worldwide economies. Particularly, especially any material can be moved by water;
however, water transport becomes impractical when material delivery is time-critical
such as various types of perishable produce. Still, water transport is highly cost
effective with regular schedulable cargoes, such as trans-oceanic shipping of
consumer products — and especially for heavy loads or bulk cargos, such as codl,
coke, ores or grains. Arguably, the Industrial Revolution had its first impacts where
cheap water transport by canal, navigations, or shipping by all types of watercraft on
natural waterways supported cost-effective bulk transport.

Containerization revolutionized maritime transport starting in the 1970s. "General
cargo’ includes goods packaged in boxes, cases, pallets, and barrels. When a cargo

is carried in more than one mode, it is intermodal or co-modal.

Chemical uses

[edit]

Water is widely used in chemical reactions as a solvent or reactant and less
commonly as a solute or catalyst. In inorganic reactions, water is a common solvent,
dissolving many ionic compounds, as well as other polar compounds such as
ammonia and compounds closely related to water. In organic reactions, it is not
usually used as a reaction solvent, because it does not dissolve the reactants well
and is amphoteric (acidic and basic) and nucleophilic. Nevertheless, these properties
are sometimes desirable. Also, acceleration of Diels-Alder reactions by water has
been observed. Supercritical water has recently been a topic of research. Oxygen-

saturated supercritical water combusts organic pollutants efficiently.

Heat exchange



[edit]

Water and steam are a common fluid used for heat exchange, due to its availability
and high heat capacity, both for cooling and heating. Cool water may even be
naturally available from a lake or the sea. It is especially effective to transport heat
through vaporization and condensation of water because of its large latent heat of
vaporization. A disadvantage is that metals commmonly found in industries such as
steel and copper are oxidized faster by untreated water and steam. In almost all
thermal power stations, water is used as the working fluid (used in a closed-loop
between boiler, steam turbine, and condenser), and the coolant (used to exchange
the waste heat to a water body or carry it away by evaporation in a cooling tower). In

the United States, cooling power plants is the largest use of woter.[]56]

In the nuclear power industry, water can also be used as a neutron moderator. In
most nuclear reactors, water is both a coolant and a moderator. This provides
something of a passive safety measure, as removing the water from the reactor also
slows the nuclear reaction down. However other methods are favored for stopping a
reaction and it is preferred to keep the nuclear core covered with water so as to

ensure adequate cooling.

Fire considerations

[edit]



Water is used for fighting wildfires.

Water has a high heat of vaporization and is relatively inert, which makes it a good
fire extinguishing fluid. The evaporation of water carries heat away from the fire. It is
dangerous to use water on fires involving oils and organic solvents because many

organic materials float on water and the water tends to spread the burning liquid.

Use of water in fire fighting should also take into account the hazards of a steam
explosion, which may occur when water is used on very hot fires in confined spaces,
and of a hydrogen explosion, when substances which react with water, such as
certain metals or hot carbon such as coal, charcoal, or coke graphite, decompose

the water, producing water gas.

The power of such explosions was seen in the Chernobyl disaster, although the water
involved in this case did not come from fire-fighting but from the reactor's own water
cooling system. A steam explosion occurred when the extreme overheating of the
core caused water to flash into steam. A hydrogen explosion may have occurred as

a result of a reaction between steam and hot zirconium.

Some metallic oxides, most notably those of alkali metals and alkaline earth metals,
produce so much heat in reaction with water that a fire hazard can develop. The
alkaline earth oxide quicklime, also known as calcium oxide, is a mass-produced
substance that is often transported in paper bags. If these are soaked through, they

may ignite as their contents react with Woter.[]57]



Recreation

[edit]
Main article: Water sport (recreation)

San Andrés island, Colombia

Humans use water for many recreational purposes, as well as for exercising and for
sports. Some of these include swimming, waterskiing, boating, surfing and diving. In
addition, some sports, like ice hockey and ice skating, are played on ice. Lakesides,
beaches and water parks are popular places for people to go to relax and enjoy
recreation. Many find the sound and appearance of flowing water to be calming, and
fountains and other flowing water structures are popular decorations. Some keep fish
and other flora and fauna inside aquariums or ponds for show, fun, and
companionship. Humans also use water for snow sports such as skiing, sledding,
snowmobiling or snowboarding, which require the water to be at a low temperature

either as ice or crystallized into snow.

Water industry

[edit]

The water industry provides drinking water and wastewater services (including

sewage treatment) to households and industry. Water supply facilities include water



wells, cisterns for rainwater harvesting, water supply networks, and water purification
facilities, water tanks, water towers, water pipes including old aqueducts.

Atmospheric water generators are in development.

Drinking water is often collected at springs, extracted from artificial borings (wells) in
the ground, or pumped from lakes and rivers. Building more wells in adequate places
is thus a possible way to produce more water, assuming the aquifers can supply an
adequate flow. Other water sources include rainwater collection. Water may require
purification for human consumption. This may involve the removal of undissolved
substances, dissolved substances and harmful microbes. Popular methods are
filtering with sand which only removes undissolved material, while chlorination and
boiling kill harmful microbes. Distillation does all three functions. More advanced
techniques exist, such as reverse osmosis. Desalination of abundant seawater is a

more expensive solution used in coastal arid climates.

The distribution of drinking water is done through municipal water systems, tanker
delivery or as bottled water. Governments in many countries have programs to

distribute water to the needy at no charge.

Reducing usage by using drinking (potable) water only for human consumption is
another option. In some cities such as Hong Kong, seawater is extensively used for

flushing toilets citywide to conserve freshwater resources.

Polluting water may be the biggest single misuse of water; to the extent that a
pollutant limits other uses of the water, it becomes a waste of the resource,
regardless of benefits to the polluter. Like other types of pollution, this does not enter
standard accounting of market costs, being conceived as externalities for which the
market cannot account. Thus other people pay the price of water pollution, while the

private firms' profits are not redistributed to the local population, victims of this



pollution. Pharmaceuticals consumed by humans often end up in the waterways and
can have detrimental effects on aquatic life if they bioaccumulate and if they are not

biodegradable.

Municipal and industrial wastewater are typically treated at wastewater treatment
plants. Mitigation of polluted surface runoff is addressed through a variety of

prevention and treatment techniques.

A water-carrier in Indig, 1882. In many places where running water is not available, wa
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A water-carrier in Indiq,
1882. In many places
where running water is
not available, water has
to be transported by
people.

A manual water pump in China

Image not found or type unknown



A manual water pump in
China

Water purification facility

Image not found or type unknown

Water purification facility

Reverse osmosis (RO) desalination plant in Barcelona, Spain

Image not found or type unknown

Reverse osmosis (RO)
desalination plantin

Barcelonaq, Spain

Industrial applications

[edit]

Many industrial processes rely on reactions using chemicals dissolved in water,
suspension of solids in water slurries or using water to dissolve and extract
substances, or to wash products or process equipment. Processes such as mining,

chemical pulping, pulp bleaching, paper manufacturing, textile production, dyeing,



printing, and cooling of power plants use large amounts of water, requiring a

dedicated water source, and often cause significant water pollution.

Water is used in power generation. Hydroelectricity is electricity obtained from
hydropower. Hydroelectric power comes from water driving a water turbine
connected to a generator. Hydroelectricity is a low-cost, non-polluting, renewable
energy source. The energy is supplied by the motion of water. Typically a dam is
constructed on a river, creating an artificial lake behind it. Water flowing out of the
lake is forced through turbines that turn generators.

Ima

Three Gorges Dam is the largest hydro-electric power station in the world.

Pressurized water is used in water blasting and water jet cutters. High pressure water
guns are used for precise cutting. It works very well, is relatively safe, and is not
harmful to the environment. It is also used in the cooling of machinery to prevent

overheating, or prevent saw blades from overheating.

Water is also used in many industrial processes and machines, such as the steam
turbine and heat exchanger, in addition to its use as a chemical solvent. Discharge of
untreated water from industrial uses is pollution. Pollution includes discharged

solutes (chemical pollution) and discharged coolant water (thermal pollution).



Industry requires pure water for many applications and uses a variety of purification

techniques both in water supply and discharge.

Food processing

[edit]

Water can be used to cook foods such as noodles.

Sterile water for injection

Boiling, steaming, and simmering are popular cooking methods that often require
immersing food in water or its gaseous state, steom.[]58] Water is also used for

dishwashing. Water also plays many critical roles within the field of food science.



Solutes such as salts and sugars found in water affect the physical properties of
water. The boiling and freezing points of water are affected by solutes, as well as air
pressure, which is in turn affected by altitude. Water boils at lower temperatures with
the lower air pressure that occurs at higher elevations. One mole of sucrose (sugar)
per kilogram of water raises the boiling point of water by 0.51 °C (0.918 °F), and one
mole of salt per kg raises the boiling point by 1.02 °C (1.836 °F); similarly, increasing

the number of dissolved particles lowers water's freezing point.[]59]

Solutes in water also affect water activity that affects many chemical reactions and

]60] Water activity can be described as a ratio of the

159

the growth of microbes in food.|
vapor pressure of water in a solution to the vapor pressure of pure water[ ~ | Solutes
in water lower water activity—this is important to know because most bacterial
growth ceases at low levels of water activity.[]60] Not only does microbial growth

affect the safety of food, but also the preservation and shelf life of food.

Water hardness is also a critical factor in food processing and may be altered or
treated by using a chemical ion exchange system. It can dramatically affect the
quality of a product, as well as playing a role in sanitation. Water hardness is
classified based on concentration of calcium carbonate the water contains. Water is

classified as soft if it contains less than 100 mg/L (UK)[]G]] or less than 60 mg/L (US).[
]62]

According to a report published by the Water Footprint organization in 2010, a single
kilogram of beef requires 15 thousand litres (3.3 ><103 imp gal; 4.0 ><1O3 US gal) of
water; however, the authors also make clear that this is a global average and

circumstantial factors determine the amount of water used in beef production.[]63]

Medical use



[edit]

Water for injection is on the World Health Organization's list of essential medicines]
164]

Distribution in nature
[edit]
In the universe

[edit]

Band 5 ALMA receiver is an instrument specifically designed to detect water

in the universe.[]65]

Much of the universe's water is produced as a byproduct of star formation. The
formation of stars is accompanied by a strong outward wind of gas and dust. When
this outflow of material eventually impacts the surrounding gas, the shock waves
that are created compress and heat the gas. The water observed is quickly produced

in this warm dense gos.[]66]

On 22 July 2011, a report described the discovery of a gigantic cloud of water vapor
containing "140 trillion times more water than all of Earth's oceans combined” around
a quasar located 12 billion light years from Earth. According to the researchers, the

"discovery shows that water has been prevalent in the universe for nearly its entire



existence".[167] []68]

Water has been detected in interstellar clouds within the Milky Woy.[]69] Water
probably exists in abundance in other galaxies, too, because its components,
hydrogen, and oxygen, are among the most abundant elements in the universe.
Based on models of the formation and evolution of the Solar System and that of
other star systems, most other planetary systems are likely to have similar

ingredients.

Water vapor

[edit]
Water is present as vapor in:

o Atmosphere of the Sun: in detectable trace qmounts[wo]
o Atmosphere of Mercury: 3.4%, and large amounts of water in Mercury's

exosphere[m]

o Atmosphere of Venus: 0.002%[172]

o Earth's atmosphere: K0.40% over full atmosphere, typically 1-4% at surface

o Atmosphere of the Moon: in trace omounts[wg]

o Atmosphere of Mars: 0.03%[174]

o Atmosphere of Ceres['"°]

o Atmosphere of Jupiter: 0.0004% in ices only; and that of its moon Europa

]77]
o Atmosphere of Saturn — in ices only; Enceladus: 91%[]78] and Dione (exosphere)[citatior
o Atmosphere of Uranus — in trace amounts below 50 bar

o Atmosphere of Neptune — found in the deeper oners[wg]



180] and HD

o Extrasolar planet atmospheres: including those of HD 189733 b
009458 b,[18] 182 183][184

and WASP-19b.[

] Tau Boétis b,[ =] HAT-P-TIb, ] XO-1b, WASP-12b, WASP-17b,

]85]

o Stellar atmospheres: not limited to cooler stars and even detected in giant hot
stars such as Betelgeuse, Mu Cephei, Antares and Arcturus.[184] []86]
o Circumstellar disks: including those of more than half of T Tauri stars such as AA

18711188 |rc +10216['®9] and APM 08279+5255,]
186

Touri[184] as well as TW Hydrae,[

]67][]68] VY Canis Majoris and S Persei.

Liquid water

[edit]
Further information: List of largest lakes and seas in the Solar System and

Extraterrestrial liquid water

Liquid water is present on Earth, covering 71% of its surfoce.[23] Liquid water is also
occasionally present in small amounts on Mors.[]go] Scientists believe liquid water is

present in the Saturnian moons of Enceladus, as a 10-kilometre thick ocean

approximately 30—40 kilometers below Enceladus’ south polar surface] and

Titan, as a subsurface layer, possibly mixed with ammoniq.[]gs] Jupiter's moon
Europa has surface characteristics which suggest a subsurface liquid water ocean]

]94] Liquid water may also exist on Jupiter's moon Ganymede as a layer sandwiched

between high pressure ice and rock.[]%]

Water ice

[edit]



Water is present as ice on:

Water ice in the Korolev crater on Mars

Mars: under the regolith and at the poles.[]96] []97]

o Earth—Moon system: mainly as ice sheets on Earth and in Lunar craters and

198

volcanic rocks[ = -] NASA reported the detection of water molecules by NASA's

Moon Mineralogy Mapper aboard the Indian Space Research Organization's

Chandrayaan-1 spacecraft in September 2009.[]99]

o Jupiter's moons: Europa’s surface and also that of Gonymede[zog] and Callisto[
204] [205]

o Saturn: in the planet's ring system[zoa] and on the surface and mantle of Titan|
207 208]

06]

] and Enceladus]

o Pluto—Charon system[2

209,210 21
Il ]

o Comets]| ] and other related Kuiper belt and Oort cloud objects]
And is also likely present on:

o Mercury's poles[2]2]



o Tethys[2]3]

Exotic forms

[edit]

Water and other volatiles probably comprise much of the internal structures of
Uranus and Neptune and the water in the deeper layers may be in the form of ionic
water in which the molecules break down into a soup of hydrogen and oxygen ions,
and deeper still as superionic water in which the oxygen crystallizes, but the

hydrogen ions float about freely within the oxygen Iottice.[2]4]

Water and planetary habitability

[edit]

Further information: Water distribution on Earth and Planetary habitability

The existence of liquid water, and to a lesser extent its gaseous and solid forms, on
Earth are vital to the existence of life on Earth as we know it. The Earth is located in the
habitable zone of the Solar System; if it were slightly closer to or farther from the Sun
(about 5%, or about 8 million kilometers), the conditions which allow the three forms

to be present simultaneously would be far less likely to exist.[2]5] [216]

Earth's gravity allows it to hold an atmosphere. Water vapor and carbon dioxide in
the atmosphere provide a temperature buffer (greenhouse effect) which helps
maintain a relatively steady surface temperature. If Earth were smaller, a thinner
atmosphere would allow temperature extremes, thus preventing the accumulation of

]

water except in polar ice caps (as on Mors).[citation needed



The surface temperature of Earth has been relatively constant through geologic time
despite varying levels of incoming solar radiation (insolation), indicating that a
dynamic process governs Earth’'s temperature via a combination of greenhouse
gases and surface or atmospheric albedo. This proposal is known as the Gaia

[ ]

hypothesis. citation needed

The state of water on a planet depends on ambient pressure, which is determined by
the planet's gravity. If a planet is sufficiently massive, the water on it may be solid
even at high temperatures, because of the high pressure caused by gravity, as it was

observed on exoplanets Gliese 436 b[217] and GJ 1214 b.[2]8]

Law, politics, and crisis

[edit]

Main articles: Water law, Water right, and Water scarcity

wegend (bhis section needs to be updated. Please help update this article to reflect

recent events or newly available information. (June 2022)

An estimate of the proportion of people in developing countries with access

to potable water 1970-2000



Water politics is politics affected by water and water resources. Water, particularly
fresh water, is a strategic resource across the world and an important element in

many political conflicts. It causes health impacts and damage to biodiversity.

Access to safe drinking water has improved over the last decades in almost every
part of the world, but approximately one billion people still lack access to safe water
and over 2.5 billion lack access to adequate sonitotion.[zlg] However, some
observers have estimated that by 2025 more than half of the world population will be
facing water-based vulnerobility.[220] A report, issued in November 2009, suggests
that by 2030, in some developing regions of the world, water demand will exceed

supply by 50%.[221]

222] The

1.6 billion people have gained access to a safe water source since 1990]
proportion of people in developing countries with access to safe water is calculated

to have improved from 30% in 1970[223] to 71% in 1990, 79% in 2000, and 84% in 2004

219
]

A 2006 United Nations report stated that "there is enough water for everyone’, but
that access to it is hampered by mismanagement and corruption.[224] In addition,
global initiatives to improve the efficiency of aid delivery, such as the Paris
Declaration on Aid Effectiveness, have not been taken up by water sector donors as
effectively as they have in education and health, potentially leaving multiple donors
working on overlapping projects and recipient governments without empowerment

to act.[225]

The authors of the 2007 Comprehensive Assessment of Water Management in
Agriculture cited poor governance as one reason for some forms of water scarcity.
Water governance is the set of formal and informal processes through which

decisions related to water management are made. Good water governance is



primarily about knowing what processes work best in a particular physical and
socioeconomic context. Mistakes have sometimes been made by trying to apply
‘blueprints’ that work in the developed world to developing world locations and
contexts. The Mekong river is one example; a review by the International Water
Management Institute of policies in six countries that rely on the Mekong river for
water found that thorough and transparent cost-benefit analyses and
environmental impact assessments were rarely undertaken. They also discovered

that Cambodia's draft water law was much more complex than it needed to be.[226]

In 2004, the UK charity WaterAid reported that a child dies every 15 seconds from
easily preventable water-related diseases, which are often tied to a lack of adequate

sonitotion.[227] [228]

Since 2003, the UN World Water Development Report, produced by the UNESCO World
Water Assessment Programme, has provided decision-makers with tools for
developing sustainable water policies.[229] The 2023 report states that two billion
people (26% of the population) do not have access to drinking water and 3.6 billion
(46%) lack access to safely managed scmitotion.[230] People in urban areas

229] Water scarcity has been described

(2.4 billion) will face water scarcity by 2050
as endemic, due to overconsumption and poIIution.[23]] The report states that 10% of
the world's population lives in countries with high or critical water stress. Yet over the
past 40 years, water consumption has increased by around 1% per year, and is
expected to grow at the same rate until 2050. Since 2000, flooding in the tropics has
quadrupled, while flooding in northern mid-latitudes has increased by a factor of 2.5.

[232] The cost of these floods between 2000 and 2019 was 100,000 deaths and

$650 million.[22°]

Organizations concerned with water protection include the International Water

Association (IWA), WaterAid, Water 1st, and the American Water Resources



Association. The International Water Management Institute undertakes projects with
the aim of using effective water management to reduce poverty. Water related
conventions are United Nations Convention to Combat Desertification (UNCCD),
International Convention for the Prevention of Pollution from Ships, United Nations
Convention on the Law of the Sea and Ramsar Convention. World Day for Water takes

233 234]

place on 22 March[“~"] and World Oceans Day on 8 June.|

In culture
[edit]
Religion

[edit]
Main article: Water and religion
See also: Sacred waters

People come to Inda Abba Hadera spring (Inda Sillasie, Ethiopia) to wash in

holy water.

Water is considered a purifier in most religions. Faiths that incorporate ritual washing
(ablution) include Christianity,[235] Hinduism, Islam, Judaism, the Rastafari
movement, Shinto, Taoism, and Wicca. Immersion (or aspersion or affusion) of a

person in water is a central Sacrament of Christianity (where it is called baptism); it is



also a part of the practice of other religions, including Islam (Ghusl), Judaism (mikvah)
and Sikhism (Amrit Sanskar). In addition, a ritual bath in pure water is performed for
the dead in many religions including Islam and Judaism. In Islam, the five daily
prayers can be done in most cases after washing certain parts of the body using
clean water (wudu), unless water is unavailable (see Tayammum). In Shinto, water is

used in almost all rituals to cleanse a person or an area (e.g., in the ritual of misogi).

In Christianity, holy water is water that has been sanctified by a priest for the purpose

of baptism, the blessing of persons, places, and objects, or as a means of repelling

evil.[236][237]

In Zoroastrianism, water (A, A is respected as the source of Iife.[238]

Philosophy
[edit]

lcosahedron as a part of Spinoza monument in Amsterdam.

Image not found or type unknown

lcosahedron as a part of Spinoza monument in Amsterdam

The Ancient Greek philosopher Empedocles saw water as one of the four classical
elements (along with fire, earth, and air), and regarded it as an ylem, or basic

substance of the universe. Thales, whom Aristotle portrayed as an astronomer and



an engineer, theorized that the earth, which is denser than water, emerged from the
water. Thales, a monist, believed further that all things are made from water. Plato
believed that the shape of water is an icosahedron - flowing easily compared to the

cube-shaped eorth.[zsg]

The theory of the four bodily humors associated water with phlegm, as being cold
and moist. The classical element of water was also one of the five elements in

traditional Chinese philosophy (along with earth, fire, wood, and metal).

Some traditional and popular Asian philosophical systems take water as a role-
model. James Legge's 1891 translation of the Dao De Jing states, "The highest
excellence is like (that of) water. The excellence of water appears in its benefiting all
things, and in its occupying, without striving (to the contrary), the low place which all
men dislike. Hence (its way) is near to (that of) the Tao" and "There is nothing in the
world more soft and weak than water, and yet for attacking things that are firm and
strong there is nothing that can take precedence of it—for there is nothing (so
effectual) for which it can be chonged."[240] Guanzi in the "Shui di" AlA°A"A¥A“Ac
chapter further elaborates on the symbolism of water, proclaiming that ‘'man is
water’ and attributing natural qualities of the people of different Chinese regions to

the character of local water resources.[24]]

Folklore
[edit]

"Living water” features in Germanic and Slavic folktales as a means of bringing the
dead back to life. Note the Grimm fairy-tale ("The Water of Life") and the Russian
dichotomy of living [ru] and dead water [ru]. The Fountain of Youth represents a

related concept of magical waters allegedly preventing aging.



Art and activism
[edit]

In the significant modernist novel Ulysses (1922) by Irish writer James Joyce, the
chapter “lthaca” takes the form of a catechism of 309 questions and answers, one of

which is known as the "water hymn".[242

J:Aca,~A 91A¢a,~A According to Richard E.
Madtes, the hymn is not merely a ‘'monotonous string of facts”, rather, its phrases, like
their subject, "ebb and flow, heave and swell, gather and break, until they subside into
the calm quiescence of the concluding ‘pestilential fens, faded flowerwater, stagnant
pools in the waning moon."'[242]:,&¢d,—-,& 79A¢a,~A The hymn is considered one of the
most remarkable passages in Ithaca, and according to literary critic Hugh Kenner,
achieves "the improbable feat of raising to poetry all the clutter of footling

242

information that has accumulated in schoolbooks.[“"“]:A¢cd,—A 91A¢a,—~A The

literary motif of water represents the novel's theme of "everlasting, everchanging life,”

and the hymn represents the culmination of the motif in the novel.[242]

:Aca,—~A 91A¢a,~A The following is the hymn quoted in full [243]

What in water did Bloom, waterlover, drawer of water, watercarrier returning
to the range, admire?

Its universality: its democratic equality and constancy to its nature in
seeking its own level: its vastness in the ocean of Mercator’s projection: its
unplumbed profundity in the Sundam trench of the Pacific exceeding 8,000
fathoms: the restlessness of its waves and surface particles visiting in turn
all points of its seaboard: the independence of its units: the variability of
states of sea: its hydrostatic quiescence in calm: its hydrokinetic turgidity in
neap and spring tides: its subsidence after devastation: its sterility in the

circumpolar icecaps, arctic and antarctic: its climatic and commercial



significance: its preponderance of 3 to 1 over the dry land of the globe: its
indisputable hegemony extending in square leagues over all the region
below the subequatorial tropic of Capricorn: the multisecular stability of its
primeval basin: its luteofulvous bed: its capacity to dissolve and hold in
solution all soluble substances including millions of tons of the most
precious metals: its slow erosions of peninsulas and downwardtending
promontories: its alluvial deposits: its weight and volume and density: its
imperturbability in lagoons and highland tarns: its gradation of colours in
the torrid and temperate and frigid zones: its vehicular ramifications in
continental lakecontained streams and confluent oceanflowing rivers with
their tributaries and transoceanic currents: gulfstream, north and south
equatorial courses: its violence in seaquakes, waterspouts, artesian wells,
eruptions, torrents, eddies, freshets, spates, groundswells, watersheds,
waterpartings, geysers, cataracts, whirlpools, maelstroms, inundations,
deluges, cloudbursts: its vast circumterrestrial ahorizontal curve: its secrecy
in springs, and latent humidity, revealed by rhabdomantic or hygrometric
instruments and exemplified by the well by the hole in the wall at Ashtown
gate, saturation of air, distillation of dew: the simplicity of its composition,
two constituent parts of hydrogen with one constituent part of oxygen: its
healing virtues: its buoyancy in the waters of the Dead Sea: its persevering
penetrativeness in runnels, gullies, inadequate dams, leaks on shipboard: its
properties for cleansing, quenching thirst and fire, nourishing vegetation: its
infallibility as paradigm and paragon: its metamorphoses as vapour, mist,
cloud, rain, sleet, snow, hail: its strength in rigid hydrants: its variety of forms
in loughs and bays and gulfs and bights and guts and lagoons and atolls
and archipelagos and sounds and fjords and minches and tidal estuaries

and arms of sea: its solidity in glaciers, icebergs, icefloes: its docility in



working hydraulic millwheels, turbines, dynamos, electric power stations,
bleachworks, tanneries, scutchmills: its utility in canals, rivers, if navigable,
floating and graving docks: its potentiality derivable from harnessed tides
or watercourses falling from level to level: its submarine fauna and flora
(anacoustic, photophobe) numerically, if not literally, the inhabitants of the
globe: its ubiquity as constituting 90% of the human body: the noxiousness
of its effluvia in lacustrine marshes, pestilential fens, faded flowerwater,
stagnant pools in the waning moon.

The vast "water hymn" in James Joyce's novel Ulysses is occasioned when

the protagonist Leopold Bloom fills a kettle with water from a kitchen faucet.
[243]

Painter and activist Fredericka Foster curated The Value of Water, at the Cathedral of
[244] which anchored a year-long initiative by the
245] [246

St. John the Divine in New York City,
Cathedral on our dependence on water.| ] The largest exhibition to ever
appear at the Cothedrol,[247] it featured over forty artists, including Jenny Holzer,
Robert Longo, Mark Rothko, William Kentridge, April Gornik, Kiki Smith, Pat Steir, Alice

248] [249] Foster created Think About

Dalton Brown, Teresita Fernandez and Bill Viola |
Wc:ter,[250] [full citation needed] an ecological collective of artists who use water as
][fuII citation needed] Aviva

Rahmani, Betsy Damon, Diane Burko, Leila Daw, Stacy Levy, Charlotte Coté,[252]

their subject or medium. Members include Basia Irlond,[25]

Meridel Rubenstein, and Anna Macleod.



To mark the 10th anniversary of access to water and sanitation being declared a
human right by the UN, the charity WaterAid commissioned ten visual artists to show

the impact of clean water on people’s Iives.[253] [254]

Dihydrogen monoxide parody

[edit]

Main article: Dihydrogen monoxide parody

'Dihydrogen monoxide' is a technically correct but rarely used chemical name of
water. This name has been used in a series of hoaxes and pranks that mock scientific
illiteracy. This began in 1983, when an April Fools' Day article appeared in a
newspaper in Durand, Michigan. The false story consisted of safety concerns about

the substance.[255]

Music
[edit]

The word "Water" has been used by many Florida based rappers as a sort of
catchphrase or adlib. Rappers who have done this include BLP Kosher and Ski Mask
the Slump God.[256] To go even further some rappers have made whole songs
dedicated to the water in Florida, such as the 2023 Danny Towers song "Florida
Water".[257] Others have made whole songs dedicated to water as a whole, such as

XXXTentacion, and Ski Mask the Slump God with their hit song "H20".

See also

[edit]
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Outline of water — Overview of and topical guide to water

Water (data page) — Chemical data page for water is a collection of the
chemical and physical properties of water.

Aquaphobia - Persistent and abnormal fear of water

Blue roof — Roof of a building that is designed to provide temporary water
storage

Catchwater — Runoff catching or channeling device

Human right to water and sanitation

Hydroelectricity — Electricity generated by hydropower

List of waterfalls

Marine current power — Extraction of power from ocean currents

Marine energy — Energy available from oceans

Mpemba effect — Natural phenomenon that hot water freezes faster than cold
Oral rehydration therapy — Type of fluid replacement used to prevent and treat
dehydration

Osmotic power — Energy available from the difference in the salt concentration
between seawater and river water

Oxyhydrogen — Explosive mixture of hydrogen and oxygen gases

Properties of water — Physical and chemical properties of pure water
Rainwater tank — Container for collecting and storing rainwater

Thirst — Craving for potable fluids experienced by animals



o Tidal power — Technology to convert the energy from tides into useful forms of
power

o Water pinch analysis — systematic technique for reducing water consumption
and wastewater generation

o Wave power — Transport of energy by wind waves, and the capture of that
energy to do useful work

o Water filter — Device that removes impurities in water

o Water heat recycling — Use of a heat exchanger to recover energy and reuse
heat from drain water

o Water recycling shower — Showers that use a basin and a pump to re-use the
showering water

o Water-sensitive urban design — Integrated approach to urban water cycle

Notes
[edit]

1. A A commonly quoted value of 15.7 used mainly in organic chemistry for the pKO
of water is incorrect.[]z] []3]

2. A ab Vienna Standard Mean Ocean Water (VSMOW), used for calibration, melts
at 273.150089(10) K (0.000089(10) °C, and boils at 373.1339 K (99.9839 °C). Other
isotopic compositions melt or boil at slightly different temperatures.

3. A see the taste and odor section

4. A Other substances with this property include bismuth, silicon, germanium and

gallium.[57]
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About air conditioning

This article is about cooling of air. For the Curved Air album, see Air Conditioning
(album). For a similar device capable of both cooling and heating, see Heat pump.
"a/c" redirects here. For the abbreviation used in banking and book-keeping, see

Account (disambiguation). For other uses, see AC.
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There are various types of air
conditioners. Popular examples include:
Window-mounted air conditioner
(China, 2023); Ceiling-mounted
cassette air conditioner (China, 2023);
Wall-mounted air conditioner (Japan,
2020); Ceiling-mounted console (Also
called ceiling suspended) air
conditioner (China, 2023); and portable
air conditioner (Vatican City, 2018).



Air conditioning, often abbreviated as AJ/C (US) or air con (UK),[]] is the process of
removing heat from an enclosed space to achieve a more comfortable interior
temperature, and in some cases, also controlling the humidity of internal air. Air
conditioning can be achieved using a mechanical ‘air conditioner’ or through other
methods, such as passive cooling and ventilative cooling.[2] [3] Air conditioning is a
member of a family of systems and techniques that provide heating, ventilation, and
air conditioning (HvAC).[?] Heat pumps are similar in many ways to air conditioners

but use a reversing valve, allowing them to both heat and cool an enclosed spoce{B]

Air conditioners, which typically use vapor-compression refrigeration, range in size

from small units used in vehicles or single rooms to massive units that can cool large
- 67 A . .

buildings.[ ] Air source heat pumps, which can be used for heating as well as

cooling, are becoming increasingly common in cooler climates.

Air conditioners can reduce mortality rates due to higher temperoture.[7] According
to the International Energy Agency (IEA) 1.6 billion air conditioning units were used
globally in 2016.[8] The United Nations called for the technology to be made more
sustainable to mitigate climate change and for the use of alternatives, like passive
cooling, evaporative cooling, selective shading, windcatchers, and better thermal

insulation.

History
[edit]

Air conditioning dates back to prehistory.[g] Double-walled living quarters, with a
gap between the two walls to encourage air flow, were found in the ancient city of
Hamoukar, in modern Syrio.[]o] Ancient Egyptian buildings also used a wide variety of

passive air-conditioning techniques.["] These became widespread from the Iberian



Peninsula through North Africa, the Middle East, and Northern Indio.[]2]

Passive techniques remained widespread until the 20th century when they fell out of
fashion and were replaced by powered air conditioning. Using information from
engineering studies of traditional buildings, passive techniques are being revived
and modified for 2Ist-century architectural designs.[]s] []2]

An array of air conditioner condenser units outside a commercial office

building

Air conditioners allow the building's indoor environment to remain relatively constant,
largely independent of changes in external weather conditions and internal heat
loads. They also enable deep plan buildings to be created and have allowed people
to live comfortably in hotter parts of the worId.[M]

Development

[edit]
Preceding discoveries

[edit]

In 1558, Giambattista della Porta described a method of chilling ice to temperatures

far below its freezing point by mixing it with potassium nitrate (then called "nitre") in



]5] []6][]7] In 1620, Cornelis Drebbel

his popular science book Natural Magic. |
demonstrated "Turning Summer into Winter" for James | of England, chilling part of
the Great Hall of Westminster Abbey with an apparatus of troughs and vats.[]8]
Drebbel's contemporary Francis Bacon, like della Porta a believer in science
communication, may not have been present at the demonstration, but in a book
published later the same year, he described it as "experiment of artificial freezing"
and said that “Nitre (or rather its spirit) is very cold, and hence nitre or salt when
added to snow or ice intensifies the cold of the latter, the nitre by adding to its cold,

but the salt by supplying activity to the cold of the snow."[15]

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at the University of
Cambridge, conducted experiments applying the principle of evaporation as a
means to cool an object rapidly. Franklin and Hadley confirmed that the evaporation
of highly volatile liquids (such as alcohol and ether) could be used to drive down the
temperature of an object past the freezing point of water. They experimented with
the bulb of a mercury-in-glass thermometer as their object. They used a bellows to
speed up the evaporation. They lowered the temperature of the thermometer bulb
down to -14 °C (7 °F) while the ambient temperature was 18 °C (64 °F). Franklin noted
that soon after they passed the freezing point of water 0 °C (32 °F), a thin film of ice
formed on the surface of the thermometer's bulb and that the ice mass was about

6 mm (174 in) thick when they stopped the experiment upon reaching -14 °C (7 °F).
Franklin concluded: "From this experiment, one may see the possibility of freezing a

man to death on a warm summer's doy."[]g]

The 19th century included many developments in compression technology. In 1820,
English scientist and inventor Michael Faraday discovered that compressing and
liquefying ammonia could chill air when the liquefied ammonia was allowed to

evoporote.[zo] In 1842, Florida physician John Gorrie used compressor technology to



create ice, which he used to cool air for his patients in his hospital in Apalachicolq,
Florida. He hoped to eventually use his ice-making machine to regulate the

20] [21] He envisioned centralized air conditioning that

temperature of buildings.|
could cool entire cities. Gorrie was granted a patent in 1851,[22] but following the
death of his main backer, he was not able to realize his invention.[23] In 1851, James
Harrison created the first mechanical ice-making machine in Geelong, Australia, and
was granted a patent for an ether vapor-compression refrigeration system in 1855
that produced three tons of ice per day.[24] In 1860, Harrison established a second
ice company. He later entered the debate over competing against the American

advantage of ice-refrigerated beef sales to the United Kingdom.[24]

First devices

[edit]

Willis Carrier, who is credited with building the first modern electrical air

conditioning unit

Electricity made the development of effective units possible. In 1901, American

inventor Willis H. Carrier built what is considered the first modern electrical air



25][26][27][28] In 1902, he installed his first air-conditioning system

conditioning unit.[
in the Sackett-Wilhelms Lithographing & Publishing Company in Brooklyn, New York]
29] His invention controlled both the temperature and humidity, which helped
maintain consistent paper dimensions and ink alignment at the printing plant. Later,
together with six other employees, Carrier formed The Carrier Air Conditioning
Company of America, a business that in 2020, employed 53,000 people and was

valued at $18.6 biIIion.[BO][S]]

In 1906, Stuart W. Cramer of Charlotte, North Carolina, was exploring ways to add
moisture to the air in his textile mill. Cramer coined the term "air conditioning” in a
patent claim which he filed that year, where he suggested that air conditioning was
analogous to "water conditioning’, then a well-known process for making textiles
easier to process.[sz] He combined moisture with ventilation to "condition” and
change the air in the factories, thus controlling the humidity that is necessary in
textile plants. Willis Carrier adopted the term and incorporated it into the name of his

33
company.[~”]

Domestic air conditioning soon took off. In 1914, the first domestic air conditioning was
installed in Minneapolis in the home of Charles Gilbert Gates. It is, however, possible
that the considerable device (c.21m x 1.8 m x 6.1 m; 7 ft x 6 ft x 20 ft) was never
used, as the house remained uninhqbited[zo] (Gates had already died in October

1913.)

In 1931, H.H. Schultz and J.Q. Sherman developed what would become the most
common type of individual room air conditioner: one designed to sit on a window
ledge. The units went on sale in 1932 at US$10,000 to $50,000 (the equivalent of
$200,000 to $1,200,000 in 2024.)[20] A year later, the first air conditioning systems for
cars were offered for sole.[34] Chrysler Motors introduced the first practical semi-

portable air conditioning unit in 1935,[35] and Packard became the first automobile



manufacturer to offer an air conditioning unit in its cars in 1939.[36]

Further development

[edit]

Innovations in the latter half of the 20th century allowed more ubiquitous air
conditioner use. In 1945, Robert Sherman of Lynn, Massachusetts, invented a portable,
in-window air conditioner that cooled, heated, humidified, dehumidified, and filtered
the 0ir.[37] The first inverter air conditioners were released in 1980—1981.[38] [39]

In 1954, Ned Cole, a 1939 architecture graduate from the University of Texas at Austin,
developed the first experimental "suburb” with inbuilt air conditioning in each house.
22 homes were developed on a flat, treeless track in northwest Austin, Texas, and the
community was christened the ‘Austin Air-Conditioned Village.' The residents were
subjected to a year-long study of the effects of air conditioning led by the nation's
premier air conditioning companies, builders, and social scientists. In addition,
researchers from UT's Health Service and Psychology Department studied the effects
on the "artificially cooled humans.” One of the more amusing discoveries was that
each family reported being troubled with scorpions, the leading theory being that
scorpions sought cool, shady places. Other reported changes in lifestyle were that
mothers baked more, families ate heavier foods, and they were more apt to choose

hot drinks.[40][4]]

Air conditioner adoption tends to increase above around $10,000 annual household
income in warmer oreqs.[42] Global GDP growth explains around 85% of increased
air condition adoption by 2050, while the remaining 15% can be explained by climate

chonge{42]



As of 2016, an estimated 1.6 billion air conditioning units were used worldwide, with
over half of them in China and the United States, and with a total cooling capacity of
1,675 gingotts.[S] [43] The International Energy Agency predicted in 2018 that the
number of air conditioning units would grow to around 4 billion units by 2050 and
that the total cooling capacity would grow to around 23,000 GW, with the biggest
increases in India and Chino.[8] Between 1995 and 2004, the proportion of urban
households in China with air conditioners increased from 8% to 70%.[44] As of 2015,
nearly 100 million homes, or about 87% of US households, had air conditioning
systems.[45] In 2019, it was estimated that 90% of new single-family homes
constructed in the US included air conditioning, ranging from 99% in the South to 62%

in the West.[46][47]

Operation
[edit]
Operating principles

[edit]
Main article: Vapor-compression refrigeration

A simple stylized diagram of the refrigeration cycle: 1) condensing coil,

2) expansion valve, 3) evaporator coil, 4) compressor



Cooling in traditional air conditioner systems is accomplished using the vapor-
compression cycle, which uses a refrigerant’s forced circulation and phase change

481,49 .
][™7] The vapor-compression cycle can

between gas and liquid to transfer heat [
occur within a unitary, or packaged piece of equipment, or within a chiller that is
connected to terminal cooling equipment (such as a fan coil unit in an air handler)
on its evaporator side and heat rejection equipment such as a cooling tower on its
condenser side. An air source heat pump shares many components with an air
conditioning system, but includes a reversing valve, which allows the unit to be used

to heat as well as cool a spoce.[BO]

Air conditioning equipment will reduce the absolute humidity of the air processed by
the system if the surface of the evaporator coil is significantly cooler than the dew
point of the surrounding air. An air conditioner designed for an occupied space will

typically achieve a 30% to 60% relative humidity in the occupied space.[5]]

Most modern air-conditioning systems feature a dehumidification cycle during
which the compressor runs. At the same time, the fan is slowed to reduce the
evaporator temperature and condense more water. A dehumidifier uses the same
refrigeration cycle but incorporates both the evaporator and the condenser into the
same air path; the air first passes over the evaporator coil, where it is Cooled[52] and
dehumidified, before passing over the condenser coil, where it is warmed again

[ ]

before it is released back into the room. citation needed

Free cooling can sometimes be selected when the external air is cooler than the
internal air. In this case, the compressor does not need to be used, resulting in high
cooling efficiencies for these times. This may also be combined with seasonal

thermal energy storoge.[53]



Heating

[edit]

Main article: Heat pump

Some air conditioning systems can reverse the refrigeration cycle and act as an air
source heat pump, thus heating instead of cooling the indoor environment. They are
also commonly referred to as "reverse cycle air conditioners”. The heat pump is
significantly more energy-efficient than electric resistance heating, because it
moves energy from air or groundwater to the heated space and the heat from
purchased electrical energy. When the heat pump is in heating mode, the indoor
evaporator coil switches roles and becomes the condenser coil, producing heat. The
outdoor condenser unit also switches roles to serve as the evaporator and

discharges cold air (colder than the ambient outdoor air).

Most air source heat pumps become less efficient in outdoor temperatures lower
than 4 °C or 40 °F.[54] This is partly because ice forms on the outdoor unit's heat
exchanger coil, which blocks air flow over the coil. To compensate for this, the heat
pump system must temporarily switch back into the regular air conditioning mode to
switch the outdoor evaporator coil back to the condenser coil, to heat up and defrost.
Therefore, some heat pump systems will have electric resistance heating in the
indoor air path that is activated only in this mode to compensate for the temporary

indoor air cooling, which would otherwise be uncomfortable in the winter.

Newer models have improved cold-weather performance, with efficient heating

capacity down to -14 °F (-26 oc) [°°11°41°®

] However, there is always a chance that
the humidity that condenses on the heat exchanger of the outdoor unit could freeze,

even in models that have improved cold-weather performance, requiring a



defrosting cycle to be performed.

The icing problem becomes much more severe with lower outdoor temperatures, so
heat pumps are sometimes installed in tandem with a more conventional form of
heating, such as an electrical heater, a natural gas, heating oil, or wood-burning
fireplace or central heating, which is used instead of or in addition to the heat pump
during harsher winter temperatures. In this case, the heat pump is used efficiently
during milder temperatures, and the system is switched to the conventional heat

source when the outdoor temperature is lower.

Performance

[edit]
Main articles: coefficient of performance, Seasonal energy efficiency ratio, and

European seasonal energy efficiency ratio

The coefficient of performance (COP) of an air conditioning system is a ratio of useful

57] [58] Higher COPs equate to

heating or cooling provided to the work required
lower operating costs. The COP usually exceeds 1, however, the exact value is highly
dependent on operating conditions, especially absolute temperature and relative
temperature between sink and system, and is often graphed or averaged against
expected conditions.[59] Air conditioner equipment power in the U.S. is often
described in terms of "tons of refrigeration’, with each approximately equal to the
cooling power of one short ton (2,000 pounds (910 kg) of ice melting in a 24-hour

period. The value is equal to 12,000 BTU _ per hour, or 3,517 wotts.[GO] Residential

[ ]

central air systems are usually from 1to 5 tons (3.5 to 18 kW) in capacity. citation needed

The efficiency of air conditioners is often rated by the seasonal energy efficiency ratio

(SEER), which is defined by the Air Conditioning, Heating and Refrigeration Institute in



its 2008 standard AHRI 210/240, Performance Rating of Unitary Air-Conditioning and Air-
Source Heat Pump Equipment[G]] A similar standard is the European seasonal energy

]

efficiency ratio (ESEER).[citation needed

Efficiency is strongly affected by the humidity of the air to be cooled. Dehumidifying
the air before attempting to cool it can reduce subsequent cooling costs by as much
as 90 percent. Thus, reducing dehumidifying costs can materially affect overall air

conditioning costs.[62]
Control system

[edit]

Wireless remote control
[edit]

Main articles: Remote control and Infrared blaster

R0age ot TourC

A
wireless
remote

controller

The infrared
transmitting

LED on the



remote

J1aJe T10L TOUria or 4

({1cagC TI0L TOUT O 4]

The infrared receiver

on the air conditioner

This type of controller uses an infrared LED to relay commands from a remote control
to the air conditioner. The output of the infrared LED (like that of any infrared remote)
is invisible to the human eye because its wavelength is beyond the range of visible

light (940 nm). This system is commonly used on mini-split air conditioners because
it is simple and portable. Some window and ducted central air conditioners uses it as

well.

Wired controller

[edit]

Main article: Thermostat
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(Indonesia, 2024)

A wired controller, also called a "wired thermostat,” is a device that controls an air
conditioner by switching heating or cooling on or off. It uses different sensors to
measure temperatures and actuate control operations. Mechanical thermostats
commonly use bimetallic strips, converting a temperature change into mechanical
displacement, to actuate control of the air conditioner. Electronic thermostats,
instead, use a thermistor or other semiconductor sensor, processing temperature

change as electronic signals to control the air conditioner.

These controllers are usually used in hotel rooms because they are permanently
installed into a wall and hard-wired directly into the air conditioner unit, eliminating

the need for batteries.

Types

[edit]



Types
Mini-split

Window

Portable

Ducted (individual)

Ducted (central)
Ceiling suspended

Cassette

Floor standing

Packaged

Packaged RTU
(Rooftop Unit)

* where the typical capacity is in kilowatt as follows:

o very small: <1.5 kW

o small: .5-3.5 kW

Typical

Capacity*

small - large

very small —
small
very small -

small

small — very

large

medium — very

large

medium — large

medium — large

medium — large

very large

very large

o medium: 4.2-7.1 kW

o large: 7.2-14 kW

Air supply Mounting Typical application

Direct
Direct

Direct /
Ducted

Ducted

Ducted

Direct

Direct /
Ducted

Direct [
Ducted

Direct /
Ducted

Ducted

Wall

Window

Floor

Ceiling

Ceiling

Ceiling

Ceiling

Floor

Floor

Rooftop

Residential

Residential

Residential, remote

areds

Residential,

commercial

Residential,

commercial

Commercial

Commercial

Commercial

Commercial

Commercial



o very large: >14 kW

Mini-split and multi-split systems

[edit]

Evaporator, indoor unit, or terminal, side of a ductless split-type air

conditioner

Ductless systems (often mini-split, though there are now ducted mini-split) typically
supply conditioned and heated air to a single or a few rooms of a building, without
ducts and in a decentralized monner.[63] Multi-zone or multi-split systems are a
common application of ductless systems and allow up to eight rooms (zones or
locations) to be conditioned independently from each other, each with its indoor unit

and simultaneously from a single outdoor unit.

The first mini-split system was sold in 1961 by Toshiba in Japan, and the first wall-
mounted mini-split air conditioner was sold in 1968 in Japan by Mitsubishi Electric,
where small home sizes motivated their development. The Mitsubishi model was the

54116°11°91 1n 1969, the first mini-split air

first air conditioner with a cross-flow fan.
conditioner was sold in the US.[67] Multi-zone ductless systems were invented by
Daikin in 1973, and variable refrigerant flow systems (which can be thought of as
larger multi-split systems) were also invented by Daikin in 1982. Both were first sold in
Japdn.[68] Variable refrigerant flow systems when compared with central plant

cooling from an air handler, eliminate the need for large cool air ducts, air handlers,



and chillers; instead cool refrigerant is transported through much smaller pipes to
the indoor units in the spaces to be conditioned, thus allowing for less space above
dropped ceilings and a lower structural impact, while also allowing for more
individual and independent temperature control of spaces. The outdoor and indoor
units can be spread across the building.[69] Variable refrigerant flow indoor units

[ ]

up power of VRF's DC inverter compressors and their inherent DC power requirements

can also be turned off individually in unused spaces. citation needed’ The lower start-

also allow VRF solar-powered heat pumps to be run using DC-providing solar panels.

Ducted central systems
[edit]

Split-system central air conditioners consist of two heat exchangers, an outside unit
(the condenser) from which heat is rejected to the environment and an internal heat
exchanger (the evaporator, or Fan Coil Unit, FCU) with the piped refrigerant being
circulated between the two. The FCU is then connected to the spaces to be cooled by
ventilation ducts.[70] Floor standing air conditioners are similar to this type of air

conditioner but sit within spaces that need cooling.

Central plant cooling

[edit]

See also: Chiller



Industrial air conditioner cooling towers on top of the shopping mall Passage

in Linz, Austria

Large central cooling plants may use intermediate coolant such as chilled water
pumped into air handlers or fan coil units near or in the spaces to be cooled which
then duct or deliver cold air into the spaces to be conditioned, rather than ducting
cold air directly to these spaces from the plant, which is not done due to the low
density and heat capacity of air, which would require impractically large ducts. The
chilled water is cooled by chillers in the plant, which uses a refrigeration cycle to cool
water, often transferring its heat to the atmosphere even in liquid-cooled chillers

through the use of cooling towers. Chillers may be air- or quuid—cooled.[ﬂ] [72]

Portable units
[edit]

A portable system has an indoor unit on wheels connected to an outdoor unit via
flexible pipes, similar to a permanently fixed installed unit (such as a ductless split air

conditioner).

Hose systems, which can be monoblock or air-to-air, are vented to the outside via air
ducts. The monoblock type collects the water in a bucket or tray and stops when full.
The air-to-air type re-evaporates the water, discharges it through the ducted hose,

and can run continuously. Many but not all portable units draw indoor air and expel it



outdoors through a single duct, negatively impacting their overall cooling efficiency.

Many portable air conditioners come with heat as well as a dehumidification

function.[73]

Window unit and packaged terminal

[edit]
Main article: Packaged terminal air conditioner

Through-the-wall PTAC units, University Motor Inn, Philadelphia

The packaged terminal air conditioner (PTAC), through-the-wall, and window air
conditioners are similar. These units are installed on a window frame or on a wall
opening. The unit usually has an internal partition separating its indoor and outdoor
sides, which contain the unit's condenser and evaporator, respectively. PTAC systems
may be adapted to provide heating in cold weather, either directly by using an
electric strip, gas, or other heaters, or by reversing the refrigerant flow to heat the
interior and draw heat from the exterior air, converting the air conditioner into a heat
pump. They may be installed in a wall opening with the help of a special sleeve on
the wall and a custom grill that is flush with the wall and window air conditioners can

also be installed in a window, but without a custom grill.[74]



Packaged air conditioner

[edit]

Packaged air conditioners (also known as self-contained units)[75] [76] are central

systems that integrate into a single housing all the components of a split central

system, and deliver air, possibly through ducts, to the spaces to be cooled.

Depending on their construction they may be outdoors or indoors, on roofs (rooftop

anits),[ /1]

78] draw the air to be conditioned from inside or outside a building and be

water or air-cooled. Often, outdoor units are air-cooled while indoor units are liquid-

cooled using a cooling tower.|

Types of compressors
[edit]
Compressor Common
types applications

Refrigerator, Walk-
Reciprocating in freezer, portable

air conditioners

Residential mini
Rotary vane
splits

Typical

capacity

small -

large

small

70][79][80][81][82][83]

Efficiency Durability Repairability

very low
(smaill
capacity)

. very low medium
medium

(large
capacity)

low low easy



Commercial and
Scroll medium medium medium easy
central systems, VRF

medium —

Rotary screw Commercial chiller medium medium hard
large

Centrifugal Commercial chiller very large medium high hard

Maglev

Commercial chiller very large high very high very hard

Centrifugal

Reciprocating

[edit]

Main article: Reciprocating compressor

This compressor consists of a crankcase, crankshaft, piston rod, piston, piston ring,

[ ]

cylinder head and valves. *citation needed

Scroll
[edit]
Main article: Scroll compressor

This compressor uses two interleaving scrolls to compress the refrigerant.[84] it
consists of one fixed and one orbiting scrolls. This type of compressor is more
efficient because it has 70 percent less moving parts than a reciprocating

[ ]

compressor. “citation needed

Screw

[edit]



Main article: Rotary-screw compressor

This compressor use two very closely meshing spiral rotors to compress the gas. The
gas enters at the suction side and moves through the threads as the screws rotate.
The meshing rotors force the gas through the compressor, and the gas exits at the
end of the screws. The working area is the inter-lobe volume between the male and

female rotors. It is larger at the intake end, and decreases along the length of the

[ |

rotors until the exhaust port. This change in volume is the compression. citation needed

Capacity modulation technologies
[edit]

There are several ways to modulate the cooling capacity in refrigeration or air
conditioning and heating systems. The most common in air conditioning are: on-off
cycling, hot gas bypass, use or not of liquid injection, manifold configurations of
multiple compressors, mechanical modulation (also called digital), and inverter

[ ]

technology. “citation needed

Hot gas bypass
[edit]

Hot gas bypass involves injecting a quantity of gas from discharge to the suction
side. The compressor will keep operating at the same speed, but due to the bypass,
the refrigerant mass flow circulating with the system is reduced, and thus the cooling
capacity. This naturally causes the compressor to run uselessly during the periods

when the bypass is operating. The turn down capacity varies between 0 and 100%.[85

]



Manifold configurations
[edit]

Several compressors can be installed in the system to provide the peak cooling
capacity. Each compressor can run or not in order to stage the cooling capacity of
the unit. The turn down capacity is either 0/33/66 or 100% for a trio configuration and

]

either 0/50 or 100% for a tondem.[citation needed

Mechanically modulated compressor
[edit]

This internal mechanical capacity modulation is based on periodic compression
process with a control valve, the two scroll set move apart stopping the compression
for a given time period. This method varies refrigerant flow by changing the average
time of compression, but not the actual speed of the motor. Despite an excellent

turndown ratio — from 10 to 100% of the cooling capacity, mechanically modulated

[ ]

scrolls have high energy consumption as the motor continuously runs. citation needed

Variable-speed compressor
[edit]
Main article: Inverter compressor

This system uses a variable-frequency drive (also called an Inverter) to control the
speed of the compressor. The refrigerant flow rate is changed by the change in the
speed of the compressor. The turn down ratio depends on the system configuration

and manufacturer. It modulates from 15 or 25% up to 100% at full capacity with a



single inverter from 12 to 100% with a hybrid tandem. This method is the most efficient
way to modulate an air conditioner's capacity. It is up to 58% more efficient than a

[ ]

fixed speed system. citation needed

Impact
[edit]
Health effects

[edit]

Rooftop condenser unit fitted on top of an Osaka Municipal Subway 10
series subway carriage. Air conditioning has become increasingly prevalent
on public transport vehicles as a form of climate control, and to ensure

passenger comfort and drivers’ occupational safety and health.

In hot weather, air conditioning can prevent heat stroke, dehydration due to
excessive sweating, electrolyte imbalance, kidney failure, and other issues due to
hyperthermiq.[8] [86] Heat waves are the most lethal type of weather phenomenon
in the United Stotes.[87] [88] A 2020 study found that areas with lower use of air
conditioning correlated with higher rates of heat-related mortality and
hospitolizotions.[89] The August 2003 France heatwave resulted in approximately
15,000 deaths, where 80% of the victims were over 75 years old. In response, the
French government required all retirement homes to have at least one air-

conditioned room at 25 °C (77 °F) per floor during heotwoves.[8]



Air conditioning (including filtration, humidification, cooling and disinfection) can be
used to provide a clean, safe, hypoallergenic atmosphere in hospital operating
rooms and other environments where proper atmosphere is critical to patient safety
and well-being. It is sometimes recommended for home use by people with allergies,

90] [9]] However, poorly maintained water cooling towers can

especially mold.|
promote the growth and spread of microorganisms such as Legionella pneumophila,
the infectious agent responsible for Legionnaires' disease. As long as the cooling
tower is kept clean (usually by means of a chlorine treatment), these health hazards
can be avoided or reduced. The state of New York has codified requirements for
registration, maintenance, and testing of cooling towers to protect against

Legionello.[gz]

Economic effects
[edit]

First designed to benefit targeted industries such as the press as well as large
factories, the invention quickly spread to public agencies and administrations with
studies with claims of increased productivity close to 24% in places equipped with air

conditioning.[93]

Air conditioning caused various shifts in demography, notably that of the United
States starting from the 1970s. In the US, the birth rate was lower in the spring than
during other seasons until the 1970s but this difference then declined since then.[94]
As of 2007, the Sun Belt contained 30% of the total US population while it was
inhabited by 24% of Americans at the beginning of the 20th Century.[95] Moreover,
the summer mortality rate in the US, which had been higher in regions subject to a

heat wave during the summer, also evened out.[7]



The spread of the use of air conditioning acts as a main driver for the growth of
global demand of electricity.[%] According to a 2018 report from the International
Energy Agency (IEA), it was revealed that the energy consumption for cooling in the
United States, involving 328 million Americans, surpasses the combined energy
consumption of 4.4 billion people in Africa, Latin America, the Middle East, and Asia
(excluding Chino).[8] A 2020 survey found that an estimated 88% of all US
households use AC, increasing to 93% when solely looking at homes built between
2010 and 2020.[%7]

Environmental effects

[edit]

Air conditioner farm in the facade of a building in Singapore

Air conditioning uses a massive amount of energy, leading to more carbon
emissions. Space cooling including air conditioning accounted globally for 2021
terawatt-hours of energy usage in 2016 with around 99% in the form of electricity,
according to a 2018 report on air-conditioning efficiency by the International Energy
Agency.[8] The report predicts an increase of electricity usage due to space cooling
to around 6200 TWh by 2050,[8] [98] and that with the progress currently seen,
greenhouse gas emissions attributable to space cooling will double from 1,135 million

tons (2016) to 2,070 million tons.[8] There is some push to increase the energy



efficiency of air conditioners. United Nations Environment Programme (UNEP) and the
IEA found that if air conditioners could be twice as effective as now, 460 billion tons of
GHG could be cut over 40 years.[gg] The UNEP and IEA also recommended legislation
to decrease the use of hydrofluorocarbons, better building insulation, and more

sustainable temperature-controlled food supply chains going forwcrd.[gg]

Refrigerants have also caused and continue to cause serious environmental issues,
including ozone depletion and climate change, as several countries have not yet

ratified the Kigali Amendment to reduce the consumption and production of

hydrofluorocorbons.[]oo] CFCs and HCFCs refrigerants such as R-12 and R-22,
respectively, used within air conditioners have caused damage to the ozone Idyer,[]m
] and hydrofluorocarbon refrigerants such as R-410A and R-404A, which were

designed to replace CFCs and HCFCs, are instead exacerbating climate change.[]oz]

Both issues happen due to the venting of refrigerant to the atmosphere, such as
during repairs. HFO refrigerants, used in some if not most new equipment, solve both
issues with an ozone damage potential (ODP) of zero and a much lower global
warming potential (GWP) in the single or double digits vs. the three or four digits of

hydrofluorocarbons.['0°]

Hydrofluorocarbons would have raised global temperatures by around 0.3-0.5 °C
(0.5-0.9 °F) by 2100 without the Kigali Amendment. With the Kigali Amendment, the
increase of global temperatures by 2100 due to hydrofluorocarbons is predicted to

be around 0.06 °C (0.1 °F).[]04]

Alternatives to continual air conditioning include passive cooling, passive solar

cooling, natural ventilation, operating shades to reduce solar gain, using trees,

[

architectural shades, windows (and using window coatings) to reduce solar gain. citation ne



Social effects
[edit]

Socioeconomic groups with a household income below around $10,000 tend to have
a low air conditioning odoption,[42] which worsens heat-related mortclity.[7] The
lack of cooling can be hazardous, as areas with lower use of air conditioning
correlate with higher rates of heat-related mortality and hospitalizations.[Sg]
Premature mortality in NYC is projected to grow between 47% and 95% in 30 years,
with lower-income and vulnerable populations most at risk.[89] Studies on the
correlation between heat-related mortality and hospitalizations and living in low
socioeconomic locations can be traced in Phoenix, Arizono,[]05] Hong Kong,[]OG]

China,[]OG] Jopon,[]m] and Itc:ly.[]OS][]09

] Additionally, costs concerning health care
can act as another barrier, as the lack of private health insurance during a 2009 heat

wave in Australia, was associated with heat-related hospitalizotion.[]og]

Disparities in socioeconomic status and access to air conditioning are connected by
some to institutionalized racism, which leads to the association of specific
marginalized communities with lower economic status, poorer health, residing in
hotter neighborhoods, engaging in physically demanding labor, and experiencing
limited access to cooling technologies such as air conditioning.[]og] A study
overlooking Chicago, lllinois, Detroit, and Michigan found that black households were
half as likely to have central air conditioning units when compared to their white
Counterports.[no] Especially in cities, Redlining creates heat islands, increasing
temperatures in certain parts of the City.[]og] This is due to materials heat-absorbing
building materials and pavements and lack of vegetation and shade Coveroge.[m]
There have been initiatives that provide cooling solutions to low-income

communities, such as public cooling spoces.[8][m]



Other techniques
[edit]

Buildings designed with passive air conditioning are generally less expensive to
construct and maintain than buildings with conventional HVAC systems with lower
energy demonds.["z] While tens of air changes per hour, and cooling of tens of
degrees, can be achieved with passive methods, site-specific microclimate must be

taken into account, complicating building design.[]z]

Many techniques can be used to increase comfort and reduce the temperature in

buildings. These include evaporative cooling, selective shading, wind, thermal

convection, and heat storoge.["s]

Passive ventilation

[edit]
This section is an excerpt from Passive ventilation[edit]

The ventilation system of a regular earthship



Dogtrot houses are designed to maximise natural ventilation.

A roof turbine ventilator, colloquially known as a 'Whirly Bird’, is an

application of wind driven ventilation.

Passive ventilation is the process of supplying air to and removing air from an indoor
space without using mechanical systems. It refers to the flow of external air to an

indoor space as a result of pressure differences arising from natural forces.

There are two types of natural ventilation occurring in buildings:wind driven ventilation
and buoyancy-driven ventilation. Wind driven ventilation arises from the different
pressures created by wind around a building or structure, and openings being
formed on the perimeter which then permit flow through the building. Buoyancy-
driven ventilation occurs as a result of the directional buoyancy force that results
from temperature differences between the interior and exterior.[”4]

Since the internal heat gains which create temperature differences between the
interior and exterior are created by natural processes, including the heat from

people, and wind effects are variable, naturally ventilated buildings are sometimes



called "breathing buildings”.
Passive cooling

[edit]

This section is an excerpt from Passive cooling.[edit]

A traditional Iranian solar cooling design using a wind tower

Passive cooling is a building design approach that focuses on heat gain control and
heat dissipation in a building in order to improve the indoor thermal comfort with low

"5] ["6] This approach works either by preventing heat

or no energy consumption.|
from entering the interior (heat gain prevention) or by removing heat from the

building (natural cooling).[m]

Natural cooling utilizes on-site energy, available from the natural environment,
combined with the architectural design of building components (e.g. building
envelope), rather than mechanical systems to dissipate heat.["8] Therefore, natural
cooling depends not only on the architectural design of the building but on how the
site’'s natural resources are used as heat sinks (i.e. everything that absorbs or
dissipates heat). Examples of on-site heat sinks are the upper atmosphere (night

sky), the outdoor air (wind), and the earth/soil.



Passive cooling is an important tool for design of buildings for climate change

adaptation - reducing dependency on energy-intensive air conditioning in warming
, 1194120

environments.[ = |[ ]

A pair of short windcatchers (malgaf) used in traditional architecture; wind is
forced down on the windward side and leaves on the leeward side (cross-
ventilation). In the absence of wind, the circulation can be driven with
evaporative cooling in the inlet (which is also designed to catch dust). In
the center, a shuksheika (roof lantern vent), used to shade the qa'a below

while allowing hot air rise out of it (stack effect).["]

Daytime radiative cooling

[edit]



Passive daytime radiative cooling (PDRC) surfaces are high in solar

reflectance and heat emittance, cooling with zero energy use or pollution]
121]

Passive daytime radiative cooling (PDRC) surfaces reflect incoming solar radiation
and heat back into outer space through the infrared window for cooling during the
daytime. Daytime radiative cooling became possible with the ability to suppress

solar heating using photonic structures, which emerged through a study by Raman

etal. (2014).[]22] PDRCs can come in a variety of forms, including paint coatings and

films, that are designed to be high in solar reflectance and thermal emittance.[m][

123
]

PDRC applications on building roofs and envelopes have demonstrated significant
decreases in energy consumption and costs.[]23] In suburban single-family
residential areas, PDRC application on roofs can potentially lower energy costs by

124

26% to 46%.[ "] PDRCs are predicted to show a market size of ~$27 billion for indoor

space cooling by 2025 and have undergone a surge in research and development

since the 20103.[]25] []26]

Fans

[edit]



Main article: Ceiling fan

Hand fans have existed since prehistory. Large human-powered fans built into

buildings include the punkah.

The 2nd-century Chinese inventor Ding Huan of the Han dynasty invented a rotary
fan for air conditioning, with seven wheels 3 m (10 ft) in diameter and manually
powered by prisoners.[]27]:,&¢d,—-,& 99,Aca,~A 151,A¢a,~A 233A¢a,~A In 747, Emperor
Xuanzong (r. 712-762) of the Tang dynasty (618—907) had the Cool Hall (Liang Dian
AlA9ALAIA®A:) built in the imperial palace, which the Tang Yulin describes as having
water-powered fan wheels for air conditioning as well as rising jet streams of water
from fountains. During the subsequent Song dynasty (960-1279), written sources
mentioned the air conditioning rotary fan as even more widely used.[]27]

‘Aed,—-A 134,Acd,~A 151A¢ca,-A

Thermal buffering
[edit]

In areas that are cold at night or in winter, heat storage is used. Heat may be stored

in earth or masonry; air is drawn past the masonry to heat or cool it.[]3]

In areas that are below freezing at night in winter, snow and ice can be collected and
stored in ice houses for later use in cooling.[]?’] This technique is over 3,700 years old
in the Middle East.[]28] Harvesting outdoor ice during winter and transporting and
storing for use in summer was practiced by wealthy Europeans in the early 16003,[]5]
and became popular in Europe and the Americas towards the end of the 16003.[129]

This practice was replaced by mechanical compression-cycle icemakers.

Evaporative cooling



[edit]
Main article: Evaporative cooler

An evaporative cooler

In dry, hot climates, the evaporative cooling effect may be used by placing water at
the air intake, such that the draft draws air over water and then into the house. For
this reason, it is sometimes said that the fountain, in the architecture of hot, arid
climates, is like the fireplace in the architecture of cold climotes.[”] Evaporative
cooling also makes the air more humid, which can be beneficial in a dry desert

climate.[]so]

Evaporative coolers tend to feel as if they are not working during times of high
humidity, when there is not much dry air with which the coolers can work to make the
air as cool as possible for dwelling occupants. Unlike other types of air conditioners,
evaporative coolers rely on the outside air to be channeled through cooler pads that
cool the air before it reaches the inside of a house through its air duct system; this
cooled outside air must be allowed to push the warmer air within the house out

through an exhaust opening such as an open door or WindOW.[B]]

See also

[edit]
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Air conditioning paradox
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Heating, ventilation, and air conditioning



Fundamental

concepts

@]

Air changes per hour (ACH)
Bake-out

Building envelope
Convection

Dilution

Domestic energy consumption
Enthalpy

Fluid dynamics

Gas compressor

Heat pump and refrigeration cycle
Heat transfer

Humidity

Infiltration

Latent heat

Noise control

Outgassing

Particulates
Psychrometrics

Sensible heat

Stack effect

Thermal comfort

Thermal destratification
Thermal mass
Thermodynamics

Vapour pressure of water



Absorption-compression heat pump
Absorption refrigerator

Air barrier

Air conditioning

Antifreeze

Automobile air conditioning
Autonomous building

Building insulation materials

Central heating

Central solar heating

Chilled beam

Chilled water

Constant air volume (CAV)

Coolant

Cross ventilation

Dedicated outdoor air system (DOAS)
Deep water source cooling

Demand controlled ventilation (DCV)
Displacement ventilation

District cooling

District heating

Electric heating

Energy recovery ventilation (ERV)
Firestop

Forced-air

Forced-air gas

Free cooling

Heat recovery ventilation (HRV)

Hybrid heat



Air conditioner inverter
Air door

Air filter

Air handler

Air ionizer

Air-mixing plenum

Air purifier

Air source heat pump
Attic fan

Automatic balancing valve
Back boiler

Barrier pipe

Blast damper

Boiler

Centrifugal fan
Ceramic heater
Chiller

Condensate pump
Condenser
Condensing boiler
Convection heater
Compressor

Cooling tower

Damper

Dehumidifier

Duct

Economizer
Electrostatic precipitator

Evaporative cooler

—



Measurement

and control

Air flow meter

Aquastat

BACnet

Blower door

Building automation

Carbon dioxide sensor

Clean air delivery rate (CADR)

Control valve

Gas detector

Home energy monitor

Humidistat

HVAC control system

Infrared thermometer

Intelligent buildings

LonWorks

Minimum efficiency reporting value (MERV)
Normal temperature and pressure (NTP)
OpenTherm

Programmable communicating thermostat
Programmable thermostat
Psychrometrics

Room temperature

Smart thermostat

Standard temperature and pressure (STP)
Thermographic camera

Thermostat

Thermostatic radiator valve



Professions,
trades,

and services

Architectural acoustics

Architectural engineering
Architectural technologist

Building services engineering
Building information modeling (BIM)
Deep energy retrofit

Duct cleaning

Duct leakage testing

Environmental engineering

Hydronic balancing

Kitchen exhaust cleaning
Mechanical engineering

Mechanical, electrical, and plumbing
Mold growth, assessment, and remediation
Refrigerant reclamation

Testing, adjusting, balancing



o AHRI
o AMCA
o ASHRAE

o ASTM International

o BRE
Industry o BSRIA
organizations o CIBSE

o Institute of Refrigeration
o IR

o LEED

o SMACNA

o UMC

o Indoor air quality (1AQ)
o Passive smoking
Health and safety
o Sick building syndrome (SBS)

o Volatile organic compound (VOC)

o ASHRAE Handbook
o Building science
o Fireproofing
o Glossary of HVAC terms
See also o Warm Spaces
o World Refrigeration Day
o Template:Fire protection
o Template:Home automation

o Template:Solar energy
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Home appliances



Air conditioner
Air fryer
Air ioniser
Air purifier
Barbecue grill
Blender

o Immersion blender
Bread machine
Bug zapper
Coffee percolator
Clothes dryer

o combo
Clothes iron
Coffeemaker
Dehumidifier
Dishwasher

o drying cabinet
Domestic robot
Deep fryer
Electric blanket
Electric drill
Electric kettle
Electric knife
Electric water boiler
Electric heater
Electric shaver
Electric toothbrush
Epilator

Espresso machine

—



o Appliance plug
See also
o Appliance recycling

Roofs



Roof shapes

Arched roof
Barrel roof
Board roof
Bochka roof
Bow roof
Butterfly roof
Clerestory
Conical roof
Dome

Flat roof
Gable roof
Gablet roof
Gambrel roof
Half-hipped roof
Hip roof
Onion dome
Mansard roof
Pavilion roof
Rhombic roof
Ridged roof
Saddle roof
Sawtooth roof
Shed roof

Tented roof

Cross-gabled roof

Image not found or type unknown



o Air conditioning unit
o Attic
o Catslide
o Chimney
o Collar beam
o Dormer
o Eaves
o Flashing
o Gable
o Green roof
o Gutter
o Hanging beam
o Joist
o Lightning rod
o Loft
o Purlin
Roof elements o Rafter
o Ridge vent
o Roof batten
o Roof garden
o Roofline
o Roof ridge
o Roof sheeting
o Roof tiles
o Roof truss
o Roof window
o Shingles
o Skylight
o Soffit

o
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Electronics

Branches

Analogue electronics
Digital electronics
Electronic engineering
Instrumentation
Microelectronics
Optoelectronics
Power electronics
Printed electronics
Semiconductor
Schematic capture

Thermal management



Advanced

topics

O

2020s in computing
Atomtronics

Bioelectronics

List of emerging electronics
Failure of electronic components
Flexible electronics
Low-power electronics
Molecular electronics
Nanoelectronics

Organic electronics
Photonics

Piezotronics

Quantum electronics

Spintronics



Electronic

equipment

(e]

(¢]

(0]

o

o

Air conditioner
Central heating
Clothes dryer
Computer/Notebook
Camera

Dishwasher

Freezer

Home robot

Home cinema

Home theater PC
Information technology
Cooker

Microwave oven
Mobile phone
Networking hardware
Portable media player
Radio

Refrigerator

Robotic vacuum cleaner
Tablet

Telephone

Television

Water heater

Video game console

Washing machine



Applications

o

o

o

(e]

(e]

Audio equipment
Automotive electronics
Avionics
Control system
Data acquisition
e-book
e-health
Electromagnetic warfare
Electronics industry
Embedded system
Home appliance
Home automation
Integrated circuit
Home appliance

o Consumer electronics

o Major appliance

o Small appliance
Marine electronics
Microwave technology
Military electronics
Multimedia
Nuclear electronics
Open-source hardware
Radar and Radio navigation
Radio electronics
Terahertz technology

Wired and Wireless Communications
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About Fresh water

Fresh water or freshwater is any type of normally taking place fluid or frozen water
consisting of reduced focus of dissolved salts and various other complete liquified
solids. The term excludes seawater and briny water, however it does consist of non-
salty mineral-rich waters, such as chalybeate springs. Fresh water may encompass
frozen and meltwater in ice sheets, ice caps, glaciers, snowfields and icebergs,
natural rainfalls such as rainfall, snowfall, hail/sleet and graupel, and surface area
runoffs that develop inland bodies of water such as wetlands, ponds, lakes, rivers,
streams, in addition to groundwater consisted of in aquifers, below ground rivers and
lakes. Water is vital to the survival of all living microorganisms. Many organisms can
grow on seawater, but the fantastic majority of vascular plants and most bugs,
amphibians, reptiles, animals and birds require fresh water to endure. Fresh water is
the water resource that is of one of the most and immediate usage to human beings.
Fresh water is not constantly drinkable water, that is, water safe to drink by human
beings. Much of the earth's fresh water (on the surface and groundwater) is to a
significant degree unsuitable for human intake without therapy. Fresh water can
quickly come to be contaminated by human tasks or because of naturally occurring
processes, such as erosion. Fresh water makes up much less than 3% of the world's
water sources, and simply 1% of that is easily available. About 70% of the world's

freshwater reserves are iced up in Antarctica. Just 3% of it is removed for human



usage. Agriculture uses roughly 2 thirds of all fresh water removed from the setting.
Fresh water is a renewable and variable, yet finite natural resource. Fresh water is
restored with the procedure of the natural water cycle, in which water from seas,
lakes, forests, land, rivers and storage tanks evaporates, forms clouds, and returns
inland as precipitation. In your area, nonetheless, if more fresh water is taken in
through human tasks than is naturally brought back, this may result in reduced fresh
water availability (or water shortage) from surface and underground sources and
can create significant damage to bordering and connected atmospheres. Water
contamination additionally minimizes the availability of fresh water. Where available
water sources dre scarce, people have created modern technologies like
desalination and wastewater reusing to extend the offered supply additionally.
Nevertheless, offered the high price (both funding and running prices) and -
specifically for desalination - energy requirements, those continue to be mostly niche
applications. A non-sustainable option is using supposed “fossil water” from
underground aquifers. As some of those aquifers developed numerous thousands or
perhaps numerous years ago when neighborhood environments were wetter (e. g.
from one of the Green Sahara durations) and are not considerably renewed under
existing weather conditions - a minimum of contrasted to drawdown, these aquifers
create basically non-renewable resources equivalent to peat or lignite, which are
likewise continually created in the existing period however orders of magnitude

slower than they are mined.

About Royal Porta Johns

Driving Directions in Plymouth County




Driving Directions

41.959077473687, -71.099631281491
Starting Point
Royal Porta Johns

Destination

Open in Google Maps


https://www.google.com/maps/dir/?api=1&origin=41.959077473687,+-71.099631281491&destination=Royal+Porta+Johns

Driving Directions

41.951194966924, -71.111953309444
Starting Point
Royal Porta Johns

Destination

Open in Google Maps


https://www.google.com/maps/dir/?api=1&origin=41.951194966924,+-71.111953309444&destination=Royal+Porta+Johns

Driving Directions

41.929156707263, -71.071539698389
Starting Point
Royal Porta Johns

Destination

Open in Google Maps


https://www.google.com/maps/dir/?api=1&origin=41.929156707263,+-71.071539698389&destination=Royal+Porta+Johns

Driving Directions

42.076127650045, -70.965701459312
Starting Point
Royal Porta Johns

Destination

Open in Google Maps


https://www.google.com/maps/dir/?api=1&origin=42.076127650045,+-70.965701459312&destination=Royal+Porta+Johns

Driving Directions

41.954326953329, -71.012524921452
Starting Point
Royal Porta Johns

Destination

Open in Google Maps


https://www.google.com/maps/dir/?api=1&origin=41.954326953329,+-71.012524921452&destination=Royal+Porta+Johns

Driving Directions

41.95157608298], -71.067309412369
Starting Point
Royal Porta Johns

Destination

Open in Google Maps


https://www.google.com/maps/dir/?api=1&origin=41.951576082981,+-71.067309412369&destination=Royal+Porta+Johns

Driving Directions

42.021681054325, -70.994779412929
Starting Point
Royal Porta Johns

Destination

Open in Google Maps


https://www.google.com/maps/dir/?api=1&origin=42.021681054325,+-70.994779412929&destination=Royal+Porta+Johns

Driving Directions

41.927703469431, -71.110925397705
Starting Point
Royal Porta Johns

Destination

Open in Google Maps


https://www.google.com/maps/dir/?api=1&origin=41.927703469431,+-71.110925397705&destination=Royal+Porta+Johns

Driving Directions

41.940215630626, -71.12080827318
Starting Point
Royal Porta Johns

Destination

Open in Google Maps


https://www.google.com/maps/dir/?api=1&origin=41.940215630626,+-71.12080827318&destination=Royal+Porta+Johns

Driving Directions

42.044621571222, -70.991938193189
Starting Point
Royal Porta Johns

Destination

Open in Google Maps

Google Maps Location

https://www.google.com/maps/place/Royal+Porta+Johns/ @41.951576082981,-
71.0673094]2369,25.22/d0t0=!4m6!3m5!]SOX89€48f0bdb75549d:0X9CIC1C8405242€765!8m2!3d42.1
71.0537696!165%2F

Click below to open this location on Google Maps

Open in Google Maps


https://www.google.com/maps/dir/?api=1&origin=42.044621571222,+-70.991938193189&destination=Royal+Porta+Johns
https://www.google.com/maps/place/Royal+Porta+Johns/@41.951576082981,-71.067309412369,25.2z/data=!4m6!3m5!1s0x89e48f0bdb75549d:0x9ac1c8405242e765!8m2!3d42.0232265!4d-71.0537696!16s/

Google Maps Location

https://www.google.com/maps/place/Royal+Porta+Johns/ @41.967226876267,-
71.0248603]676,25.22/d(]t(]=!4m6!3m5!]SOX89e48fObdb75549d:0x900108405242€765!8m2!3d42.0f
71.0537696!165%2F

Click below to open this location on Google Maps

Open in Google Maps

Google Maps Location

https://www.google.com/maps/place/Royal+Porta+Johns/ @41.942238177463,-
71.065213449748,25.22/d(]t(]=!4m6!3m5!]SOX89648f0bdb75549d:0X9001084052426765!8m2!3d42.1
71.0537696!165%2F

Click below to open this location on Google Maps

Open in Google Maps

Google Maps Location

https://www.google.com/maps/place/Royal+Porta+Johns/ @42.049378540015,-
71.070]92936"4,25.22/d0t0=!4m6!3m5!]SOX89648f0bdb75549d:0x900]084052426765!8m2!3d42.0f
71.0537696!165%2F

Click below to open this location on Google Maps

Open in Google Maps

Google Maps Location

https://www.google.com/maps/place/Royal+Porta+Johns/ @41.998477555725,-
71.083750301447,25.22/d0t0=!4m6!3m5!]SOX89€48f0bdb75549d20X900]C8405242€765!8m2!3d42.(
71.0537696!165%2F


https://www.google.com/maps/place/Royal+Porta+Johns/@41.967226876267,-71.02486031676,25.2z/data=!4m6!3m5!1s0x89e48f0bdb75549d:0x9ac1c8405242e765!8m2!3d42.0232265!4d-71.0537696!16s/
https://www.google.com/maps/place/Royal+Porta+Johns/@41.942238177463,-71.065213449748,25.2z/data=!4m6!3m5!1s0x89e48f0bdb75549d:0x9ac1c8405242e765!8m2!3d42.0232265!4d-71.0537696!16s/
https://www.google.com/maps/place/Royal+Porta+Johns/@42.049378540015,-71.070192936114,25.2z/data=!4m6!3m5!1s0x89e48f0bdb75549d:0x9ac1c8405242e765!8m2!3d42.0232265!4d-71.0537696!16s/

Click below to open this location on Google Maps

Open in Google Maps
Google Maps Location

https://www.google.com/maps/place/Royal+Porta+Johns/ @41.946420770188,-
70.973"9512484,25.22/d0tc1=!4m6!3m5!]SOX89€48f0bdb75549d:0X9C]C1C8405242€765!8m2!3d42.C
71.0537696!165%2F

Click below to open this location on Google Maps

Open in Google Maps
Google Maps Location

https://www.google.com/maps/place/Royal+Porta+Johns/ @41.954326953329,-
71.01252492]452,25.22/d(]t(]=!4m6!3m5!]SOX89€48f0bdb75549d:0X9CIC]084052426765!8m2!3d42.0
71.0537696!165%2F

Click below to open this location on Google Maps

Open in Google Maps
Google Maps Location

https://www.google.com/maps/place/Royal+Porta+Johns/ @42.095327933084, -
71.]41300]44435,25.22/d(]t(]=!4m6!3m5!]SOX8Qe48fObd b75549d:0x9ac1c8405242e765!8m2!3d42.0
71.0537696!165%2F

Click below to open this location on Google Maps

Open in Google Maps

Google Maps Location


https://www.google.com/maps/place/Royal+Porta+Johns/@41.998477555725,-71.083750301447,25.2z/data=!4m6!3m5!1s0x89e48f0bdb75549d:0x9ac1c8405242e765!8m2!3d42.0232265!4d-71.0537696!16s/
https://www.google.com/maps/place/Royal+Porta+Johns/@41.946420770188,-70.973119512484,25.2z/data=!4m6!3m5!1s0x89e48f0bdb75549d:0x9ac1c8405242e765!8m2!3d42.0232265!4d-71.0537696!16s/
https://www.google.com/maps/place/Royal+Porta+Johns/@41.954326953329,-71.012524921452,25.2z/data=!4m6!3m5!1s0x89e48f0bdb75549d:0x9ac1c8405242e765!8m2!3d42.0232265!4d-71.0537696!16s/
https://www.google.com/maps/place/Royal+Porta+Johns/@42.095327933084,-71.141300144435,25.2z/data=!4m6!3m5!1s0x89e48f0bdb75549d:0x9ac1c8405242e765!8m2!3d42.0232265!4d-71.0537696!16s/

https://www.google.com/maps/place/Royal+Porta+Johns/ @42.057192898441,-
71129962582483,25.2z/data=14m6!3m5!1s0x89e48f0bdb75549d:0x9ac1c8405242e765!8m2!3d42.
71.0537696!165%2F

Click below to open this location on Google Maps

Open in Google Maps

Google Maps Location

https://www.google.com/maps/place/Royal+Porta+Johns/ @42.010826225495, -
70.93560"56785,25.22/d0t0= 14m6!3Mb!1s0x89e48f0bdb75549d:0x9ac1c8405242e765!8m213d42.
71.0537696!165%2F

Click below to open this location on Google Maps

Open in Google Maps

Google Maps Location

https://www.google.com/maps/dir/?api=1&origin=41.938898218303, -
71.02550542822&destination=Royal+Porta+Johns%2C+400+West+St%2C+West+Bridgewater%2C

Click below to open this location on Google Maps

Open in Google Maps
Google Maps Location
https://www.google.com/maps/dir/?api=1&origin=42.017480326511,-

71.060981727885&destination=Royal+Porta+Johns%2C+400+West+St%2C+West+Bridgewater%2C

Click below to open this location on Google Maps

Open in Google Maps

Google Maps Location


https://www.google.com/maps/place/Royal+Porta+Johns/@42.057192898441,-71.129962582483,25.2z/data=!4m6!3m5!1s0x89e48f0bdb75549d:0x9ac1c8405242e765!8m2!3d42.0232265!4d-71.0537696!16s/
https://www.google.com/maps/place/Royal+Porta+Johns/@42.010826225495,-70.935601156785,25.2z/data=!4m6!3m5!1s0x89e48f0bdb75549d:0x9ac1c8405242e765!8m2!3d42.0232265!4d-71.0537696!16s/
https://www.google.com/maps/dir/?api=1&origin=41.938898218303,-71.02550542822&destination=Royal+Porta+Johns,+400+West+St,+West+Bridgewater,+MA+02379,+USA&destination_place_id=ChIJnVR12wuP5IkRZedCUkDIwZo&travelmode=driving&query=Luxury+portable+restrooms+Boston+weddings
https://www.google.com/maps/dir/?api=1&origin=42.017480326511,-71.060981727885&destination=Royal+Porta+Johns,+400+West+St,+West+Bridgewater,+MA+02379,+USA&destination_place_id=ChIJnVR12wuP5IkRZedCUkDIwZo&travelmode=driving&query=Portable+bathroom+rental+Plymouth+County

https://www.google.com/maps/dir/?api=1&origin=41.954668785966,-
71131095094454&destination=Royal+Porta+Johns%2C+400+West+St%2C+West+Bridgewater%2C

Click below to open this location on Google Maps

Open in Google Maps

Google Maps Location

https://www.google.com/maps/dir/?api=1&origin=41.922206464613,-
71.095275562507&destination=Royal+Porta+Johns%2C+400+West+St%2C+West+Bridgewater%2«

Click below to open this location on Google Maps

Open in Google Maps

Google Maps Location

https://www.google.com/maps/dir/?api=1&origin=42.013748616611,-
70.909354511229&destination=Royal+Porta+Johns%2C+400+West+St%2C+West+Bridgewater%2(

Click below to open this location on Google Maps

Open in Google Maps
Google Maps Location
https://www.google.com/maps/dir/?api=1&origin=42.039162790759,-

70.917607648104&destination=Royal+Porta+Johns%2C+400+West+St%2C+West+Bridgewater%2(

Click below to open this location on Google Maps

Open in Google Maps

Google Maps Location

https://www.google.com/maps/dir/?api=1&origin=42.104680248963, -
71112155292132&destination=Royal+Porta+Johns%2C+400+West+St%2C+West+Bridgewater%2C+


https://www.google.com/maps/dir/?api=1&origin=41.954668785966,-71.131095094454&destination=Royal+Porta+Johns,+400+West+St,+West+Bridgewater,+MA+02379,+USA&destination_place_id=ChIJnVR12wuP5IkRZedCUkDIwZo&travelmode=driving&query=Portable+washrooms+rental+Norfolk+County
https://www.google.com/maps/dir/?api=1&origin=41.922206464613,-71.095275562507&destination=Royal+Porta+Johns,+400+West+St,+West+Bridgewater,+MA+02379,+USA&destination_place_id=ChIJnVR12wuP5IkRZedCUkDIwZo&travelmode=driving&query=portable+restroom+cleaning
https://www.google.com/maps/dir/?api=1&origin=42.013748616611,-70.909354511229&destination=Royal+Porta+Johns,+400+West+St,+West+Bridgewater,+MA+02379,+USA&destination_place_id=ChIJnVR12wuP5IkRZedCUkDIwZo&travelmode=driving&query=Weekly+porta+potty+service+MetroWest
https://www.google.com/maps/dir/?api=1&origin=42.039162790759,-70.917607648104&destination=Royal+Porta+Johns,+400+West+St,+West+Bridgewater,+MA+02379,+USA&destination_place_id=ChIJnVR12wuP5IkRZedCUkDIwZo&travelmode=driving&query=Porta+potty+cleaning+service+Massachusetts

Click below to open this location on Google Maps

Open in Google Maps

Google Maps Location

https://www.google.com/maps/dir/?api=1&origin=41.968038780264,-
71100142758127&destination=Royal+Porta+Johns%2C+400+West+St%2C+West+Bridgewater%2C-

Click below to open this location on Google Maps

Open in Google Maps

Google Maps Location

https://www.google.com/maps/dir/?api=1&origin=42.061459149693,-
71.071502026388&destination=Royal+Porta+Johns%2C+400+West+St%2C+West+Bridgewater%2C

Click below to open this location on Google Maps

Open in Google Maps

Google Maps Location

https://www.google.com/maps/dir/?api=1&origin=42.057192898441,-
71129962582483&destination=Royal+Porta+Johns%2C+400+West+St%2C+West+Bridgewater%2c¢

Click below to open this location on Google Maps

Open in Google Maps


https://www.google.com/maps/dir/?api=1&origin=42.104680248963,-71.112155292132&destination=Royal+Porta+Johns,+400+West+St,+West+Bridgewater,+MA+02379,+USA&destination_place_id=ChIJnVR12wuP5IkRZedCUkDIwZo&travelmode=driving&query=Hand+sanitizer+stations+Massachusetts+events
https://www.google.com/maps/dir/?api=1&origin=41.968038780264,-71.100142758127&destination=Royal+Porta+Johns,+400+West+St,+West+Bridgewater,+MA+02379,+USA&destination_place_id=ChIJnVR12wuP5IkRZedCUkDIwZo&travelmode=driving&query=Luxury+portable+restrooms+Boston+weddings
https://www.google.com/maps/dir/?api=1&origin=42.061459149693,-71.071502026388&destination=Royal+Porta+Johns,+400+West+St,+West+Bridgewater,+MA+02379,+USA&destination_place_id=ChIJnVR12wuP5IkRZedCUkDIwZo&travelmode=driving&query=portable+restroom+rental
https://www.google.com/maps/dir/?api=1&origin=42.057192898441,-71.129962582483&destination=Royal+Porta+Johns,+400+West+St,+West+Bridgewater,+MA+02379,+USA&destination_place_id=ChIJnVR12wuP5IkRZedCUkDIwZo&travelmode=driving&query=Construction+porta+johns+Worcester+County

Phone : 17744442014

City : West Bridgewater
State : MA

Zip : 02379

Address : 400, West Street

Google Business Profile

Company Website : https://royalportajohns.com/

USEFUL LINKS

porta potty rental near me

portable restroom rental near me

portable toilet rental near me

portable toilet rental

portable restroom cleaning

Sitemap

Privacy Policy

About Us



https://www.google.com/maps/place/Royal+Porta+Johns/@42.0088843,-71.3575386,10z/data=!3m1!4b1!4m6!3m5!1s0x4b7c8f6713d19e73:0x1fda1af81454888b!8m2!3d42.0088475!4d-71.027229!16s/g/11txzcm5gw?entry=ttu&g_ep=EgoyMDI1MDQyMy4wIKXMDSoASAFQAw==
https://royalportajohns.com/
https://portapottyrental.transistor.fm/episodes/the-porta-potty-truth-royal-porta-johns-is-the-best-porta-potty-rental-near-west-bridgewater-ma
https://about.me/royalportajohns
https://solo.to/portapottyrental
https://linktr.ee/RoyalPortaJohns
https://royal-porta-johns.blogspot.com/
https://s3.amazonaws.com/corp-hq/royal-porta-johns/portable-toilet-rental-near-me/sitemap.html
https://s3.amazonaws.com/corp-hq/royal-porta-johns/portable-toilet-rental-near-me/privacy-policy.html
https://s3.amazonaws.com/corp-hq/royal-porta-johns/portable-toilet-rental-near-me/about-us.html

