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4. WATER EFFICIENCY IN GREEN BUILDINGS 

4.1. The Aim of Water Efficiency on Green Buildings
Increased population, accompanied by other water stressors, is putting stress 
on the world’s water supply. Buildings employ large amounts of potable water, as well 
as discharge wastewater and contribute to pollutant loadings through stormwater run-
off. As our population increases and spreads out, our demand for water also increases 
and, as a result, our infrastructure spreads. Increased stress on water resources, both 
in terms of decreasing quantity and quality, has lead to a growing interest in more 
efficient water uses. Through the implementation of water management strategies, 
the issues associated with increased water demand may be alleviated.

Similarly, water cannot be infinitely pumped from potable sources to meet com-
munity demands. Sustainable solutions that meet current and projected demand 
as well as preserve natural and human cycles are required.

The building industry significantly impacts the human and natural environments. 
Buildings account for a substantial portion of electricity consumption, greenhouse 
gas emissions, material use, waste output, and potable water consumption.

In response to impacts from the building industry, a green building movement 
has emerged. “Green” building involves the use of two main concepts: sustaina-
bility and integrated design (IDB, 2012). These concepts are essential in the plan-
ning of a green building and are also necessary when designing any other pro-
ject. Sustainability requires developers to examine the entire lifetime of the project. 
The “green” process requires both ideas to combine, leading to savings in water, energy, 
and costs.

As C. Joustra indicates, savings occur in all sectors when building green (Joustra, 
2010). The initial building costs can be no more than those of a conventional structure; 
but because a green building is more efficient, savings continue throughout the entire 
lifetime of the structure. In addition to environmental and economic benefits, green 
buildings also enhance the comfort and health of occupants, by improving air qual-
ity, thermal conditions, and the overall work environment.

Green building mentions a building structure that is designed to be environmen-
tal-friendly and makes nominal and efficient use of natural resources. Such build-
ings are resource-efficient and eco-friendly during its entire lifespan starting from its 
construction to demolition. A Green building design emphasizes on making effec-
tual use of natural resources like water, energy, etc. while reducing several bad effects 
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on the environment and the occupant’s health during its use. The 5 main goals of green 
buildings are:
	y site and design efficiency,
	y reduced energy usage,
	y reduced water consumption,
	y environmentally safe construction materials,
	y improved air quality.

Considering water efficiency in green buildings, there are several strategies that 
can be employed to reduce the amount of water consumed at a facility. In gen-
eral terms, these methods include system optimization (i.e., efficient water systems 
design, leak detection, and repair), water conservation measures and water reuse/
recycling systems.

While not a design specification or technology option, obtaining the participation 
of building inhabitants in the water conservation program becomes key to achieving 
water use reduction goals, and is often one of the simplest and most cost-effective strat-
egies to employ (Bourg, 2016). One of the first steps in implementing a water conser-
vation program is to train employees on the use of new water-efficient technologies, 
as well as maintenance staff on operation and maintenance procedures; technologies 
that are not properly used or maintained will not achieve their maximum savings 
potential. For example, double flushing of ultra-low flush toilets may result in more 
water consumption than older, conventional devices if not used properly.

Some activities can be incorporated into public information and education pro-
grams, such as establishing as hot line or other reporting mechanisms to report leaks, 
place signs on new equipment on how to use, initiate a incentive program; distrib-
ute flyers and pamphlets to increase awareness of the facility’s water management 
plan, educate inhabitants on wise water use practices, and develop a display on water 
management highlighting the practices in use at the facility and its resultant savings 
and benefits and place in a highly visible area of the building.

The human factor is critical to obtaining the desired results from water conserving 
strategies, and development of an information and education campaign can help your 
facility in making the human factor work in favor of water conservation initiatives.

As an example of public information and education programs, Castle Water 
Limited (Blairgowrie, UK) has developed a guide to provide a first step for businesses 
wishing to use water wisely and achieve water efficiency use (Castle, 2022).

The Water Management Hierarchy is established as a framework for prioritizing 
water management and efficiency actions (Fig. 4.1).

Once you have committed yourself to begin saving water, the first step is to under-
stand how water is used in your business, asking questions as “How is water supplied 
to site?” or “Where is water used in your business (domestic use, process use, inside 
and outside)?”.
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FIG. 4.1. Keep the waste hierarchy in mind when undertaking water savings actions: those which 
deliver results closer to the top of the hierarchy should be preferred (Source: Castle, 2022)

A simple and effective tool for understanding your water usage is a water balance 
model (Fig. 4.2), that is to say, numerically accounting for how water enters the site 
(mains water, other sources), how water is used within the site and how water exits 
the site (sewer discharge, trade effluent).

FIG. 4.2. Water balance model will serve as a tool to understand and manage water use (Source: 
Castle, 2022)

The second step is to set performance indicators like m3 per employee / site occu-
pant or tonne of product/m3, and finally, once the water balance has been obtained 
and a baseline water efficiency established by setting the key performance indicators, 
the goal is of course to improve performance.
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The main objective of this chapter is to stress on the need for water conservation 
and highlight the several technologies available for implementing water efficiency 
practices.

A wide range of technologies can be employed to save water and associated energy 
consumption, to increase the supply of water from an alternative source to conven-
tional natural resources or from water recycling.

Alternative water sources provide a volume of water, taking advantage of non-
conventional inputs such as rainwater, wastewater, etc.

They are not really water-saving mechanisms in themselves, as the specific demand 
of a building does not necessarily decrease. What is sought with them is to reduce 
the water demand of the general distribution networks and, therefore, to reduce 
the usage of natural resources.

4.2. Water Saving Systems
In recent years, numerous devices have been developed to save and better manage water 
demand. This paragraph will introduce some of those technologies for saving water.

A water saving equipment can be classified according to its complexity and the num-
ber of elements that make it up, and according to the form of water saving achieved. 
In this way, we will have water saving devices and water saving systems depending 
on the complexity of the equipment.

A water-saving device is a simple piece of equipment for a specific application, 
whereas a water-saving system is a set of elements, not specific, but all assembled 
in a certain order and functionality, to achieve the desired water-saving effect. 

The first ones are intended to reduce the flow rate supplied through the sanitary 
fixtures, or to reduce the consumption time of the fixtures. Among those that reduce 
the flow rate are aerators and flow reducers, which will be discussed later. In the group 
of those that reduce the time of use are domestic hot water recirculation systems.

Systems aimed at reducing the flow rate delivered, the duration of consumption, 
or even the frequency of usage, include the following:

4.2.1. Tap Aerator 

The function of the aerators, or perlizers, is to produce a vein of water that, maintain-
ing the appearance and consistency of a powerful stream, supplies less water than 
a tap equipped with a standard stream would deliver.

What the aerator does is to mix, right at the tap outlet, the water coming from 
the supply pipe with air and, thus, generates a “fluffier” stream. 

Figure 4.3 shows an aerator and its cross-section, where the air that enters between 
the aerator and its support is introduced and mixed through the rectangular orifices.



89

WATER EFFICIENCY IN GREEN BUILDINGS

FIG. 4.3. Faucet with aerator and its cross-section (Sources: WEB-1, WEB-2 and López-Patiño, 
2015)

There are different types of aerators, and it is very important to select the most suit-
able one, according to its application. In fact, aerators can be distinguished by the max-
imum flow rate delivered which, in turn, will be suitable for a type of tap. The lower 
the maximum flow rate they deliver, the more expensive the aerator becomes, which 
is why it is interesting to adjust the preselection of the device to the tap on which 
it will be mounted.

Aerators have the advantage of their great versatility, since they can be placed on any 
tap, regardless of its design, without changing its appearance, as long as it is a stand-
ardized tap.

In addition, it is easily installable by anyone without any plumbing knowledge.
As an example, if a washbasin aerator represents a saving of 54% and the washbasin 

represents 15% of the total consumption of a home, the absolute saving of the imple-
mentation of the aerator is 8% (López-Patiño, 2015).

4.2.2. Flow Reducer for Shower

There are several systems to reduce the f low delivered to the shower, although 
the device that is going to be developed is the one that is inserted in the connection 
of the shower hose to its control (Fig. 4.4). 

It consists of a pressure reducing valve that decreases the pressure with which 
the shower head is supplied, in such a way that the flow that it can deliver is also 
reduced.

The absolute savings in volume depend on the frequency and duration of use 
of the appliance. A shower reducer that reduces the flow by 55% when the consump-
tion in the showers represents 15% of the total of the house, represents a real saving 
of 8.25% (López-Patiño, 2015).
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FIG. 4.4. Flow reducer for shower (Source: WEB-3)

These devices have the advantage that they can be installed in any type of shower, 
making them suitable for rehabilitated installations, since the existing taps do not 
need to be replaced.

However, they have the great disadvantage of being able to be installed with shower 
heads that are not designed for low pressure and, as a result, the feeling of the jet that 
is achieved in the shower is very poor, to the point that it looks that there is no flow, 
as it actually happens. 

4.2.3. Shower Head With Flow Reducer

As in the previous case, this system consists of a supply pressure reducing mechanism, 
but installed inside the shower head. As the supply pressure is reduced, the flow rate 
is also reduced. The difference with the previous ones is in the fact that the shower 
head has been designed to work with reduced pressure, so that the user perceives 
a pleasant sensation of showering.

Therefore, they have the disadvantage that they are not a standard element (Fig. 4.5).
With the same water savings as a reducer, the head is more expensive so, a priori, 

one cannot be rated better than the other.

FIG. 4.5. Shower head with flow reducer (Sources: López-Patiño, 2015 and WEB-4)
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4.2.4. Low-Consumption Toilet Taps

The toilet faucet is the mechanism for discharging water from the cistern to the toilet 
bowl for cleaning after each use, so the consumption of the toilet faucet is the volume 
of water that is released in each flush.

The design of toilets has been continuously improving, in such a way that the vol-
umes required nowadays for cleaning are much less than the 20 liters per flush that 
were necessary a few years ago. In addition, building regulations have progressively 
limited the maximum distance between the toilet and the downspout, so the vol-
ume required to transport solid waste in the toilet collectors has also been reduced. 
In addition, discharge taps have been developed that use lower discharge volumes 
for the single evacuation of liquids, than for the discharge of solids.

New-generation toilets are already equipped with low-consumption cisterns, 
although two configurations coexist on the market: interruptible f lush mecha-
nisms that allow the flush to start when it is pressed and be interrupted at any time 
by pressing the tap again; while in those with double buttons, the volume of the par-
tial discharge is not fixed in advance as it varies from one discharge to another due 
to the voluntary action of the user. This second mechanism has two buttons, so it has 
the advantage of being easily identifiable by the two buttons on the faucet, which 
makes it especially suitable for public buildings.

As a disadvantage, if the desired cleaning is not carried out with the partial dis-
charge, the user performs a partial discharge again or ends with a complete discharge, 
preventing water saving.

To avoid this situation, the interruptible flush mechanisms are more suitable, since 
the user starts the flush and, when he sees that the toilet has been cleaned, he inter-
rupts it.

Figure 4.6 shows different layouts of two-buttons mechanisms.

FIG. 4.6. Two-buttons mechanisms (Source: WEB-1)
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4.2.5. Automatic Faucets

The automatic faucets open and close the water outlet without the direct interven-
tion of the user, so the flow supply time in the device can be controlled. In this way, 
the saving in the volume of water consumed is not produced by the flow supplied, but 
by the time during which this flow is consumed.

The use of this system is indicated in public buildings, where the user is not directly 
linked to the payment of water consumption. In a private building, the user himself 
pays the bill for water consumption, so he is concerned that the taps remain closed 
after each use. 

This system includes are different morphologies: timed taps, whose activation can 
be mechanical or electronic; and infrared faucets, individual or collective (Fig. 4.7).

FIG. 4.7. Automatic faucets (Source: WEB-5)

As the reduction of the volume consumed that is achieved is not so much 
in the reduction of the demand but in reducing the wastage of water, the savings 
obtained with the individual systems vary a lot depending on the location, awareness, 
etc. Thus, it is very difficult to assess the savings in a precise manner.

4.2.6. Pressure Reducing Valves

A pressure reducing valve is an automatic valve that maintains sustained pressure at its 
outlet end as long as the pressure at its inlet end is greater than it (Fig. 4.8).

The way in which the valve reduces pressure is by partially closing it to cause 
a punctual loss of energy (loss of pressure) inside it. If the pressure at the inlet is higher, 
it will close more so that the pressure drops more, but if the pressure at the inlet 
is lower, it will close less and produce less energy loss.
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In a detached house, the pressure reducing valve is installed at the entrance 
of the house, while in residential buildings it is installed at the bypass of each floor.

The pressure reducing valve acts on the entire installation, unlike the flow reduc-
ers of the taps that act locally and directly on the point of consumption. Therefore, 
the implementation of both systems in a home is incompatible.

In general, the placement of individual and localized flow reduction devices 
is always better than the installation of reducing valves, but these are a cheaper solution.

FIG. 4.8. 40 mm pressure reducing valve (Source: WEB-6)

4.2.7. Single-Lever Taps With Two-Position Opening

It is very common that, in single-lever type faucets, the control action is all or noth-
ing, although they are designed to regulate the flow in any intermediate position .

When the user opens the faucet without control, the opening does not take place 
at 100%. The control travel in the intermediate opening is 50%, so the flow delivered 
in this position is usually 50% of the nominal flow of the faucet (Fig. 4.9) (López-
Patiño, 2015).

Its use is suitable in installations where there are people with little ability to con-
trol their movements, such as the elderly or children populations, with the specific 
savings percentage achieved being 50% with respect to standard taps.

FIG. 4.9. Two-position opening tap (Sources: WEB-5 and López-Patiño, 2015)
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4.3. Alternative Sources of Supply
This group includes those systems that, instead of reducing demand, increase the sup-
ply of water from an alternative source to conventional natural resources.

This group includes rainwater harvesting systems at a localized level, and con-
densate collection and utilization systems.

4.3.1. Rainwater Use Systems

The rainwater harvesting systems have become more common as building owners 
look for ways to manage rainfall runoff and save money.

A retention system uses the rainwater collected on the building for later use 
in appliances that do not require high quality water (toilets and irrigation). It consists 
of a set of elements that capture the rainwater that falls on a surface, store it, pump 
it and distribute to the points of consumption. In general, rainwater is used for irri-
gating gardens and flushing toilets. In buildings for industrial use, as long as their 
activity is not food production, it could be used as cleaning water.

Due to its lack of quality, it is important not to crossing the rainwater distribution 
network and the building’s drinking water network. Therefore, the installation will 
be designed appropriately to avoid it, becoming one of the main conditioning factors 
of the design. The possibility of using water from the general network due to the lack 
of rainwater, has to be taken into account along the design.

Buildings that take advantage of rainwater must have a double water supply net-
work: the drinking water network that provides service to all water consumption 
appliances, including appliances that can use rainwater; and the rainwater distribu-
tion network. This makes the system more expensive.

The major components of rainwater harvesting system are briefly explained:
	y The collection elements are surfaces intended to collect the rainwater that falls 

on the building and channel it towards the rainpipes that transport the water 
to the rest of the system (Fig. 4.10). An objective for these elements must be to guar-
antee that the quality of the water is not altered, so materials that are not very 
porous and, therefore, not prone to the development of fungi and bacteria, must 
be chosen. In this sense, galvanized steel is a high-quality material.

	y Primary retention filters, or grids with a reduced section, to prevent the litter 
and dirt that is deposited on the catchment surface from being dragged towards 
the rest of the system. Filters are often made of plastic materials (PVC, PE, PP), 
galvanized steel or stainless steel (Fig. 4.11 and 4.12).
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FIG. 4.10. First path of rainwater in the recovery system (Source: WEB-8)

FIG. 4.11. Gutter grilles (Source: WEB-9)

FIG. 4.12. Leaf separator filter for downspout (Source: WEB-8)
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	y Pipes that channel rain between their different parts. The water flow will circulate 
from the catchment elements to the tank in a free sheet regimen or under pressure, 
depending on whether the rainwater collection system is atmospheric or under 
pressure. However, all pipes from the tank will be pressurized. The materials to be 
used are varied but they must be compatible in quality with the usage that is going 
to be made of rainwater (as in the collection elements cases).

	y First rainfall separator, or rainwater diverter, that prevent the contaminant load 
of an environmental nature that is dragged by rainwater, from reaching the water 
distribution system. Its function is to direct the first rain that falls, and all the pol-
luting content that it carries, towards the evacuation network and, once the water 
does not carry a polluting load, divert the flow to the storage tank.

Rainwater diversion systems normally consist of vertical PVC piping several metres 
in length (Fig. 4.13). These are installed generally along the piping that leads into 
the top of your tank.

This results in the rainwater flowing into the gutter and down the piping to even-
tually fall into the vertically installed PVC piping. The rainwater starts filling up this 
pipe. Inside the pipe is a special ball valve that rises as the pipe fills with water. Once 
full, the ball value creates a seal at the top preventing the dirty “first flush” of rainwa-
ter from escaping. Subsequently, the rainwater flows over the ball down into the rain-
water tank as usual.

The rainwater captured into the water diversion system needs to be let out. 
Otherwise, in future downpours it will not be able to fill up again. Located at the bot-
tom of the vertical PVC piping is normally a slow-release valve.

FIG. 4.13. Rainwater diverter (Source: WEB-10, WEB-11)

	y Tanks are the elements that store the filtered water that is collected during rain-
fall and that will be consumed over time (Fig. 4.14). The first decision to be taken 
is where the tank will be located and access. If you have a large area with lots 
of space and easy access to get the tank in, there will be a number of possible 
options. Where the tank (or tanks) is located will determine its size and shape, 
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and possibly even its colour, in case it needs to blend into the surrounding vegeta-
tion or buildings. The ideal size of the rainwater tank will depend on what the water 
will be used for, the number of people in the household, and also the budget, roof 
size and rainfall.

FIG. 4.14. Rainwater tank (Source: Rovira et al., 2020)

There are other factors that need to be considered when looking for a tank. Firstly, 
the tank will eventually need to be scrapped, and it must be considered what will hap-
pen to it at the end of its lifetime.

Stainless steel tanks generally don’t corrode to the level that coated steel tanks do, 
so most scrap metal dealers will actually pay for them. In addition, all of the mate-
rial in a stainless steel tank can be recycled. Polyethylene tanks pose an interesting 
problem since, if they have degraded to a point where they can no longer hold water, 
the plastic has reached a point where it can only be recycled into a limited range 
of other products, and they will end up in landfill. Fiberglass tanks are generally not 
recyclable and being a composite material will most likely end up as landfill. In addi-
tion, contain quite a lot of polyester resin and small amounts of some rather nasty 
substances, that will be released as the tanks break down in landfill. Concrete tanks 
are benign, but they do represent quite a large volume of materials. There are some 
companies now that can recycle concrete.

The most common rainwater tank materials are polyethylene, metal, and concrete. 
Polyethylene tanks are a popular choice for above ground tanks because they are dura-
ble and most can simply be installed onto a sand base or pavers, or even partly into 
the ground if needed. They typically come with at least a 10-year guarantee.
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The metal tank needs to be installed on a concrete base or reinforced pavers, 
and they are typically guaranteed for at least 20 years and can be recycled at the end 
of their lifetime. 

Concrete tanks are less common these days but can be a good above or below 
ground option and they are great for bushfire resilience. They can be prefabricated 
or constructed onsite.

When building a tank, consider how easily the plumbing for the house can be 
accessed. If possible, place the tanks on higher ground so that water can gravity feed 
as much as possible. Tanks do not need to be placed directly next to the house. A sys-
tem of pipes can be used to take water from tanks further away on the property.

To use rainwater in the house, plumbing connections will need to be made 
to the pipe network, either at an incoming point or at different points of the house. 
You will need to get a licensed plumber to make these connections, and backflow pre-
vention devices will need to be used.

The tanks must have connections, as can be seen in Figure 4.15, that allow a cor-
rect operation of the tank and its cleaning and maintenance. Depending on the con-
figuration and morphology of the installation, some of these connections could vary 
in their layout.

FIG. 4.15. General diagram of a rainwater collection tank (Source: WEB-8)

	y Pumping group since the available energy is not sufficient to meet the demands. 
It will consist of one or more pumps and the pressure switches and maneuver-
ing equipment that allow the pump(s) to start and stop automatically according 
to the levels in the pressurized tank.

Installation scheme
Knowing the different elements that make up the system, it is necessary to organize 
them so that the system fulfills the purpose for which it was conceived.

Multiple schemes can be configured, so an example of configuration made 
by the manufacturer GRAF will be shown in Figure 4.16 (WEB-6):
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FIG. 4.16. Rainwater system configuration made by the manufacturer GRAF (Source: WEB-8)

1.	 Overflow. Excess water is drained into the sewage system or an infiltration sys-
tem via the overflow siphon. Particles floating on the surface are also filtered out 
of the water in the event of overflows. The siphon ensures that no odours from 
the sewage system enter the tank.

2.	 Reversible flow filter. If using rainwater to flush the toilet and in the washing 
machine, it would recommend fitting a reversible flow filter (Fig. 4.17.a). This filters 
out the finest of dirt particles and ensures superior water quality.

3.	 Rainwater contains no limescale-causing minerals and is therefore ideal 
for the washing machine. It makes laundry softer and easier to iron. If you wash 
your laundry with rainwater, you have no need for descaler or softener and will 
use up to 60 percent less detergent. Health experts confirm that washing laundry 
with rainwater is totally safe from a hygiene standpoint.

4.	 Once it has passed through the filter, there are only very small particles of dirt 
left in the rainwater. Over time these sink to the bottom or float to the surface. 
The steady inflow prevents the sediment at the bottom of the tank from being 
stirred up (Fig. 4.17.b).

5.	 Tank. An underground tank forms the very heart of the rainwater harvesting 
system. Depending on the desired size and installation situation, customers can 
choose between several tank models. Here the water is stored under optimum 
conditions.

6.	 The tank cover seals the rainwater harvesting system at the top edge of the ground. 
For optimum adjustment to local circumstances, its height can be continually 
adjusted and it can be tilted. Depending on where it is installed, the cover may 
be suitable for pedestrian or vehicles. An internal filter is usually installed into 
the tank cover to clean the rainwater (Fig. 4.17.c).

7.	 The system control of the rainwater harvesting system ensures constant water 
pressure in the supply network. It continuously controls the level of water 
in the tank and adds drinking water to the supply network if the tank level is too 
low (Fig. 4.17.d). This is essential for the quality of the harvested rainwater.
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8.	 The rainwater reaches the individual consumption or extraction points via the sup-
ply network. 50 % of drinking water can therefore be replaced with rainwater 
at no inconvenience.

FIG. 4.17. Elements of a collection rainwater system configuration (Source: WEB-8)

4.3.2. Recovery of Condensate in Air Conditioning Systems

Although in chapter 2 the concept of HVAC systems has been extensively developed, 
in this chapter the heating, ventilation and air-conditioning systems will be briefly 
treated as another water recovery system in green buildings.

Atmospheric water vapor harvesting is an old technique, where water vapor 
in the atmosphere is condensed and collected. There are three significant approaches 
for atmospheric water vapor harvesting (Algarni et al., 2018):
1.	 Condensate collection on cold surfaces in heating, ventilation and air condition-

ing units.
2.	 Absorption of the water vapor by means of desiccants followed by its release 

in a regeneration process.
3.	 The generation of convection currents in a tall tower structure to push humid 

air to a high altitude (cold zone) where condensation takes place. The condensed 
fresh water, which is directly obtained from the atmosphere, is anticipated to be 
soft and neutral with very low contents of minerals and metals.
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Among the aforementioned techniques to produce potable water via atmospheric 
water vapor harvesting, the one that extracts air-conditioning condensate through 
condensate recovery systems has great potential and could be exploited in rather 
more efficient ways. The heating, ventilation and air-conditioning systems in build-
ings produce a considerable amount of condensate, especially in hot-humid climates. 
This one can be regarded as one of the viable options that can contribute to both water 
sustainability and energy conservation.

The condensate that collects on heating, ventilation and air-conditioning units 
amounts to a significant volume and could potentially serve as an alternate water 
source. Moreover, its quality is relatively high as the water is almost mineral free, 
and has a very low content of total dissolved solids and low conductivity. With regard 
to water sustainability, collection of condensate from air conditioning systems has tre-
mendous potential because it is an inherent byproduct of heating, ventilation and air-
conditioning units. Collecting condensate from commercial heating, ventilation 
and air-conditioning units would be advantageous because, not only the technique 
is relatively simple but also the on-site applications that need relatively little treat-
ment offer a potentially quick return on investment. In hot humid climates, the air-
conditioning market is expected to grow at a fast pace, and thus, these climates repre-
sent promising regions to implement new methods for producing heating, ventilation 
and air-conditioning condensate.

Figure 4.18 shows the schematic of an heating, ventilation and air-conditioning 
unit with a condensate recovery systems. Condensate occurs in the cooling coil (evap-
orator section) of the heating, ventilation and air-conditioning unit, where evapora-
tive cooling drives the heat exchange. The refrigerant is circulated through evaporator 
coils for the specific purpose of cooling the air forced over it. A condensate drainpipe 
is provided with a drain pan, which is fixed at the bottom of the cooling coil.

FIG. 4.18. Schematic of a typical heating, ventilation and air-conditioning unit with a condensate 
recovery system (Source: Glawe et al., 2016)
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Source of condensation
When analyzing the possibilities of a condensation water utilization system 
in air conditioning systems, it is necessary to study the source of said condensation, 
and the humid air itself. From its analysis, conclusions can be drawn about the amount 
of condensate that can be extracted, the geographical areas where it is interesting 
to implement these systems, and the implementation conditions.

Atmospheric moist air contains a small part of water vapor in equilibrium 
with the rest of its components. The amount of water contained does not depend 
on the chemical composition of the air, but on environmental conditions, both cli-
matic and geographical, as well as vegetation.

Areas with high vegetation have high contents of water vapour. The air in desert 
areas, on the other hand, has little water vapor content. Geographical areas close 
to seas, oceans, and to a lesser extent rivers and lakes, have more humid air than oth-
ers. The direction of the winds, or the temperature of the air can cause the humidity 
in the air to vary.

The maximum amount of water that the air can contain is limited by the air pres-
sure and temperature. If any one of those properties varies, so will the maximum 
amount of water vapor.

The humid air condensate origin is the outside air humidity itself, but also 
the humidity added because of the people who occupy the building.

Indeed, in air conditioning systems it is common for part of the interior air to be 
recirculated for energy efficiency reasons. The air increases its humidity because 
of the occupant metabolic actions. Therefore, when studying the possibilities 
of the condensation water system use in a building, it is necessary to consider its 
geographical position, the proximity to environmental sources of humidity, the func-
tional characteristics of the building and its occupation.

Air conditioning systems for the use of condensate
The amount of condensation water that can be obtained from the air conditioning 
of a building depends on the type of air conditioning system. That is why it is nec-
essary to study the different types of air conditioning systems that exist, assessing 
their possibilities of taking advantage of condensates, and the operating conditions 
in which they are produced.

In the so-called all-air refrigeration systems, air, previously conditioned, is trans-
ported through air conditioning ducts and drives the premises to be conditioned. 

From the point of view of the installation, this system has the advantage that 
the generation of condensation water is concentrated in a few points, which reduces 
the necessary piping system. The channeled water is stored in a condensate collection 
tank that must be located below the position of the machine. This aspect is impor-
tant because a tank would be needed under the air conditioner. If this is not possible, 
a condensate pump would have to be installed, which increases the energy consump-
tion of the system and, therefore, the operating costs.
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In conditioning all-water systems, the heat transfer fluid is cold water, or hot 
in winter. 

From the point of view of the installation, the condensates generation take place 
at many different points, which makes the piping network more expensive. If, in addi-
tion, there is no possibility of the condensate flow flowing by gravity and conden-
sate pumps must be disponible, the installation becomes much more expensive from 
the point of view of investment and operating cost.

These systems only have air recirculation, so it is not renewed and eventually 
becomes contaminated.

Mixed air-water or water-air systems are a mixture of the previous two, and arise 
as a solution to the air quality problems presented by all-water systems.

If clean outside air is supplied, it must be previously conditioned. Hence the mixed 
systems arise.

The use of condensation water is greater than that obtained with an all-water sys-
tem, due to the humidity contribution from the outside air flow.

From the installation point of view, there are several condensate collection points 
that make the piping system more expensive. Condensate circulation is produced 
by gravity, avoiding the cost of investment and operation of the condensate pump.

The last of the air conditioning systems is the refrigerant system, where the heat 
transfer fluid is a refrigerant.

From the generation condensation water point of view, in summer mode it is pro-
duced inside the building, while in winter mode it is produced outside.

This is a fairly popular system since it is used in numerous homes that have been 
equipped with air conditioning systems after their construction.

The system does not have air quality renewal, both in summer and winter. The nec-
essary renewal of the air is by opening windows or by using aerators arranged for this 
purpose.

The humidity of the air inside the building, both in summer and in winter, is pro-
duced by its occupants plus the necessary outside air to maintain its quality levels.

Comparing the different systems analyzed, it can be established that the ones that 
provide the best use are the all-air systems with air treatment units.

4.4. Selection Criteria for Water Saving Systems
Rainwater harvesting systems use the rainwater that falls on the building roof 
or on the plot on which it is located, to be used in some sanitary devices of the build-
ing itself.

These rainwater harvesting systems are conceived to improve the building’s con-
sumption efficiency, so it should be more profitable to consume rainwater than drink-
ing water from the general distribution network.
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In general, and due to regulatory restrictions, rainwater can be used to supply 
water to toilets and for irrigation of gardens. In both cases, they are plumbing fixtures 
or demand points that only use cold water.

Compared to other water saving systems, these systems have very high return 
on investment periods.

For these and other reasons, it is necessary to optimize the design and dimen-
sioning of the system, adjusting its investment cost as much as possible (López-Patiño, 
2015).

Air conditioning systems that cool humid air generate condensation of some mois-
ture contained. Generally, this by-product of the air conditioning process is disposed 
of through the building’s wastewater and/or rainwater drainage network.

However, enough condensation water is generated to be used to partially supply 
toilets or for irrigation.

The production capacity depends on the flow of treated air, higher for air condi-
tioning systems that work 100% with outside air than for systems with recirculation.

There are buildings in which the water savings obtained from the general dis-tri-
bution network are greater than in others. These buildings are those that have a large 
volume of air conditioning, are located near the coast, have a relatively small occu-
pation, and have centralized air conditioning equipment.

As G. López-Patiño indicates to select the most suitable saving system for a cer-
tain building, it is not enough to consider only the quantity of water saving (López-
Patiño, 2015). It is necessary to consider the associated energy saving, the socio-envi-
ronmental impact it produces, the design of the system, and the economic viability 
of its implementation.

The highest savings values are obtained with alternative source systems. Currently 
the legislation does not allow the use of reclaimed water for applications in buildings, 
but in the future, it will be possible to guarantee the suitability of reclaimed water 
and savings of 100% could be achieved.

With respect to energy saving, which is understood as energy saved as a result 
of saving water, a negative energy saving values would be produced when a water 
saving of 100%. This occurs because these types of systems are forced to pressur-
ize the water to be distributed. Besides, domestic hot water must be heated anyway.

The environmental impact could be maximum, regardless of the savings achieved 
since the social environment of the building will always be positively influenced.

As for the design of the system, the same happens since the equipment function-
ality and handling can always be improved.

Finally, for the system to be feasible, the lifetime must be greater than the period 
of return on investment, which could not be achieved in some alternative source type 
water saving systems.

To conclude, it is necessary to weigh each selection criteria according to the char-
acteristics of the target building, to finally decide which is the most suitable water 
saving system. For more information, to read Ghimire et al. (2019).
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