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Abstract: Within the concept of sustainable construction, with sensible and conscious use of finite natural resources, every effort to 
save and reuse raw-materials is considered an important step to be adopted in buildings, from project, implantation and construction 
to operation and maintenance throughout their lifecycle. This study aims at showing the application of a system that reuses 
condensed water drained from air-conditioner evaporators (which are usually disposed of), and a plan to use this water for toilet 
flushing, reducing consumption of treated water bought from water companies. The authors verified that each air-conditioner 
specified in the project of a commercial building—used as reference here—produces 4.8 L of water per hour of operation. This result 
in a daily accumulated volume of 4,290 L, which represents a significant part of the amount needed to supply all the toilets in the 
building. A water capture system located at a strategic intermediate floor would be able to store this water and pump it into a special 
reservoir on the roof of the building, to be distributed into toilet flush pipes. By applying this technology, the authors seek to 
considerably reduce the expected treated water consumption and consequently decrease water bill costs. 
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1. Introduction  

A growing number of countries are now 
experiencing increasing water stresses because of a 
higher demand for usable water and a failure to 
protect available resources from pollution. Water is a 
precious and scarce commodity that should be 
properly managed and effectively utilized [1]. 

Water resource management is one of the greatest 
challenges of the present century. As populations 
climb, per-capita use increases, and current water 
supplies grow shorter, water resources are becoming 
more critical globally. Most urban areas face difficult 
choices and expensive solutions to meet existing and 
future demand [2]. 

Of all the water available on Earth, 97.6% is 
concentrated in the oceans. Fresh water corresponds to 
the remaining 2.4%. Of these 2.4%, only 0.31% is not 
concentrated on the Poles in the form of ice. Of all the 
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water on Earth’s surface, less than 0.02% is available 
in rivers and lakes as fresh water ready for 
consumption. Water distribution in the world is very 
unequal, most part of the planet located in are areas 
where water is scarce. These countries are the ones 
responsible for developing technologies that allow 
them to capture, store and preserve water and water 
sources by monitoring consumption and quality so as 
to avoid contamination by pollutants. The solutions 
currently employed for several activities are 
desalinization, wastewater treatment and rainwater 
capture. Graywater and rainwater reuse is the object of 
many studies and applications aiming at reducing 
consumption and the water bills. The poor 
standardization of these solutions is many times 
responsible for a reckless use of water, which may put 
the population’s health at risk. 

One of the main principles of globally applicable 
sustainable development described in the Declaration 
of Rio, known as Agenda 21, issued during Rio-92, 
maintains that due to increase in consumption and its 
paucity in some areas, water is now considered as an 
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asset. The document describes “The growing water 
scarcity: a key-question that is related to warmer 
climates, as well as increase in population and 
pollution” [3]. 

In the civil construction industry in special, during 
the operation phase of buildings, water is responsible 
for a significant portion of impact on the environment. 
Water losses in building systems due to poor quality 
of materials, components and procedures related to 
inappropriate water use result in higher volumes of 
consumption and input needed for treating water and 
sewage, besides the environmental degradation 
resulting from production of these inputs [4]. 

Today the concern about sustainable construction is 
evident, and several methodologies have been 
developed in order to assess environmental 
performance of buildings, among them is LEED 
(leadership in energy and environmental design), 
CASBEE (comprehensive assessment system for 
building environment efficiency), and BREEAM 
(building establishment environmental assessment 
method), which are used as tools for projects and 
works aiming at decreasing environmental impact 
caused by constructions, reducing material 
consumption, increasing performance and durability 
so as to prolong service life, and offering lower 
operational and maintenance costs [5]. Among these 
methodologies, water consumption is always 
considered to significantly influence the expected 
results. LEED aims at reducing 50% of water 
consumption by reclaiming water.  

The topic water reuse boosted several studies and 
research, mainly in other countries with higher 
scarcity of this element. In most cases, water 
reclamation takes place in industries [6] and 
agriculture. It receives a different treatment depending 
on its end. The civil construction market has already 
signed its participation in this segment, showing the 
advantages of building in a way to reduce 
consumption and engage in green industries [7]. 

Projects aiming at effective water management, 

treatment and reuse have been implanted in 
Mediterranean and Middle East countries, seeking to 
increase water supply security by raising public 
awareness and implementing innovative solutions to 
each reality [8]. 

Graywater has been used along with rainwater as 
alternative resources, but paucity of data about these 
combined sources makes the application of these 
systems difficult. Studies on new treatment options 
have been proposed through special filters [9]. 

The scale, water quality, safety criteria and water 
reuse management need to be studied and improved. 
Water reuse has been carried out in large scale in 
countries such as China, where several treatment 
stations are operational and present increasing results 
in terms of water reuse percentage to improve 
environmental sustainability [10]. 

Civil construction has introduced water reuse into 
buildings for several purposes, reusing graywater and 
rain water in most cases. An effective result of 
graywater reuse after chemical and physical treatment 
is obtained in toilet flushing in vertical buildings [11]. 

In cities where there is a favorable history of 
precipitation, studies proposing techniques for building 
water reuse systems have been developed, and some of 
them corroborate the efficiency by reducing water 
demand by 35%, such as in schools in the district of 
Taipei [12]. 

This water has relatively good quality and after a few 
treatment stages, it could be used as drinking and 
non-drinking water, meeting several demands in the 
operation of a building [13]. 

Few studies with other options besides those 
already mentioned were found as an alternative to the 
issue of water use in constructions. This study aims at 
contributing to reduction in drinking water 
consumption and showing the feasibility of reusing 
water drained from air conditioning evaporator 
condensation for toilet flushing in a commercial or 
institutional building, thus providing large water 
savings. 
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2. Objective and Justification 

This study aims at showing the technical feasibility 
of reusing the waste water from air conditioning 
system condensation for toilet flushing. As case-study, 
the authors were based on the construction site of a 
building that will work as a higher education 
institution. This type business in the city of Vitória, 
ES, Brazil, where it is located, is considered a 
commercial building because there is no particular 
regulation for higher education institutions. Only 
childcare and elementary school buildings must 
comply with specific construction standards for 
education [14]. 

The idea of applying this technological innovation 
started when complementary projects were 
compatibilized with the architectural project, and 
when the authors verified the amount of water 
produced by evaporators, the drainage necessary for 
each air conditioning device, and the non-use of this 
water in other parts of the building. Few references of 
studies using the same model have been found in the 
relevant literature, which offers new opportunities and 
justifies this study in a time in which there are several 
water supply problems: growing consumption and 
high rate of drinking water waste. 

In face of this problem, the authors expect to 
contribute with a proposal that may become reference 
and motivation to future studies based on the results 
predicted. This initiative will be an important 
principle for constructions aiming at reducing 
environmental impacts and increasing performance. 
This procedure can be improved in a near future and 
receive incentives for voluntary and regulated 
applications. 

3. Case Study in Brazil 

Structure of the systems is as following, the 
undertaking on which this study was based is a 
building construction in the city of Vitória, ES, Brazil 
made up of 12 floors: five garage levels for cars and 
motorcycles and seven levels comprising classrooms, 

laboratories, library, administration offices, living 
areas, cafeteria and other support and service areas 
distributed according to the institution’s needs. 

All the projects were subject to interference and 
adaptations so that the system proposed in this study 
could be implemented. The needs of concerning the 
intended alteration were verified in architectural 
design because the early project did not comprise 
these principles. 

The project opted for 4-way cassette type 
evaporating units with variable dimensioning installed 
into the drop ceiling of each room and dimensioned to 
meet thermal comfort demands in compliance with 
manufacturer’s specification, resulting in better 
equipment performance and indoor air quality. A new 
drop ceiling plan was designed to receive the 
evaporators and not interfere with the lighting and 
other installations. 

A place for the installations of the proposed system 
was reserved on one of the garage floors, without 
affecting the parking of vehicles. The bipartite upper 
reservoir, located on the roof, now has three parts, one 
exclusively for storing condensation water—which 
cannot be stored with treated water. This reservoir will 
be interconnected to other reservoirs so that toilet 
water supply is not compromised if the demand is 
higher than that expected. This study does not 
comprise a laboratorial analysis of the water captured 
from evaporators because it will be separated from 
treated water and will be used exclusively for toilet 
flushing. There will be no other consumption 
purposes. 

The hydro-sanitary project defined the route and 
dimension of evaporator piping: from air conditioning 
device output, through the equipment that will pump it 
to the upper water reservoir, and back to toilet 
flushing of restrooms above the garage floors. 

The city of Vitória in the state of Espírito Santo is 
located in Southeastern Brazil, at 20o19'09"South 
latitude and 40o20'50" West longitude on an island, 
offering favorable climatic conditions, rainy tropical 
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climate, no cold season, dry season during winter and 
average temperature of 23.5oC. These characteristics 
favor the use of clean, renewable and sustainable solar 
energy. This was the option chosen to feed the pumps 
that will supply the upper reservoir and make the 
system self-sufficient and independent. Photovoltaic 
solar energy generators can ensure the required energy 
to operate the solar module without using batteries, 
even during overcast days. In order to ensure energy 
supply in case of any problem in the solar system, it 
will be connected to power supplied by the electric 
company. 

This study focuses on the feasibility of reusing 
waste water from air conditioning evaporator 
condensation. However, it is important to highlight 
that the building project foresees the use of rain water 
washing the lower floors and watering the garden. The 
city has annual precipitation of 1,292.2 mm. The 
surplus water from both air conditioning system and 
rain capture will be used in general cleaning services. 

4. System Dimensioning (Practical 
Application) 

Part of the air breathed is composed of diluted 
water vapor. For vapor to return to liquid state, surface 
temperature has to be below dew point temperature, 
which is the temperature at which the water vapor in 
ambient air turns into liquid in the form of small drops 
(condensation). 

In practical terms, in the conditions of city of 
Vitória, this temperature is below 17oC, even in air 

conditioned environments. In the air conditioning 
system, there are two main elements: an inside and an 
outside unit. The temperature of the coiled tube 
through which the air in the inside unit passes is 
below 12oC, making part of the air vapor return to 
liquid state. Taking into account that to turn 1 kg of 
humid air into water, latent heat of vaporization is 538 
kcal/kg to alter its physical state from vapor to liquid. 
Only 30% of the air passing through the coiled tube 
gets in contact with tube surface. Usually, air 
conditioning device capacity is from 30% to 70% of 
sensible heat removal, and 30% to 70% of latent heat 
removal (Fig. 1). 

Table 1 shows the amount of water produced per 
floor by draining the 137 evaporators of different 
refrigeration capacities in BTU (British thermal unit), 
that are distributed in the building, results in an 
amount of 4,298.1 Litres per working day. This water  
 

 
Fig. 1  Water condensation system in the coiled tube.  

Table 1  Capacities and capacity of water removal from air of used equipment.  

Floor Total capacity 
(btu/h) 

Capacity of latent heat 
removal (btu/h) 

Operation day 
(hours) 

Cond. 
(Water) (L/h) 

Cond. 
(Water) (L/day) 

Floor 05 646,900 419,045 12 58.9 706.8 
Floor 06 673,600 437,840 9 61.5 553.5 
Floor 07 735,600 478,140 9 67.2 604.8 
Floor 08 735,600 478,140 9 67.2 604.8 
Floor 09 516,100 335,465 12 47.1 565.2 
Floor 09 (Auditorium) 229,200 148,980 6 20.9 125.4 
Floor 10 735,600 478,140 9 67.2 604.8 
Floor 11 648,400 421,460 9 59.2 532.8 
Total/Day     4,298.1 
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will be captured and stored in a reservoir destined for 
this purpose, pumped to the upper reservoir, and then 
used for toilet flushing. Total generation of water 
produced by the evaporators will be 4,298.1 L. 

The conventional hydro-sanitary project considered 
installing a 5 CV elevation pump with output rate of 
16.60 m3/h at manometric height of 50 m H2O. Upper 
reservoir capacity will be 8.86 m2 × 0.63 m = 5.53 m3.  

Elevation pump will be activated when water level 
(NA) lowers 0.63 m, if solar energy system is not 
operating at that moment because of maintenance of 
malfunctioning. If the hydraulic pump of conventional 
system pumps 16.60 m3/h, it will pump 4,298.1 L in 
15 minutes. 

Considering a population of 820 people—720 
students, 60 professors, and 40 employees—and 
estimating 100% of daily consumption per person, 
toilet flush consumption in liters will be 9 L. Daily 
consumption is calculated for use by 75% of the 
population. If daily consumption in 100% of use 
represents 820 × 9 = 7,380 L, estimate daily 
consumption with 75% of population will be 5,530 L. 
Reservoir of water from air conditioning units will 
have a 7,500-litre capacity. 

The conclusion of results shown in Table 2 shows 
that the system reaches a significant water saving 
factor, surpassing the indices foreseen in           
existing methodologies for a more sustainable 
construction. 

As parallel alternative to conventional system and 
maintaining the concept of clean and renewable 
energy, installation of solar pumping consists in 
transforming continuous electric energy generated by 
solar modules into alternate current as effectively as 
possible. The system works independent of fluctuation 
of solar radiation levels, that is, there will always be 
water pumping at any time of the day, regardless of 

weather conditions, as long as modules supply current 
of at least 0.1 ampere. One piece of equipment will 
work with a control that will be responsible for 
converting the energy supplied by the solar modules 
into constant and spaced energy pulses according to 
the solar radiation level. The system does not require 
batteries, which reduces maintenance needs. 

Based on project data, piping manometric height is 
42 m. Since daily flow rate is 4,298.1 L, the system 
will require three water pumps brand Shurflo, model 
number 9300, submersed in the condensed water 
accumulation tank, with six solar modules attached to 
it, two for each pump, installed on the building roof, 
in compliance with manufacturer’s specifications. 
Each solar modules has an output of 115 Wp (watts 
peak). 

For foreseen pumping flow rate of 375 L/h and 3 
pumps with continuous and simultaneous operation, 
total flow will be 1.125 L/h. Taking into account that 
captured volume to be pumped is 4,298.1 L, total time 
to take this water to upper reservoir will be about 4 h 
and the distance is 22 m. This represents a relative 
disadvantage compared to the conventional system, 
which takes 15 m, but there will be no use of 
electricity from the power company and the system 
will close its self-sufficient loop. Fig. 2 represents the 
operation cycle of the system proposed in this study, 
from location of equipment until its operation in the 
building.   

5. Conclusions 

The present study shows that it is feasible to use 
water drained from air conditioning systems, mainly 
in commercial building with several units installed. 
Nowadays, all this water is wasted, not used even for 
watering gardens or washing sidewalks. The water 
demand calculated for use in toilet flushing is close to  

 

Table 2  Final results. 

Daily population (people) Daily consumption for toilet flush (L) Amount of drained and 
stored water (L) 

Economy expected with water  
consumption (%) 

820 5.530 4,298.1 77.72 
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Fig. 2  System general schema. 
 

the amount of water captured by the drainage system 
of evaporators, which represents 77.72% of calculated 
consumption. 

This means a significant economical result in 
building operations and a great advance towards 

environmental issues concerning drinking water reuse. 
Compared to rain water reuse, this system presents 

advantages because the building will be operational 
producing condensed water every day during business 
hours, whereas rain water is periodical, with no 
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constant operation, which can damage piping and 
pumps due to drying or idleness.  

Therefore, the authors can conclude that if there is 
enough flow to reuse water which is indirectly 
generated through daily regular operation of a 
building and if there is demand for consuming this 
water, the importance of using and incentivizing this 
system is undeniable, especially in a moment when 
every contribution to reducing environmental impacts 
caused by construction have become extremely 
important in the global scenario. Every professional 
and business owner linked to civil construction should 
show initiative by practicing, setting examples, and 
mainly developing and improving new techniques to 
soften the environmental impact caused by 
constructions. 
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