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Abstract 

The built environment has a huge environmental impact from the design phase to the demolition. They use resources, 
such as energy, water, soil and raw materials, and wastes. Aquatic complexes account for 8% of buildings and require 
a large amount of energy and water to operate.  

The dissertation aims to demonstrate the importance of implementing a management for sustainability in Municipal 
Aquatic Complex of Santarém and to propose solutions to improve its environmental performance.  

To achieve the objectives: identify the main characteristics of the case study; make a questionnaire to managers 
about existing equipment and energy and water needs; a simulation of consumption was carried; assess using LiderA 
system to identify the sustainable level propose and improvement measures.  

As a result of the evaluation of the proposed measures to improve the management of the Municipal Aquatic Complex 
of Santarém, it was verified through the LiderA model that it is possible to improve the environmental performance of B 
to A +, reducing energy consumption of 252.14 kWh/m2, electricity, and 295.24 kWh/m2, natural gas, to almost zero 
energy, water consumption by 3.32 m3/m2 to 3.26 m3/m2 and other management and local integration measures. This 
change is achieved through measures with a payback period of less than 10 years.  

The thesis shows that an analysis and evaluation approach allows identifying, quantifying the challenges and 
suggesting opportunities to improve the demand for sustainability in a Santarém aquatic complex  
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1. Introduction

 
The built environment has a huge environmental impact, 

since in addition to using a large amount of resources, 
such as energy, raw materials, soil and water, they 
produce a large amount of waste, in the form of solid 
waste, waste water, smoke, dust and noise. All these 
factors contribute to climate change, interfere with 
habitats and can lead to contamination of water resources 
[1]. Buildings are responsible for the consumption of 20% 
of available water, the use of 25 to 40% of energy 
produced and the production of 30 to 40% of greenhouse 
gases and solid waste [2]. 

According to Jean Duverge the recreational and aquatic 
industry is the largest industry in the world, infrastructures 

with swimming pools represent 8% of built buildings [3]. 

The impacts of sport on the environment are huge, since 
the construction and management of sports facilities, as 
well as the holding of events, use a variety of resources, 
which contributes to climate change. So, because of their 
popularity, sports organizations can be the engines of 
change as they have the ability to bring people together 
for a common purpose. 
 

2. Methods 
The objective is based on the identification of 

environmental performance in aquatic centers and the 
study of this in situ performance through the municipal 
aquatic complex of Santarém. Another objective is to 

evaluate the environmental performance of CAMS 
according to the LiderA system and propose 
constructive and/or management solutions in order to 
increase its sustainability. 

The methodology of the work had the following 
stages: 

• Survey of the different equipment and practices 
existing in aquatic complexes; 

• Define this concept; 

• Analysis of consumption in this type of 
infrastructure; 

• Collect benchmarking values of good practice in 
terms of water and energy consumption; 

• With regard to the case study, a research was 
first carried out on the same, followed by a visit 
to CAMS to recognize the space. At the site, a 
survey was carried out with those responsible 
for the operation of the building, and data 
collection was done, in particular in terms of the 
location of the building, constructive 
characteristics, activities carried out, equipment 
used, energy and water requirements and 
levels of use of the building; 

• Simulate the size of the consumption and the 
level of waste production. After this evaluation, 
feasible improvement solutions were proposed 
for the building and simulated the period of 
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return and the savings achieved through them. 

• To evaluate the potential improvement of the 
environmental performance of the case study, the 
LiderA evaluation system was applied, with and 
without the proposed measures. 

• Discussion of the results and conclusion. 
 
 
3. Sustainability in Aquatic Centers 
 
An aquatic center is defined as: "community or public 

place that provides at least one indoor pool and three 
different types of other facilities (eg. gym, sauna, spa, 
restaurant, nursery, covered stadium)." [3]. 

In general, sports practice includes activities at various 
levels. These activities can cause changes in the level of 
land use, as they lead to a high consumption of resources 
and waste production [4]. The impacts are related to both  
the people involved - accommodation, transportation and 
sanitary conditions required - as well as the materials 
needed for sports - construction, maintenance, operation 
and transportation.  

In order to have sporting activity it is necessary to build 
infrastructures for this purpose. In these buildings 
designed for the practice of water sports, the main 
impacts are related to the evacuation of untreated water 
from the tanks to the ground and/or to aquatic 
environments and with the large amount of water 
produced by the users in the support activities, namely in 
showers and use of sanitary facilities. 
 

Energy 

According to the Carbon Trust [5], the energy in aquatic 
centers is mainly used for heating spaces and water tanks 
and for ventilation of spaces, but there are still energy 
consumptions in lighting and due to the operation of 
pumps and filtration equipment. For aquatic centers, the 
best practice is 264 kWh/m2/ano e 96 kWh/m2/ano, 
respectively fossil fuels and electricity. 
 Typical values, according this publication, are 598 
kWh/m2/ano and 152 kWh/m2/ano, respectively to the 
same categories. 

Trianti-Stourna says that 45% of the energy is used in 
the ventilation of the swimming pool, 33% is used to heat 
the water of the pool, 10% for the heating and ventilation 
systems in the remaining spaces of the building, 9% in 
electrical equipment and  3% is used for heating the water 
in showers [6]. In the article are presented the average 
energy consumption in the Mediterranean climate, 4300 
kWh/m2(ws), and the continental European climate, 5200 
kWh/m2(ws). 
 

Water 

Efficiency in water use is a key function in swimming 
pools and all measures to reduce water use represent 
savings not only in economic and energy terms [7]. An 
increase in water consumption will have an impact on the 
amount of energy needed to heat the water introduced. 

The largest share of water consumed in leisure 
complexes with swimming pool is related to the 
evaporation process (47%). Next, the largest 
consumption is the water used to do the washing of the 
tanks (23%), baths (20%), and the remaining activities 
represent only 10% of consumption [3]. 
 

Benchmarking  

Similar studies were carried out in different 
infrastructures with swimming pools, the performance 
values of each of them in terms of water are presented 
in the table 1. 

Table 1 - Water Benchmarking 

 Typical Values 

Source (m3/year) (l/user) 

Maglionico (2015) [7] 1519.93 47 

Aquactics Recreation Victoria (2009) [16] 875-27899 17-79 

Kampel (2014) [13] 3533-48418 65-133 

CERM PI (2014) [11] 8397-30266 64-132 

Nordic (2007): AaltoAlvari (2007) [15] 45000 130 

Nordic (2007): Rantakeidas (2005) [15] 13579 140 

Seneviratne (2007) [17]  - 70 

 
In terms of energy, the performance values collected 
are the next ones (table 2): 
 

Table 2 - Energy Benchmarking 
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4. Case Study 
 
The case study corresponds to the Municipal Aquatic 

Complex of Santarém, inaugurated in October 2001. This 
infrastructure has a covered area of 4075 m2 and outdoor 
space of 19 thousand m2. In addition to the fenced area 
the company responsible for the complex is still the owner 
of the land next to the area east of it and the car parks. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1 – Location of CAMS 

 
The water park, outside zone of the Aquatic Complex, 

only operates between 1 June and 15 September and has 
the following characteristics: 

o Recreational pool (1040 m2); 
o Wave pool (580 m2); 
o Plaster (87.5 m2); 
o Swimming pool for children (132 m2); 
o Slides; 
o Cute tracks; 
o Lawn area with stems and with capacity for 300 

parasols; 
o Zone with capacity for 150 loungers; 

The covered part of the Complex, floor 0, is constituted 
by: 

o Swimming pool (525 m2); 
o Learning pool (196 m2); 
o Adaptation pool (18.9 m2); 
o Reception; 
o Two changing rooms; 
o Secretary; 
o Offices; 
o First-aid room; 
o Storage room; 
o Multipurpose room. 

The covered part, floor 1, consists of: 
o Restaurant; 
o Workbench with 420 seats; 
o Offices; 
o Sanitary facilities. 

Indoor swimming pool opening hours are from 8 am to 
10:30 pm on weekdays and from 8:45 a.m. to 7:30 p.m. 
on Saturdays. During the bathing season it works from 10 
a.m. to 7:30 p.m. 

 
Water 

 
The recourse to the municipal water supply network is 

only made in specific cases. The water is supplied 
through well water instead of network supply. 
Wastewater treatment is carried out at the Santarém 
WWTP. 
The existing equipment in CAMS are shown in Table 3. 
 

Table 3 - Inventory of sanitary equipment 

Element Quantity 

Double flush toilet 53 

Conventional toilet 1 

Shower (timer) 64 

Shower (manual control) 15 

Washbasin (timer) 62 

Urinals 13 

Tap (manual control) 3 

Bidet (timer) 1 

Wash-feet 9 

 
In order to carry out the maintenance of the tanks they 
are evacuated according to their typology and use, the 
data are in Table 4: 
 
Table 4 - summary of the dimensions of each of the pools and amount 

of discharge performed (* interior pool; ** outdoor pool) 

In addition to these consumptions, the daily water 
requirement of the indoor pools is approximately 33 m3 

and of the exterior 315 m3. The results obtained are 
summarized in Table 5. 
 

Table 5 – Water consumption (m3/year) in process of maintenance 

Swimming Pool Consumption (m3/year) 
  

Flush Replace total 

Initiation 735 3443 4178 

Learning 360 3443 3803 

Competition 1100 3443 4543 

“Chapinheiro” 780 8426.25 9206 

Children 261 8426.25 8687 

Recreational 1150 8426.25 9576 

Waves 600 8426.25 9026 

Total 4986 44034 49020 

 
With regard to water consumption by users, 

consumption of 50 l/shower was considered. Taking 
into account that there are 4020 users per week, in the 

Swimming Pool Flush  Dimensions (m3) 

Initiation* 1x for week 14.1 

Learning* 2x for week 180 

Competition* 1x for year 1100 

Chapinheiro** 2x for week 26 

Children** 2 a 3x for season 87 

Recreational** 1x for season 1150 

Waves** 1x for season 600 
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indoor space, and 2000 users per day, in outer space, an 
annual water consumption for showers of 8844 m3 and 
9800 m3, respectively, was calculated. 

As time of use of the washbasins was considered 1 min, 
they have a flow rate of 3 liters per minute. Regarding the 
cisterns, these are of double discharge: 3/6 liters. In the 
normal time it was assumed that each user actuates the 
toilet twice a day (with the minimum flow) and also uses 
the lavatory twice. In the bathing season, as normally the 
user spends the day in the enclosure, four uses of 
flushing cisterns and lavatories are considered. The 
results obtained are shown in Table 6. 

Table 6 – Water consumption in different facilities 

Element Consumption (indoor) Consumption 
(outdoor) 

m3/day  m3/y  m3/day  m3/y  

Flush 4 1258 30 3210 

Tap 4 1258 24 2568 

Total 8 2517 54 5778 

 
Concerning water consumption in grassland areas, 

information was provided by the manager of the complex 
that during the spring and summer (186 days) the 
irrigation systems (20 sprinklers) were on for 45 minutes 
and values presented in Table 7: 

Table 7 – Consumption of water in green areas 

 Time 
(min/year) 

Flow 
(l/min) 

Consumption 
(m3/year) 

Watering 
period 

8370 2.19 367 

 
 

Energy 

 
At the level of lighting, there is an environmental 

concern on the part of the building management entity, 
since there has been a transition from fluorescent lamps 
to LED. In addition to these lamps there are a large 
number of T8 fluorescent tubular lamps, compact 
fluorescent lamps and only incandescent lamps are 
available. 

In the sanitary facilities, the reception and the bench, it 
was verified that there are movement sensors to avoid 
unnecessary expenses. 

At the equipment level these were separated into 4 
large groups: pumps, heating/cooling spaces, water 
heating, others (office accessories and support 
equipment). 

In the group of pumps are those used for the 
maintenance of the pool (Table 6). 

 
Pool Pumps Nº Power 

(kW) 
Time 
(h) 

Consumption 

 
(kWh/d) 

 
(kWh/y
) 

Competition 2 7.5 4.17 63 22831 

Learning 2 3 1.4 8 3066 

Initiation 1 1.02 0.59 1 220 

Recreational 4 11 2.25 99 10593 

“Chapinheiro” 2 2.7 0.3 2 173 

Waves 3 7.5 1.39 31 3346 

Children 2 3 1.01 6 648 

   Total 210 40878 

 
The heating of the baths, the water of the tanks and 

the water of the showers, as well as the 
dehumidification of the pavilions is realized through a 
boiler with natural gas. The boiler is of Ferroli brand and 
has a variable power between 300kW and 1000kW, 
which operates 50% of the time at minimum power and 
50% at maximum power. The production of A.Q.S. 
results from the heat supplied by the boiler to the four 
2000-liter tanks in the engine room. With regard to 
heating and dehumidification, the baths present EVAC 
brand thermoventilation and each swimming pool has 
two air handling units (AHU). In addition to the boiler 
there are air conditioning units in the different offices, to 
calculate the consumption of the same were considered 
the hours of operation of the different locations. The 
CAMS no cooling appliances are required in the 
summer. The powers of the different equipments are 
shown in Table 8. 

Table 8 - Survey of different air conditioning and boiler equipment 

Elements Qt. Power(kW) Consumption 
(kW/day) 

Boiler Ferroli 1 300-1000 9425 

Vulcano AC 1 2 7 

Troia  AC 1 2.8 32.2 

Eletron AC 1  2.8 25.2 

Acxon AC 1 2.8 21 

Gree AC 3 3.2 86.4 

Troia AC 1 2.8 28.8 

 
The support equipment includes computers, printers, 
refrigerators, microwaves, hair dryers, tourniquets and 
speakers. The operating powers of each of these 
equipments as well as the quantity are shown in Table 
9. 

Table 9 - Survey of different digital equipment  

Equipament Qt
. 

Power. (kW) Total power 
(kW) 

Computer Asus 4 0.25 1 

Computer HP 10 0.25 2.5 

Computer LG 2 0.25 0.5 

Printer HP (tamanhos 
grandes) 

1 0.035 0.035 

Printer Xerox 2 0.38 0.76 

Printer HP 2 0.09 0.18 

Frigde 2 0.095 0.19 

Hair dryer Golfinho Sports 4 0.8 3.2 

Hair dryer Orieme 4 0.8 3.2 

Hands dryer Golfinho Sports 2 1.8 3.6 

Electric tourniquet 5 0.012 0.06 
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Equipament Qt
. 

Power. (kW) Total power 
(kW) 

Hand dryer Covectronic 
Diplomatic 

21 1.8 37.8 

Hair dryer MOEL 2 0.7 1.4 

Sound Speaker Fonestar 
(grande) 

2 0.16 0.32 

Sound Speaker Fonestar (wall) 10 0.06 0.6 

Microwaves 1 1 1 

 Total 56.35 

 
It was adopted as a measure of minimization of reactive 

energy, the application of capacitors with automatic 
regulation that significantly cancels the consumption of 
reactive energy. 
 

Usage profile 

The consumption realized is directly related to the hours 
of operation of this infrastructure and the billing regime 
applied. The scheme is tetra-hourly with an installed 
power of 800 kVA and a contracted power of 375 kVA. As 
for the consumption cycles, these are different depending 
on the period of the year in which billing is concerned, in 
Table 10 we find these data. 
 

Table 10 - Billing periods during winter and summer 

 Winter Summer 

Peak [9.30 a.m. to 11.30 a.m.]; [19 
p.m to 21p.m.] 

[10h30 ao 12h30]; [20h 
às 22h] 

Full [8 to 9.5 a.m]; [11.30 a.m. to 
19 p.m.]; [21 to 22 p.m.] 

[9h às 10h30]; [12h30 às 
20h]; [22h às 23h] 

Empty [6 to 8 a.m]; [22 p.m. to 2 a.m.] [23h às 2h]; [6h às 9h] 

Super 
empty 

[2 to 6a.m.] [2h às 6h] 

 
Considering these times and the electricity bill, it was 

considered that the average price per kilowatt is: 

•  Peak: 0.1127 €/kWh; 

•  Full: 0.1027 €/kWh; 

•  Empty: 0.0686€/kWh; 

• Super Empty: 0.0683 €/kWh 

After the simulation of the consumptions carried out in 
the Municipal Aquatic Complex of Santarém, the values of 
electric energy are presented in the table 11: 

 
 

Table 11 – Electrical consumption 

Aspect Consumption 
(kWh/year) 

Consumption 
(€/year) 

Lighting 139570 19710 

Pumps 471694 41892 

Space heating 71165 7384 

Others 21695 2247 

Total (annual 
average) 

702397 71052 

Like some spaces, the waters of the tanks and the hot 

sanitary waters are heated through the natural gas 
boiler. For the period of operation of the building, the 
values obtained are in table 12. 

Table 12 – Consumption of fossil energy  

 Consumption 

 kWh/day kWh/year €/year 

Boiler 3634 1203083 57695.77 

 

With regard to the heating of the AQS and water for 
the tanks, the estimation of the consumption in kWh 
was made, for which the following premises were 
assumed: 

• The groundwater collected by the borehole is 
at 15ºC; 

• The water for showers is 60 ° C; 

• The water in the inner tanks is about 30ºC; 
To calculate the calories required to heat the water to 

the desired temperature the temperature gradient was 
multiplied by the water consumption. Subsequently the 
conversion of calories to kWh was done, multiplying by 
the conversion factor - 1.1622. The values obtained are 
summarized in table 13. 

Table 13 – Heating water consumption 

Destiny Temp. 
gradient (ºC) 

Consumption (kcal) 

kcal kWh 

Inner tanks 15 187860.0 
 

218330.9 
 

Normal 
season 
showers 

45 397980.0 
 

462532.4 
 

Showers 
bathing 
season 

45 441000.0 
 

512530.2 
 

 
Waste 

In the aquatic complex there is already some concern 
to promote the separation of the waste produced. There 
are specific containers for hospital waste, for municipal 
waste such as glass, plastic / metal and cardboard 
(ecopoints) - on the competition pool bench and in the 
entrance hall - for WEEE (lamps) and cork stoppers. 
However, the offices, secretariat and outer space do not 
yet have containers for the separation of waste by rows. 
Regarding the production of waste, the values were 
calculated based on the collection information of the 
Municipality of Santarém. Thus, two different scenarios 
were created: 

• Scenario 1: use of indoor space - 670 users / 
day; 

• Scenario 2: use of outer space - 2000 users / 

day; 

The values obtained in these scenarios are shown in 

Table 14.  
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Constructive aspects 

The building has double glazing with aluminum frames, 
with only a few phenolic interior window frames. The 
spaceship of the competition pool features a fully glazed 
wall with windows in the upper, south-facing area. The 
spaceship of the learning and adaptation pools also has 
glass walls to the southwest and south-east, a glass door 
facing south and still a skylight about 18 meters long and 
approximately 4.5 meters wide. 

The corridor separating the changing rooms from outer 
space features glass bricks facing East. The corridor 
connecting the reception to the entrances to the outdoor 
access toilets has windows practically all the way and the 
wall separating from the changing rooms was built of 
glass bricks. 

The Complex was also designed with small skylights in 
the indoor pools and sanitary facilities on the 1st floor. 

The technical and operational offices present windows 
to the interior of the competition ship so that they enjoy 
the natural lighting of the same. The office has windows to 
the north, and the entrance hall features the walls in 
contact with the street, north and west, in glass. 

Due to the architectural features of the building, it does 
not need to be cooled during the summer, nor are shading 
blades needed in the windows. In skylights, acrylic PVC 
shading blades are used. 

 
Rating from LiderA 
 

The evaluation according to the LiderA system obtained 
the following results: 

C1 – A - The land where the municipal aquatic complex 
was implemented was a waste near housing areas, that 
is, with easy access to water and sewage infrastructures. 

C2 – C - 43% of the land occupied by the aquatic 
complex is permeable (ap. 10000 m2/23000m2 are 
grassed areas); 

C3 – E - No species monitoring studies have been done 
at the design stage; 

C4 – C - there are permeable green spaces and the 
contact perimeter, 330 m, satisfies more than 10% of the 
lot boundaries; 

C5 – A++ - the building has a height and color similar to 
the average on site and creates a favorable aesthetic 
environment. 

C6 – E - was built from scratch, there is no preservation 
or requalification; 

C7 – D - The building has its main divisions facing 
south, presenting a large amount of glazing. As for 

insulation, it is assumed that the building is endowed 
with rock wool on flat roofs, sandwich panels on the 
naves and wallmate on the walls. 

C8 – B - The evaluation was carried out taking into 
account the classification of similar infrastructures in 
Portugal; 

C9 – E - Appeal to the boiler and electrical network; 
C10 – B - the sanitary facilities / showers are 

equipped with taps and showers with timer and dual 
flush cisterns; 

C11 to C15 – E - No information on these criteria; 
C16 to C17 – E - In the initial phase of exploration of 

the complex, a lake was built to collect waste water 
from the pools and later used in the grassy areas. 
However, this practice is no longer used due to the high 
content of chemicals and the possible development of 
parasites. In this way, the treatment of wastewater is 
currently sent to the Santarém WWTP; 

C18 – A - presents only a natural gas boiler for 
heating water and the largest spaces; 

C19 – E - there is no waste map; 
C20 – A - the lamps and batteries are delivered to the 

sorting center, there is a contract with Cannon Hygiene 
for the collection of hospital waste and the packaging of 
the chemicals is collected by the supplier; 

C21 – D - absence of deposits for separation of waste 
in different offices, resorts and outer zone, however 
there are containers for the separation of waste within 
50 meters of the entrance of the CAMS; 

C22 – E – No data about noise; 
C23 – C - presents light colors throughout the 

structure and pavements, allows air circulation between 
buildings and, at the level of lighting, allows a regulation 
of the intensity to the required use; 

C24 – C - natural ventilation of different spaces; 
C25 – A++ - the values of humidity, temperature and 

air velocity are constantly being monitored; 
C26 and C27 – A - Large component of natural light 

and presents the amount of artificial lighting required for 
the operation. Good isolation and distribution of 
activities; 

C28 – D - Outside the bathing season there are few 
public transports; 

C29 – C - Few public transport, but has pedestrian 
access; 

C30 – A - equipped with lift and access ramps; 
C31 – E - lack of data to assess the versatility; 
C32 – C - It is a space with a diversity of typologies - a 

restaurant and a bar operate within the built 
environment during the bathing season. In the building 
there is also a fitness room.; 

C33 – A - the aquatic complex employs 56 people 
during the bathing season and 42 during the remaining 
period of operation. Considering the interior space of 
4075 m2 and the outer space with 19000 m2 the ratio 
obtained is about 340 m2 per employee in the bathing 
season; 

C34 – E - low commerce, just a coffee in the 
surrounding; 

C35 – C – leisure and sportive activities and 

  1 ut. Scenario 1 Scenario 2 

kg/dia kg/dia  kg/dia  

Urban waste  1.21 811 2422 

Selective urban waste 0.18 119 356 

Household waste 1.03 692 2066 

Table 14 – Waste produced 



7  

restaurant access 
C36 – A - In the outer zone of the complex there is the 

possibility of controlling the artificial lighting, in the interior 
areas the temperatures, humidity and artificial ventilation 
are controlled by a programmable mechanical system, in 
turn the ventilation and natural and artificial lighting are 
controlled manually; 

C37 – B - has the means to encourage users to suggest 
improvements or to correct less positive aspects; 

C38 – E - seismic risk prevention measures are not 
implemented; 

C39 – A - The building features well-lit, well-lit spaces 
with open field of vision, closing times are well established 
and is equipped with a video surveillance system and 
intrusion and fire detectors; 

C40 – A - The built environment presents several 
environmentally sustainable measures; 

C41 and C42 – E - It has no environmental management 
system and environmental awareness is scarce; 

C43 – D - Despite the wave pool, in environmental terms 
there are no significant aspects of innovation; 

In the final evaluation of the 43 criteria, a classification of 
B, with a percentage of 17.75%, was obtained in terms of 
final performance. 
 
5. Improvement proposals  

Proposed solutions at water  and energy level 

Taking into account the needs and characteristics of the 
built environment the proposed solutions are as follows: 

a) Use of coverings in the water plans; 
b) implementation of a rainwater harvesting system; 
c) Moisture monitoring system on the lawn; 
d) replace existing bulbs with LED; 
e) Install photovoltaic panels; 
f) Placing wind turbines; 
g) Implementation of a solar thermal system; 
h) Application of heat pumps; 
i) Placing green roofs; 

 

Use of coverings in the water plans;  

Every day 33m3 of water is placed in the indoor pools. 
This volume of water can be reduced by applying 
coverings to the pools. 

In the indoor pools, combined with the water 
consumption, there is also the energy consumption for 
heating that same volume. The calculation of the 
evaporated water mass (in l / h) was performed using 
Bernier's simplified formula for resting pools (when 
coverage will be applied): 

 
𝑀𝑒(𝑟𝑒𝑠𝑡𝑖𝑛𝑔) = 16 × 𝑆 × (𝑊𝑒 − 𝜇𝑎 × 𝑊𝑎𝑠)    (1) 

Where,  

𝑀𝑒 − 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 (
𝑘𝑔

ℎ
) ; 

𝑆 − 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 (𝑚2); 
 𝑊𝑒 − 𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 ℎ𝑢𝑚𝑖𝑑𝑖𝑡𝑦 𝑜𝑓 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑 𝑎𝑖𝑟 𝑎𝑡 𝑤𝑎𝑡𝑒𝑟  

𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 (
𝑘𝑔(á𝑔𝑢𝑎)

𝑘𝑔(𝑎𝑟)
) ; 

𝜇𝑎 − 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑔𝑟𝑒𝑒; 

 𝑊𝑎𝑠 − 𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 ℎ𝑢𝑚𝑖𝑑𝑖𝑡𝑦 𝑜𝑓 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑 𝑎𝑖𝑟 𝑎𝑡 𝑖𝑛𝑑𝑜𝑜𝑟  

𝑎𝑖𝑟 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 (
𝑘𝑔(á𝑔𝑢𝑎)

𝑘𝑔(𝑎𝑟)
).  

 
On the other hand, the calculation of the thermal 

losses by evaporation was done through the equation 2: 

𝑄𝑒 = 𝑀𝑒 × 𝑐𝑣         (2) 
 

Where,  

𝑄𝑒 − 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑙𝑜𝑠𝑠 𝑏𝑦 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 (
𝑊

𝑚2) ; 

 𝑀𝑒 − 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (
𝑘𝑔

ℎ
) ; 

 𝑐𝑣 − 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑧𝑜𝑛𝑒 (
𝑘𝐽

𝑘𝑔. °𝐶
) ; 

 
The savings obtained from this simulation, for 4250 

hours of coverage per year, are presented in table 15: 
Table 15 - Reduction achieved through the application of pool 

coverings 

Reduction Competition Learning Initiation 

Energy (kWh/year) 155877 51427 7569 

CO2 (kg) 30555 10081 1484 

Water (m3/year) 230 76 11 

 

With the application of this measure, there would be a 
total savings of 214 MWh/year, 42000 kg CO2 eq./year 
and 317 m3 / year. For a investment of 53130 € the 
return time is 6.2 years (with a actualization tax of 4%). 

 

Implementation of a rainwater harvesting 
system; 

The amount of water that was collected in the cover of 
the two main buildings was analyzed. 

For the calculation of the volume of water to be used, 
in liters, the expression 3 [38] was applied: 

𝑉𝑎 = 𝐶 × 𝑃 × 𝐴 × 𝑛𝑓 
 

Where, 
Va-Volume of water to be used in liters (L); 
C-Coefficient of initial coverage flow; 
P-Annual cumulative average annual precipitation 
(mm); 
A-Capture area (m2); 
nf-Hydraulic efficiency value (0.9). 
 
With a flow value of 0.8 (impermeable surfaces) and 

an average precipitation of 665 mm, it was obtained 
that the volume of water collected is 976.8 m3 / year. 

This capture allows to decrease the amount of water 
spent in a cistern and irrigates in 19%. 

However, as the investment is high the return only 
happens in about 10 years. 

 

Moisture monitoring system on the lawn 

The use of humidity sensors in the grass area allows 
you to avoid excessive water consumption. These 
devices take into account the soil moisture for irrigation, 
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in case the moisture is sufficient the irrigation is not 
activated or is interrupted. 

As there are 3 large lawn spaces the proposal would be 
to apply a humidity sensor to each of them. 

 

Replace existing bulbs with LED 

The replacement of lamps in the CAMS has been 
gradual. The proposal is therefore to continue to replace 
the remaining luminaires. The analysis included the 
replacement of the lamps T8 56 W by LED replace 22W, 
T8 36W by LED Replace 18W, incandescent lamps of 
40W by Parathom classic A of 6W, CFL 18W and 26 W 
by 2G11 LED Plus lamps. 

Table 16 - Savings from lighting replacement 

Measure Energy saving 
(kWh/year) 

Energy saving 
(€/year) 

Substitube 22 39105.88 4759.88 

Substitube 18 153.36 39.96 

Parathom classic 
A 6 

67.39 33.60 

2G11 LED Plus 2079.88 218.66 

2G11 LED Plus 214.56 58.89 

Total 41621.07 5110.98 

 
These measures have an investment of approximately 

22 thousand € and a return period of 5 years (4% of 
update rate) 

 

Install photovoltaic panels  

For the implementation of photovoltaic panels, it was 
necessary to verify the existing solar incidence in the 
study site. For this, we used the Photovoltaic 
Geographical Information System tool, where there was 
incident solar radiation of 2070 kW/m2/year. A panel 
efficiency of 16.28% [18] was considered. In this way, it 
was determined the necessary extension for the 
implementation of photovoltaic panels, and a 30% 
discount of the production was given for possible 
shadowing. The obtained value is 3963.54 m2, and that 
area supply all the electric energy needed. 

The investment is 720 thousand € and has a payback 
time of 9.5 anos (4% of update rate). 

 

Placing wind turbines 

Another very effective solution in reducing the power 
consumption of the grid is wind energy. 

From the options available in the market it was verified 
that the one with the highest energy production per day is 
the Enair 70 Pro turbine. 

The production of this wind turbine is 70 kWh/day for 
average winds of 9 to 10 m/s with a 95% yield. 

The production values for a wind turbine are given in 
table 17. 

 

Table 17 - Values obtained through the implementation of a wind 
turbine 

Production  
(kWh/day) 

Production  
(kWh/year) 

Invest.(€) Red.(%) Save 
(€) 

66.5 24272.5 12510.00 2 2185.
88 

 
The investment in a wind turbine Enair 70 Pro has a 

payback period, with an update rate of 4%, of 6.6 years. 
 

Implementation of a solar thermal system  

An alternative to heat pumps, to replace the boiler, is 
the implementation of a solar thermal system. The 
suggestion to implement this type of system would be 
performed in the main nave covering a surface of 1512 
m2 - width of 36 meters and length of 42. This system is 
intended for the heating of the AQS and water for 
swimming pools and simulation of the required number 
of solar modules was carried out taking into account the 
solar exposure of the site. In this way, the simulation 
was carried out taking into account the following 
assumptions: 

• Hot water consumption: 670 showers (indoor) and 
2000 (outdoor); 
• Water temperature of the showers: 60ºC; 
• Water temperature of the hole: 15 ºC; 
• Orientation to the South; 
• Incident solar radiation: 2070 kWh / year / m2; 

A standard solar thermal collector has an optical yield 
of 0.75. Thus, the solar radiation collected by it will be 
1552.5 kWh / year / m2. For the estimated consumption 
in the previous chapter on water heating (Table 26), the 
area required for the implementation of the collectors 
was estimated, considering a margin of 30% for 
possible shading, Table 18. 

 
Tabela 18 - characteristics of the implementation of photovoltaic 

panels 

Required Area  (m2) Price per m2 (€) Investment (€) 

999.3 659.45 313803.64 

 
For the estimated investment and assuming the same 

rate of updating that for the remaining cases a return 
period of 6.5 years was obtained. 
 

Application of heat pumps 

Heat pumps are more efficient solutions since the 
power consumption is low and does not emit 
combustion gases. 

To this study was considered the heat pump Daikin 
with a calorific power of 16 kWh and a electric 
consumption of 5.57 kW.  

Any unit of it equipment have a investment of 12 
thousand € and a return period of 2 year. 
 

Application of motion sensors 

As in the case of humidity sensors, it is not possible to 
account for the reduction since it depends on the 
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behavior of the users and their affluence to the different 
spaces. 

The proposal is to place this type of devices in the baths 
of the learning and initiation pools, the outdoor access 
toilets and the changing rooms of the monitors and the 
personnel. 

 

Placing green roofs  

In order to contribute to the insulation of the pavillions of 
the swimming pools, it was decided to carry out the study 
of the investment of the placement of green roofs for the 
ships in parallel with the implementation of the solar 
thermal panels. As the roof of the main nave is 1512 m2 
and the secondary nave, corresponding to the learning 
pool, is 442 m2 (excluding the space occupied by the 
skylight - 361 m2, it was verified the area available in 
each of the ships after the implementation of the solar 
thermal system. 

 
Table 19 - Investment of applying green roofs 

Place Area (m2) Investment (€) 

Aquatic Park 1082.83 124313.61 

Indoor space 941.87 112177.09 

Aquatic Complex 512.70 75225.40 

 
 

Mix of option  

Four options were simulated to reduce energy 
consumption in the water park and in the covered area: 
1. Apply a solar thermal system plus photovoltaic panels; 
2. Install heat pumps plus photovoltaic panels; 
3. Implement a solar thermal system plus wind turbines. 
4. Install heat pumps plus wind turbines; 
 

Table 20 summarizes the investment/return/savings in 
the scenarios for the Aquatic Park: 

 
Table 20 - Investment/Return/Saving from Mix of options for the Aquatic 
Park 

Scenario Investiment 
(€) 

Payback 
period 
(years) 

Savings(kWh) Savings 
(€) 

1 192861.58 7.15 

594298 31452. 
2 141191.26 5.01 

3 184810.17 6.83 

4 133556.93 4.69 

 
Table 21 summarizes the investment/return/savings in the 
scenarios for the Indoor space: 
Table 21 - Investment/Return/Saving from Mix of options for the Indoor 

Space 

Scenario Investiment 
(€) 

Payback 
period 
(anos) 

Savings 
(kWh) 

Savings 
(€) 

1 548667.94 8.20 

1207136 79394 
2 476676.45 7.00 

3 454254.45 6.63 

4 382598.91 5.44 

 
In terms of Aquatic Center as a whole, its created seven 

different scenarios to electric consumption – (1) 
illumination + photovoltaic panels, (2) illumination + 
wind turbines, (3) illumination + 48% photovoltaic + 
48% wind turbines; (4) illumination + 24% photovoltaic 
+ 72% wind turbines; (5) 100% photovoltaic; (6) 100% 
wind turbines; (7) 50% photovoltaic + 50% wind 
turbines. In all scenarios, the network consumption is 
reduced by 1027458 kWh (reference value of the 2016), 
this reduction leads to savings of 92 thousand € and a 
reduction of CO2 emissions of 200 thousand kg. 

 To thermal consumption was created 2 scenarios to 
supply a consumption of 1203083 kW/year: (1) solar 
thermal and (2) heat pumps. The savings are 56 
thousand euros and 200 thousand kg of CO2. 

 

Waste 

In terms of waste, the proposal is for a distribution of 
ecopoints for separation in the different ranks, in 
particular in the outer zone and in the offices. 
The investment for offices is approximately 180 € 
The investment for the outer zone is 798 €. 

In the women's toilets garbage bins could be placed 
for women's intimate hygiene products; these have a 
unit price of € 35. The investment required by the 
proposal is 770 euros. 
And finally, the acquisition of a composter. 
 
Rating from LiderA 
 

After the study carried out on the different measures a 
reassessment of the criteria that obtained 
improvements with the implementation of the proposed 
measures was carried out, adding some proposals that 
are not directly related to the energy, water and waste 
streams. 
 
Table 22 - Summary table of criteria undergoing changes through the 
application of measures 

Criteria Now Measures After 

C3  E Introduction of new tree species; A 

C4  C Greater vegetation; 

Nesting; 

Introduction of green roofs. 

A+ 

C9  E Photovoltaic panels and wind 

turbines - suppress need for 

electrical energy; 

Solar-Thermal System - suppress 

need for thermal energy. 

A++ 

C10  B Implementation of a rainwater 

harvesting system. 

A 

C11  E Collection of rainwater, storage in 

reservoirs with filter. 

Reuse of collected water. 

A++ 

C18  A Replacement of the gutter by the 

Solar-Thermal System. 

A++ 

C21  D Distribution of ecopoints through the 

building; 

Reuse of organic waste - 

Composting. 

A++ 

C23  C Creation of a covered parking lot; 

Implementation of green hedges; 

Higher plant density. 

A 
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Criteria Now Measures After 

C41  E Introduction of operating maps, use 

and maintenance of appliances, 

building plans and performance 

characteristics; 

A 

C42  E Implement an EMS; 

Certify the environment built through 

EMAS or ISO 14001.. 

A 

C43  D Use of renewable sources for energy 

supply.. 

A++ 

 
After application of the measures referred to along the 

above criteria, the aquatic complex would present an A + 
performance rating. This classification evaluates the 
enterprise with a factor of 4, that is, with performance 
75% higher than the reference class. 

 
6. Discussion  

 
Comparing the values of the CAMS with the values 

presented in the benchmarking, a limitation was found 
which was the area to be considered for the energy 
calculation per m2. In this way the comparison was made 
with the total area and the area covered and it was 
verified that in most cases, the Complex presents an 
energetic performance like the environments constructed 
with these characteristics. 

At water level, the values presented are much higher 
than those found in the bibliography. However, this may 
be due to simulated values (approximation may be 
extrapolated). 

Of the existing proposals, at water level all proposals 
can be implemented simultaneously. These present a 
reduction of consumption of 1253 m3/year. 

At the energy level an analysis of the different solutions 
was carried out. It was found that although heat pumps 
are a solution with a very low return time, the option for 
solar thermic system is a differentiating factor in relation 
to other aquatic complexes. 

Regarding the proposed implementation of green roofs, 
considering that it requires the same physical space as 
the collection of rainwater, would have to opt for one of 
the two. Possibly, the most interesting proposal is related 
to the implementation of green hedges. This is because 
the Complex extracts water from the borehole and, having 
a large reservoir of water in the ground, the creation of 
surface collection infrastructures seems to be of little 
advantage. 

At waste level it was also observed that measures could 
be implemented that would make the Complex 
environmentally more sustainable. The weak presence of 
rows for the separation of waste is one of the points that 
is simple to solve by introducing ecopoints at the main 
waste production sites. 

Regarding the evaluation by the LiderA system as 
shown above it is possible to move from a B to an A +. 
During the evaluation it was observed that the more 
sustainable options are considered when designing the 
project, the easier it is to meet the sustainability criteria. 
 

7. Conclusions 

 
From the data collected, it is concluded that the 

Santarém Aquatic Complex has adopt environmental 
measures, in particular with regard to the use of flow 
reducers, timers, building orientation, natural light 
inputs, hospital waste collection and a progressive 
change for more efficient solution in lighting. 

However, considering its geographical location, there 
are abundant natural resources that are not being used, 
as is the case of solar energy for the purposes of 
producing electricity and heating water and spaces. In 
order to verify the existing consumptions, simulations 
were carried out in terms of water, energy and waste. 

Water consumption it results show a value of 175 
l/user (considering showers, cisterns and lavatories, as 
well as irrigation (hot seasons) and replacement and 
water supply of swimming pools. since there is no 
concrete data on the amount of water captured by the 
water hole. 

In energy terms the consumption of electricity and 
natural gas is: 

• 252.14 kWh/m2 and 295.24 kWh/m2, respectively, 
considering the distribution of energy only by the area 
of the covered area. 
• 44.6 kWh/m2 and 52.3 kWh/m2, respectively, 
considering the distribution of energy throughout the 
sealed area of the complex. 
 
At the energy level, the simulated values meet the 

billed energy values.  
The values obtained are somewhat lower because in 

this study the area of restoration and support services 
was not contemplated. From the study realized that the 
main energy consumers in the CAMS are the circulation 
pumps and wave motor - used in the outdoor swimming 
pool - lighting, water heating and spaces. With regard to 
the consumption of the boiler it is not possible to know 
the exact consumption value for each component since 
there are no individualized measuring equipment. 

Considering the reference values at the energy level, 
the Municipal Aquatic Complex of Santarém is in the 
average consumption. In terms of water, it exceeds the 
values taken as reference which may be due to 
estimates that extrapolate the actual consumption. 

At the level of waste, in the vast majority of spaces the 
containers are undifferentiated. 

These factors demonstrate an strong environmental 
opportunities to improve namely:  

a) Use of coverings in the water plans; 
b) implementation of a rainwater harvesting 
system; 
c) Moisture monitoring system on the lawn; 
d) replace existing bulbs with LED; 
e) Install photovoltaic panels; 
f) Placing wind turbines; 
g) Implementation of a solar thermal system; 
h) Application of heat pumps; 
i) Placing green roofs; 
k) Placing of ecopoints and containers for 
deposition of organic and hazardous waste. 
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Nomenclature 
 
CAMS – Santarém Municipal Aquatic Complex 
CO2-eq – Dióxido de Carbono Equivalente 
ws – Water Surface 
WWTP  - Wastewater Treatment Plant 
AC – Conditioner Air 
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