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Abstract: Aquatic centres are popular recreational facilities in Australia and other developed 
countries. These buildings have experienced exponential demand over the past few decades. 
The growing desire for better indoor environmental quality in aquatic centres has resulted in a 
marked increase in energy consumption in this sector. Community expectations in relation to 
aquatic centres are rising and these spaces are associated with wellness and health. Energy 
consumption in indoor swimming pool buildings is high due to the high indoor air 
temperatures, increased ventilation heat losses and the need to disinfect water. This study 
investigates the energy consumption and indoor environmental quality of seven aquatic 
centres in Australia. The construction and various energy consuming systems of the facilities 
are analysed and compared against the energy consumption. Thermal comfort data is 
collected through measuring the indoor environmental parameters. Building envelopes were 
found to be leaky in most of the buildings resulting in energy wastage. The main indicators for 
energy consumption were gross floor area, area of pool surface, and number of visitors. It was 
found that the set point temperatures were significantly high in some of the buildings resulting 
in high level of discomfort for the spectators and staff.  
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1. Introduction 

Aquatic centres are popular recreational and sports facilities in Australia. The growing desire for better 
indoor environmental quality in the indoor aquatic centres has resulted in a marked increase in energy 
consumption in this building sector. Around 1900 aquatic centres in Australia attract approximately 263 
million visits per year, with 64% of Australians aged 15 and over participating in physical activities for 
recreation or exercise (Australian Bureau of Statistics, 2011). The high energy consumption of aquatic 
and recreation centres offers challenges for energy conservation and improvement of indoor 
environmental conditions. To identify opportunities for energy conservation and further improvement 
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of indoor environmental quality, the first key step is to compare the performance of aquatic centres to 
establish benchmark data and best practice. This study compares the energy and indoor environmental 
quality of seven aquatic centres in Australia. The outcome of this study provides insights about the 
design and operational practices of aquatic centres. 

2. Literature review 

Although aquatic centres share some characteristics with offices and commercial buildings, due to 
different activity types, functions, ownerships, unique comfort requirements and complex 
environmental conditions, the level of energy consumption is significantly higher compared to a typical 
commercial building. Currently there are no benchmark standards for aquatic centres in Australia, 
whereas benchmarks for other building types such as offices, shopping centres, hotels and data centres 
are established leading to the development of national rating systems (NABERS, 2012). In a study of 978 
municipal service facilities (offices, schools, libraries, hospitals, sports facilities etc ) in Barcelona, Oliver-
Sola et al. (2013) reported that indoor swimming pool had the highest average energy consumption 
ranging from 48 kWh/m

2
 to 5273 kWh/m

2
 with an average of 666 kWh/m

2
. A recent study in Australia 

found that aquatic centres are seven times more energy intensive than a commercial office building 
(Rajagopalan, 2014). Several studies have been conducted in naturally and mechanically ventilated 
office buildings to examine the indoor environmental quality.  But studies on the indoor environmental 
quality of aquatic centres is very limited. These buildings have some of the most specialized indoor 
environmental requirements. The temperature of the air and the water need to be linked and balanced, 
so as to achieve the right humidity to minimise evaporation from the pool water. It is necessary to 
control the pool water temperature, air temperature, relative humidity, ventilation, lighting and water 
pumping, in order to provide a healthier indoor environment for different types of users such as 
swimmers, spectators and staff with different clothing types and various activity levels.  

There has been a consistent trend towards higher water temperatures in recent years, due to the 
substantial growth in aquatic leisure activities. Table 1 shows the recommended indoor environmental 
conditions as per the Pool Operators’ Handbook (2008) and Australian Standards (2002). A safe, 
comfortable and appealing internal environment is crucial to attract and sustain customers. Higher 
temperature can cause discomfort to swimmers thereby limiting vigorous swimming. This increases the 
water pollution through sweat and body oil contamination. Higher water and air temperatures increase 
direct and indirect energy cost. With higher temperature, moisture level in the pool increases, even 
when relative humidity is controlled at the same level. This causes risk of condensation, and possibly 
corrosion and deterioration of the building fabric, structure and equipment. This will also increase the 
rate of chloramine formation (PWTAG, n.d). Even though new advanced heating, ventilation and air 
conditioning (HVAC) systems have replaced old systems, the community expectation towards the overall 
indoor comfort in aquatic centres has not been adequately met. 

Table 1: Recommended indoor environmental conditions. 
Air Temperature Humidity Pool water temperature Ventilation  

27°C in the pool 
hall, not more than 
29°C 

50-60% 26-30 26-30°C for lap 
pools 

10 l/s for sports hall 

  28-32°C for leisure 
pools 

10 l/s for pool and deck 
areas 

   15 l/s for spa and hydrotherapy 
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3. Methodology 

Energy consumption data and other pertinent information such as physical, occupancy and operational 
data were collected from seven aquatic centres. Energy consumption data was collected through utility 
bills and sub-meters installed at various centres. Information about the physical characteristics such as 
floor area, water surface area and building envelopes were obtained from architectural drawings and 
detailed site inspection. Thermal comfort measurements were conducted in the pool hall using a 
movable thermal comfort cart. The cart was fitted with various sensors that measure air temperature, 
mean radiant temperature, humidity and wind speed at the occupant levels. The data was analysed to 
understand the interrelationship between numerous factors that contribute to the energy consumption 
of these facilities and to determine the significant drivers of building energy use on a site energy basis. 

4. Description of the aquatic centres 

Six buildings were located in the state of Victoria and one building was located in the state of New South 
Wales where the air temperature is slightly higher.  These buildings represent the wider population of 
aquatic centres in Victoria in terms of the floor area, area of functional spaces, number of visitors, etc. 
Aquatic centres generally consist of both dry and wet areas. There are large variations between the 
facilities in terms of the size of wet and dry areas. Each of the facility has three or more water bodies 
within the wet area. They include a lap pool with multiple lap lanes, either 25 m or 50 m long, a program 
pool for swimming lessons, leisure pool and wellness program pool. Program pools are separate pools 
with less than one meter depth and they have a large surface-area-to volume ratio. In addition, two 
facilities have outdoor pools. Table 2 shows the range of floor areas and number of visitors.  

Table 2: Range of floor areas and visitors. 
 Range 

Total Floor area 2,944 to 11,000 m
2
 

Water surface area 640   to 2,760 m
2
 

Pool hall area 1,300 
 
to 3,300 m

2
  

Annual visitors  168,000 to 1,200,000 people 

5. Results 

5.1. Building fabric 

The construction of old and new buildings varied considerably. The buildings constructed after year 
2006 have to comply with BCA section J requirements for the envelope.  The new buildings are well 
insulated, with double glazed windows, whereas old buildings are poorly insulated, with lots of gaps in 
between joints, window frames and mullions. Table 3 shows the envelope construction of various 
buildings. Air pressure testing was conducted in two of the facilities (B3 and B5) to measure the 
permeability rating. Building envelope permeability rate is a measure of the amount of air that 
permeates through gaps, cracks and leaks in the building envelope when driven by an external forces 
such as wind or the thermal stack effect. It is expressed in cubic metres of air per hour that passes 
through each square metre of the building façade (m3/hr/m2).  The results of the test can show the 
integrity of the building envelope, with respect to leakage through penetrations, around door seals and 
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windows and joints in the building façade. The uncontrolled air movement has a significant impact on 
the energy consumption as the HVAC system need to work harder to treat the air. 

Table 3: Type of building fabric. 

Facilities Age of 
buildings 

Building fabric R value 
(m

2
K/W) /SHGC 

Energy 
efficiency 
rankings 

Permeabilit
y rating 
(m

3
/hr/m

2
) 

Building 
1 

20 Insulated walls with no sealing, 
single glazed windows with air 
gaps in mullions/window frames 

1-1.2 for walls, 0.9 for 
windows/ SHGC 0.8 

4 not 
measured 

Building 
2 

35 Minimal insulation, with air 
gaps, single glazed windows with 
air gaps in mullions/window 
frames 

1-1.2 for walls, 0.9 for 
windows/ SHGC 0.8 

5 not 
measured 

Building 
3 

1 Part J compliant, well-sealed 
walls and roofs, double glazed 
windows  

1.8-2.8 for walls, 1.6-1.8 
for windows/SHGC 0.6 

1 10 

Building 
4 

11 Insulated walls and no sealing, 
single glazed windows with air 
gaps in mullions/window frames 

1-1.2 for walls, 0.9 for 
windows,/SHGC 0.8 

4 not 
measured 

Building 
5 

18 Insulated walls reasonable 
sealing 
single glazed and sealed 
windows 

1.2-1.5 for walls, 0.9-1.2 
for windows/SHGC 0.8 

3 22.5 

Building 
6 

3 Part J compliant, well-sealed 
walls and roofs, double glazed 

 1.8-2.8 for walls, 1.6-1.8 
for windows/SHGC 0.6 

2 not 
measured 

Building 
7 

36 Minimal insulation, with air 
gaps, single glazed windows with 
air gaps in mullions/window 
frames 

 
1-1.2 for walls, 0.9 for 
windows/SHGC 0.8 

4 not 
measured 

Table 4 shows different permeability rates as specified by the Air Tightness Testing and 
Measurement Association (ATTMA TSL2 standard, 2010). ATTMA is a professional association based in 
United Kingdom, dedicated to promoting technical excellence and commercial effectiveness in all air 
tightness testing and air leakage measurement applications. Previous studies have shown that air 
leakage rates in Australia are much higher than those reported in Europe and USA (Egan, 2011).  It can 
be seen from Table 3 that B3 constructed in 2014 has air permeability rating of 10 m3/hr/m2. Building 
B5, with medium age has a permeability rating of 22.5 m3/hr/m2. Reducing leakage from 
22.5m³/hour/m² to below 15 m³/hour/m² requires careful sealing of all air gaps. The permeability rating 
of other five buildings are not measured. Correlating the permeability rating with the façade 
construction, it can be deduced that B1, B2, B4 and B7 can have a much higher value for permeability 
rating and B6 can have a permeability rating closer to 10 m³/hour/m².  A simple ranking for energy 
efficiency based on the façade construction is conducted and is shown in Table 3. 
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Table 4: Permeability rating as per ATTMA TSL2 standard.  
Type of facilities Air permeability (best practice) Air permeability (good practice) 

New Leisure & Aquatic Centres 2 5 
20year+ old Leisure & Aquatic 
Centres 

5 15 

5.2. Mechanical system 

The air distribution system in the seven buildings varied considerably. Some of the facilities had 
minimum air distribution showing evidence of condensation. New buildings were found to have no 
condensation experience.  Table 5 shows the fresh air percentage and type of heat recovery systems. 
Four of the facilities have no heat recovery systems, whereas B3, B5 and B6 have full heat recovery in 
the form of heat wheel, run-around heat coil and cross flow respectively.  

Mechanical system for the pool plant is particularly important. Large volumes of water need to be 
continuously filtered, treated and heated. Heated water at specific temperatures is required for a wide 
range of activities as shown in Table 1. The provision of water for an infant ‘Learn to Swim’ class requires 
different conditions from that of competitive swimming training. The needs of the leisure swimmer and 
rehabilitation program are different. Selecting a heating system that will cater for such differing comfort 
needs is a complex task. It is important to carefully design each of the sub-systems including circulation 
pumps, filtration and backwash, UV treatment plant and the control of total dissolved solids (TDS) levels.  

Table 5: Type of mechanical system. 
Facilities Fresh air Heat recovery 

Building 1 100% fresh air no 
Building 2 100% recycled air no 
Building 3 100% fresh air with Heat Recovery Full Heat Recovery Heat Wheel 
Building 4 50-50 recycled air 

 
no 

Building 5 100% fresh air with Heat Recovery  Run-around heat coil 
 

Building 6 100% fresh air with Heat Recovery Full Heat Recovery Cross flow 
Building 7 100% fresh air no 

5.3. Energy consumption 

The main components of energy consumption include heating the pool water and pool hall air, heating 
and cooling gym, crèche and administrative offices, operating pool equipment such as pumps and water 
filtration system, heating hot water for toilets and café as well as lighting and equipment.  The 
proportion of each of these components will vary from building to building. According to Sydney water 
(2011) the water heating constitute around 64% of the total energy followed by pool equipment (18%). 
This is expected to be different in Victorian facilities due to the weather conditions that require 
considerably more heating. 

The most common methods of producing heat include cogeneration units, condensing boilers, 
standard boilers and heat pumps. The seasonal efficiencies of these systems vary.  Condensing boilers 
are more effective than standard boilers. Heat pumps are probably most cost-effective as part of a heat 
recovery/dehumidification system. The most important factors to be considered in the selection of fuel 
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are the availability and convenience of the fuel, the efficiency of the heat production method and the 
price. The environmental effects and greenhouse gas emission of different fuel options also should be 
taken into account. There are large variations between the seven facilities in terms of consumption 
patterns and air and water heating methods as shown in Table 6. Two of the facilities (B1 & B3) use 
cogeneration system to produce electricity and gas. B2 and B7 use electric heat pumps whereas the rest 
of the facilities use gas fired boilers to heat the pool hall air and pool water. The type of fuel used 
depends on the councils’ environmental policies, existing contracts with the energy providers and price 
of gas and electricity. Cogeneration system will significantly change the energy and emissions profile of 
the facilities and councils. Pools utilizing cogeneration aim to use more gas but less electricity resulting 
in fewer greenhouse gas emissions. It is to be noted that savings largely depend on the size and 
effectiveness of the cogeneration system. In order to achieve the maximum efficiency of cogeneration 
units, they need to run at full load for as many hours as possible. 

Table 6: Fuel type, heating system and pool areas. 
Facilities Fuel type Heating system Pool details Pool hall 

area (m
2
) 

Water 
surface 
area (m

2
) 

Building 1 gas condensing boiler 
with cogeneration 

25metre pool  
Beach entry pool   Toddlers' pool   
Learners' Pool Indoor waterslide 

1700 640 

Building 2 electricity heat pump 50m pool 
spa and sauna, toddler pool  

hydrotherapy pool, waterslide  

2430 1072 

Building 3 gas condensing boiler 
with cogeneration 

25 m outdoor pool, 25 m indoor 
pool, leisure pool, warm water 
program pool, spa 

2930 1882 

Building 4 gas Standard boiler 25m pool 
Toddlers' pool ,  leisure "SPLASH" 
pool, Learn to swim pool 

1315 703 

Building 5 gas condensing boiler 50 m pool,  
Wave pool, Learn to swim pool, 
Toddlers pool, Spa-sauna 

3000 1438 

Building 6 gas Condensing boiler 50 m outdoor pool, 25 m indoor 
pool, hot water program pool, 
leisure pool, big water sides, spa 

3000 2760 

Building 7 electricity heat pump 50 m pool, leaners pool 3300 1648 
      

The total energy consumption along with CO2 emissions are plotted in Figure 1. Emission factors 
were assumed as 1.18 Kg CO2-e/kWh for electricity and 3.9 Kg CO2-e/GJ for gas (Department of the 
Environment, 2014). Subsequently, various factors for normalizing the energy consumption were 
identified. They include total floor area, pool surface area, and total number of visitors. B6 has the 
highest energy consumption and greenhouse has emission. B6 has the highest number of visitors (1.2 
million per year) and largest floor area, therefore the high electricity and gas consumption is justified.  
B3 has similar number of visitors and total floor area to B6, but the energy consumption is 
comparatively lower probably because of the higher water surface area. The greenhouse gas emission 
for B3 is much lower than B6, mainly because of the use of cogeneration system resulting in less 
electricity consumption.  B2 and B4 have the lowest energy and greenhouse gas emission. The floor area 
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and number of visitors for B2 are double that of B4. B4 has the lowest gross floor (3520 m
2
) area and 

least number of visitors (167,600) therefore has relatively high energy use intensity. 

 

 

Figure 1: Total energy consumption and CO2 emission. 

 

Figure 2: Total energy consumption and normalised energy consumption. 

Figure 2 shows the total energy consumption and normalized consumption with respect to the gross 
floor area and number of visitors. The energy usage intensity ranged from 507 kWh/m2 to 1662 
kWh/m2. Normalising with number of visitors, the energy usage intensity ranged from 6 to 21 kWh/visit. 
B4 has the highest energy usage intensity with respect to the number of visitors. B1 had highest energy 
usage intensity with respect to the gross floor area and second highest with respect to number of 
visitors. A closer look at the other indicators revealed that this facility has the lowest pool surface area 
and the high energy usage intensity is not justified and need to be further investigated. 
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5.4. Thermal comfort 

Thermal comfort measurements were conducted over two days period at various locations inside the 
pool halls. Predicted mean vote (PMV) was calculated using an excel spread sheet as per the heat 
balance equations (Fanger, 1970). It should be noted that thermal comfort is very sensitive to clothing 
and activity levels. Based on the clothing and activity levels, the users are categorised into three types: 
swimmers with minimum clothing and high activity level, staff with moderate clothing and moderate 
activity, spectators or carers of young children with high levels of clothing and low activity level.  
Assigning a metabolic rate for swimmers is challenging. ANSI/ASHRAE standard 55 (2013) recommends a 
time weighted metabolic rate for individuals with activities that vary. However,   ANSI/ASHRAE standard 
55 does not apply to occupants with high metabolic rate whose time averaged metabolic rate is higher 
than 2.0 met. Therefore, a met value of 2.0 is considered for swimmers and this should be taken into 
consideration while looking at the results. 

 

 

Figure 3: PMV values.  

Figure 3 shows the mean PMV of swimmers, staff and spectators along with the air temperatures of 
various facilities. When the PMV is within the range of −0.5 to 0.5, it is believed that the environments 
are thermally comfortable. The PMV for swimmers are generally towards warmer sensation, ranging 
from ‘slightly warm’ to ‘warm’, except for B2 and B7. The lower temperature setting for B2 should be 
related back to the low energy consumption for this facility. The Mean PMVs for B3 and B4 were 1.69 
and 1.64 respectively. It is to be noted that the mean air temperature of B3 and B4 are set as 29°C which 
is quite high in comparison to other buildings. B7 is different from other six buildings in terms of its 
location.  

6. Discussions 

Aquatic centres use vast amount of energy and water. Environmental design standards for aquatic 
centres have generally been overlooked due to the complex nature of these buildings. Through analysis 
of energy consumption data, various normalization factors were identified. They include total floor area, 
pool surface area, and total number of visitors. Selecting the most suitable indicator that can accurately 
predict the energy consumption is very challenging and requires rigorous statistical analysis involving a 
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large number of samples. Majority of the buildings constructed before year 2006 had leaky facades 
resulting in energy wastage. The impact of building envelope and infiltration on energy consumption for 
these building typologies need to be further investigated through energy simulation. 

Achieving thermal comfort has always been challenging especially with the multiple user groups. The 
results of the thermal comfort measurement showed that indoor parameter settings vary across the 
seven buildings. As a result of this, comfort experiences were different in the seven buildings. Each 
parameter has some implication on the energy consumption of the building, particularly heating energy. 
There are very limited studies comparing the thermal comfort conditions of indoor aquatic facilities. The 
existing comfort models have limitations in terms of metabolic rate limiting its adoption for activity 
levels more than 2.0 Met, hence not suitable for predicting the comfort of swimmers. A previous study 
conducted in two facilities (a swimming pool and a sports hall) showed that it was possible to apply PMV 
model without a specific correction after 10 min post-swimming (Marco Revel and Arnesano, 2014). 
However, for wet swimmers, the heat balance for the evaluation of the PMV requires the addition of the 
evaporative term. The comfort models need to be further extended and simplified to cater the wet 
swimmers. It may be argued that pool halls are designed for the comfort of swimmers, and the other 
user groups will have to sacrifice to some extent or come with certain expectations about the 
temperature and then possibly adapt through clothing. If it is possible to have some optimum 
temperature setting where every user group can achieve reasonable level of comfort, as in the case of 
B5, it need to be further explored. 

The set point temperatures of the pool halls were up to 29°C in some buildings. Huge amount of 
energy is required to heat the air from 10°C to 29°C and to keep the water also at similar temperatures. 
However evaporation loss will be more if the air temperature is set low.  

7. Conclusions 

This study provided some insights into the complexity of aquatic centres and their variability in terms of 
design and operations. The main indicators for energy consumption are identified as gross floor area, 
area of pool surface, and number of visitors. The energy usage intensity ranged from 507 kWh/m

2
 to 

1662 kWh/m
2
. Normalising with number of visitors, the energy usage intensity ranged from 6 to 21 

kWh/visit. It was found that the set point temperatures are high in some of the buildings resulting in 
high level of discomfort for the spectators and staff. In summary, the three main inter-related aspects 
for these buildings are energy consumption, indoor environmental quality and the integrity of the 
building structure. The influence of the indoor parameters on the building fabric and equipment is time 
dependent as long term exposure to high humidity and chloramines will cause facility corrosion. Due to 
the variability in the age of the studied building, such comparison between the buildings was not 
possible. 

This study is part of a research project that aims to investigate the correlation between energy and 
indoor environmental performance of aquatic centres in order to discover the optimum balance 
between energy and indoor environmental performance. The results will help to develop guidelines for 
the design and operation of aquatic centres in Australia. Further work is being conducted to correlate 
the thermal comfort results with the HVAC energy consumption of each of the facility in order to 
establish the optimum balance between energy and thermal comfort. In addition, the air quality and 
occupant exposure to trichloramine levels will be investigated.  More work is being carried out involving 
more number of samples to develop a comprehensive benchmark. The benchmarking system will assist 
local government to manage energy consumption and system design through better informed day to 
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day management of operations, as well as guiding environmental performance during the design of new 
or refurbished infrastructure. 
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