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1 Introduction 

A growing number of people, political institutions and organisations are becoming aware of the 

fundamental importance of energy efficiency. Despite this fact, it is still frequently the case that 

only the investment costs are considered. For example, a municipality wishes to provide a 

swimming pool for its citizens and decides what kind and size of pool it can afford based on a 

specific investment amount. The fact that a major share of the costs will be incurred only after 

the construction is completed, namely for operation of the pool, is not given much attention 

during this process. By taking into account efficiency measures early on during the planning 

process, the energy demand of indoor swimming pools can be reduced considerably. This not 

only contributes to climate protection but also entails savings for the financial resources of a 

municipality.  

 

The Passive House concept is a comprehensive approach which considers the overall energy 

consumption of a building. By investing in intelligent planning, in high quality building 

components and in a tried and tested control strategy, the energy costs for operation of the 

building can be reduced significantly. This means that although the investment costs might be 

slightly higher, the operating costs will be reduced.  

 

There are also other advantages apart from lower operating costs: 

�x Planning certainty for budgets due to less dependence on energy price increases  

�x A high quality and durability of the building substance, because airtightness and high interior 

surface temperatures protect against structural damage  

�x A high level of thermal comfort  

�x Contribution to the energy revolution and sustainable energy supply structures  

On account of the high energy consumption of indoor swimming pools, an increase in energy 

efficiency has a particularly strong impact. These guidelines provide recommendations for 

implementing a high level of energy efficiency with regard to planning as well as commissioning 

and operation management. This document has been prepared by the Passive House Institute 

within the framework of the research project "Passive House concept for indoor swimming 

pools: Data evaluation and recommendations". The recommendations are based on theoretical 

research work and investigations by the Passive House Institute, as well as practical 

experiences gained from monitored pilot projects.  

 

In addition to these detailed guidelines, a quick reference guide for building owners, operators 

and other interested parties is available on www.passivehouse.com. Other detailed reports 

relating to Passive House indoor swimming pools (Bambados and Lippe-Bad) can also be found 

here (see also Section 9: Conclusion and further information). Note that some of the literature 

is available only in German.  
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Fig. 1: Lippe-Bad in Lünen: Measured energy consumption for space and water heating (reference: total 
heated area of the pool).  

 

In particular the high quality of the building envelope to the Passive House standard with high 

surface temperatures enables a new way of thinking compared to conventional planning of 

swimming pool buildings, thus providing new opportunities for energy relevant optimisation. 

Fundamental relationships are depicted in the schematic diagram below.  

 

 

Fig. 2 Schematic diagram: Relationship between the Passive House concept and energy savings  
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In order to achieve a solution that is energy efficient as a whole, all other energy loads inside 

the building must also be considered besides heating of the swimming pool halls. This is true 

particularly for the following areas:  

�x Electricity demand for swimming pool technology  

�x Heating energy demand for hot water (mainly showers) 

�x Demand controlled ventilation with heat recovery  

�x Fresh water and heating energy demand of the pool water  

�x Electrical efficiency of other energy applications  

e.g. lighting, ventilation, building systems etc.  

�x High efficiency of any other leisure areas or additional facilities  

e.g. water features, sauna, spa, fitness equipment, catering etc. 

 

The comprehensive and consistent application of Passive House principles in indoor swimming 

pools offers a high level of comfort and good air quality with the minimum possible use of energy 

and thus low operating costs. 

 

  
 

  

Fig. 3: The first two Passive House swimming pools Bambados in Bamberg (above) and the Lippe-Bad 
in Lünen (below), which were both completed in 2011. 
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2 Building envelope 

A highly thermally insulated building envelope saves a significant amount of heating energy, 

increases structural protection and is therefore advisable both in economic terms and with 

regard to climate protection. Compared to typical buildings that are heated to 20 °C, the 

transmission heat losses of the exterior building components of indoor swimming pools with a 

warmer indoor temperature of ca. 30-32 °C are considerably higher, as are the savings with 

each additional centimetre of thermal insulation.  

 

 

Fig. 4:  Compared to a residential building with an indoor temperature of 20 °C, the temperature 
difference between the inside and the outside is much higher in the case of swimming pool 
buildings. The heating period is therefore significantly longer.  

 

Due to the high indoor temperature and evaporation of the pool water, there is typically a year-

round heating demand, as demonstrated by the following measurement data evaluation of the 

heating energy consumption of a swimming pool hall of the Lippe-Bad project: 

 

 

Fig. 5:  Heating energy consumption of the sports pool of the Lippe-Bad in the year 2016  
(pool area 575 m², average temperature in the hall 28°C & indoor humidity 52%) 
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The total energy demand can be reduced by increasing the humidity level in the pool hall (see 

schematic diagram on page 4). The limiting factor, among other things, is the minimal surface 

temperature of the building envelope, which is where the risk for condensation is most critical. 

This is usually the case at the windows and severe thermal bridges. In addition to low U-values, 

special attention must therefore also be given to thermal bridge free planning and 

implementation. The critical dew point temperatures for different indoor air conditions are 

compiled in Table 1.  

 

Table 1: Dew point temperatures for different indoor air conditions 

 
 

Windows and curtain wall façades have higher losses than the insulated wall and therefore 

lower surface temperatures. In conventional constructions these components are at high risk of 

condensation. In contrast, the high thermal quality of Passive House suitable triple glazing and 

the thermally separated frame profiles means that it is no longer necessary to blow warm dry 

air onto the façade in order to prevent condensation of occurring. This, in turn, means that 

alternative approaches can be considered for introducing supply air into the swimming pool hall 

and the proportion of air recirculation for the hall ventilation can be reduced significantly or even 

eliminated entirely.  

 

Advantages of a highly thermally insulated building envelope for indoor swimming pools: 

�x High indoor temperatures -> year-round heating demand �W high savings potential 

�x Greatly reduced transmission heat losses �W additional insulation is very cost-effective  

�x Less or no air circulation is necessary for "drying" the façade �W noteworthy amount of electricity savings  

�x Thermal bridge free �W temperature does not fall below dew point -> component is protected 
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2.1 Opaque building components 

While the U-values (heat transfer coefficient) recommended for exterior walls at normal indoor 

temperatures of 20°C is 0.15 W/(m²K) at the most for Passive House buildings in Central Europe 

(see [PB 42]), much better U-values are strongly recommended from the economic view point 

in the case of higher indoor temperatures. Due to the higher indoor temperature (32°C), a 

swimming pool building exhibits significantly higher heating degree hours compared to a 

normally heated building (20°C). Based on an example of a swimming pool building in Germany 

with a compound insulation system, improving the U-value from 0.15 W/(m²K) to 0.10 W/(m²K) 

cuts the heating demand by almost a half. 

 

When choosing the products, consideration should be given to the special indoor space 

conditions of swimming pools (high humidity levels and chlorine loads). Regular inspections of 

the structural integrity is important for swimming pool buildings in general, regardless of the 

efficiency standard.  

Examples for the building component quality (Lippe-Bad / Bambados) 

As an example, the following table lists the quality of the building components of the Lippe-Bad 

in Lünen and the Bambados swimming pool in Bamberg. Since then more insulation materials 

with lower thermal conductivities have become available on the market, therefore from the 

economic perspective even better U-values should certainly be realised in future projects. 

Table 2: Overview of the quality of building components of the Lippe-Bad and Bambados pools:  
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Exterior wall 

Compound insulation systems are thermal bridge free and comparatively low cost if suitable 

dowels are used. However, ventilated curtain wall façades are often also used. They are durable 

and allow the use of a wide range of different surface finishes. They necessitate a load-bearing 

sub-construction which may give rise to significant thermal bridges depending on the selected 

system. Thermal bridge free sub-constructions are available, which are presented e.g. in [AkkP 

35] or listed in the component database of the Passive House Institute 

(www.passivehouse.com/component-database). 

 

�x Gap-free insulation of building components 

�x Use of thermal bridge free insulation dowels and façade anchors  

 

Roof 

In order to avoid thermal bridges in the roof, draining should be external i.e. rain pipes situated 

outside of the thermal envelope.  

 

If tapered insulation is used for large roof areas, this can result in large differences in height of 

the insulation. Insulation is most effectively used if it is of a uniform thickness, as far as possible. 

It will therefore be helpful to plan short inclines or to implement an inclined roof construction so 

that a uniform insulation thickness can be used. 

 

Basement and components against the ground 

All zones of the building which are directly or indirectly heated should be integrated into the 

thermally insulated envelope. This also applies to the basement area of swimming pools. The 

insulation should be executed without gaps around the basement, avoiding thermal bridges in 

the process. It does not make sense to insulate the pool and exempt the basement from the 

thermal envelope, as the area to be insulated (pools themselves, all piping) would then be 

extremely large.  

 

In the case of large buildings it might be possible to dispense with insulation of the basement 

walls and the floor slab. This may be the case if the heat losses through the ground can be 

reduced sufficiently by forming a "heat dome" under the floor slab. This can be done e.g. by 

means of perimeter insulation in the area of the exterior wall of the basement (see [AkkP 48]). 

 

Typical thermal bridges 

Large non-residential buildings have some typical details which can be executed without 

thermal bridges if they are looked at and detailed at an early planning stage. Planning in 

combination with statics is best. As a rule, subsequent adjustment of the detail solutions are 

complicated. These include the following:  
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�x Thermal bridge free solutions for roof parapets  

�x Thermal separators in the area of reinforced concrete light shafts 

�x Thermal separation of porches and balconies 

�x Avoiding floor slab protrusions 

�x No penetrations of the building envelope by swim-out channels or slides  

�x Avoiding roof drainage systems on the inside  

�x Minimisation of ventilation ducts through the roof; the entire ascending pipes of the wastewater 
drainpipes must be insulated  

�x Realising pressure compensation of the balance tanks inside the building  

 

          

Fig. 6 Example of a minimised thermal bridge:  
left: thermal bridge free façade anchor for the curtain wall façade  
right: roof parapet as a timber construction  
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2.2 Transparent building components 

The energy relevant quality of windows and curtain wall façades results from the combination 

of the U-values of the frame and glazing and the glass edge thermal bridges. Besides the 

insulating characteristics, the absence of condensation is also of importance for selecting the 

frame. For these reasons, it is recommended that excellent quality certified frames are used. 

Aluminium frames offer the advantage of high fRsi values, which ensures the absence of 

condensation. In contrast, wooden frames can have even lower transmission losses. It is optimal 

to combine these aspects, that is, frames having the best possible efficiency class with a high 

fRsi value at the same time. The values for certified frames can be found at 

www.passivehouse.com/component-database.  

 

For indoor swimming pools it is worthwhile to choose particularly low U-values of the glazing 

(below 0.60 W/(m²K)) because in this way the transmission losses are kept low and the high 

surface temperature of the glazing provides a pleasant level of comfort for pool visitors. Thermal 

bridge free installation is of great importance for optimal effectiveness of the thermal 

characteristics of the high quality windows and curtain wall façades. 

 

The following recommendations should be followed for windows and doors and accordingly also 

curtain wall façades: 

 

�x Triple-paned low-e glazing  

�x Frames of a thermally high quality  

�x Thermally insulated edge bond ("warm edge"); the lowest surface temperature (influenced by the spacer 
and window frame) occurs at the glass edge. Condensation first appears here (see Table 1). 

�x Thermal bridge minimised installation: window frame in the insulation layer, attachment with the shortest 
possible angles and insulation covering the frame profile  

�x Airtight connection of the frame to the airtight layer  

�x Window partitioning: avoidance of glare for swimmers should already be taken into account in the design  

 

Example: Lippe-Bad 

By raising the top of the pool, the façade was placed on a parapet without impairing the 

swimmers' visual connection towards the outside. Due to this, the lower area of the curtain wall 

façade is less impacted by splashing water. Other advantages of this solution include the fact 

that pool cleaning can be carried out during operation since switching of the drainage channels 

is not necessary, and that the basement height is smaller.  
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Fig. 7:  Lippe-Bad, raised top of the pool allows a parapet to be implemented for the curtain wall façade 
without impairing visual connection of the swimmers towards the outside. 

 

2.3 Thermal separation 

In swimming pools there are often also areas that are much cooler or that are heated normally 

(e.g. lounge areas, office rooms or event rooms). Intertwining areas with significantly different 

temperatures should be avoided. Well thought-out zoning at the design stage is very helpful for 

the further implementation of the Passive House concept and ultimately the operation. 

 

Thermal separation should be executed near building components that remain between the 

different temperature zones, as otherwise a considerable amount of heat will flow from the warm 

areas into the cooler zones, which will then have to be actively cooled. Thermal separation can 

be implemented all the more easily if it is taken into account earlier in the planning process. As 

a rule, it is sufficient to execute the interior walls with lightly thermally insulating materials (e.g. 

porous concrete). Alternatively, reinforced steel concrete ceilings or walls can be improved by 

a moderate layer of insulation on the cold side of the wall or ceiling.  

 

�x Zoning should already be taken into account in the design 

�x U-value of the thermal separator should be in the range of 0.50 W/(m²K) from a temperature difference 
of ca. 4 K. Set point temperatures for the winter as well as the maximum temperatures for the summer 

should be taken into account in the process. 

�x Thermal separation between the pool and the basement is not necessary 
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2.4 Airtightness 

Airtight execution of the building envelope provides protection from moisture-related damage. 

The more airtight the envelope is, the less moist air can enter the construction through leaks. 

An airtightness level of q50 �”����.4 m³/(hm²) is recommended for indoor swimming pools. As the 

airtightness test for Bambados pool shows, this value may be even lower (test result: 

q50 = 0.2 m³/(hm²), n50 = 0.07 h-1). This saves ventilation heat losses additionally. 

 

An airtightness test is essential in order to ensure this standard of airtightness and is compulsory 

for Passive House buildings. In the construction process it should be scheduled so that the main 

elements of the airtight envelope and any penetrations of this are still easily accessible. In 

particular this includes the connections of the windows, doors and the curtain wall constructions 

to the exterior walls. For lightweight roof constructions this also includes the connection of the 

airtight layer of the roof to those of the exterior walls. Once the cladding on the inside and 

suspended ceilings have been installed, it will be difficult or even impossible to carry out leakage 

detection and rectification.  

 

�x The airtightness concept is a planning task 

�x All connections of the components of the building envelope should be executed in an airtight manner  

�x All penetrations (e.g. ventilation ducts, water pipes) should be well sealed and part of the airtightness 
concept 

�x Penetrations (e.g. by pipes) at the fewest possible central points. Special sealing products can be used 

for durable solutions.  

�x An airtightness test should be carried out for quality assurance purposes 

 

 

 

Fig. 8 Airtightness test for the Bambados pool: on account of the excellent level of airtightness, the 
entire building could be measured using just one fan. 
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3 Ventilation 

In indoor swimming pools, an adjusted and optimised ventilation system plays a major role for 

health, building physics and energy-relevant reasons.  

  

3.1 Ventilation of the pool hall  

Task 

The ventilation system for the pool hall has two main tasks: ensuring a good quality of air 

(hygienic ventilation for the removal of disinfection by-products in particular) and 

dehumidification of the pool hall air. In order to maintain a constant level of air humidity in the 

pool hall, the constantly evaporating water must be removed continuously. Ventilation units with 

highly efficient heat recovery are appropriate for keeping low the energy losses due to 

ventilation. The supply air flow can be used to bring the required heating energy into the pool 

hall.  

 

In conventional pools, dry air is often blown onto the glazing in order to keep the façade free of 

condensation. This additional task of the ventilation system is usually omitted in Passive House 

swimming pools due to the high thermal quality of the window frames, glazing and spacers.  

 

In a climate like that of Germany, this makes it possible to operate ventilation units with outdoor 

air only and to use smaller units. The usual share of recirculated air based on VDI 2089 can be 

omitted or at least reduced substantially, due to which significant electricity savings are 

achieved. The outdoor air volume flow is controlled based on the dehumidification demand, but 

it should not be less than the minimum volume flow for hygienic ventilation (depending on the 

water quality 15 % or 30 % of the nominal volume flow according to [VDI 2089]). Evaporation of 

the pool water can be reduced through various measures (e.g. higher air humidity), due to which 

the required dehumidification output of the ventilation system is decreased additionally (see 

Section 4.2).  

 

  

Fig. 9 Comparison of the volume flow of ventilation based on VDI 2089 and according to the Passive 
House concept. (Monthly average values are shown here) 
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Pool hall conditions 

Because the requirements for pool hall conditions are contradictory in part, (requirements for 

different users, structural protection, energy demand), the set point temperatures and humidity 

levels should be set according to the specific project. A wet pool visitor will prefer relative air 

humidity levels that are as high as possible, while pool staff will feel better with lower humidities. 

For this reason, a separate temperature-controlled room for pool attendants could already be 

allowed for during the initial design phase. For structural protection reasons, a relative humidity 

of 64 % should not be exceeded for longer periods [Schulz et al. 2009].  

 

On account of the different requirements, so-called stratified ventilation is recommended which 

is described below in the section on "Air flow through pool halls". A humidity level of ca. 55% in 

the pool surrounds (height 1.5 m) is suggested as a reference value for planning. The actual 

amount of humidity should then be tested and set during operation. If the air layer above the 

water surface can be made more humid, there will be less evaporation of the pool water and 

the energy costs will be accordingly lower. Fig. 10 shows how evaporation is affected by 

different pool hall conditions. 

 

    

Fig. 10: Influence of air humidity on average evaporation per m² of pool area.  
Left: calculated in accordance with VDI 2089 (ß = 14 m/h) at different combinations of water and 
air temperatures.  
Right: measured dehumidification output through the hall ventilation in the year 2016 (pool hall 
of the parent/child pool of the Lippe-Bad: ca. 32 °C water air temperature) [Gollwitzer et al. 2018]. 

 

When measuring the air humidity, it must be kept in mind that the measurement uncertainty is 

relatively high even with high quality sensors and that additionally the sensors will drift over 

time, therefore deviations of over 10 percentage points may easily occur. For this reason, care 

should be taken in general when comparing humidities or specifying set point values. 

 

  


































































































