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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Swimming pools for sports activities are very much energy-consuming since, in addition to the energy requirements that are 
common to all types of sports facilities (air conditioning and lighting in large spaces, high levels of water heating requirements, 
etc.), heating, filtration and continuous replacement of water must be considered, which involve huge consumption of natural 
resources in terms of primary non-renewable energy resources (according to the local fossil/renewable mix) and drinking water, 
whose use is mandatory. The paper calculates, through our ad-hoc developed algorithm (named EnerPool), potential savings in 
terms of non-renewable primary energy consumption, achievable through energy efficiency actions involving heating, filtration 
and water replacement. This work analyses in detail a number of possible solutions to reduce heat needs, therefore allowing high 
non-renewable primary energy savings (up to more than 50%) at low cost and with a payback time of less than two years. Thanks 
to the facilities’ data (number and size of pools, utilization rate, etc.) supplied by CONI (the Italian National Olympic Committee) 
about swimming schools and facilities affiliated to FIN (the Italian Swimming Federation), and based on the results of the analysis 
on energy efficiency actions, this article presents nationwide estimates of the potential savings of non-renewable primary energy 
through cost-effective efficiency improvement solutions. Furthermore, the solutions analyzed are not alternative to other heat 
production solutions through high-efficiency systems (condensing boilers, water/air heat pumps, combined heat and power 
production plants) or by means of renewable sources (solar collectors, photovoltaic panels), therefore achieving economic and 
energy savings albeit with much higher initial costs. 
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Nomenclature 

COP Coefficient Of Performance of heating pump 
cw Specific heat water (J/kg K) 
DHW Domestic Hot Water 
DM Italian Ministerial Decree 
P Global efficiency of the pump 
g Gravitational acceleration (9.81 m/s2) 
HEC High-Efficiency Cogeneration 
Hp Head of the pump (m) 
Iabs Solar radiation absorbed on the pool (W) 
�̇�𝑚��,� Evaporation flow rate of water (m3/s) 
�̇�𝑚�,� Replacement flow rate of water (m3/s) 
PP Electrical power absorbed by the pump (W) 
qcond Heat loss by conduction (W) 
qconv Heat loss by convection (W) 
qev Heat loss by evaporation (W) 
qirr Heat loss by irradiation (W) 
Qp Volumetric flow rate of the pump (m3/s) 
qr,w Thermal power for heating replacement water (W) 
qs,l Heating power supplied to compensate for heat losses (W) 
qtot,w Total heating power supplied (W) 
w Water density (1,000 kg/m3) 
Tn Water supply network Temperature (K) 
TP Water Pool temperature (K) 
Vtot Total volume of water 

1. Introduction 

In general, sports facilities are energy-consuming [1] as they normally have large volumes to be heated and 
illuminated, high need for hot water, as well as other specific energy-consuming requirements; for this reason, they 
have a great potential for energy-efficiency actions. For this reason, there are some improvements in terms of efficiency 
actions that, in general, fit into all sports facilities (or, more generally, all the most energy-consuming utilities) such 
as the adoption of high efficiency (condensing) boilers, led lighting, installation of solar panels, cogeneration plants, 
etc. As regards sports facilities in particular, specific energy requirements may vary considerably depending on the 
sports discipline the venue is used for (gyms, swimming pools, soccer fields, etc), architectural and dimensional 
characteristics and intended use (school facilities, neighbourhood facilities, plants with or without state, etc.). Among 
the various types of sports facilities, swimming pools have a high potential for energy efficiency actions. In fact, 
swimming pools, in addition to the energy needs common to all types of sports facilities (room heating, Domestic Hot 
Water - DHW, lighting, etc.), also have particular requirements such as heating, filtration and water replacement. 

2. Mass and energy balance to heat swimming pools 

As regards Fig. 1 it is possible to define a mass and energy balance of a pool; for the heating of swimming pools, 
mass balances have an impact on energy balances since the replacement water must be heated from the water network 
temperature (about 12 ° C) to the pool usage temperature (averagely 28 ° C ). 
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Fig. 1. Mass and energy balance for the heating of swimming pools. 

Mass and energy balances determine the consumption of drinking water and the energy needed to keep the amount 
of water and temperature inside the pool constant. 

2.1. Energy needs to heat swimming pools 

As regards Fig.1, the energy needs are the electricity for water filtration pumping and heat to compensate heat 
losses (evaporation, conduction and convection) and to heat the water replaced. The electric power absorbed by the 
recirculation pump is: 

P
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   (1) 

The volumetric flow rate must be calculated in such a way as to ensure a recirculation time of the total volume of 
water (given by the sum of the pool water volume and the conventional volume of the compensating tank) less than 
or equal to that shown in Table 3 of UNI10637: 2015 [2, 3] for various swimming pool types as shown in Table 1. 
The same rules for the various types of pools define the characteristics of filters and, consequently, their load losses 
on which the pump head is calculated (increasing filter load losses by 10 to 15% to take account of losses load in the 
pipes). The pump efficiency is defined based on its characteristics-related curve. 

Table 1. Maximum recirculation time values for swimming pools for swimmers and swimming training (UNI10637: 2015). 

Pool deep (mm) Maximum recirculation time (h) 
Up to 1,200 3 

Over 1,200 4 

For example, a typical swimming school pool (short course) has a length of 25 m, a width of 12.5 m and an average 
depth of 1.8 m. The total water volume, considering the volume of the compensation tank (UNI10637: 2015), is 607.5 
m3, so the Qp flow rate is 202.5 m3/h. The pump head (HP) is defined by the characteristics of the filters and it is about 
12 m; with this data, from (1) an absorbed electric power of about 11 kW is obtained. As regards to Fig. 1, the thermal 
balance of the pool is expressed by the following equation: 

dt
dT

VcqqqqI p
totwwcondconvirrevabs  ls,q    (2) 

The absorbed solar radiation is calculated by multiplying the incident solar radiation by the water absorption 
coefficient (0.85). For heating swimming pools the temperature is kept constant, so from (2) it is: 

abscondconvirrev Iqqqq ls,q    (3) 

In addition to the thermal power required to compensate the losses given by (3) one should consider the one to heat 
the replacement water given by: 
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