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Abstract. The majority of old apartment buildings were designed with an unheated basement. Building 

service systems such as district heating heat exchangers and pipes for domestic hot water and for space heating 

are usually located in this unheated basement. In addition, these locations are connected with shafts. All these 

pipe’s heat losses increase air temperature in the basement. If these losses are included into the building 

energy balance, then they decrease heat loss through the basement ceiling. The basement’s heat balance is 

also dependent on heat loss from the basement envelope and outdoor air exchange in the basement. In early 

stages of design, designers and energy auditors need rough models to make decisions in limited information 

conditions. Once the effects of heat losses from pipes become apparent, they need to be factored into the 

buildings energy balance, and their effects on heat loss through the basement ceiling needs to be calculated. 

In this paper we analyse the effect these heat losses have on the service system’s heat gains and heat loss 

through an uninsulated basement ceiling at different basement insulation levels and with different thicknesses 

of pipe insulation. From our study we found that pipe losses in the basement increase the building energy 

performance value by at least 4 kWh/(m²∙a) and their impact on a renovated apartment building is very 

important. 
 

1 Introduction  
Improving the energy performance of buildings is a tool 

to meet the long-term energy saving and decarbonisation 

goals of the European Union. In the EU, residential 

buildings accounted for 27% of energy use and the main 

use of this energy (64%) by households is for heating their 

homes [1]. The net energy need for space depends quite 

linearly on the specific heat loss of the building envelope 

[2] therefore thermal improvement of the building 

envelope is one of the most needed renovation measures 

for old apartment buildings in cold climates [3–5]. 

Deep energy renovation reduces ca 70% of delivered 

energy need and ca 60% of primary energy need [6]. 

Unfortunately, the calculated energy saving is often much 

more optimistic than the measured savings show [7–10]. 

The behaviour of occupants has been identified as one of 

the main causes for difference between predicted and real 

energy use [11,12]. Nevertheless, construction quality 

[13,14] and calculation or measurement methods [15,16] 

also influence the predicted and real energy use. 

The majority of old apartment buildings in Estonia 

were designed and constructed with an unheated cellar or 

basement. Temperature in the basement depends on heat 

loss from the building envelope of the basement, heat 

gains from the first floor and heat loss from the service 

systems. As lower temperatures prevail in unheated 

basements, thermal separation of the basement from the 

heated part of the building is necessary but because of low 

ceiling height of basements, in most cases it is 

complicated. 

In the detailed design stage, heat loss calculations 

through the basement ceiling are modelled by software or 

calculated by standard EN ISO 13370 [17]. In the early 

stage of design, designers and energy auditors need rough 

models to make decisions in limited information 

conditions. 
Once the effects of heat losses from pipes become apparent, 

they need to be factored into the buildings energy balance, and 

their effects on heat loss through the basement ceiling needs to 

be calculated. In this paper we analyse the effect these have 

service system’s pipes heat gains and heat loss through an 

uninsulated basement ceiling at different basement 

insulation levels: basement walls are well insulated, partly 

insulated or uninsulated and at different insulation levels 

of the service systems. 
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2 Methods

2.1 Reference building

Our analysis is based on the reference building which 

represents the most built common apartment building type 

from 1960-90’s (see Fig 1. ). The building is a 5-story 

large concrete panel apartment building with a total 

heated area 3562 m2, constructed in 1986. 

Because of serious thermal bridges in these type of 

non-renovated buildings [13], mould growth was present 

on interior surfaces, especially in the corners of exterior 

walls and roof before renovation, and the thermal 

transmittance of the external envelope was 

U = 0.9�1.1 W/(m²∙K). The energy need for heating and 

domestic hot water was close to 300 kWh/(m²∙a). The 

building had insufficient ventilation, it was subject to 

overheating during winter and provided unsatisfactory 

thermal comfort. The reference building was renovated in 

2017 according to nZEB criteria (class A, 

EPV ≤100 kWh/(m²∙a)) by means of prefabricated timber 

frame wall and roof insulation elements [18–20]. 

Fig 1. Overview of the reference building in 2015 before 

(above) and in winter 2017 after (below) the nZEB renovation. 

2.2 Heat balance model

Heat balance in a basement depends on heat flow through 

the basement envelopes (Fig. 2) and air exchange. On the 

other hand, a basement gets heat from apartments (heat 

flow through basement ceiling (Ur)), and heat gain from 

the sun through basement windows. During the 1980’s, 

the typical basement ceiling (Ur) thermal transmittance 

was, on average, 1.4 W/(m²·K). Typical construction was 

a concrete floor insulated with 26 mm cellulose plates, 

overlaid with 20 mm chipboard plates with a parquet 

covering. 

Fig 2 Heat balance of basement of an apartment building. 

2.3 Simulations

The indoor climate and energy performance was 

simulated using the energy and indoor climate simulation 

program IDA Indoor Climate and Energy [21,22]. This 

software allows the modelling of a multi-zone building, 

internal heat gains and external solar loads, outdoor 

climate, heating and ventilation systems, dynamic 

simulation of heat transfer and air flows. This software is 

validated [23–25], and the building model is calibrated 

against field measurements [26]. 

The energy performance of buildings is assessed based 

on primary energy use, expressed by the energy 

performance value EPV (kWh/(m²∙a)) of a whole building 

(i.e. heating, cooling, ventilation, DHW, lighting, HVAC 

auxiliary, appliances) according to Estonian legislation 

[27,28]. The following energy performance criterions 

were used where the weighting factor for district heating 

is 0.9 and for electricity is 2.0: 

� nZEB renovation, EPV ≤105 kWh/(m²∙a) (class A): 

o Ubew1 = 0.13 W/(m²·K) (250 mm of insulation), 

o Ubew2 = 0.08 W/(m²·K) (250 mm of insulation), 

o Ubf = 0.36 W/(m²·K) (0 mm of insulation), 

o Uw = 1.0 W/(m²·K) (triple glazing), 

nZEB renovated buildings should have also local 

energy production, without production EPV should be 

≤105 kWh/(m²∙a). 

� Low energy building renovation, EPV≤150 

kWh/(m²∙a) (class C), 

o Ubew1 = 0.17 W/(m²·K) (200 mm of insulation), 

o Ubew2 = 0.20 W/(m²·K) (150 mm of insulation), 

o Ubf = 0.38 W/(m²·K) (0 mm of insulation), 

o Uw = 1.0 W/(m²·K) (triple glazing), 

� Renovation as usual (2015-2019), 

EPV≤180 kWh/(m²∙a) (class D), 

o Ubew1 = 0.22 W/(m²·K) (150 mm of insulation), 

o Ubew2 = 0.39 W/(m²·K) (100 mm of insulation), 

o Ubf = 0.39 W/(m²·K) (0 mm of insulation), 
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o Uw = 1.2 W/(m²·K) (double glazing half changed 

with triple glazed windows), 

� Renovation as usual before 2014, 

EPV≤220 kWh/(m²∙a) (class E), 

o Ubew1 = 0.22 W/(m²·K) (150 mm of insulation), 

o Ubew2 = 0.61 W/(m²·K) (0 mm of insulation), 

o Ubf = 0.39 W/(m²·K) (0 mm of insulation), 

o Uw = 1.2 W/(m²·K) (double glazing, half changed 

with triple glazed windows), 

� not renovated, EPV ≤280 kWh/(m²∙a) (class F), 

o Ubew1 = 1.0 W/(m²·K) (0 mm of insulation), 

o Ubew2 = 0.61 W/(m²·K) (0 mm of insulation), 

o Ubf = 0.39 W/(m²·K) (0 mm of insulation), 

o Uw= 1.7 W/(m²·K) (2-pane glazing mainly 

changed between 2000-2010). 

In all simulations the air changes in the basement were 

0.15 l/(s· m²). In the figures, EPV classes by class 

symbols (A, C, D, E and F). 

2.4 Service system pipes

For thermal insulation of service systems, being domestic 

hot water pipes (DHW), DHW circulation pipes (Circ.) 

and heating pipes in the basement, we use the following 

levels: 

� Well insulated pipes (40 mm thermal insulation) 

� Average insulated pipes (20 mm thermal insulation) 

� No extra thermal isolation 

Pipe length of heating distribution pipes (equation 1), 

DHW (equation 2) and Circ. (equation 3) in the basement 

are calculated with standard EN-15316-3 [29]. In 

equations LL is length and LW is width of the building. 

            2 ∙ �� + 0.01625 ∙ �� ∙ ��
�  , (m)  (1) 

                  �� + 0.0625 ∙ �� ∙ ��    , (m)  (2) 

                 2 ∙ �� + 0.0125 ∙ �� ∙ ��   , (m) (3) 

Outer diameter of pipes in the basement in all 

simulations: 

� DHW   40 mm 

� Circ.    20 mm 

� Heating pipes 25 mm 

 

Pipes linear thermal transmittances is also calculated 

by standard EN 15316-3 (4). 
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Thermal transmittances from service system pipes are 

shown in Table 1.  

Table 1. Pipes linear thermal transmittances. 

Thermal 

isolation 

DHW Circ. Heating 

mm Ψ (W/m∙K) 

40 0.22 0.16 0.17 

20 0.33 0.21 0.24 

0 1.22 0.62 0.77 

 

We decided to use a slightly different approach 

compared to standard EN 15316-3 [29]:  

� In our simulations we use a basement temperature as 

shown in our basic simulations. 

When our assumed heat gain to the room from pipes 

differed by more than 0.1 W/m2 (calculated using average 

temperature from November until March) we made a 

fresh  calculation.  

� In our case study building, the length of heating 

pipes are 77 meter longer than calculations showed 

but we decided to use length which is calculated by 

standard 

� We focused only on pipe heat losses in an unheated 

basement. 

Pipe losses in shafts and apartments are not calculated. 

� Pipes linear thermal transmittances are calculated as 

reference building average pipe sizes after nZEB 

renovation. 

To compare results, we used the same pipe sizes in all 

simulation cases. 

3 Results

3.1 Service system pipe length and heat loss

Heat loss through pipes depends on the pipes inner flow 

temperature and also the outside temperature. In all 

simulations we used an inner flow temperature for DHW 

of 55ºC, Circ. 52ºC and Heating 40ºC (from 15 of April 

until 15 of October 30 ºC) . Basement temperature 

depends on the balance of heat losses and heat gains in 

the basement. In our basic simulation we attempted to 

provide for this by making the calculations without pipe 

heat losses and then assuming a figure for pipe heat loss 

with which to adjust the final temperature calculation. 

This was clearly not a preferred approach and our 

solution was to make detailed model for this.  

Pipes length in basement by standard EN-15316-3: 

� DHW    112 m 

� Circ.    126 m 

� Heating pipes  329 m 

Compared to the reference building, DHW pipes are  

5 m longer in length, Circulation pipes 19 m longer and 

Heating pipes 77 m shorter. Which means that heat losses 

in the reference building are, with the same thermal 

insulation, greater.  

From the length and thermal transmittance of the 

pipes, the pipes inner temperature and the estimated 
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basement temperature we calculate the pipes heat losses 

to the basement (Table 2). 

Table 2. Pipe heat losses in basement in different 

simulation cases. 

Simulation 

model 

according to 

buildings 

energy 

performance 

certificate 

Pipes insulation in 

basement 

Pipe heat loss 

to basement in 

heating period 

mm W/m2 

A 

 

no heat loss from pipes 0 

40 4.0 

20 5.4 

0 14.4 

C 

 

no heat loss from pipes 0 

40 4.0 

20 5.5 

0 15.0 

D 

 

no heat loss from pipes 0 

40 4.1 

20 5.7 

0 15.5 

E 

 

no heat loss from pipes 0 

40 4.1 

20 5.6 

0 15.4 

F 

 

no heat loss from pipes 0 

40 4.1 

20 5.8 

0 15.5 

From 15 of April until 15 of October pipe heat losses 

are 70% of heating season losses. Recalculations with 

simulated temperature outside of heating season showed 

that in all cases it is between 65% until 70% which mean 

this assumption is more or less the same. 

3.2 Influence of pipe heat loss on temperature 
in the basement and heat flow through the
basement’s ceiling

Our calculations with different EPV classes for the 

building with different thickness of thermal insulation on 

pipes showed that, without involving pipes in the 

calculations, the average temperature in the basement 

(between 16 of October until 14 of April) in the base cases 

is between 11ºC and 12.7ºC. When pipes are not insulated, 

there could be a basement temperature rise of up to 22.3ºC 

in cases where the basement envelopes are well insulated. 

In other cases, the basement temperature without pipe 

insulation was 20ºC or 21ºC. In cases where pipes are 

insulated with 20 mm or 40 mm thick insulation we can 

see in Fig. 3 that the average temperature is between 

13.8ºC and 16.3ºC. In this section we can see that when 

basement envelopes are not insulated, then heat flow 

through the basement ceiling is more than 8 W/m2 which 

is comparable with the base case  basement where there 

are no pipes and envelopes are well insulated.  

 

Fig 3. Basement average temperature between 16 of October  
until 14 of April compared with heat flow from basement ceiling 
in different simulation cases.

Service system pipes annual heat losses per heated 

area compared with heat flow through basement ceiling 

are presented in Figure 4. Here we can see that delivered 

energy growth is directly connected with pipe insulation. 

Without thermal insulation, delivered energy is, in all 

cases, on average 27 kWh/(m²∙a) but heat flow through 

the basement ceiling depends on how well insulated are 

the basement envelopes. With 20 mm or 40 mm pipe 

insulation, the pipe losses delivered energy of between 7 

to 10.5 kWh/(m²∙a),  and variation in the ceiling heat flow 

is the same as cases where pipes are not insulated. 
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Fig 4. Service system pipes annual heat losses per heated 
area compared with heat flow through basement ceiling.

3.3 The influence of pipes heat loss to 
delivered heating energy

Fig. 5 shows how the pipes annual heat losses influence 

the entire building heating energy need. This is caused by 

a decrease of the basement ceiling energy loss. If the pipes 

annual heat loss is 7 kWh/(m²∙a) than the increase in the 

entire heating energy is, on average, 4.5 kWh/(m²∙a), 

however, when pipes are not insulated the difference is 

greater. With a 27 kWh/(m²∙a) annual heat loss from the 

pipes, this increase in entire delivered heating energy is, 

on average, 17 kWh/(m²∙a).  

 

Fig 5. Service system pipes annual heat losses per heated 
area compared with building total delivered heating energy 
increase.

From this we can say that 10 kWh/(m²∙a) of heating 

energy is utilised. Looking deeper at all cases, we can say 

that the average decrease of building total delivered 

heating and ventilation heat energy is greater when the 

losses from service system pipes in the basement are 

greater. In Fig. 6 we show that, in buildings with better 

envelope insulation, the decrease is lower compared to 

buildings where the basement envelopes are not insulated, 

but the increase in total heating energy is more or less the 

same with different pipe insulation thicknesses. 

 

Fig 6. Decrease of building delivered heating and ventilation 
heat energy compared with building total delivered heating 
energy increase.

Fig 7. shows the building models total delivered 

heating energy consumption with basement pipe losses 

compared to the pipe losses proportional share of this loss. 

If the building is not renovated, or the building is 

renovated as EPV class E, then, with insulated pipes, this 

proportional loss is up to 9% of the entire delivered 

energy, and with un-insulated pipes, up to 22%. When 

pipes are insulated and our delivered energy for the entire 

heating is less than 60 kWh/(m²∙a), in line with apartment 

buildings that are renovated today, then pipe losses can be 

up to 33% of the entire heating energy losses. 

 

Fig. 7. Building models total delivered heating energy 
consumption with basement pipe losses compared with pipe 
losses from total delivered heating energy.

3.4 Energy performance value change and 
basement temperature

If pipe heat losses with insulated service system pipes is, 

on average, a 3.8 to 5.8 kWh/(m²∙a) increase in total 

delivered heating energy, then it is also an increase in the 

total primary energy consumption (EPV). In Fig. 8 we can 
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see that the increase of primary energy consumption with 

well insulated pipes is 4 kWh/(m²∙a), and with 20 mm 

insulated pipes averages 5.5 kWh/(m²∙a). In existing 

buildings, this means up to a 2% increase and in nZEB 

buildings an increase of up to 4.3%.  

 

Fig 8. Increase of total primary energy

Comparing primary energy change with average 

basement temperature (Fig. 9) we can see that in an nZEB 

building with 20mm pipe insulation, the EPV is 5.3 

kWh/(m²∙a) greater than our base case and the basement 

average temperature is 16.2ºC.  

 

Fig 9. Basement average temperature between 16 of October  
until 14 of April compared with the increase in total primary 
energy.

4 Discussion
This study focused on the effect of pipe heat losses on the 

entire building energy consumption. As typical Estonian 

apartment buildings have unheated basements, then for 

energy calculations, we calculated this as an unheated 

zone without internal heat gains. In existing situations 

there exist losses from pipes. In the Estonian energy 

efficiency calculation method [30] we don’t calculate pipe 

losses as a part of the energy performance number. This 

differs from the German calculation approach. The 

German standard for calculating energy efficiency of 

buildings [31] uses the same calculation method for 

calculating pipe losses as we used in our case studies. 

However, the German standard also  calculates heat losses 

from pipes in shafts and in apartments. 

The standard EN 15316-3 [29] says that in unheated 

basements, the temperature used in calculations is 13ºC 

and our simulations showed that the average temperature 

between December until the end of February is, on 

average, more or less the same, but in buildings with good 

thermal insulation it is higher even if service pipes are 

well insulated. If pipe insulation is poor, then heat losses 

from pipes also serve to raise the temperature up to 20ºC. 

Heat flow through the basement ceiling depends directly 

on the basement temperature which means that heat losses 

in the basement can also be partly utilised for decreasing 

heating energy consumption. Our calculations showed 

that the potential decrease in delivered energy compared 

to the potential increase of delivered energy is small and 

this depends on the thickness of the service pipes thermal 

insulation and the buildings total delivered heating 

energy. In buildings where there are large heat losses from 

the envelope and ventilation, the share of pipe heat losses 

can be up to 10% which is almost unnoticeable, but in 

buildings where the energy efficiency goal is to have, after 

renovation, optimal heating energy consumption, there 

can be heat losses from pipes that are up to 30% with 20 

mm of pipe insulation. From this we can say that service 

pipe heat losses must be included in energy efficiency 

calculations.  

When pipe losses in an nZEB are 6.6 kWh/(m²∙a), then 

the decrease from ceiling heat losses is 2.2 kWh/(m²∙a) 

which means that the total increase is 4.4 kWh/(m²∙a). 

Our analyse showed that in buildings with district 

heating, the EPV number, with 40 mm pipe insulation, is 

at least 4 kWh/(m²∙a) and with 20 mm pipe insulation, 6 

kWh/(m²∙a). With longer heating pipelines in the 

basement, the increase of EPV can be even greater.  

Our goal was also to provide energy auditors with a 

graph from which they can easily take average basement 

pipe heat losses in situations where they have only 

measured indoor temperature in the basement. For 

example, when an EPV class “C” building basement 

average temperature is, during the  period December until 

the end of February, on average, 14ºC, then the EPV 

component for pipe losses is, in an average renovated 

apartment building, 5 kWh/(m²∙a).  

The impact of service pipe losses in basements has 

been analysed a few times in earlier studies. Most papers 

on this have been focused on analysing the efficiency of 

DHW. Bohm [32] show in his study that DHW efficiency 

is 0.30 up to 0.77 (heat losses are 23% up to 70%) in 

apartment buildings. In his calculation, most of the losses 

comes from DHW circulation losses. A large impact from 

DHW circulations has also been shown in other studies 

[33–37]. In our study, most of the pipe losses are also 

involved with DHW system losses. The proportion of 

DHW losses from the entire pipe loss is approximately 

75%.   
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5 Conclusion
Our study showed that pipe losses in a typical highly 

insulated Estonian apartment building with an unheated 

basement and insulated pipes have a large effect on the 

EPV value. In apartment buildings with district heating, 

the difference with, and without pipe losses, to the EPV is 

at least 4 kWh/(m²∙a). From the total delivered heating 

energy consumption in an nZEB building this is 25%. If 

the total increase coming from pipe losses in the same 

situation is 7.1 kWh/(m²∙a) but the decrease from internal 

heat gain in the basement is 2.7 kWh/(m²∙a), we find a 

total increase of delivered heating energy of 4.4 

kWh/(m²∙a). Internal heat gain from pipes means that heat 

flow from the heated zone through the basement ceiling 

(Ur=1.4 W/(m²·K)), between December until the end of 

February, is 6.7 W/m2,and without pipe losses, 9.0 W/m2. 

The basement average temperature in heating period 

(16 of October until 14 of April) can also demonstrate just 

how big the losses from pipes can be, and how this affects 

the EPV.  In existing houses with poorly insulated pipes, 

the average basement temperature is 16ºC, which means 

that the EPV can be increased to more than 5 kWh/(m²∙a) 

(Fig. 8). 

The results of our analyses are a good base from which 

to analyse the effect of pipe heat losses in the basement of 

a typical Estonian apartment building on the building 

energy efficiency, and our figures can be used to evaluate 

the impact of pipe losses on its energy efficiency. 
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