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Highlights: 

 Radiators in both old and new houses are often over-dimensioned 

 Low-temperature heating could be used for most of the year already today 

 Expected energy renovations will also facilitate low-temperature heating 
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Abstract 

This study analyses the heat load in a total of 11,584 rooms in 1645 Danish houses and the heat output of 

the radiators in them to evaluate whether typical radiators are over-dimensioned. The aim was to find out 

whether radiators in existing houses are suited for low-temperature district heating. We found that new 

houses are generally more likely to have over-dimensioned radiators, though the heat output of the 

radiators installed varies a great deal. We also found that many old houses can be equally fit for low-

temperature district heating, especially if they have been through some energy renovation. Our results 

show that approximately 80% of heating systems are over-dimensioned relative to their current design 

heat load. This share will rise to about 92% as expected energy renovations are carried out towards 2050. 

Houses with currently over-dimensioned heating systems can be heated with supply temperatures below 

60 °C for most of the year. Due to extreme design conditions, even under-dimensioned heating systems can 

be operated with low temperatures for much of the year, although slightly higher supply and/or return 

temperatures would have to be accepted.  

Keywords: Low-temperature district heating, low-temperature space heating, design heat output, design 

heating demand, space heating systems,  
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Nomenclature 

n = Radiator exponent [-] 

Qannual = Annual heating consumption [kWh/m2] 

Te = Exterior temperature [°C] 

Ti = Indoor temperature [°C] 

Tr = Radiator return temperature [°C] 

Ts = Radiator supply temperature [°C] 

Uhouse = Thermal transmittance pr. floor area of house under steady state [W/m2 K] 

ΔTlog = Logarithmic mean temperature difference [°C] 

ΔTlog,design = Logarithmic mean temperature difference at design temperatures [°C] 

Φdesign,load = Design heat load, total [W] or per floor area [W/m2] 

Φdesign,output = Heat output of radiators at design temperatures, total [W] or per floor area [W/m2] 

Φload = Heat load, total [W] or per floor area [W/m2] 

Φoutput = Heat output of radiators at chosen temperatures, total [W] or per floor area [W/m2] 
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1 Introduction 

The building sector accounts for some 40% of all energy consumption in the EU and by far the largest share 

of this energy consumption is for heating [1]. If we are to reduce fossil fuel consumption and avoid 

excessive climate change, there is therefore a great need to improve the energy efficiency of our heating 

systems. 

One way of improving the energy efficiency of the heating sector is to reduce the supply and return 

temperatures for space heating. In the case of buildings heated with district heating, the main benefit from 

reduced temperatures is the increased efficiency of heat production from sources such as solar heating, 

geothermal heating, and boilers with flue gas condensation. Low heating-system temperatures are also 

very important for heat pumps, where the efficiency depends greatly on the temperatures. For example, 

Ploskid and Holmberg [2] have shown that operating a heating system with supply and return temperatures 

of 40 °C/30 °C instead of 55 °C/45 °C can improve heat pump efficiency by up to 25% and thus reduce CO2 

emissions from heating by up to 24%. In a review, Ovchinnikov et al. [3] report additional benefits from 

low-temperature heating, including reduced heat losses from distribution systems in multi-family buildings 

[4] and improved thermal comfort [5].  

New buildings can easily be designed for low-temperature space heating, and the general trend in building 

regulations is towards lower design temperatures [3,6,7]. However, existing buildings make up the majority 

of the current building stock, and existing heating elements were often designed for higher temperatures. 

This could be a problem because the heat output of a radiator is reduced when the heating-system 

temperatures are reduced. On the other hand, several studies indicate that most current heating systems 

are over-dimensioned, meaning that the radiator sizes are so large, that the heat output of the radiators is 

greater than is needed to cover the heat loads in the rooms. One reason for this is that common design 

methods are either based on rough rules of thumb or extreme design conditions with no internal heat gains 

and extremely low outdoor temperatures. An example of this is reported in a study by Hasan et al. [8] who 

conclude that modern Finnish buildings could be well-suited for low-temperature heating due to the initial 
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over-sizing of radiators using typical design methods. Moreover, several studies indicate that existing 

heating systems could be operated with temperatures lower than those expected, which can also be 

explained by the fact that the heating systems are over-dimensioned. These studies include Jangsten et al. 

[9] and Averfalk et al. [7], who have reported the heating system temperatures in several Swiss and 

Swedish heating systems, and Tunzi et al. [10], who have shown that heating-system temperatures in 

existing houses could be greatly optimized during actual operation.  

Another reason that heating systems in existing buildings tend to be over-dimensioned is that the heat load 

in many buildings has been reduced through energy renovation. This was found in a theoretical 

investigation the current authors carried out on the expected heat output in existing Danish single-family 

houses [11]. Moreover, studies by Wang et al. [12], Brand et al. [13], and Harrestrup et al. [14] all indicate 

that typical existing buildings can be heated with low temperatures if they have been through energy 

renovation. Most of these reported findings, however, are based on case studies, theoretical 

considerations, or general experience, and although it is commonly noted that radiators are often over-

sized [6,12,15,16], cases with under-dimensioned radiators have also been encountered [17,18]. 

To the best of the authors’ knowledge, no large-scale study has previously been made to demonstrate that 

actual radiator sizes in existing buildings are in general over-sized. This is supported by the findings of a 

recent European study that concludes that there is a general lack of knowledge about heating-system 

temperatures and heating systems inside existing buildings [7]. The current study therefore set out to 

produce new knowledge about the typical dimensions of radiators in existing Danish houses based on 

actual data from a large survey. Such knowledge is crucial for the future transition to low-temperature 

heating, because large savings can be achieved with very little investment if heating systems are in fact 

currently over-dimensioned and appropriate for low-temperature supply already today. 
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1.1 Aim of study 

The aim of this study was to generate new knowledge about the heat output of radiators installed in 

existing houses, based on actual survey data. An analysis of the dimensioning of existing heating systems 

was carried out by comparing survey data on the heat load and the total heat output in existing Danish 

houses. Analyses were made to see if factors such as the age of the house and the energy efficiency of the 

building had an impact on the estimated total heat output. Secondly, the expected supply and return 

temperatures during the year were calculated for three different dimensions of heating system. The 

purpose of this was to illustrate how an under-dimensioning of the heating system would affect the 

potential for reducing the supply and return temperatures in the houses. The supply and return 

temperature strategies suggested here were based on heat supply from a district heating network, though 

other strategies could be applied based on other options for heat supply. 

2 Method 

This study consisted of two parts: an investigation of a large number of observations of the total heat 

output and the heat load in 1645 houses, and an investigation of actual heating system operating 

temperatures in houses with three different radiator dimensions. The following sections describe the 

methods applied in the two investigations. 

2.1 Description of survey data 

The main analyses in this paper are of estimated heat load and total heat output based on observations in 

approximately 11,600 rooms of Danish single-family houses and small apartment buildings. The 

observations were registered by plumbers performing service checks on heating system installations in 

houses supplied by district heating. The plumbers recorded the following information for each house (1–3) 

and for each room in the house (4–6):  

1. Construction year (range: 1620–2014)  

2. Geographical location (Danish postal code, which indicates a town or area) 

3. Estimated design heat load (range: 20–150 W/m2 floor area)  
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4. Estimated design heat output of radiators [W] 

5. Floor area [m2] 

6. Type of room [kitchen, bedroom, living room, dining room, bathroom, etc.] 

The estimation of the design heat load is based on the plumber’s individual evaluation of the state of the 

building construction. This evaluation was typically carried out by starting from a table of typical heat loads 

for houses based on their construction year, and then reducing the expected heat load by the savings 

expected from identified energy renovations carried out, such as the replacement of windows or extra 

insulation added on the roof. The design heat load was therefore an estimated average for the house as a 

whole, and used for every room without adjustment for the individual room’s external wall areas or 

window sizes. 

The heat output of the radiators was estimated based on radiator type and heating surface area using a 

tool that calculates the heat emissions from typical Danish radiators. In rooms that contained more than 

one radiator, each radiator was included as an individual observation, and the total room area was split in 

proportion to the heat output of the individual radiator. This means that some rooms count as two rooms.  

2.2 Pre-processing and overview of data 

All the data was entered manually by the plumbers, and it was then checked for misprints and obvious 

mistakes before use in the analysis. During this pre-processing, the following types of observation record 

were excluded from the dataset: 

 Records with unreasonable input values or likely misprints (e.g. a design radiator heat output of 

0.06 W or a non-existent postal code) 

 Records where important parameters (floor area, radiator heat output, heat load) were missing 

 Records for rooms without a radiator (e.g. non-heated rooms – often hallways, sculleries, or 

basement rooms) or rooms that were heated by electrical heating or floor heating 
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 Records for houses with only one room (or two rooms, if it looked as if the data were incomplete or 

significantly non-typical) 

The data was also slightly pre-processed in order to focus the analysis on the radiator sizes. For example, 

additional electrical heating (such as floor heating or towel rails in bathrooms) was ignored. In some cases 

observations of radiators had been noted without further room information. In this case, the radiator heat 

output was attributed to the room of the previous observation, because we assumed that the record 

represented a case of a room with more than one radiator. 

To achieve an overview of the data and limit variation in the output, the processed data were grouped by 

construction period, geographical area, and heat load. The grouping of data by construction period was 

based on the typical construction periods defined in the Danish contribution to the European TABULA study 

of typical building constructions [19]. The distribution of observations across the various periods is shown 

in Fig. 1 (left) and was found to correspond well with the average distribution of single-family houses in 

Denmark, where a large number of houses were built during a building boom in 1960–1980 (groups 5–6) 

and in the period 1900–1950 (included in groups 2–3). The geographical grouping was based on six 

geographical areas in Denmark (Greater Copenhagen, Zealand, Funen, Southern Jutland, Mid Jutland, and 

Northern Jutland), as shown in Fig. 1 (right). Most of the observations were made in Zealand and in the 

Copenhagen area, while Funen and Southern Jutland were generally under-represented. However we do 

not think this had much effect on the results, because building customs are fairly similar in the various parts 

of the country. 
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Fig. 1 Distribution of observations by construction period (left) and geographical location (right). 

Due to the large amount of data, it was not possible to investigate all the input data in detail. Apart from 

the above-mentioned pre-processing of the data, it was therefore assumed that the observations were 

generally reliable. 

2.3 Over-dimensioned radiators 

The dimensioning of a heating system can be done in many ways, and discussion of whether a heating 

system is over-dimensioned requires a definition of the dimensions expected. A heating system could be 

over-dimensioned for the actual operation conditions, over-dimensioned relative to the dimensioning 

standards current at the time of the building’s erection, or over-dimensioned compared to today’s 

dimensioning standards. Furthermore, a heating system can be deliberately over-dimensioned in order to 

take into account rapid re-heating periods after night set-backs or vacations. In this study, we only 

considered the usual steady operation of the heating system, and our aim was to investigate whether the 

heat output of the radiators installed in existing houses is large enough to allow the use of low-temperature 

heating. We therefore considered whether the total heat output of the existing heating system could cover 

the existing design heat load of the houses using reasonably modern supply and return temperatures. 

Over-dimensioning in this study was therefore defined as follows:  
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The heating system is defined as over-dimensioned when: the design heat output of the heating system 

at the supply and return temperatures of 70 °C/40 °C is above the current design heat load of the heated 

building. 

Supply and return temperatures of 70 °C/40 °C were commonly used in Denmark for a long period in the 

late 1900s [7,11]. This is therefore a common temperature set referred to for a large part of the existing 

building stock in Denmark. Moreover, it is close to the current Danish design temperatures of 60 °C/40 °C. 

In Denmark, the design heat load is the heat load required to maintain an indoor temperature of 20 °C, 

when the outdoor temperature is −12 °C and no heat gains are taken into account.  

We investigated the question of over-dimensioned radiators by adding an extra parameter to the data set – 

the radiator factor. The factor describes the relationship between the design heat output of the heating 

system and the design heat load of the building. It was calculated for each house as a whole. It did not 

make sense to investigate this at room level because the estimated heat load of each room was not 

differentiated according to the external wall area and window area.  

The radiator factor was calculated in the following way. First the design heat output was converted to the 

typical Danish temperature set with supply and return temperatures of 70 °C and 40 °C respectively. Most 

of recorded heat output data were already given at these temperatures, while a few were given at different 

temperature sets. The conversion was performed in accordance with Equation 1 and Equation 2, which are 

prescribed in current standards for the calculation of the heat output of radiators [20,21]. The equations 

are derived empirically to provide a simplification for calculations of the non-linear relationship between 

heat output and the temperature difference between radiator and the surrounding air [22], and they were 

applied using the logarithmic mean temperature difference and a standard radiator exponent of 1.3, as 

suggested in Danish guidelines [20]. 

Equation 1                          (
     

           
)
 

  

where 
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Φoutput is the total heat output of the radiators at the chosen temperatures 70/40/20 [W] 

Φdesign, output is the total heat output of the radiators at design temperatures [W]  

ΔTlog is the logarithmic mean temperature difference at the chosen temperatures 70/40/20 [°C] 

ΔTlogdesign is the logarithmic mean temperature difference at design temperatures [°C] 

n is the radiator exponent 

Equation 2        
       

  (
     
     

)
 

where 

Ts is the supply temperature 

Tr is the return temperature 

Ti is the indoor air temperature 

Secondly, the design heat output values for all the radiators in the house were summed and divided by the 

total heated room area of the house to obtain the design heat output in W per m2 floor area. Lastly, the 

radiator factor was calculated by dividing the design heat output of the house by the estimated design heat 

load of the house, as shown in Equation 3. 

Equation 3                  
              

             
 

where 

Φdesign,output is the total design heat output of the radiators in W per m2 heated floor area 

Φdesign,load
 is the design heat load of the house in W per m2 heated floor area 

The radiator factor thus indicates whether the radiators are over- or under-dimensioned (above or below 1 

respectively). 

2.4 Annual heating demands  

The insulation standard of modern buildings can often be evaluated in terms of the annual heating 

demand, so we made estimations of the annual heating demands corresponding to the various design heat 

loads. These were calculated using the degree-day method, as given in Equation 4. First, the design heat 

load was divided by the design temperature difference to estimate the heat loss related to the temperature 

difference between indoors and outdoors in the design situation. In Denmark, the design indoor 

temperature is 20 °C while the design outdoor temperature is -12 °C. Second, this value was multiplied by 

the number of degree days for a normal year. The degree days are calculated by calculating the difference 
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between the average daily outdoor temperature and an indoor temperature of 17 °C. This is done for all 

days where outdoor temperatures are below 17 °C and summed for the entire year. Finally, the value is 

multiplied by 24 and divided by 1000 to convert the unit to kWh. In these calculations, we applied a 

standard degree-day number for Denmark of 2808 °C/year [23]. 

Equation 4          
             

                   
               

where 

Qannual is the annual heating demand per heated floor area [kWh/m2] 

Φdesign,load is the design heat load of the house [W/m2] 

Ti,design is the design indoor temperature of 20 °C 

Te,design is the design exterior temperature of -12 °C 

DD is the number of degree days, here 2808 °C/year 

2.5 Energy renovations 

To make it possible to evaluate whether the insulation standard of the houses would have an influence on 

the feasibility of shifting to low-temperature heating, the houses were divided into three categories 

according to their estimated design heat load. The grouping is illustrated in Table 1. Please note, that the 

category with the best insulation still has an estimated annual heating demand which is far higher than 

expected for typical modern low-energy houses. 

Table 1 Grouping of houses according to insulation standard 

Insulation level Poor insulation Medium insulation Good insulation 

Design heating demand Above 85 W/m2 55–85 W/m2 Below 55 W/m2 

Estimated annual 

heating demand 
Above 179 kWh/m2 116–179 kWh/m2 Below 116 kWh/m2 

In the years to come, the existing building stock is expected to go through energy renovation either as part 

of general maintenance or due to energy policies to reduce heat consumption. According to the Danish 

Building Research Institute, the energy renovations expected for typical Danish houses will lead to typical 

design heat loads below 60 W/m2 [19]. When the heat load is reduced, the share of over-dimensioned 

heating systems will increase. The effect of such renovations was investigated by calculating the radiator 
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factor for the buildings in the data sample, assuming that the design heat load of each house was reduced 

to a maximum of 60 W/m2. 

2.6  

2.7 Heating system operation temperatures 

Even if the heating system is under-dimensioned and the radiator factor is found to be below 1, the heating 

system can still be operated with low temperatures for most of the year. This is because the calculated 

radiator factor only refers to the design situation with extreme outdoor temperatures and no heat gains. 

Actual operation conditions are very different, because typical outdoor temperatures are much higher than 

−12 °C and Danish standards suggest a typical internal heat gain of 5 W/m2 from occupants and equipment. 

Typical heating system supply and return temperatures that would be applicable in typical Danish houses 

during the course of a year were therefore calculated for a theoretical house with a medium design heat 

load of 75 W/m2 and a correctly dimensioned or under-dimensioned heating system (radiator factors of 1, 

0.8, and 0.6 respectively). The calculations were carried out as follows: 

The heat demand in the house was assumed to be linearly related to the difference between indoor and 

outdoor temperatures. The heat transmission coefficient of the house was therefore first calculated based 

on Equation 5. 

Equation 5          
            

                   
 

where 

Uhouse is the heat transmission coefficient of the house per m2 heated floor area [W/m2 K] 

Φdesign,load is the design heat load of the house in W per m2 heated floor area (here 75 W/m2) 

Ti,design is the design indoor temperature of 20 °C 

Te,design is the design exterior temperature of -12 °C 

The heat loads of the house at typical exterior temperatures (Te) between −5 °C and 15 °C were then 

calculated in accordance with Equation 6, by using the heat transmission coefficient and taking internal 

heat gains of 5 W/m2 into account. For the typical heating system operation, we assumed that the actual 
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indoor temperature is maintained at 21 °C throughout the year, which has been found to be more realistic 

than 20 °C for current Scandinavian homes [24]. 

Equation 6              (            )         

where 

Φload is the heat load of the house at various outdoor temperatures in W per m2 heated floor area 

Ti,actual is the assumed actual indoor temperature of 21 °C 

Te is the exterior temperature varying between -5 °C and 15 °C. 

The heating systems investigated were assumed to have a radiator factor of 1.0, 0.8, or 0.6. The design heat 

output of the heating system was therefore assumed to be 100%, 80%, or 60% of the design heat load of 

75W/m2.  

To calculate the heating system supply and return temperatures needed, we first calculated the logarithmic 

mean temperature difference needed to cover the heat load at the varying outdoor temperatures. This was 

done using Equation 1 and Equation 2. Finally, we calculated the supply and return temperature needed to 

meet the logarithmic mean temperature difference required. This was done through an iterative process 

using Equation 2. Supply and return temperatures were varied to obtain the logarithmic mean temperature 

difference required to maintain an indoor temperature of 21 °C. The supply and return temperatures were 

calculated for two different strategies – a return temperature strategy and a supply temperature strategy. 

These strategies are described in Table 2. The strategies suggested are based on heat supplied from a 

district heating network, so they take into account the special requirements for cooling in a district heating 

system. Other temperature strategies can be designed for other heat supply options, because both 

condensing gas-boilers and heat pumps also benefit from low-temperature operation, or to take into 

account other local district heating temperature preferences. 

Table 2 Description of return temperature strategy and supply temperature strategy for a district heating scenario 

 Return temperature strategy Supply temperature strategy 

Aim To achieve a return temperature as low as 

possible 

To use a supply temperature that is as low 

as possible.  

Motivation A reduction in return temperature provides A low supply temperature is very beneficial 
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increased energy efficiency for current 

heating production with biomass boilers or 

waste incineration with flue gas 

condensation.  

in the case of heat supplied from e.g. a 

heat pump  

Conditions A supply temperature of at least 65 °C is 

available from the district heating network 

due to high temperature requirements of 

some buildings and old domestic hot water 

tanks. 

A district heating supply temperature of at 
least 55 °C (50 °C in secondary systems) for 
the safe delivery of domestic hot water 
through instantaneous heat exchangers 
without risk of legionella.  
 
At least 30 °C cooling of the district heating 
water in winter due to capacity limitations 
in the district heating pipes. 

3 Results and discussion 

3.1 Survey results 

Fig. 2 shows a box plot of the total heat output installed in the houses surveyed, grouped by construction 

period. For comparison, Fig. 3 shows a box plot of the estimated design heat load or annual heating 

demand of the houses included in the survey. As shown in Fig. 2, the boxes in both plots represent the 25, 

50, and 75 percentiles of the houses, while the error margins show the minimum of the top 5% and the 

maximum of the bottom 5% of the houses. 

 

Fig. 2 Boxplot of the total heat output (in W/m
2
 of heated floor area) installed in 1645 Danish houses. The heat 

output is given at supply and return temperatures of 70 °C and 40 °C respectively. 
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Fig. 3 The design heat load or annual heating demand of the houses included in the survey 

The results show that new houses tend to have less design heat output installed. This is not surprising, 

because the heating demand is also lower in new houses, and radiators can therefore be expected to be 

designed to cover this lower demand. The results also show a large variation in the heat output installed in 

individual houses. While perhaps not so surprising in older houses, where the heating systems may have 

been designed at different points in time and in accordance with different guidelines, the reader might 

have expected that the total heat output installed in newer houses would deviate less due to standardized 

heating system design procedures and strict regulations on design heat load.  

Fig. 4 shows a box-plot of the radiator factor in the houses surveyed, grouped by construction period.  
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Fig. 4 The radiator factor for 1645 houses, grouped by construction period 

The figure shows that the vast majority of heating systems are over-dimensioned relative to their estimated 

current design heat loads (with radiator factors between 1.0 and 4.5), while a small minority of the heating 

systems are slightly under-dimensioned (with radiator factors between 0.5 and 1.0). The figure also shows 

that the radiator factor of the houses is higher for new houses, especially for those built after 1998. This 

could be partly due to decreasing design heating-system temperatures that lead to new heating systems 

being made larger in size. This would indicate that it may be easier to heat new houses with low-

temperature heating, since heating systems in new houses are more likely to be over-dimensioned. The 

figure shows that a very small percentage of houses constructed after 1972 have a radiator factor below 

1.0, while more than 25% of the houses built before 1973 have a radiator factor below 1.0. Nevertheless, 

the figure also shows that an older house from 1930 may be just as easy to heat with low heating-system 

supply temperatures as a new house, because more than 50% of old houses also have a radiator factor of 

1.1 or above. 

3.2 Radiator factor and energy renovations 

Fig. 5 shows a box-plot of the radiator factor in the houses, grouped by heat consumption. 
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Fig. 5 The radiator factor in the houses, grouped by heating consumption 

The figure shows that houses with a low design heat load are more likely to have over-dimensioned 

radiators. This is both because the insulation of the thermal envelope of the existing buildings has been 

improved and because new buildings, which were found to be more likely to have over-dimensioned 

radiators, generally belong to the group with low heating consumption. 

Fig. 6 shows the percentage of heating systems that are over-dimensioned according to the current status 

of the houses surveyed (black line) and according to a scenario where all houses have been renovated to 

meet a maximum design heat load of 60 W/m2 (green dashed line).  
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Fig. 6 Percentage of heating systems with a radiator factor between 0.6 and 1.2.  

The graph shows that approximately 17% of the heating systems surveyed currently have a radiator factor 

below 1.0. If the houses are renovated, this percentage will be reduced to approximately 8%. Moreover, 

this does not mean that 8% of all radiators will need to be replaced before low-temperature heating can be 

used – as we will show in the next sections. 

3.3 Actual heating-system temperatures 

Even if some rooms have heating elements that are under-dimensioned relative to the design conditions 

(as illustrated by the radiator factor), they can be still over-dimensioned relative to the actual heating 

demand, which may differ greatly from the design situation. Fig. 7 and Fig. 8 give examples of supply and 

return temperature curves from a house with a medium heating consumption (a design heat load of 75 

W/m2) and a heating system with a radiator factor of 0.6, 0.8, or 1.0.  

Fig. 7 shows the supply and return temperatures that would apply in a scenario where medium supply 

temperatures are available, and the supply temperature is therefore chosen with a view to achieving a low 

return temperature.  
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Fig. 7 Supply and return temperature curves for a house with a radiator factor of 0.6, 0.8, or 1.0 optimized for a low 
return temperature  

As the figure shows, a heating system that is under-dimensioned by 40% causes the return temperature 

from the house to increase by up to 15 °C in cold periods. A house with a radiator factor of 1.0 would be 

able to deliver return temperatures below 30 °C for most of the year if a high heating system supply 

temperature is accepted. It can though be argued that lower heating supply temperatures would be 

preferable to avoid the risk of scalding on pipes and radiator surfaces. 

Fig. 8 shows the supply and return temperatures that would apply in a scenario where temperatures are 

chosen with a view to achieving a low supply temperature.  
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Fig. 8 Supply and return temperature curves for a house with a radiator factor of 0.6, 0.8, or 1.0 optimized for a low 
supply temperature 

As the figure shows, if a house has a heating system with a radiator factor of 0.6 instead of 1.0, the supply 

temperature needs to be increased by about 12 °C in cold periods. However, even if the supply 

temperature is not increased in this way, occupants will probably have no problem maintaining thermal 

comfort. It would just have to be accepted that the return temperature from houses with radiator factors 

below 1.0 will need to be somewhat higher to maintain the required mean temperature difference of the 

radiator. As the figure shows, supply temperatures can be as low as 65 °C in the heating system (about 70 

°C in the district heating network) in cold periods, if the existing houses have a heating system with a 

radiator factor of 1.0 or higher. 

4 Comparison with other studies 

To investigate the accuracy of the survey data, the estimated design heat load and installed heat output 

were compared with the findings of earlier studies. Fig. 9 shows a comparison of the annual heating 

demands calculated for the houses included in this study and the values found for Danish houses according 

to their energy labels [19]. As the figure shows, the average estimated annual heating demands of the 

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

-5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Te
m

p
er

at
u

re
 [

 °
C

] 

Outdoor temperature [ °C] 

Supply temperature strategy 

Supply 1.0 Supply 0.8 Supply 0.6 Return 1.0 Return 0.8 Return 0.6



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

22 
 

houses in this study might be slightly under-estimated compared to the results of the energy labels. 

However, the deviation between the two sets of data is still rather small, and all in all, the data of this 

survey seems reasonable.  

 

Fig. 9 Comparison of the heating demand estimated in the current survey with that found in a previous study of 
Danish houses [19] 

Fig. 10 shows a comparison of the estimated total heat output according to the current study with our own 

expectations in our theoretical findings in previous work [11]. The figure shows that the findings of this 

study indicate that existing houses have a slightly higher installed heat output than we expected in our 

theoretical estimate. This difference could be explained by the fact that the theoretical estimate was based 

on a single case house which may therefore not be representative of the average of the houses included in 

the survey. The difference between the studies could also be because many house-owners have modified 

their heating system since the erection of the house, so that the actual heat output differs from the 

theoretical estimate. Nevertheless, the comparisons could indicate that the results from the survey tend to 

slightly over-estimate the radiator factor of existing houses. 
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Fig. 10 Boxplot of total installed heat output (70 °C/40 °C) in 1645 Danish houses compared with our own previous 
theoretical estimate [11]. 

5 Uncertainties 

This study set out to investigate the total heat output installed and the heating system dimensions typical 

of existing Danish houses. While this provides an indication of the potential for using low-temperature 

heating in the existing building stock, it does not give any information on how this potential can be realised. 

To make full use of the heat output of the radiators installed, both the heating system and the individual 

heat producing units must be properly controlled and operated. 

Due to the uncertainties in the survey data presented, we do not recommend relying on individual data 

points or minimum/maximum measurements. The findings of this study are based on data that was 

estimated and manually recorded by plumbers, which will unavoidably have included some errors and 

misprints. So, although the recorded data was checked and pre-processed, it is impossible to be sure that it 

was correctly estimated and recorded. Nevertheless, the average measurements can still provide useful 

information, because the investigation included data from 1645 houses, which will reduce the effect of 

errors in some of the individual records. So, even if the results are not 100% accurate, we think they 
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provide a good indication of the actual state of heating systems in Danish houses, and this view is 

supported by the comparisons with other existing data in section 4. 

One large draw-back of the study lies in the fact that the heat output was investigated for each house as a 

whole and not on a room-by-room basis. In reality, the total heating system consists of a number of 

radiators heating individual rooms in the houses and every radiator has to be large enough to meet the 

heating demand of the given room. So, even if the results of this study show that a number of houses have 

a radiator factor below 1.0, this does not necessarily mean that all the radiators in these houses are under-

dimensioned. And just because the results of this study show that many houses have a high radiator factor, 

this does not necessarily mean that all the radiators in these houses are large enough to meet thermal 

comfort preferences in all rooms, when operated with low heating system temperatures. Previous studies 

by the current authors have found that the replacement of just a few critical radiators in houses with 

under-dimensioned heating systems is often enough to ensure that the heating system can be operated 

with low-temperature heating [25]. This suggests that the replacement of a relatively small number of 

radiators in houses with under-dimensioned heating systems will make it possible for all houses to be 

operated with the same low supply temperatures.  

The results presented in this study were based on two slightly conservative estimates. Firstly, all additional 

electrical floor heating was ignored in the study. Additional electrical heating will supply extra heat output, 

which will reduce the number of under-dimensioned heating systems. Secondly, the supply and return 

temperature strategies illustrated were calculated by using the logarithmic mean temperature difference 

and a standard radiator exponent of 1.3. This method is known to slightly underestimate the heat output of 

typical radiators. On the other hand, the study did not include non-heated rooms in the analysis. If these 

were included, the total heat output installed per floor area would be slightly lower. Furthermore, the 

supply and return temperature strategies suggested in this study are based on the possibility of maintaining 

an indoor temperature of 21 °C in all rooms. This temperature may be somewhat higher in some rooms and 
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somewhat lower in others, depending on occupant preferences. If higher indoor air temperatures are to be 

maintained, which seems indicated by recent trends, heating systems will need larger dimensions to ensure 

that the same temperature strategies can be utilized.  

Since the results presented are evidently prone to some uncertainties, they should only be used to provide 

an indication of the state of the total heat output installed and heating system dimensions in typical 

existing Danish houses. The temperature profiles presented are intended to illustrate how low-temperature 

district heating can be used even in houses with under-dimensioned heating systems. Nevertheless, the 

actual temperatures in the individual houses will vary. If this study does in fact slightly over-estimate the 

radiator factor of existing houses, as indicated by the comparison with other sources, then the number of 

houses that need slightly higher heating system temperatures will be higher. On the other hand, the results 

of this study showed that the majority of existing heating systems are greatly over-dimensioned, and they 

can therefore be operated with much lower heating system temperatures than those presented in this 

study. In conclusion, low-temperature heating will be able to ensure proper thermal comfort in all houses, 

even without replacing any radiators, though it would mean that somewhat higher return temperatures 

would have to be accepted in houses with a low radiator factor. 

6 Conclusions 

This study set out to provide a factual basis to support the general statement that existing radiator heating 

systems are over-dimensioned and illustrate the potential for reducing heating-system temperatures in 

existing houses.  

The results of the study show that most radiator heating systems are over-dimensioned in the sense that 

the estimated design heat output of the heating systems at supply and return temperatures of 70 °C and 40 

°C is greater than the estimated design heat load. The results indicate that the newer the house and the 

smaller the heat load, the more likely it is that the heating system is over-dimensioned. This suggests that 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

26 
 

the potential for low-temperature heating is greatest in areas with newer houses or houses that have gone 

through a reasonable amount of energy renovation. 

The results of the study show that there is a big potential for low-temperature district heating to heat 

houses with properly dimensioned or over-dimensioned heating systems. For houses with under-

dimensioned heating systems, slightly higher supply and or return temperatures must be accepted, but 

since these houses comprise only a small portion of the total building stock, they may only have a small 

impact on the overall district heating system. As long as district heating pipe dimensions allow it, it is 

therefore possible to reduce district heating temperatures even though a few houses have under-

dimensioned heating systems. Replacing all the radiators in existing houses in preparation for low-

temperature heating would not only be very expensive, but is unnecessary. Nevertheless, further research 

should be carried out on the energy efficiency improvements that could be achieved in district heating 

systems by replacing critical radiators in the 8% of houses that can still be expected to have under-

dimensioned heating systems when the time comes for low-temperature district heating. 
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