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Abstract 

 

 

 

 

Denne diplomprojektrapport belyser konsekvenserne for den eksisterende boligmasse, hvis 

fjernvarmesektoren implementerer lavtemperaturfjernvarme. Da op mod 40 % af 

enfamilieshusene i Danmark er bygget i perioden 1960-1979, er det denne boligtype, der fokuseres 

på i denne rapport. 

Det bliver påvist i rapporten, at hvis temperatursættet for fjernvarmen ændres fra 70/40 °C til 

55/30 °C bliver radiatoreffekten reduceret til 55 % af den oprindelige effekt. Det belyses desuden, 

hvordan der kan kompenseres for dette effekttab ved ændring i bygningens klimaskærm, og hvilke 

konsekvenser det får for bygningens opvarmning, hvis der ikke foretages ændringer af 

klimaskærmen. 

På baggrund af de opstillede modeller og antagelser, konkluderes det i rapporten, at det kun er i 

en begrænset periode at varmebehovet for bygningen ikke er opfyldt. Der er således grundlag for 

at fjernvarmesektoren kan påbegynde overgangen til lavtemperatur, da det kun vil påføre 

forbrugerne ulemper i begrænset omfang. 

 

 

This bachelor thesis addresses the consequences for existing buildings if the district heating sector 

implements low temperature district heating. Since up to 40 % of the existing single-family 

buildings have been built in the period 1960-1979 the emphasis of this report will be on that 

specific type of building. 

It is shown in this report that if the district heating temperature set is changed from 70/40 °C to 

55/30 °C the heating power output of the radiator is reduced to 55 % of the original heating output. 

Furthermore it is evaluated what changes there have to be done on the building envelope to 

compensate for this power loss, and what the consequences will be for heating of the building if 

nothing is done on the building envelope. 

Based on the created models and assumptions in the report it is concluded, that it is only in a 

limited period that the heating demand of the building cannot be fulfilled. Thus, there is basis for 

the district heating sector to commence the transition to low temperature district heating, since 

it only will cause limited inconvenience to the consumer. 
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Preface 

The background for this bachelor thesis is my internship at “Grøn Energi”, a department of Danish 

District Heating Assosiation, where I was involved in an EU-project regarding retrofit of selected 

buildings in Aarhus, Denmark and in Växsjö, Sweden. The EU- project, READY (Resource Efficient 

cities implementing ADvanced smart citY solutions) is a very large an ambitious project addressing 

retrofit of both multi-storage and single-family buildings. 

One part of the READY- project concerns the transition of an area of single-family houses to low 

temperature district heating. In the district heating sector there is also, in general, a focus on 

implementation of low temperature district heating. It was therefore relevant for me to address 

this issue and to elaborate the consequences of this transition. 

It is my goal and hope that my analysis and conclusions can be an inspiration for the district heating 

sector in their pursuit for optimization of the district heating system. 

I would like to thank Grøn Energi for giving me the opportunity to write my bachelor thesis as part 

of their team. It has been an inspiration.  

Especially I would like to thank Nina Detlefsen and Kim Søgaard Clausen at Grøn Energi: 

Nina for her help adjusting the tasks in READY for my bachelor thesis. 

Kim for professional guidance in both my internship and regarding my bachelor thesis. 

 

Brian Puggaard Thomsen 
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 Low Temperature in District Heating 

The development of District Heating over the years has generally been towards lower 

temperatures. This development can be divided into 4 different phases, or generations as it is 

often referred. 

 1st generation   - Pressurized Steam approximately 200 °C. 

 2nd generation   - Pressurized Water above 100 °C.  

 3rd generation  - Water just below 100 °C. 

 4th generation - Water below 50-60 °C. 

(1) 

The fourth generation district heating has not yet been implemented full scale in Denmark, or 

anywhere else for that matter. There have been numerous projects and tests addressing this, but 

the major breakthrough is yet to come. 

In Denmark the district heating network is well established. Approximately 52 % of the heated 

area in buildings has district heating as primary heat supply in 2014. (2) The distribution of heat 

sources in the buildings are shown in Figure 1. 

 

Figure 1: Distribution of the different heat supplies (2) 

Even though district heating is one of the best ways to implement renewable energy sources in 
the energy system, it is still necessary to make the district heating system even more efficient. 
This is both due to a general concern to minimize energy loss, but also necessary in consideration 
of making district heating competitive to individual heat supplies in e.g. new low energy buildings. 

Types of Heat Supply

District Heating Central Heating - oil

Central Heating - natural gas Central Heating - solid fuel

Electric Heating Ovens - oil or kerosene

Ovens - solid fuel Heat Pump

Other Unknown
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A way to achieve this is by implementing 4th generation district heating, because lower 

temperature have some technical advantages, which can contribute to lower prices for the 

consumer. Some of these advantages will be elaborated in the following sections. 

 Heat Loss in Piping 
A way to optimize the district heating network is to reduce the heat loss in the piping system. This 

can be done in several ways. One way is to increase the insulation of the pipes. This is however, a 

quite expensive solution and the implementation of this is depending of the renovation rate of 

the piping system. Another way to decrease the heat loss in the piping is to reduce the 

temperature of the water in the system. According to Newton’s Law of Cooling the heat loss from 

the pipes is, simplified, directly proportional to the temperature difference between the water in 

the pipes and the surrounding soil. In equation 1.1 this relationship is shown. 

 

 𝑄𝐿𝑜𝑠𝑠 = 𝑈 ∙ 𝐴 ∙  ∆𝑇 1.1 

 (3) 

Where 

 𝑄𝐿𝑜𝑠𝑠 = Heat loss 

𝑈    = Overall heat transfer coeffient 

 A = Surface area of the pipes 

 ∆𝑇 = Temperature difference −  water and soil 

 

In an existing pipe system the overall heat transfer coefficient and the surface area of the pipes is 

constant. That means that the heat loss is only depending on ∆𝑇. Since the temperature of the 

soil is also to be considered constant, the heat loss only depends on the water temperature in the 

pipes. 

Regarding the assumption about the constant U-value it must be observed that, when the supply 

temperature is decreased, the return temperature is often not decreased by as much as the supply 

temperature and it will therefore be necessary with a higher flow in the pipes. This will affect the 

overall heat coefficient 𝑈 in the system and by that the assumption of the U-value to be constant 

fails. 

 Flue or Exhaust Gas Cooling 
Another advantage that can be gained by decreasing the return temperature in the pipes is a 

higher efficiency on the District Heating plant. The return water is used for cooling the exhaust or 

flue gas and a lower return temperature means the flue gas is cooled more and thereby more 

energy is subtracted from the flue gas. To obtain as much energy from the exhaust or flue gas it is 
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crucial, that the gas is cooled to a temperature well below the gas´s dew point. In that way energy 

from condensation can be utilized.  

As an example of that, combustion of natural gas in atmospheric air is considered. Natural gas 

consists primarily of methane, 𝐶𝐻4 and the reaction by combustion is: 

 

 𝐶𝐻4 + 2(𝑂2 + 3,76𝑁2)  →  𝐶𝑂2 +  2𝐻2𝑂 + 7,52𝑁2 1.2 
 

By simulation in “Nasa-Glenn Chemical Equilibrium Program CEA2” it is found that the water 

content in the flue gas is approximately 70 g/kg air. This is however only the water from 

combustion, the water from the air supply is not included in the calculation since that can vary 

according to season, outside temperature etc. The output of this simulation can be seen in Annex 

1 page 41. The simulation is performed under stoichiometric conditions, which is not the case in 

reality, but it gives a fairly accurate indication of the potential in the flue gas. 

To quantify the energy that can be subtracted from the flue gas the program ESS (Engineering 

Equation Solver) is used to calculate the enthalpy change in the flue gas as a function of 

temperature. The advantage of using EES is that the program contains all relevant thermodynamic 

properties for fluids and gasses. The obtained data is processed in an Excel spreadsheet (Annex 1 

on CD) and the results are visualized in Figure 2. 

 

 

Figure 2: The potential by cooling flue gas with an initial temperature of 400 °C 

 

As it can be seen from the curve, the obtainable energy increases significantly if the flue gas is 

cooled below approximately 45 °C. This is due to the water content of the flue gas. At the gas´ dew 
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point the contained water will begin to condense. This energy of condensation is causing the 

increase in the obtainable energy. If the water content of the air used by combustion was included 

in the simulations it would have resulted in a higher dew point and the significant break of the 

curve would occur at a higher temperature. The break of the curve would also be at a higher 

temperature if the applied fuel has a higher water content, which would be the case for e.g. bio 

mass fuels. 

Since the return water is used to cool the flue gas it is important to have low return temperature, 

definitely below the gas´ dew point, so there can be retrieved as much energy of condensation as 

possible.  

It is however important to notice that a lowering of the supply temperature not automatically will 

result in a lower return temperature. The opposite can often be the case if the consumer 

installation does not meet the new requirements. This issue will be addressed in this report 

 Implementing Renewable Energy Sources 
Many renewable energy sources as solar energy, surplus heat from industry and electrical heat 

pumps have a decreasing efficiency at increasing temperature. For that reason, low temperature 

district heating is more suitable for implementing these renewable energy sources.  

1.3.1 Solar Panels 

The efficiency of a solar panel is among other things depending on the temperature difference 

between the fluid in the panel and the surroundings. (4) It can be calculated by the empirically 

developed equation: 

 
 𝜂 =  𝜂0 − 

𝑎1  ∙ (𝑇𝑚 − 𝑇𝑎)

𝐺
− 
𝑎2  ∙ (𝑇𝑚 − 𝑇𝑎)

2

𝐺
 1.3 

(5) 

Where 

 𝜂   = Efficiency of the solar panel [−] 

 𝜂0 = Efficiency when there is no heat loss [−] 

𝑎1 = Efficiency factor for specific panel [W/m2K] 

 𝑎2 = Efficiency factor for specific panel [W/m2K2] 

 𝑇𝑚 = Mean temperature of the fluid in the panel [°C] 

 𝑇𝑎 = Temperature of the surroundings [°C] 

𝐺 = Solar radiation [ 
W

m2
 ] 
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Given the data from Arcon Sunmark’s HT HEATstore 35/10 the efficiency of the solar panel can be 

shown as a function of the temperature difference between the fluid in the panel and the 

surroundings  𝑇𝑚 − 𝑇𝑎. This is shown in Figure 3. 

Arcon Sunmark’s HT HEATstore 35/10: 

𝜂0 = 0,827 

𝑎1 = 1,18  [𝑊/𝑚2 ∙ 𝐾] 

 𝑎2 = 0,032  [𝑊/𝑚2 ∙ 𝐾2] 

𝐺 = 800 [ 
𝑊

𝑚2
 ] 

 

 

Figure 3: Efficiency of Arcon Sunmark Type HT HEATstore 35/10 as function of the temperature difference (5) 

 

By looking at Figure 3 it is obvious that the efficiency of the solar panel decreases significantly with 

increasing temperature in the panel. To quantify the effect of lowering the temperature in the 

district heating system where sun panels are installed some examples where the temperature is 

lowered are regarded. 

Using equation 1.3 page 4 the efficiency at different supply temperatures and a surrounding 

temperature of 20 ℃  are calculated. These values are shown in Table 1. The data and calculations 

can also be found as annex 2 on CD. 
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Supply 
Temperature 

[°C] 

Return 
Temperature 

[°C] 

Mean 
Temperature 

[°C] 

Outside 
Temperature 

[°C] 
Efficiency 

90 40 65 20 0,680 
80 40 60 20 0,704 
70 40 55 20 0,726 

Table 1: Efficiency of solar panels at different temperatures 

As it can be seen in Table 1, the efficiency increases from 0,680 to 0,726 when the supply 

temperature is lowered from 90 ℃ to 70 ℃ . This is an improvement around 7 % on the solar 

panels efficiency. If it is possible to lower both the supply and return temperature an even higher 

improvement can be achieved.  

To elaborate this, a simulation is run in energyPRO, which is a simulation tool used in the district 

heating sector. Two identical solar plants with the supply temperature as the only variable have 

been compared. It can be seen that the annual solar heat production have increased from 2661,0 

to 3002, 1 MWh/year equivalent to 12,8 %, when the supply temperature is lowered from 90 ℃ 

to 70 ℃.  A print of the model and its results can be found in Annex 2 page 45. 

 

1.3.2 Electrical Heat Pump 

When an electrical heat pump is implemented in a district heating system it is important to design 

the system in a way where the highest COP (Coefficient Of Performance) is achieved. A way to do 

that is to minimize the rise of temperature the heat pump must perform. 

From the definition of the COP the relation between the temperature rise and the heat pumps 

COP can be seen: 

 

 
𝐶𝑂𝑃 = 

𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝐻𝑒𝑎𝑡

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
=  

𝑄𝑜𝑢𝑡
𝑄𝑜𝑢𝑡 − 𝑄𝑖𝑛

 =  
1

1 − 
𝑄𝑖𝑛
𝑄𝑜𝑢𝑡

 

 

1.4 

(3)  

Where: 

 𝑄𝑜𝑢𝑡   = Energy supplied to the district heating system 

 𝑄𝑖𝑛 = Energy absorbed from the heat source for the heat pump 

 𝑊𝑖𝑛 = Work of the kompressor 
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For a Carnot heat pump the COP-value can also be expressed by the temperature levels 𝑇𝐿𝑜𝑤 og  

𝑇𝐻𝑖𝑔ℎ. 

 
𝐶𝑂𝑃 =

1

1 − 
𝑇𝐿𝑜𝑤
𝑇𝐻𝑖𝑔ℎ

 

 

1.5 

(3) 

 Where: 

 𝑇𝐿𝑜𝑤   = Temperature of the coolant at the heat source [K] 

 𝑇𝐻𝑖𝑔ℎ = Temperature of the coolant at the district heating [K] 

 

To evaluate the effect of lowering the temperature on the hot side of the heat pump equation 1.5 

has been used to calculate the COP for different temperatures. The heat source for the heat pump 

is groundwater at 8 ℃. The results of these calculations are shown graphically in Figure 4.  

The calculations have all been made with a 3 ℃  ∆𝑇 over the heat exchangers, and a 65 %  thermal 

efficiency of the heat pump. The calculations can be found as Annex 3 on CD. 

 

 

Figure 4: Calculated COP as a function of the District Heating supply temperature for a heat pump with 8 °C 
groundwater as heat source. 
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1.3.3 Surplus Heat from Industry 

Industrial processes and industrial cooling often results in a surplus of heat. This surplus heat can 

however be difficult to retrieve for district heating purposes. In many cases the temperature of 

the heat source is lower than the supply temperature of the district heating system, so a direct 

heat exchange is therefore not possible. By lowering the district heating supply temperature a 

bigger part of the surplus heat can be retrieved by direct heat exchange. 

In the cases where the temperature of the surplus heat source is too low for a direct heat 

exchange, the temperature can be boosted with a heat pump. As described in section 1.3.2 the 

heat pump operates with a significantly better COP if the demanded temperature rise is reduced.  
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 Problem Definition 

As described in chapter 1 there are many advantages in the district heating system by lowering 

the temperature. An issue however is; what are the consequences for the consumer if the 

temperature is lowered? This is what will be investigated in this report. The emphasis will be on 

single family houses and their household installations such as domestic hot water systems, heating 

systems, and the building envelope. 

The main subject of this project will be the buildings heating system, and the domestic hot water 

system will therefore only be covered superficially.  

The specific problem definition for this report is: 

 

What are the consequences for existing single-family buildings if the District Heating 

temperature is lowered for low temperature district heating? 

 What change in heating power does this low temperature cause? 

 What changes in the building envelope is necessary to compensate for the loss in 

heating power? 

 

These are the main topics which will be investigated in this report.  
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 Methodology 

This report is based on the curriculum for the education “Bachelor of Engineering in Sustainable 

Energy with specialization in Thermal Energy “ 

The knowledge collection for the report has been based on literature and material from previous 

courses during the study, literature from library, relevant published reports, and government 

guides and regulation regarding the subject - in printing or online documents. All literature, 

documents and web sites have been assessed regarding their validity, and if there have been any 

doubt, the information has been attempted verified by alternative sources. 

In addition to that, the experience and knowledge retrieved during the previous internship have 

been a source of general understanding of the subject. 

There will in this project not be made any laboratory work to demonstrate and verify that the 

calculations and conclusions in the report are correct. The verification of the results has instead 

been done by comparison of the calculated results with results and software from the district 

heating sector and related industry. 

The simulation and modelling in this report have been performed with the following software: 
 

 Nasa-Glenn Chemical Equilibrium Program CEA2. 
Software for simulation and analysis of combustion.  
 

 EES – Engineering Equation Solver 
For modelling of the radiator, and other calculations, where fluid properties are needed 
EES is the preferred software. 
 

 Microsoft Excel 
For general mathematical calculations and graphical representations, Excel spreadsheets 
have been the obvious choice. 
 

 Be10 
The software have been developed by Aalborg University, Danish Building and Research, 
Sbi. In this Bachelor Thesis it is used for calculations of the heat loss and energy 
consumption in buildings. In Denmark, it is also a regulatory demand to use Be10 for 
calculation of a buildings energy consumptions to obtain a building permit. 
 

 Rockwool Energy Design 
The software is a design tool developed by Rockwool. It is in this report used for 
calculations of U-values of the different building parts. 
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 Household Installations 

When a building is supplied with District Heating there a generally two different ways the 

household installations can be connected to the district heating network – directly or indirectly 

 Directly connected 

When the installations are directly connected, it is the water from the district heating 

network, which circulates in the buildings heating system. 

 Indirectly connected 

With an indirect connection between the building and the district heating system, the 

household installations and the district heating network is connected through a heat 

exchanger. In that way the district heating water only circulates in the heat exchanger and 

the building has its own water to circulate in the heating system. 

In this report, it will not be considered whether the heating system is direct or indirect. The 

differences between the two systems when looking at the household installations are 

insignificant. The overall heat loss in an indirect system is however higher than in a direct system 

because the temperature in the district heating system needs to be a few degrees higher than the 

temperature required by the household installations due to the necessary 𝛥𝑇 of the heat 

exchanger. This is not relevant for the topics of this report. 

 Domestic Hot Water 
For the domestic hot water supply, there are two possible design options. There can either be a 

heat exchanger which heats the water instantly when the hot water taps are opened or there can 

be a hot water storage tank. The heat exchanger requires a rather high heating power compared 

to a hot water storage tank, which works like a buffer so the required heating power demand is 

distributed over time and thereby the heating power demand will be significantly smaller. 

An issue that must be observed, when the temperature in the domestic hot water is lowered is 

the risk of legionella. The legionella bacteria are present in the mains water supply and if it is 

allowed to propagate it can cause illness, if the bacteria is inhaled with the water steam in the 

shower. The bacteria’s living conditions is optimal around 35 − 46 ℃, but at temperatures above 

55 ℃ the bacteria will die. (6) 

According to the Danish Standard DS 439 (7) it is required that the domestic hot water can be 

heated to 60 ℃ to avoid any health hazard from development of legionella bacteria. There are 

however many studies, previous and ongoing, regarding legionella and although the authorities 

have not accepted it in Denmark, it seems that by using a heat exchanger solution, where the total 

volume of hot water in exchanger and piping, is less than 3 liters, there is no risk of legionella 

growth even at temperatures as low as 50 ℃. (8)  

From these investigations it must be concluded, that the lowest risk of legionella in the domestic 

hot water when the temperature is lowered is by use of a heat exchanger and to design the system 

with a total water volume less than 3 liters. If that is fulfilled, it should be safe to lower the district 
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heating temperature to a temperature, depending on the 𝛥𝑇 over the heat exchanger, where the 

domestic hot water temperature can be maintained at 50 ℃.  

The high power demand of the heat exchanger compared to a hot water storage tank for domestic 

hot water, however, means that there is a higher flow demand in the piping. A consequence of 

that is that the energy required for pumping will be higher and since the pump work is depending 

on the fluid velocity squared, the increase in the energy demand for pumping can be significant. 

The dimensioning of the piping system and the district heating supplier’s technical terms must 

also be observed if a change from a domestic hot water storage tank to a heat exchanger is 

considered.  

 Floor Heating 
When a house has floor heating installed for space heating the district heating water is mixed in a 

shunt valve to keep the temperature of the circulating water in the heating system around 30 −

40 ℃. The Danish Standard DS 469 - Heating and cooling systems in buildings - defines a design 

temperature for the floor surface as 27 ℃ and  35 ℃ maximum at specific areas. (9) 

With that given it is obvious, that there will not be any problems regarding the floor heating 

system if the district heating temperature is lowered. 

 Radiators 
As oppose to the floor heating system radiators are often designed to work at a significantly higher 

temperature. The Danish Standard DS 469 (9) defines a supply temperature of  60 ℃ and a return 

temperature of 40 ℃. This is however for new installations. Many radiators are designed to work 

at even higher temperatures e.g. a temperature set of 70/40/20. Meaning supply temperature of 

70 ℃, return temperature of 40 ℃, and a room temperature of 20 ℃. Lowering the supply 

temperature will presumably result in a lower heat output. 

The heat output from a radiator involves two heat transfer mechanisms: 

 Radiation 

Some part of the heat transfer from the radiator is from radiation. The heat radiates from 

the radiators hot surface and is absorbed by the colder surfaces in the surroundings. 

 Natural convection 

The hot surface of the radiator heats up the adjacent air. When air, or any gas, is heated 

it expands and thus its density decreases. Because of the buoyancy force the hot air rises 

and is replaced by new cold air, which the again is heated and so forth. 

An illustration of how the radiator transfers heat can be seen in Figure 5. 
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Figure 5: Radiator with heat transfer from both radiation and natural convection 

For a conventional panel radiator, the magnitude of the heat transferred from radiation and 

natural convection are fairly equal. (10) There are several other radiator designs where the 

distribution between radiation and natural convection is different e.g. convectors, that are 

designed to be placed hidden, for instance, under a floor grate and therefore naturally only have 

heat transfer by convection.  

In this report the emphasis is on conventional panel radiators. In Figure 6 a drawing of a single 

panel radiator is shown. This radiator type is also produced with more parallel panels, but it is the 

single panel radiator, that will be regarded in the calculations in this report. 

 

Figure 6: 3D drawing of the modelled radiator created in Autodesk Inventor 

To elaborate the temperature distribution in the radiator an x- and a y-axis is defined. This 

definition can be seen in Figure 7.  

 



Household Installations 
 

 Brian Puggaard Thomsen – Bachelor Thesis 

16 
 

 

Figure 7: Definition of x and y-axis. The red and blue color shows the temperature distribution in the radiator.  

Along the y-axis the temperature is, due to the design of the radiator, to be considered uniform. 

Along the x- axis the temperature development is as described in Figure 8.  

 

 

Figure 8: The red line shows the temperature development through the radiator. (10) 

 

As it can be seen, the temperature drop along the x-axis is not linear. The reason for this is that, 

as the radiator’s surface temperature drops, the heat transfer to the surrounding decreases due 

to the decreasing temperature difference between the radiator and the ambient air. 
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 Radiator Calculations 

To evaluate what impact a lowering of the district heating temperature has on the power output 

of a radiator an example will be calculated and modelled. 

From a radiator there are, as previously stated, heat transfer from both radiation and natural 

convection. The radiator can, never the less, basically be regarded as a heat exchanger. In this 

approach, the two streams in the exchanger is: 

 Inside - The water in the radiator, which have defined in- and output temperatures. 

 Outside - The air across the radiator, which is assumed to have a uniform temperature. 

This temperature is considered as the temperature sufficiently far from the radiator 

surface where it is not affected by the radiator and is denoted 𝑇∞. 

The basic equation to calculate heat transfer through a heat exchanger is: 

 𝑄̇ = 𝑈 ∙ 𝐴 ∙  ∆𝑇𝑙𝑚 5.1 
 

(3) 

Where 

 𝑈 = Overall heat transfer coefficient 

𝐴 = Surface area of the radiator 

∆𝑇𝑙𝑚    = Log mean temperature difference 

 

The overall heat transfer coefficient in a heat exchanger represents the combined heat transfer 

coefficients of both fluids and the connecting material. The heat transfer from radiation could also 

be included in the overall heat transfer coefficient, but in this report, the radiation will be 

calculated separately. 

 The correlation between them are:  

 1

𝑈
=

1

ℎ𝑖𝑛
+ 

1

ℎ𝑜𝑢𝑡
+ 𝑅𝑊𝑎𝑙𝑙 

5.2 

(3) 

Where 

 ℎ𝑖𝑛 = Heat transfer coefficient of the water inside the radiator 

ℎ𝑜𝑢𝑡 = Heat transfer coefficient of the air around the radiator 

𝑅𝑊𝑎𝑙𝑙   = Thermal resistanse of the material in the radiator 
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When a radiator is regarded the thermal resistance of the material, 𝑅𝑊𝑎𝑙𝑙 can be neglected and 

because of the significant difference in magnitude between the heat transfer coefficient on the 

inside and outside of the radiator, ℎ𝑖𝑛 ≫ ℎ𝑜𝑢𝑡, the part regarding ℎ𝑜𝑢𝑡 can be neglected as well. 

Hence equation 5.2 can be reduced to: 

 1

𝑈
 ≈  

1

ℎ𝑜𝑢𝑡
 

5.3 

 

Therefore, the equation for calculating the heat transfer by convection from a radiator can be 

written as: 

 𝑄̇ = ℎ ∙ 𝐴 ∙  ∆𝑇𝑙𝑚 5.4 
 

Where 

 ℎ = ℎ𝑜𝑢𝑡 , the heat transfer coefficient of the air 

𝐴 = Surface area of the radiator 

∆𝑇𝑙𝑚    = Log mean temperature difference (radiator − air) 

 

The reason why the log mean temperature difference is used instead of the arithmetic mean 

temperature difference is because of the nonlinear temperature development through the 

radiator shown in Figure 8 page 16. The arithmetic mean temperature difference would be on the 

dotted line in the figure – the log mean temperature will be closer to the red line, which describes 

the actual temperature development. 

To determine the total power output of a radiator it is, as previously mentioned, necessary to 

evaluate both the contribution from radiation and convection. 

 Radiation 
When the heat transfer from radiation is to be calculated it is necessary to state some basic 

assumptions: 

 Both the radiator and the surroundings are considered as “black bodies”, meaning that 

both the emissivity and absorptivity are ideal. 

 The effect of view factors is disregarded 

 The surroundings have a uniform surface temperature equal to the air temperature. 

 The surface temperature of the radiator is uniform, and based on the log mean 

temperature difference. ( 𝑇𝑠𝑢𝑟𝑓 = ∆𝑇𝑙𝑚 + 𝑇∞ ) 
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Based on these assumptions the heat transfer contribution from radiation can be determined by 

Stefan Boltzmann’s Law: 

 𝑄̇ =  𝜀 ∙  𝐴 ∙ 𝜎 ∙ (𝑇𝑠𝑢𝑟𝑓
4 − 𝑇𝑠𝑢𝑟𝑟

4 ) 5.5 

  

Where 

 𝜀 = Emissivity factor of the radiator′s surface 

𝐴 = Surface area of the radiator 

𝜎    = Stefan Boltzmann′s constant 

 𝑇𝑠𝑢𝑟𝑓 = Surface temperature of the radiator 

 𝑇𝑠𝑢𝑟𝑟 = Temperature of the surroundings 

(3) 

The calculations of this have been performed by EES (Engineering Equation Solver), where a 

model of a radiator has been built. 

 Convection 
As previously stated the heat transfer by convection from a radiator can be determined by 

equation 5.4: 

 

 𝑄̇ = ℎ ∙ 𝐴 ∙  ∆𝑇𝑙𝑚 5.6 

 

Where 

 ℎ = Heat transfer coefficient of the air 

𝐴 = Surface area of the radiator 

∆𝑇𝑙𝑚    = Log mean temperature difference (radiator − air) 

 

To obtain a value for the heat transfer coefficient, ℎ for natural convection, a number of variables 

have to be calculated initially. 

One of these variables needed is the Grashof number. This is a dimensionless parameter, which 

represents the ratio between the buoyancy force and the viscous force.  
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The Grashof number can be calculated from the equation: 

 
𝐺𝑟 =  

𝑔 ∙  𝛽 ∙ (𝑇𝑠𝑢𝑟𝑓 − 𝑇∞) ∙  𝐿𝑐ℎ
3

𝑣2
 

5.7 

(3) 

Where 

 𝑔 = gravitational acceleration 

𝛽 = Volume expansion coefficient 

 𝑇𝑠𝑢𝑟𝑓 = Surface temperature of the radiator 

 𝑇∞ = Temperature of the air sufficiently far away from the radiator 

𝐿𝑐ℎ     = Characteristic length 

𝑣   = Kinematic viscosity 

 

In equation 5.7 another new variable, 𝛽, appears. 𝛽 is the volume expansion coefficient which 

defines the net buoyancy force with respect to the temperature difference: 

 

 
𝛽 = 

1

𝜌𝑠𝑢𝑟𝑓
 ∙  
𝜌∞ − 𝜌𝑠𝑢𝑟𝑓

𝑇∞ − 𝑇𝑠𝑢𝑟𝑓
 

 

5.8 

(3) 

 Where 

 𝜌𝑠𝑢𝑟𝑓 = Density of the air at the surface of the radiator 

𝜌∞ = Density of the air sufficiently far away from the radiator 

 𝑇𝑠𝑢𝑟𝑓 = Surface temperature of the radiator 

 𝑇∞ = Temperature of the air sufficiently far away from the radiator 

 

The volume expansion coefficient is valid for fluids under constant pressure. A large 𝛽 −value 

means that a temperature change gives a large change in density of the fluid. This results in a high 

velocity of the air across the surface and thus a high heat transfer coefficient. 

  



Radiator Calculations 
 

 Brian Puggaard Thomsen – Bachelor Thesis 

21 
 

The heat transfer coefficient, which is to be determined can also, be found from the Nusselt 

number using the equation: 

 
𝑁𝑢 = 

ℎ ∙ 𝐿𝑐ℎ
𝑘

 
5.9 

  

Where 

 ℎ = Heat transfer coefficient 

𝐿𝑐ℎ = Characteristic length 

 𝑘 = Thermal conductivity of the air 

 (3) 

To obtain the heat transfer coefficient from equation 5.9 the Nusselt number must be determined. 

The Nusselt number is depending on the geometry and the orientation of the surface. The 

calculated radiator is assumed to be a vertical flat surface. There have been developed some 

empirical correlations for the Nusselt number on different geometries and orientations. For a 

vertical flat surface there are in “Fundamentals of Thermal-Fluid Scienses” by Yunus A. Cengel et. 

Al. three equations that describe this correlation. Two of them have a limitation in the range of 

Rayleigh number, where they are valid. The third is more general, and is valid in the entire range 

of Rayleigh’s number.  

The Rayleigh number, 𝑅𝑎, is simply the product of the Grashoff number, 𝐺𝑟, and the Prandtl 

number, 𝑃𝑟: 

 

 𝑅𝑎 = 𝐺𝑟 ∙ 𝑃𝑟 5.10 
 

(3) 

To ensure that the calculations of the heat transfer will be valid in the entire range of the Rayleigh 

number the correlation for the Nusselt number, covering the entire range is applied in this report: 

 

 

𝑁𝑢 = 

{
 
 

 
 

0,825 + 
0,387𝑅𝑎1/6

(1 + (
0,492
𝑃𝑟 )

9 16⁄

)

8 27⁄

 
}
 
 

 
 
2

 5.11 

 (3) 

These equations, 5.5 to 5.11, are used simultaneously, in combination with the thermodynamic 

properties of the air to calculate the radiator’s heat transfer. 
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 Modelling 
To simulate the performance of the radiator’s heating power output a model has been created in 

EES, where the heat transfer from both radiation and natural convection are calculated.  

The radiator model built in EES is based on some general assumptions: 

 The radiator is calculated as a vertical flat plate. 

 Both the radiator and the surroundings are considered as “black bodies”, meaning that 

both the emissivity and absorptivity are ideal. 

 The effect of view factors is disregarded 

 The surroundings have a uniform surface temperature equal to the air temperature. 

 The surface temperature of the radiator is uniform, and based on the log mean 

temperature difference. ( 𝑇𝑠𝑢𝑟𝑓 = ∆𝑇𝑙𝑚 + 𝑇∞ ) 

 The heat transfer from the edges is neglected.  

 There is no forced convection, only natural. 

 The radiator is placed, so there is no disturbance in the airflow to or from the radiator. 

 There is radiation and convection from both sides of the radiator. 

 The relative humidity of the air is 40 %, and the atmospheric pressure is 101,3 kPa 

Based on these assumptions a simulation of the radiator has been made at different supply and 

outlet temperatures. The heating power output of the radiator has been calculated for the 

temperature range: 

 Supply temperature: 

o 50 −  80 ℃ 

 Outlet temperature: 

o 25 − 50 ℃ 

 

Applying these temperature spans with steps of 1 ℃ results in 806 calculations. By setting up a 

parametric table in EES, these calculations are done for all values. The results of the calculations 

are plotted in the three-dimensional plots in Figure 9. The colors from blue to red show the 

different heating power output from the radiator. Blue is a very low power output and red is a 

high power output. The EES model used for the simulation can be seen in Annex 3 and is also 

available as annex 4 on CD.  
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Figure 9: 3D plot of the power output of the radiator with respect to different supply and output temperatures 
calculated in EES. 

From Figure 9 it can be seen that the power output is increasing as the temperature difference 

between the radiators mean surface temperature and the room’s temperature increases. This is 

not surprising when regarding equation 5.5 and 5.6 page 19, where it is obvious that the heat 

transfer rate is proportional to the temperature difference. 

The heat transfer coefficient in the calculated temperature range is however not constant either. 

Since the volume expansion coefficient also increases as the temperature increases the heat 

transfer coefficient also increases with rising temperature difference. 

 Evaluation 
The data from the simulation in EES are analyzed furthermore in an Excel spreadsheet. Assuming 

that the design temperature set is 70/40/20, as mentioned in section 4.3 page 14, the heating 

power output has been evaluated using this temperature set’s heating output as index 100. The 

indexes have been calculated at selected temperature sets, and are shown in Table 2. 
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  Supply temperature 

  50 55 60 65 70 75 80 

O
u

tl
e

t 
te

m
p

er
at

u
re

 25 36 40 45 49 53 58 62 

30 49 55 60 66 71 77 82 

35 60 67 74 80 86 93 99 

40 71 78 86 93 100 107 114 

45 80 89 97 105 113 121 129 

50 90 99 108 116 125 134 142 

Table 2: Calculated indexes at different temperatures for a radiator designed for 70/40/20 °C 

From these data it can be seen that if the temperature of the district heating is changed from 

70 ℃ supply temperature and 40 ℃ return temperature, which the system has been designed for, 

to 55 ℃ supply temperature and 30 ℃ return temperature the heating power output of the 

radiator drops to 55 % of the designed heating power output. This is a significant loss of heating 

power, and it can cause severe problems regarding the domestic heating when implementing low 

temperature district heating. 

To verify that the obtained data in Table 2 are valid the calculations for the selected temperature 

sets have been performed in an Excel spreadsheet used by the radiator manufacturer Ribe 

Jernindustri A/S. The spreadsheet is a design tool available at their web page. The results of these 

calculations are shown in Table 3.  

 
  Supply temperature 

  50 55 60 65 70 75 80 

O
u

tl
e

t 
te

m
p

er
at

u
re

 25 40 48 56 64 73 82 91 

30 48 56 64 73 82 91 100 

35 56 64 73 82 91 100 110 

40 64 73 82 91 100 110 119 

45 73 82 91 100 110 119 129 

50 82 91 100 110 119 129 139 

Table 3: Calculated indexes for a Rio Panel at different temperatures. Calculations performed by use of the Excel 
spreadsheet available at the manufacturer’s homepage. 70/40/20 °C used as design point. (11) 
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Even though there are some differences the tendency is clearly the same. If the same change from 

70 ℃ supply temperature and 40 ℃ return temperature to 55 ℃ supply temperature and 30 ℃ 

return temperature is evaluated again, using the commercial data set, the efficiency drops to 

56 %, which is quite close to the previously calculated 55 %. 

To further investigate the validity of the calculated values in Table 2 two output temperature 

series have been compared to the commercial values from Ribe Jernindustri A/S. The results of 

this are graphically displayed in Figure 10. As it can be seen the index curves for the calculated 

and the commercial values are fairly equal. 

 

 

Figure 10: Comparison of two temperature series. Variable supply temperature and  𝟑𝟎℃ and 𝟒𝟎℃ output 
temperature repectively 

 

Some different options can compensate for the loss in heating power output of the radiators when 

the district heating temperature is lowered. One option is to change the radiators, so the surface 

area is increased to fulfill the power demand. This can however be a rather expensive and 

comprehensive solution regarding both interior design and economy.  

Another solution can be to change the buildings envelope and by that reducing the heating 

demand to match the power output of the radiators.  
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 Building Envelope 

The general purpose of the heating system in a building is to keep the temperature in the building 

on a comfortable level. To do this it must be able to compensate for the heat that is lost through 

the building envelope to the surroundings. The heat that is lost from a building can basically 

escape in two ways:  

 It can escape through the building materials – this is regarded as transmission loss. 

 It can escape along different building parts e.g. foundation  and connection between 

windows and walls – this is regarded as line loss. 

There can also be some ventilation losses, but that will not be addressed in this report, since it is 

regarded as unchanged in all the scenarios for the building envelope.  

To evaluate the effect of the reduced heating power output from the radiators a house is being 

modelled using the software: 

 Rockwool Energy Design – A design tool created by Rockwool where heat loss and 

transmission coefficients, U-values, can be calculated. (12)  

 Be10 – Software developed by Aalborg University, Danish Building and Research. The 

software is required by legislation for calculating energy consumption in buildings. (13) 

In these models different scenarios will be analyzed to see if a reasonable change in the buildings 

envelope can compensate for the loss in heating power, which will be the consequence if the 

district heating converts to low temperature district heating. 

 Model assumptions 
The modelled house is a house, which is characteristic for a house built in the sixties or seventies. 

The reason for this choice of building is that this is the most common single-family building type 

in Denmark. The distribution of single-family buildings according to their year of construction is 

shown in Figure 11.  

 

Figure 11: The distribution of single-family houses according to their year of construction. (14) 
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As it can be seen from the Figure 11 almost 40 % of the existing single-family houses in Denmark 

are built in the period from 1960 to 1979. It is therefore relevant to focus on the buildings from 

this specific period. (14) 

It is assumed that the only energy renovation that previously has been done on the modelled 

house is that the windows have been replaced in the nineties, due to an expected lifespan of 

windows on approximately 30 years. (15)  Roof, walls, and insulation are original and no 

renovation has been done since the house has been built.  

From these general considerations the following assumptions regarding the modelled house are: 

 Rectangular building. 

 140 m2 inside the outer walls. 

 One-floor building. 

 30° roof angle. 

 Outer walls are hollow brick walls. 

 Floor is wooden floorboards. 

 Insulation level satisfies regulatory demands at year of construction. 

 Windows and doors are 1990’s standard. 

 

 Heat Loss 
To calculate the heat loss of a building component it is necessary to know the transmission 

coefficient, the U-value, for the given component or material. In general, the U-values for any 

component can be determined from the equation for the thermal resistance network: 

 

 1

𝑈
= 𝑅𝑖𝑛  ∙ 𝑅𝑜𝑢𝑡  ∙  ∑𝑅𝑖

𝑛

𝑖=1

 
6.1 

(16) 

Where 

 𝑅𝑖𝑛 = Thermal resistance by convection on the inside 

𝑅𝑜𝑢𝑡 = Thermal resistance by convection on the outside 

∑ 𝑅𝑖
𝑛
𝑖=1  = Sum of thermal resistance by conduction in the layers 

 

For any practical use of the U-value, it has to be a corrected for e.g. cracks and binders in the 

insulating layers and potential rain on the outside surface. (16) 
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When the U-values are known, the heat loss through a component or material can be calculated 

by Newton´s Law of Cooling: 

 𝑄̇ = 𝑈 ∙ 𝐴 ∙ (𝑇𝑖𝑛 − 𝑇𝑜𝑢𝑡) 6.2 
 

(3) 

Where 

 𝑈 = Corrected transmission coefficient 

𝐴 = Surface area of the component or material 

𝑇𝑖𝑛    = Dimensioning temperature inside the building 

𝑇𝑜𝑢𝑡     = Dimensioning temperature outside the building 

 

The corrected U-value has been empirically determined for a number of standard materials, and 

for others it is supplied by the manufacturer of the component or material. The software Rockwool 

Energy Design also have a built in function to calculate U-values for building components made of 

standard material. (12) This software is used in this report to determine some of the relevant U-

values. The calculations regarding the heat loss are in this report performed by the SBi software 

Be10, which is the standard program used for documentation to the building authorities in 

Denmark. (13) This software calculates the heat loss and consumption according to design 

temperature values specified by legislation. 

 Reference scenario 
The reference scenario of the modelled house is based on the assumption in section 6.1 page 27. 

It is assumed that the building comply with the demands in the Building Regulation at the time of 

construction, hence the regulatory demands can be used to determine the heat loss of the 

building. 

In the Danish building regulation for 1966-1972 the following maximum U-values have been 

defined. The windows and doors have however, as previously mentioned, been replaced in the 

1990’s, and is therefore complying with the Danish Building Regulation of 1985:  

U-values 
[W/m2K] 

Floor over low cellar 0,60 

Walls 1,00 

Ceiling/Roof 0,45 

Windows incl. line loss 2,90 

Doors incl. line loss 2,00 

Table 4: Maximum U-values according to the Danish Building Regulation of 1966-1972. Windows and doors are 
according to Danish Building Regulation of 1985 (17) (18) 
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The specifications of the modelled house in the reference scenario can be seen in Table 5 to Table 

9. There have been no regulatory demands to maximum line loss along the foundation in the 

previous Building Regulations, so the ψ-value for the line loss is from the building Regulation of 

2010. 

  

Windows 

Orientation 
Quantity 

[-] 
Total Area 

[m2] 
U-value 
[W/m2K] 

North 3 5,04 2,90 

South 4 6,72 2,90 

East 1 0,36 2,90 

West 1 1,68 2,90 

Total 9 13,8  

Table 5: Number of windows and their corresponding areas and U-values 

 

Glass Doors 

Orientation 
Quantity 

[-] 
Total Area 

[m2] 
U-value 
[W/m2K] 

South 1 4,4 2,90 

Total 1 4,4  

Table 6: Number of glass doors and their corresponding areas and U-values 

 

Doors 

Orientation 
Quantity 

[-] 
Total Area 

[m2] 
U-value 
[W/m2K] 

North 1 2,64 2,00 

East 1 2,09 2,00 

Total 1 4,73  

Table 7: Number of doors and their corresponding areas and U-values 

 

Floor, walls, and ceiling 

 
Total Area 

[m2] 
U-value 
[W/m2K] 

Floor 156,73 0,60 

Ceiling 156,73 0,45 

Walls 110,97 1,00 

Table 8: Area and U-values of the floor, ceiling, and walls. 
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Line losses 

 
Total Length 

[m] 
ψ-value 
[W/m K] 

Foundation 53,56 0,40 

Table 9: Line loss along the foundation. There are no specific demands in the Building Regulation of 1966, so the 
value for the Building Regulation BR10 is used for all calculations. 

 

When modelling the house with these data, a reference for the total heat loss for the building can 

be estimated. Thus the heating power demand and heat consumption can be determined. The 

model of the reference house has been created with emphasis on the building envelope and 

therefore energy consumption for light, domestic hot water etc. have been disregarded. The 

model can be found as Annex 5 on CD and a printout of the key figures can be found in Annex 4 

page 53. 

From the model it can be seen that there is a maximum heat demand on 11,2 kW at the design 

temperatures −12 ℃ outside and 20 ℃ inside. To ensure that the heat demand is met in the 

entire building at all times it is assumed, that the heating system have been designed with a 

surplus of heating power on 20 %. That means that the heating system has been designed for a 

heating power output of 13,4 kW. 

 Potential Improvements 
When the district heating temperature set is changed from the original design set 70/40 ℃ to 

55/30 ℃ it has been proven in section 5 page 17 that the heating output decreases to 55 % of the 

designed output. This reduced heating output of the heating system can by the new temperature 

set only provide 7,4 kW heating power – a 6,0 kW reduction  

If this significant decrease in heating power has to be compensated by changes in the building 

envelope, the potential in the different building parts will be evaluated. In Figure 12 the heat loss 

from the different building parts is shown.  

 

Figure 12: Heat Loss from the different building parts 
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As it can be seen the largest heat loss from the building is from the walls. The walls on the 

modelled house are hollow brick walls with no insulation in the cavity. It will be considered to fill 

the cavity with insulating material such as granulated mineral wool.  An illustration of this change 

is shown in Figure 13. 

 

Figure 13: To the left a hollow brick wall without any insulation. To the right a wall insulated with granulated 
mineral wool. (12) 

 

This insulation of the hollow brick wall will reduce the U-value of the wall from 1,00 W/m2K to 

0,33 W/m2K. Modelling the house with the new U-value for the walls shows that the total heat 

loss by this is reduced by 2,4 kW. 

The second largest heat loss from the building is from the floor. The floor has due to the Building 

Regulation at the time of construction a U-value of 0,60 W/m2K. To reduce this insulation is added 

as shown in Figure 14. 

 

 

Figure 14: To the left the original floor with 50 mm insulation. To the right there has been added 200 mm insulation. 
(12) 

 

The insulation of the floor has been improved with 200 mm insulation in addition to the existing 

insulation. This reduces the U-value from 0,60 W/m2K to 0,17 W/m2K. When modelled in Be10 it 

shows a reduction of the total heat loss by 1,9 kW. 

Even though the improvements in the insulation of the walls and floor have brought the heating 

power demand below the available heating output of the heating system it is still relevant to 
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investigate the potential in both the floor and the doors and windows to get an overview of the 

saving potentials in the entire building. 

The ceiling of the modelled house has originally a U-value of 0,45 W/m2K. This can be reduced by 

adding insolation as shown in Figure 15. 

 

Figure 15: To the left the original ceiling with 50 mm insulation. To the right the ceiling with the added 400 mm 
granulated mineral wool. (12) 

 

If the ceiling is insulated with 400 mm granulated mineral wool the U-value is lowered from 0,60 

to 0,09 W/m2K, which actually satisfies the demand in the 2010 Building Regulation, BR10. When 

the model is made in Be10 it shows a reduction of the total heat loss by 1,8 kW. 

There has in the period since the 1990’s where the modelled house’s windows and doors are 

manufactured been an ongoing research and development to improve their U-values. This is also 

reflected in the Building Regulations. In BR-S 85, which was applicable from 1985-1995, the U-

values of doors and windows were 2,0 W/m2K and 2,9 W/m2K respectively. In BR 10 the demands 

are 1,4 W/m2K for doors and 1,5 W/m2K for doors containing glass. For windows the demands 

contains calculations that are more specific and  based on the windows´ total energy supply to the 

building. These demands will not be treated in this report, and therefore the U-value demand for 

doors containing glass will be applied for windows as well. 

Modelling the house with new windows, glass doors and doors shows a reduction of the total heat 

loss by 0,9 kW. 

The potential reduction in heat loss caused by the line loss along the foundation of the house will 

not be considered in this report. This is primarily because there were no demands regarding the 

line loss along the foundation in the building regulation at the time of construction. It can 

therefore be difficult to make a valid assumption of the magnitude of the line loss in the reference 

house. Another reason to disregard it is that the magnitude of the line loss also will be affected by 

the improvement of the insulation in walls and floor, and it can therefore be difficult to calculate 

the line loss separately. 

The heat losses from the different building parts are listed in Table 10. From these data it can be 

seen, that the heat loss in the different building parts can be reduced significantly, when the 

building parts are upgraded to contemporary standards. 

 



Building Envelope 
 

 Brian Puggaard Thomsen – Bachelor Thesis 

34 
 

Building part 
Initial heat loss 

 
[kW] 

Heat loss after 
reduction 

[kW] 

Percent 
 reduction 

[%] 

Walls 3551 1172 67 

Floor 2688 762 72 

Ceiling 2257 451 80 

Windows and Doors 1992 1086 45 

Foundation 686 686 0 
Total 11173 4156 63 

Table 10: Reduction in heat loss from the building parts 

 

In Figure 16 the same data is displayed in a bar diagram. When they are regarded the different 

saving potential can be compared.  

 

 

Figure 16: Bar diagram showing the initial heat loss and the reduction. 

 

To evaluate which insulation improvement to choose must depend on some economical 

calculations, which are not included in this report. It is however obvious, that there are some 

significant saving potentials in upgrading the insulation standard. 

 With no Improvements 
The Be10 software is using the data from the Design Reference Year (DRY-data) from the Danish 

Meteorological Institute (DMI). (19) This data set is created from hourly weather data from 

Denmark in the period 2001 to 2010. Based on these data a “typical” year for the Danish climate 

is created. The data set contains information about temperature, wind, relative humidity and solar 

radiation. The data set is developed for technical dimensioning of e.g. solar plants and buildings. 

To elaborate what the consequences would be if nothing were done to compensate for the loss 

in heating power the DRY- data is used. The data for temperature is used to calculate the heating 
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power demand for the reference house on an hourly basis. From these data a duration curve can 

be drawn. A duration curve shows the heating power demand with respect to the number of hours 

where it is required. The duration curve for the reference house is shown in Figure 17. 

 

 

Figure 17: Duration curve for the reference building. The red line shows the capacity of the heating system at low 
tempereture district heating. The green line is the original capacity of the heating system 

 

As it can be seen there is only a few hours of the year where the heating power demand exceeds 

the available heating power supply. From the data where Figure 17 is extracted it can be stated, 

that there is 228 hours where there is insufficient heating power available. The highest deficit in 

heating power is 2,8 kW and the total deficit energy over these 228 hours represents 178 kWh. 
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 Conclusion 

Based on the considerations in chapter 4 page 13 the heating power output of the heating system 

is not affected, when the temperature in the district heating system is lowered, if there is floor 

heating installed.  

For radiator based heating system it is in chapter 5 page 17 calculated that the heating power 

output of a single panel traditional radiator is reduced to 55 % of its designed output, if the 

temperature set is changed from 70/40/20 ℃  to 55/30/20 ℃ . Assuming that the results for 

the single panel radiator is applicable for any other traditional radiators installed in a building from 

1960-1979 a model of a house according to the standard of that time have been created. 

The house has been modelled in Be 10 to evaluate where improvements could be made to reduce 

the heat loss. It was shown in section 6.4 page 31 that the largest heat loss was from the walls 

followed by the floor, ceiling, and windows and doors. On that background, different scenarios 

were modelled and evaluated: 

 Insulation of the cavity in the walls. 

 Additional insulation of the floor. 

 Additional insulation of the ceiling. 

 Replacing the windows and doors. 

The insulation level of the different building parts have been brought up, either to contemporary 

standard or to the maximum level possible within the buildings limitations. The models have 

shown that it is possible to reduce the total heat loss from the building by 63 %, if all the insulation 

improvements are implemented. 

The heating demand of the reference building when all the improvements have been 

implemented is reduced from 11,2 kW to 4,2 kW. This is only 37 % of the original heating demand, 

so the conclusion is that it is possible to change the buildings envelope to compensate for the loss 

in heating power caused by the reduction in the district heating temperature.  

In section 6.5 page 34 it has been evaluated what the consequence for the heating of the reference 

house would be, if no improvements of the building would be implemented. It is shown that the 

decreased district heating temperature only causes problems in 228 hours of the year and the 

maximum need of auxiliary heating power required is 2,8 kW, with a total energy consumption of 

178 kWh. 

It must however, be noted that the calculations are based on the theoretical design temperatures, 

and that consumer behavior or comfort level requirements have not been taken into account.  
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 Perspectives 

A number of advantages in low temperature district heating has been pointed out in this report. 

It is in everybody´s interest to grasp those advantages. An implementation of lower temperatures 

in the district heating system will in the end result in decreasing heating prices for the consumer, 

which will make district heating even more competitive to individual heating systems. It is crucial 

to maintain and strengthen the position of district heating in the Danish energy system to ensure 

and continue the transition to more sustainable energy sources  

One of the main obstacles regarding implementation of low temperature district heating has been 

that, it has been unclear how this change will affect the existing buildings. 

In this report, the emphasis has been on buildings constructed in 1960-1979. The reason for this 

is that almost 40 % of the existing single-family buildings in Denmark were built in that period, and 

it is expected that buildings, built before that have been energy renovated in some extent.  

The work throughout this report has shown that if the temperature in the district heating system 

is lowered, it only causes problems for the selected building type in a limited period. The problems 

can be solved by implementing a rather limited improvement in the insulation of the building or 

alternatively using an auxiliary heat supply until necessary renovation is required anyhow. If the 

number of consumers who experiences inconvenience caused by the low temperature district 

heating, the district heating plant instead, can prevent it by increasing the supply temperature in 

the coldest periods. 

The conclusion of this report is nevertheless unambiguous; the temperature in the district heating 

system can be lowered with limited inconvenience to the consumer. 
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 Annex 4 

 

Printout from Be10 model of the reference house: 
 
Reference scenario without any improved insulation: 
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 Annex 5 

 
Printout from Be10 model of the reference house: 
 
Reference scenario with improved insulation: 
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