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Abstract. Supplying the heat demand of Zero Emission Neighborhoods (ZEN) 
with 4th generation district heating (4DH) solutions opens for two strategies. One 
strategy is to connect the buildings with higher temperature requirements on the 
supply pipe (evt. of a pre-existing DH system with high temperature) and the 
most efficient buildings on the return pipe. The other one is having a low tem-
perature DH system dimensioned to supply the efficient buildings and use local 
boosters (at building level), e.g. heat pumps or boilers, in the buildings with 
higher temperature requirements. Either way, the fundamental constraint is how 
low can the heating supply temperature be in different building types? In turn, 
this will determine the minimum DH supply temperature for each building type 
in the ZEN. 

This paper performs an analysis of residential buildings in Norway using as 
the starting point the archetypes defined in the Tabula/Episcope projects. Each 
archetype is described in 3 levels of energy performance (original, standard ren-
ovation and ambitious renovation), and this paper focuses on single-family 
houses of the seventies. These buildings are simulated in the simulation program 
IDA Indoor Climate and Energy (IDA ICE), focusing on the properties of the 
thermal envelope and of the heat emission system. The effect of renovation on 
the envelope or the heat emission system or both on the minimum supply tem-
perature is studied.  
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1 Introduction 

Energy use in buildings represents 40% of the energy use in Norway [1] and a big share 
is drawn from the electricity grid. In addition, oil furnaces and fossil fuels are being 
phased out so electricity demands may even increase. Addressing the supply of thermal 
demands through district heating is in practice a grid solution. Flexible and efficient 
use of peak power and energy is an important national issue [2]. The use of 4th Gener-
ation District Heating is seen as the key for making heat supply environmentally 
friendly. Lowering the supply temperature enables different renewable energy sources 
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to be used. In addition, surplus heat from industrial processes or local overproduction 
could be sold to the space heating (SH) supplier, district heating (DH) in this study, 
reducing the needs for larger peak boilers. Thus, reducing needs for burning fuels and 
therefore bringing us closer to the environmental challenges related to cutting CO2 
emissions. 

In Norway, there are some limitations regarding reducing the temperature in the DH 
network. Firstly, DH providers cannot supply temperatures below 70°C as this is what 
is required to avoid legionella problems. Secondly, the DH networks in Norway have 
to supply heating to all the buildings in the concession and the supply temperature de-
pends on the temperature requirements of the worst and furthest building. In order to 
use lower temperatures in the DH net there are two strategies that could be used to 
reduce supply temperature: One strategy is to connect the buildings with higher tem-
perature requirements on the supply pipe (evt. of a pre-existing DH system with high 
temperature) and the most efficient buildings in the return pipe. The other strategy is to 
have a low temperature DH system to supply the efficient buildings and use local boost-
ers (at building level), e.g. heat pumps or boilers, in the buildings with higher temper-
ature requirements. Either way, the fundamental constraint is how low can the heating 
supply temperature be in different building types in order to cover heating demands? In 
turn, this will determine the minimum DH supply temperature for each building type in 
the ZEN in case that legionella problems are solved otherwise.  

In this paper the effect of the states of the buildings, and their renovation level is 
studied. A single-family house (SFH) connected to the DH grid is simulated fixing the 
supply and return temperatures during the coldest day and the maximum mass flow rate 
through the radiators. The supply temperature would be fixed by the compensation 
curve of the DH. The return temperature would be calculated based on the heating de-
mands to maintain a fixed comfort temperature, the supplied water flow rate and the 
heat gains. By doing this study on the non-renovated building and sequentially on the 
various stages of renovation, one could study the effect of the supply temperature of 
DH in the maintenance of comfort and on the return temperature to the DH. The tem-
perature request of the buildings connected to the network could also be examined. 

2 Simulation procedure 

In order to simulate the needs of the buildings connected to a DH network the heat 
load profiles are simulated in IDA Indoor Climate and Energy (IDA ICE). A study of 
the typologies and age classes has been made. The Norwegian building stock is divided 
in 21 segments [1], consisting of:  

• 3 types of buildings: single-family house (SFH), terraced house (TH) and apartment 
blocks (AB) 

• 7 age classes: Before 1955, from 1956-1970, 1971-1980, 1981-1990, 1991-2000, 
2001-2010, 2011-afterwards. 

A synthetic average building is defined for each segment. Its characteristics are rep-
resentative of the most common features found in the segment, based on the best 
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knowledge available. Each synthetic average building is described in 3 levels of energy 
performance (original, standard renovation, ambitious renovation). In this work, the 
focus has been set only on single-family houses. According to [2] most of the buildings 
built before 1950 are already renovated or most probably will not be renovated as they 
possibly are historical buildings. Most of the buildings built between 1950 and 1980 
would have gone through renovations by 2015. Most of the buildings between 1981 
and 2000 will be renovated by 2030. Therefore, this article presents a building built in 
the seventies and the renovations are done to the standard level in 2000 and to the 
standard defined in the Norwegian regulation TEK10 [3]. 

 
2.1 Building specifications 

The simulated buildings are based on the data available from [1] and [4] for a single-
family house constructed in the seventies. Each building is simulated in IDA ICE as a 
multi-zone model where each room (12 in total) represents a zone. IDA ICE is an equa-
tion based simulation program for the study of indoor air quality of individual zones 
within a building. It also calculates energy consumption for the whole building or for a 
single zone [5].  

The initial case (before renovation) is dimensioned based on a design outdoor tem-
perature (DOT) of -20 °C in Oslo. The heating is provided to each building by non-
idealized water radiators. Ventilation systems and infiltration rates are dimensioned 
based on relevant standards or normal practices as summarized in Table 1. 

Table 1 Summary of renovation actions and simulated ventilation and infiltration.  

Building standard Actions taken Ventilation Infiltration rate 
Not renovated  Only exhaust venti-

lation in the bath-
room  

Constant 4 ach 

New windows Windows renovated Only exhaust venti-
lation in the bath-
room 

Constant 4 ach 

Standard renovation 
(Std renovation) 

Windows and tight-
ness renovation 

Balanced ventilation 
0.5 ach.  

Constant 2 ach  

TEK 10 renovation Full renovation Balanced ventilation 
0.5 ach. Heat recov-
ery efficiency 80% 

0.6 ach at 50Pa 

 
Buildings in the period 1971-1980 used to have exhaust ventilation only. In order to 

simulate this, extraction is foreseen in the bathrooms but no extraction is anticipated in 
the other rooms. The normal practice of window opening during night time is neglected 
for all the presented simulations. A constant extraction of 0.5 ACH is run constantly in 
the bathrooms and all the other rooms are ventilated by means of a leaky building en-
velope (infiltrations). A constant infiltration rate of 4 ACH is introduced to account for 
the normal infiltrations based on [6]. This value is reduced after the renovation actions. 
No heat recovery for ventilation is simulated for the three first cases. Only when the 
house is renovated to TEK 10 level, a heat wheel with an efficiency of 80% is simulated.   
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Fig. 1. Drawing of the simulated building (left), SH supply temperature compensation curve 
(right). 

The initial district heating in the original building is simulated with the supply and re-
turn temperatures for the coldest day, Tin = 90°C and Tout = 70°C, respectively. The 
outdoor compensation curve is simulated as shown in Fig. 1. DH in Oslo today is out-
door temperature compensated with a supply temperature of 120 °C for the coldest pe-
riods and it never goes below 80°C as legionella protection 

The radiators are dimensioned based on the heating demands for the coldest day in 
January (-20°C in Oslo). “Ideal heaters” are simulated to dimension heating needs and 
sizes. Based on this simulation, sizing of the emitters is done for the initial state and 
this size is kept for the case of the new windows and the standard renovation. For the 
year simulation, standard heat loads defined in NS 3031 are considered.  For the ambi-
tious renovation to TEK 10, the sizing of the radiators is recalculated as a change on 
the heating system is normal practice. The simulated control is a proportional control. 
Thermal bridge values are assumed to be large, and are set according to typical "poor" 
values in IDA ICE for the three first cases. For the TEK 10 level, this value is changed 
to "good". The building envelope for the initial and renovated stages are simulated as 
summarized in Table 2. 

Simulations are performed based on four different district heating supply tempera-
tures for DOT: 90, 80, 55 and 40 °C. The radiator supply and return temperatures are 
set to 90/70, 80/60, 55/35 and 40/21 °C, while the set point for indoor air temperature 
is maintained at 20 °C everywhere in the house. The second step is to repeat the same 
supply temperatures with stepwise standard renovation. First the windows are renewed, 
then the insulation level and airtightness are improved and third, both are changed. 
Thirdly, the same is repeated for the case of renovation to TEK 10 with insulation and 
window quality as defined in Table 2. For readability purposes only the non-renovated 
case presents the results for all the temperatures. The process is summarized in Fig. 2. 
The simulations purpose is to check how low the supply temperature from the district 
heating may be, while ensuring thermal comfort at 20 °C and considering the constrain 
that the mass flow cannot be risen over 800 kg/h. This means that is the heating needs 
are such that if the maximum mass flow limit is reached, the comfort requirement would 
not be satisfied. 
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Fig. 2. Simulation process 

Table 2. Construction and respective U-values for the different components of the building for 
the initial and following renovation levels. 

Compo-
nent 

Specifi-
cation 

U-value     
initial 
built 
(W/m²K) 

Specifi-
cation 

U-value 
standard 
renovation 
(W/m²K) 

Specifica-
tion 

U-value 
TEK10 ren-
ovation 
(W/m²K) 

Roof 48x198m
m beam 
200mm 
min wool 

0.20 

50 mm 
additional 
min wool 
in cold 
attic 

0.16 

50 mm 
additional 
min wool 
in cold at-
tic 

0.16 

External 
wall 

Light 
timber 
frame-
work, 
48x98m
m 

0.41 

50 mm 
additional 
min wool 
on the 
outside 

0.29 

150 mm 
additional 
min wool 
on the 
outside 

0.19 

Windows Double-
glazed 
window, 
regular 
glass, air 

2.60 

Double-
glazed 
window, 
one LE-
coating, 
air 

1.90 

TEK10-
window 

1.20 

Floor 48x148m
m beam 
150mm 
min wool 

0.22 

50 mm 
additional 
min wool 
in cold 
basement 

0.20 

100 mm 
additional 
min wool 
in cold 
basement 

0.15 

3 Results 

3.1 Simulations of the non-refurbished house with lower supply temperature 

The results from Fig. 3 and Fig. 4 are used for the discussion. For the coldest periods, 
the supplied mass flow increases when the outdoor temperature drops. The mass flow 
rate from the DH to the house is limited to 800 kg/h. Fig. 4 shows that for the coldest 
periods (below -5°C) when lowering the supply temperature, this is the circulated flow. 
Fig. 3 shows the supplied temperature to the radiators and the return to the district heat-
ing. For the coldest days, the return temperature is as fixed. During outdoor tempera-
tures ranging from -10 to -5°C the return temperature increases due to the high water 



6 

flow rate and lower heating demands. Over -5°C the return temperatures drop as a result 
of lower heating demand and lower mass flow rate. Over +20°C the temperature oscil-
lates as a result that there is no more heat supplied by the DH network (See Fig 1, 
compensation curve) and the indoor temperature will fluctuate with solar radiation and 
internal heat loads. 

During periods with low outdoor temperatures, the comfort temperature in the cold-
est room (bedroom North, second floor) is not achieved when the DH temperature is 
reduced as shown in Fig. 4. When the DH supply temperature is reduced to lower tem-
peratures than design (90/70°C), problems related to indoor thermal comfort arise.  

When reducing DH supply temperature, the water flow rate through the radiators 
needs to be increased to provide the same heat to the rooms. However, due to limitations 
related to vibrations and maximum velocities through the installed piping this is not 
feasible. In order to provide the same thermal comfort, the area of the radiators would 
need to be increased, but as constrain of the project this is not done in the simulations. 
 

 
Fig. 3. Supply and return temperatures when the house is not renovated. 

Fig. 4 shows the temperatures in the coldest room of the non-renovated house. For a 
DH supply of 40°C the air temperature in the coldest room is below 20°C when outdoor 
temperature drops below -5°C. This happens 7% of the time. For a room with higher 
occupancy, as for example the living room, the temperature drops below 20°C only 3% 
of the time as higher internal loads are considered. If the heating set point in these rooms 
would increase to 22°C with a maintained supply of 40°C, thermal comfort would not 
be achieved 72% of the time. These results are in line with those obtained by [7] for the 
Danish case. 
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Fig. 4. Temperature in the coldest room of the non-renovated house for decreasing supply tem-

peratures in the DH network Below: Mass flow supplied to the non-renovated house for de-
creasing supply temperatures in the DH network 

Fig. 4  shows the simulated mass flows to try to supply the heating demands. In the 
simulation, the supply and return temperatures are fixed for the coldest day but the mass 
flow is floating with the maximum limitation of 800 kg/h. The break point of this non-
refurbished SFH is about 18°C which agrees with [8]. After 0°C outdoor temperature, 
the supply temperature starts to decrease. This is compensated by the regulation system 
by increasing the water flow rate, but as the needs are so low, the system oscillates. A 
better control should be considered analyzing these oscillations and a PI controller 
would have been more suitable.   

Note that in these simulations the infiltration rates are very high, as we are consid-
ering houses constructed in a period where the importance of airtightness was ne-
glected. For this period [6] measurements have shown infiltration rates ranging between 
2 and 10 ach. This has a very strong effect in the heating needs. 

When reducing the DH supply temperature from 90 to 40°C, the mass flow rates 
through the radiator would need to be increased. In this case, even after doubling the 
water flow rates, the temperature in the coldest room would be below 18 °C during 5% 
of the time. 
 
3.2 Simulations of the “new windows” and “standard refurbished” SFH 

standard 

Table 2 describes the materials used for the refurbishment. The case called “new win-
dows”, only considers that the windows are replaced. However, the airtightness and 
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insulation are kept equal. The “standard renovation” case considers that both windows, 
building envelope and airtightness are improved according to Table 1 and Table 2. 

 
Fig. 5. Temperature in the coldest room (top) and mass flow in supply and return 

pipes (bottom) when the windows are changed. 
Fig. 5 shows that when new windows are installed but the airtightness is not im-

proved, the comfort temperature is not reached if the radiators are not changed and the 
mass flow restriction is kept. In this case for 4% of the time, an indoor air temperature 
of 20 °C is not achieved. When a standard renovation is considered: the comfort tem-
perature threshold is reached during 100% of the time. 

As for the previous SFH standard, there is a large oscillation of the mass flow during 
the warmest periods. Over 10 °C there are still heating demands, however, they are low 
and may be covered by solar heat loads and internal gains. Therefore, based on the 
existence of these heat loads or not, the water flow rates oscillate too largely, proving 
that a different controller should be considered for the regulation of water flow rates. 
In this case the control was a proportional, but using a PI controller would have been 
better.  

Regarding the supply and return temperatures from DH, Fig. 6 shows a similar pro-
file as Fig. 3. As the heat losses related to ventilation and infiltration are not improved 
for this renovation state, the profile of heating demands is similar to the previous case. 
The same evaluation can be done for this case. 
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Fig. 6. Supply and return temperatures when the windows are changed. 
 
When the building is further tightened and ventilation and infiltration heat losses are 
reduced through renovation, the heat demand profiles are changed. Fig. 7 shows that 
during the coldest period the comfort temperature is achieved despite a reduction of the 
DH supply temperature. This is achieved by almost doubling the water flow rates. From 
a DH provider point of view, to cover the comfort requirements would mean large in-
vestments on larger piping systems for very little economical gains. During these cold 
periods, the high circulated mass flow effects as well as having a larger return temper-
ature (Fig. 8) is not positive for the DH providers. In this case, a local solution as a heat 
pump or storage should be considered to reduce DH investment. The results obtained 
here are in line with those of [7]. For the remaining part of the year, the return temper-
ature as shown in Fig. 8 is low, which is positive. 
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Fig. 7. Mass flows and temperatures in the coldest room (secondary axes) in supply and return 
after the standard renovation. 
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Fig. 8. Temperatures in supply and return after the standard renovation. 

 
3.3 Simulations of the SFH refurbished to TEK 10 level 

When renewing to TEK 10, it is no problem to achieve the comfort temperature. How-
ever, the same problem as in Fig. 7 is encountered in Fig. 9. In order to see possible 
improvements in this case, the return temperature has been left floating and the flow 
limitation has been reduced to 300 kg/h, but the control is still proportional. In this case 
we assume that radiators are changed, the airtightness is reduced to 0.6 ach and bal-
anced ventilation with 80% heat recovery is installed. 

For this case, when the coldest period hits, the flow is again increasing from about 
50 kg/h when the supply is at 90 °C to 100 kg/h when the outdoor temperature decreases 
to -15 °C. Again, for a brief period of supply, and little energy sold, the DH company 
would have to install larger piping, making the investment larger and resulting in a 
longer payback time. For this kind of situation, it seems to be a real need to think about 
new ways of supply. Regarding the warmer period we see the same challenge regarding 
the regulation and again a PI for the regulation of radiators is recommended. 
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Fig. 9. Mass flow needed and temperature achieved in the coldest room when DH is supplied at 
90 and 55 °C. 

In addition, Fig. 10 shows that the return temperature from this building to the DH net 
is low for both cases, enabling to completely use the installed capacity of the DH sup-
ply. The coverage of control demands with lower temperature supply from DH opens 
for the possibility to connect this type of building to the return piping. This ensures a 
larger utilization of the supplied energy from the DH provider. However, for these 
cases, the challenge would lie on the production of domestic hot water. When these 
highly efficient buildings would be connected to the return, they would require local 
solutions for the domestic hot water. The health authorities set as a requirement that the 
domestic hot water is supplied at 70°C to avoid legionella. However, there is an ongo-
ing discussion about the legionella requirements. These vary within the Scandinavian 
countries, where Norway has the most restrictive regulations.  
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Fig. 10. Supply and return temperature when DH is supplied at 90 and 55 °C. 

The solution of connecting highly efficient buildings to the return flow is suitable as 
long as the whole building mass is not fully renovated. The larger the share of renovated 
buildings connected to the return flow, the lower energy would be available on the re-
turn pipes, and new grid solutions need to be implemented (probably reducing the over-
all temperature in the network and connecting to supply).  

4 Conclusions 

From this study, it becomes clear that lowering the grid temperatures cannot be done 
without reservation. When a non-renovated area connected to high-temperature DH 
suffers supply temperature reduction, there are some challenges that need to be consid-
ered. New business models need to be developed for the development of DH. In detail: 

• Lowering the temperature of the network when buildings are not adapted and radia-
tor change is not applied, may yield risk of thermal discomfort. When the space 
heating emitter area is not increased, the design comfort temperature may not be 
achieved. A studied solution is to increase the mass flow rates, however, for some 
cases, even doubling the mass flow rate would not be enough. If in addition, the 
comfort temperature is raised, these buildings would not achieve thermal comfort 
during a large share of the year. 

• For the non-renovated buildings, when supply temperature is decreased, solutions as 
extra peak load boilers should be considered for the coldest part of the year. 

• For renovated buildings, depending on the extension of the renovation, the comfort 
may be achieved even for 100% of the time. However, it seems that in the coldest 
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periods, again there would be a need to increase the temperature locally to avoid 
oversizing the DH network beyond economically interests. 

• Finally, in the SFH renovated to the highest standard, the demands for heating would 
be very low. However, the peak demand would still be high in the coldest days of 
the year. 

• In this paper, the supply of domestic hot water is not considered, however, we can 
foresee a challenge to supply the 70°C that the Norwegian authorities demand, when 
lowering the supply temperatures. In these cases, local solutions need to be studied 
and optimized. 

• Knowledge of how the types of buildings connected to the DH would react given a 
DH supply temperature reduction is needed for all the building classes before one 
considers reducing the supply temperatures in the DH network 
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