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SUMMARY 

 

The purpose of this study was to investigate the national energy requirements of a modern, 

newly built residential development including four semi-detached houses in Stockholm, 

Sweden. The apartments were equipped with heat pumps utilising exhaust heat, resulting in a 

hydronic heating system adapted to low supply temperature. Ventilation radiators as 

combined ventilation and heating systems were installed in the two upper floors. Efficient 

preheating of incoming ventilation air in the ventilation radiator was an expected advantage. 

Under-floor heating with traditional air supply above windows was used on the ground floor. 

Energy consumption was calculated by IDA ICE 4, a building energy simulation (BES) 

program. In addition site measurements were made for comparison and validation of 

simulation results. Total energy consumption was monitored in the indoor temperature 

controlled buildings during the heating season. Our results so far indicate that total energy 

requirements in the buildings can be met in a satisfactory manner. 

 

INTRODUCTION 

 

The building sector consumes a considerable part of the total energy consumption, i.e. 

approximately one third of the world’s energy consumption (Federal Research and 

Development 2008). Population growth, increasing demands for building services, higher 

comfort requirements and increasing indoor activities are reasons that contribute to a raising 

energy demand in the future (Pe´rez-Lombard et al. 2008). However, through improvements 

in design, operation and renovation technology the building sector has good opportunities to 

reduce energy consumption. Sweden's national goal is to reduce the consumption of energy in 

buildings by 20% up to 2020, and by 50% up to 2050, in comparison with the levels for 1995 

(Molin et al. 2011). Energy efficiency in buildings can be reached by minimizing 

transmission and ventilation heat losses, i.e. by using high insulation building envelope with 

good air tightness or by using energy saving equipment like heat pumps or heat recovery 

ventilation (Thullner 2010). By studying the diagram of energy consumption in a north 

European household, Figure 1, it is obvious that heating (73%) is consuming the main part of 

the total energy consumption (Anisimova 2011). Therefore, an energy efficient heating 

system has a high potential for energy savings. One of these potentials is using low 
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temperature heating systems. Table 1 shows a classification schedule for hydronic heating 

system based on the supply water temperature. 

 

Table 1. Water temperature ranges for heat 

emitters (Myhren and Holmberg 2007) 

 
Figure 1 Structure of energy consumption 

in north EU households (Anisimova 2011) 
 

A strict standardisation of temperature ranges do not yet exist but a heating system with a 

supply temperature around 40-45 ºC is normally called a low temperature system. For heat 

pumps a decreased supply temperature results in lower energy consumption for heat 

production and thus more efficient use of energy. LT heating systems have another 

environmentally friendly advantage since they can easily be combined with sustainable low 

temperature energy sources like solar energy, etc. Different types of low temperature heating 

systems are already on the market. Under-floor heating, ceiling heating and wall heating are 

typical examples. A ventilation radiator is another type of low temperature heating unit, 

where preheating of ventilation air is combined with radiator heating of the room (Myhren 

2011). Cold outdoor air is filtrated and then preheated between the heat panels of the radiator 

before entering the room in a buoyant plume, Figure 2. The driving forces are thermal 

buoyancy and constant under pressure in the room generated by an exhaust ventilation fan. 

  

Four semi-detached and newly (2011) constructed buildings are subject of the present study. 

Each building contains two identical dwellings. The dwellings contain three stories, four 

bedrooms, living room, kitchen and two bathrooms and four persons are living in this 

dwelling. Table 2 gives general characteristics of the dwellings. All dwellings are equipped 

with a heat pump (HP), which utilizes heat of the outgoing exhaust air (EA) to cover space 

heating and Domestic Hot Water (DHW) consumption. The heating system including under-

floor heating (UFH) in the first floor and ventilation radiators (VR) in the second and third 

floor was adapted to low supply temperature. A main purpose of this study was to evaluate 

the energy performance of the buildings. The goal was achieved through a detailed 

comparison of measured and calculated energy performance in a representative model of the 

buildings. When the residents moved in December 14 the measurements could start. Our 

assessment period here is from December 14 (2011) to March 14 (2012).  

 

METHOD 

 

Energy performance of an average semi-detached house was evaluated and compared by 

theoretical calculation of energy consumption and site measurements. In the first method 

energy consumption was based on balance calculation (supplied=lost energy). Consumption 

estimations were here made by statistical modeling in Excel as well as by the Building Energy 

Simulation program IDA ICE 4, a commercial software tool. The second method was site 

measurement carried out by following electricity consumption for three consecutive winter 

months, i.e. from December 14 to March 14. Results from site measurements were compared 

with results from IDA ICE simulations to validate the model. Figure 3 shows the semi-

detached measurement buildings as well as the physical simulation model. 

Heating system 
Supply 

flow, ºC 

Return 

flow, ºC 

High temperature (HT) 90 70 

Medium temperature (MT) 55 35-45 

Low temperature (LT) 45 25-35 

Very low temperature (VLT) 35 25 
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Figure 2. Main parts of ventilation radiator: a) 

Vent grill on the building wall b) Channel 

through wall c) Filter d) Injector or inlet (with 

or without mixing of cold supply air with room 

air) e) Traditional radiator (Myhren 2011) 

 

Table 2. General characteristics of dwelling

 
Figure 3. Left: photo of four identical semi-detached houses in Stockholm; Right: simulation 

model frame of the houses in the IDA ICE software 

 

Energy balance calculation in monthly steady condition by Excel programming 

 

With this method the total energy demand of a dwelling is calculated from in and out going 

energy flows between December 14 and March 14. The results of this simple calculation give 

a good estimation of energy consumption. Since the outdoor temperature is considered to be 

constant for a month, it is called monthly steady condition. Table 3 gives input values and 

details of the calculations. Areas of different construction and design were calculated 

according to the building’s drawing. In Table 4 results of the different energy contributions in 

the dwelling is presented. Specific heating demand was based on transmission, ventilation and 

air leakage losses. Active heating demand was found by subtracting indirect/passive heating 

from the total demand. Frequency of clear and over cast days and mean outdoor temperature 

were adapted from Swedish Meteorological and Hydrological Institute (SMHI). Indoor 

temperature was set to 21 °C. According to the Swedish building regulation (BBR) DHW 

consumption is approximately 30 kWh/m
2
 of floor area.  With a floor area of 160 m

2
 this 

means 4800 kWh/year of which 20% is lost in form of indirect heating. According to BBR the 

base household electricity consumption is 2500 kWh/year. On top of this consumption 800 

kWh per person has to be added. Of the total consumption 70% contributes to indirect heating. 

For verification results from Excel energy balance calculations in Figure 5 were compared to 

results from IDA ICE simulations. 

Atotal per dwelling, m
2
 160 

Ceiling height, m 2.5 

Average U-value, W/m
2
 K 0.28 

Ventilation air change per hour, ac/h 0.55 

Window Solar Heat Gain Coefficient 0.5 

Airtightness (Leakage), (ac/h) 0.3 

Heating system in the first floor UFH 

Heating system in 2
nd

, 3
rd

 floor VR 

Heating source HP 

Ventilation system EA  
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Table 3. Left: Dwelling specific transmission, ventilation and leakage losses; Right: passive heat contribution; Below: Limit temperature calculation 

Transmission loss (specific) 

Qtrans =∑(Uj 
.
Aj) + Qthermal bridge               [W/ºC]            (1) 

Indirect/passive heat 

Construction U-value, 

W/m
2
K 

Area, m
2 

(Drawing of 

building) 

U
.
A, 

W/K 
People Hot water ( Using BBR) 

Number of persons 4 Consumption, kWh/year 4800 

Heat generation per person, W 80 Utilized for heating, % 20 

Presence, h/day 14 Total, kWh/year 960 

Per day, Wh/day 4480   

Per day, kWh/day 4.48  Per day, kWh/day 2.63 

 

 

Solar (SMHI) 

 

 

Electricity(Using BBR) 

Month 
Over cast days, 

kWh/day 

Semi-clear 

days, kWh/day 

Clear, 

kWh/day 
Base consumption, kWh/year 2500 

December 1.07 3.41 5.22 On top per person, kWh/year 800 

January 1.67 5.08 7.58 Number of persons 4 

February 5 13.57 19.22 Total, kWh/year 5700 

March 9.9 24.13 32.33 Percentage that turn to heat, % 70 

    Total contribution 3990 

    Per day, kWh/day 10.93 
 

Wall 0.15 116 17 

Floor 0.15 58 9 

Roof 0.13 65 8 

Windows 1.1 27 30 

Door 1.5 4 6 

Thermal bridge   7 

Total   77 

Ventilation loss (specific) 

Qvent =ρ 
. 
cp

. 
qvent                                 [W/ºC]                       (2) 

Outdoor air inflow, m
3
/s 0.06 

Air density, kg/m
3
 1.2 

Air heat capacity, J/kg°C 1010 

Qventilation, W/°C 72.6  

Air leakage loss (specific) 

Qleakage =ρ 
. 
cp

. 
qleak                           [W/ºC]                       (3) 

tot

Passive
indoor

Q

P
TT lim  (4)  , 

hours

E
P Passive

Passive   (5) 

1062
2208

1000*27.2345
PassiveP W 

T limit = 15
194

1062
21   °C 

Month Epassive,  

kWh 

No of 

days 

Hours 

per day 

Total 

hours 

December 336.60 17 24 408 

January 658.75 31 24 744 

February 764.32 29 24 696 

March 585.60 15 24 360 

Sum 2345.27 
  2208 

 

Air leakage, ac/h 0.3 

Volume, m
3

 441 

Air leakage flow, m
3
/s 0.037 

Qleakage, W/°C 44.4 

Total loss, W/°C 194 
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    Table 4. Heating demand for winter months by the energy balance method and degree hours calculation 

Total heat losses,  

kWh/day 
 Indirect/passive heating, kWh/day 

 
Active heating, kWh/day 

 
Electricity People Hot water Solar heat gain No of days Energy Indirect/passive Eactive= Etrans+vent+leak –E ind/pass 

Heating Demand in December, Mean temperature : 1.6 °C (SMHI 2011) 
90 10.93 4.48 2.63 Over cast days 12 1.07 19.11 71 

90 10.93 4.48 2.63 Semi-clear days 5 3.41 21.45 69 

90 10.93 4.48 2.63 Clear 0 5.2 23.26 67 

                                                                                                                                                        Total December:  1197 kWh 

Heating Demand in January, Mean temperature : -2.6 °C (SMHI 2012) 

112 10.93 4.48 2.63 Over cast days 19 1.67 19.7 92 

112 10.93 4.48 2.63 Semi-clear days 9.1 5.08 23.1 89 

112 10.93 4.48 2.63 Clear 2.9 7.58 25.6 86 

                                                                                                                                                                               Total January:  2812 kWh 

Heating Demand in February, Mean temperature : -5.2 °C (SMHI 2012) 
122 10.93 4.48 2.63 Over cast days 16.2 5.01 23.04 99 

122 10.93 4.48 2.63 Semi-clear days 8.6 13.57 31.61 91 

122 10.93 4.48 2.63 Clear 3.2 19.22 37.26 85 

                                                                                                                                                                              Total February: 2658 kWh 

Heating Demand in March, Mean temperature : -0.4 °C (SMHI 2012) 
100 10.93 4.48 2.63 Over cast days 2 9.9 27.9 72 

100 10.93 4.48 2.63 Semi-clear days 9 24.13 42.1 58 

100 10.93 4.48 2.63 Clear 3 32.33 50.3 50 

                                                                                                                                                                Total March: 816 kWh 
 

                                                                              

                                                                                              

Table 5. Nomenclature  

U,W/m
2
°C       Heat transfer coefficient 

E, kWh/year     Energy Demand 

ρ, kg/m
3
            Air density 

cp, J/kg°C         Air heat capacity 

qvent, m
3
/s         Outdoor air inflow 

qleak, m
3
/s         Assumed air leakage 

Qtot ,  W/ ºC     Total Loss 

Dh  , h              Degree hours 

A, m
2
               Area                                            

 

E=Qtot  
.
 Dh                                  (6)                                                                                                                              

E = Qtot W/ ºC 
.
 Area  ºC h / year      

E = 194 
.
 80280 = 15570 kWh/year 

 

Figure 4. Degree hours calculation 
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Energy balance calculation by building energy simulation 

 

Building Energy Simulation (BES) is widely used to predict energy consumption in buildings. 

IDA ICE (Indoor Climate and Energy) is a BES tool for thermal comfort, indoor air quality 

and energy consumption in buildings. It was originally developed at KTH Royal Institute of 

Technology, Division of Building Services Engineering and the Swedish Institute of Applied 

Mathematics, ITM (Jokisalo et al. 2008). In this project the program calculates monthly 

energy consumption of a building by solving heat balance equations on description of the 

building geometry, construction, HVAC conditions and internal heat gain. An early validation 

study of IDA ICE showed good agreement between simulated and measured data (Travesi et 

al. 2001). The program has since then continuously been developed and compared to many 

different applications, and the number of users has continuously risen. Here IDA ICE 

predictions are compared to site measurements. Climate data in IDA ICE includes outdoor air 

temperature, relative humidity, wind direction, wind speed and solar radiation (direct normal 

radiation and diffuse radiation on a horizontal surface) for every hour. By a finite difference 

method and transient calculations the program predicted energy balances for every 1.5 hour. 

Calculations for each time steps were completed when the residuals of all variables were less 

than the tolerance level, normally 0.02. In the energy calculations by Excel (steady state) only 

the average monthly outdoor temperature and estimated monthly solar heat gain are taken into 

account. Also, the storage and emission of heat in the structure of the building are accurately 

calculated in IDA ICE. This is important for the power demand calculation in the building. In 

the Excel programming, on the other hand, influence of thermal inertia (time constant) of the 

building was neglected. Hence the building energy simulation by IDA ICE is supposed to be 

more accurate than Excel programming in calculating the energy consumption.   

 

Model description 

 

In the IDA ICE simulation, the physical model of the building was developed. Room heating 

model for the first floor was UFH and for the second and third floor VR. Supply air was 

placed above the windows for the first floor and behind the radiators for the second and third 

floor. Indoor temperature was set at 21±0.5 ºC. The model consists of 12 zones in each 

dwelling which follow the original geometries of the building. The different zones are 

assigned to the usage of the space, i.e. one zone for the kitchen, one zone for the living room, 

etc. Constant Air Volume (CAV) system is modelled for the ventilation system with different 

exhaust air flow rate for the different zones. Infiltration distribution is assumed to be in 

proportion to the external surface area. Periodic time-steps were used during the simulations. 

Default value of maximum time-step and tolerance were set to 1.5 hour and 0.02 respectively 

i.e. the energy balance calculation was done for every 1.5 hour till the relative difference 

between the two last calculations for all variables became less than 0.02. Climate data is 

based on local outdoor conditions during the period, observed by the SMHI. It is assumed that 

occupants spend 14 hours per day at home, except for holidays (20 hours). Occupants are 

wearing light clothing and they are resting, i.e. the activity level is 1 MET (metabolic 

equivalent) and the clothing is 0.85 CLO (overall clothing insulation). The coefficient of 

occupancy level varies from 0 when occupants are not at home to 1 when home is fully 

occupied. 

 

Site measurement description 

 

The energy consumption for space heating and DHW in this residential area was also 

measured by monitoring the electricity consumption during the winter period of three months. 
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Occupants were asked to read and report the electricity consumption each month from the 

heat pump electricity metering device display. In order to achieve the heating demand this 

value was multiplied by the COP value (Coefficient of Performance) of the heat pump. 

According to the investigation by (Nowacki 2007) the COP for exhaust air heat pump producing 

hot water of 50 °C is 2.7.  Finally, this consumption was compared to simulated figures. 

 

RESULTS AND DISCUSSION  

 

Comparison between energy balance calculations in Excel and IDA ICE simulations 
 

To verify results from energy balance calculation in Excel a comparison with results from 

IDA ICE simulations is shown in Figure 5. Predicted heating demands with the two methods 

are in good agreement since both methods used the same concept of energy balance. The total 

energy consumption for the selected winter months predicted by IDA ICE is 58.4 kWh/m
2
. 

This is 19% higher than the prediction by energy balance calculation in Excel giving 

46.8 kWh/m
2
. In February the difference between energy consumption is higher than other 

months which can be attributed to the more solar radiation and more sunny days than 

expected used in Excel programming. 

 

Comparison between site measurement and IDA ICE results 

 

Total energy consumption during the winter period is in this step compared between results 

from IDA ICE simulations and site measurements, see Figure 6. This way we hope to have a 

reasonable check (validation) of accuracy in presented results. An average variation of 9 % is 

found between IDA ICE (58.4 kWh/m
2
) and measurements (52.8 kWh/m

2
). Input data such as 

internal heat gains or occupants living habits are influencing the results. Also the influence of 

shading by surrounding buildings and roof overhang was ignored in IDA ICE simulations. 

This may result in a lower active heating demand due to an overestimation of the passive solar 

energy contribution in simulation. 

 

 
Figure 5. Comparison of results from                          Figure  6. Comparison between site               

energy balance calculation in steady state by Excel     measurements and simulation results by  

and in dynamic state with IDA ICE simulations          IDA  ICE 

 

CONCLUSION 

 

In this study the energy performance of the new residential area in Stockholm, which is 

equipped with low temperature heating systems, was evaluated by comparing the results of 

energy consumption by different methods. The first method includes energy balance 

calculations by Excel programming (steady state) and the IDA ICE simulation tool (transient). 
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In this method the total active heating demand was found by using formulas of transmission, 

ventilation and leakage losses and indirect/passive heating contribution. The simulation 

results were based on input data of building geometry, construction, HVAC and internal heat 

gain. Results from the first method with energy balance formulas in Excel were verified by 

comparing them to IDA ICE results. Results from the comparison showed that a good 

agreement existed between the energy balance calculations in Excel and IDA ICE simulations 

and they are following the same concept of energy balance. To find the real energy 

consumption site measurements were arranged by monitoring the electricity consumption of 

the heat pump in the dwelling. Electricity consumption of the heat pump was then multiplied 

by the COP value to find the required heating demand. Living habits of occupants are 

influencing the results and more accurate information here will most likely give an improved 

picture of the heating demand. 

 

To find the energy demand in the building for the whole year the concept of degree hours was 

used (Table 3 and Figure 4). This is a simplified method to calculate the building energy 

demand for active heating. The degree hours depends on the building location, the chosen 

indoor temperature and the indirect/passive heat supply. The integrated area (°C 
. 
h) from the 

duration curve of the outdoor temperature over a year to the horizontal limit temperature 

represents the need of active heating, i.e. degree hours (Dh). This area visualises the concept 

of degree hours.  The heating contribution from the limit temperature to comfort temperature 

is given by indirect/passive heating. The duration curve in Figure 4 (Jansson J and 

Wetterstrand M) is for Stockholm (normal temperature 6.6 °C). According to the Equation 4 

the limit temperature is 15 °C. So the annual energy demand (E) in the building is 15570 

kWh/year (Equation 6). The total energy consumption of the building and also the average 

value for DHW leads to a total consumption of 47 kWh/m
2
. This is below Swedish 

regulations for heat pump systems, where the upper limit is 55 kWh/m
2
. How much the result 

has to do with the selected room heaters (ventilation radiators on two floors and floor heating 

in the basement) is too early to say but the result gives us an interesting indication. 
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