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Foreword 
 
The importance of the thermal performance of buildings has increased due to e.g. the 
implementation of the Energy Performance Directive of Buildings. In this context energy 
certification systems of buildings will also require the calculation of energy consumption of 
buildings in future. The fact that the thermal mass of buildings decreases total energy 
consumption, is well known, but the amount of this effect depends on many assumptions 
and values used in the calculations. During this project it has been collected the best 
available Nordic knowledge around the table to develop a Nordic consensus about the 
questions studied. 
 
It’s important that we have in Nordic countries enough knowledge to be in the forefront in 
order to get our views included in the European standardisation. The thermal mass of 
buildings has a clearly positive effect on energy consumption and indoor climate. However, 
the buildings have to be designed cleverly to be capable to utilise possibilities for smaller 
energy consumption and better indoor climate. 
 
This project was a co-operation project with research institutes of Nordic countries. There 
were used six different energy calculation software’s, whose results were compared with 
each other and with one program based on the European standard EN 13790, Thermal 
performance of buildings - Calculation of energy use for space heating and cooling.  The 
main author of the report and the collector of the results was Timo Kalema from Tampere 
University of Technology.  
 
Researchers and other authors, who have participated on the project by making calculations 
and writing the report, are: 
 
Timo Kalema and Petri Pylsy, Tampere University of Technology, Finland 
Gudni Jóhannesson and Per Hagengran, Kungliga tekniska högskola, Sweden 
Miimu Airaksinen, VTT, Finland 
Tor Helge Dokka, SINTEF, Norway 
Mats Öberg, Cementa Ab, Sweden 
Jarmo Keski-Opas, AX-Consulting Oy, Finland 
Kristian Rapp, Control Engineering Ab, Sweden 
Mikko Pöysti, maxit Oy Ab, Finland 
 
The project is financed by Finnish masonry industry, Finnish concrete industry, Cementa 
Ab, maxit Group and maxit Norway and Finland. In addition to researchers the steering 
group members of the project were:  
 
Arto Suikka, Confederation of Finnish Construction industries RT,  
Oddvar Hyrve, maxit Group,  
Geir Wold-Hansen, maxit as and 
Anders Lidholm, maxit Ab. 
 
     
  Mikko Pöysti 
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1. Introduction 
 
The role of buildings’ energy analysis using calculations is coming more important. The 
energy performance directive of buildings (EPDB) demands that the energy efficiency (e.g. 
energy consumption/floor area) must be calculated in the design phase. EPDB also demands 
the use of an energy certificate for buildings, when they are sold or rented. This certificate is 
based for new buildings on calculations. On the other hand, the improvement of the level of 
thermal insulation, the increasing use of electricity and the use of big window areas on south 
facades can cause very high interior temperatures, if no cooling or extra ventilation are used. 
For these reasons cooling energy and interior temperatures must be analysed also in Nordic 
climate in certain cases. 
 
There are energy calculation programs based on different methods and level of complexity. 
The simplest ones are so called energy balance programs, which calculate the monthly 
energy balances for a fixed interior set-point temperature. They are suited for the calculation 
of the heating energy as well as cooling energy. The most important of these is ISO DIS 
13790, Thermal Performance of Buildings – Calculation of Energy Use for Space Heating 
and Cooling. It has an official role in Europe, because it is mentioned in the EPDB and 
many European countries use it in their national energy performance calculation methods.  
 
There has been much discussion and it has been made many studies concerning the effect of 
thermal mass on energy consumption and the validity of ISO DIS 13790 in the calculation 
of energy consumption. For the effect of thermal mass on heating energy values from 
approximately 0 to 10 % have been obtained. In the cooling energy the effect of thermal 
mass is clearly higher. On the other hand it has been questioned generally the ability of ISO 
DIS 13790 to calculate the energy consumption in Nordic climate and especially its two 
parameters a0 and τ0, which are used to calculate the utilisation factor of ISO DIS 13790. 
 
Because of the importance to get reliably research results on the effects of thermal mass on 
the energy consumption and the importance of ISO DIS 13790 in Europe it was wanted to 
make a joint Nordic research on the effects of thermal mass as well as the validity of ISO 
DIS 13790. The purpose was to find a Nordic consensus on these two main questions. In 
addition to this some sensitivity analysis on the effects of climate, thermal insulation level 
of the envelope, windows’ size and orientation and the tightness of the building were 
performed. 
 
There have been made earlier many studies, which show that various energy analysis 
programs and their users can get very different results even for a simple building. The 
reasons for the differences can depend e.g. from the different modelling assumptions, 
different interpretations of the reality and simplifications and errors involved in all 
programs. Therefore, in the energy analysis of buildings many analysis methods should be 
used at the same time and the input data should be described so detailed, that there would 
not be too many possibilities for misinterpretations.  
 
In this study the energy calculations were made for a single-family house and an apartment 
building, which fulfil the present Finnish building regulations. The buildings were 
extremely detailed described and the physical reality was partly simplified in order to allow 
all methods to calculate at the same level of complexity. The weather data of Helsinki was 
mainly used in calculations. 
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The following six simulation programs were used: Consolis Energy/Sweden, IDA/ICE 
Sweden/Finnish user, SciaQPro, Norway, TASE/Finland, VIP/ Sweden and VTT House 
Model/Finland. The validity of ISO DIS 13790 was evaluated by analysing its utilisation 
factor and by using in the energy analysis maxit energy program, which is based on the 
European standard EN 832, which is the predecessor if ISO DIS 13790. 
 



2. Utilisation factor 

2.1 Definition 
 
The calculation of heating energy is based in the monthly energy balance methods, such as 
ISO DIS 13790, Energy Performance of Buildings – Calculation of Energy Use for Space 
Heating and Cooling on a fixed interior (set-point) temperature. However, when the internal 
and solar heat gains exceed the steady-state heat loss, the interior temperature raises 
increasing heat losses. This increase cannot be taken into account in the energy balance 
methods as increased heat losses, because the interior temperature is fixed.  
 
When the heat loss (total heat transfer according to ISO DIS 13790) for the heating mode 
QL,H is calculated using a fixed interior temperature, the total heat sources QG,H must be 
reduced in order to obtain a right value for the net heating energy QNH. This reduction is 
made using the gain utilisation factor for heating ηG,H of Eq. 2.1, which is also the definition 
of the gain utilisation factor: 

 
HGHGHLNH QQQ ,,, η−=  (2.1) 

 
QL,H   is  total heat loss (heat transfer) including thermal conduction, infiltration and that 
  part of mechanical ventilation, which is heated in the calculation zone 
ηG,H  gain utilisation factor for heating 
 
The total heat loss is the sum of transmission (QT) and ventilation heat losses (QV) 
 

(2.2) 
VTHL QQQ +=,        

 
The total heat sources (QG,H) consist from the internal heat sources (such as lighting and 
heat from appliances and persons, Qi,H) and from the solar heat sources (QS,H), which mainly 
consists from the solar radiation transmitted trough windows 
 

(2.3) HSHiHG QQQ ,,, +=  
 
The utilisation factor is calculated using simulation models, which calculate at the same 
time the heating energy and the interior temperature. The utilisation factor is usually a 
monthly one, but it can be also presented for the heating season. The net energy use for 
cooling can be calculated analogously with the utilisation factor for heat losses (ηL,C). 
 
The utilisation factor is this not a physical parameter, but a correlation coefficient, which 
can be obtained using building simulation models. The reliability of the utilisation factor 
depends therefore on the quality of the simulation models used and the consistent use of 
input data and operational strategy.  E.g. the cooling strategy used in simulations affects the 
energy use for space heating. Therefore, when estimating the reliability of utilisation factors, 
the methods by which they have been obtained should be known. 
 
 The monthly gain utilisation factor for heating  is calculated from two simulations and from     
Eq. 2.4: 
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where 
 
QLsim1   is  monthly heat loss from a first simulation calculated at fixed interior temperature 
 21 oC (both the heating and cooling set points are 21oC). If the calculation model 
 does not directly give heat loss it can be obtained indirectly from the building’s 
 energy balance:  QLsim1 =  QHsim1+ QG,H. This heat loss corresponds that of the 
 energy balance method. 
QHsim2 monthly heating energy from a second simulation with real set-point 
 temperatures (e.g. 21 oC for heating and 25 oC for cooling) 
QG,H  monthly total energy of heat sources (same in both simulations) 
 
The utilisation factor is presented as a function of the gain/loss ratio  
 

HL

HG
H Q

Q

,

,
=γ  (2.5) 

 
In order to get a good fit for the utilisation factor curve (e.g. Fig. 2.1) many (γH, ηG,H) points 
must be calculated. 
 

2.2 Correlation equations 
 
The standard proposal ISO DIS 13790 gives for the gain utilisation factor equations 2.6 and 
2.7. The last mentioned equation is for the special case when the gain/loss ratio is exactly 1: 
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(2.6) 

(2.7) 

 
 
The dimensionless parameter aH is 
 

H

H
HH aa

,0
,0 τ

τ
+=   (2.8) 

 
where 
 

Ha ,0   is a parameter, which is a0,H = 1,0 for continuously heated buildings and for 
 monthly calculations 

H,0τ   a reference time constant, which is H,0τ = 15 h for continuously heated buildings 
 and for monthly calculations 
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The time constant of the building or its zone is  
 

HL

m
H H

C

,

=τ  (2.9) 

 
Cm  is  the internal heat capacity of the building or its zone 
HL,H  heat loss coefficient of the building or its zone for the heating mode 
 
The physical interpretation for Cm is a single thermal capacity at the surface of the 
construction that gives the same turnover of heat during a daily variation of the internal 
temperature as the real construction. This can be calculated exactly with analytical methods, 
but ISO DIS 13790 also gives approximate methods for calculating the internal heat 
capacity. The thermal capacity of the construction taken into account is limited to 0,10 m 
from the surface or to the first insulation layer.  
 
Thus when calculating the net heating energy using a monthly energy balance method the 
parameters a0,H and H,0τ  are correlation coefficients based on simulation results from a large 
number of simulations with varying preconditions such as building parameters and climates. 
Recently a number of publications have questioned the generality of the chosen parameters 
from given examples. More often it is obvious that the preconditions in these studies are not 
consistent with the basis of the standard. One of the central issues of this study is to evaluate 
the possible range and validity of the above mentioned values a0,H = 1,0 and H,0τ = 15 h by 
carrying out numerous simulations that are consistent with the original preconditions used 
as a basis for ISO DIS 13790 . 
 
Equations 2.6 and 2.7 can also be presented using Figure 2.1. 

 
 
Figure 2.1. Gain utilisation factor according to ISO DIS 13790 for continuous heated 
buildings and for the monthly calculation method. 
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H.A.L. van Dijk & C.A.M. Arkesteijn report as the result of the PASSYS project some gain 
utilisation factors. From the equations they have studied the best fit for net heating energy 
seems to be obtainable with the following simple equation for the utilisation factor: 
 

D
K

HG
He −
−

−= γη 1,      (2.10) 
 
where the parameters K and D for two building types are presented in Table 2.1 
 
Table 2.1. Parameters K and D for Eq. 2.10 /Dijk & Arkesteijn/. Continuous heating. 
 

Building type K D 
Masonry type 1,35 0,27 

Wooden frame type 1,19 0,00 
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3. Single family house used in calculations 

3.1 General information on the single-family house 
 
The building is a ridge roofed single-family house having alternatively four structures; the 
extra light, the light, the semi-weight and the massive ones. Their thermal capacities per 
floor area are 50, 190, 470 and 610 kJ/Km2, respectively. The extra-light and the light 
buildings have a parquet flooring and the semi-weight and the heavy buildings have a 
ceramic tile flooring. 
 
The original layout of the house is shown in Figure 3.1. Its two-zone and single-zone 
simplifications for calculations are presented in Figures 3.2 and 3.3. The overall internal 
dimensions of the building are 18,6*8,7*2,5 m. The building is located so that its living 
room is facing to the south and the kitchen to the north. The latitude and longitude of the 
house are 60,22° and 25,00° respectively. The house is inhabited by a four-person family,   
2 adults and 2 children, which is taken into account in the internal heat gains. Tables 3.1 and 
3.2 present the measurements for the two-zone building. 
 
Table 3.1. Measurements according to the overall internal dimensions, when the building is 
divided into two zones. 
 

Building volume 405 m3 
Floor area 162 m2 

Room height 2,5 m 
 
Table 3.2. Areas of exterior walls and doors as well as windows in various directions for the 
two-zone building.  
 

Direction of 
compass 

Exterior walls 
m2 

Windows 
m2 

Doors 
m2 

North 36,06 8,44 2,0 
West 20,09 1,66 - 
South 36,12 8,38 2,0 
East 21,50 0,25 - 

Total 113,77 18,73 4,0 
 



Figure 3.1.  The original layout of the small house and the numbering of the rooms. 
 

3.2 Structures 
 
The single-family house has the following four alternative building structures:  
 

- Extra light-weight structures, thermal capacity/floor area 50 kJ/ Km2 
- Light-weight wooden structures, thermal capacity/floor area 190 kJ/Km2 
- Semi-weight masonry structures, thermal capacity/floor area 470 kJ/Km2 
- Massive concrete structures , thermal capacity/floor area 610 kJ/Km2 
 

The U-values of different exterior walls, roofs and floors are exactly the same respectively 
and they are slightly lower than the demands of Finnish building regulations (RakMK D3).  
 
All structures are presented in Tables 3.3 – 3.6 in which the layers are given from the 
outside to the inside.  
 
The U-value of the windows and the exterior doors is 1,40 W/m2K in all buildings.  Total 
solar transmission coefficient (g) is 0,64 for perpendicular radiation. The coefficient 0,9 is 
used to take into account the angle dependence for the average radiation, if this is not taken 
into account in a more accurate way in the calculation model. The average value of the 
frame factor is 0,20.  
 
In calculations base floors are dealt as exterior walls, which are restricted to open-air. 
 
When making calculation with the maxit energy program the thickness of the insulation 
layers may be altered so that the correct U-values are obtained. This is due to the fact, that 
the values of thermal conductivity can not be changed in maxit energy. The foundation 
depth in calculations is 0,4 m (maxit energy). 
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Extra light-weight structures 
 
Table 3.3. Extra light-weight structures. The U-values of exterior structures include a 
thermal resistance of 0,20 m2K/W for interior and exterior surfaces. 
 

 Structures D 
 

mm 
 

λ

Km
W

 

 

ρ 

3m
kg

 

 

c 

kgK
J

 

R 

W
Km 2

 

U 

2Km
W

 

Exterior 
wall, 
EW1 

Exterior covering (wooden board) 
Air gap 

Wind shield board ( RKL-EJ) 
Support structure 50x150x600 

Mineral wool insulation (KL 35)   
Moisture barrier 

Interior covering  (gypsum board) 
 

28 
22 
25 

 
150 

 
13 

0,14 
 

0,031 
 

0,047 
 

0,23 

460 
 

320 
 

15 
 

800 

1360 
 

840 
 

840 
 

840 

 
0,17 

0,22 

Roof, 
RF1 

Sheet metal 
Ventilation space 

Mineral wool insulation (KL 35)  
Roof truss (tie) 48x300x1200 

Air gap 
Interior covering panel 

 

 
 

300 
 

22 
12 

 
 

0,041 
 
 

0,23 

 
 

15 
 
 

500 

 
 

840 
 
 

1500 

 
 
 
 

0,17 
0,13 

Base 
floor, 
BF3 

Polystyrene 
Woodchip board 
Surface material 

-parquet 
 

250 
25 

 
15 

 

0,035 
0,13 

 
0,14 

 

20 
600 

 
460 

 

1210 
1380 

 
1360 

 

 Struc-
ture 

only: 
0,13 

Insulated 
separating 
wall, SW1 

Basic 
structure 

Gypsum board 
Mineral wool insulation (KL 37)  

Gypsum board 

10 
100 
10 

0,23 
0,037 
0,23 

800 
15 

800 

840 
840 
840 

 

 

Uninsu-
lated 

separating 
wall, SW2 
An altern-

ative 
 

Gypsum board 
Air gap 

Gypsum board 

10 
 

10 

0,23 
 

0,23 

800 
 

800 

840 
 

840 

 
0,17 

 

 
In basic calculations it is used the insulated separating wall. 
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 Light-weight structures 
 
Table 3.4. Light-weight structures. The U-values of exterior structures include a thermal 
resistance of 0,20 m2K/W for interior and exterior surfaces. 
 

 Structures D 
 

mm 
 

λ

Km
W

 

 

ρ 

3m
kg

 

 

c 

kgK
J

 

R 

W
Km 2

 

U 

2Km
W

 

Exterior 
wall, 
EW1 

Exterior covering (wooden board) 
Air gap 

Wind shield board  ( RKL-EJ) 
Support structure 50x150x 600 

Mineral wool insulation  (KL 35)  
Moisture barrier 

Interior covering  (gypsum board) 
 

28 
22 
25 

 
150 

 
13 

0,14 
 

0,031 
 

0,047 
 

0,23 

460 
 

320 
 

15 
 

800 

1360 
 

840 
 

840 
 

840 

 
0,17 

0,22 

Roof, 
RF1 

Sheet metal 
Ventilation space 

Mineral wool insulation  (KL 35) 
Roof truss (tie) 48x300x1200 

Air gap 
Interior covering panel 

 

 
 

300 
 
 

22 
12 

 
 

0,041 
 
 
 

0,23 

 
 

15 
 
 
 

500 

 
 

840 
 
 
 

1500 

 
 
 
 
 

0,17 

0,13 

Base floor, 
BF1 

Foundation soil 
Condensed gravel 

Polystyrene 
Reinforced concrete 

Surface material 
-parquet 

 

- 
- 

250 
80 

 
15 

 

 
 

0,034 
1,7 

 
0,14 

 

 
 

20 
2400 

 
460 

 

 
 

1210 
840 

 
1360 

 

  
 
 
 
 

Struc-
ture 

only: 
0,13 

Insulated 
separating 
wall, SW1 

Basic 
structure 

Gypsum board 
Mineral wool insulation  (KL 37)  

Gypsum board 
 

10 
100 
10 

0,23 
0,037 
0,23 

800 
15 

800 

840 
840 
840 

 

 

Uninsulated 
separating 
wall, SW2 

An 
alternative 

Gypsum board 
Air gap 

Gypsum board 

10 
 

10 

0,23 
 

0,23 

800 
 

800 

840 
 

840 

 
0,17 

 

 
In basic calculations it is used the insulated separating wall.  
 
.
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Semi-weight structures 
 
Table 3.5. Semi-weight structures. The U-values of exterior structures include a thermal 
resistance of 0,20 m2K/W for interior and exterior surfaces. 
 

 Structures D 
 

mm
 

λ 

Km
W

 

 

ρ 

3m
kg

 

c 

kgK
J

 

R 

W
Km 2

 

U 

2Km
W

 

Exterior 
wall, 
EW2 

Block structure 100mm 
Insulation layer 140 mm (EPS) 

Block structure 100mm 
 

100 
140 
100 

0,21 
0,0405 
0,21 

700 
25 

700 

840 
1200 
840 

 

0,22 

Roof, 
RF2 

Insulation layer (KL-35 mineral wool) 
Cored slab (P 27) 

- concrete 
- air gap 

- concrete 
 

250 
 

79 
 

79 

0,034 
 

1,7 
 

1,7 

15 
 

2400 
 

2400 

840 
 

840 
 

840 

 
 
 

0,10 0,13 

Base floor, 
BF1 

Foundation soil 
Condensed gravel 

Polystyrene 
Reinforced concrete 

Surface material 
-clinker 

- 
- 

250 
80 

 
15 

 
 

0,034 
1,7 

 
0,70 

 

 
 

20 
2400 

 
1700 

 
 

1210 
840 

 
920 

  
 
 
 

Structure 
only: 
0,13 

Separating 
wall, 
SW3 

Brick structure (CSU) 85 0,95 1900 840  
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Massive structures 
 
Table 3.6. Massive structures. The U-values of exterior structures include a thermal 
resistance of 0,20 m2K/W for interior and exterior surfaces. 
 

 Structures D 
 

mm
 

λ 

Km
W

 

ρ 

3m
kg

 

c 

kgK
J

 

R 

W
Km 2

 

U 

2Km
W

 

Exterior 
wall, 
gable, 
EW3 

 

Exterior concrete 
Mineral wool insulation (OL-E) 

Interior concrete 

70 
160 
80 

 

1,7 
0,037 
1,7 

2400 
15 

2400 

840 
840 
840 

 

0,22 

Exterior wall, 
facade, 
EW4 

Exterior concrete 70mm 
Mineral wool insulation (OL-E) 

Interior concrete 120mm 
 

70 
160 
120 

1,7 
0,037 
1,7 

2400 
15 

2400 

840 
840 
840 

 

0,22 

Roof, 
RF1 

Mineral wool insulation (KL-35) 
Cored slab (P 27) 

- concrete 
- air gap 

- concrete 
 

250 
 

79 
 

79 

0,034 
 

1,7 
 

1,7 

15 
 

2400 
 

2400 

840 
 

840 
 

840 

 
 
 

0,10 0,13 

Base floor, 
BF2 

Foundation soil 
Insulation layer (EPS 60S) 

Cored slab (P 27) 
- concrete 
- air gap 

- concrete 
Surface material 

- clinker 
 

- 
270 

 
79 

 
79 

 
15 

 
0,037 

 
1,7 

 
1,7 

 
0,70 

 
20 

 
2400 

 
2400 

 
1700 

 
1210 

 
840 

 
840 

 
920 

 
 
 
 

0,10 

 
 
 
 
 
 

Structure 
only: 
0,13 

Separating 
wall, 
SW3 

Brick structure (CSU) 
 
 

85 0,95 1900 840  
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3.3 Simplified floor plans and surfaces 
 
Two different simplified floor plans have been used in calculations. In Case 1 the building 
is divided into two zones using a separating wall in the east-west direction. In this case the 
living room and the kitchen form the zone 1 and all other rooms the zone 2. In Case 2 there 
is only one big zone which contains all rooms. 
 
3.3.1 Case 1, a two-zone building having a separating wall in east-west direction 

The simplified two-zone building having a separating wall in east-west direction is 
presented in Figure 3.2 and in Table 3.7. The area of the fictive interior walls (Table 3.7) is 
the area of the separating walls in the original layout (Figure 3.1) excluding the separating 
wall in case 1 (Figure 3.2). The fictive interior wall must be modelled in such a way each 
model makes is possible. 
 
Thermal capacities and the corresponding time constants of the four different construction 
types in zone 1 of Case 1 are shown in Table 3.8.   
 
 

 
Figure 3.2.  Case 1, a two-zone building having a separating wall in east-west direction. 
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Table 3.7.  Surface areas for the two-zone building (Case 1). 
 
Zone 1 / Case 1 
 
Direct

of 
compass

Exter
walls 

m² 

Wind
 

m² 

Doors
 

m² 

parating 
all 

m² 

e floor 
 

Fictive 
interior walls

m² 

ion 

 

ior ows Se
w

Bas
m²

South 36,12 8,38 2,0 - - - 
West 9,05 0,7 - - - - 
East 9,75 - - - - - 

North - - 2,0 44,5 - - 
Total 54,92 9,08 4,0 44,5 72 31,6 

 
Zone 2 / Case 1 
 
Direction 

of 
compass 

Exterior 
walls 

m² 

Windows
 

m² 

Doors
 

m² 

Separating 
wall 
m² 

Base floor 
m² 

Fictive 
interior walls

m² 
 

South - - 2,0 44,5 - - 
West 11,04 0,96 - - - - 
East 11,75 0,25 - - - - 

North 36,06 8,44 2,0 - - - 
Total 58,85 9,65 4,0 44,5 90 39,6 

 
 
 
Table 3.8 a. Thermal capacities of the four constructions for zone 1/ Case 1. 
 
Extra li eight stru sght-w cture  
 

Effective thermal capacity 
 

 
Zone 1 

Absolute     
MJ/K 

Per floor area
kJ/m K 

Time constant
h 

²
Exterior walls 0  ,48  

Roof 0,65   
Base Floor    

- with parquet 2,17   
Separating wall 0,30   

    
To 3,59 50 17 tal 
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Table 3.8 b. Thermal capacities of the four constructions for zone 1/ Case 1. 
 
 
Light-weight structures 
 

Effective thermal capacity 
 

 
Zone 1 

Absolute     
MJ/K 

Per floor area
kJ/m²K 

Time constant
 
 

h  
Exterior walls 0,48   

Roof 0,65   
Base floor    

- with parquet 12,   29  
Separating wall 0,3  0  

    
To 13 65 tal ,72 190 

 
Semi-weight structures 
 

Effective thermal capacity 
 

 
Zone 1 

Absolute     
MJ/

Per floor area
kJ/m²K 

Time constant
 
 

h 
 

K 
Exterior walls 3  ,23  

Ro 14  of ,52  
Base flo    or 

- with clinker 13,3   0 
Separating wall 3,02   

    
Total 34,07 473 160 

 
 
Massive-structures 
 

Effective ther
 
mal capacity  

Zone 1 
Absolute     

MJ/K 
rea

²K 

nt
 

Per floor a
kJ/m

Time consta

 
h 

Exterior ,31    walls 10
Roof 14,52   

Base Fl    oor 
- with c ,20   linker 16

Separat 02   ing wall 3,
    

Total 44,05 612 208 
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he simplified building having a single-zone is presented in Figure 3.3 and in Table 3.9. 
or walls is the area of separating walls in original layout (Figure 

.1). The thermal capacities of different building types and their time constants for Case 2 
are shown in Table 3.10.  
 

3.3.2 Case 2, a single-zone building 

T
The area of fictive interi
3

 
 
Figure 3.3. Case 2, Single-zone building having no separating wall. 
 
 

able 3.9. Surface areas for Case 2. 

Exterior 
walls

m² 

Windows Doors Base 
or 
 

Fictive  
interio

m²

 
T
 

 
Direction of compass   

m² 
 

m² 
flo

m²
r walls 

 
South 36,12  2 - 8,38 ,0 - 
West 20,09 66 - - 1, - 
East 21,50 ,25 - - - 0

North 36,06 ,44 2,0 - - 8
Total 113,77 18,73 4,0 115,7 162 

 
 



  21 
 

rious structures for of Case 2. 
 
Table 3.10.a. Thermal capacities of va

Extra light-weight structures 
 

Effective thermal capacity
 

 
Case 2 

Time constant

Absolute   Per floor area 
 
 
h MJ/K kJ/m²K 

Exterior walls 0,99   
Roof 1,46   

Base Floor    
- with parquet 4,87   

Total    
- with parquet 7,33 45 15 
 
 
Light-weight structures 
 

Effective thermal capacity
 

 
Case 2 

Absolute   
MJ/K 

Per floor area 
kJ/m²K 

Time constant
 
 
h 

Exterior walls 0,99   
Roof 1,46   

Base floor    
- with parquet 27,65   

Total    
- with parquet 30,10 186 64 
 
 
Semi-weight structures 
 

Effective l capacit therma y
 

 
Cas

Absolute 
MJ/K 

floor area 
kJ/m²K 

e constan
 
 
h 

e 2 
  Per 

Tim t

Exterior w 6,69   alls 
Roof 32,66   

Base floor    
- with clinker 29,93   

Total    
- with clinker 69,28 428 147 
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Table 3.10.b. Thermal capacities of various structures for of Case 2. 
 
Massive structures 
 
 

Effective thermal capacity
 

 
Case 2 

Absolute   
M

Per  
kJ/m  

Time constant
 

h J/K 
floor area

²K
 

Exterior walls 2   1,26 
Roof 32,6    6

Base Floor    
- with clinker 36,4    6

Total    
- with clinker 90,3 191 8 558 
 
 

3.4 M chan
 
The single-fam e balanced mechanical supply and exhaust 
ventilation system ses hea y from the exhaust air. The mechanical ventilation 

xte ir) during the heating season is 65 dm³/s. The heat recovery from the 
exhaust air has an efficiency of 50 %. The ventilation machine is equipped with a supply air 
heating (electric radiator) and the temperature of supply air during the heating season is +18 

rm  needed in e calculation).  

ed ne building it is assumed that there is no ventilation between the 
ones. For the two-zone building (Case 1) the ventilation air flow rates are 28,9 dm³/s for 
one 1 and 36,1 dm³/s for zone 2. For the single-zone building (Case 2) the air flow rate is 

In cas that the m y ventilation air flow rate can 
be increased for cooling purposes to the value 250 dm³/s (if this information is needed in the 
calculation) 

tra
The air tightness value of the exter r envelope is n50  1,0 1/h. This corresponds a tight 
building envelope, t at has a specif  infiltration rate of 0,4 dm³/sm² calculated per exterior 

expressed as an air change rate is 0,05 1/h 

 basic calculations the infiltration is not taking into account. Thus the building is assumed 
to be absolutely tight. 
 

e ical ventilation 

ily house is quipped with a 
 that u t recover

air flow rate (e rior a

°C (if this info ation is  th

In the simplifi two-zo
z
z
65 dm³/s. 

e re is mechanical cooling the echanical suppl

3.5 Air infil tion 
io  =

h ic
wall and roof area. The average infiltration rate 
(=  50 . 
 

n /20)

In
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. Apartment building used in calculations4  

.1 General description of the apartment house 

The apartment  i  one of the REL project. 
Figure 4.1 presents its façade and Figure 4.2 the floor plan for floors 2 – 4 having only 
apartments. Th ges and office rooms, but it is not studied in 
this work. Two s d flats, -zone and a two-zone one, are used for modelling of 

hou
 

4
 

 building used in calculations s the same as the

e first floor includes also gara
implifie  a single

the apartment se. 

 
 

 
Figure 4.1. Façade of the apartment building.



 
 

 
 
 
Figure 4.2. Floor plans for apartment floors 2 – 4. 
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4.2 Structures of the apartment house 
 
4.2.1 Exterior envelope 

 
A light-weight and a massive building have been studied. Tables 4.1 and 4.2 show the wall 
structures given from the outside to the inside for the apartment zone (the third f
the corresponding U-values.  
 
The U-values of different exterior walls are exactly the same respectively and are s
lower than the demands of Finnish building regulations (RakMK C3).  
 
The U-value of the windows and the exterior doors is 1,40 W/m2K in all ca
transmission coefficient (g) is 0,64 for perpendicular radiation. The coefficient 0,9 is us
take into account the angle dependence for the average radiation, if th
account in a more accurate way in the calculation model. The average valu
factor of windows is 0,20. The balcony doors don’t have a glazing. 
 

4.2.2 Light-weight structures

loor) and 

lightly 

ses.  Total solar 
ed to 

is is not taken into 
e of the frame 

 

 
Table 4.1 presents the light-weight structures used for the apartment build
separating walls are inside the flat and between the flats. 
 
Table 4.1. Light-weight structures. The U-values of exterior structures in
resistance of 0,20 m2K/W for interior and exterior surfaces. 
 

 Structures D 
 

mm
 

λ 

ing. The same 

clude a thermal 

Km
W

 

 

ρ 

3m
kg

 

 

c 

kgK
J

R 

W
Km 2

 

U 

2Km
W

 

Exterior wall, 
EW1, 

 

Wind shield board 
Mineral wool 
Sheet metal 

Gypsum board 

9 
200 
0,7 
13 

0,031 
0,053 

 
0,23 

320 
15 

 
800 

840 
840 

 
840 

 0,23 
 

Separating walls, 
SW1 

2 x Gypsum board 
Mineral wool 

2 x Gypsum board

26 
100 
26 

0,23 
0,037 
0,23 

800 
15 

800 
 

840 
840 
840 

  

Intermediate floor, 
IF1 

Surface covering 
- parquet 

2 x Gypsum board 
Mineral wool 

 
15 
26 

100 

 
0,14 
0,23 
0,037 

 
460 
800 
15 

 
1360 
840 
840 

 
 
 
 

Gypsum board 13 0,23 800 840  
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4.2.3 Massive structures 

ssive structures used. The same separating walls are inside the flat 

 Structures D λ 

 
Table 4.2 presents the ma
and between the flats. 
 
Table 4.2. Massive structures. The U-values of exterior structures include a thermal 
resistance of 0,20 m2K/W for interior and exterior surfaces. 
 

R 
 

mm 
 Km

W
 

 

ρ 

3m
kg

 

 

c 

kgK
J

 
W

U 
Km 2

 2Km
W

 

Exterior 
wall, 
EW2 

Exterior concrete 
Mineral wool  

Interior concrete 
Surface covering 

70 
150 

 
80 

1,7 
0,037 

1,7 

2400 
15 

2400 

840 
840 
840 

 0,23 

Separating 
walls, 

Surface covering 
Concrete 

 
180 

 
1,7 

 
2400 

 
840 

  

SW1 Surface covering 
Interme-

diate floor, 
Surface covering 

- clinker 
IF1 Covering (screed) 

 
20 
20 

 
0,70 
1,2 

 
1700 
2000 

 
920 
840 

 

 
 
 

0,3 

 

Cored slab 
- concrete 
- air gap 

 
106 

 

 
1,7 

 

 
2400 

 

 
840 

 
 

- concrete 106 1,7 2400 840 
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4.3 Simplified floor plans and surfaces 

 having windows towards east and towards west. The second floor 
 facing 

.3.1 Case 1, a tw

 
Chapters 4.2.1 and 4.2.2 show two simplified floor plans for calculations. The first one is a 
double-zone floor plan
plan is a single-zone case having windows towards west. In both cases the balcony is
towards west. The windows on each exterior surface are lumped together.   
 
4 o-zone flat 

The apartment with three room
The façade towards the west does no  clude a wall area. It consists of the window and the 
balcony door, which cover the whole façade. The separating wall inside the flat is in north-
so ion en s and ace are n in T les 4.3 4.4. 
The area of ficti ls in le 4 e area of sep g walls inside the flat 
(thus not the interior walls between the flats) in the original layout (Figure 4.2) excluding 
the area of the etw  zones 1 and 2 in Figure 4.3 (Case 1).  
 
The al capacities and the tim stan
sho abl
 

s and a kitchen is described with the floor plan of Figure 4.3. 
t in

uth direct . The internal dim sion  surf  areas show ab  and 
ve interior wal  Tab .4 is th aratin

 separating wall b een

 therm e con ts for two different structures of Case 1 are 
wn in T e 4.5 

 
Figure 4.3. Case 1, a simplification of the apartment with three rooms and a kitchen with a 
separating wall inside the flat in north-south direction. 
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Table 4.3. Internal dimensions for Case 1. 

Volume 218 m  
 

3

Floor area 78 m2 
Room height 2,8 m 

 
 
Table 4.4. Surface areas for Case 1. 

Areas of zone 1 (Case 1). 
 

 
Direction 

of 
compass 

Exterior 
walls 

 
m² 

Windows 
 
 

m² 

Doors 
 
 

m² 

Separating 
wall 

 
m² 

Intermediate 
floor and roof 

 
m² 

Fictive 
interior 

walls 
m² 

North    23,5   
East*   2,0 16,2   
South    23,5   
West  16,2 2,0    
Total  16,2 4,0 63,2 54,6 46 

 
* Interior wall inside the flat 
 
 
Areas of zone 2 (Case 1). 
 
Direction 

of 
compass 

Exterior 
walls 

 
m² 

Windows 
 
 

m² 

Doors 
 
 

m² 

Separating 
wall 

 
m² 

Intermediate 
floor and roof 

 
m² 

Fictive 
interior 

walls 
m² 

North    10,1   
East 15,2 3,0     

South    10,1   
West*   2,0 16,2   
Total 15,2 3,0 2,0 36,4 23,4 10 

 
* Interior wall inside the flat 
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Table 4.5. Thermal capacities of Case 1. 
 
Light-weight structures, Case 1
 

mal capacity 

: 

Ther 
Zone 1 

Absolute 
K 

Per floor area 
kJ/m²K 

Time constant 
 
 

h MJ/

Exterior walls 0,13   
Intermediate floor + roof    

- with parquet 3,02   
Separat 17ing wall 1,    

    
Tota  l:   

- with par 4,33 55 17 quet 
 
M ctures, Case 1: 
 

T al capa

assive stru

herm ci y t 
Zone 1 

MJ/K 
Per floor area 

kJ/m²K 

Time constant 
 
 

h Absolute 

Exterior walls 2,45   
Intermediate floor + roof    

- with ceramic tiles 77,11   
Separating wall 24,39   

    
Tota  l:   

- with ceramic iles 103,95 1333 408  t
 
 

4.3.2 Case 2, a single-zone flat   

 
The apartment two roo nd a k n is simplified into a one-roomed plan shown in 

igure 4.4.  The internal dimensions and surface areas are shown in Tables 4.6 and 4.7.  The 
e area of separating walls in the original layout     

igure 4.2) inside the flat. The thermal capacities and the time constants of the two 
different construction types of Case 2 are shown in Table 4.8.  

 with ms a itche
F
area of the fictive interior walls is th
(F

 29



 
ent consisting of two rooms and a kitchen simplified into one 

one. 
 
Table 4.6. Internal dimensions for Case 2. 
 

Volume 160 

Figure 4.4. Case 2, an apartm
z

m  3

Floor area 57 m  2

Room height 2,8 m 
 
 
Table 4 7. S eas for Case
 
Dir

of walls 
 

m² 

Window
 
 

m² 

terior 
doors 

 
m² 

Separating 
wall 

 
m² 

Interme  
floor and roof 

 
m² 

Fictive 
interior 

walls 
m² 

urface ar  2. 

ection Exterior s Ex diate

compass 

 16,8   North   
East    26,6   

South    16,8   
West 12,6 12,0 2,0    
Total 12,6 12,0 2,0 60,2 57 35 
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Table 4.8. Thermal capacities of Case 2. 
 
Light-weight structures, Case 2: 
 

Thermal capacity 
 

 
Zone 1 

Absolute 
MJ/K 

Per floor area 
kJ/m²K 

Time constant 
 

h 

Exterior walls 0,11   
Intermediate floor + roof    

- with parquet 2,21   
Separating wall 1,05   

    
Total    

- with parquet 3,37 59 18 
 
 
Massive structures, Case 2: 

pacity 
 

 
Thermal ca 

Zone 1 
Ab

M
Per floor area 

kJ/m²K 

Time constant 
 

h solute 
J/K 

Exterior walls 2   ,03 
Intermediate floor + roof    

- with clinker 56,35   
Separating wall 21,85   

    
Total    

- with clinker 80,23 1407 444 
 

4.4. Mechanical ventilati
 
The building is equipped with a balanced mechanical supply and exhaust ventilation system 
th  heat ry fro exhaus  The heat recovery from the exhaust air has an 
efficiency of 30 %. The air change rate for the exterior air is 0,75 1/h. The corresponding air 

o s for t o cases are shown in Table 4.9. It is assumed that tion 
etween the zones. 

Table 4.9. Exterior air flow rates for Case 1 and Case 2. 
 

on 

at uses recove m the t air.

fl w rate he tw  there is no ventila
b
  

Air flow rate 
Case 1 Case 2 

Zone 1 Zone 2 Zone 1 
dm³/s dm³/s dm³/s 

32 14 33 
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4.5 Air infiltration 
 
In the basic calculations the infiltration is not taking into account. Thus the building is 
assume tely t ffec tightness is taken into account in the 
sensitivity analysis. 
 

d to be absolu ight. The e t of buildings’ 
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5. General input data for both building types 

.1. Indoor climate 

5.2 Internal heat gains 
 
The internal heat gains of the building are 5 W/m2 calculated per floor area on the average. 
They are 50 % convective and 50 % radiative. Their daily profile as an effect/floor-area is 
shown in Table 5.1. 
 
Table 5.1. Internal heat load profile. 
 

Hour Internal heat gains 
W/m2 

 

 Hour Internal heat gains 
W/m2 

5
 
The set point temperature for heating is 21 °C and that for mechanical cooling, when it is 
used, is 25 °C. 

1 3,38  13 3,38 
2 3,38  14 3,38 
3 3,38  15 3,38 
4 3,38  16 3,38 
5 3,38  17 5,07 
6 3,38  18 8,45 
7 8,45  19 11,83 
8 8,45  20 5,07 
9 3,38  21 5,07 

10 3,38  22 5,07 
11 3,38  23 3,38 
12 11,83  24 3,38 

 
 

5.3 Shading 
 
The permanent horizon angle (α) in all directions is 5° (Figure 5.1). 
 

 
 

Figure 5.1. Shading angle in all directions. 
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5.4 Weather data 

 from the synthetic weather data generator Meteonorm for Helsinki. 
used are the exterior temperature and the total and diffuse radiation 

nto a horizontal plane (Table 5.2).  

Table 5.2. Monthly exterior temperature and solar radiation onto horizontal surface. 

 
The weather data used is
The weather parameters 
o
 
 

Meteonorm for Helsinki. 
 

Solar radiation on horizontal surfaceMonth Exterior 
temperature Direct Diffuse Total 

 oC 2 2 2kWh/m kWh/m  kWh/m  
1 -6,4 1,8 5,8 7,6 
2 -7,0 9,8 14,9 24,7 
3 -2,3 26,7 36,9 63,6 
4 3,3 8,2 108,0 49,8 5  
5 10,3 ,6 75,3 164,9 89
6 14,0 ,5 183,1 102 80,6 
7 16,9 ,5 9,9 171,4 91 7
8 15,2 ,3 7,4 125,7 58 6
9 9,7 ,2 1,7 69,9 28 4
10 4,9 ,2 9,2 32,4 13 1
11 -0,1 9 8,8 1, 6,9 
12 -4,5 6 4,4 0, 3,8 

Year 4,6 ,1 0,7 964,8 474 49

 

5.5 O er input data

olar radiation onto exterior surfaces is taken into account only for windows and the long-
ave radiation is not taking into account at all on external surfaces. Reflective solar 

he ground is calculated using the total horizontal radiation and the value 0,3 
eflection coefficient). Other initial data, which may be needed in 

mulations, are shown in Table 5.3. 

able 5.3. Other initial data for the single-family house calculations. 

th   
 
S
w
radiation from t
for the albedo (r
si
 
T
 

Heat transfer coefficient 
 

 

Convection 
W/Km2 

Radiation 
W/Km2 

 
Reflection coefficient 

of internal surface 

Floor 0,5 5,3 0,5 
Wall / Ceiling 2,0 5,3 0,5 

Window 3,0 5,3  
    

Absorption coefficient of external surfaces is 0,0 
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6. General information on calculations  

ternal heat gains, solar transmission properties of 
indows, absorptance of surfaces etc) from various documents. Therefore in practical 

alculations each calculator has his/her own interpretation for the reality. In this study this 

 short description of the energy calculation programs used is given in Appendix B. The 
s were dynamic el of complexity with the 

exception y,  a pr sed on ethod of EN 832 (the 
predecessor of ISO DIS 13790). Dynami ion p  at the same time 
the terior tem ture and t eating and cooling energy. maxit energy calculates only 
he g energ d on a co t interio erature. The method of ISO DIS 13790 
allows also the calculation of cooling energy based on a constant cooling set-point 
tem  but this property is not included in maxit energy. Table 6.1 presents the 
programs used and their users. Each organization/user used only one program. 
 
Because maxit energy does culate c ling energy has been 
used a fixed value (- 2kWh/m n the he energy g energy plots (e.g. Figure 
6.1 This neg value nat  has no al mean
 
Fo onstruc pes, wh  have exactly the same lues for the exterior envelope, 
have been used for the single-family house
 

Extra-l ExL) 
- Light (Lig) 
- Semi-weight (SWe) and  

or the apartment building there were two construction alternatives (the light and the 

-zone 
as a two-zone building or as a two-zone flat 

o1+2).  

he central issue of this study is to evaluate the effect of thermal mass (exactly spoken the 
effect of thermal heat capacity ng energy but also to lculate 
indoor temperatures, when no cooling is used. These results are presented in Chapters 7.2 
and 8.1 for the single-famil  for the a uilding re
 
The other point concerning the thermal mass and the time-constant was to evaluate if the 
correlation equations for the ut S 13790  are correct enough or 
should they be somehow modified. This issue is handled in Chapters 7.3 and 8.2. 
 
 
 
 

 
The single-family house as well as the apartment building are exactly specified in chapters 3 
- 5. In energy calculations made in practice the designer has to evaluate the dimensions and 
the technical details (e.g. U-values, in
w
c
interpretation was for all calculators the same. 
 
A
program simulation programs having different lev

 of maxit energ which is ogram ba  the monthly m
c simulat rograms calculate

 in pera he h
atin y base nstan r temp

perature,

not ca
2

l ooling energy for its coo
/a) i ating / coolin

). a  tive urally physic ing. 

ur c tion ty ic lh al  aU-v
: 

- ight (

- Massive (Mas) 
 
F
massive one) having also exactly the same U-values. The U-values were approximately 
according to the present Finnish Building Regulations. 
 
Both the single-family house and the apartment building were modelled as a single
building or as a single-zone flat (SgZo) as well 
(Z
 
T

) on the heating and cooli ca

y house and partment b spectively. 

ilisation factor of ISO DI
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Table 6.1. Energy calculation programs and their users in this study.  
 

Program User/Country Description of 
program 

Consolis Energy KTH, Sweden Two-zone model, simplified  
thermal dynamics 

Ida Climate and  
nergy 

Ax-Consulting Oy, 
Finland 

Thermal, multi-zone 
E simulation model 
SciaQPro Sintef , Norway Thermal, multi-zone 

simulation model 
Tase TUT, Finland Thermal, multi-zone 

simulation model 
VIP Cementa AB, Sweden Simplified dynamic method, 

single-zone model* 
VTT House Model VTT, Finland Thermal, multi-zone 

simulation model 
maxit energy maxit Oy Ab,Finland Monthly energy balance 

Control Engineering Ab, method according to EN 832 
Sweden Single-zone calculation 

 
* A recent version of VIP gives the possibility for multi-zone modelling.  

sation factor for exactly defined cases, various 
nsitivity analysis were performed. These included e.g. the effects of following issues on 

the e
 
- Si , ntation of windows 
- Le l ation of building’s envelope 

Tightness of building’s envelope 

Split of heating effect on convection and radiation 

as, SgZo) in Appendix A. 

 
In addition to the basic calculations, whose purpose was to find out the effect of thermal 
mass on energy consumption and on the utili
se

en rgy consumption: 

ze solar transmission and orie
ve  of thermal insul

- 
- Climate 
- Set-point of interior temperatures 
- Time-constant 
- 
 
These results are presented in Chapters 7.4 and 8.3 and the definitions of the abbreviation 
used (e.g. M
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7. Results on the single-family house 

7.1 General view on the results of single-family house calculations 
 

del dy (Appen ories and 
solution techniques.  Even the input data used wa ll models 

 m . Ther cant spread in the 
n results of h d cooling energy (Figure 7.1).  This figure presents the 

 obtained w s model an exactly specified single-family house 
either as a single-zone (SgZo) or a two-zone (Zo1  the extra-light (ExL) 

e massive (Mas) constructions. For the VTT House Model also a multi-zone model 
(15 zones) is used in calculations. The calculated net heating energy varies from 58 – 76 

m2/a and the net  20
 

rences in ca
 

ected s elle winter time 
(VTT)  

- The long-wave  from exterior su VTT) 
- Internal heat gains were not split into convection and radiation (VTT) 

me, i.e. the 
efficiency was changing a bit as it does in reality when temperatures change (VTT) 

 
ssible (VTT). 

st heating energy calculated is 
5 %, when the effect of thermal mass 

e difference in both the heating energy and in the 
ergy is approximately17 kWh/m2/a.  

tra-light and the massive buildings are compared with each other (as it 
eating energy and the cooling energy is 

0 – 16 kWh/m /a. In heating energy this means a relative error of approximately 20 % and 

hus the heating energy can be calculated in an accuracy of 20 %, but there are great 
ncertainties in the calculation of cooling energy (75 %). However, the absolute uncertainty 

in both calculations seems to be approximately the same. 
 
For all cases the greatest values of the heating and cooling energy are obtained with the 
multi-zone model of VTT House Model. Obviously one reason for this is that the internal 
heat loads in the description of the multi-zone model were different from those in the two 
zone model (not only the profile but also the average values). The average internal gains 
were 6 W/m2 in the multi-zone model and 5 W/m2 in the single-zone and in the double-zone 
models. Thus, the higher values in heating and cooling energy for the VTT House Model 
were partly due to different internal gains and partly due to the fact, that in the multi-zone 
model all internal doors were air-tightly closed. E.g. in the spring time some rooms of the 
building need cooling due to solar and internal gains while other rooms need heating. The 

The simulation mo s used in this stu dix B) are based on various the
s described extremely detailed a

could not use these odelling assumptions
eating an

efore, there is a signifi
calculatio
distribution hen various user

+2) case and using
and th

kWh/  cooling energy from 3 –  kWh/m2/a (Figure 7.1). 

E.g. the following reasons cause diffe lculation results: 

- The refl olar radiation was mod d with snow cover during 

 emission rfaces was not neglected (

- The efficiency of the heat recovery system was calculated  in real ti

- The multi-zone modelling clearly increases the spread of calculation results 
compared with the single-zone or double-zone modelling. This is because in the 
description phase it was decided that all internal doors were ideally tight, thus an air
leakage was not po

 
The relative difference between the greatest and smalle
approximately 30 % and that for the cooling energy 8
is neglected. The maximum absolut
cooling en
 
When only the ex
shall), the absolute accuracy of calculating both the h

21
in cooling energy a relative error of 75 % (Table 7.1).  
 
T
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results calculated with the two-zone model of VTT House Model were close to the results of 

 
other programs.  

Table 7.1. Maximum differences in calculation results. 
 

Energy 
 

Difference between 
max and min energy 

Programs** Thermal 
mass 

Energy

 
Max. 

 
Min.

 
Absolute 

 
Relative* 

 
Max 

 
Min 

  kWh/m2/a kWh/m2/a %   
Mas Heating 70,2 58,3 11,9 17 VTT IDA, VIP 
Mas Cooling 13,6 3,1 10,5 77 VTT IDA, TASE 
ExL Heating 76,4 59,9 16,5 22 VTT IDA, VIP 
ExL Cooling 19,9 5,9 14,0 70 VTT IDA, TASE 
 

**    With the accuracy of 1 kWh/m /a 

 tion factor of EN 13790. 
 

*      Calculated from the greater energy  
2

***  The results of maxit energy are calculated using the original parameters of the 
       utilisa

 
 
The he
in a ca  cooling 
energy 
calcula
single-z  two-zone case. Theoretically the right result is 

at both the heating energy and the cooling energy are smaller for the single-zone building 
s 

nd 
ry small for the massive building. The 

onclusion from this could be that the single-zone modelling is good enough for a single-

ating energy of the two-zone building is greater than that of the single-zone building 
ll lculations excluding the cases SCIAQ-ExL, SCIAQ-Mas and IDA-Mas. The

of the two-zone building is greater than that of the single-zone building in all 
tions with the exception of case SCIAQ-Mas in which the cooling energy of the 
one case is greater than that of the

th
because the perfect heat transfer inside the single-zone equals heat and cooling demand
compared with the two-zone model, in which the interior wall slows down heat transfer 
between the zones. The effect of zoning is approximately 1 kWh/m2/a in the heating a
cooling energy of the extra-light building, but ve
c
family house with a normal window configuration. 
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Annual Heating and Cooling Energy
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igure 7.1. Annual heating and cooling energy for the single-family house.  maxit energy 

calculates only the heating energy. Therefore for its cooling energy is set a negative value. 

are 
d 

l 
n 
4 

       

he maximum difference in heat losses between various programs is approximately 10 %. 
TT House Model gives the highest losses and VIP, SciaQPro and maxit energy the lowest 

(Figure 7.2). 
 
 
 

F

 
Total heat sources (other energy but heating) are composed of solar and internal heat 
sources. In this study only the solar energy transmitted trough windows was taken into 
account. The absorption of solar energy on exterior walls was neglected.  Heat losses 
composed of ventilation and conduction. The internal heat sources were exactly specifie
and therefore these were the same in all models. The solar sources are calculated by each 
program with its own methods from the hourly values of direct and diffuse solar radiation 
onto a horizontal surface. The total heat sources seem to be approximately the same for al
programs but IDA, for which the total sources are approximately 3 kWh/m2/a smaller tha
for the other programs (Figure 7.2). Because the internal heat sources are approximately 4
kWh/m2/a (5 W/m2) the difference in the solar heat sources is approximately 10 %         
( 3 kWh/m2/a / 30 kWh/m2/a) between IDA and the other programs. 
 
T
V
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Annual Internal Gains and Energy Losses
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r the 

or 

reely in summer and other occasions, when the gain/loss ratio is high. One 
ason for the relatively small effect of thermal mass is the small window area (12 % from 
e floor area). With a greater window area also the effect of thermal mass is greater. 

The annual heating energy calculated by maxit energy is presented in Figure 7.4 for a 
comparison, even if the calculation of energy use is based on a constant set-point interior 
temperature. This figure also shows the problems of the standard ISO DIS 13790 (EN 832) 
when calculating extra-light buildings with very low time-constants. 
  
 

 
Figure 7.2. Annual total heat sources and losses.  
 
In energy calculations it is very important that the annual and monthly energy balances are 
correct. This means that the energy input must be exactly the same as the energy loss fo
period considered. The annual energy balances for all programs but SciaQPro are very 
accurate (Figures 7.3). For SciaQPro the energy loss is calculated using the set-point interi
temperature, not the calculated one, which causes a too low energy loss. This reason also 
causes the fact, that the magnitude of gains and losses in the energy balance is lower for 
maxit energy than for other programs on the average.  
 
From the results of TASE it has also been possible to extract the division of energy input 
into net heating and solar and internal sources and the energy loss into conduction through 
the components of the envelope and into ventilation. This division was not possible to 
extract from the results of all programs (Figure 7.3). 
 
Figures 7.4 and 7.5 show the annual heating energy for the single-zone and the two-zone 
buildings for a case, where there is no cooling, respectively. The interior temperature is thus 
allowed rise f
re
th
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Figure 7.3. Annual energy balances of the program
except VIP and maxit energy. 
 
 

Annual Heating Energy (No cooling) - Single Zone
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Figure 7.4. Annual heating energy for the single-zone building, when there is no cooling. 

axit energy uses a constant set-point interior temperature. m
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Annual Heating Energy (No cooling) -  Zone 1+2
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Figure 7.5. Annual heating energy for the two-zone building, when there is no cooling. 

 

7.2 Effect of thermal mass (heat capacity) on energy and indoor climate 
 
The effect of thermal mass is approximately 4 % on the annual heating energy and 40 % on 
the cooling energy, when the massive and the extra-light small houses are compared for a 
case having a relatively small window area (12 % from the floor area) (Figure 7.6).  VTT 
House Model gives clearly the highest effect on thermal mass both in heating energy and in 
cooling energy. This partly is due to the detailed zoning (15 zones) used in the model, but 
there are probably other reasons too. maxit energy gives for the effect of thermal ma
heating energy 13 %, when the massive and the extra-light buildings are compared. The big 
effect is due to the problem in the utilisation factor of the extra-light building. 
 
The effect of thermal mass on heating and cooling energy strongly depends on the window 
area. The basic window area of this study was quite small. The effect of thermal mass 
clearly increases, when the window size increases. When the effect of thermal ma
4 % in the heating energy for the small basic window size, this effect is approxima
for the window size of 20 % from the floor area and 15 % for the window size of 45 % of 
floor area. This is handled more detailed in Chapter 7.4.1. 
 
The effect of thermal mass on heating energy increases approximately 1 % when a two-zone 

ss on 

ss is about 
tely 10 % 

he effect of thermal mass is greatest when the thermal capacity is increased from the level 
of the extra-light building (50 MJ/m2K) to the level of the light building (190 MJ/m2K), 
which has a concrete floor. When the window size is great (20 % from the floor area) the 
increase of thermal mass can reduce the heating energy up to 10 % (Figure 7.7). The results 
of Figure 7.7 are not quite comparable, because in the calculations of TASE and maxit 

model is used instead of the single-zone model. In the cooling energy the effect of zoning is 
approximately 10 %. 
 
T
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energy the window size is increased only on the south façade, but in those of Consolis 
Energy proportionally on all exterior walls. 
 
The simulation programs used give approximately the same effect for the thermal mass
maxit energy (EN 832) gives a clearly higher effect, which is due to the erroneous 
utilisation factor of EN 832 for the extra-light building (Figures 7.8 and 7.9). 
 
When cooling is used the interior temperatures are between 21 – 25 oC. The duratio
of Figure 7.10 gives the relative time of the year, when the interior air temperature exceeds 
the value presented in figure. The air temperature is always (100 %) higher than the heating 
set-point temperature 21 oC and never (0 %) greater then the cooling set-point temperature 
25 oC. The air temperature is 20 – 30 % from the total time (year, 8760 h) at the cooling set-
point temperature depending on the thermal mass and the window size. Both the basic 
window area (12 % from the floor area) and a greater window area (20 % from the floor 
area) have been used in these calculations. The increase of the window size raises the level 
of indoor temperatures in well-insulated buildings. 
 
When the cooling set-point air temperature is 25 oC, the air temperature is usually this 25 
during daytime in summer. In the evening the building starts to cool, which happens more 

. 

n curve 

oC 

membered, that these interior temperatures are obtained in the massive building with a 
learly smaller cooling energy consumption than in the extra-light building. Also it must be 

re 
-

 

rapidly in the extra-light building than in the massive one. Therefore the air temperatures are 
slightly lower in the extra-light building, when cooling is used. However, it must be 
re
c
remembered, that the temperatures of Figure 7.10 are air temperatures and not comfort 
temperatures, which include also the effects of interior surface temperatures. 
 
When cooling or extra ventilation are not used the interior temperatures rise very high 
(Figure 7.11).  For the basic window size (12 % from the floor area) the interior temperatu
exceeds 30 oC about 400 h in the massive single-family house and about 800 h in the extra
light house. When the window size is 20 % from the floor area, the temperature 30 oC is 
exceeded about 1700 h during the year. For the greater window area the effect of thermal 
mass can bee seen in temperatures above 32 oC. Thus, in order to get realistic temperatures
in simulations of well-insulated buildings either mechanical cooling or extra ventilation 
must be used. 
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Effect of Thermal Mass
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Figure 7.6. Effect of thermal mass on heating and cooling energy. x- and y-axis present th
relative differences in heating and cooling energy between the extra-light and massive 
single-family houses respectively. 
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Figure 7.7. Effect of thermal mass (capacity) and window size/floor-area (W = 12 % (basic 
case), W = 20 % and W = 25 %) on heating energy.  
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Annual heating energy of single-zone building
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Figure 7.8. Effect of thermal mass on heating energy calculated with four simulation 
programs and one energy balance method (maxit energy). Single-zone building. 
 
 
 
 

Annual heating energy of two-zone building
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Figure 7.9. Effect of thermal mass on heating energy calculated with five simulation 
programs. Two-zone building. 
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TASE - Duration Curves - Single-Family House - Cooling
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Figure 7.10. Duration curves of indoor temperature with mechanical cooling for t
y
1
 
 
 

TASE - Duration Curve - Single-Family House - No Cooling
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igure 7.11. Duration curves ofF

whole year (100 % corresponds 8760 h). TASE
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7.3 Utilisation factor for the single-family house 
 
The utilisation factors are constructed from monthly calculation results according to Chapter 
2.1. They have been calculated using four simulation programs (TASE, Consolis Energy, 
VIP and VTT House Model). Each point of the curves corresponds to one monthly result. 
The points with a low gain/loss ratio present winter months and correspondingly the points 
with a high gain/loss ratio spring and summer months. The extra-light building had no 
massive surfaces and its time constant was 15 – 17 h depending whether single-zone or 
double-zone modelling was used. The time constant of the massive building was 
correspondingly 190 – 208 h. 
 
The values for the utilisation factor obtained from simulations are compared with the values 
of ISO DIS 13790 (Eq. 2.6) and those created in the PASSYS project (Eq. 2.10). For Eq. 2.6 
together with its basic parameters (a0 = 1 and τ0 = 15 h) other parameters have been studied 
in order to find a good fit with the utilisation factors obtained from simulations. Also for Eq. 
2.10 other parameters than the original ones (K=1,35 or 1,19 and D=0,27 or 0,00) have been 
studied. The PASSYS utilisation curve is presented as an IEA curve in Figures 7.16 – 7.19 

ily house (Figures 7.12 - 7.13). VTT House 
odel gives a slightly higher spread for the utilisation factor (Figures 7.14 and 7.15) both 
hen using the two-zone and multi-zone models. 

due to the publishing forum (an IEA report). 
 
TASE, VIP and Consolis Energy give very similar utilisation factors for the extra-light, the 

ght and the heavy single-zone, single-famli
M
w
 
The original parameters of ISO DIS 13790 give a good fit for the utilisation factor of the 
light and the massive house, but quite a poor fit for the extra-light building, especially when 
the gain/loss ratio is less than 3 (Figures 7.16 - 7.18). The utilisation factor of PASSYS (Eq. 
2.10) with its original parameters clearly gives a poorer fit for the utilisation factor of the 
light and the massive buildings than those of ISO DIS 13790. 
 
It is possible to find for Eqs. 2.6 and 2.10 parameters which give a good fit with the 
simulation results also for the utilisation factor of the extra-light building (Figure 7.19). The 
parameters a0 = 3,1 and τ0  = 15 h and  K = 1,02 and D = 0,43 seem to give a good fit. 
However, these are just two examples of parameters, which give a good fit for the utilisation 
factor. Many other well-suiting parameters could be found as well. 
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Utilisation factor -  Single-family house - Case 2: Single Zone - Extra-Light
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Figure 7.12. Utilisation factor for the extra-light single-zone, single-family house according 

 TASE, VIP and Consolis Energy. to
 
 
 

Utilisation factor - Single-family house - Case 2: Single Zone - Massive
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Figure 7.13. Utilisation factor for the massive single-zone, single-family house according to 
TASE, VIP and Consolis Energy. 
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Utilisation factor -  Single-family house - Two-zone building
VTT
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Figure 7.14. Utilisation factor for the extra-light and the massive two-zone, single-family 
house according to VTT House Model.  
 
 
 

Utilisation factor -  Single-family house - Multizone building
VTT
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Figure 7.15. Utilisation factor for the extra-light and the massive multizone (15 zones), 
single-family house according to VTT House Model.  
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Utilisation factor -TASE, Consolis Energy, ISO & IEA - Single-family house - Case 2: Single Zone - 
ExL
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Figure 7.16. Utilisation factor for the extra-light single-family house according to TASE, 
Consolis Energy, ISO DIS 13790 and PASSYS. Original parameters of ISO DIS 13 790 and 

ASSYS. P
 
 
 

Utilisation factor -TASE, Consolis Energy, ISO & IEA - Single-family house - Case 2: Single Zone - Lig
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Figure 7.17.  Utilisation factor for the light single-family house according to TASE, 
Consolis Energy, ISO DIS 13790 and PASSYS. Original parameters of ISO DIS 13 790 and 

ASSYS. P
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Utilisation factor -TASE, Consolis Energy & ISO - Single-family house - Case 2: Single Zone - Mas
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Figure 7.18.  Utilisation factor for the massive single-family house according to TASE, 

onsolis Energy, ISO DIS 13790 and PASSYS. Original parameters of ISO DIS 13790 and 
ASSYS.   
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Utilisation factor -TASE, Consolis Energy, ISO & IEA - Single-family house - Case 2: Single Zone - 
ExL
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Figure 7.19.  Utilisation factor for the extra-light, single-zone, single-family house 
according to TASE, Consolis Energy, ISO DIS 13790 and PASSYS. Modified parameters 
of ISO DIS 13 790 and PASSYS.  

 51



 

7.4 Sensitivity analysis of some factors affecting the energy consumption  
 
7.4.1 Orientation of exterior walls and size of windows  

The effect of windows’ size and orientation on the energy consumption was studied with 
TASE, Consolis Energy, SciaQpro and maxit energy. In the basic case of calculations
size of windows is small, 12 % from the floor area. In the sensitivity studies of TASE and 
maxit energy the area of windows is increased to 15 % and 20 % from the floor area. In 
SciaQPro the window area is increased to 17 % from the floor area.  In the sensitivity 
analysis of Consolis Energy the increased area of windows is 17 %, 25 %, 35 % and 45 % 
from the floor area. In the calculations of TASE, SciaQPro and maxit energy the window 
area is increased only on the main façade (south or after a clockwise rotation west), bu
the calculations of Consolis Energy also on other exterior walls.  
 
These calculations were made with the double-zone model for other programs, but ma
energy, which uses the single-zone model. 
 

 the 

t in 

xit 

 the studies of the windows’ orientation the building is rotated 90 degrees clockwise. Thus 

orth – south direction and that the greatest window area is facing towards west. 
he window area/floor area is presented by the notation W 20, if e.g. the relative window 
rea is 20 %.  

 the floor 
0 %) in 

light 

 

hen 

 

creased from its basic level 12 % to 45 % from the floor area. In the cooling energy the 

ientation is quite small in the heating energy, when the 
window size is 12 % from floor area. The heating energy of the extra-light building is 
increasing by 1 % and that of the massive building by 3 % when the orientation of the 
building is rotated 90 o clockwise, thus the orientation of the main façade is rotated from 

In
the main façade, which originally was facing towards south and which had the greatest 
window area, was facing after the rotation towards west. The change in the windows’ 
orientation is presented by the symbol Or NS, which means that the windows are after the 

tation in nro
T
a
 
When the window area is increased noticeably from the basic level (12 % from
area) to 45 % from the floor area, heating energy increases by about 30 kWh/m2/a (5
the extra-light building and 20 kWh/m2/a (30 %) in the massive building (Figure 7.20). The 
increase of cooling energy is noticeable, approximately 60 kWh/m2/a in the extra-
building and 50 kWh/m2/a in the massive building. 
 
When the window area is increased only moderately from the basic level 12 % to 20 % from
the floor area, heating energy of the massive building decreases slightly or remains 
approximately constant. In the extra-light building this increase of windows’ size increases 
heating energy slightly, by 1,5 – 5 kWh/m2/a (Figure 7.21).  
 
The effect of thermal mass clearly increases, when the relative window size increases. W
the effect of thermal mass is about 3 – 4 % in heating energy for the small basic window 
size (12 % from the floor area), this effect is approximately 10 % for the window size of 20 
% and 16 % for the window size of 45 % (Figures 7.21 and 7.22). The absolute differences 
in the heating energy between the extra-light and the massive buildings increase from
approximately 3 kWh/m2/a to13 kWh/m2/a and from when the relative window size is 
in
corresponding increase is from 3,5 kWh/m2/a to 15 kWh/m2/a. 
 
The effect of building’s façade’s or
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south to west. If the window area is 20 % from the floor area, the same rotation increases 
heating energy by 3 % and 11 % in the extra-light and in the massive buildings respectively. 

om the big south-facing windows better than the extra-light constructions. 

gs increase only slightly, by 
e 

 

These numbers show, that the massive constructions can utilise the solar radiation coming 
fr
 
The cooling energy of the extra-light and the massive buildin
1,5 kWh/m2/a, by rotating the façade towards west with the original window area. When th
window size great (20 % from the floor area) the west-facing main façade does not affect 
the cooling energy of the massive building, but slightly decreases the cooling energy in the
extra-light building (Figure 7.20 and 7.22). 
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igure 7.20. Effect of windows’ orientation and sizeF  on the relative difference between the 

heating and cooling energy of the extra-light and the massive buildings. Double-zone 
building. 
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Figure 7.21. Effect of relative window area on the heating energy.  Double-zone building.  
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Figure 7.22. Effect of windows’ orientation and size on the relative difference between the 
heating and the cooling energy of the extra-light and the massive buildings. The energy 
consumption of the massive building is lower. Single-zone building in maxit energy, in 
others double-zone building. 
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7.4.2 Thermal insulation and solar transmittance of windows 

The effect of thermal insulation of the building’s envelope and the effect of g-values of 
windows (solar transmittance) on the heating and cooling energy is studied using VTT’s 
House Model. There are three cases in the sensitivity studies of the thermal insulation: 
original, increased and reduced insulation (Table 7.2). The window area in these studies is 
the basic one (12 % from the floor area). The g-values of windows varied from 0,14 to 0,64, 
which is the basic value. 
 
Table 7.2. The U-values of the exterior envelope. 
 

U-value Wall / window 

Original Increased 
insulation 

Reduced insulation

 W/m2K W/m2K W/m2K 
Exterior walls 0,22 0,10 0,33 

Base floor 0,13 0,10 0,19 
Roof 0,13 0,10 0,30 

Windows 1,4 1,0 2,6 
 
When using the increased insulation level heating energy decreases by about 20 kWh/m2/a 

0%). However, at the same time the cooling energy increases by about 5 kWh/m2/a (3
(Figure 7.23). If the reduced insulation level is used heating energy increases by 50 
kWh/m2/a, but at the same the cooling energy decreases (Figure 7.23). 
 
Heating energy increases and cooling energy decreases, when the g-value of windows 
decreases (Figure 7.23). In the massive building heating energy increases by 20 % and in the 
extra-light building 12 %, when g-value decreases from the basic value 0,64 to the value 
0,14. When g-value is 0,14 then cooling energy in the massive building is zero and in the 
extra-light building 3 kWh/m2/a.  
 
The relative effect of thermal mass on heating energy decreases when the windows’ g-value 
or the level of thermal insulation of the envelope decrease (Figure 7.24). When g-value is 
0,24,  heating energy of the massive and the extra-light buildings are almost equal. 
However, there is clear difference (5 kWh/m2/a) in the cooling energy. 
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Sensitivity Analysis - Insulation and g-value - Heating and Cooling
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energy. 
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Figure 7.24. .Effect of windows’ g-value and thermal insulation level of the envelope on the 
difference between the heating and cooling energy of the extra-light and the massive 
buildings. 
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The relative significance of the thermal mass on heating energy increases, when the 
insulation level of the exterior envelope improves. The relative difference in heating energy 
between the extra-light and the massive single-family houses approximately doubles from   
4 % to 8 %, when the average U-value of the exterior envelope decreases from 0,36 W/Km2 
to 0,14 W/Km2 (Figure 7.25). Both the 8 % difference between the energy consumptions of 
the extra-light and the massive, well-insulated buildings and the corresponding 4 % 
difference in the poorly insulated buildings correspond to an energy consumption of 
5 kWh/m2/a. The percentage numbers show higher differences in the well-insulated 
buildings, because they have lower energy consumptions.  

7.4.3 Tightness of the envelope 

The big effect of the tightness of the building’s envelope on heating energy can bee seen 
from Figure 7.26. The calculations were done by VIP. In the basic calculation the building 
was absolutely tight. For the untight case the specific infiltration rate was 1,2 dm3/sm2, 
which corresponds the value n50 = 3 1/h of the pressure test (pressure difference in the 
envelope 50 Pa).  
 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 7.25. Effect of the average U-value of the exterior envelope and the therma
heating energy. Results calculated with the VTT House Model. 
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Sensitivity study -  Mass and air tightness - Single Zone, Heating
VIP
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 the building’s envelope on heating energy. Results 
alc

.4 Climate 

mpared energy 
onsumptions obtained with the basic weather data of Helsinki (Table 5.2) with those of 
almö, Oslo, Stockholm and Luleå. In addition there were two different weather data for 

; Meteonorm (Sto met) and Stockholm year 1971 (Sto 71). In Malmö, Stockholm 
nd Oslo heating energy is 35 %, 20 % and 10 % smaller than in Helsinki respectively. 

There is no effect, which weather data for Stockholm is used. In Luleå heating energy is    
0 % greater than in Helsinki. Cooling energy is approximately the same in all locations 

(Figure 7.27). 

eather data of Helsinki is used in the basic calculations. Swedish and Finnish versions of 
axit energy have also been used for studying the effect of thermal mass and weather data 

culations Finnish weather data of Helsinki, O lu and 
odankylä and correspondingly Swedish weather data for Lund, Stockholm and Umeå were 
sed. 

e effect of thermal mass on 
eating energy is greatest (approximately 6 %) for Malmö and lowest (2 %) for Luleå 
igure 7.28), when the extra-light and the massive constructions are compared with each 

other.  However, VIP gives a clearly smaller effect for the thermal mass than maxit energy. 
 
maxit energy gives for the effect of thermal mass for Swedish weather data 10 – 20 %, when 
the extra-light and the massive constructions are compared and 3 – 4 % when the light and 
the massive constructions are compared (Table 7.3). The effect of thermal mass is greatest 
in South-Sweden. For the Finnish weather data there is a 9 – 14 % difference between the 
energy consumptions of the extra-light and the massive buildings, but no practical 

 
Figure 7.26. Effect of air-tightness of
c ulated by VIP. 
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ensitivity studies concerning the climate were done by VIP. It has been co
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The effect of thermal mass on heating energy depends greatly on the weather data used. On 
the other hand its effect on cooling energy is almost constant. Th
h
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difference between the energy consumptions of the light and the massive buildings f
three Finnish weather data (Table 7.4). 
 

or the 

Sensitivity Analysis - Climate - Heating and Cooling 
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Figure 7.27. Effect of weather data on heating and cooling energy. 
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 Figure 7.28. Effect of weather data on the effect of thermal mass. 
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Table 7.3. Effect of thermal mass and weather data on heating energy. maxit energy / 

weden. S
 

 Heating energy [kWh/m2/a] 
Construction Lund Stockholm Umeå 

Extra light 50,9 59,5 84,1 
Light 43,5 52,5 76,5 
Semi 41,9 50,9 74,7 

Massive 41,7 50,7 74,5 
 Relative difference between structures 

ExL/Mas 1,22 1,17 1,13 
Lig/Mas 1,04 1,03 1,03 

 
 
Table 7.4. Effect of thermal mass and weather data on heating energy. maxit energy / 
Finland.  
 

 Heating energy [kWh/m2/a] 
Construction Helsinki Oulu Sodankylä 

Extra light 67,5 91,0 109,8 

Light 59,6 82,6 100,6 
Massive 59,5 82,6 100,7 

 Relative difference between structures 
ExL/Mas 1,14 1,10 1,09 
Lig/Mas 1,00 1,00 1,00 

 

7.4.5 Indoor temperature set-points 

It has been studied by VIP, what is the effect of indoor temperature set-point temp
on heating and cooling energy. In all cases the heating set-point temperature is 21°C. There 
are five different values for the cooling set-point temperature: 21, 23, 25, 27, 29 °C. In basic 
calculations the indoor temperature set-point temperatures are 21 and 25°C. The heating 
energy remains almost constant when the cooling set-point temperature is changed to 23, 27 
or 29 °C. When the cooling set-point temperature is 21 °C (the same as the heating set-point 
temperature), the heating energy increases by 10 % (6 kWh/m2/a) in the extra-light b
and 7 % (4 kWh/m2/a) in the massive building (Figure 7.29). 
 
The effect of cooling set-point temperature is much greater on the cooling energy th
heating energy. If the indoor temperature is constant 21 °C, the cooling energy of the extra-
light building increases by approximately 150 % (from 13 kWh/m2/a to 31 kWh/m2

eratures 

uilding 

an in the 

/a in the 
xtra-light building and from 10 kWh/m2/a to 27 kWh/m2/a in the massive building)

arly increases the relative 
ffect of thermal mass on heating energy, but reduces its relative effect on cooling energy 
igure 7.30). 

e . 
 

he relative effect of a more narrow temperature set-point band cleT
e
(F
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Sensitivity Analysis - Indoor temperature limits - Heating and Cooling
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igure 7 9. Effect of cooling se  and cooling energy. 
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Figure 7.30. Effect of cooling set-point temperature on the relative effect of thermal mass on
heating and cooling energy. The heating and the cooling energy of the massive buildin

 
g are 

aller. sm
 
 

 61



 

7.4.6 Distribution of internal sources and the method to control heating  

In the basic case of calculations the distribution of internal heat sources is 50% radiative and 
50% convective. The area of windows is the original one (12 %) or 25 % from the floor area 
(W 25). In a sensitivity study made by Consolis Energy the division of internal heat sources 
is changed to the following:   
 

- 0 % convective and 100 % radiative (0/100),  
- 20 % convective and 80 % radiative (20/80),  
- 80 % convective and 20 % radiative (80/20) as well as  
- 100 % convective and 0 % radiative (100/0).  
 

The way to distribute internal sources into convection and radiation has a very little eff
on the heating and cooling energy (Figure 7.31) 
 
The heating and cooling effect can be controlled by air temperature, by radiative 
temperature or by a proper combination of these. In this context it is used the term 

ect 

rgy the 

- 0/100,  the temperature of the zone is controlled by surface temperatures  

temperature control method for this. In the sensitivity studies made by Consolis Ene
following cases have been studies: 
 

- 20/80,  the temperature of the zone is controlled by an effective temperature 
consisting 20 % from the air temperature and 80 % from the surface  temperatures 

- 50/50,  the temperature of the zone is controlled by an effective temperature 
consisting 50 % from the air temperature and 50 % from the surface temperatures 

- 80/20,  the temperature of the zone is controlled by an effective temperature 
consisting 80 % from the air temperature and 20 % from the surface temperature 

- 100/0, the temperature of the zone is controlled by air temperature. 
 
Changes in the temperature control method have no practical effect on the heating and 
cooling energy. The maximum change is about 1 kWh/m2/a in heating and cooling energy 
compared with the basic case (Figure 7.32). Observe that these results are valid for energy 
use on an annual basis and can not be projected to the calculation of indoor climate under 
shorter periods. 
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Sensitivity Analysis - Power Distribution - Heating and Cooling
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Figure 7.31. Effect of the share of radiation and convection in the internal gains on the 
eating and cooling energy.  h

 

Sensitivity Analysis - Temperature Control Coefficient - Heating and Cooling
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Figure 7.32. Effect of temperature control method on heating and cooling energy.  
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7.4.7 Effect of time-constant 

There is only a small change in the heating and cooling energy, if the time-constant of the 
building is between 70-210 h. The heating and cooling energy start to grow rapidly, w
time-constant is getting smaller than 70 h (Figures 7.33 and 7.34). The time constants of 
Figures 7.33 and 7.34 include the extra-light (ExL), light (Lig), semi-weight (SWe) and 
massive (Mas) structures. These simulations are done by Consolis Energy. 
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Figure 7.33. Effect of time-constant on heating energy.  
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Figure 7.34. Effect of time-constant on cooling energy.  
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8. Results on the apartment house 

city) on energy and indoor climate 

2 
 the 
ing 

h/m2/a for 
e light and the massive constructions and for the single-zone and double-zone cases 

/a and that on cooling energy 
odelling is used and 

ss is 3 – 7 % on heating 

 thermal 

h/m2/a 
es and that of 

fference between various 

ent building, when only basic 
ne case 

5 oC about 35 % (3000 h) from the length of the whole year (Figure 8.4). Figure 8.5 
resents the interior temperatures, when cooling is used. The interior temperatures are very 

as modelled as a double-zone. 

8.1 Effect of thermal mass (heat capa
 
Annual heating and cooling energy of the light and the massive apartment building were 
calculated by TASE, VIP, SciaQPro and Consolis Energy. For the double-zone case 1 
(DbZo1+2) TASE, SciaQPro and Consolis Energy were used and for the single-zone case 
(SgZo) also VIP was used. Compared with the single-family house the cooling energy of
apartment house is noticeable, about 50 % from that of the heating energy. Both the heat
nd cooling energy show a spread from about 55 to 65 kWh/m2/a and 15 to 50 kWa

th
respectively (Figure 8.1).   
 
The effect of thermal mass on heating energy is 2 – 5 kWh/m2

5 - 10 kWh/m2/a depending on whether single-zone or double-zone m
which calculation model is used. Relatively the effect of thermal ma
energy and 10 - 20 % on cooling energy (Figure 8.2). 
 
Total heat sources include solar and internal heat sources. Ventilation and
conduction constitute the energy losses. Differences in internal gains are caused by 
differences in solar sources. In all calculations the internal heat sources are 43,8 kW
(5 W/m2). The single-zone case of VIP seems to give the lowest heat loss
TASE the lowest total internal heat sources. The maximum di
models in heat losses and in total heat sources is 15 – 20 % (Figure 8.3). 
 
The interior temperatures rise high in a well-insulated apartm
ventilation and no cooling are used. The interior temperature exceeds in the single-zo
2
p
similar also for the case, in which the apartment house w
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Annual Heating and Cooling Energy - Case 1 & 2
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Figure 8.1. Annual heating and cooling energy for the apartment building. Single-zone and 
double-zone cases. 
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Figure 8.2. Effect of thermal mass on heating and cooling energy. Single-zone and double-
zone cases. 
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Annual Internal Gains and Energy Loss - Case 1 & 2
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Figure 8.3. Total heat sources and energy losses.  Single-zone and double-zone cases. 
 
 
 
 

Duration Curves - Apartment Building - Case 2:  Non-cooling single-zone flat 
TASE

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

0 10 20 30 40 50 60 70 80 90 100

Time (%)

Te
m

pe
ra

tu
re

 (°
C

)

Lig-NCo

Mas-NCo

Lig-W10-OrWE-NCo

Mas-W10-OrWE-NCo

 
 
Figure 8.4. Duration curve of interior temperature for the single-zone flat without cooling. 
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Duration Curves - Apartment Building - Case 2:  Single-zone flat with cooling
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Figure 8.5. Duration curve of interior temperature for the single-zone flat with cooling. 

h) give a 

ily 

ily house. 

 
 

8.2 Utilisation factor 
The basic parameters of utilisation factor of ISO DIS 13 790 (a0 = 1 and τ0 = 15 
good fit for the utilisation factor of the massive building (time constant 408 h) both for the 
single-zone and the double-zone cases. However, the basic parameters give a poor fit for the 
utilisation factor of the light building, which had no massive surfaces at all and the time 
constant was very low (17 - 18 h).  When the parameter a0 is changed to 2,9 – 3,0, a good fit 
is also obtained for the light apartment building (Figures 8.6 - 8.9). This result is valid both 
for the single-zone and the double-zone cases.  

The relative heat losses in the apartment building are smaller than in the single-fam
house. This is one reason for the fact, that the scatter of the calculated points for the 
utilisation factor of the apartment building is greater than that of the single-fam
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Utilisation factor - TASE, Consolis Energy and ISO 13790 - Apartment house - Case 1
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Figure 8.6. Utilisation factor for the apartment building. Case 1 (DbZo1+2).  TASE, 

onsolis Energy and the basic parameters of ISO DIS 13790. C
 
 
 

Utilisation factor - TASE, Consolis Energy and ISO 13790 (Modified Parameters) - Apartment house - 
Case 1
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Figure 8.7. Utilisation factor for the apartment building. Case 1 (DbZo1+2).  TASE, 
Consolis Energy and the modified parameters of ISO DIS 13790. 
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Utilisation factor - TASE, Consolis Energy and ISO 13790 - Apartment house - Case 2
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Figure 8.8. Utilisation factor for the apartment building. Case 2 (SgZo). TASE, Consolis 
Energy and the basic parameters of ISO DIS 13790. 
 
 
 

Utilisation factor - TASE, Consolis Energy and ISO 13790 (Modified Parameters) - Apartment house - 
Case 2
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Figure 8.9. Utilisation factor for the apartment building. Case 2 (SgZo). TASE, Consolis 
Energy and the modified parameters of ISO DIS 13790. 
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8.3 Sensitivity analysis of some factors affecting the energy consumption 
 
8.3.1 Orientation and size of windows  

It has been studied what are effects of building’s orientation and window area together with 
the effects of thermal mass on heating and cooling energy. These calculations were m
with TASE. The window area/floor area was decreased from its original value, which was 
25 % for the double-zone Case 1 and 21 % for the single-zone Case 2, to 10 % and to 15 % . 
In the orientation study the building is rotated 90 degrees counter clockwise. The facades, 
which originally were facing towards west and east, are after the rotating facing towar
south and north.  
 
The change in the windows’ orientation is presented by the symbol Or WE, which me
that the windows are after the rotation in west – east direction and that the greatest win
area is facing to south. The ratio window area/floor area is presented by the notation W
if e.g. the relative window area is 20 %.  
 

ade 

ds 

ans 
dow 
 20, 

oth the decrease of windows’ size as well as the rotation of the main façade from west to 

 decreases by approximately              
0 kWh/m /a (15 %) both in the light-weight building and in the massive building compared 
ith the cases of the basic window area.  

is 

2/a 

hen 
tely by                

unter 

e 
aller 

y 12 and 6 kWh/m2/a. Also here it can be seen, that the massive constructions utilise etter 

al mass on heating energy decreases when the size of windows is 
decreased in both cases modelled. On the other hand in both cases the effect of thermal mass 
increases noticeably (from the level of 2 – 4 % up to 15 %) when the orientation of 
building’s facades is changed from west-east towards south-north (Figure 8.12). 

B
south decrease heating energy for the double-zone Case 1. When the window area is 
decreased to10 % from the floor area, heating energy

21
w
 
When the building is rotated by 90 degrees counter clockwise, so that the main façade 
towards south, the heating energy decreases by 5 kWh/m2/a in the light-weight building and 
by 12 kWh/m2/a in the massive building. When both the rotation is made and the window 
area is decreased to10 % from the floor-area, heating energy decreases by 3 – 4 kWh/m
both in the light-weight building and in the massive building (Figure 8.10). 
 
The cooling energy decreases as well when the window area is reduced (Figure 8.10). W
the window area decreases to 10 % from the floor area, cooling energy is approxima
16 kWh/m2/a (60 %) smaller than in the original case. When the building is rotated co
clockwise but the window size is according to the original case, cooling energy increases by 
10 kWh/m2/a (35 %) in the light-weight building and 3 kWh/m2/a (10 %) in the massive 
building (Figure 8.10). 
 
For the single-zone Case 2 heating energy also decreases in all sensitivity cases (Figur
8.11). When the window area is 10 % from the floor-area, heating energy is 10 % sm
than in the basic case. The rotation of building’s façade from west towards south decreases 
heating energy by 8 – 14 kWh/m2/a (15 - 25 %) in the light and in the massive buildings 
correspondingly. However, in the same rotation the corresponding cooling energy increases 
b  b
the solar radiation trough south facing windows and reduce the cooling demand than the 
light structures (Figure 8.11) 
 
The effect of therm
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Sensitivity Analysis - Orientation and size of windows - Heating and Cooling - Case 1
TASE
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Figure 8.10. Effect of windows’ orientation and size on heating and cooling energy. Double-
zone Case 1. Results of TASE. 
 
 
 

Sensitivity Analysis - Orientation and size of windows - Heating and Cooling - Case 2
TASE
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Figure 8.11. Effect of windows’ orientation and size on heating and cooling energy. Single-
one Case 2. Results of TASE. z
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Sensitivity Analysis - Orientation and size of wndows - Effect of mass - Case 1 and 2
TASE

10,0

15,0

20,0

25,0

30,0

35,0

40,0

45,0

0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0 16,0 18,0

Heating (%)

C
oo

lin
g 

(%
)

DbZo1+2 - Original DbZo1+2 - W10 DbZo1+2 - W15 DbZo1+2 - OrWE DbZo1+2 - W10-OrWE DbZo1+2 - W15-OrWE
SgZo - Original SgZo - W10 SgZo - W15 SgZo - OrWE SgZo - W10-OrWE SgZo - W15-OrWE  

nd cooling energy. Results of TASE. 

.3.2 Climate 

he effect of climate has been studied by VIP for Helsinki, Malmö, Oslo, Luleå and 
 and the 

aller than 
se 

t 
tely the same 

ssive buildings 
imately 

 
Figure 8.12. Effect of building’s thermal mass and windows’ size and orientation on heating 
a
 
 
8

T
Stockholm.  It has been used two different weather data for Stockholm; Meteonorm
year 1971. The basic weather data for calculations is that of Helsinki. 
 
In Malmö the energy consumptions of heating and cooling are 35 % and 15 % sm
the consumptions in Helsinki respectively. The energy consumptions in Oslo are quite clo
to the results of Helsinki; in Oslo heating energy is 7 % smaller and cooling energy 2 % 
smaller than in Helsinki. In Luleå heating energy is 35 % greater than in Helsinki, bu
cooling energy is very small. For Stockholm both weather data give approxima
heating energy, but the cooling energy calculated by Meteonorm is 45 % greater than that 
calculated by the year’s 1971 weather data. Both the heating energy and the cooling energy 
of Stockholm are approximately 15 % smaller than those of Helsinki (Figure 8.13). 
 
The effects of thermal mass on heating energy are close to each others, about 3 – 4 %, with 
the weather data of Helsinki, Oslo and Stockholm, when the light and the ma
are compared.  With the weather data of Malmö the effect of thermal mass is approx
6 % and with those of Luleå approximately 2 % (Figure 8.14). 
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Sensitivity Analysis -  Heating and Cooling - Case 2: Single-zone flat
VIP
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Figure 8.13. Effect of weather data on heating and cooling energy. Calculations made by 
VIP. 
 
 
 

Sensitivity Analysis - Climate - Effect of mass - Single Zone
VIP
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Figure 8.14. Effects of weather data and thermal mass on heating and cooling energy. 
Calculations made by VIP. 
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8.3.3 Night ventilation 

The thermal mass clearly increases the benefits of night ventilation in reducing the cooling 
energy. When the night ventilation rate is triple compared with the daytime rate, the co
energy of the massive apartment building is about one third lower than that of the ligh
building (Figure 8.15). 
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Figure 8.15. Effect of night-ventilation and thermal mass on cooling energy. Calculations 
made by VIP. 
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9. Conclusions  

 

e 
int temperature. 

ISO 

 this study these differences were tried to be avoided by describing the buildings 

ouse and an apartment building. For the single-family house four 
onstruction alternatives were studied; extra-light, light, semi-weight and massive. The 
xtra-light building did not have any massive surfaces and in the light building only the 

floor was massive. For the apartment building two construction alternatives were studied; 
the light and the massive ones. In both buildings it was used both single-zone and double-
zone models. Synthetic Helsinki weather (Meteonorm) was used as the basic data of 
calculations. 
 
The heating energy/floor-area is approximately from 60 to70 kWh/m2/a and the cooling 
energy from 3 to 13 kWh/m2/a for the extra-light and for the massive single-family houses 
calculated with the six programs mentioned above. The results of VTT House Model are 
excluded from these numbers, because it had slightly different input data and modelling 
assumptions. The difference between the calculated maximum and minimum energy 
consumptions is absolutely 10 kWh/m2/a and relatively 15 % in the heating energy and      
75 % in the cooling energy (the percentages are calculated using the maximum energy 
consumptions are the basic). This is important to know, if e.g. a national energy 
performance criteria is set as a kWh/m2/a-value and the calculation method is left open. 
Then it would be in principle possible to get a 15 % improvement in the energy efficiency of 
heating and a 75 % improvement in the energy efficiency of cooling just by changing the 
calculation method. Therefore, if for the energy performance criteria is set a value expressed 

 
Buildings’ heating and cooling energy can be calculated by either a monthly energy balance
method or a simulation method, in which the time-step of calculations is usually one hour. 
The simulation methods calculate at the same time the energy consumption and the indoor 
air and surface temperatures. In the energy balance methods the indoor temperature is th
eating or cooling set-poh

 
The most important of the energy balance methods from the point of view of Nordic 
countries is ISO DIS 13790 Thermal Performance of Buildings – Calculation of Energy Use 
for Heating and Cooling. It is important, because it has an official role in Europe and it is 
mentioned e.g. in the Energy Performance Directive of Buildings (EPDB).  
 
This study had three main goals. Firstly it was purpose to make a comprehensive study on 
the effects of thermal mass on the heating and cooling energy in Nordic climate and for 
typical, modern Nordic buildings. The effect of thermal mass was analysed using different 
calculation methods. Because different methods and their users get for the same research 
problem different results, 6 simulation programs (Consolis Energy, IDA-ICE, SciaQPro, 
TASE, VIP, VTT House Model) and one standard method, maxit energy, were use. maxit 
energy is based on the standard EN 832, which is the predecessor of ISO DIS 13790.  
Secondly it was purpose to evaluate the reliability of the monthly calculation method 
DIS 13790 mentioned above and its parameters for the utilisation factor (a0, τ0).  The third 
purpose was to make sensitivity analysis concerning e.g. the effect of the size and the 
orientation of windows, the tightness and the thermal insulation of the envelope and the 
weather data on the energy consumption. 
 
Usually differences in input data cause great differences in calculated energy consumptions. 
In
calculated as detailed as possible. It was used two various buildings in the calculations; a 
single-family h
c
e
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in kWh/m2/a, the calculation method and certain important input data (e.g. internal sources) 

window size (12 % from the floor area) is 
ompared with the massive single-family house, the effect of thermal mass is clearly 

o 45 % 

he absolute differences in heating energy as well in cooling energy of the single-family 
 

he 

f 

   
he 

od fit compared with the utilisation factors calculated with the simulation 
odels in this study. The fit is good with the only exception, that these parameters give a 

 

gy 

must be given. 
 
Various calculation methods give different effects for the thermal mass. For the relatively 
small basic window area (12 % from the floor area) the effect of thermal mass is 
approximately 3 – 5 % in heating energy and 30 – 50 % in cooling energy, when the extra-
light and the massive single-family houses are compared. When the light single-family 
house having a concrete floor and a small 
c
smaller, a few percent. On the other hand, when the window size is greater (from 20 t
from the floor area) the difference in heating energy between the extra-light and the massive 
buildings can rise up to 14 %.  
 
T
house increase from approximately 2 kWh/m2/a to 15 kWh/m2/a, when the relative window
size is increased from its basic level to 45 % from the floor area. 
 
The relative effect of thermal mass in heating energy increases from 2 to 6 % when the 
weather data of South-Sweden (Lund, Malmö) instead that of North-Sweden (Luleå, Umeå) 
are used in calculations and the extra-light and the massive single-family houses are 
compared with each other using the calculation results of VIP. However, the absolute 
difference in heating energy between these two constructions is approximately constant, 2 
kWh/m2/a. The weather data does not affect much on the cooling energy. For all weathers 
studied the effect of thermal mass is approximately 20 % (2 kWh/m2/a) in the cooling 
energy. The effect of thermal mass was also about the same between the extra-light and t
massive constructions when different climate data of Sweden and Finland were used in 

axit energy. m
 
The conclusions obtained for the single-family house are generally valid also for the 
apartment building. However, compared with the single-family house the cooling energy o
the apartment building is noticeable higher, about 50 % from that of the heating energy. The 
heating and the cooling energy of the apartment building show a spread from about 55 to
70 kWh/m2/a and 20 to 50 kWh/m2/a for the light and the massive constructions and for t
single-zone and double-zone cases respectively.  
 
The basic parameters of ISO DIS 13790 for the utilisation factor (a0=1 and τ0=15 h) give 
generally a go
m
too low utilisation factor for the extra-light single-family house and apartment building 
having no massive surfaces at all and a time-constant of approximately 20 - 50 h. Because 
so light buildings are very seldom in practice, it can be concluded that the basic parameters
are well-suited also for the Nordic climate and for modern Nordic buildings. The 
correctness of the utilisation factor means also that ISO DIS 13790 is an accurate ener
analysis method. 
 
On the basis of this research we want to present the following conclusions: 
 
1. Calculation methods based on the standard ISO DIS 13790 are accurate enough for 

calculating the annual heating energy, e.g. in the context of energy design and energy 
certification. Many times the inaccuracies of the input data and the various ways to 
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interpret it cause greater affects on results than the simplifications of the calculation 
method. 

 
2. The basic parameters of the utilisation factor of ISO DIS 13790 (a0=1 and τ0=15 h) are 

correct, when there is at least one massive surface in the building. For an extre
building having no massive walls (time constant less than 50 h), the above mentioned 
coefficients give a too low utilisation factor and thus a too high energy consumption

 
3. Thermal mass of buildings has many positive effects. It decreases noticeably cooli

energy need and decreases heating energy. Especially, benefits can be achieved when 
the window size is great and the building is well-insulated. The thermal mass can be 
effectively utilised together

mely light 

. 

ng 

 with night ventilation to reduce the need for mechanical 
cooling.  

assive buildings are lower 
than those of light buildings in summertime, when mechanical cooling is not used. 

st 

 
ilding 

ly 
 documents the differences between the results obtained with various 

programs would be much higher. In addition to these, it must be mentioned that all 

input data must be fixed, in order to 
ascertain, that certain energy consumption also corresponds certain level of thermal 

of 
od 

rate 

 
Usually the thermal mass of buildings also improves the thermal indoor climate, when 
mechanical cooling is not used. The interior temperatures in m

 
Thus the thermal mass should be a design parameter in national building regulations in 
order to promote the building owners, designers and constructors to search the mo
energy efficient solutions leading also into a good indoor climate. 

 
4. The inaccuracy in the calculation of heating energy is 10 – 15 kWh/m2/a and that in the

cooling energy 10 – 30 kWh/m2/a for the single-family house and the apartment bu
correspondingly, when the input data of calculations is exactly specified. If the energy 
consumptions were calculated so, that each calculator draws his/her input data direct
from design

program users of this study were experienced.   
  

One conclusion of these numbers is that authorities should be very careful when setting 
energy performance requirements only on the basis of the calculated energy 
consumption. If the specific energy consumption is wanted to fix to a certain level, then 
also the calculation method and the important 

insulation and efficiency of equipment. 
 
 The calculation method of ISO DIS 13790 gives accurate results compared with those 
 the 6 simulation programs used in this study. Therefore it should be an allowed meth
 in the energy analysis of buildings. 
 
5. For energy analysis purposes single-zone modelling seems to give results accu

enough compared with the double-zone modelling.  
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11. Appendices 

. Symbols for calculation cases A
 
The following specifications are used for identification the calculation cases. 
 
 
1. Building type 
 
SFa_SgZo Single family house as a single zone 
SFa_Zo1 Zone 1 of single family house  
SFa_Zo2 Zone 2 of single family house  
SFa_Zo1+2 Zones 1+2 of single family house  
 
Ap_SgZo Single zone flat (Case 2) 
Ap_DbZo1 Zone 1 of the double-roomed flat (Case 1) 
Ap_DbZo2 Zone 2 of the double-roomed flat (Case 1) 
Ap_DbZo1+2 Zones 1+2 of the double-roomed flat (Case 1) 
 
2. Construction type 
 
ExL  Extra-light 

. Use of mechanical cooling

Lig  Light 
SWe  Semi-weight 
Mas  Massive 
 
3  

Co  No cooling 

  

 
The set point temperature for heating is always 21 oC 
 
N
Coo  Cooling, set point temperature 25 oC  
CoT  The set point temperatures for heating and cooling are both 21 oC,
   
 
4. Window area and orientation 
 
W xx  Window area/floor area xx  % (e.g. W 20) 
Or NS  Windows in north – south direction (facing either to west or to east) 
Or WE  Windows in west – east direction (facing either to south or to north) 
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B. Simulation tools used 
 
B 1. Consolis Energy 

esented by three typical days for each month. The days have an average 
onth and for the actual location over a period of 

s with clear sky, one with partly cloudy 
iation over the day as a function of the 

 based on cloudiness and solar radiation on a 
riation of the outdoor temperature, Te, K, 

q. (1).  

(1)  

 ground under the floor construction is derived from the monthly 
t  ISO 13370. This temperature is constant for each month and is 

. The overall monthly result for heating and cooling loads will 
based on the monthly cloudiness data generally available for 

ns

Timely resolution and climatic data. 
 
The climate is repr

mperature which is the average for the mte
30 years as given in climatic handbooks. One day i

re varand one with full cloud cover. The temperatu
time t in hours is given by a synthetic algorithm
horizontal surface. The algorithm for the daily va

 given in Eis
  
 

  
 
The temperature for the
ea  flow given by ENh

specific for each construction
age then be a weighted aver

omost locati . 
 

 
 
Figure 1. A two-zone model. 
The main advantage is that the data set needed for each location is limited to 36 values per 
month which makes it easily accessible for the user and easy to control. The data will 
basically be the same as for a normal calculation with EN ISO 13790 so that both methods 
can be run on the same data set for calibration.  
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Multiple zones 

he model includes two zones. Each zone is characterized by its thermal capacity at the 
sfer coefficients between the temperature nodes which are Te the 

Tc1, the air and surface temperatures in zone 1 and Ta2 
s in zone 2.  

 
T
surfaces and heat tran
outdoor air temperature, Ta1and 
and Tc2, the air and surface temperature
  
  
 

 

 
Each zone has an equivalent surface heat capacity that takes into account both internal and 
external surfaces. The air temperature is linked to the exterior temperature via the 
ventilation, infiltration and window heat transfer, to the air in the other zone via air flows 
and to the surface in the zone via convective surface heat transfer. The surface temperatur
is linked to the exterior and ground temperatures via transmission through opaque 
constructions, to the surface of the other zone via transmission through partitions and to the
zone air. Arbitrary fractions of emitted or extracted heat in the zone can be directed towards 
the surface or the air. Ventilation flows in and out can be varied at will and an air to air heat 
exchanger function is included.  
 
The model is geometric in a way as the solar radiation through the windows is based on the 
geometry and orientation of the windows. The most significant simplification is that all the 

e 

 

rfaces in a zone have a uniform temperature and thermal capacity. This is justified by the 
as strong coupling by radiation between a surface and other 

su
fact that there is about twice 
surfaces in a room than by convection to the air.  
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Thermal inertia and utilisation factor 

 response for a 24 hour temperature 
riation and simply added for the various surfaces.  

 ISO 13790 the single node thermal capacity representation is already used in the 

r heating or cooling, power from internal loads such as persons or lighting and the power 
from solar radiation through windows. The model is built up so that each separate power 
source to the room can be divided between the air and the surfaces by the choice of the user. 
This gives the possibility to model air heating versus surface heating and its implication on 
the dynamics and control of indoor temperatures in a simplified way. RC12 is a thermal 
resistance over the common partitions for the two zones, Ras1 and Ras1 represent the 
convective heat transfer between the air and the surfaces. RC1e and RC2e represent the heat 
transfer between the indoor surface through all opaque exterior construction above ground 
and the ambient outdoor temperature. RC1g and RC2g represent the heat transfer between 
inner surface and the ground temperature below. Ra1e and Ra2e represent the direct heat 
transfer between the room air and the exterior ambient temperature that can be considered as 

eady state. This includes heat transmission flow through windows and doors and may also 

t and the unknown temperatures of the 
stem have to be expressed as n equation system for each time step or in matrix form.  

(2) 

 
The thermal inertia of the constructions is for each zone represented by a single capacitance 
evenly distributed over the inner surfaces. The equivalent capacity for each surface is 
derived from the analytically calculated heat flow
va
 
In
calculation of the building time constant. The so called utilisation factor for internal heat 
loads is based on the load/gain ratio and the time constant. The empirical expressions are 
based on a fixed maximum indoor temperature for venting and cooling which can not be 
varied by the user.  
  
Space model and nodal representation 
 
The nodal points for the temperatures and the connecting devices are shown in the system 
sketch in figure 2. The model has 4 power generators, Pa1 etc., W, that generate heating or 
cooling at the air and surface nodes for the spaces. The power to each node consist of power 
fo

st
include bidirectional in- and exfiltration. The heat transfer with directed air flows is 
symbolized with diodes that transfer heat only in one direction. De1 and De2 are depending 
on the air flows from the exterior to the air but also on the flow from the air to the exterior 
together with the air to air heat exchanger efficiency of a possible heat exchanger. A 
possible air flow between the zones is modelled differently in each direction as Da12 and 
Da21. This gives a relatively large freedom for the user to lead the air in and out of the 
zones and between the zones.  
 
Mathematical solution 
 
To calculate the heating and cooling load we need to establish an algorithm that relates the 
temperatures at the end of a time step to the temperatures at the beginning of the time step. 
The solution used showed frequent instabilities in the solution with a simple forward 
difference scheme which were eliminated by switching over to backward differences. The 
mathematical formulation then becomes implici
sy
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In which HTM is the heat transfer matrix, T is the vector for unknown temperatures and B 
peratures, supplied power and initial temperatures 

t the beginning of the time step. Inverting the heat transfer matrix and multiplying on both 

he boundary temperatures and the supplied power to the nodes can be expressed as 

nce the calculation is based on repeated daily cycles the temperatures at 0 hours are set 
e to nonlinearities in the temperature control they 

lution for the whole day is best reached with iteration.  

window surfaces temperature from the weighted comfort 
mperature. It is not expected that this method will give local operative temperature close 

ily glazed spaces this might become of importance.  

wer 
 the zones. 

(6) 
 

is a vector that consisting of boundary tem
a
sides gives: 
  

(3) 
  
T
constant during the time step or varying linearly during the time step. In the present work 
the former approach has been chosen. This has to be taken care of in the modelling of the 
boundary condition, especially the solar gains in order not to create a half an hour time shift 
in the results.  
 
Si
equal to the temperatures at 24 hours. Du
so
  
Temperature control  
 
As input to the model the user can choose a set point temperature for heating and a set point 
temperature for cooling in each zone. A complication is that when we have introduced the 
air and surface mass node for each room we have to define the comfort temperature. In the 
model the default procedure is to define the comfort temperature as the arithmetic mean of 
the air and surface temperature but the user can decide to weigh them differently. This 
means that, besides the unknown temperatures for air and the surface mass nodes, we define 
the comfort temperatures for the different zones, Tz1 and Tz2 where a and b are the weights 
as  
  

(4)  
  
 
and  
  
 

(5) 
  
  
This approach excludes the 
te
to windows etc. For heav
 
For each time step the resulting temperatures are calculated without any supplied heating or 
cooling. If the temperatures, Tz1 and Tz2, lie between the set point temperatures for heating 
and cooling no action has to be taken. Else, the supplied power to the temperature nodes has 
to be calculated simultaneously. By calculating the response of the comfort temperature 
vector Tz to a unit increase in supplied power for each node, we can we can identify the 
matrix HCR relating changes in comfort temperatures and supplied heating/cooling po
in
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and further  
 

(7) 
 
In this way the power needed to meet a desired temperature changes ΔTz can be explicitly 

er arithmetic, vector and matrix algebra and allowing for circular references 
 make use of the effective built in iteration processing. The calculation for 2 zones and a 

expressed.   
 
  
Software solutions 
 
The program is written in Microsoft Excel. The special routines that were used included 
complex numb
to
whole year is carried out in few seconds.  
 

Figure 3. Heat transfer parameters for the given base case, i.e. two adjacen
rt 1 facing south and part 2 facing south. Temp 1 and Temp 2 are optional zones with 

t office spaces, 
pa
fixed temperatures. Ceff is the total thermal capacity for each zone 
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B 2. VIP 

The commercially available VIP+ (2002) is a dynamic hourly-based programme that 
 space heating, solar radiation, internal gains (people, 

 water production, and cooling. There are two important calculation modules; 
ne to estimate airflows through the ventilation system and air leaks according to Nylund 
980) and one for thermal mass according to Johannesson (1981). There are two important 

rties connect. One is the internal air pressure model where wind-
ressure, thermal uplift, air-leakage and ventilation flows are merged into an 'air-system' 

he programme is based on a one-zone model. A building with thermally separated rooms 

berg M. (2002). INTEGRATED LIFE CYCLE DESIGN - Application to Concrete Multi-
welling building,  Report TVBM-3103 Division of Building Materials, Lund University. 

Lund, Sweden pp 59-60. 

VIP+ (2002). Computer programme for energy balance calculations. STRUSOFT, Malmö, 
Sweden.  
 

 

manages energy supply from
appliances), heat recovery from ventilation and energy release by transmission, ventilation, 
air leaks, hot
o
(1
links where the prope
p
which balances in and outflow of air. The other is the temperature of the building frame 
model where the energy flows of radiation, air flow and transmission are integrated with the 
balance of added, removed and stored energy.  
 
T
which have different set point temperatures or different free energy gains can be modelled 
by first calculating each zone is calculated separately and then clustering the zones by a 
specific procedure provided in the programme.  
 
The programme has no specific routine to calculate heat-bridges, which instead can be 
modelled as any other element of the building. This gives good understanding of the impact 
of the heat-bridges. Indoor temperatures are computed, which allows an assessment of 
thermal comfort for the specific design alternatives. It should be pointed out that VIP+ 
primarily is an energy balance programme for the design of the climate shell, and that in 
general cases, other types of programmes should be used for the thermal comfort related 
design in general cases. For a normal residential building with limited window areas, no air 
conditioning and moderate internal gains, 
VIP+ is however deemed to be a sufficient tool to predict indoor temperatures. The 
programme has been in operation since the end of the 1980s with good agreement in 
comparisons with measurements on real buildings (Öberg, 2002). Currently a user inter-
phase addressing also the energy certification procedures of the EPBD is being developed. 

 

Jóhannesson G. (1981). Active Heat Capacity, Models and parameters for the thermal 
performance of buildings. PhD thesis. Report TVBH – 1003, Lund Institute of Technology, 
Sweden 

Nylund P-O. (1980). Infiltration och Ventilation. (Infiltration and ventilation) Report 
22:1980. Swedish Council for Building Research, Stockholm (In Swedish) D

Ö
D
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B 3. VTT House Model 

use 

d 

h makes it easy to use the architect's 
rawings as an input data for building shape and form. VTT House Model uses XML-

ts typical heat loads, 
mperature set points and ventilation values. However, these values are easy to change to 

one. 

tion 
ly 
ts 

lso new 

rmat. The TMY2 format includes the buildings location and time zone. Solar radiation for 
utside surfaces is calculated depending on surface direction and angle as well as on sun 

o the zone, this is why also the ceiling of the zone can have heat load from 
w 

 

 
The simulations were made in VTT House Model simulation environment. VTT Ho
Model is a dynamic simulation tool for building simulations. The House Model combines 
air infiltration and ventilation, as well as heat and moisture transfer processes. A network 
assumption is adopted for both air flow and thermal simulation. An iterative method is use
for air flow simulations and lumped capacitance method for thermal simulation. VTT House 
Model includes mass balance, momentum and heat balance equations, which makes it 
possible to take into consideration the interaction between ventilation and heat transfer 
processes.  
 
VTT House Model can read IFC 2x format whic
d
format for the project. The output data is saved as txt-file but can be examined already 
during the simulation phase with help of several time dependent charts of variables. 
 
Building wizard automatically analyses the zone type and se
te
the project specific ones. Internal heat loads can have different time schedules in each z
For heating and cooling it is possible to vary the PID-controls set points. 
 
Ventilation device is functioning as a real one, thus, the temperature efficiency is a func
of air flow. The curve of temperature efficiency can be defined for each project individual
if needed. Also the heat transfer surfaces can be defined very specifically. Ventilation duc
can also be modelled as real ones. 
 
In VTT House Model there are several options for different building structures but a
structures can be added to the library. 
 
Climate file is in TMY2 format. That format is the most common and evaluated climate 
fo
o
position. The horizontal solar radiation is given in climate file. The solar radiation 
penetrating through windows is calculated as diffuse radiation from inside panel of the 
window t
radiation. The radiation from surfaces (e.g. from radiator) is calculated with help of vie
factors. 
 
The detailed description of the program is in Pekka Tuomaala, 2002, Implementation and 
evaluation of air flow and heat transfer routines for building simulation tools, VTT 
Publications 471. 
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B 4. maxit energy 

 
General description 
 
maxit energy calculates monthly heating energy for a one zone building according to the 
European standard EN 832. It is heavily focused on simplicity for the user and the ambition 
is that even non experts should be able to perform advanced energy calculations. Beyond 
EN 832 maxit energy also uses several other international standards to calculate key inp
values to EN 832.  
 

ut 

he energy balance calculation from EN 832 includes heating energy, solar radiation, 
d air 
at is 

ards 
al 

roperties of multilayered components and ISO 13789 for total building thermal properties 

ent experts. 

ge a construction detail and get an accurate figure for the 
pact on the energy consumption. 

s much of the input data to the calculation engine. 
his makes the program less confusing, easy to use and leaves less room for sloppy input. 

ta such 
ata, 

o easy 

ons with other maxit energy users. 

 
energy 

s achieved by using open and commonly accepted standards, advanced 
alculations hidden for the user by an easy interface and a comprehensive report that makes 
e calculations traceable and possible to verify.  

 
 
 

T
internal heat gains, ventilation heat recovery, transmission losses, ventilation losses an
leakage losses. The balance equation is also affected by a heat gain utilisation factor th
determined by the building time constant and the gain/loss ratio. Other calculation stand
used are ISO 13790 for calculating ground losses, ISO 1386 and ISO 6946 for therm
p
 
The use of standardized calculation methods is an important feature of maxit energy. All 
calculations are performed according to commonly accepted international standards. This 
makes the calculations reliable, well documented and verified by independ
 
All calculations of heating energy are made making assumptions of occupant behaviour, air 
flow rates, weather estimations, etc and those assumptions add a bit of uncertainty. When 
comparing design changes impact on the heating energy for a certain building the accuracy 
is very good. It is very easy to chan
im
 
The user interface of maxit energy hide
T
The calculation report on the other hand is more detailed and contains all key values and 
information about the calculation and the used calculation data.  
 
maxit energy also contains a database with old calculations and predefined input da
as material properties and calculated statistical weather data. The database of material d
predefined constructions etc makes it easy for the user to set up a calculation. It is als
to store commonly used constructions and to export calculations to file and share these 
calculati
 
maxit energy is well suited for everybody needing to make heating energy calculations and
especially for normal building constructors and others without expert knowledge of 
calculations. This i
c
th
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Calculations 
 

he energy balance is calculated through the standard EN 832. Several other standards are 
ata required in EN 832 from the data given by the user. The standards 

re: 

O 13370:1998 

sistances used are 0,04 for internal surfaces and 0,13 for surfaces towards the external 

O 13789 is used to calculate the total transmission heat loss coefficient from all building 

O 13370:1998 

T
used to calculate the d
a
 
EN 832:1998 
ISO 13786:1999 
ISO 13789:1999 
ISO 6946:1996 
IS
 
EN 832:1998 
EN 832 is used to calculate the energy balance. 
 
ISO 13786:1999 
ISO 13786 is used to calculate the heat capacity of layered components. The surface 
re
environment.  
 
ISO 13789:1999 
IS
components. 
 
ISO 6946:1996 
ISO 6946 is used to calculate the u-value of layered components. 
 
IS
ISO 13370 is used to calculate ground properties. 
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B 5. TASE 

 
Tase program is a dynamic, multi room model for energy analysis of buildings. The main 
emphasis in the program is in the modelling of building physics. The HVAC systems are 

odelled in a quite simplified way.  

m was originally developed at VTT. It was originally a one room model. 
ed to a multi room model and it was verified in the Annex 21 of 

rgy Agency (IEA).  

he time step used in calculations on normally 1 hour, but it is possible to use also other 
 energy balance of one room consists from the convective balance of the 

of each surface, which is taken into 
ccount. When it is needed a surface can be divided into parts. The transient values of heat 

 using the transfer factors (Pi, Qi, Ri)  developed by Mitalas & Arsenault 

nce of each surface, convection from the room air, thermal radiation between 
terior surfaces and the short wave radiation from internal gains and from solar radiation 

are taken into account (Equation 4, Figure 1). The solar radiation 

iew factors and values of surfaces’ reflectance to other surfaces. The solar 
bsorption in exterior walls is also taken into account in the effective exterior temperature 

 

 air is: 

m
 
The TASE progra
Later it was chang
International Ene
 
T
time steps. The
room air (Equation 1) and from the heat balance 
a
flux are calculated
(Equation 2).  
 
In the heat bala
in
through windows 
transmitted trough a glazing is first supposed to fall on the floor and to reflect from that 
according to v
a

*
,noT (equation 2).

 
The heat storage effect into room

(1) 

 

he transient conduction heat flux from interior surface to outside is: 

 
 
T
 

(2) 

 

quation (2) can be simplified into equation (3), where Ti,n is the unknown surface 
temperature of surface i at time point n and the term the gi,n includes known temperatures 
and values of heat flux: 
 

 
E
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(3) 

 
 
The heat flux coming into an interior surface is: 
 

(4) 

 
  
The heat balance of the room consists from that of the room air and those of the surf
can be presented with a set of linear equations (Equation 5) 
 
  

[ A ] { T }

aces. It 

 = { B } 

d solar 

int 

ffect is given. 

heating. The 
echanical ventilation can include a heat recovery system from exhaust air. In addition a 

 
(5) 

 
 where 
 
[ A ]  is  a constant matrix including the e.g. heat transfer coefficients, transfer factors 
{ T }   a vector including air and surface temperatures  
{ B }     a vector including the heating or cooling effect needed, internal heat an
  gains as well as the history of surface temperatures and values heat flux. 
 
Equation (5) can be used for calculating the heating or cooling effect, when the set-po
temperature is given or for calculating the interior temperature, when a heating or cooling 
e
 
TASE program includes two heating systems, air heating and radiator 
m
constant infiltration rate can be given. The internal heat gains can have an hourly profile and 
they can be split into convection and radiation.
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Figure 1. The heat balance of an interior surface. 
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B 6. SciaQPro 

ate simulations in a user-friendly 

ate and energy use in one or several 
ructure, ventilation 

putes room 
idity, CO2 levels, thermal 

 a 2C-3R1 electrical analogy 
in each time step, and all 

ternal and external loads are assumed to be step-functions.  The time step can be set 

n is used for solving the zones 
.    

 lot of other sub-models for solar radiation, solar shading, components in mechanical 

ood 
 energy 

                                                

 
The aim of SCIAQ Pro is to perform advanced clim
fashion. 
SCIAQ is a computer tool for evaluating the indoor clim
zones in a building. Based on outside climate conditions, the building st
system, heating and cooling system, equipment and user habits, SCIAQ com
temperature, annual and peak heating and cooling loads, air hum
comfort and productivity.  
 
The main thermal simulation model in SCIAQ Pro is based on
wall model. This simplified model is solved analytically with
in
between 5 minutes and 1 hour. Heat loss to the ground is calculated according to ISO 13 
70.  For multi-zone cases, iteration with relaxatio3

simultaneously
 
A
ventilation systems, natural ventilation, infiltration, night cooling, thermal comfort, 
productivity loss, and more are also implemented in SCIAQ Pro. 
 
The thermal model in SCIAQ Pro has been tested against IEA’s BESTTEST with g
results. It performs well within the range of other international well known buildings
simulation programs.    
 

 
 
1 C stands for capacitance and R stands for resistance. 
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B 7.  IDA ICE 
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C. Results of the single-family house 
 
Table C.1.  Results of basic calculations on the single-family house. 
 

Energy input Energy loss Effect of mass
Case Calculation Solar Gain Internal Gain Heating Cooling Ventilation Conduction Heating Cooling

kWh/m 2 kWh/m 2 kWh/m 2 kWh/m 2 kWh/m 2 kWh/m 2
% %

1 - SFa_Zo1+2 - ExL - Coo IDA 29,3 43,8 61,2 -7,6 39,9 86,0 3,9 53,1
SCIAQ Pro 33,0 43,8 66,6 -12,6 35,5 88,3 4,1 38,1

VTT 31,7 43,6 68,2 -9,2 35,5 98,9 7,7 63,4
Consolis Energy 31,5 43,8 66,2 -11,1 3,8 31,5

TASE 32,9 43,7 62,6 -7,2 39,1 92,9 4,1 47,3
2 - SFa_Zo1+2 -Lig - Coo IDA 29,3 43,8 60,1 -5,6 40,1 86,7

Consolis Energy 31,5 43,8 64,5 -8,9
TASE 32,9 43,7 61,2 -5,5 39,3 93,1

3 - SFa_Zo1+2 -SWe - Coo IDA 29,4 43,8 59,1 -3,7 40,3 87,4
Consolis Energy 31,5 43,8 63,7 -7,7

TASE 32,9 43,7 60,4 -4,0 39,6 93,6
4 - SFa_Zo1+2 - Mas - Coo IDA 29,4 43,8 58,8 -3,6 40,3 87,2

SCIAQ Pro 33,0 43,8 63,9 -7,8 35,5 88,3
VTT 31,7 43,6 63,0 -3,4 35,8 100,1

Consolis Energy 31,5 43,8 63,7 -7,6
TASE 32,9 43,7 60,0 -3,8 39,6 93,3

5 - SFa_SgZo - ExL - Coo VIP 32,1 43,7 59,9 -12,6 40,7 82,5 2,7 19,2
IDA 28,7 43,8 60,7 -5,9 39,9 86,7 2,9 46,5

SCIAQ Pro 33,0 43,8 68,7 -11,4 35,5 88,3 6,4 28,9
Consolis Energy 31,5 43,8 65,3 -10,0 3,0 27,5

TASE 32,8 43,8 61,6 -6,2 39,3 92,5 3,2 43,1
6 - SFa_SgZo - Lig - Coo VIP 32,1 43,7 59,5 -11,8 40,8 82,7

IDA 28,7 43,8 59,8 -4,4 40,2 86,9
Consolis Energy 31,5 43,8 63,7 -7,9

TASE 32,8 43,8 60,4 -4,8 39,4 92,7
7 - SFa_SgZo - SWe - Coo VIP 32,1 43,7 58,4 -10,3 41,0 82,9

IDA 28,7 43,8 59,3 -3,3 40,3 87,4
Consolis Energy 31,5 43,8 63,3 -7,3

TASE 32,8 43,8 60,1 -3,7 39,7 93,1
8 - SFa_SgZo - Mas - Coo VIP 32,1 43,7 58,3 -10,2 41,0 82,9

IDA 28,7 43,8 59,0 -3,1 40,3 87,1
SCIAQ Pro 33,0 43,8 64,3 -8,1 35,5 88,3

Consolis Energy 31,5 43,8 63,3 -7,2
TASE 32,8 43,8 59,6 -3,5 39,7 92,8

9 - SFa_Zo1+2 - ExL - NCo IDA 29,2 43,8 61,8 0,0 42,8 90,1 4,2
VTT 31,6 43,6 66,4 0,0 37,4 104,3 5,4

SCIAQ Pro 33,0 43,8 65,4 0,0 35,5 88,3 2,4
Consolis Energy 31,5 43,8 64,7 1,7

TASE 32,9 43,7 62,0 0,0 39,5 99,3 3,5
10 - SFa_Zo1+2 - Lig - NCo IDA 29,2 43,8 60,7 0,0 42,5 89,8

Consolis Energy 31,5 43,8 64,1 0,0
TASE 32,9 43,7 61,1 0,0 39,3 98,5

11 - SFa_Zo1+2 - SWe - NCo IDA 29,3 43,8 59,5 0,0 42,1 89,6
Consolis Energy 31,5 43,8 63,6 0,0

TASE 32,9 43,7 60,4 0,0 39,0 98,1
12 - SFa_Zo1+2 - Mas - NCo IDA 29,3 43,8 59,2 0,0 42,0 89,4

VTT 31,6 43,6 62,8 0,0 36,7 102,4
SCIAQ Pro 33,0 43,8 63,8 0,0 35,5 88,3

Consolis Energy 31,5 43,8 63,6
TASE 32,9 43,7 59,9 0,0 38,9 97,7

13 - SFa_SgZo - ExL - NCo IDA 28,6 43,8 60,5 0,0 42,4 90,1 2,6
Consolis Energy 31,5 43,8 64,4 1,7

TASE 32,8 43,8 61,4 0,0 39,4 98,3 3,0
14 - SFa_SgZo - Lig - NCo IDA 28,6 43,8 59,7 0,0 42,1 89,5

Consolis Energy 31,5 43,8 63,7
TASE 32,8 43,8 60,4 0,0 39,2 97,6

15 - SFa_SgZo - SWe - NCo IDA 28,6 43,8 59,2 0,0 41,8 89,4
Consolis Energy 31,5 43,8 63,3

TASE 32,8 43,8 60,0 0,0 39,0 97,4
16 - SFa_SgZo - Mas - NCo IDA 28,6 43,8 58,9 0,0 41,8 89,1

Consolis Energy 31,5 43,8 63,3
TASE 32,8 43,8 59,5 0,0 38,9 97,0

Extra Light Multizone, Coo VTT 32,5 52,6 76,4 -19,9 37,8 103,7 8,1 31,6
Massive Multizone, Coo VTT 32,5 52,6 70,2 -13,6 37,9 104,3

Extra Light Multizone, NCo VTT 32,5 52,6 67,9 0,0 41,0 112,0 4,4
Massive Multizone, NCo VTT 32,5 52,6 65,0 0,0 40,3 110,4

Extra Light Maxit Energy 33,3 43,8 71,0 35,3 87,8 12,7
Massive Maxit Energy 33,3 43,8 62,0 35,3 87,8

Massive ISO 13790 13,8 36,1 57,2 35,1 72 72

138,9

138,9

140,0

139,3

139,0

138,6

130,5

131,3

130,9

131,3

131,1

131,3

138,6

139,6

130,3

131,3
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Table C.2. Results of sensitivity analysis of TASE on the single-family house.  
 

TASE - SENSIT IVITY ANALYSIS - SINGLE-FAM ILY HOUSE
Effect of mass

Conduction Heating Cooling
k Wh/m k W h/m k W h/m k W h/m k W h/m k W h/m 2

% %

SFa_Zo1+2 - ExL - Coo Original 32,9 43,7 62,6 -7,2 39,1 92,9 4,1 47,3
W15 45,9 43,7 64,2 -13,4 40,0 100,5 7,2 48,7
W20 63,4 43,7 67,5 -22,8 40,7 111,1 11,2 46,9

OrNS 34,3 43,7 63,3 -8,6 39,6 93,2 2,8 38,5
W15-OrNS 43,4 43,7 65,7 -12,4 40,2 100,3 3,2 35,6
W20-OrNS 55,6 43,7 69,6 -18,1 40,7 110,1 4,1 32,0

SFa_Zo1+2 - Mas - Coo Original 32,9 43,7 60,0 -3,8 39,6 93,3
W15 45,9 43,7 59,6 -6,9 41,0 101,3
W20 63,4 43,7 59,9 -12,1 42,4 112,4

OrNS 34,3 43,7 61,5 -5,3 40,6 93,8
W15-OrNS 43,4 43,7 63,6 -8,0 41,7 101,0
W20-OrNS 55,6 43,7 66,7 -12,3 42,8 110,9

SFa_SgZo - ExL - Coo Original 32,8 43,8 61,6 -6,2 39,3 92,5 3,2 43,1
W15 45,8 43,8 62,3 -10,9 40,5 100,3 5,1 42,9
W20 63,7 43,8 64,5 -18,7 41,9 111,0 8,3 41,8

OrNS 34,2 43,8 62,8 -7,9 39,9 92,8 2,4 36,1
W15-OrNS 43,2 43,8 65,1 -11,5 40,5 99,9 2,8 33,6
W20-OrNS 55,5 43,8 68,7 -16,7 41,2 109,7 3,5 30,3

SFa_SgZo - Mas - Coo Original 32,8 43,8 59,6 -3,5 39,7 92,8
W15 45,8 43,8 59,1 -6,2 41,4 100,9
W20 63,7 43,8 59,1 -10,9 43,4 112,0

OrNS 34,2 43,8 61,2 -5,0 40,7 93,3
W15-OrNS 43,2 43,8 63,3 -7,6 41,9 100,6
W20-OrNS 55,5 43,8 66,3 -11,7 43,2 110,4

Energy input Energy loss
Building type Case Solar Gain Internal Gain Heating Cooling Ventilation

2 2 2 2 2

 
 
Table C.3. Results of sensitivity analysis of VTT on the single-family house. 
 

VTT  - SENSIT IVITY ANALYSIS - SINGLE-FAM ILY HOUSE
Energy input Energy loss Effect of mass

Building type Case Solar Gain Internal Gain Heating Cooling Ventilation Conduction Heating Cooling
k W h/m 2 k W h/m 2 k W h/m 2 k W h/m 2 k W h/m 2 k Wh/m 2

% %

SFa_Zo1+2 - ExL Original 31,7 43,6 68,2 -9,2 35,5 98,9 7,7 63,4
Extra insulation 32,5 43,6 47,7 -13,1 36,1 73,8 8,5 45,2
Less insulation 31,8 43,6 118,3 -11,1 33,2 149,5 3,9 96,7

g-value 0,44 21,5 43,6 70,7 -10,3 33,3 92,3 4,2 89,8
g-value 0,24 11,3 43,6 73,9 -4,6 33,2 91,1 0,3 98,1
g-value 0,14 6,2 43,6 76,3 -2,7 33,1 90,4 -1,0 100,0

SFa_Zo1+2 - Mas Original 31,7 43,6 63,0 -3,4 35,8 100,1
Extra insulation 32,5 43,6 43,7 -7,2 36,6 76,0
Less insulation 31,7 43,6 113,7 -0,4 34,5 155,5

g-value 0,44 21,5 43,6 67,8 -1,0 35,2 97,6
g-value 0,24 11,3 43,6 73,7 -0,1 34,5 95,0
g-value 0,14 6,2 43,6 77,0 0,0 34,2 93,6  
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Table C.4.  Results of sensitivity analysis of Consolis Energy on the single-family house. 
 

E nergy input E nergy loss Effe ct of m a ss
B uild ing  type C ase S olar Gain Internal Gain Heating Cooling V entilation Conduction He a ting

k W h/m 2 k W h/m 2 k W h/m 2 k W h/m 2 k W h/m 2
%

SFa_Zo1+2 - ExL - C oo O riginal 3,8
0/100 Powe r D ist. 66,0 -10,9 3,7
20/80 Powe r D ist. 66,1 -11,0 3,7
80/20 Powe r D ist. 66,3 -11,2 3,8
100/0 Powe r D ist. 66,3 -11,3 3,7

0/100 T e mp. C ontr. 66,1 -11,2 3,6
20/80 T e mp. C ontr. 66,1 -11,1 3,7
80/20 T e mp. C ontr. 66,2 -11,0 3,8
100/0 T e mp. C ontr. 66,2 -11,0 3,9

0/100 Powe r D ist. W25 77,2 -33,0 8,5
20/80 Powe r D ist. W25 77,3 -33,1 8,6
50/50 Powe r D ist. W25 77,4 -33,2 8,6
80/20 Powe r D ist. W25 77,5 -33,4 8,4
100/0 Powe r D ist. W25 77,5 -33,5 8,2

0/100 T e mp. C ontr. W25 77,8 -33,3 7,7
20/80 T e mp. C ontr. W25 77,6 -33,3 8,1
50/50 T e mp. C ontr. W25 77,4 -33,2 8,6
80/20 T e mp. C ontr. W25 77,1 -33,2 8,8
100/0 T e mp. C ontr. W25 77,0 -33,3 8,8

Window 17% 70,4 -19,5 5,9
Window 25% 77,4 -33,2 8,6
Window 35% 87,0 -51,7 11,5
Window 45% 97,1 -71,3 13,7

SFa_Zo1+2 - M as - C oo O riginal 63,7 -7,6

0/100 Powe r D ist. 63,6 -7,5

20/80 Powe r D ist. 63,6 -7,5

80/20 Powe r D ist. 63,8 -7,8

100/0 Powe r D ist. 63,9 -7,9
63,8 -8,0

100/0 T e mp. C ontr. 63,7 -7,4
0/100 Powe r D ist. W25 70,6 -24,6
20/80 Powe r D ist. W25 70,6 -24,8
50/50 Powe r D ist. W25 70,7 -25,2
80/20 Powe r D ist. W25 70,9 -25,8
100/0 Powe r D ist. 

0/100 T e mp. C ontr. W
20/80 T e mp. C ontr. W25 71,3 -25,8
50/50 T e mp. C ontr. W25 70,7 -25,2
80/20 T e mp. C ontr. W25 70,3 -24,9
100/0 T e mp. C ontr. W25 70,2 -24,8

Window 17% 66,2 -14,2
Window 25% 70,7 -25,2
Window 35% 77,0 -39,9
Window 45% 83,8 -55,7

k W h/m 2

66,2 -11,1

W25 71,2 -26,6
25 71,8 -26,3

0/100 T e mp. C ontr.
20/80 T e mp. C ontr. 63,7 -7,8
80/20 T e mp. C ontr. 63,6 -7,5
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Table C.5.  Results of sensitivity analysis of VIP on the single-family house. 
 

Energy input Energy loss Effect of mass
Building type Case Solar Gain Internal Gain Heating Cooling Ventilation Conduction Heating Cooling

8
0
2
9
0
9
1
9
0
9

0,0

k W h/m 2 2 k k %

SFa_SgZo - ExL - Coo Climate - Malmö 37,9 -12,5 5,5 24,
Climate - Oslo 54,4 -12,7 3,5 22,

Climate - Sto 71 47,3 -15,4 4,2 16,
Climate - Sto met 47,5 -14,8 4,2 18,
Original: Helsinki 59,9 -12,6 2,7 19,

Climate - Luleå 78,5 -9,6 2,4 22,
Ind. temp. 21-21 65,8 -30,6 6,1 13,
Ind. temp. 21-23 61,0 -19,4 3,8 13,
Original: 21-25 59,9 -12,6 2,7 19,

Ind. temp. 21-27 59,7 -7,6 2,5 32,
Ind. temp. 21-29 60,2 -0,5 2,7 10

SFa_SgZo - Mas - Coo Climate - Malmö 35,8 -9,4

Climate - Oslo 52,5 -9,9

Climate - Sto 71 45,3 -12,9

Climate - Sto met 45,5 -12,0

Original: Helsinki 58,3 -10,2

Climate - Luleå 76,6 -7,4

Ind. temp. 21-21 61,8 -26,6
Ind. temp. 21-23 58,7 -16,7
Original: 21-25 58,3 -10,2

Ind. temp. 21-27 58,2 -5,1
Ind. temp. 21-29 58,6 0,0

k W h/m k W h/m 2 W h/m 2 Wh/m 2 k W h/m 2
%
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D. Results of the apartment building 
 
 
Table D1. Calculation results on the apartment building 
 

Energy input Energy loss Effect
Hea

 of mass
Building type Calculation Solar Gain Internal Gain Heating Cooling Ventilation Conduction ting Cooling

kWh/m 2 kWh/m 2 kWh/m 2 kWh/m 2 kWh/m 2 kWh/m 2
% %

41 - Ap_Db_Zo1+2 - Lig - Coo SCIAQ Pro 73,0 43,8 71,9 -49,5 73,0 61,5 7,0 14,5
Consolis Energy 70,9 43,8 71,7 -39,2 4,9 13,5

TASE 68,3 43,8 65,9 -28,3 80,1 69,7 4,5 21,3
42 - Ap_Db_Zo1+2 - Mas - Coo SCIAQ Pro 73,0 43,8 66,9 -42,3 73,0 61,5

Consolis Energy 70,9 43,8 68,2 -33,9
TASE 68,3 43,8 63,0 -22,3 82,8 70,1

43 - Ap_SgZo - Lig - Coo VIP 71,0 43,7 56,9 -47,0 62,6 62,1 3,1 14,2
SCIAQ Pro 62,0 43,8 67,2 -31,0 71,7 71,7 4,2 13,9

Consolis Energy 60,6 43,8 63,7 -32,4 3,0 11,2
TASE 56,7 43,8 65,1 -21,7 79,6 64,2 3,4 24,3

44 - Ap_SgZo - Mas - Coo VIP 71,0 43,7 55,1 -40,3 63,5 63,1
SCIAQ Pro 62,0 43,8 64,4 -26,7 71,7 71,7

Consolis Energy 60,6 43,8 61,8 -28,8
TASE 56,7 43,8 62,9 -16,4 82,2 64,6

45 - Ap_Db_Zo1+2 - Lig - NCo SCIAQ Pro 73,0 43,8 69,3 0,0 73,0 61,5 4,3
Consolis Energy 70,9 43,8 69,4 1,8

TASE 68,3 43,8 65,2 0,0 93,0 84,4 3,5
46 - Ap_Db_Zo1+2 - Mas - NCo SCIAQ Pro 73,0 43,8 66,3 0,0 73,0 61,5

Consolis Energy 70,9 43,8 68,2
TASE 68,3 43,8 62,9 0,0 92,0 83,2

 - Ap_SgZo - Lig - NCo SCIAQ Pro 62,0 43,8 66,0 0,0 71,7 71,7 3,0
Consolis Energy 60,6 43,8 62,6 1,3

TASE 56,7 43,8 64,6 0,0 89,8 75,1 2,8
- Ap_SgZo - Mas - NCo SCIAQ Pro 62,0 43,8 64,0 0,0 71,7 71,7

Consolis Energy 60,6 43,8 61,8
TASE 56,7 43,8 62,8 0,0 88,8 74,2

184,1

167,0

166,2

147,2

149,0

135,7

137,4

182,8

(case2)

(case2)

(case1)

(case1)

(case2)

(case2)

(case1)

(case1)

47

48 
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Table D2. Results of sensitivity analysis of TA
 

SE on the apartment building. 

TASE - SENSITIVITY ANALYSIS - APARTMENT HOUSE
Energy input Energy loss Effect of mass

ling Ventilation Conduction Heating Cooling
/m 2 kWh/m 2 kWh/m 2

% %
A 8,3 80,1 69,7 4,5 21,3

W10 33,5 43,8 55,0 -11,0 78,1 43,2 2,4 29,7
W15 42,8 43,8 57,6 -15,2 78,9 50,0 2,8 27,0

OrWE 86,1 43,8 61,3 -38,8 81,3 71,1 16,0 35,5
W10-OrWE 36,1 43,8 52,3 -10,4 78,5 43,3 5,0 38,2
W15-OrWE 49,4 43,8 54,2 -17,3 79,6 50,5 8,3 38,8

Ap_DbZo1+2 - Mas - Coo Original 68,3 43,8 63,0 -22,3 82,8 70,1
W10 33,5 43,8 53,7 -7,7 79,8 43,5
W15 42,8 43,8 56,0 -11,1 81,1 50,3

OrWE 86,1 43,8 51,4 -25,1 84,4 72,0
W10-OrWE 36,1 43,8 49,7 -6,4 79,6 43,6
W15-OrWE 49,4 43,8 49,7 -10,6 81,4 50,9

Ap_SgZo -Lig - Coo Original 56,7 43,8 65,1 -21,7 79,6 64,2 3,4 24,3
W10 27,3 43,8 56,6 -7,9 77,4 42,3 1,9 33,7
W15 41,1 43,8 60,3 -14,1 78,6 52,5 2,5 28,9

OrWE 81,4 43,8 57,1 -33,9 82,2 66,1 14,5 35,0
W10-OrWE 39,2 43,8 50,5 -11,2 79,2 43,1 5,9 39,2
W15-OrWE 59,1 43,8 53,1 -21,3 80,9 53,8 10,2 37,8

Ap_SgZo -Mas - Coo Original 56,7 43,8 62,9 -16,4 82,2 64,6
W10 27,3 43,8 55,5 -5,2 78,8 42,5
W15 41,1 43,8 58,8 -10,0 80,8 52,8

OrWE 81,4 43,8 48,8 -22,0 85,1 66,8
W10-OrWE 39,2 43,8 47,5 -6,8 80,3 43,4
W15-OrWE 59,1 43,8 47,7 -13,2 83,0 54,3

Building type Case Solar Gain Internal Gain Heating Coo
kWh/m 2 kWh/m 2 kWh/m 2 kWh

DbZo1+2 - Lig - Coo Original 68,3 43,8 65,9 -2p_

 
 
 
 
 

able D3. Results of sensitivity analysis of VIP on the apartment building. 
 
T
 

VIP SENSITIVITY ANALYSIS - APARTMENT BUILDING
Energy input Energy loss Effect of mass

Building type Case Solar Gain Internal Gain Heating Cooling Ventilation Conduction Heating Cooling
kWh/m

 - 

2 2 2 2 2 2kWh/m kWh/m kWh/m kWh/m kWh/m % %
_SgZo - Lig - Coo Climate - Malmö 37,8 -41,4 5,0 9,7

Climate - Oslo 53,1 -46,3 3,6 8,9
Climate - Sto 71 48,6 -26,6 2,7 9,8

Climate - Sto met 47,7 -38,6 3,4 9,8
Original: Helsinki 56,9 -47,0 3,2 8,3
Climate - Luleå 76,2 -28,6 2,0 11,5

_SgZo -Mas - Coo Climate - Malmö 35,9 -37,4
Climate - Oslo 51,2 -42,2

Climate - Sto 71 47,3 -24,0
Climate - Sto met 46,1 -34,8
Original: Helsinki 55,1 -43,1
Climate - Luleå 74,7 -25,3

Ap

Ap
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E. Utilisation factors 
 
E 1. Single-family house 

 
 

Utilisation factor - TASE, ISO & IEA - Single-family house - Case 2: Single Zone - Lig

0,20

0,40

0,60

0,80

1,00

1,20

U
til

is
at

io
n 

Fa
ct

or

0,00
0 1 2 3 4 5 6 7

Gain/Loss ratio

TASE - Lig ISO - Lig - Modified - a0=3,1 - Tau0=15 IEA - Modified - K=1,03 - D=0,48  

 Modified 
0 0 

 
Figure E.1. Utilisation factor for the light single-family, single-zone house. 
arameters for ISO DIS 13 790; a = 3,1 and τ = 15 h. p
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Figure E.2. Utilisation factor for the semi-weight single-family, single-zone house.  Original 
parameters for ISO DIS 13 790; a0 = 1,0 and τ0 = 15 h. 
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Utilisation factor - TA
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Figure E.3. Utilisation factor for the semi-weight single-family, single-zone house.  
Modified parameters for ISO DIS 13 790; a0 = 3,1 and τ0 = 15 h. 
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Figure E.4. Utilisation factor for the massive single-family, single-zone house.  Modified 
parameters for ISO DIS 13 790; a0 = 3,1 and τ0 = 15 h. 
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E 2. Apartment building 

 
Utilisation factor - TASE and ISO 13790 (Modified Parameters) - Apartment house - Case 1
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Figure E.5. Utilisation factor for the apartment building having the two-zone flat. Mo
parameters for ISO DIS 13 790; a0 = 2,9 and τ0 = 15 h. 
 

Utilisation factor - TASE and ISO 13790 (Modified Parameters) - Apartment house - Case 2
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Figure E.6. Utilisation factor for the apartment building having the single-zone flat. 

odified parameters for ISO DIS 13 790; a0 = 3,0 and τ0 = 15 h. 
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