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Abstract
The applicability of the utilisation factor method EN ISO 13790 is studied in modern Finnish buildings in the cold climate of Finland. The heat-

demand results of EN ISO 13790 are compared against a validated dynamic simulation tool. It is shown that, with the default values of the

numerical parameters of the utilisation factor, EN ISO 13790 gives in Finnish conditions as much as 46% higher or 59% lower heat demand of

the building compared to the simulation tool, depending on the type of the building and its thermal inertia. The results of EN ISO 13790 can be

calibrated for the residential buildings with the correct selection of the numerical parameters for Finnish conditions. With the new values of the

parameters, the results are in good agreement in most cases; however, the maximum difference between the methods remained 29% for highly

insulated residential buildings. For office buildings, heat demand was strongly underestimated in all the cases by the monthly method EN ISO

13790 regardless of the values of the parameters. The results of the study indicate that the monthly method EN ISO 13790 with new determined

numerical parameters is reasonably applicable for residential buildings, but not applicable for office buildings. Therefore, the other methods of

prEN 13790, i.e., simple hourly or detailed simulation methods, should be used for office buildings.
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1. Introduction

The European energy performance directive for buildings

(Energy Performance Building Directive—EPBD) states that

the energy efficiency of buildings has to be calculated in the

member states [1]. The member states are implementing the

EPBD at the national level by taking into account local climate

and conditions, requirements for indoor climate and cost

efficiency. An objective is that the directive comes into force in

all member states in 2006.

The European Commission has given a mandate to CEN for

the production of standards for the implementation of the

EPBD. As a consequence of the mandate, CEN is updating and

producing standards that are relevant to the EPBD. Under the

mandate, CEN is also extending the standard EN ISO 13790

(Thermal performance of buildings–Calculation of energy use

for space heating) [2] to include the calculation of space cooling

and a simple hourly calculation method and calculation
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procedures for a detailed simulation method, while the monthly

calculation method remains in the revised prEN 13790 [3].

In the current Finnish building code, D5 1985 [4], thermal

inertia is not taken into account, because it has only a minor

effect on heat energy consumption in older, less insulated,

buildings with relatively low heat gains in the cold climate [5].

Finland is considering an implementation of the monthly

method of the European standard EN ISO 13790 as part of the

calculation method for the energy performance of buildings.

The applicability of the calculation method of a utilisation

factor for internal heat gains suggested by the standard is

studied and new numerical parameters of the utilisation factor

suitable for Finnish conditions are determined.

2. Methods

The study is carried out with the monthly method EN ISO

13790 and the dynamic simulation tool IDA-ICE. The heat

demand of the buildings is calculated using both of the

calculation methods and is defined as heat to be delivered to the

heated zone by a heating system, so that the set point of heating

is reached.

mailto:juha.jokisalo@tkk.fi
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Heat loss of the zone QL is defined as the sum of conduction

QL,c (J) heat loss through the building envelope and heat

demand of incoming air QL;v (J) in the zone

QL ¼ QL;c þ QL;v (1)

Incoming air is heated by the heating system of the zone

(e.g., radiators) to the set point temperature of heating. With the

studied mechanical supply and exhaust systems, incoming air is

the supply air delivered at supply air temperature.

In the study, all the buildings are assumed to be completely

airtight. This is because it is probable that the existing standard

EN ISO 13790 overestimates the infiltration air-flow rate

compared to the IDA-ICE simulation [6]. In this study, heat

losses of infiltration are ignored in order to study purely the

effect of the parameters a0 and t0 in the cases that can be

calculated as accurately as possible with both of the methods.

Besides, a simple calculation method for infiltration air flow is

to be removed from the new version of EN ISO 13790. The new

version of the standard refers to the other standard, EN 13465

[7], and pre-standard prEN 15242 [8], where more-detailed

calculation methods of infiltration air flows are defined.

2.1. The standard EN ISO 13790 [2]

In the monthly method EN ISO 13790, the heat demand of

the building Qh is defined for each calculation period

Qh ¼ QL � hQg (2)

where QL is the heat loss of the building (J), h the utilisation

factor of heat gains and Qg are the total heat gains, including

solar and internal heat gains (J). The annual heat demand is the

sum over all the months with a positive heat demand.

Qh;a ¼
X12

m¼1

Qh;m (3)

In the standard, the heat gain and loss ratio g is defined as

follows:

g ¼
Qg

QL

(4)

The time constant of the building is calculated from

t ¼ C

H
(5)

where C is the internal heat capacity of building (J/K) and H is

the total heat loss coefficient of the building (W/K) caused by

transmission and ventilation heat losses. The utilisation factor h

for heat gains is defined in the standard

If g 6¼ 1 : h ¼ 1� ga

1� gaþ1
(6)

If g ¼ 1 : h ¼ a

aþ 1
(7)
where a is a numerical parameter depending on the time

constant of the building t (h), defined as

a ¼ a0 þ
t

t0

(8)

where a0 is numerical parameter and t0 reference time constant

(h). The standard EN ISO 13790 gives default values for the

parameters a0 and t0; for example, for the monthly calculation

of continuously heated buildings, the parameters are a0 = 1 and

t0 = 15 h. The value of these parameters can also be provided at

a national level, so the suitability of the default values of a0 and

t0 are studied in Finnish conditions.

2.2. The dynamic simulation software IDA-ICE

Dynamic simulations were carried out using IDA Indoor

Climate and Energy 3.0 (IDA-ICE) building simulation

software. This software allows the modelling of a multi-zone

building, HVAC-systems, internal and solar loads, outdoor

climate, etc. and provides simultaneous dynamic simulation of

heat transfer and air flows. It is a suitable tool for the simulation

of thermal comfort, indoor air quality, and energy consumption

in complex buildings. A modular simulation application, IDA-

ICE, has been developed by the Division of Building Services

Engineering, KTH, and the Swedish Institute of Applied

Mathematics, ITM [9,10].

IDA-ICE has been tested against measurements [11,12] and

several independent inter-model comparisons have been made

[13]. In the comparisons, the performance of radiant heating and

cooling systems using five simulation programs (CLIM2000,

DOE, ESP-r, IDA-ICE and TRNSYS) were compared and IDA-

ICE showed a good agreement with the other programs. The tests

and the comparisons showed a good justification for selecting

IDA-ICE as a reference tool in this study.

2.3. Calculation method of utilisation factor in EN ISO

13790

A correlation-based calculation method for the utilisation

factor used by the standards EN 832 [14] and EN ISO 13790

was originally developed in the European PASSYS project at

the beginning of the nineties [15]. In that project, the functional

shape of the utilisation factor shown in Eqs. (6) and (5) (see

Fig. 1) was determined using a curve fitting the monthly points

of (h, g, t) obtained from calculations of a reference building

with different European climates. In the calculations, the glazed

area, orientation and thermal inertia of the building were varied

and a correlation for Eq. (9) was determined against the

reference simulation tool ESP of the PASSYS project.

h ¼ f ðg; tÞ (9)

The average European values for the parameters were

determined to be a0 = 1 and t0 = 16 h for the standard EN 832,

and later, for the monthly method of standard EN ISO 13790

and the revised prEN 13790, the values were concluded to be

a0 = 1 and t0 = 15 h for continuously heated buildings. The

effect of thermal inertia of building structures on the utilisation
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Fig. 1. Utilisation factor for 1 day, 4 days and 2 weeks time constants for the

monthly calculation method of continuously heated buildings with the default

values of the parameters a0 = 1 and t0 = 15 h.
factor (see Fig. 1) is shown with the default values of the

parameters a0 and t0.

As an example, the effect of thermal inertia can be studied

with Dh, which is the difference between the average values of

the utilisation factors corresponding time constants of 336 and

24 h (Fig. 1).

Dh ¼ h̄ð336 hÞ � h̄ð24 hÞ (10)

where the average values of the utilisation factors h̄ are

calculated with the values of the gain and loss ratio from 0

to 4. Then, the gain and loss ratio covers the whole range of

values shown in Fig. 1. The effect of the values of parameters a0

and t0 on Dh is shown in Fig. 2.

2.4. Determination of a0 and t0 for Finnish conditions

In this study, the selection criteria of the parameters are the

effect of thermal inertia on heat demand and the difference in
Fig. 2. The effect of a0 and t0 on the difference between the average utilisation

factors of the example cases, i.e., the massive (t = 336 h) and the lightweight

(t = 24 h) buildings (see Fig. 1.) The difference Dh (Eq. (10)) indicates how

much higher the utilisation factor of the massive building is on average,

compared to that of the lightweight building.
heat demand between IDA-ICE and EN ISO 13790. The effect

of thermal inertia m between the lightweight and massive cases

is calculated by

m ¼
�

QLW
h;a � QM

h;a

QLW
h;a

�
� 100% (11)

where LW refers to the lightweight cases and M to the cases

with massive structures. The parameters of EN ISO 13790 are

determined for every building type so that the effect of thermal

inertia on annual heat demand (Eq. (11)) corresponds to the

results of IDA-ICE in Finnish conditions as closely as possible.

Furthermore, the average difference e in annual heat demand

between the dynamic simulation and EN ISO 13790 should

reach the smallest possible value

e ¼ 1

n

Xn

k¼1

100%

����Qk
h;a�IDA � Qk

h;a�EN

����
Qk

h;a�IDA

(12)

where n is the number of cases.

3. Building description

3.1. Environment and weather data

All the studied buildings are located in Helsinki, Finland.

The IDA-ICE simulations are carried out with the hourly

weather data of Helsinki (1979), which are commonly used as

test reference data for energy calculation in Finland [16].

Respectively, monthly weather data used with EN ISO 13790 is

based on the same weather data. The climate of Helsinki is cold,

with an annual average temperature of 4.3 8C. The average

temperature of the coldest month, February, is �9.8 8C and, in

summer, the average temperature of the warmest month,

August, is 16.1 8C.

3.2. The buildings

The studied buildings are modern Finnish residential and

office buildings with typical structures, HVAC-systems and

internal heat gains.

A seven-storey building was selected to represent a typical

Finnish apartment building. In the study, a part of the third floor,

which can be seen as the grey coloured area in Fig. 3, is

calculated. The studied zone consists of four apartments and
Fig. 3. A plan of the studied third floor of the apartment building. Heat flux

across the walls between the white and grey zones is negligible because indoor

air temperatures of the zones are equal.
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Fig. 4. A plan of the detached house.

Table 1

The values of internal heat capacity divided by the net floor area of the studied

zones

Structure Internal heat capacity, C (kJ/m2 K)

Apartment building Detached house Office building

Lightweight 65 55 49

Medium weight 184 169 310

Massive 705 680 534
part of a staircase; the net floor area of the zone is 297.3 m2.

Internal walls of the apartments are not taken into account.

The studied detached house comprises one floor with several

rooms (see Fig. 4). In the study, the whole building is calculated

with all the zones; the total net floor area of heated zones is

129.6 m2.

A five-storey office building has been documented by the

Finnish national RET project (Energy efficiency calculation of

buildings) in 2005 for the use of energy calculation. In this

study, the whole of the third floor of the building has been

calculated using input values defined by that project. The

studied floor consists of two open-plan offices, several office

rooms and two meeting rooms (see Fig. 5). The net floor area of

the whole floor studied is 880 m2.

The structures of all the buildings are typical, including three

categories of thermal inertia:
- L
ightweight (LW): The structures are lightweight steel or

wood frame constructions.
- M
edium weight (MW): All the walls are lightweight, but there

is a concrete intermediate floor in the apartment and the office

buildings and a concrete base floor in the detached house. The

roof of the detached house is lightweight.
- M
assive (M): All the structures of the buildings are massive

concrete structures. Only the interior walls of the office

building are lightweight.

Internal heat capacity of the buildings are calculated

according to standard EN ISO 13790 (see Table 1). The time

constant of the buildings of all the studied cases is shown in

Table 6.

A base floor of the lightweight detached house is made up of

a wooden frame floor structure with ventilated crawl space, but

the base floor of the medium-weight and the massive detached

houses is a slab on the ground. U-values of those floor structures
Fig. 5. A plan of the studied third floor of the office building.
are the same. In the calculation of heat losses through the

ground, the standard EN ISO 13790 refers to the standard EN

ISO 13370 [17]. In this study, the detailed monthly method EN

ISO 13370 was used to calculate ground heat losses in those

cases. In the IDA-ICE simulation, ground heat losses were

simulated assuming a constant ground temperature of 9 8C
below ground layer whose thickness is 1 m.

In the study, the U-value of the envelope for the preceding

categories of thermal inertia is the same. Two categories of

thermal insulation are also defined: A basic level of thermal

insulation and an improved level.

At the basic level of thermal insulation, U-values correspond

to the minimum requirements of the Finnish building code [18],

with the exception of one window type and the massive base

floor structures of the detached house, that are slightly better. In

the study, the U-value of solar protection windows is 1.1 W/

m2 K or less, while the minimum requirement of the building

code for windows is 1.4 W/m2 K. U-values of all the base floor

structures of the detached house were chosen to be 0.2 W/m2 K,

corresponding to the minimum requirements of the floor

structure with ventilated crawl space, while the minimum

requirement for a slab on the ground is 0.25 W/m2 K. At the

improved level, the buildings can be considered as low-energy

buildings when the U-value for the external wall is 0.19 W/

m2 K and 0.8–1.0 W/m2 K for the windows, respectively.

Several common double- and triple-glazed window types are

included in the study, i.e., triple-glazed windows with clear

window panes or with low-emissivity window coating and

argon fill. Also, the effect of solar shading is studied with solar

protection windows (SP-windows), which are a common

window type in office buildings.

3.3. Internal heat gains

Two levels of internal heat gains are studied: Typical Finnish

internal heat gains defined by the Finnish national RET project

and CEN heat gains defined by standard EN ISO 13790. The

annual sum of CEN heat gains is about 20–50% lower than the

total Finnish heat gains, depending on the building type (see

Table 2).

The standard proposes that the values of EN ISO 13790 can

be used if no national data are available. The standard defines

the sum of internal heat gains from people, lighting and devices

that corresponds to the criteria of constant values 4 W/m2 for

residential buildings and 5.7 W/m2 for office buildings. Heat

gains of an office building is an average value for an office

building where 60% of floor area comprises offices and 40%
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Table 2

Internal heat gains divided by the net floor area of the studied zones

Heat source Annual internal heat gains (kWh/m2 a)

Apartment

building

Detached

house

Office

building

Finnish heat gains

Equipments 46.8 29.4 26.2

Lighting 3.2 3.6 27.1

People 18.2 9.0 10.0

Total 68.1 42.0 63.3

CEN heat gains

Total 35.0 35.0 49.8

The heat gains of lighting were calculated using an assumed level of illumina-

tion, i.e., 90 lx for the residential buildings and 270 lx for the office building.

Table 4

Air flow rates of the studied zones in the residential buildings

Zone Design air-flow rate (l/s) Air change

rate (ACH)
Supply Return

Apartment building

1R + K 23 23 0.71

2R + K 29 29 0.72

3R + K 36 36 0.62

4R + K 48 48 0.71

Detached house

Bedroom 1 16 0 –

Bedroom 2 12 0 –

Bedroom 3 12 0 –

Living room 12 0 –

Kitchen 0 26 –

Bathroom 0 26 –

Total 52 52 0.56
other rooms, lobbies and corridors, respectively. A level of

internal heat gains is separately 7.4 W/m2 for offices and for the

other facility 3.1 W/m2. Most of the zones are offices in the

studied office building (Fig. 5), but, using the default proportion

of the offices and the other facility, two different levels of

internal heat gains were able to be studied with all the building

types.

In the IDA-ICE simulations, the lifestyle of ordinary Finnish

working townspeople was assumed with both the Finnish and

the CEN heat gains, but the annual sum of heat gains is equal to

the values of Table 2. Furthermore, the annual heat gains were

also equal in both of the calculation methods. The assumed

schedules for the presence of people and the use of equipments

and lighting are listed in Table 3.

3.4. Heating and cooling

All the studied buildings are heated continuously using a

fast-responding heating system with an ideal temperature

control. The set point of heating is 21 8C; this is the same for all

the calculated zones of the buildings. In the IDA-ICE

simulations, temperature differences between the zones are

balanced by convective air flows through the open doors or

leakage openings between the zones. Because of that,

calculations with the monthly method EN ISO 13790 were

able to be carried out as a single-zone calculation. In the IDA-

ICE simulations, all the zones are simulated, but temperature

differences between the zones remain small.

Cooling is a conventional solution in office buildings in

Finland, so in the IDA-ICE simulations the office building is

equipped with cooling via non-condensing fan coils in the
Table 3

Assumed schedules for internal heat gains in IDA-ICE simulations

Heat source Operating time for equipments and lighting and pr

Apartment building (every day)

Equipments 18:00–22:00

Lighting 19:00–22:00

People 16:30–08:00

The schedules of the office building are based on the definition of the RET projec
zones (set point 24 8C). It is mentioned in the scope of the

current standard EN ISO 13790 that the standard does not apply

to buildings with air conditioning systems likely to provide

space cooling during the heating season. In the studied office

building, there is also occasional cooling demand during the

heating season, even with the lower level of internal heat gains

(CEN-heat gains). Because of that, the office building is also

simulated without cooling in order to study the effect of cooling

on heat demand.

In the IDA-ICE cases concerning the calibration of EN ISO

13790, there is no cooling in the zones of the apartment

building and the detached house. Furthermore, the other control

strategies (e.g., opening windows) to vent out the excessive heat

from the residential buildings during a summery season were

not given in the IDA-ICE simulations. However, the effect of

cooling by non-condensing fan coils (set point 25 8C) is also

studied in the case of the apartment building.

3.5. The ventilation system

The ventilation system of all the studied buildings is a

mechanical supply and exhaust ventilation system equipped

with air-to-air heat recovery. Supply air temperature is constant,

depending on the building type: 18 8C in the apartment

building, 17 8C in the detached house and 19.5 8C in the office

building. Temperatures are based on the type buildings defined

by the RET project, except the supply air temperature of the

detached house, which is assumed to be 1 8C lower than that of

the type building defined. Air handling units of all the building
esence of people

Detached house (every day) Office building (on weekdays)

Always on 07:00–18:00

06:00–08:00, 15:00–23:00 07:00–18:00

15:00–08:00 07:00–18:00

t type building.
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Table 5

Air flow rates per net floor area of the zones in the office building

Zone Design air-flow rate (1/s m2)

Supply Return

Open plan offices 2 1.8

Office rooms 2 2

Meeting roomsa 1 (min) 4 (max) 1 (min) 4 (max)

Toilet 0 0.15

a Attendance control.
types are also equipped with a cooling coil in order to get

constant supply air temperature in the IDA-ICE simulations.

Otherwise, the constant supply air temperature could be

obtained only when the outdoor temperature is less than the set

point of supply air temperature minus the temperature increase

due to the fan and ducting (Table 4).

In the residential buildings, the ventilation system is a

constant air volume (CAV) system operating continuously 24 h
Table 6

The description of the cases

Building description

Building

structure

Building time

constant, t (h)

Internal heat

gains, FIN/CEN

Cooling in

the zones Y/N

Thermal ins

Basic/Impro

Apartment buildings

LW 33 FIN N B

MW 92 FIN N B

M 353 FIN N B

LW 33 CEN N B

MW 92 CEN N B

M 353 CEN N B

LW 41 FIN N I

MW 115 FIN N I

M 439 FIN N I

LW 37 FIN N B

MW 104 FIN N B

M 398 FIN N B

Detached houses

LW 16 FIN N B

MW 56 FIN N B

M 223 FIN N B

LW 16 CEN N B

MW 56 CEN N B

M 223 CEN N B

LW 20 FIN N I

MW 69 FIN N I

M 275 FIN N I

Office buildings

LW 28 FIN Y B

MW 175 FIN Y B

M 302 FIN Y B

LW 28 CEN Y B

MW 175 CEN Y B

M 302 CEN Y B

LW 32 FIN Y I

MW 200 FIN Y I

M 344 FIN Y I

Time constant of the buildings were calculated according to EN ISO 13790. Cool
a day. The design air-flow rate of the residential buildings fulfils

the minimum requirements of the Finnish building code [19],

i.e., 6 l/s of fresh air per person and at least 0.5 air changes per

hour, respectively (Table 4).

In the office building, the ventilation system is operating on

weekdays from 6 a.m. to 8 p.m. Additionally, there is also a

mechanical exhaust from the toilets operating continuously

24 h per day. Although the envelope of the office building is

assumed to be completely airtight, air inlets for the additional

mechanical exhaust system are set into the envelope and heat

loss due to the flow rate through the inlets is taken into account.

In the open offices and office rooms, the ventilation system is

operating in CAV mode, but in the meeting rooms it is operating

in variable air volume (VAV) mode, because the meeting rooms

are equipped with an attendance control of air-flow rate. The

design air-flow rate in the office buildings fulfils the Finnish

classification of indoor climate S1 [20] (Table 5). The class S1

rate of 12 l/s per person represents the highest quality level of

ventilation. In the IDA-ICE simulations, the operating times of
ulation: U-value (W/m2 K) Window type

ved External walls Roof Base floor Windows

0.25 – – 1.4 3 � clear

0.25 – 1.4 3 � clear

0.25 – – 1.4 3 � clear

0.25 – 1.4 3 � clear

0.25 – 1.4 3 � clear

0.25 – – 1.4 3 � clear

0.19 – 1.0 3 � ins.glaz.

0.19 – – 1.0 3 � ins.glaz.

0.19 – 1.0 3 � ins.glaz.

0.25 – 1.1 SP glass

0.25 – – 1.1 SP glass

0.25 – 1.1 SP glass

0.25 0.16 0.2 1.4 3 � clear

0.25 0.16 0.2 1.4 3 � clear

0.25 0.16 0.2 1.4 3 � clear

0.25 0.16 0.2 1.4 3 � clear

0.25 0.16 0.2 1.4 3 � clear

0.25 0.16 0.2 1.4 3 � clear

0.19 0.12 0.15 1.0 3 � ins.glaz.

0.19 0.12 0.15 1.0 3 � ins.glaz.

0.19 0.12 0.15 1.0 3 � ins.glaz.

0.25 – 1.1 SP glass

0.25 – 1.1 SP glass

0.25 – – 1.1 SP glass

0.25 – 1.1 SP glass

0.25 – – 1.1 SP glass

0.25 – 1.1 SP glass

0.19 – 0.8 SP glass

0.19 – – 0.8 SP glass

0.19 – 0.8 SP glass

ing in the zones (yes/no) refers to the IDA-ICE simulations.
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the ventilation system are simulated exactly, while with the

monthly method EN ISO 13790, the average air-flow rates over

the calculation period are used.

4. Results

A selection of the parameters a0 and t0 for Finnish

conditions is shown in the following. The results of the studied

cases covering annual heat demand per net floor area of the

studied zones calculated with IDA-ICE and the monthly

method EN ISO 13790 using the original and the new values of

the parameters a0 and t0 are also shown.

4.1. Studied cases

The description of the cases concerning the calibration of

EN ISO 13790 against IDA-ICE is listed in Table 6. The total

number of cases is 30, corresponding to 360 monthly values of

heat demand. The cases are selected to include a typical variety

of building factors in the study, so the cases are calculated with:
� T
hree different thermal inertia levels (lightweight, medium

weight and massive).
� T
wo levels of internal heat gains (Finnish, CEN).
� T
wo levels of thermal insulation (basic and improved).
� S
Fig. 6. The effect of thermal inertia on the different building types according to

IDA-ICE (dotted line) and EN ISO 13790 with different a0 and t0: (a) apartment

building, (b) detached house and (c) office building.
olar shading of windows with clear or solar protection

glasses (only for the apartment building).

Additionally, the effect of cooling is studied with IDA-ICE

simulating three cases both with the apartment building and the

office building. The cases comprise three categories of thermal

inertia; the Finnish level of internal heat gains and the basic

level of thermal insulation were used also.

4.2. Selection of a0 and t0

The procedure for selecting the parameters is based on the

effect of thermal inertia and the total difference between the

IDA-ICE and EN ISO 13790 results (Eqs. (11) and (12)). Every

building type was studied with 480 combinations of a0 and t0. A

set of the studied values of a0 were from 0.1 to 6 including eight

different values, and for every a0, 60 different integer values of

t0 were studied in the range of 1–100 h.

The effect of thermal inertia, i.e., the difference between the

heat demands of the massive and lightweight building was

calculated for all combinations of a0 and t0 and the resultant

effect was compared against the IDA-ICE result. For every

building type, a set of curves shows the EN ISO 13790 results

and the dotted line indicates the IDA-ICE result (see Fig. 6a–c).

At the intersectional points in Fig. 6a and c, the effect of

thermal inertia is the same for both of the calculation methods.

Suitable parameters for Finnish conditions are chosen with

the intersectional points shown in Fig. 6a and c. The

combinations of the studied a0 and t0 closest to the

intersectional points for the apartment and office buildings

are listed in Table 7. The effect of thermal inertia corresponds

quite well to the IDA-ICE results with all the chosen
parameters, and the total differences between the methods

are not very sensitive to the listed parameters. Therefore, all the

parameters shown in Table 7 could be acceptable in Finnish

conditions. However, one pair of parameters is to be chosen for

both of the building types.

For the apartment building, the most suitable parameters in

respect of thermal inertia are (a0 = 4, t0 = 5 h) and (a0 = 6,

t0 = 7 h). The latter pair of parameters (a0 = 6, t0 = 7 h) is

chosen for the Finnish values of the parameters because the

total difference in annual heat demand compared to the

simulation results is slightly lower than that with the values of

(a0 = 4, t0 = 5 h).

For the office building, the selection of the values of the

parameters within the listed values of Table 7 is based only on

the total difference in annual heat demand between the
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Table 7

The effect of thermal inertia on annual heat demand and the average difference between the IDA-ICE and EN ISO 13790 calculated with the chosen set of a0 and t0

Parameters The effect of thermal inertia, m (%) The average difference e in annual heat demand

between IDA-ICE and EN ISO 13790 (%)
a0 t0(h) IDA-ICE (ref.) EN ISO 13790

Apartment building

0.1 3 9.3 8.2 18.4

0.5 3 9.3 7.7 18.6

1 4 9.3 11.4 17.3

2 4 9.3 9.7 17.8

3 4 9.3 8.4 18.3

4 5 9.3 9.5 17.8

5 6 9.3 9.8 17.5

6 7 9.3 9.5 17.5

Office building

0.1 7 29.8 29.9 45.6

0.5 8 29.8 30.6 45.3

1 9 29.8 29.8 45.3

2 15 29.8 30.9 43.9
calculation methods. That is because the difference in heat

demand is remarkable and the effect of thermal inertia is quite

close to the simulation result with all the listed parameters. The

minimum difference between the calculation methods are

reached with the values (a0 = 2, t0 = 15 h), so they can be

considered as Finnish values of the parameters. However, the

difference between the methods is unacceptably high, even with

the chosen parameters, and so the applicability of the whole

monthly method for office buildings in Finnish conditions is

questionable.

For the detached house (see Fig. 6b), EN ISO 13790

indicates a higher effect of thermal inertia than IDA-ICE,

regardless of the parameters. This is because of the different

floor structures of the lightweight and massive house. In the

study, heat losses through the floor in the lightweight house

with ventilated crawl space are slightly higher than heat losses

of the floor with concrete slab on the ground, although the U-

values of both of the structures are equal. Because of that, the

effect of thermal inertia does not approach zero with the lower

values of t0 in Fig. 6b.
Fig. 7. Annual heat demand of the apartment buildin
Regarding the effect of thermal inertia, a0 = 6 (see Fig. 6b)

shows the best possible agreement between the calculation

methods. With the studied combinations of the values a0 = 6

and t0 from 1 h to 20 h, the average difference between the

calculation methods is only 1–2%. Because the effect of

thermal inertia and the difference between the methods is not

sensitive to the studied values of t0, when a0 = 6, the parameters

of the apartment building (a0 = 6, t0 = 7 h) are also chosen for

the detached house.

4.3. Apartment building

With the default values of a0 = 1 and t0 = 15 h, the results of

the EN ISO 13790 are up to 46% higher for the Finnish

apartment building when the building structures are light-

weight, and the level of thermal insulation is improved (see

Fig. 7). When the level of thermal insulation is at the basic level,

the difference is still 37%. The results of EN ISO 13790 for the

lightweight building are more consistent with the IDA-ICE

results when the level of internal heat gains is low. With the
g calculated with IDA-ICE and EN ISO 13790.
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Table 8

Comparison of the effect of thermal inertia on annual heat demand of light-

weight and massive apartment buildings

Category of the case The effect of thermal inertia, m (%)

IDA-ICE EN ISO 13790

a0 = 1 and

t0 = 15 h

a0 = 6 and

t0 = 7 h

Finnish heat gains 11.4 40.6 7.1

CEN heat gains 6.5 19.3 3.6

Improved thermal insulation 11.3 55.6 16.7

SP-windows 8.0 44.6 10.7

Average 9.3 40.0 9.5
CEN internal heat gains, which are 49% lower than the Finnish,

the difference in heat demand is in the range of 5–9% with all

the studied structures. However, in all cases of the apartment

buildings, EN ISO 13790 overestimates heat demand for the

lightweight cases, but it makes an underestimation for the

massive cases. As a consequence of that, EN ISO 13790

overestimates the effect of thermal inertia in all the studied

cases of apartment buildings calculated with the default values

of the parameters.

With the modified values of a0 = 6 and t0 = 7 h, the

overestimation of the heat demand for lightweight buildings

vanish, and EN ISO 13790 underestimates the heat demand by

8–29% compared to the IDA-ICE results. The most significant

underestimation happens with the improved level of thermal

insulation, as it was also with the default values of the

parameters. But, using the modified parameters, the effect of

thermal inertia corresponds quite closely to the simulation

result when the average effect of thermal inertia is 9.3%

according to the IDA-ICE results and when EN ISO 13790

gives 9.5% with the modified values (see Table 8).

The effect of cooling on simulated heat demand of the

apartment building is shown in Fig. 8. If the IDA-ICE

simulations are carried out with cooling via fan coils, heat

demand of the apartment building increases by 4–6%. Then, the
Fig. 8. Annual heat demand of the apartment building calculated with IDA-ICE a

cooling via fan coils; the internal heat gains are at the Finnish level.
effect of thermal inertia on heat demand is 12.7%, while it is

11.4% without cooling. So, according to the results, cooling

does not increase the effect of thermal inertia significantly in

the apartment building in Finnish conditions.

4.4. Detached house

Heat demand of the detached house is much higher than that

of the apartment building, due to the higher heat losses. Also,

the agreement between two calculation methods is better with

the detached house. With the default values of a0 = 1 and

t0 = 15 h, the maximum difference is 19%; this is true in the

case of lightweight structures with the improved thermal

insulation (see Fig. 9). With the basic level of thermal

insulation, EN ISO 13790 overestimates the heat demand of the

lightweight house by 13–14% with the Finnish and CEN heat

gains. With the default parameters, the monthly method shows

good agreement with the IDA-ICE results for the massive and

medium-weight cases. But, as with the apartment building, EN

ISO 13790 overestimates the effect of thermal inertia; this is so

with the detached house also.

The same values of the apartment building (a0 = 6 and

t0 = 7 h) are also suitable for the detached house in Finnish

conditions. With the modified values, the overestimation of the

heat demand for the lightweight building is reduced; the

difference between the results of the calculation methods is

0–9%. Furthermore, with the modified values, the effect of

thermal inertia is clearly closer to the IDA-ICE results (see

Table 9).

4.5. Office building

The office building is continuously heated during the heating

season, so the default values for the a0 and t0 suggested by the

standard for the monthly method are equal to the parameters of

residential building.

Heat demand in the office building is strongly under-

estimated for all the building structures regardless of the values
nd EN ISO 13790. The IDA-ICE simulations are carried out with and without
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Fig. 9. Annual heat demand of the detached house calculated with IDA-ICE and EN ISO 13790.

Table 9

Comparison of the effect of thermal inertia on annual heat demand of the

lightweight and the massive detached house

Category of the case The effect of thermal inertia, m (%)

IDA-ICE EN ISO 13790

a0 = 1 and

t0 = 15 h

a0 = 6 and

t0 = 7 h

Finnish heat gains 15.2 23.8 16.5

CEN heat gains 14.4 21.9 15.4

Improved thermal insulation 15.8 29.2 22.9

Average 15.1 25.0 18.3

Table 10

Comparison of the effect of thermal inertia on annual heat demand of the

lightweight and the massive office building

Category of the case The effect of thermal inertia, m (%)

IDA-ICE EN ISO 13790

a0 = 1 and

t0 = 15 h

a0 = 2 and

t0 = 15 h

Finnish heat gains 31.3 41.1 32.1

CEN heat gains 23.5 26.9 19.3

Improved thermal insulation 34.7 50.6 41.5

Average 29.8 39.5 30.9
of a0 and t0 (see Fig. 10). At the same time, the resultant annual

heat losses of the methods are almost equal; they are only 1.5–

2.4% lower according to EN ISO 13790. It is obvious that the

difference in heat losses between the dynamic simulation and

the monthly method would have been higher if infiltration had

been taken into account in the study [6].

The annual heat demand is up to 59% lower than the IDA-

ICE result with both the default values a0 = 1 and t0 = 15 h and

the modified values a0 = 2 and t0 = 15 h. The effect of thermal

inertia could be corrected quite close to the IDA-ICE results
Fig. 10. Annual heat demand of the office building
(see Table 10) with the modified values, but the use of the

monthly method for office buildings in Finnish conditions is

questionable due to the strong underestimation of heat demand.

EN ISO 13790 underestimates the heat demand, especially

when the internal heat gains correspond to the Finnish level.

With the CEN internal heat gains, which are about 20% lower

than the Finnish, heat demand is underestimated by 25–32%,

depending on the case or the values of the parameters a0 and t0.

A more significant difference between EN ISO 13790 and IDA-

ICE results with higher heat gains indicates that the heat gains
calculated with IDA-ICE and EN ISO 13790.



J. Jokisalo, J. Kurnitski / Energy and Buildings 39 (2007) 236–247246

Fig. 11. Annual heat demand of the office building calculated with IDA-ICE and EN ISO 13790. The IDA-ICE simulations are carried out with and without cooling

via fan coils; the internal heat gains are at the Finnish level.
have an important role in the underestimation of EN ISO 13790

results. In the office buildings, heat gains strongly fluctuate

between day and night time and between weekdays and

weekends, which cannot be taken into account with the monthly

method.

The effect of cooling on heat demand of the IDA-ICE results

is shown in Fig. 11. When the cooling via fan coils is neglected

in the simulations, the heat demand of the lightweight case

decreases by 11%, while that of the medium and the massive

cases decreases by only 3–4%. So, the effect of thermal inertia

on heat demand decreases when cooling is neglected; it is 25%

without cooling, but 31.3% with cooling.

Especially with lightweight structures, cooling has more

effect on heat demand in the office building than in the

apartment building, because of the higher cooling demand of

the office building due to the lower set point of cooling (Section

3.4) and the activity in the office building during workdays (see

Table 3).

Cooling in the IDA-ICE simulations has a minor effect on

the difference between the results of the methods (Fig. 10). This

is because EN ISO 13790 results are still 28–44% lower than

IDA-ICE results simulated without cooling (Fig. 11).

5. Conclusions

According to the results of the comparison, the default

parameters a0 = 1 and t0 = 15 h for the utilisation factor are not

suitable for the studied Finnish buildings in the cold climate,

because heat demand is significantly overestimated, especially

for the lightweight buildings. Within the studied cases, the

monthly method with the average European parameters shows

good agreement only for the detached house with the massive

and the medium-weight structures.

The results of EN ISO 13790 can be calibrated for the

residential buildings with a right selection of a0 and t0. The new

parameters for residential buildings are a0 = 6 and t0 = 7 h.

With these parameters, the utilisation factor method showed

good agreement in most of the cases, with the highest deviation
of up to 29% in the case of the highly insulated apartment

building.

For office buildings where heat gains strongly fluctuate

between day and night, the difference between the EN ISO

13790 monthly method and the dynamic simulation was

remarkable, regardless of the values of the parameters; heat

demand was strongly underestimated, especially with the

typical Finnish internal heat gains.

The EN ISO 13790 monthly method with new parameters

(a0 = 6 and t0 = 7 h) is a reasonable choice for residential

buildings, but should not be used for office buildings in Finland.

The other methods of prEN 13790, i.e., a simple hourly or a

detailed simulation method, should be used for office buildings.
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