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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental in liaison with ISQ_also take part in the wark
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Clause 1§

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan

the technical committees are circulated to the member bodies for voting. Publication
Standard requires approval by at least 75 % of the member bodies casting-a vote.

P

rawn to the possibility that some of the elements of this document may be the subject of
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 163, Thermal pefformance and energy use
nent, Subcommittee SC 2, Calculation methods.

edition cancels and replaces the first edition (ISQZ13789:1999) which has been techn

f the principal changes is given below.

has been replaced by “...Transmigssion and ventilation heat transfer coefficients —
because a ventilation coefficient hassbeen added (see Clause 5) and “loss” is replace
" to allow for cases of cooling.

Consequiential changes have also been made in the Introduction, Scope and elsewhere throughou

bnal Standard.
e 2, reference is to 1SO” rather than to “EN ISO” where applicable. ISO 10077-2 has been 3
e text has been. clarified and Note 1 added.

4.5 have ' been amended to say that heat transfer to/from unheated spaces via the grou
fed.

Fhis is a new clause, taken unchanged from 7.3 of ISO 13790. The intention is that 7
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ISO 137

U should De deleted when that International Standard IS revised and replaced DYy a rerere

ISO 13789.

ISO 13790 should be deleted when that International Standard is revised.

ce to

Annex C is a new annex, taken unchanged from Annex G of ISO 13790. The intention is that Annex G of
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Introduction

The aims of this International Standard are

a) to clarify the international market through the harmonized definition of intrinsic characteristics of buildings;
b) to-helpin Jindging compliance with rngnlnfinne;

c) provide input data for calculation of annual energy use for heating or cooling buildings.

The result of the calculations can be used as input for calculation of annual energy use'and heating or cooling
load pf buildings, for expressing the thermal transmission and/or ventilation characteristics of a Quilding or for
judging compliance with specifications expressed in terms of transmission and/or ventilation heat transfer
coefflcients.

This International Standard provides the means (in part) to assess the cénttibution that building products and
serviges make to energy conservation and to the overall energy performance of buildings.

© 1SO 2007 — All rights reserved \4
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INTERNATIONAL STANDARD

ISO 13789:2007(E)

Thermal performance of buildings — Transmission and

ventilation heat transfer coefficients — Calculation method

1 cope
This [International Standard specifies a method and provides conventions for the calculation o
state| transmission and ventilation heat transfer coefficients of whole buildings and_parts of b
applitable both to heat loss (internal temperature higher than external temperature)and to heat
tempprature lower than external temperature). For the purpose of this Internatignal Standard, t
cooldgd space is assumed to be at uniform temperature.

Anneix A provides a steady-state method to calculate the temperature in ‘uriconditioned space
condftioned spaces.

2 ormative references
The following referenced documents are indispensable For the application of this documen
refergnces, only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO 69461), Building components and building elements — Thermal resistance and thermal trans.
Calcdlation method

ISO 1345, Thermal insulation — Physical quantities and definitions

ISO 10077-1, Thermal performance.of windows, doors and shutters — Calculation of thermal tran
Part {: General

ISO 10077-2, Thermal performance of windows, doors and shutters — Calculation of thermal tran
Part : Numerical methodfor frames

ISO 102112), Thermalbridges in building construction — Heat flows and surface temperatures —
calculations

ISO 133703)-Thermal performance of buildings — Heat transfer via the ground — Calculation me

ISO 1

f the steady-
Lildings. It is
hjain (internal
he heated or

5 adjacent to

t. For dated
b referenced

mittance —

smittance —

smittance —

Detailed

thods

bd methods

46834), Thermal bridges in building construction — Linear thermal transmittance — Simplifig

and defauftvalues

EN 152425), Ventilation for buildings — Calculation methods for the determination of air flow rates in buildings

including infiltration

To be published (revision of ISO 6946:1996).

To be published (revision of ISO 10211-1:1995 and ISO 10211-2:2001).
To be published (revision of ISO 13370:1998).

To be published (revision of ISO 14683:1999).

To be published.
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3 Terms

3.1

and definitions

Terms and definitions

For the purposes of this document, the terms and definitions in ISO 7345 and the following apply.

3.141

heated space
room or enclosure that, for the purposes of a calculation, is assumed to be heated to a given set-point

temperature

or set point temperatures

3.1.2
cooled spad
room or eng
temperature

3.1.3

conditioned
heated and/d
NOTE TH

314

e
losure that, for the purposes of a calculation, is assumed to be cooled to a given’set
pr set-point temperatures

space
r cooled space

e heated and/or cooled spaces are used to define the thermal envelope.

unconditioned space

room or encl

3.1.5

psure which is not part of a conditioned space

heat transfe
heat flow rat
coefficient by

3.1.6

transmissio
heat flow rat
the environm

NOTE By
is positive if th

317

ventilation
heat flow ra
temperature

NOTE TH

coefficient
divided by temperature difference between two environments; specifically used for heat trag
transmission or ventilation

h heat transfer coefficient
b due to thermal transmission through the fabric of a building, divided by the difference bet
ent temperatures on either side of the construction

convention, if the heat is transferred between a conditioned space and the external environment, th

e heat flow is from the space to outside (heat loss).

eat transfer coefficient
e due to air‘entering a conditioned space either by infiltration or ventilation, divided b
difference between the internal air and the supply air temperature

e supply temperature for infiltration is equal to the external temperature.

point

nsfer

ween

B Sign

y the

3.1.8

building heat transfer coefficient
sum of transmission and ventilation heat transfer coefficients

3.1.9

internal dimension

dimension m

NOTE

easured from wall to wall and floor to ceiling inside a room of a building

See Figure 1.

© 1SO 2007 — All rights reserved
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3.1.10
overall internal dimension
dimension measured on the interior of a building, ignoring internal partitions

NOTE See Figure 1.

3.1.11
external dimension
dimension measured on the exterior of a building

NOTE See Figure 1.

A
 J

Key

N

ifternal dimension

N
o

berall internal dimension

w
D

kternal dimension

Figure 1 — Dimension systems

3.2 | Symbols and units

Symbol Quantity Unit
A Area m2
b Adjustment-factor for heat transfer coefficient —
¢ Specific_heat capacity of air at constant pressure Wh/(kdg-K)
H Heat-transfer coefficient WIK
U Thermal transmittance W/(m?2|K)
14 Volumetric air flow rate m3/H
A Length m
n Air change rate h-1
P Density kg/mP
b Linear thermal transmittance W/(m-K)
V4 Point thermal transmittance W/K

© 1SO 2007 — All rights reserved 3
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4 Transmission heat transfer coefficient

4.1 Basic

The transmis
Hy=H

where

the
is th

is th

WIK;

is th
in W

ISO 10211 ¢
complete en
the total the
this Internati

NOTE In
annual averag
temperature d

4.2 Boun

Before calcu

building elements considered in the calculations are the boundaries of the spaces that are heated or ¢

(directly or in
The building
Boundaries K

ground” part
are, accordin

for build
internal

equation

sion heat transfer coefficient, Hr, is calculated according to Equation (1):

D+Hg +HU +HA

building envelope, defined by Equation (2), in W/K;
e steady-state ground heat transfer coefficient defined in 4.4, in W/K;

e transmission heat transfer coefficient through unconditioned spaces defined.in Equation

e transmission heat transfer coefficient to adjacent buildings, determined according to Clay
IK.

ives a general procedure for the calculation of the total thermal coupling coefficient g
elope or any part of it, including ground heat transfer. Where<no unconditioned space is invq
mal coupling coefficient corresponds to the transmission\heat transfer coefficient as defin
nal Standard.

some applications the heat transfer via the ground is treated in terms of a constant part related
e temperature difference and a varying part related’ to the monthly variations of internal and ey
fference.

Haries of conditioned space

ation, the conditioned space of. the building under consideration shall be clearly defined
directly).

envelope above ground is modelled by plane and beam-shaped elements as shown on Figu
etween the “underground” part, involving heat transmission through the ground, and the “a
g to ISO 13370,

ings with" slab-on-ground floors, suspended floors and unheated basements: the level ¢
surface of the ground floor (excluding any floor coverings such as carpets);

(1)

is the direct heat transter coellicient between the heated or cooled space and the exterior thfough

5), in

se 7,

f the
Ived,
ed in

o the
ternal

The
boled

re 2.

bove-

of the building; having direct heat transfer to the external environment or to unconditioned spaces,

f the

for buildings with a heated basement: the external ground level.

Annex B provides information on the effect of using various types of dimensions when dividing the envelope
into elements.

© 1SO 2007 — All rights reserved
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e

;2

Key
[ flat envelope elements: ISO 6946 is applicable
B8
windows and doors, with their frames: ISO 10077-1 and ISQ 10077-2 are applicable
]

|:| potential thermal bridges: ISO 14683 or ISO 10211 are applicable

a Reality.

b Model.

¢ Window/wall junctions that are also potential thermal bridges.
d Unheated.

e Application limit of ISO 13370.

Figure 2 — Modelling the building envelope by plane and beam-shaped componepts

If calgulations are performed for parts of buildings, the boundaries of these parts shall be clearly defined, so
that the sum of the transmission heat transfer coefficients of all parts equals that of the building.

4.3 | Direct transmission between internal and external environments

The fransmission heat transfer coefficient through the building elements separating the conditioned space and
the gxternal air is calculated either directly by numerical methods according to ISO 10211 or |[according to
Equation (7)

HD :ZiAi Ui"rzklk '{/k—i_zj’}‘/] (2)

© 1SO 2007 — All rights reserved 5
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where

taken as the dimensions of the aperture in the wall ©)];

is the thermal transmittance of element i of the building envelope, in W/(m2-K);

is the length of linear thermal bridge £, in m;

accordance with ISO 14683 or calculated according to ISO 10211, in W/(m-K);

is the area of element i of the building envelope, in m2 [the dimensions of windows and doors are

is the linear thermal transmittance of thermal bridge %, taken from tables or catalogues prepared in

WIH
acc

The summa

The thermal
Simplified m
ISO 10077-2
accordance

When the n
transmittanc
the highest

cases may b

For existing
when accura

is tlLe point thermal transmittance of point thermal bridge j, calculated according to ISO 402

(point thermal bridges which are normally part of plane building elements and already take
bunt in their thermal transmittance shall not be added here).

D .

transmittance, U, shall be calculated by a method that is appropriate-fafithe element conce
bthods are given in ISO 6946 and ISO 10077-1. Detailed methods are given in 1ISO 10211
7). The coefficient of thermal transmission can equally be determined by measuremg
vith ISO 12567-1 or ISO 12567-2.

nain insulation layer is continuous and of uniform thickness, the linear and point th
s may be neglected if external dimensions are used. The main insulation layer is the laye
hermal resistance in the elements flanking the potehtial thermal bridge. Corrections for
b defined on a national basis.

buildings typical values can be given on a national basis for different construction types, fo
fe values cannot be ascertained with reasgnable effort.

4.4 Transmission heat transfer coefficient through the ground

The coefficignt for heat transfer via the.ground, H,, is calculated according to 1ISO 13370. If ther

unconditione

ISO 13370 ¢
account of th
coefficient, H

d spaces (see Clause 6), Hy is'calculated as if the unconditioned spaces were not present.

e thermal inertia of-fHé ground. These monthly coefficients may the related to the annual av{
g by adjustment.factors, b,,, where for each month m

,m

g

1, in
h into

ion shall be done over all the building components separating the internal ‘and the exiernal
environment$

rned.
and
nt in

ermal
- with
other

r use

14

are

b

rovides methods for calculating the heat transfer coefficient on a monthly basis, H,,,, taking

brage

®)

may be set at the national level on a monthly or seasonal basis.

H

by = _11

Values of b,,
NOTE

The value of b is typically less than 1 in winter and greater than 1 in summer, because during winter the

effective temperature difference through the ground is smaller than the temperature difference between the internal and
external environments, and in summer it is higher. If the average monthly external temperature is higher that the internal
temperature the value of b can be negative.

6) The area of the window, as used to establish the thermal transmittance of the window, can be slightly larger than the
aperture in the wall. The effect of any differences in area is incorporated in the values of ¥ for the junctions between walls

and window.
7) EN 13947

gives methods for curtain walling.

© 1SO 2007 — All rights reserved
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5 Ventilation heat transfer coefficient

The ventilation heat transfer coefficient, Hy;, is calculated from Equation (4):

Hy = pgc, v

where
v is the airflow rate through the heated or cooled space;
0a € is the heat capacity of air per volume.

If the

The airflow rate, ¥, may be calculated according to the documents in Table 1 or provided at the

base

6

Transmission heat transfer coefficient through unconditioned spaces

air flow rate, 7, is in m3/s, p, ¢p = 1200 J/(m3K). If v is given in m3/h, p, ¢p = 0,33 Wh/(m3

 on the type of buildings, building use, climate, exposure, etc.

K).

hational level

Table 1 — Methods for obtaining airflow. rates

Countries whose national standards Elsewhere
body is a member of CEN

According to EN 15242 According.to Annex C of this International
Standard, national standards or other
appropriate documents

The fransmission heat transfer coefficient, Hy, between a conditioned space and the external ¢nvironments

viau

wher

NOTH

hconditioned spaces is obtained from:Equation (5):

H

(5)

oned space,

vironment, in

HU :Hiub with AU
Hiy + Hye
1, is the direet\heat transfer coefficient between the conditioned space and the uncondit
calculated.according to 4.3, in W/K;
1, is_the/heat transfer coefficient between the unconditioned space and the external en
WIK.
1T/ _In Equation (5), the adjustment factor, b, allows for the unconditioned space being at a different

emperature to

the external environment (see Annex A). The conditioned space is assumed to be at a uniform temperature.

NOTE 2  Heat transmission through the ground is not included in either H;, or H .

Hyy

Equa

tion (6):

Hy=Hy +Hyy,  and  Hye=Hy e+ Hy e

©I1SO

2007 — All rights reserved
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The transmission coefficients, Hy . and Hy ;, are calculated according to 4.3 and the ventilation heat transfer
coefficients, Hy, , and Hy, ;,, by Equation (7):

Hy, = PCp Viu and Hy e = PCp Vue
where
p is the density of air, in kg/m3;

¢, isthe specific heat capacity of air, in Wh/(kg-K);

7)

Vie IS
Vi s
NOTE 3 IS

he air flow rate between the unconditioned space and the external environment, in m°/h;
he air flow rate between the conditioned and unconditioned spaces, in m3/h.

O 6946 provides approximate methods for some particular unheated spaces.

7 Heat transfer to adjacent buildings

Where the heat transfer to an adjacent building, at a temperature different, from that of the building
consideration, is to be taken into account, the heat transfer coefficient between the two buildings is obt
using Equatipn (8):

Hp =blHi,
where

H, is the direct heat transfer coefficient between the_conditioned space and the adjacent building.

pobi-Pa

6, —Pe

where

6, is the internal temperature.of the building under consideration;

0, is ttle temperature of the adjacent building;

6, is the external temperature;
NOTE THe value,of b can be negative.

inder
hined

(8)

©)

8 Additional conventions

8.1

General

If the purpose of the calculation is to provide data for estimation of annual energy requirement, the best
available data should be used as input for the calculations.

If the purpose is to express the thermal-transmission and/or ventilation characteristics of a building considered
as a product or for judging compliance with specifications expressed in terms of the thermal-transmission
and/or ventilation coefficient, the values defined in 8.2 to 8.4 shall be used. The result of the calculations is
then independent of location and use of the building.

© 1SO 2007 — All rights reserved
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8.2

This

ISO 13789:2007(E)

Transmission heat transfer coefficient through the ground

coefficient is the steady-state component, Hj, calculated according to ISO 13370,

conductivity of the ground being taken as 2 W/(m-K).

8.3

Variable thermal transmittance

Where thermal transmittance can vary, the maximum value shall be used.

8.4

Air change rates of unconditioned spaces

the thermal

In or
and 4

The
Equa

wher

I

The air change rate, n

ler not to underestimate the transmission heat transfer, the air flow rate between a condi
n unconditioned space shall be assumed to be zero:

?iu:0

air flow rate between the unheated space and the external environmenthis calculated
tion (11):

Ve = Vu Mye

Y%

ue I8 the conventional air change rate between the uricenditioned space and the external
in h~1;

, is the volume of air in the unconditioned spage, in m3.

ue» 18 the value from Table, 1 which best corresponds to the unconditioned

lioned space

(10)

according to

(11)

environment,

space under

consideration.
Table 2 — Conventional-air change rates between the unconditioned space
and the external environment
L Nye
No Air tightness type
h-1
1 | [ No doors or windows, all joints between components well-sealed, no ventilation openings provided 0,1
2 | | All joints between components well-sealed, no ventilation openings provided 0,5
3 | | All joints_well-sealed, small openings provided for ventilation 1
4 | | Notaittight due to some localised open joints or permanent ventilation openings 3
5 | |Net airtight due to numerous open joints, or large or numerous permanent ventilation openings 10
NOTE If the air change at 50 Pa, ns5q, or the equivalent leakage area, 4,, is known, the air change rate, n, can be

estimated by one of the following empirical relations:

n
n =-90

= or n =
20 10 7,

where 4, is expressed in cm? and ¥, is expressed in m3.

Then

the value in Table 1 that is the closest to n is taken for nye.

The conventional value for heat capacity of airis pc, =1 200 J/(m3-K) [or 0,33 Wh/(m3-K)].

©I1SO
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9

Report

The report shall contain the following information:

a)
b)
c)

d)

e)

f)

)]

10

reference to this International Standard (ISO 13789:2007);
identification of the building;

plans of the building, with the assumed boundaries of the heated or cooled space marked on it;

description of the components of the building envelope, that is their elements including dimensions and

the matdrialsused;

a list of [these components, with their areas and surface thermal transmittances, the lengths.and
transmitfances of linear thermal bridges as well as the number and point thermal transmittances of
thermal pridges;

if there gre unconditioned spaces, the assumed air-change rates;

transmigsion heat transfer coefficients to the exterior, Hp, through the “ground, H, and th
unconditioned spaces, Hj, rounded to three significant figures;

total trarjsmission heat transfer coefficient, A+, rounded to three significant figures;
ventilatipn heat transfer coefficient, /,,, rounded to three significantfigures;

if variable thermal transmittances are taken into account, results for both maximum and minimum v
shall be [given, together with the description of the varied thermal transmittances and their extreme v

inear
point

ough

hlues
Alues.

© ISO 2007 — All rights re;
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Annex A
(normative)

Temperature in an unconditioned space

This temperature is calculated assuming steady-state conditions. It results from a steady-state heat balance in
the unconditioned space and is calculated according to Equation (A.1):

_ @-i—giHiu +HeHue

Ou Hoy + oy (A.1)
wherge
) is a temperature;
D is the heat flow rate generated within the unconditioned space (e.g. solar gains);
M are the heat transfer coefficients calculated according to Cladse 4 of this International Standard;
The subscript “i” is for internal, “e” is for external, and “u” is fof.unconditioned.
NOTEH Calculation of the temperature in an unconditioned space is not necessary for the use of this International

Standard, but is required by other standards. Since it can be difectly deduced from results of this Internatipnal Standard,
the method is given here.

© IS0 2007 — Al rights reserved 1
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Annex B
(informative)

Information on type of dimensions

To apply the calculation method, the building envelope is divided into elements (see Clause 4 and Figure B.1).
However, building-element dimensions are usually measured according to one of three systems: internal,
overall internal, and external. These differ in the way that the flat areas of junctions between elements are
included in the areas of these elements themselves.

Thus, for example, the termz,Ai U; in Equation (2) is larger when using external dimensions)than when
. . . . L 1 .

using interngl dimensions. Consequently, the values of ¥, are generally smaller for external dimensiong, and

can even be [negative in some cases such as external corners.

y
A

a8  Reality.

b Elements.

¢ Internal dimensions.
d

External dimensions.

(]

Overall internal dimensions.
f Unheated.
9 ISO 13370 applies to heat transfers below this boundary.

NOTE 1 For a heated basement, dimensions are measured to the basement floor slab.

NOTE 2 External dimensions can also be measured to the bottom of the floor slab.

Figure B.1 — Examples of methods for determining building element dimensions

12 © 1SO 2007 — All rights reserved
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When the principal insulation layer is continuous, the linear thermal transmittance of some junctions can be
small, particularly when external or overall internal dimensions are used. They are often neglected in those
cases. As a consequence, slight differences in the calculated values of the transmission heat transfer
coefficient can arise between dimension systems, if certain thermal bridges are neglected under one system
but not under another one.

Therefore, it is recommended, in particular in case of dispute, that the building is assessed using the
dimensions of each individual element (second left in Figure B.1). In this method, the linear thermal
transmittance of each junction is explicitly included.

© 1SO 2007 — All rights reserved 13
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Annex C
(informative)

Ventilation airflow rates

C.1 General

Unless other
calculate the
C.2 Air tig

The tightnes
and outdoor,

wise specified in International Standards or in national provisions, this annex can belus
airflow rate in buildings.

htness level

nsq, according to Table C.1. ngq includes air flow rates through closed-air’inlets.

Table C.1 — Air tightness levels as used in this\annex

Air change rate at 50 Pa
n§0

h-1 Envelope tightness level

Multi-family buildings Single-family buildings

Fewer than 2 Fewer than4 High
2to5 4 to10 Medium
More than 5 More-than 10 Low

NOTE 1 TH
external wall g

NOTE2 In
windows at ap

C.3 Minin

For comfort

e difference between multi-family,'and single-family buildings is related to the typical difference in
reas for a given internal volume.

residential buildings with 25y less than 3 h~! (with open air inlets), minimum ventilation requires of
propriate intervals.

um ventilation rate

ind hygienic reasons a minimum ventilation rate is needed when the building is occupied

minimum ve

|lltilation rate can be determined on a national basis, taking account of the building type an

ed to

5 level is defined from ranges of the air change rate at 50 Pa pressure difference between indoor

their

ening

This
d the

pattern of occupancy for the building

Typical values are

Viin = 0

,3 x 7 [m3/h], where ¥ is the ventilated volume in m3, for residential buildings;

Venin = 30 m3/h per person (during occupancy) for non-residential buildings.
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