INTERNATIONAL

ISO

STANDARD 13790

Second edition
2008-03-01

Energy performance of buildings +—
Calculation of energy use for space

heating and cooling

Performance énergétique des batiments — Calcul des bes
d'énergie pour le chauffage gt le refroidissement des locau

DiNs

Reference number

= — ISO

13790:2008(E)

© SO 2008


https://standardsiso.com/api/?name=c95050e4df4cc00bd43d580a60e74af8

ISO 13790:2008(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2008

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=c95050e4df4cc00bd43d580a60e74af8

Contents
[0 T =311V 0T (o
080 o 11 e 4 oY
1 £ o - PSSR
2 NOIrMaAtiVe refer@nNCeS ........coiiiiiieeeiiiiiiiiiree e re s s s s e e sssasa s s reressnsnssssssseessnnnnnnnsnss babTH
3 Terms and definitioNsS.........ceeuiiiiiiiiie e s rs s e e s s nasass s e e e g@Enbashened
31 Time steps, periods and SEASONS .......ccccvvveerrrrrrrrrrrerrrrrrrresrerererererererersesssssessssesf Shens fonnnnnned
3.2 Spaces, ZONES AN ATrEAS .......cccccerrrrrrrrisssnrrrrrrrrssssssmsrrseressssssssnnsseesessssssssnnsesh et dhnssssnmnnnnens
3.3 TeMPEratures .........cocveieeeeeeereeeecsesesesssessssssssssssssssssssssssssssssssssssssssssssssssssssserslobusfernennnnnnnnnnnnes
3.4 =T o
3.5 Building heat transfer...........ccc e baash e
3.6 Building heat gains and recoverable system thermal losses ..o
3.7 Building energy balancCe ... e
4 SYMDOIS ... T
5 Outline of the calculation procedures ..........ccccooiiiiie e i
51 Energy balance of building and systems..........ccc.co i sssn e
5.2 Main structure of calculation procedure...........cccr i
5.3 Different types of calculation method ............ 300 e
5.4 Main characteristics of the different methods.........cccccccoiiiiiiimcciiiiiir e
5.5 Overall energy balances for building and@ystems............ccccccvirriicccccceren e,
6 Definition of boundaries and ZONES...ci.uciueeeeeiiiiiiiiiii e
6.1 L CT=Y 0 1= - |
6.2 Boundary of the building for the €alculation ...........ccccoirieiiiicn e,
6.3 Thermal ZONES... ...l et ieee st irem s s rsss st ransss s ranssraansssseansssssanssssaannsssrannssnssnnnns
6.4 Determination of conditioned floor area, Af........ccccvvviimiiiiiiiniinicnsne
7 Building energy need for)space heating and cooling.......cccccceeccccimrrieninsccccceceneee e
71 Calculation ProCedUFRE J.........cccccmmiiiriiiiicccncrrer e s s sssnr e e s se s s s s ssnme e e e e e e s s s ssnnmneeeesessasssnnnnnned
7.2 Energy need for heating and cooling ...
7.3 Multiple steps toZintegrate or isolate interactions...........ccccoriiiiiiiiiicn e
7.4 Length of heating and cooling seasons for operation of season-length-dependent

0 oV 1= e TP
8 Heat transfer by transmisSion ... ————
8.1 Calculation Procedure............. e
8.2 Total heat transfer by transmission per building zone.........cccccccimriiiccccinen e
8.3 Transmission heat transfer coeffiCients.......cccccccciiiiiiiieicici
8.4 | _dnput data and boundary conditions
9 Heat transfer by ventilation ...
9.1 (02 1 [T UL E=1 1o T o oY o7 =T U] SO SS
9.2 Total heat transfer by ventilation per building zone — Seasonal or monthly method
9.3 Ventilation heat transfer coefficients........ccccceeuciiiiiiiicccrn e
9.4 Input data and boundary conditions............oooii e
10 Internal heat gains ... ——————————————
10.1 Calculation ProCedure......... ... e s nmn e e e e s e
10.2  Overall internal heat gains........ccccccciiiiiciii i ——————
10.3 Internal heat gain elements — All methods .........ccccoiiiiiiiincic s
10.4 Input data and boundary conditions..........cccoeiiiiiiiiiiirn s ———
1 Solar heat QAINS ... s s nnnne s

ISO 13790:2008(E)

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=c95050e4df4cc00bd43d580a60e74af8

ISO 13790:2008(E)

1.1 Calculation ProCEAUIE .........cccccceeiieriie s rsncer e s s e s s s s ssmne e e e s ee s s s s sanne e e e e ees s s nsnneeneeeasasssnnnnenenssesnnnnnnnnssan 53
11.2  Overall solar heat QaiNS........cccceiiieeirrircrrr e e s s s ee e s s s sme e e e e mne e e e s aneensameenensnnes 54
11.3  Solar heat gain elemeENnts....... ..o s s ssn e e e e s s s nmn e e e e e e s s nnmnne e e neean 55
11.4 Input data and boundary conditions.............ooiiiicr e ——— 57
12 L 3= T T o 0T T T =T = N 61
12.1 Calculation ProCEAUIE ........ccccciceriirir s s e s crsscer e s e e s s s s ssmne e e e s ss s s s s ssnne s e e e ees s s nsnneeneeessasssnnnneeenssesannnnennssan 61
L 0 )Y =T o o 1T o T T T 0 T=Y =Y P 62
12.3 Boundary conditions and input data ..........ccccciiiiiiiiiii e ——————— 67
13 T Lo o1 oo ¢ Lo 11 4 Lo 4 T3 68
13.1 L T3 (=T =T g 3 o o o 68
13.2 Cal i ..69
13.3 Boupdary conditions and input data .76
14 Enengy use for space heating and cooling ..76
14.1 Anntal energy needs for heating and cooling, per building zone ..76
14.2  Annpal energy needs for heating and cooling, per combination of systems .76
14.3 Total system energy use for space heating and cooling and ventilation systems..................}... 77
15 [T o T 1 o oo W S 81
< T00 N 7= Y - | L -SRI N 81
T2 [T < 11 e - | TS S P R 81
T T (=Y /| S PR 82
Annex A (ndrmative) Parallel routes in normative references.............oatuhe e, 85
Annex B (ndrmative) Multi-zone calculation with thermal coupling between zones ..........ccccoeccenn o 89
Annex C (ndrmative) Full set of equations for simple hourly method..........cccccovcmiiiiicnninciiinnccccnn e, 93
Annex D (ndrmative) Alternative formulation for monthly cooling method............cccocriiiinnnnncc e, 98
Annex E (normative) Heat transfer and solar heat gains.of special elements..........ccccccrvrricccieeeennnn. .100
Annex F (nofmative) Climate-related data ................. o eeriiiiiiiiccieirr e sss e mnn e e e e 111
Annex G (informative) Simplified methods and standard input data..........ccccccririicciiirre e, .113
Annex H (informative) Accuracy of the methQd)..........cccoerriiicccccirr e .127
Annex | (infgrmative) Explanation and derivation of monthly or seasonal utilization factors ............. .136
Annex J (informative) Worked example;’simple hourly and monthly methods.........cccccceireccceeeenenn. .148
Annex K (informative) Flow charts of the calculation procedures...........ccocviriiiiiiinniney .154
[S31 o1 Lo T T o o )/ S .161
iv © 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=c95050e4df4cc00bd43d580a60e74af8

ISO 13790:2008(E)

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-g
Interr

Interr

The

adop
Interr

Atten
rights

ISO
built
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This

revis

avernmental in liaison with 1SO_also take part in the wark 1SQ collaborates clo

ly with the

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization
ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

main task of technical committees is to prepare International Standards. Draft Internation
ed by the technical committees are circulated to the member bodies fer voting. Publi
ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

tion is drawn to the possibility that some of the elements of this document may be the sub
. ISO shall not be held responsible for identifying any or all such patent rights.

13790 was prepared by Technical Committee ISO/TC 163, Thermal performance and ener:
environment, Subcommittee SC 2, Calculation methods;. in cooperation with CEN/TC
rmance of buildings and building components.

second edition cancels and replaces the first edition (ISO 13790:2004), which has bee
bd. A summary of the principal changes is given.below.

Throughout, statements and equations thatywere true only for the heating mode have beer
accommodate both heating and cooling. modes.

Throughout, all texts that applied. _only for monthly or seasonal calculations have been
accommodate hourly as well assmonthly and seasonal calculations.

The structure has been adapted to maximize the common use of procedures, conditions ar
irrespective of the calcutation method.

A monthly (and seéasonal) method for cooling, similar to the method in the first edition for
been added.

1

\ simple hourly method for heating and cooling, to facilitate direct introduction of hourly, da
atternsz(e.g. controls, user behaviour), has been added.

or-dynamic simulation methods, procedures that are consistent with the boundary conditig

Part 2.
al Standards
cation as an

ect of patent

jy use in the
89, Thermal

n technically

amplified to

amplified to

d input data,

heating, has

ily or weekly

ns and input

and input data.

ry conditions

The whole document has been scrutinized to check its applicability within the context of building

regulations, which require a minimum of ambiguities and subjective choices; where needed

, possibilities

are offered for national choices as given in national annexes, national building codes or national
standards referring to this document, depending on the purpose/application of the calculations as detailed

in this list and on the type or complexity of the building.
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Introduction

This standard provides the means (in part) to assess the contribution that building products and services
make to energy conservation and to the overall energy performance of buildings.

This International Standard has been prepared under a mandate given to CEN by the European Commission

and the Eu

ropean Free Trade Association (Mandate M/343) and supports essential requireme

ts of

EU Directive

standards ained at European harmonization of the methodology for the calculation of the energy petforn

of buildings.

See also Annjex A.

This Internat
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detail, for th
thermal los

In combinati
calculation {
Standard car

a) judging
Annex A
b) compari
c) displayir
rating; s
d) assessir
the ener
e) predictin
energy U

References are made to othier-international Standards or to national documents for input data and de

calculation p

s{s of technical buildings systems such as the heating and cooling system.

2002/91/EC on the energy performance of buildings (EPBDI26]). It forms part of a séri
An overview of the whole set of standards to support the EPBD is given in CEN/TR 1561
onal Standard is one of a series of calculation methods for the design and ievaluation of th

erformance of buildings. It presents a coherent set of calculation metheds at different lev
energy use for the space heating and cooling of a building, and the infldence of the recovs

bn with other energy performance-related standards (see Figure<l, which gives an outline
rocedure and its links with other energy performance-re€lated standards), this Interna
be used for the following applications:

compliance with regulations expressed in terms of @nergy targets (via the design rating

)1
ng the energy performance of various design_alternatives for a planned building;

g a standardized level of energy performance of existing buildings (the standard calcl
be Annex A);

g the effect of possible energy ¢onservation measures on an existing building, by calculat
gy use with and without the ehergy conservation measure; see Annex A;

g future energy resource needs on a regional, national or international scale, by calculatin
se of typical buildings‘representative of the building stock.

ocedures not provided by this International Standard.
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The main inputs needed for this International Standard are the following:
— transmission and ventilation properties;

— heat gains from internal heat sources, solar properties;

— climate data;

— description of building and building components, systems and use;

— comfort requirements (set-point temperatures and ventilation rates);

— data related to the heating, cooling, hot water, ventilation and lighting systems:

+ partition of building into different zones for the calculation (different systems may require different
zones);

+— energy losses dissipated and recoverable or recovered in the building, (internal heat gajns, recovery
of ventilation heat loss);

+ airflow rate and temperature of ventilation supply air (if centrally pre-heated or prefcooled) and
associated energy use for air circulation and pre-heating or-pre-cooling;

4+ controls.

The main outputs of this International Standard are the following:
— annual energy needs for space heating and cooling;

— annual energy use for space heating and cooling;

— length of heating and cooling season.(for system running hours) affecting the energy use fand auxiliary
]nergy of season-length-dependent technical building systems for heating, cooling and ventilgtion.
Addi

onal outputs are the following:
— 1nonthly values of energy,needs and energy use (informative);

— 1nonthly values of@main elements in the energy balance, e.g. transmission, ventilation, internal heat gains,
golar heat;

— ¢ontributign\of passive solar gains;

— gystem’ losses (from heating, cooling, hot water, ventilation and lighting systems), recovered in the
l|>ui|ding.

© ISO 2008 — All rights reserved Vi
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Figure 1 — Flow chart of calculation procedure and links with other standards
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INTERNATIONAL STANDARD

I1ISO 13790:2008(E)

Energy performance of buildings — Calculation of energy use

for

space heating and cooling

1

This [International Standard gives calculation methods for assessment of the annual ehergy u
heatipg and cooling of a residential or a non-residential building, or a part of it, referred.to)as “the

This

a)

internal temperature;

[

4

The
and ¢

The
perfo

This
as te

Procg¢dures are given for'the use of more detailed simulation methods to ensure compatibility and

betw
insta

apprd

Sped|
natio

cope

ethod includes the calculation of:

e heat transfer by transmission and ventilation of the building zone when heated or coole

e contribution of internal and solar heat gains to the building heat balance;

e annual energy needs for heating and cooling, to maintain'the specified set-point tempe
uilding — latent heat not included;

he annual energy use for heating and cooling of\the building, using input from the rele
tandards referred to in this International Standard and specified in Annex A.

puilding can have several zones with different set-point temperatures, and can have interm
ooling.

balculation interval is either one month or one hour. For residential buildings, the calculation
rmed on the basis of the heating ‘and/or cooling season.

nternational Standard also 'gives an alternative simple hourly method, using hourly user sch
mperature set-points, ventilation modes or operation schedules of movable solar shading).

pen the applicationand results of the different types of method. This International Standard
hce, commongules for the boundary conditions and physical input data, irrespective of th
ach choseny

al attention has been given to the suitability of this International Standard for use within t
nat or regional building regulations. This includes the calculation of an energy performang

se for space
building”.

H to constant

atures in the

vant system

ttent heating

can also be

edules (such

consistency
provides, for
e calculation

ne context of
e rating of a

build

g-on the basis of standardized r\nnriifinnc, for an energy pnrfnrmanr‘n certificate. The red

ult can have

legal implications, in particular when it is used to judge compliance with minimum energy performance levels,
which can, for instance, be required to obtain a building permit. For such applications, it is important that the
calculation procedures be unambiguous, repeatable and verifiable. A special situation is the calculation of the
energy performance in the case of old existing buildings, if gathering the full required input would be too
labour-intensive for the purpose, relative to the cost-effectiveness of gathering the input. In this case, it is
important that the calculation procedures provide the right balance between accuracy and data collection
costs. To accommodate the application for these and other situations, this International Standard offers
different choices. It is up to national bodies whether or not to choose a specific option for mandatory use, e.g.
depending on the region in the country, the type of building and its use, and on the purpose of the
assessment.

Anne

©I1SO

x H provides some information on the accuracy of the method.

2008 — All rights reserved


https://standardsiso.com/api/?name=c95050e4df4cc00bd43d580a60e74af8

ISO 13790:2008(E)

This International Standard has been developed for buildings that are, or are assumed to be, heated and/or
cooled for the thermal comfort of people, but can be used for other types of building or other types of use
(e.g. industrial, agricultural, swimming pool), as long as appropriate input data are chosen and the impact of
special physical conditions on the accuracy is taken into consideration.

NOTE 1 For instance, it can be used when a special model is needed but is missing.

Depending on the purpose of the calculation, it may be decided nationally to provide specific calculation rules
for spaces that are dominated by process heat (e.g. indoor swimming pool, computer/server room or kitchen

in a restaurant).

The calculat
energy use
ventilation sy
the relevant

The calculati

This Internat
data directly
the building

that it may b
which input

performance
the type of s
input.

2 Norma

The followin
references,
document (in

ISO 6946, B
Calculation n

stems, as specified in Annex A; similarly, the energy use due to dehumidification-is calcula
standard on the energy performance of space cooling systems, as specified in ‘Annex A.

bn is not used to decide whether mechanical cooling is needed.

onal Standard is applicable to buildings at the design stage and to existing buildings. The
or indirectly called for by this International Standard should be-available from the building fi
tself. If this is not the case, it is explicitly stated at relevant(places in this International Sta
b decided at national level to allow for other sources of information. In this case, the user re
data have been used and from which source. Normally, for the assessment of the e

ources of information and the conditions when they-may be applied instead of the full reg

tive references

j referenced documents are indispensable for the application of this document. For
bnly the edition cited applies. For undated references, the latest edition of the refere
cluding any amendments) applies.

Lilding components and, building elements — Thermal resistance and thermal transmittan
nethod

input
es or
hdard
ports

hergy

for an energy performance certificate, a protocol is defined at national or regional level to specify

uired

Hated
nced

ce —

ISO 7345, Thermal insulatioh %= Physical quantities and definitions
ISO 10077-1} Thermal.performance of windows, doors and shutters — Calculation of thermal transmittance —
Part 1: Genefal

ISO 13370:2

DQ7,\Thermal performance of buildings — Heat transfer via the ground — Calculation metho

/s

ISO 13786:2007, Thermal performance of building components — Dynamic thermal characteristics —
Calculation methods

ISO 13789:2007, Thermal performance of buildings — Transmission and ventilation hea

coefficients — Calculation method

transfer

ISO 15927-4, Hygrothermal performance of buildings — Calculation and presentation of climatic data —
Part 4: Hourly data for assessing the annual energy use for heating and cooling

EN 15217, Energy performance of buildings — Methods for expressing energy performance and for energy
certification of buildings

© 1SO 2008 — All rights reserved
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3 Terms and definitions

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

3.1 Time steps, periods and seasons

3.141

calculation step

discrete time interval for the calculation of the energy needs and uses for heating, cooling, ventilation,
humidification and dehumidification

NOTH Typ;ua: discrete—time—intervats—are—one huul, one—month—or-one hcat;llu andtor bUU:;IIH seapon, Operating
modep and bins.

3.1.2
calculation period
periof of time over which the calculation is performed

NOTH The calculation period can be divided into a number of calculation steps.

313
heating or cooling season
periof of the year during which a significant amount of energy for heating or cooling is needed

NOTH 1 The lengths of the heating and cooling seasons are determined in different ways, depending on the calculation
methgd. The season lengths are used to determine the operation périod of technical systems or season-dependent user
behayjiour, for instance on ventilation.

NOTH 2  This International Standard includes a seasonal'method that requires as calculation step a fixed|season length
that hps to be distinguished from the actual season lengtht

314
unodcupied period
periofd of several days or weeks without-heating or cooling, e.g. due to holidays

3.2 | Spaces, zones and areas

3.21
heat¢d space
room| or enclosure, which-for the purposes of a calculation is assumed to be heated to a giyen set-point
temperature or set-pointtemperatures

3.2.2
cool¢d space
room| or enelosure, which for the purposes of a calculation is assumed to be cooled to a giyen set-point
temperature or set-point temperatures

3.23
conditioned space
heated and/or cooled space

NOTE The heated and/or cooled spaces are used to define the boundaries of the thermal zones and the thermal
envelope.

3.24

unconditioned space
room or enclosure that is not part of a conditioned space

© 1SO 2008 — All rights reserved 3
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3.2.5
conditioned

zone

part of a conditioned space with a given set-point temperature or set-point temperatures, throughout which the
same occupancy pattern is assumed and the internal temperature is assumed to have negligible spatial
variations, and which is controlled by a single heating system, cooling system and/or ventilation system, or by
different systems with equal energy performance

3.2.6
conditioned

area

floor area of conditioned spaces excluding non-habitable cellars or non-habitable parts of a space, including
the floor area on all storeys if more than one

NOTE1 In
building.
NOTE2  S(
car park).
NOTE3 TH
NOTE4 “Q

unless it is oth

3.2.7

ernal, overall internal or external dimensions can be used. This leads to different areas for_the

me services, such as lighting or ventilation, might be provided to areas not included in this{definition

e precise definition of the conditioned area is given by national authorities.

onditioned area” can be taken as the useful area mentioned in the Clauses 5,6 and 7 of the EPB|
erwise defined in national regulations.

calculation lvith coupled zones
I

multi-zone ¢
transmission

3.2.8

culation with thermal coupling between zones, taking intoraccount any heat transfer by th
and/or by ventilation and/or by air infiltration between zones

calculation rith uncoupled zones
Iculation without thermal coupling between-zones, not taking into account any heat transfer by

multi-zone ¢
thermal trans

3.2.9

mission or by ventilation or by air infiltratiof)between zones

projected arnea of solar collecting elements
rojection of the surface of the element on to a plane parallel to the transparent or translucent part

area of the p|
of the eleme

NOTE In
perimeter of th

EXAMPLE

3.2.10

Nt

same

D [26]

ermal

the case of non-flat elements, this refers to the area of the imaginary of the smallest plane connectifg the

e element.

Windows.

projected area of frame elements

area of the [
frame

rojection of the frame element on to a plane parallel to the glazing or panel that is held b

y the

EXAMPLE

Window frames.

3.3 Temperatures

3.31

external temperature
temperature of external air

NOTE 1 For transmission heat transfer calculations, the radiant temperature of the external environment is supposed
equal to the external air temperature; long-wave radiation to the sky, from building elements facing the sky, is calculated
separately (see 11.3.5 and/or 11.4.6).

NOTE 2  The measurement of external air temperature is defined in ISO 15927-1.

© 1SO 2008 — All rights reserved
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internal temperature
arithmetic average of the air temperature and the mean radiant temperature at the centre of a zone or space

NOTE This is the approximate operative temperature according to ISO 7726.

3.3.3

set-point (of the internal) temperature
internal (minimum intended) temperature as fixed by the control system in normal heating mode, or internal
(maximum intended) temperature as fixed by the control system in normal cooling mode

NOT

also ¢

adjus

3.34

set-back temperature

minin
temp

3.35
inter
heati
heati

3.4

3.41
ener
heat
cond

NOTH
NOTH
non-ig

heatin

3.4.2

auxiljary energy

elect
supp

NOTE
transy

NOTE

efinition of conditioned space (3.2.3). For monthly and seasonal methods, the value of the setpoi
ment for intermittency, as specified in 13.2.2.

hum internal temperature to be maintained during reduced heating periods, or maxin
brature to be maintained during reduced cooling periods

mittent heating or cooling
ng or cooling pattern where normal heating or cooling periods_ alternate with periods of re
ng or cooling

Energy

by need for heating or cooling
to be delivered to, or extracted from, a.gonditioned space to maintain the intended
tions during a given period of time

1 The energy need is calculated and-cannot easily be measured.

2  The energy need can include additional heat transfer resulting from non-uniform temperature d
eal temperature control, if theysare taken into account by increasing (decreasing) the effective td
g (cooling) and not included,in.the heat transfer due to the heating (cooling) system.

alculation. See
ht can include

hum internal

duced or no

temperature

istribution and
mperature for

ical energy used\by technical building systems for heating, cooling, ventilation and/or domgstic water to

brt energy transformation to satisfy energy needs

1 Thisnincludes energy for fans, pumps, electronics, etc. Electrical energy input to a ventilation
ort and, heat recovery is not considered as auxiliary energy, but as energy use for ventilation (3.4.11).

system for air

27) In IS0 9488, the energy used for pumps and valves is called “parasitic energy”.

343

technical building system
technical equipment for heating, cooling, ventilation, domestic hot water, lighting and electricity production

NOTE 1

domestic hot water system).

NOTE 2 A technical building system is composed of different subsystems.

NOTE 3  Electricity production can include cogeneration and photovoltaic systems.

©I1SO
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3.44

technical building subsystem

part of a technical building system that performs a specific function (e.g. heat generation, heat distribution,
heat emission)

3.45

building services

services provided by the technical building systems and by appliances to provide the indoor climate conditions,
domestic hot water, illumination and other services related to the use of the building

3.4.6

system thermaHess
thermal loss from a technical building system for heating, cooling, domestic hot water, humidificption,
dehumidificafion or ventilation that does not contribute to the useful output of the system

NOTE 1 A pystem loss can become an internal heat gain for the building if it is recoverable.

NOTE 2  THermal energy recovered directly in the subsystem is not considered as a system thermal loss but a$ heat
recovery and dlirectly treated in the related system standard.

NOTE 3  Heat dissipated by the lighting system or by other services (e.g. appliances oficomputer equipment) is nt part
of the system thermal losses, but part of the internal heat gains.

347
recoverable|system thermal loss
part of a technical system thermal loss which can be recovered to lower either the energy need for heating or
cooling or thé¢ energy use of the heating or cooling system

NOTE 1 THis depends whether or not the recoverable system thermal losses are directly taken into accoun{ as a
reduction to thie system losses.

NOTE 2  In|this International Standard, if not directly taken into account as a reduction to the system losseg, the
recoverable system thermal losses are calculated as partof the internal heat gains. It may be decided at national Igvel to
report the recqverable system thermal losses separately.from the other internal heat gains.

3.4.38
recovered system thermal loss
part of a reqoverable system thermal loSs which has been recovered to lower either the energy neqd for
heating or cdqoling or the energy use-of the heating or cooling system

NOTE ThHis depends whethér-or not the recoverable system thermal losses are directly taken into accoun{ as a
reduction to thie system losses:

3.4.9
energy use for space heating or cooling
energy inputfto the'heating or cooling system to satisfy the energy need for heating or cooling, respectively

NOTE If A
difficult to split the energy use mto that used for each purpose. It can be |nd|cated as a combined quantlty (e g energy use
for space heating and domestic hot water).

3.4.10

delivered energy for space heating or cooling

energy, expressed per energy carrier, supplied to the technical building systems through the system boundary,
to satisfy the uses taken into account (heating, cooling, ventilation, domestic hot water, lighting, appliances,
etc.) or to produce electricity

NOTE 1 For active solar and wind energy systems the incident solar radiation on solar panels or on solar collectors, or
the kinetic energy of wind is not part of the energy balance of the building.

NOTE 2  Delivered energy can be calculated or it can be measured.
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3.4.11

energy use for ventilation

electrical energy input to a ventilation system for air transport and heat recovery (not including energy input for
pre-heating or pre-cooling the air) and energy input to a humidification system to satisfy the need for
humidification

3.4.12

energy need for humidification and dehumidification

latent heat in the water vapour to be delivered to, or extracted from, a conditioned space by a technical
building system to maintain a specified minimum or maximum humidity within the space

3.4.13
energy use for other services
electrical energy input to the appliances providing other services

NOTH This refers to services other than heating, cooling, domestic hot water, ventilation and\lighting.

3.41 r
ventilation-heat recovery
heat fecovered from exhaust air to reduce the ventilation heat transfer

3.5 | Building heat transfer

3.5.1
heat transfer coefficient
heat [flow rate divided by the temperature difference between two environments; specifically ysed for heat
transfer coefficient by transmission or ventilation

NOTH In contrast with a heat gain, the driving force for heat transfer is the difference between the temperature in the
consiglered space and the temperature of the environment at the other side (in the case of transmission) ol the supply air
temperature (in the case of ventilation).

3.5.2
trangmission heat transfer coefficient
heat flow rate due to thermal transmission through the fabric of a building, divided by the difference between
the epvironment temperatures on-€ither side of the construction

NOTH By convention, the-sigiis positive if the heat flow is going out of the space considered (heat losg).

3.5.3
ventilation heat transfer coefficient
heat |flow rate duet0 air entering an enclosed space, either by infiltration or ventilation, diyvided by the
difference between the internal air temperature and the supply air temperature

NOTH The sign of the coefficient is always positive. By convention, the sign of the heat flow is positive if the supply
air temperature is lower than the internal air temperature (heat loss).

3.6 Building heat gains and recoverable system thermal losses

3.6.1

heat gains

heat generated within, or entering into, the conditioned space from heat sources other than energy
intentionally utilized for heating, cooling or domestic hot water preparation

NOTE 1 These include internal heat gains and solar heat gains. Sinks that extract heat from the building are included
as gains with a negative sign. In contrast with heat transfer, for a heat source (or sink) the difference between the
temperature of the considered space and the temperature of the source is not the driving force for the heat flow.

NOTE 2  For summer conditions heat gains with a positive sign constitute extra heat load on the space.
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internal heat gains
heat provided within the building by occupants (sensible metabolic heat) and by appliances such as domestic
appliances, office equipment, etc., other than energy intentionally provided for heating, cooling or hot water

preparation

NOTE 1

In this International Standard, if not directly taken into account as a reduction to the system losses, the

recoverable system thermal losses are included as part of the internal heat gains. It may be decided at national level to
report the recoverable system thermal losses separately.

NOTE 2

Included are heat from (warm) or to (cold) process sources that are not controlled for the purpose of heating or

cooling or domestic_hot-water preparation. The heat extracted from the building, from the indoor environment to cold

sources (sinkg

3.6.3

solar heat g
heat provide
building thro
insulation an
NOTE Ad
3.6.4

useful heat
proportion of]

3.6.5

), is included as gain with a negative sign.

pins

l by solar radiation entering, directly or indirectly (after absorption in building elements), int
igh windows, opaque walls and roofs, or passive solar devices such as sunspaces, transp
H solar walls

tive solar devices such as solar collectors are considered as part of the technical’building system.

jains
internal and solar heat gains that contribute to reducing the €nergy need for heating

solar irradiation

incident sola

heat on a surface, per area of surface

3.7 Building energy balance

3.71

gain utilizat{on factor

factor reduci
obtain the re

NOTE TH
alternative me

3.7.2

sulting reduction of the buildingenergy need for heating

e factor can be applied in_the’monthly or seasonal calculation of the building energy need for cooling
hod described in Annex'D.is used.

loss utilization factor

factor reduci
obtain the re

NOTE TH
factor for lossg

hg the total\monthly or seasonal heat transfer in the monthly or seasonal calculation meth
sulting reduction of the energy need for cooling

e traditional term “loss”, which originally referred to the heating mode only, is retained for the utili

o the
arent

hg the total monthly or seasonal heat gains in the monthly or seasonal calculation methg¢d, to

if the

bd, to

zation

s ifthe losses are “negative”, there is no utilization.

3.7.3

heat-balance ratio
monthly or seasonal heat gains divided by the monthly or seasonal heat transfer

4 Symbols

Table 1 lists the symbols used in this International Standard.

Table 2 lists the subscripts used in this International Standard.
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Symbol Quantity Unit
A area m2
a numerical parameter in utilization factor 1
B correction factor for an unconditioned adjacent space 1
C effective heat capacity of a conditioned space JIK
c specific heat capacity J/(kg-K)
d layer thickness m
E energy MJ
a factor 1
r total solar energy transmittance of a building element 1
M heat transfer coefficient WIK
d surface coefficient of heat transfer W/(m2Z-K)
1§, |solar irradiance W/m?
L length m
N number 1
() quantity of heat MJ
heat flow density W/m?2
q, (volumetric) airflow rate m3/s
R thermal resistance m2-K/W
" thermodynamic temperature K
time, period of time Ms?
/ thermal transmittance W/(m2-K)
¢ volume of air in a conditioned zone m3
¥ heat transfer parameter for solar walls W/(m2-K)
absorption coefficient of a_surface for solar radiation 1
heat-balance ratio 1
emissivity of a surface for long-wave thermal radiation 1
7 efficiency, utilization factor 1
4 centigrade‘temperature °C
3 heat capacity per area JI(M2-K)
Kew factorrelated to heat losses of ventilated solar walls 1
A dimensionless ratio between the internal surfaces area and the floor area (see 7.2.2.2) 1
b density kg/m3
o Stefan-Boltzmann constant (¢ = 5,67 x 1078) W/(m2-K4)
T time constant h
() heat flow rate, thermal power w
4 point thermal transmittance W/K
14 linear thermal transmittance W/(m-K)

@  Hours can be used as the unit of time instead of seconds for all quantities involving time (i.e. for time steps or periods as well as for
air change rates), in which case the unit of energy is watt-hours (Wh) instead of joules. In most equations, megajoules are used instead
of joules for quantities of heat or energy and megaseconds instead of seconds for time.
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Table 2 — Subscripts

need; building need for
heating and/or cooling

a air i internal (temperature) rvd |recovered
A |appliances ij,k,m,n | dummy integers s designated space
adj |adjusted in input se |surface external
an |annual interm | intermittent seas [seasonal
AO |accumulated int internal (heat) set [set-point
overtemperature
alt |altitude is conductance term@ sh  [shading
at | couplfrgterm® t frghtimg(syster) shut—shuttet
aux |auxilipry lat latent si surface internal
avg |[time @verage Is loss sol |solar (heat gains)
bh [boos{ heating m, m | monthly, designated month ss |surface-sky average
¢ |struclure, construction m mass-related conductance or| sup |supply (of,air)
elemeént capacitance
d design; daily, direct met metabolic sys |system
C cooling, capacity mn mean (time or space) T Fhermal
C,nd |coolig need, or building ms  |conductance term? tb<{| Thermal bridge
need|for cooling
Cc |convéctive nd need Tot | Total (system)
calc |calcujated noc unoccupied period tot |total
corr | correfted nrbl non-recoverable tr transmission (heat transfer)
ctr | contrpl nrvd non-recovered
cont |continuous nren non-renewable u unconditioned
day |daily nut non-utilized ut | utilized
dif [diffuse ob obstacles
dis |distrilpution Oc occupants \ ventilation (system)
e exterpal, exterior, envelope folele; occupied period v volume
el |electficity off off ve |ventilation (heat transfer)
em [emisgion on on
F |framg op opaque W | hot water (system or need)
f floor o} overall w  |window
g ground related to power
gl |gdlazipg, glazédelement p partition wall
gn |gains pp peak power
ht [heat trarsfer ps permanentstading 7 Zzonme umber
h hourly r radiative
hem | hemispherical rvd recovered s perpendicular
H heating rbl recoverable
H,nd [heating need, or building red reduced 0 base; reference
need for heating
HC,nd [ heating and/or cooling ren renewable

@  For simple hourly method, see 7.2.2.

10
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5 Outline of the calculation procedures
5.1 Energy balance of building and systems

5.1.1 Introduction
Depending on the situation, the building is partitioned into multiple zones or treated as a single zone.

The energy balance is split into the energy or heat balance at the building level and the energy balance at the
system level.

The ll)uilding energy needs for heating and sensible cooling of the building are calculated on thg basis of the
heat palance of the building zone(s).

Thesp energy needs for heating and cooling are the input for the energy balance ofthe heating and cooling
systems and ventilation systems.

A mJlti-step calculation can be required, which may be defined at national level, for instance t¢ account for
intergctions between different zones (e.g. sharing the same system(s) .and/or dissipation frgm the same

system) or between the systems and the building energy balance (e.g. dissipated heat from systg¢ms affecting
the heat balance of the building), see 7.3.

5.1.2] Energy balance at the building level

The pnergy (heat) balance at the building zone level includes the following terms (only sensible heat is
considered):

— fransmission heat transfer between the conditioned space and the external environment, goyerned by the
difference between the temperature of the conditioned zone and the external temperature;

— Ventilation heat transfer (by natural ventilation or by a mechanical ventilation system), governed by the
difference between the temperature-ofithe conditioned zone and the supply air temperature;

— fransmission and ventilation heat transfer between adjacent zones, governed by the differghce between
the temperature of the conditioned zone and the internal temperature in the adjacent space;

— ipternal heat gains (including negative gains from heat sinks), for instance from persons| appliances,
llghting and heat dissipated in, or absorbed by, heating, cooling, hot water or ventilation systems;

— golar heat gains(which can be direct, e.g. through windows, or indirect, e.g. via absorptipn in opaque
Building elements);

— gtorage.of heat in, or release of stored heat from, the mass of the building;

— ¢nergy need for heating: if the zone is heated. a heating system supplies heat in order| to raise the
internal temperature to the required minimum level (the set-point for heating);

— energy need for cooling: if the zone is cooled, a cooling system extracts heat in order to lower the internal
temperature to the required maximum level (the set-point for cooling).

NOTE The heat transfer to the external environment is negative when the external temperature is higher than the
internal temperature.

The building energy balance may also include energy recovered in the building from various sources, such as
recovered ventilation heat losses and recoverable losses from heating and cooling system.

The calculation procedures in this International Standard are restricted to sensible heating and cooling;
see 5.1.3.
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In the heat balance over a longer period (e.g. a month), the net amount of heat stored in, or released from, the
building mass, resulting from dynamic behaviour, becomes negligible.

5.1.3 Energy balance at the level of the technical building systems

The building energy need for heating and cooling is satisfied by the energy supply from the heating and
cooling systems.

At the system level, the energy balance for heating and cooling, if applicable, includes:

The system ¢nergy balance may also include energy recovered in the'system from various sources.

energy need for heating and cooling of the building zone;

energy ffom renewable energy systems;
generatipn, storage, distribution, emission and control losses of the space heating and cooling ‘systems;
energy input to the space heating and cooling systems;

energy ihput to central pre-heating and pre-cooling of ventilation air, including_transport, thermal Ipsses
and confrol;

special: [energy output from the space heating or cooling systems~(€.g. exported electricity from a
combingd heat and power installation).

The system [energy use is described in Clause 14. More details on the energy use at system levgl are

provided in the relevant system standards, as specified in Annex A.

The calculation procedures in this International Standard are restricted to sensible heating and coolingl The
energy use due to humidification shall be calculated in-accordance with the relevant standard on the epergy
performance|of ventilation systems, as specified.inCAnnex A; similarly, the energy use due to dehumidifi¢ation
shall be calqulated in accordance with the relevant standard on the energy performance of space cgoling

systems, as gpecified in Annex A.

5.2 Main $tructure of calculation,procedure

The main sfructure of the calculation procedure is summarised below. More details on the calculation

procedures dre presented in the-relevant individual clauses.

a)

b)

c)

d)

e)

f)

g)

12

Choose [the type of ealculation method, in accordance with 5.3.

Define the boundaries of the total of conditioned spaces and unconditioned spaces, in accordance
with 6.2.

If required; define the boundaries of the different cafcutation zones, imaccordance with 6.3:

Define the internal conditions for the calculations (Clause 13), the external climate (Annex F) and other
environmental data inputs.

Calculate, for each time step and building zone, the energy need for heating, On ng» @nd the energy need
for cooling, O ng-

Combine the results for different time steps and different zones serviced by the same systems and
calculate the energy use for heating and for cooling taking into account the dissipated heat of the heating
and cooling systems, in accordance with Clause 14.

Combine the results for different building zones with different systems.
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h) Calculate the operational length of the heating and cooling season, in accordance with 7.4.

i) It may be decided at national level, depending on the application and type of building, to require that the
calculation of the energy need for heating and cooling is performed in multiple steps, for instance to
account for interactions between the building and the system, or between adjacent zones. The
procedures are given in 7.3.

Properties or (conservative) default values can be different for the heating and cooling mode.

With the monthly method, heating and cooling in the same month can be established by calculating 12 months
heating mode and 12 months cooling mode.

For t?Le calculation steps, see Figure 2. The numbers in circles refer to the successive calculation[steps.
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Hustrated for three zones,
with two sets of (H, C, V) systems servicing different zones
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energy use and energy rating
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14

Figure 2 — Flow chart of main calculation steps
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5.3 Different types of calculation method

There are two basic types of method:

— quasi-steady-state methods, calculating the heat balance over a sufficiently long time (typically one month
or a whole season), which enables one to take dynamic effects into account by an empirically determined

gain and/or loss utilization factor;

— dynamic methods, calculating the heat balance with short times steps (typically one hour) taking into
account the heat stored in, and released from, the mass of the building.

This [Aternational Standard covers three different types of method:

— I]fully prescribed monthly quasi-steady-state calculation method (plus, as a specialoeptior], a seasonal
ethod);

— @ fully prescribed simple hourly dynamic calculation method;
— ¢alculation procedures for detailed (e.g. hourly) dynamic simulation methods.

The monthly calculation gives correct results on an annual basis, but the results for individual mdnths close to
the beginning and the end of the heating and cooling season can have/large relative errors.

The alternative simple method for hourly calculations has been:added to facilitate the calculation using hourly
user |schedules (such as temperature set-points, ventilation.modes, operation schedule of movable solar
shad{ng and/or hourly control options based on outdoor orzindoor climatic conditions). This method produces
hourly results, but the results for individual hours are notvalidated and individual hourly values can have large
relative errors.

The procedures for the use of more detailed, simulation methods ensure compatibility and| consistency
betwgen the application of different types of method. This International Standard provides cominon rules for
the bpundary conditions and physical input data, irrespective of the chosen calculation approach.

At ngtional level, it may be decided which of these three types of method are mandatory or are gllowed to be
used| depending on the application.(purpose of the calculation) and building type.

NOTH This choice typically depends on the use of the building (residential, office, etc.), the complexity|of the building
and/of systems, the application ‘(energy performance requirement, energy performance certificate or fecommended
energy performance measures, other). See Annex H about the need to maintain a balance betwg¢en accuracy,
transparency, robustness.and reproducibility.

5.4 | Main characteristics of the different methods

5.4.1 Dynamic methods

In th¢_dyhamic methods, an instantaneous surplus of heat during the heating period has the gffect that the
internal temperature rises above the set-point, thus removing the surplus heat by extra transmission,
ventilation and accumulation, if not mechanically cooled. Also, a thermostat set-back or switch-off might not
lead directly to a drop in the internal temperature, due to the inertia of the building (heat released from the
building mass). A similar situation applies to cooling.

A dynamic method models thermal transmission, heat flow by ventilation, thermal storage and internal and
solar heat gains in the building zone. There are numerous methods to do so, ranging in complexity from
simple to very detailed. There are other standards (e.g. EN 15265[11]) describing detailed simulation methods
or performance criteria for such methods. This International Standard provides the environment of
standardized boundary conditions and standardized input and output data that enables compatibility and
consistency between the different methods.

In this International Standard, one simple hourly method is fully specified: a three-node hourly method.
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5.4.2 Quasi-steady-state methods

In the quasi-steady-state methods, the dynamic effects are taken into account by introducing correlation
factors.

For heating, a utilization factor for the internal and solar heat gains takes account of the fact that only part of
the internal and solar heat gains is utilized to decrease the energy need for heating, the rest leading to an
undesired increase of the internal temperature above the set-point.

NOTE 1 See Annex | for a more detailed explanation of the concept of the gain utilization factor for heating.

The effect of-therm
see Clause 13.

For cooling, there are two different ways to represent the same method:
a) utilizatioh factor for losses (mirror image of the approach for heating): a utilization™ factor for the
transmigsion and ventilation heat transfer takes account of the fact that only part of/the transmissiop and
ventilation heat transfer is utilized to decrease the cooling needs, the “non-utilized” transmission and
ventilatipn heat transfers occur during periods or intervals (e.g. nights) when.they have no effect gn the
cooling meeds occurring during other periods or moments (e.g. days);

b) utilization factor for gains (similar as for heating): a utilization factor fer\the internal and solar heat gains
takes agcount of the fact that only part of the internal and solar heéat gains is compensated by thermal
heat trapsfer by transmission and ventilation, assuming a certainnmaximum internal temperature| The
other (“hon-utilized”) part leads to cooling needs, to avoid“an undesired increase of the infernal
temperature above the set-point.

This Internatjonal Standard specifies in the category of quasi-steady-state methods a monthly and seaponal
method for heating and cooling following method a). The alternative formulation b) for the monthly cgoling
method is prgsented in Annex D.

NOTE 2  Sge Annex | for a more detailed explanation'of the concept of the gain or loss utilization factors for cooling.

The effect of thermal inertia in the case ofiintermittent cooling or switch-off is taken into account separgtely;
see Clause 13.

More details jare given in 7.2.1.

5.5 Overdll energy balances for building and systems

The main teqms of the (time-averaged) energy balance for heating and cooling are schematically illustrated in
a series of dipgrams in Annex K.

6 Definition of boundaries and zones

6.1 General

The procedures in this clause apply to all calculation methods: seasonal, monthly, simple hourly and dynamic
simulation methods.

First, the boundaries of the building for the calculation of energy needs for heating and cooling shall be
defined (see 6.2).

Secondly, the building shall, if necessary, be divided into calculation zones (see 6.3).
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For the purpose of energy performance rating, in accordance with the relevant standards as specified in
Annex A, the calculated energy use for heating and/or cooling needs to be related to the floor area. In addition,
some of the input values are not known for individual building zones and need to be proportionally allocated to
the individual zones, for instance using the conditioned floor area of each zone as weighting factor. Finally,
some input data are available at individual building-space level and need to be aggregated to building-zone
level. In 6.4 are provided the calculation procedures for the conditioned floor area, which is consistent with the
boundaries of the building and (if applicable) with the partitioning into zones.

6.2 Boundary of the building for the calculation

The boundary of the building for the calculation of the energy need for heating and/or cooling consists of all
the Huilding elements separating the conditioned space or spaces under consideration from]the external
envirpnment (air, ground or water) or from adjacent buildings or unconditioned spaces.

Spacgs that are not conditioned may be included within the boundary of the building;~but in that case they
shall pe regarded as conditioned spaces.

6.3 | Thermal zones

6.3.1| General

It maly be necessary to partition a building into different zones, with&eparate calculation of the engrgy need for
heatihg and cooling for each zone.

Depgnding on the conditions as specified in 6.3.2;
— the whole building may be modelled as a single zone;

— the building may be partitioned into several®zones (multi-zone calculation), accounting for thermal
¢oupling between the zones;

— the building may be partitioned into-'several zones (multi-zone calculation), taking no account of thermal
¢oupling between the zones.

The griteria in 6.3.2 apply to all"calculation methods (simple or detailed), but for detailed mefhods further
partitjoning can apply.

The boundary of a building zone consists of all the building elements separating the conditioned space or
spaces under consideration from the external environment (air, ground or water) from adjacent conditioned
zones, from adjacent.buildings or from unconditioned spaces.

6.3.2| Criteria for partitioning into zones

6.3.2|1-" “Criteria for single-zone calculation

Small, unconditioned spaces may be included within a conditioned zone, but in that case they shall be
regarded as conditioned spaces.

Partitioning of the building into thermal zones is not required if all of the following conditions apply to spaces
within the building.

a) Set-point temperatures for heating of the spaces differ by no more than 4 K.
NOTE 1 The set-point is the minimum temperature assumed for the calculation. Specifications are given in Clause 13.

b) The spaces are all not mechanically cooled or all mechanically cooled and set-point temperatures for
cooling of the spaces differ by no more than 4 K.
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c)

The spaces are serviced by the same heating system (if any) and the same cooling system (if any), in

accordance with the relevant standards on heating and cooling systems respectively specified in Annex A.

d)

If there is a ventilation system or systems, in accordance with the relevant standard on ventilation

systems specified in Annex A, at least 80 % of the floor areas of the spaces are serviced by the same
ventilation system (the other spaces are then considered to be serviced by the main ventilation system).

NOTE 2

small spaces like corridors and storage rooms with different ventilation systems.

e)
second, (
not morse
frequen
NOTE 3 Zq

mode is desira
and the calcu
done several {

If one or mor
the condition

NOTE 4 Fu
heat sources (¢

Rules for partitioning the building into thermal zones may also be defined at national level, for instance tg
specific requirements of national or regional building-regulations and/or to take into accoumt the

into account
application.

Depending 9
for spaces t
kitchen in a nf

NOTES5  Fd
using default g

NOTE6  Fd
the right balan

NOTE7 W,
or cooling sysf

The calculati

6.3.2.2

Criteria\for multi-zone calculation without thermal coupling between zones

ning based on expected large differences in the heat-balance ratio for the heating mode-arfor the c
ble, but not taken into account in the list above because the heat-balance ratio itself depends on the 2
ation of the input data is too labour-intensive (especially in determining areas of building elements)
mes or room by room.

e of these conditions does not apply, the building is divided into different-zones in a way that
5 apply to the individual zones. Further partitioning into smaller zones'is allowed.

rther partitioning may, for instance, be considered appropriate in the case of different occupancy, in
r lighting.

h the purpose of the calculation, it may be nationally decided to provide specific calculation
hat are dominated by process heat (e.g.-indoor swimming pool, computer/servers room
pstaurant).

r instance, in the case of a building energy certificate and/or building permit, ignoring the process h
rocess heat for certain processes‘(e.g. shops: freezers, lighting in shop windows).

r instance, to ensure reproducibility in the case of minimum energy performance requirements; to €
ce between accuracy and-costs in the case of inspection of an (old) existing building. See also Annex

thin a specific building-zone, there can still be heat dissipating from or to a distribution system of a h
em servicing anather’building zone that passes the zone under consideration.

bn procedure for a single-zone calculation is given in 6.3.3.1.

This 80 % rule is introduced to avoid the situation where it is necessary that extra zones be defined to cater for

The amount of vent|lat|on in the spaces expressed in CUbIC metres per square metre floor area per

boling
oning
to be

all of

ternal

take

rules
or a

pat or

nsure

.

bating

If the buildin

ispartitiorred-imto differentzones; it may bedecided matiomatty whetheritisattowed tocatculate

each zone independently using the single-zone procedure for each zone and assuming adiabatic boundaries
between the zones. This is defined as a multi-zone calculation without thermal coupling between zones. The
calculation procedure is given in 6.3.3.2.

NOTE

and/or the complexity of the building and its systems.

18

The decision whether to ignore thermal coupling between zones can depend on the purpose of the calculation
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6.3.2.3  Criteria for multi-zone calculation with thermal coupling between zones

If neither the single-zone calculation nor the multi-zone calculation without thermal coupling between zones
applies, the calculation shall be performed as a multi-zone calculation with thermal coupling between zones.

In order to comply with building regulations, it should be noted that a multi-zone calculation with interactions
between the zones

a)

A further complication can be the involvement of different heating, cooling and ventilation’system
zone$, which adds to the complexity and arbitrariness of the input and modelling.

The galculation procedures are given in 6.3.3.3.
6.3.3| Zone calculation
6.3.3]1 Single-zone calculation

6.3.3]1.1  Set-point temperatures

If theg single-zone calculation applies, the set-point temperature, & . s¢t, for heating of the bui
given by Equation (1):

wherge

If thgl single-zone calculation applies, the set-point temperature, Gnt.C set for cooling of the bui
giver| by Equation (2):

requires significantly more, and often arbitrary, input data (on transmission properties
direction and size), and

partitioning, definitions of zoning in the case of combined use (e.g. a hospital generally-alsqg
office section, a restaurant section).

Z Af,saint,s,H,set

Dint H.set = —
H, zAfs
S

Pt Hset 1S the set-point ‘temperature for heating of space s, determined in accordance wit
expressed indegrees centigrade;

At s is the~eonditioned floor area of space, s, determined in accordance with 6.4,
square'metres.

and air flow

dgm of internal

includes an

5 for different

ding zone is

(1)

h Clause 13,

bxpressed in

ding zone is

( /]
/4 1L,s7INGs,U,Set

Oint,C.set = s (2)
2
S
where
Gnt.s.c.set 1S the set-point temperature for cooling of space s, determined in accordance with Clause 13,
expressed in degrees centigrade;
Ag is the conditioned floor area of space s, determined in accordance with 6.4, expressed in

square metres.

© 1SO 2008 — All rights reserved

19


https://standardsiso.com/api/?name=c95050e4df4cc00bd43d580a60e74af8

ISO 13790:2008(E)

The averaging is either on seasonal or monthly average data or on hourly data, depending on the type of
method and the corresponding procedures in Clause 13.

6.3.3.1.2 Other input data

If the single-zone calculation applies and the zone contains spaces with different building use (internal heat
gains, lighting hours, ventilation hours, ventilation rates, etc.) the area-weighted average values of the
parameters related to building use shall be used, in the same way as is done for the set-point temperature.

The averaging is either on a seasonal or monthly basis, or hourly input data are used, depending on the type
of method and the corresponding procedures in the relevant clauses.

6.3.3.2  Mtlti-zone calculation, no thermal coupling between zones

For a multi-zone calculation without thermal coupling between zones (calculation with uncoupled” zones), no
heat transfer|by thermal transmission or by air movement between the zones is taken into account.

The calculatipn with uncoupled zones is regarded as an independent series of single-zene ‘calculations.

For zones sharing the same heating and cooling system, the energy need for heating and cooling is thg sum
of the energy need calculated for the individual zones (see Clause 14).

For zones ngt sharing the same heating and cooling system, the energyase/for the building is the sum ¢f the
energy use galculated for the individual zones (see Clause 14).

6.3.3.3  Mtilti-zone calculation, thermal coupling between zones

For a multi-zone calculation with thermal coupling between.zones (calculation with coupled zones), any| heat
transfer (by thermal transmission or by air movement) is taken into account.

The procedufes for a calculation with coupled zones ar€ given in Annex B.

NOTE Sege 6.3.2.3 for this type of calculation. The)procedure is normally used only for special situations.

6.4 Determination of conditioned floor area, 4;

The floor arga within the boundary of the building is the conditioned floor area, 4;, of the building (seeg| 3.2).
The type of|dimension system‘used to calculate A4; (internal dimensions, external dimensions or oyerall
internal dimgnsions) may be_determined at national level, but it is necessary that it be specified. The pame
applies to pgssible parts of‘the floor area within the boundary of the building that are or are not part ¢f the
conditioned floor area, 4.

NOTE Parts of the-floor area within the boundary of the building that, possibly, are not part of the conditioned floor
area, 4; , are,|for example, areas of the floor where the space has a height less than a specified height, and the area of
supporting walls_Parts of the floor area within the boundary of the building that, possibly, are part of the conditionegl floor

area, Af! are, for nvnmpln’ the area of non ellppnrfing walls

If applicable, the conditioned floor area of a building zone is determined similarly for each calculation zone in
the building. The sum of conditioned floor areas of all zones shall be equal to the conditioned floor area of the
building.

If necessary, the conditioned floor area of a space in the building zone is determined similarly for each space

in the building zone. The sum of conditioned floor areas of all spaces in the building zone shall be equal to the
conditioned floor area of the building zone.
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Building energy need for space heating and cooling

Calculation procedure

The calculation procedure depends on the type of calculation method, but the assumptions (of environment
conditions, user behaviour and controls) and the basic physical data shall be the same for each of the types of
calculation methods (seasonal, monthly, simple hourly and detailed simulation methods).

There are three steps of the calculation:

1)

calculation of the energy need for heating and cooling;

2) ¢alculation of the season length for the operation of season-length-dependent provisionss
3) possible repetition of the calculation due to the interaction of the building and “system,|or for other

informative or normative reasons as specified in the relevant clause.
See Table 3.

Table 3 — Calculation procedure for the energy need for space heating and cooling
for the different types of method
Calculation of energy need Calculation of season length Multiple
Type of method . . . . -
for heating and cooling for operation of provisions steps

Seadonal or monthly method 7.21 7.4 7.3
Simple hourly method 7.2.2 7.4 7.3
Detalled simulation method 723 7.4 7.3
The galculation procedure to obtain the energy need for space heating and cooling of the building zone is
summarised in the following list. This part(of the procedure describes in more detail steps d) and e) of the

main|calculation procedure as presented in 5.2.

Calculate the internal conditions in accordance with Clause 13, the climate conditions in
with Annex F and other relevant environmental data inputs.

Calculate the characteristics for the heat transfer by transmission, in accordance with Clause
Calculate the characteristics for the heat transfer by ventilation, in accordance with Clause 9.
Calculate the/internal heat gains, in accordance with Clause 10.

Calculate the solar heat gains, in accordance with Clause 11.

Calculate the r'!ynnmir\ pnrnmnfnrc, inaccordance with Clause 12

accordance

With the monthly method, heating and cooling in the same month can be established by calculating 12 months
heating mode and 12 months cooling mode, each with own parameter values (e.g. ventilation, heat recovery,
etc.).

© 1SO 2008 — All rights reserved
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7.2 Energ
7.21

7211

y need for heating and cooling

Monthly and seasonal methods

Energy need for heating

For each building zone and each calculation step (month or season), the building energy need for space

heating, Oy ,

q» for conditions of continuous heating, is calculated as given by Equation (3):

OH,nd = PH,nd,cont = QH,nt — TTH,gn QH,gn

@)

where (for eg

QH,nd,cont

OH ht

QH,gn

TTH,gn

For each bu
heating, Oy

QH,nd =
where QH nd

For situation

The latent en

NOTE 1 TH
thermal inertig

The calculati

For the monthly method, the{CalCulation step is 1 month.

NOTE 2

|’:
-J

7.21.2

Energy‘need for cooling

ch building zone, and for each month or season)
is the building energy need for continuous heating, assumed to be greater than of equa
expressed in megajoules;

expressed in megajoules;

expressed in megajoules;
is the dimensionless gain utilization factor, determined in@aceordance with 12.2.1.

Iding zone and each calculation step (month or season), the building energy need for s
4, for conditions of intermittent heating, if the conditions,of 13.1 apply, is given by Equation (

2H,nd,interm

nterm 1S determined in accordance with 13.2.2.

5 with a long unoccupied period, O 44ds determined with the correction in accordance with 1
ergy need for humidification isnot included in this calculation.

e gain utilization factor, 7y gn: is explained in 5.4.2. It is a function mainly of the heat-balance ratio a
of the building, as illustrated'in Figure 5.

bn step for the seasenal method shall be the fixed heating season length, as explained in 7.

provides a-méethod for determining the fixed season length for the seasonal method.

is the total heat transfer for the heating mode, determined in accordance with 7.p.1.

gives the total heat gains for the heating mode, determined <invaccordance with 7.2.1.

pace

(4)

3.2.4.

hd the

P.1.4.

For each bui

dingzomeandeach catcutationr step(monthor seasomn); the energy needfor space cooting;

for conditions of continuous cooling, is calculated in accordance with Equation (5):

9¢,nd = ¢ nd,cont = QC,gn = 7c1s 9c

where (for each building zone, and for each month or season)

QC,nd,cont

¢ ht

22

C,nd’

®)

is the building energy need for continuous cooling, assumed to be greater than or equal to 0,

expressed in megajoules;

is the total heat transfer for the cooling mode, determined in accordance with 7.2.1.3,

expressed in megajoules;
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Oc.gn gives the total heat gains for the cooling mode, determined in accordance with 7.2.1.3,
expressed in megajoules;

nc.is is the dimensionless utilization factor for heat losses, determined in accordance with 12.2.1.

For each building zone and each calculation step (month or season), the building energy need for space
cooling, O¢ ng, for conditions of intermittent cooling, if the conditions of 13.1 apply, is given by Equation (6):

QC,nd = QC,nd,interm (6)

where O 14 interm IS determined in accordance with 13.2.2.

For sjtuations with a long unoccupied period, Oc g is determined with the correction in accordanc«le with 13.2.4.
The ¢nergy need for latent cooling (dehumidification) is not included in this calculation.

NOTH 1 The principle of the utilization factor for losses, 7. |, is explained in 5.4.2 [cooling, method a)]. It is a function
mainly of the heat-balance ratio and thermal inertia of the building as illustrated in Figure.6-’A negative value for Oc pt s
allowed: in that case the utilization factor has the value 1 and, consequently, the negative,losses are added &s gains.

The ¢alculation step for the seasonal method shall be the fixed cooling season length, as explaingd in 7.2.1.4.
For the monthly method, the calculation step is 1 month.

NOTH 2 1.3 provides a method for determining the fixed season length for'the seasonal method.

7.21|3 Total heat transfer and heat gains

For gach building zone and each calculation step (month' or season), the total heat transfer, Oy}, is given by
Equation (7):

Ont= O + Ove (7)
wherg (for each building zone and for each-calculation step)

Oy is the total heat transferiby transmission, determined in accordance with Clause 8, expressed in
megajoules;
0 is the total heat transfer by ventilation, determined in accordance with Clause 9, gxpressed in
megajoules.

ve

The fptal heat gains, Qgn- of the building zone for a given calculation step, are calculated using Equation (8):

an = Oinf+ Osol (8)

wherg (far €ach building zone and for each calculation step)

fsthesunmof intermat-heat gains over the givern period; determinedimaccordance with Clause 10,
expressed in megajoules;

int

Osol is the sum of solar heat gains over the given period, determined in accordance with Clause 11,
expressed in megajoules.

7.21.4 Seasonal method — fixed length of heating and cooling season for the heat balance
calculation

The fixed length of the heating season is needed for the calculation of total heat transfer and total heat gains

during the heating season. This fixed length is directly linked to the parameters that determine the values of
the gain utilization factor (see 12.2.1).
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This length may be determined at national level. Annex | contains a method that may be used to determine
the fixed length of the heating and the cooling season for the seasonal method.

7.2.2 Simple hourly method

7.2.21

The model is

Principle

a simplification of a dynamic simulation, with the following intention:

same level of transparency, reproducibility and robustness as the monthly method:

cled

una

with ma
patterns

NOTE 1 TH
in Annex H an

rly specified, limited set of equations, enabling traceability of the calculation process;

reduiction of the input data as much as possible;

mbiguous calculation procedures;

n advantage over the monthly method that the hourly time intervals enable direct input of

e advantages and disadvantages of the simple hourly versus monthly method are described in more
i in the Bibliographic Reference [24].

In addition, the model

makes n

-

(e

keeps
dynamio

The model u
and all build

weekly basis)).

The model 1
(building zor
comfort ched
lighting, and

The calculat
environment

The heating

Dy ng (POSI
internal air

ew development easy by using directly the physical beéhaviour to be implemented,

n adequate level of accuracy, especially forsroom-conditioned buildings where the th
of the room behaviour is of high impact.

sed is based on an equivalent resistance-capacitance (R-C) model. It uses an hourly time
ng and system input data can be modified each hour using schedule tables (in general,

hakes a distinction between-the internal air temperature and mean temperature of the in
e facing) surfaces (mean radiant temperature). This enables its use in principle for th
ks and increases the aeclifacy of taking into account the radiative and convective parts of
nternal heat gains, although the results of the simple method at hourly level are not reliable.

on method is_based on simplifications of the heat transfer between the internal and ex
as shown in‘Figure 3.

and/orcooling need is found by calculating for each hour the need for heating or cooling p

ourly

detail

ermal

step
on a

ernal
ermal
Solar,

ernal

pwer,

ive for-heating and negative for cooling), that needs to be supplied to, or extracted fron, the

temperature ks

each.

Heat transfer by ventilation,

representing

hode, Oy, to maintain a certain minimum or maximum set-point temperature. The settpoint

s-3 \nlalnhfnr] maan-of-air and maan radiant tamnaratira Tha dafault waiahtina factor ic 5 for
eighted-mean-of airand-mean—radiant-temperature—The-default-weightingfastoris 0l

H,, is connected directly to the air temperature node, d,,, and to the node

the supply air temperature, 6. sup- Heat transfer by transmission is split into the window part, Hy w

taken as having zero thermal mass, and the remainder, H, ,,, containing the thermal mass which in turn is

split into two
central node,

building zone, 49 The thermal mass is represented by a single thermal capacity, C,

parts: Hy oy and Hy g Solar and internal heat gains are distributed over the air node,

65 (a mix of g,; and mean radiant temperature 6,

air r,mn

all"
) and the node representing the mass of the

, located between Hy s

the

and Hy gy A coupllng conductance is defined between the internal air node and the central node. The heat

flow rate due to internal heat sources, @

amongst the

24

and the heat flow rate due to solar heat sources, @.

int» sol»

three nodes.

are split
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NOTE2  “Window part” is here a generic term. It also includes doors and all glazed elements of the building envelope,
but none of the insulated opaque components.

The hourly energy needs for heating and/or cooling, Q¢ nq €xpressed in megajoules, are obtained by

multiplying @, g, €Xxpressed in watts, by 0,036. Similarly, the internal and solar heat gains, O, and Osol,
expressed in megajoules, are obtained by multiplying @ it and @ respectively, expressed in watts, by 0,036.

¢HC,nd

sup

> ¢int + ¢sol

Figure 3 —Five resistances, one capacitance (5R1C) model

7.2.2|12 Main variables
The hain variables for themodel are the following:

— the thermal transmission coefficients, H,, ,, of doors, windows, curtain walls and glazed walls and Hy,
of opaque bLilding elements obtained from 8.3 and split into Hy om @nd Hy, g in @accordance yvith 12.2. 2,

— the ventilation characteristics, H,,, and 6, obtained from 9.3;

sup’

— 1 nf‘r‘\llh'lnﬂ r\nndllr\fnnr\n ”Ir ;
s

— the internal heat capacity, C,,, is obtained from 12.3.1, expressed in joules per kelvin.

The coupllng conductance, H, ;, expressed in watts per kelvin, between the air node, 6, and the surface
node, 6., is as given by Equation (9):

Hy i = hig Ay 9)
where

h,, is the heat transfer coefficient between the air node, 6,;, and the surface node, ¢, with a fixed value
of h,, = 3,45 W/(m?K);
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Ayt is the area of all surfaces facing the building zone, equal to 44 x 4y, expressed in square metres;

4; isth

e conditioned floor area, in accordance with 6.4, expressed in square metres;

Ay is the dimensionless ratio between the internal surfaces area and the floor area; 4, can be assumed
to be equal to 4,5.

For a given h

our, all values are known except @ 4, Which it is necessary to calculate.

Full details are given in the respective clauses. The full set of equations is given in Annex C.

The monthly
need, as des

7.2.2.3

As shown in
the internal n

The heat floy
sources, @

Ay is obtained

7.2.3 Detal
Dynamic mg
validation teg
methods as 5
In addition,

performance
the procedur
Consequentl
— partition
transmis
ventilati

internal

solar he

) : ! 'H (- ) H () H ! L () H ! 'H
llﬂdtllly dinu COUITTY ClicTyy 11Iecu 1o UUtdIIIUU Dy SUrtirmriyg tIIU nouirty lIGdtlllg dliu Couly ©

cribed in 14.1.

Calculation of heat flows from internal and solar heat sources

C.2, the heat flows from internal and solar heat sources are split between theair node, 6,
odes, 8., G, as given by Equations (C.1), (C.2) and (C.3).

v rate from internal heat sources @, is obtained from 10.2 and the héatflow rate from sola
, is obtained from 11.2.

from 7.2.2.2 and 4,,, is obtained from 12.2.2.

led simulation method

thods used for the calculation of energy need of\heating and cooling shall have passe
its in accordance with the relevant standards cdntaining validation tests for detailed simu
pecified in Annex A.

or the aspects not covered by the validation tests, in the case of comparison of the e
level of buildings and/or for checking” compliance with national or regional building regula
b shall be used as prescribed, or réferred to, in this International Standard.

y, the calculation shall be perfermed according to the following:

ng into zones, see 6.3;

sion heat transfer-characteristics, see Clause 8;

n heat transfer—characteristics, see Clause 9;

neat gains,’see Clause 10;

ergy

, and

heat

H the
ation

hergy
fions,

bt’gains, see Clause 11;

dynamic

26

parameters, see Clause 12;

internal conditions, see Clause 13.
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NOTE In particular when the calculation results are to be used in the context of checking for compliance with building
regulations it is important that calculation tools are checked in full detail on compliance with the general procedures,
boundary conditions and input data. If there is a conflict with the procedures in this International Standard, this may lead to
differences in the results that remain undetected and therefore lead to variability of results. Such tools are in general
difficult to check. Relevant aspects include:

— (dynamic) heat transfer via the ground, including thermal bridges;
— non-adiabatic internal walls and floors;

— linear thermal bridges;

—  gir flows between building zones;
— golar shading by, and reflection from, overhangs, fins and external obstacles;
— 4dngle-dependent solar properties of windows;

— Rourly calculation of air infiltration.
7.3 | Multiple steps to integrate or isolate interactions

7.3.1] Type of method and purpose

Due fo interactions between building and system, between zonés-and/or other interactions, multigle steps may
be reguired for the calculation.

If the|purpose is to take the interaction into account, these'iterations are, if possible, performed af the smallest
time |nterval of the calculation, depending on the type of calculation method: hour, month or seaspn.

If thel purpose is to isolate the effect of the interaction, these iterations shall be performed on g monthly or
seasgnal basis.

7.3.2| To account for interaction between building and systems

The heat gains (including negative' gains, from heat sinks) comprise the heat losses from the| heating and
cooling system. Before the dissipated heat from the heating and cooling system can be calculatefd, it might be
necegsary to calculate first'the energy needs for heating and cooling without these elements in the internal
heat pains.

With [this information;.the dissipated heat from the heating and cooling system can be calculated, followed by
a sedond and final.calculation of the energy needs for heating and cooling.

NOTH 1 Invprinciple, a full iteration would be required, but a full iteration will usually not lead to an imprgvement of the
overa|l accuracy of the result and a two-step approach suffices.

NOTE-2—The tesuttof thefirst stepatso gives msight o theperformanceof the buitdimgwithout the—mfluence of the

heating and cooling system.

Consequently, depending on the application and type of building it may be decided at national level to require
that the calculation of the energy need for heating and cooling is performed in two or more steps: first a
calculation without dissipated heat from the heating and cooling system (when this cannot be predicted
without knowing the heating and cooling needs), followed by a calculation or iteration including dissipated heat
from the heating and cooling system, based on the information from the first calculation.

Optionally, other internal heat gain sources (positive or negative) may be subjected to the same procedure to
quantify (isolate) their effect on the energy needs for heating and cooling.
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NOTE 3  The result will depend on the order in which the internal heat gains are added to the calculation. Moreover, the
effect on the energy needs can be misleading; for instance, the internal heat gains from lighting will lead to a decrease in
energy need for heating (winter) and increase of energy need for cooling (summer). However, in many cases it is more
relevant to try to prevent summer cooling, e.g. by an investment in a free cooling or night-time ventilation system and/or
extra solar shading provisions; in that case the impact on the energy need for cooling is zero, but the impact on the
investment costs is significant, though this penalty is not shown.

In the case of a single-step calculation, it may also be decided at national level to apply a simplified approach.
One way is to adjust specific system losses directly at the system level to account for recovered losses at
building level and disregard these as input in the building energy balance. Another is to make estimates of the
recoverable system losses and include these in the internal heat gains for the building part of the calculation.

NOTE4  TH
balance is larg

e first option can lead to significant errors if the effect of the recoverable losses on the building, g
e or strongly different from the situation on which the adjustment was based.

nergy

7.3.3 To qliantify seasonal special provisions

Similarly, de
the calculatid

pbending on the application and type of building, it may be decided at national level to requir
n of the energy need for cooling is performed in two or more steps: first a-calculation withou

cooling or ni

ht-time cooling by ventilation, followed by a calculation with free cooling,or night-time cooli

b that
t free

ng by

ventilation fof those periods where the first calculation indicated that one or both¢of‘these are feasible options

to decrease the energy need for cooling.

7.3.4 To quiantify the effect of imperfect temperature control

It may also b ffects

of imperfect

e nationally decided to repeat the calculation with variations on the input data to quantify e
emperature control.

7.3.5 To agcount for interaction between zones

In the case pf a multi-zone calculation with thermally.eoupled zones in accordance with 6.3.2.3, iterat|on is
also required.

7.3.6 To obtain breakdown into components
Optionally, itf may also be relevant to-repeat the overall calculation, e.g. by successively excluding specific
elements in the calculation, to quantify~the effect of specific elements on the result. In particular:

the build
ventilatiq
although
choices

ing energy need for heating and cooling in the absence of a heat recovery unit in a mechanical
n system; this will-provide a result more closely related to the performance of the building jtself,
a complete separation will not be possible, because the building will still contain specific design
Felated to heat recovery, such as a higher air tightness;

solar
lly) a

the passive solar energy gains by replacing the windows (and any sunspace or other passive
provisi

om)by\a reference set of windows having a reference (neutral) orientation, size and (optiona
referenc'L thermal transmittance; similarly passive cooling techniques.

NOTE Warning: when a number of alternative energy saving measures are being considered, the order in which the
measures are successively added in the calculation will affect the calculated individual effect of each measure.
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7.4 Length of heating and cooling seasons for operation of season-length-dependent
provisions

7.41 Monthly method

7411 Heating season

In the absence of a national method, the actual length of heating season to determine the number of hours of
operation of certain season-length-dependent provisions (e.g. pumps, fans, central pre-heating; see 14.3) can
be determined as follows.

The pctual length of the heating season, Ly, expressed in the number of months, is calculated by using
Equation (10):

L= 5" i (10)

m=1

wherg f , is the fraction of the month that is part of the heating season.
Determine f, for each month according to one of the following two methods:
— mnethod a: simplified method, on the basis of the ratio between the energy need for heating apd cooling;

— ethod b: on the basis of the monthly values for the heat-balance ratio for the heating mode, yy,
determined in accordance with 12.2.1.1.

Methpd a:

The fraction of the month that is part of the heating\season, is calculated by using Equation (11):

fH = QH,nd / (QH,nd + QC,nd + QV,pre-heat + QV,pre-cooI) (1 1)
wherg
OH.nd is the monthly energy need for heating, expressed in megajoules, determined in
accordance-with 7.2.1.1;
Oc.nd is the~monthly energy need for cooling, expressed in megajoules, dgetermined in
acecordance with 7.2.1.2;
Oy pre-heat, < 1S the energy need for pre-heating of ventilation air, expressed in|megajoules,
determined in accordance with 9.3.3.12;
Qv'pre-cool IS the energy need for pre-cooling of ventilation air, expressed in|megajoules,
determined in accordance with 9.3.3.12.
Method b:

Determine first the limit value of the dimensionless heat-balance ratio for the heating mode, yy j,, as given by
Equation (12):

PH,lim = (ay +1)/ ay (12)

where ay is a dimensionless numerical parameter depending on the time constant of the building,
determined in accordance with 12.2.1.1.
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NOTE The value for yy ji, corresponds to the point at the ideal gain utilization curve with gain utilization factor
to the actual gain utilization factor at yy = 1. A lower curve (less utilization, lower ay) leads to a higher limit; in an ideal
situation the limit is PH,lim = 1: the gain utilization factor =1 and the monthly heat gains are just enough to compensate the
monthly heat losses by transmission and ventilation heat transfer. See Figure 4.

Key

nH,gn“

1,2

equal

VH1 VH VH,2

1 ideal curve (high inertia)

2 real inertia, $ee for example Figure 5 (but not relevanthére)

Figure ## — lllustration of the procedure according to method b to determine the actual length
of the heating season (monthly method)

And determine for each month:

30

— The value of y atdhe~beginning of the month. This value is simply calculated as the mean va

7y for the considered month and the previous month (previous month for January is December

VH

ue of
. The

valde of yy at-the end of the month. This value is simply calculated as the mean value of yy for the

considered.month and the next month (next month for December is January). The lowest of th
valdes is‘called y 4 the highest is called y 5. Negative values of y shall be replaced by the

e two
value

fronr the'nearest month with positive value of y,.

—  If y4.2 <7H,im the whole month is part of the heating period: f; = 1.
—  Ify4.1 > 71 im the whole month is outside the heating period: f; = 0.

— Otherwise, a fraction of the month is part of the heating period:

— o> vHimi i = 0.5 (Phgim = 71,0 (7 = 710);

— i <oHjim: /1 = 0.5+ 0.5 (v im = 70 (7H,2 = 7H)-
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7.41.2 Cooling season

In the absence of a national method, the actual length of the cooling season to determine the number of hours
of operation of certain season-length-dependent provisions (e.g. pumps, fans, central pre-cooling; see 14.3)
can be determined as follows.

The actual length of the cooling season, L., expressed in the number of months, is calculated by using
Equation (13):

Lo =3""2 fom (13)

m=1

wherg /¢ ,, is the fraction of the month m that is part of the cooling season.
Detefrmine f for each month according to one of the following two methods:
— 1nethod a: simplified method, on the basis of the ratio between the energy need for cooling and heating.

— nethod b: on the basis of the monthly values for the heat-balance ratio for the cooling mode, yc,
determined in accordance with 12.2.1.2.

Methpd a:

The fraction of the month that is part of the cooling season, is cal6ulated by using Equation (14):
Je = 9¢cnd(Qhng + 9c na) (14)
wherg

Onng Is the monthly energy need for heating; expressed in megajoules, determined in acqordance with
7.21.1;

Qcng Is the monthly energy need-fercooling, expressed in megajoules, determined in acqordance with
7.21.2.

Methpd b:

NOTH 1 The procedure is similar to the procedure for the heating mode, but with 1/y¢ instead of y.
Detefmine /i , for each-month as follows.

Detefmine first the-limit value of the dimensionless heat-balance ratio for the cooling mode yg|;,,, by using
Equation (15):

7 ychim =(ac +N)/ac (15)

where a is a dimensionless numerical parameter depending on the time constant of the building, determined
in accordance with 12.2.1.2.

NOTE 2  The value for (1/yc)m corresponds to the point at the ideal loss utilization curve with loss utilization factor
equal to the actual loss utilization factor at 1/y = 1. A lower curve (less utilization, lower a¢) leads to a higher limit; for the
ideal curve the limit is (1/yc)im = 1: the loss utilization factor =1 and the monthly heat losses by transmission and
ventilation heat transfer are just enough to compensate the monthly heat gains.
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And determine for each month:

the value of 1/y at the beginning and end of the month, as the mean value of 1/y¢ for the considered

month and the previous month and the mean value of 1/y; for the considered month and the next
month (previous month for January is December; next month for December is January). The lowest
of the two values is called (1/yc)4, the highest is called (1/yc),. Negative values of 1/y- shall be

repl
If (1

If (1

aced by the value from the nearest month with positive value of 1/y¢.
Iyc)o < (11yc)iim the whole month is part of the cooling period: fo = 1.

Iyc)q > (11yc)im the whole month is outside the cooling period: f- = 0.

Oth

7.4.2 Seas

The actual g
These lengt
provisions (g

A calculation
national leve
(see Annex |

7.4.3 Simplle hourly method

The length g
systems with

The lengths
heating or cg
determined v

The length o

necessary to
of such a prd

brwise, a fraction of the month is part of the cooling period:
If (1/yc) > (1/yc)im: fo = 0,5 [(1yc)im — (1ye)1/[(1hrg) = (Myc)il;

If (17¢) < (ye)im: fo = 0,5 + 0,5 [(1yc)jim = (1)) [(1yc)p = (1y)l-

pnal method
ngth of the heating and cooling season depends on the heat-balance ratio and thermal in
ns are needed to know the number of operation hours of ¢ertain season-length-depe
g. pumps, fans).

method to determine the actual length of the heating and,cooling season may be determin

I. In the absence of a national method, the fixed Jength of the heating and cooling se
3) may be used as a conservative number.

f heating and cooling season is needed\to know the number of hours of operation of ¢
auxiliary energy use (e.g. pumps, fans).

pf the heating and cooling seasons (number of days or hours) are determined by averagin

ith a threshold value of 1 W/m? floor area.

calculate the length of the cooling season without this provision or count the hours of ope
vision.

ertia.
ndent

ed at
ason

prtain

g the

oling need over the previous<€our weeks. The start and end of the heating and cooling seas¢ns is

f cooling season cap- be' reduced by an extra (energy-consuming) provision such as mechanical
or natural night-time ventilation“or-free cooling; consequently, for the operation period of such provisio

it is
ation
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8 Heat transfer by transmission

8.1

Calculation procedure

The calculation procedure depends on the type of calculation method, but the assumptions (on environment
conditions, user behaviour and controls) and the basic physical data shall be the same for each type of
calculation method (seasonal, monthly, simple hourly and detailed simulation methods). See Table 4.

Table 4 — Calculation procedure for thermal transmission heat transfer
for the different types of methods

Transmission heat
transfer coefficients

Input data
boundary-cor

Total heat transfer

Type of method by transmission

and
ditions

Seasonal or monthly method 8.2 8.3 8.4
Simple hourly method Not applicable 8.3 8.4
Detailed simulation method Not applicable @ Not applicable @ 8.4

la

But compliance with steady-state properties is to be demonstrated.

8.2

For the monthly and seasonal method, the total heat transfer by.transmission, Q;,, expressed in n

calcu

f

f

wher

-

Total heat transfer by transmission per building zone

lated for each month or season and for each zone, z, as given by Equation (16):
ror heating: O = Htr,adj(ﬂlnt,set,H — Gt

For cooling: O = Htr,adj(alnt,set,C — Ot

b (for each building zone, z, and for each-calculation step)

i aqj IS the overall heat transfer coefficient by transmission of the zone, adjusted fo
outdoor temperature difference (if applicable), determined in accordance with 8.3,
watts per kelvin,

intsetH 1S the set-point temperature of the building zone for heating, determined in
with Clausé~13, expressed in degrees centigrade;

intsetc 1S the, set-point temperature of the building zone for cooling, determined in

withClause 13, expressed in degrees centigrade;

is the temperature of the external environment, determined in accordance V
expressed in degrees centigrade;

egajoules, is

(16)

I the indoor-
expressed in

accordance

accordance

vith Annex F,

. toraton—oft — - N I A o

megaseconds.
NOTE The heat transfer or part of the heat transfer can have a negative sign during a certain period.
© 1SO 2008 — All rights reserved
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8.3 Transmission heat transfer coefficients

8.3.1 General

The value for the overall transmission heat transfer coefficient, /, ,q;, expressed in watts per kelvin, shall be
calculated in accordance with ISO 13789, using the following equation:

Hyy agj = Hp + Hy + Hy + Hp (17)

where

Hp is the direct heat transfer coefficient by transmission to the external environment, expressedn |watts
per kelvin;

H, is the steady-state heat transfer coefficient by transmission to the ground, expresséd, in watts per
kelin;

H, is the transmission heat transfer coefficient by transmission through ~unconditioned sppces,
expfessed in watts per kelvin;

H, s the heat transfer coefficient by transmission to adjacent buildings, expressed in watts per kelv|n.
In general, H|, representing Hp, Hg, Hy, or Hp, consists of three terms (see 1SO 13789):
H, = by {[2; 4, U+ 2 [ H+ 2 ] (18)
where
A. is the area of element i of the building envelope, insquare metres;

U. is the thermal transmittance of element i of the building envelope, expressed in watts per square
metre kelvin;

I,  is the length of linear thermal bridge %, expressed in metres;

¥, is the linear thermal transmittance of thermal bridge %, expressed in watts per metre kelvin;

% is tHe point thermal transmittance of point thermal bridge j, expressed in watts per kelvin;

by . is the adjustment facter, with value by, # 1 if the temperature at the other side of the constryction
element is not equal to the external environment, such as in the case of a partition to adjacent
conflitioned or \unconditioned spaces or as in the case of a ground floor; the value shall be

dete¢rmined innaccordance with 8.3.2;

NOTE  Theladjustment factor, b, adjusts the coefficient instead of the temperature difference.

and where the summation is done over all the building components separating the internal environment and
the environment at the other side of the construction (external, ground, unconditioned space or adjacent
conditioned space).

In case of more than one type of ground floor, or more than one adjacent unconditioned or conditioned space,
the values for the transmission heat transfer coefficients are summated, using for each element the
corresponding value for the adjustment factor, by -

In the case of thermally coupled zones, calculated in accordance with 6.3.3.3, the heat transmission
coefficient of the partition between the zones is calculated separately, as explained, for example, in 10.2.1 and
11.2.1.
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In the application of ISO 13789, the specific procedures of 8.3.2 shall be followed.

8.3.2

Specific procedures

8.3.21 Heat transmission through windows and doors or curtain walls

8.3.2.1.1 General

The values for the heat transmission coefficient, H;, ;, of windows and doors or curtain walls are determined in
accordance with the relevant standard on thermal transmission of windows and doors or curtain walls as

Spec'find inAnnex A

For €

ach window the frame area fraction shall be determined in accordance with 1ISO 1007 7=1.

As an alternative, it may be nationally decided to use a fixed frame area fraction for alkwindows i the building.

NOTH
value

8.3.2

For 1

For instance, in the case of heating-dominated climates, use 0,20 or 0,30, whichever leads to
of the window (see 8.3.1) or a fixed value of 0,30. For cooling-dominated climates-use a fixed value of

1.2 Simple hourly method

he simple hourly method a distinction is needed betweendransmission through lightwe

the highest U-
0,20.

ight building

elements (windows, doors, curtain walls, other glazed elements), @nd through heavyweight building elements.
8.3.2]2  Effect of nocturnal insulation
8.3.2121 Seasonal or monthly method
Whem shutters are present, the values for the heat transmission coefficient, Hy. , of the window concerned
within element £ may be reduced by applying-the following reduced thermal transmittance of{window and
shutter, Uy, corr» €Xpressed in watts per square metre kelvin, as given by Equation (19):
yW,corr = Uw+shut fshut +UW (1_fshut) (19)
wherg
Uw+shut 18 the thermial-transmittance of window and shutter together, expressed in watt$ per square
metre kelvin;
Jshut is thel dimensionless fraction of accumulated temperature difference for period| with shutter
closed;
U is the thermal transmittance of window without shutter, expressed in watts per gquare metre
kelvin.
NOTE An example of the calculation of fg, + is given in Annex G.
8.3.2.2.2 Simple hourly method

For the simple hourly method the appropriate U-value is chosen on hourly basis.

©I1SO
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8.3.2.3 Heat transmission to the ground

The appropriate temperature difference compared to heat transmission to the external environment, due to the
large inertia of the ground (annual cycle), is taken into account in ISO 13789 by an adjustment factor, by, ,, that
adjusts the heat transfer coefficient instead of the temperature difference.

The value for the adjustment factor, by . 1S different per month. This also applies to the simple hourly method.

Alternatively, it may be decided at national level to allow seasonal values for the adjustment factor, by »» Which
are different for the heating and cooling period.

NOTE 1 Infthis—eon

Bt setp @nd For cooling, G ot ¢, respectively.

hrqating,

NOTE 2  THere is a monthly variation in the coefficient for heat transmission to the ground because it includes a
correction for fhe periodic heat flow through the ground (annual cycle). See ISO 13370:2007, Clause A.7-

8.3.2.4 He¢at transmission to adjacent unconditioned space

The reduced| temperature difference compared to heat transmission to the external-environment is takep into
account in 1$0 13789 by an adjustment factor, b, ,, that reduces the heat transfer coefficient instead ¢f the
temperature difference.

Default valugs for the adjustment factor, by ,, may be defined at national level, depending on the type of
building and/pr application.

NOTE National default values can, for instance, be defined in the-€dse of assessment of old existing buildipgs, if
gathering the|full required input would be too labour-intensive for, the purpose, relative to the cost-effectivengss of
gathering the input.

8.3.2.5 Heat transmission to adjacent sunspace (greenhouse)

For the heaf transmission the same procedure«in-1SO 13789 is followed as for an adjacent unconditjoned
space.

However, if |the simplified procedure given in E.2.4 is applied, the adjustment factor, by, includep the
combined effect of heat transmission @nd’solar radiation, which is in line with the general procedure giyen in
Annex A of IO 13789:2007.

NOTE 1 Otherwise, the effectf solar radiation on the temperature of the attached sunspace is taken into accoyint as
part of the calgulation of the solarjhéat gains (Clause 11; see also E.2.3)

NOTE 2  E.R.4 provides.thé conditions and specifications for the simplified procedures.

8.3.2.6 Heat transmission to adjacent buildings

The appropriate tcmpwa‘lulc difference bUIIIdeCd totheat-transmissionto-the—extermatenvironment-is—taken
into account in ISO 13789 by an adjustment factor, b, ,, that adjusts the heat transfer coefficient instead of the
temperature difference.

NOTE 1 See 1SO 13789 for inclusion of this element. In this context, ISO 13789 requires, as input, the value of the set-
point for the internal temperature for heating, 6, s 4, and for cooling, €, ¢ c-

It may be determined at national level if, depending on the purpose of the calculation, this element in the heat
transmission may or shall be ignored.

NOTE 2 For instance, because of legal restrictions forbidding the characteristics of other buildings (which can be
subject to change in the course of time) to have an influence on whether the legally required minimum energy
performance level is maintained.
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8.3.2.7  Multi-zone calculation with uncoupled versus coupled zones

For multi-zone calculation with thermally uncoupled zones, heat transmission to other conditioned zones is not
applicable.

For multi-zone calculation with thermally coupled zones, heat transmission to adjacent conditioned zone(s) is
calculated by using for the temperature, O 1> the value for the temperature of the adjacent zone k, determined
in accordance with Annex B.

NOTE For this situation the adapted temperature difference compared to heat transmission to the external
environment is not taken into account by a reduction factor b, but by using directly an adapted temperature difference.

8.3.2|18 Thermal bridges

ThenTeat transfer by transmission includes area-related heat loss by transmission as welllas lingar and point
thermal bridges. The heat transmission by thermal bridges is taken into account in IS@13789 as part of H;,.

8.3.2]9 Heating and cooling mode
In thg case of different properties for the heating and cooling mode, separate-{;, values shall be ysed for each

mode. This is, for instance, applicable in the case of windows with movable shutters or different|summer and
winter modes, ground floor heat transfer and heat transfer to an attached sunspace (greenhouse)

8.3.2|10 Special elements

See 8.4.2 for specific details for special elements.
8.4 |Input data and boundary conditions
8.4.1| General principles

8.4.11 Seasonal, monthly and simple hourly methods

Except for specific cases (see belaw), the physical characteristics that are required as inpuf are already
obtaiped as part of the procedure_in 8.3.

8.4.1]2 Detailed simufation methods

For detailed dynami€ simulations methods, the input data on heat transmission elements are in general more
detailed than for_thé-seasonal, monthly or simple hourly methods. However, the basic physical data and the
assuimptions (onY{relevant environment conditions, user behaviour and controls) shall be in| accordance
with $.3. Consequently, it shall be verified that the monthly values of the overall transmission heat transfer
used|in the>dynamic simulation method are the same as the overall transmission heat transfer|for the other
methpds. which are determined on the basis of 8.3.

In this respect, specific attention is required for:

— thermal bridges: the same thermal bridge effects as prescribed for the other methods in 8.3 shall be taken
into account;

— heat transmission coefficient to the ground: the procedure given in ISO 13370:2007, Annex D, shall be
applied to calculate the dynamic heat transfer by transmission through the ground floor. This calculation
involves a virtual layer below the floor construction and a (monthly varying) temperature below that virtual
layer as boundary condition.
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8.41.3

All methods

In the case of old existing buildings, if gathering the full required input would be too labour-intensive for the
purpose, relative to the cost-effectiveness of gathering the input, simplified methods or input may be used.
Specification of the conditions for allowing this simple method or input may be made at national level,
depending on the purpose of the calculation. In that case the user shall report which method or input has been
used and from which source. Examples are given in Annex G.

8.4.2 Special elements

Special methods are needed to calculate the influence of special elements:

— VentilatLd solar walls: see Annex E.

— Other ventilated envelope elements: see Annex E.

— Internal
a heat s
e.g. a sq
specifieq
differend
internal
in this ¢
heat tra
metres,

temperature),
e between source and internal environment. In that case, the source shall not be added fo the
heat gains, but the heat transfer shall be added to the heat transfer by transmission, deterrpined
@use. The temperature, 6, ,, is the value for the temperaturg ef’the source and the value for the
nsmission coefficient, Hy g of the element is the product ef the exposed source area, in square
and the heat transfer coefficient in watts per metres squared kelvin.

heat sources with a heat flow that is a predominant function of the internal temperatdire: If
burce of a potentially significant magnitude is a predominant function of the internal temperature,
urce temperature that is close to the internal temperature (such as a water tank maintained at a

the amount of heat transferred is strongly depehdent on the tempenature

9 Heat tfansfer by ventilation

9.1 Calculation procedure

The calculati
conditions, {
calculation

Table 5

— Calculation procedure-for ventilation heat transfer for the different types of methodps

on procedure depends on the type-of-calculation method, but the assumptions (on envirorjment
ser behaviour and controls) and‘\the basic physical data shall be the same for each type of
ethod (seasonal, monthly, simple hourly and detailed simulation methods). See Table 5.

Type of method

Total heat transfer
by ventilation

Ventilation heat
transfer coefficients

Input data
and boundary conditigns

Seasonal or monthly method 9.2 9.3 9.4
Simple hourlyl method Not applicable 9.3 9.4
Detailed simulation method Not applicable @ Not applicable @ 9.4

a But comp

iance with steady-state properties is to be demonstrated.

9.2 Total heat transfer by ventilation per building zone — Seasonal or monthly method

For the monthly and seasonal method, the total heat transfer by ventilation, O, ., expressed in megajoules, is
calculated for each month or season and for each zone, z, as given by Equation (20):

For heating: Oy = Hyg adj( nt set,H,- — o)t

For cooling: Oy = Hyg agj( Gntset,c,- — )t

38
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where (for each building zone, z, and for each calculation step)

H is the overall heat transfer coefficient by ventilation, adjusted for the indoor-outdoor

ve,adj
temperature difference (if applicable), determined in accordance with 9.3, expressed in watts
per kelvin;

GntHset i the set-point temperature of the building zone for heating, determined in accordance

with Clause 13, expressed in degrees centigrade;

Gntcset i the set-point temperature of the building zone for cooling, determined in accordance
with Clause 13, expressed in degrees centigrade;

D is the temperature of the external environment, determined in accordancé(yith Annex F,
expressed in degrees centigrade;

i is the duration of the calculation step, determined in accordance withhAnnex F, expressed in
megaseconds.
NOTH The heat transfer or part of the heat transfer can have a negative sign dufing a certain period,|in which case

heat is added to the building (zone).
9.3 | Ventilation heat transfer coefficients

9.3.1] General

The yalue for the overall ventilation heat transfer coefficient, H ,q, expressed in watts ger kelvin, is
calculated as given by Equation (21):

Hve adj = Pa Ca (Zk bye i qve,k,mn) (21)
wherg
Ma Ca is the heat capacity ofair per volume, expressed in joules per cubic metrgs per kelvin

=1 200 J/(m3-K);

q is the time-average airflow rate of air flow element %, expressed in cubic metres pgr second;

ve,k,mn
is the temperature adjustment factor for air flow element &, with value b, , # 1|if the supply
temperature, esupk, is not equal to the temperature of the external environment, uch as in the
case-of pre-heating, pre-cooling or heat recovery; the value shall be determined if accordance
with.973.3;

ve,k

NOTH 1 The temperature adjustment factor, b, adjusts the coefficient instead of the temperature differenge.

represents each of the relevant air flow elements, such as air infiltration, naturTI ventilation,
mechanical ventilation and/or extra ventilation for night-time cooling.

The time-average airflow rate of air flow element %, g mn, €Xpressed in cubic metres per second, is
calculated by using Equation (22):

9ve,k,mn :ﬁ/e,t,k dve,k (22)
where

dver IS the airflow rate of air flow element £, determined in accordance with the relevant standard as
specified in Annex A, expressed in cubic metres per second;

fetr s the time fraction of operation of the air flow element %, calculated as the fraction of the number
of hours per day (full time: £,  , = 1), determined from the same source as g, ;.
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NOTE 2 For monthly or seasonal methods: in the case of intermittent heating or cooling where, following 13.2.2, the
effect of intermittency is taken into account by a reduction factor on the energy need for heating or cooling, the time
fraction is calculated assuming continuous heating or cooling, thus disregarding days with reduced heating or cooling set-
point or switch-off.

In the application of the relevant standards specified in Annex A, the specific procedures of 9.3.3 shall be
followed.

9.3.2 Simple hourly method

If the zone receives air flows from different sources (for example from external environment and from the
ventilation system) and H. is. at each hour. calculated in accordance with Equation (21). the supply

temperature pdjustment is already taken into account in H,,¢ in which case A, = and by, = bp.

ve,adj

9.3.3 Specijfic procedures

9.3.3.1  Heating and cooling mode

In the case df different properties for the heating and cooling mode, separate input values shall be used| This
is applicable[for instance in the case of different summer and winter ventilation rates;heat recovery units and
heat transfer|to an attached sunspace (greenhouse).

9.3.3.2 Climate data

The values ¢btained from the relevant standards on the amount of«air flow and on ventilation systems in
accordance |with Annex A shall be based upon the same climate as used for the calculation in this
International|Standard and specified in Annex F.

9.3.3.3  Ventilation including air infiltration from the exterior

The supply témperature, Hsup’k, is the value of the temperature of the external environment, 4., in accordance
with Annex [ F. Consequently, the temperature ‘ddjustment factor, b for air flow from the exterior
environmentlis equal to:

ve,k’

bve,k =1 (23)
9.3.3.4 Ventilation including air infiltration from adjacent unconditioned space
The supply témperature, Hsup‘k, is-the value of the temperature of the external environment, 4., in accordance
with Annex F. Consequently, the temperature adjustment factor, b, ;, for air flow from adjacent unconditfoned
spaces is eqpal to:

bye s = 1 (23)

NOTE THhis is.a\simplification.

9.3.3.5 VéntiHation-from-adjacentsunspace{greenhotse)

The supply temperature, &, ;. is the value of the temperature of the external environment, 4., in accordance
with Annex F. Consequently, the temperature adjustment factor, b, ;, for air flow from adjacent unconditioned
spaces is equal to:

bve,k =1 (23)

If it can be demonstrated that during the heating season the air flow element enters the conditioned zone via
the adjacent sunspace, it is permissible to use for the temperature adjustment factor:

bye 1 = Dir (24)

where by, . is the temperature adjustment factor applied in 8.3 for heat transmission to the adjacent sunspace.
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The temperature adjustment factor can be converted to a number expressing the efficiency of heat recovery
via the sunspace, 7, 4, Using the following equation:

Tive k= (1- bve,k) (25)
This can be useful for instance in case of combination with a heat recovery unit (see 9.3.3.8)

NOTE 1 If the simplified method in E.2.4 is used, by, , includes the positive effect of solar radiation on the temperature
of the attached sunspace. If the full method in E.2 is used, it does not.

NOTE 2  Usually the value for b, ; is different for heating and cooling seasons, or monthly.

9.3.3[6  Ventilation including air infiltration from adjacent buildings

If applicable, the supply temperature, Osup. o is the value of the temperature of the adjacent building that may
be dgtermined at national level, depending on the application.

Consequently, the temperature adjustment factor, b, ,, for air flow from adjacent buildings is equal to:

(gint,set _Hsup,k)

(26)
(gint,set - He )

Pve,k =

wher

w

D

htset IS the set-point temperature of the building zong for heating or cooling, determined i accordance
with Clause 13, expressed in degrees centigrade;
chp‘k is the supply temperature, equal to the internal temperature of the adjacent building, lexpressed in
degrees centigrade;

is the temperature of the external environment, determined in accordance With AnnexF,
expressed in degrees centigrade.

It mgy be determined at national_level if, depending on the purpose of the calculation, this element in the
ventilation heat transfer may or shall be ignored. In that case the temperature adjustment factor 4}, , = 0. If not
ignored, the value of the internaljtemperature of the adjacent building may be determined at natiopal level.

NOTH Normally, this .tertn is probably (assumed to be) zero. But it can, for instance, be relevant |n the case of
compagrison with measuréd-energy where infiltration or ventilation from adjacent buildings plays a role.

9.3.3|7 Multi-zone calculation with uncoupled versus coupled zones

For multi-zoné ‘calculation with thermally uncoupled zones, heat transfer by infiltration or ventilatipn from other
condjtioned zones is not applicable.

For multi-zone calculation with thermally coupled zones: the supply temperature, 6, ;. of the ventilation,
including air infiltration from adjacent conditioned zone(s), is the value of the temperature of the adjacent zone,
calculated in accordance with Annex B.

9.3.3.8  Heat recovery unit

A heat recovery unit, if present, is usually an important element in the heat balance of the building zone,
strongly influencing the utilization of heat gains and free heating or cooling potential. For that reason the effect
of the use of heat recovery units shall be taken into account in the calculation of the energy needs for heating
and cooling and cannot be dealt with via a separately determined correction factor.

NOTE See 7.3 on the optional extra (informative) calculation to isolate the energy needs for heating and cooling
without heat recovery.
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The temperature adjustment factor, b, 4, for air flow from a heat recovery unit is equal to:

bve,k =(1

where

Thhru

ﬁ/e,frac,k

_fve,frac,k X Thry)

(27)

is the efficiency of the heat recovery unit, obtained from the relevant standard on ventilation
systems as specified in Annex A, taking into account representative conditions which may be

determined at national level;

is the fraction of the considered air flow element & that goes through the heat recovery unit.

If the reIevait standard on ventilation systems specified in Annex A provides the supply temperature

instead of th

i

Thru :(

where
esup,k

amt,set

gsup,k

In the applica
— General

If the he

of the unit, this shall be properly(accounted for in the supplied data. If applicable, the data on addi

sources

overestination of the performance of the heat recovery unit and/or underestimation of the total amo

ventilatiq

NOTE

— Climate

( sup,k — ee)
6|int,set _ee)

efficiency of the heat recovery unit, the efficiency, 7, is obtained by the following conyers

)

s the supply temperature from the heat recovery unit, expressed in degrees centigrade, obt
from the relevant standard on ventilation systems specified in Annex A, taking into ac
representative conditions which may be determined at national level,

s the set-point temperature of the building zone for heating or cooling, determined in accorg
with Clause 13, expressed in degrees centigrade;

s the supply temperature, equal to the internal temperature of the adjacent building, express
degrees centigrade.

At recovery unit is switched(off or if the heat exchanger is bypassed to prevent the risk of fre
of ventilation air shallybe provided, such as infiltration and natural ventilation, to avo
n flow rate to the‘building or building zone.

Usually the-effect will be different for the heating and cooling season.

data

tion of the relevant standards specifiedhin Annex A, the following shall be taken into account.

'sup,k’
on:

(28)

hined

count

ance

edin

£zing
fional
d an
int of

The val

Iés)obtained from the relevant standards on the efficiency of the heat recovery unit an

d the

values for the supply femperature, &, ;,, and for the additional energy (for fan power, defrost, efc.) shall
be based upon the same climate as used for the calculation in this International Standard, as specified in
Annex F.

— Auxiliary energy use

Additional energy, e.g. for defrosting and energy needed to power the fan, shall be added separately,
see 14.3.3.
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— Combination with central pre-heating or pre-cooling

If, in series with the heat recovery unit, central pre-heating or pre-cooling is present, the supply
temperature to the building or building zone is the temperature after pre-heating or pre-cooling.
Consequently, the temperature adjustment factor, b, ;, for air flow from central pre-heating or pre-cooling
is determined according to Equation (30).

— Effect of control

If the heat recovery unit has a heat exchanger control without overheating control function (either dynamic,
or on a seasonal basis), this shall be properly accounted for in the value of the efficiency of the heat

Ibuvmy it TThra-
— $eries of two heat recovery provisions

In th¢ case of two provisions for heat recovery in series, the combined efficiency ofyheat recoyery, 7., is
giver| by Equation (29):

ek = et + ez — (Thve it The2) (29)
wherg
Jve, 1 is the efficiency of heat recovery by provision 1;
Jve, k2 is the efficiency of heat recovery by provision 2,

EXAMPLE Used for a combination of heat recovery unit.and solar collector or sunspace, only for thg¢ portion of air
flow that passes through both provisions.

9.3.3]9 Ventilation from a mechanical ventilation system with central pre-heating or pre-gooling

The ¢nergy use by central pre-heating or pre-cooling may be calculated separately from the epergy use for
the building or building zone, if the supply-temperature is not controlled by the internal tempgrature of the
building or building zone. In that case, the’procedure described as method A shall be used.

Alterpatively, it may be decided @tynational level, depending on the application, to use as supply| temperature
the ekternal air temperature in(agcordance with Annex F. See method B.

NOTH 1 In the latter case~it’is implicitly assumed that the heating or cooling system servicing the builling zone also
servides the energy needforpre-heating or pre-cooling.

If the|supply tempetature is controlled by the internal temperature of the building or building zone}, for instance
in thg case of @n air heating or cooling system, the energy need of the central pre-heating or pretcooling shall
be taken inte-account as an integral part of the calculation of the energy need of the building or Quilding zone.
In this casethe procedure described in method B shall be used.

NOT'-I_ 2 :f thc Oupp:y tUIII'JUIGtuIU fIUIII thc L;Glltla: G;I halld:;llu ull;t dUPUIIdO UTT thU ;Iltcllla: tUIIIpUIGtuI oy It CannOt be
taken as input for the energy balance in the building or building zone, because it depends on the energy balance. It is the
output of the energy balance instead of the input.
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Method A: separate calculation of central pre-heating or pre-cooling

The ventilation heat transfer coefficient, H, ;, shall be based on the supply temperature, Osup.io of the air as it
leaves the central air handling unit and enters the building zone.

Consequently, the temperature adjustment factor, b, ;, for air flow after central pre-heating or pre-cooling is
equal to:

(eint,set - gsup,k )

bye ) = (30)
(Hint,set _ge)

where

Gnt, set [S the set-point temperature of the building zone for heating or cooling, determined-in,accordance
with Clause 13, expressed in degrees centigrade;

Gsupx  JS the supply temperature of the air as it leaves the central air handling “unit and enterg the
building zone, determined in accordance with the relevant standard on_ventilation systems as
specified in Annex A, expressed in degrees centigrade;

O s the temperature of the external environment, determined in accordance with Anrex F,

expressed in degrees centigrade.
The energy rjeed for pre-heating or pre-cooling is calculated separately\(see 9.3.3.12).

Method B: dentral pre-heating or pre-cooling included in the(calculation of energy need for heatihg or
cooling

The ventilation heat transfer coefficient, H,,, shall be based on the external temperature: 6, = .
Consequently: b, , = 1 (see 9.3.3.3).

9.3.3.10 Fnee cooling and night-time ventilation during cooling mode — Definitions and rules
NOTE Definitions and rules are copied from\EN 15232.

Night cooling: the flow rate of external.air is set to its maximum during the unoccupied period, provided
a) the interhal temperature is.above the set-point for the comfort period,

b) the diffefence betweenithe internal temperature and the external temperature is above a given limit.

Free cooling: the flow rates of external air and recirculation air are modulated during all periods of tifne to
minimize the|lamount:of mechanical cooling. Calculation is performed on the basis of temperatures.

H,x-directed control: the flow rates of external air and recirculation air are modulated during all periads of
time to minimize the amount of mechanical cooling. Calculations are performed on the basis of temperatures
and humidity (enthalpy).

In the case of ventilation for free cooling and/or night-time ventilation during the cooling period, an extra term,

9ve extra» TOr the air flow rate into the conditioned space may be taken into account, as specified in 9.4.3.

9.3.3.11 Special elements

See 9.4.4 for specific details for special elements.
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9.3.3.12 Energy need for central pre-heating or pre-cooling

The energy need for pre-heating or pre-cooling of ventilation air, Ov pre-heat O OV pre-cools expressed in
megajoules, is calculated using the temperature difference between the external temperature and the supply
temperature after the central pre-heating or pre-cooling, as given by Equations (31) and (32):

For pre-heating: Oy e heat = Pa Ca/ve,tk 9ve il Osup k — et (31)

For pre-cooling: OV pre-cool = Pa €alve tk dve (0 — esup,k)t (32)

For a monthly or seasonal method: in the case of intermittent heating or cooling where, following 13.2.2, the
effect of intermittency is taken into account by a reduction factor on the energy need for heating or cooling, the
time fraction shall be calculated assuming continuous heating or cooling, thus disregarding days [with reduced
heatipng or cooling set-point or switch-off.

wherg (for each building zone, z, and for each calculation step)

Netk is the time fraction of operation, calculated as the fraction of the number of hours|per day (full
time: f; = 1), determined in accordance with 9.3.1;

qver s the air flow rate by ventilation of air of flow element & which is pre-heated of pre-cooled,
entering the zone with supply temperature, Gsup jo in accordance with the relevant| standard as
specified in Annex A, expressed in cubic metres per secand;

A is the external air temperature, determined in accordance with Annex F, expressefl in degrees
centigrade;

sup,k is the supply temperature of the air flow elemént & entering the building zone by vehtilation after
pre-heating or pre-cooling, determined. in" accordance with 9.3.1, expressed|in degrees
centigrade;

i is the duration of the calculation, step, determined in accordance with Annex F, gxpressed in
megaseconds;

Macy is the heat capacity of air)'per volume, expressed in joules per cubic metreg per kelvin
=1 200 J/(m3-K).

If prefheating or pre-cooling is present in addition to heat recovery, the latter is taken into accoun{ by replacing
the ¢gxternal temperature, 6,, by the supply temperature from the heat recovery unit as obtaihed from the
relevant standard on ventilation systems specified in Annex A. In that case, the temperature difference which
is to be used in Equatien\(31) or (32) is the difference between the supply temperature from the heat recovery
unit gnd the supply temperature after the central pre-heating or pre-cooling.

9.4 | Input data and boundary conditions

9.4.1| General principles

9411 Seasonal, monthly and simple hourly methods

Except for specific cases (see below), the physical characteristics that are required as input are already
obtained as part of the procedure in 9.3.

9.4.1.2 Detailed simulation methods

For detailed dynamic simulations methods, the input data on heat transfer by infiltration and ventilation are
sometimes more detailed than for the seasonal, monthly or simple hourly methods. However, the basic
physical data and the assumptions (on relevant environment conditions, user behaviour and controls) shall be
in accordance with 9.3. Consequently, it shall be verified that the monthly values of the overall ventilation heat
transfer used in the dynamic simulation method are the same as the overall ventilation heat transfer for the
other methods which are determined on the basis of 9.3.
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9.41.3

All methods

In the case of old existing buildings, if gathering the full required input would be too labour-intensive for the
purpose, relative to the cost-effectiveness of gathering the input, simplified methods or values for the air flow
rate by infiltration and ventilation and default values for the supply temperature and time fraction of operation
may be defined at national level. Specification of the conditions for allowing this simple method or input may
be made at national level, depending on the purpose of the calculation. In that case the user shall report which
method or input has been used and from which source. Examples are given in Annex G.

9.4.2 Hourly patterns

It may be décided at national level whether (for simple hourly method) and how (for all methods) a

hourly sched
differentiated

9.4.3 Free

For a monthly and seasonal method, during the cooling mode period, the extra volumetric flow

9ve,extramns |
metres per s

qve,extra,

In the case @
reduction fag
cooling, thus

where

Cve, eff,ext
fve,t, extra

dve,extra

For the mon
can be used
difference. T

Examples of
Annex G.

9.44 Sped|

ule is converted to a (weighted) mean time fraction of operation or whether the input-dat
over the day (different per hour) and/or over the week (different schedule per day).

cooling and night-time ventilation during cooling mode — Monthly and seasonal meth

hto the conditioned space for free cooling and/or for night-time ventilation, expressed in
bcond, is calculated as given by Equation (33):

mn = Cve,eff,extrafve,t,extra 9ve,extra

f intermittent cooling where, following 13.2.2, the effect of intérmittency is taken into accoun
tor on the energy need for cooling, the time fraction shall be calculated assuming contir
disregarding days with reduced cooling set-point or switch-off.

is an adjustment factor for dynamic (ingrtia) effects and effectiveness; unless othe
specified at national level the value is ¢{oef extra = 1,0;

ra

is the time fraction of operation ef.\the free or night-time ventilation per day, calculated g
fraction of the number of hours ‘per day of operation (full ime: ¢ { exira = 1);

is the extra air flow rate ipto-the conditioned space due to free cooling or night-time ventil
expressed in cubic metres’/per second, with given time fraction of operation.

hly and seasonal metheds, the value for the associated temperature adjustment factor, b,
to adjust for the temperature difference during time of operation compared to a 24 h tempef
e value is b 1,0, unless otherwise specified at national level.

ve,extra —

values related to the extra air flow rate for free cooling or night-time ventilation are giV

alelements

hiven
A are

ods
rate,
cubic
(33)
by a
uous
rwise

s the

ation,

.extra’
ature

en in

Special methods are needed to calculate the influence of special elements:

Ventilated solar walls: see Annex E;

Other ventilated envelope elements: see Annex E;

Heat pump using ventilation exhaust air as source: if the air flow rate needed for proper functioning of

the heat pump in its intended application (e.g. to heat tap water) is higher than the air flow rate which
would have been used as input for the calculation, the higher value shall be used in the calculation of the
heat transfer by ventilation.
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10 Internal heat gains

10.1 Calculation procedure

Internal heat gains, heat gains from internal heat sources, including negative heat gains (dissipated heat from
internal environment to cold sources or “sinks”), consist of any heat generated in the conditioned space by
internal sources other than the energy intentionally utilized for space heating, space cooling or hot water
preparation.

The internal heat gains include:

—  etabolic heat from occupants and dissipated heat from appliances;

— heat dissipated from lighting devices;

— heat dissipated from, or absorbed by, hot and mains water and sewage systems;
— heat dissipated from, or absorbed by, heating, cooling and ventilation systems;
— heat from or to processes and goods.

In this International Standard, if not directly taken into account &@s,"a reduction to the system losses, the
recoJerable system thermal losses are calculated as part of the/internal heat gains. It may be decided at
natiopal level to report the recoverable system thermal losses separately from the other interngl heat gains.
See $.4.
The ¢alculation procedure depends on the type of calculation method, but the assumptions (on|environment

condftions, user behaviour and controls) and the input data shall be the same for each type ¢f calculation
methpd (seasonal, monthly, simple hourly and detailed simulation methods). See Table 6.

Table 6 — Calculation procedure for-internal heat gains for the different types of methods

Type of method Overall int_ernal Internal heat gain Input data apt_i
heat gains elements boundary conditions
Seadonal or monthly method 10.2 10.3 10.4
Simple hourly method 10.2 10.3 104
Detalled simulation methed Not applicable 10.3 104

10.2| Overall infernal heat gains

10.2. Monthly and seasonal method

For theZmonthly and seasonal method, the heat gains from internal heat sources in the considered building
zone for the considered month or season, O, expressed in megajoules, are calculated as given by
Equation (34):

Oint = Zéint,mn,k I+ 2(1_btr,l)¢int,mn,u,l t (34)
k l
where
oy is the reduction factor for the adjacent unconditioned space with internal heat source /, defined

in ISO 13789;
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D

int,mn,k

D,

int,mn,u,

/

is the time-average heat flow rate from internal heat source k, determined in accordance
with 10.3, expressed in watts;

is the time-average heat flow rate from internal heat source / in the adjacent unconditioned
space, determined in accordance with 10.3, expressed in watts;

is the length of the considered month or season, in accordance with Annex F, expressed in
megaseconds.

An adjacent unconditioned space is an unconditioned space outside the boundaries of the zones for the
calculation of the energy needs for heatlng and cooling. In the case of an uncondltloned space adjacent to

more than o
space, &
conditioned %

In the case
simplified m
for b, the sun

10.2.2 Simple hourly method

For the simp
building zong

Dint = }_J

The hourly values are usually given as daily or weekly patterns:

Alternatively,

f

)
~

9

cond of-the-heat-flowrate-by-internat-heat-seuree+n-the-urecond oned

mehn,u/» Shall be divided between the condltloned zones, welghted according to the roor aregs per
one which are determined in 6.4.

a sunspace, Equation (34) applies if the detailed method in E.2 is applied. Inthe case ¢f the

thod, where internal and solar gains in the sunspace are already included in”an adjusted palue
space shall be ignored in Equation (34).

le hourly method, the sum of the heat flow rates from internal_heat sources in the consiglered

@+, expressed in watts, is calculated for each hour as given‘by Equation (35):

Pintx + E (1= bt N Pint,u i (35)
I

it may be decided nationally to calculate.the heat flow rate from internal heat sources in the

considered building zone as the time average over a given period as given by Equation (36):
—
Pint = }_J@int,mn,k +Z(1_btr,1)@int,mn,u,l (36)
s /
where
Ly is the adjustment factor for the adjacent unconditioned space with internal heat soufce /,
defined in ISO13789;
Dint i is the hourly-heat flow rate from internal heat source k, determined in accordance with{10.3,
expressed in watts;
Dty is the hourly heat flow rate from internal heat source / in the adjacent unconditioned space,
determined in accordance with 10.3, expressed in watts;
Dtmni I8 the time-average heat flow rate from internal heat source £, determined in accordance
with 10.3, expressed in watts;
Dintmn,u, 18 the time-average heat flow rate from internal heat source / in the adjacent unconditioned
space, determined in accordance with 10.3, expressed in watts.
NOTE In practice, due to lack of reliable input data, the use of more detailed (including hourly) data does not

necessarily lead to higher accuracy.
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10.3 Internal heat gain elements — All methods

The heat gains from the following internal heat sources & in a specific building zone or sources / in an
unconditioned space shall be taken into account.

The internal heat flow rate from occupants, @, o, determined in accordance with 10.4.2.
The internal heat flow rate from appliances, @ 5, determined in accordance with 10.4.2.

The internal heat flow rate from lighting, &, , determined in accordance with 10.4.3.

— The mtermatheat flow Tate from hotand mains water and Sewage, @, wa, Jetermined_in accordance
vith 10.4.4.
— The internal heat flow rate from heating, cooling and ventilation systems, @q.yyac, determined in

accordance with 10.4.5.

The internal heat flow rate from processes and goods, &, determined innaccordance with 10.4.6.

The principles for the calculation are:

q

NOTH
when

buildig zone is at a higher.temperature.

10.4

10.4.

In the

1 General

nt,Proc’

art of the heat dissipated in a system may be recovered either inthe building or in the syste
nother system; this International Standard considers only the.heat recoverable in the buildin

r reasons of simplification, it may be decided at national‘level to ignore in the calculation o
nergy needs, minor amounts of heat dissipated in a system that are actually recoverable in
nd instead deal with these in the calculation of the{performance of the system by adequat
ctors.

cold source, removing heat from the building*(zone), shall be treated as a source, with a ne
mperature difference between sourece and internal environment, the heat from this sourcs
dded to the internal heat gains, butthe heat transfer shall be added to the heat transfer by

etermined in Clause 8.

For instance, a source at a constant temperature of 25 °C will supply a large amount of hea|
the space is at 16 °C; it(will’supply no heat at all when the space itself is at 25 °C and it will extract

Input datadand boundary conditions

absence of national values, the values from Annex G may be used.

m itself, or in
g,
f the building

the building,
e adjustment

gative value;

if a heat source of a potentially significant magnitude has a heat flow that is a predominant fginction of the

shall not be
ransmission,

[ to the space
heat when the

NOTE 1

values for the various internal heat sources.

Annex G provides examples of national input data: tables with typical occupancy patterns and associated

In the case of old existing buildings, if gathering the full required input would be too labour-intensive for the
purpose, relative to the cost-effectiveness of gathering the input, a simplified procedure may be defined at
national level. Specification of the conditions for allowing this simplified procedure may be made at national
level, depending on the purpose of the calculation. In that case the user shall report which method has been
used and from which source.

NOTE 2  For example, it might be decided at national level to ignore in that case the heat flow rate resulting from
internal heat sources in unconditioned spaces (e.g. except sunspaces).
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10.4.2 Metabolic heat from occupants and dissipated heat from appliances

Hourly and weekly schedules of heat flow rate for metabolic heat from occupants, Dyt 0c» @nd dissipated heat
from appliances, @ 5, shall be determined on a national basis, as a function of building use, (optionally)

occupancy cl

For detailed

1
ass and purpose of the calculation.

simulation methods the thermal radiative and convective portions are each 50 %, unless

otherwise stated.

10.4.3 Dissi

pated heat from lighting devices

The value fo

—  The vall
lighting
Annex A
ventilatiq
exhaust

— The vall
category
process
dependi

For detailed
otherwise stg

10.4.4 Heat

10.4.4.1 General

The internal
expressed in

the Iinternal heat 1low rate from lighting, @‘mt L IS the sum of the Tollowing.

e for the internal heat flow rate from the luminaires, calculated as a fraction of the energy Use of
Eystems calculated in accordance with the relevant standard on lighting systemscas.'specifled in
. A fraction less than 1 is allowed in the case of heat being directly removed by exhaust
n via the luminaires, in accordance with a procedure defined at national lével. If (part) ¢f the
air is recirculated, this heat shall be accounted for as a heat source in the ventilation system

e for the internal heat flow rate from other lighting elements that are not covered in the preyvious
, such as decorative lighting, removable lighting, special-task lighting, building-grounds lighting,
related lighting. For these other lighting elements, values may e specified on a national basis,
ng on building use and purpose of the calculation.

simulation methods the thermal radiative and convective portions are each 50 %, unless
ted.

dissipated from, or absorbed by, hot and mains water and sewage systems

heat flow rate due to recoverable losses from hot and mains water and sewage systems, @ ya,
watts, is the sum of three terms as_given by Equations (37) and (38):

Dt wA T Pintw circ T Pint, W other + DiitMsw (37)
with
Dint W dirc = Zint,W,circ Lw Gire (38)
where
Diweit is thevinternal heat flow rate due to recoverable losses from a permanent or time-contfolled
hotwater circulation system, expressed in watts;
Dyt w other—s-the-internal-heat-flow rate-dus-to-recoverable-lossesfrom-hot-watersystems,-excludidg hot

water circulation, expressed in watts;

@ imsw is the internal heat flow rate due to recoverable losses from mains water and sewage,

expressed in watts;

dintwcirc 1S the (time-average) internal heat flow rate due to recoverable losses from the hot water

LW,circ

50

circulation system per metre length, expressed in watts per metre;

is the pipe length of the hot water circulation system in the building zone considered,
expressed in metres.
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10.4.4.2 Heat from permanent hot water circulation

The value for the internal heat flow rate due to recoverable losses from a permanent hot water circulation
system per metre length, gintnw.cire» Shall be obtained from the relevant standard on hot water systems as
specified in Annex A. The length, Ly gire» shall include the length of the return-pipes, unless explicitly
otherwise specified.

10.4.4.3 Heat from other hot water, mains water and sewage

The value for the internal heat flow rate due to recoverable losses from the hot water system other than hot
water circulation, @y other @Nd the value for the internal heat flow rate due to recoverable losses from mains
watef-and sewage, @, ysw. shall be obtained from the felevant standard on not water systems as specified
in Annex A. Alternatively, it may be specified on a national basis, depending on building use~and purpose of
the calculation, that the sum of these two heat flow rates (@ other + Pint Msw) May be neglected.

For gletailed simulation methods the thermal radiative and convective portions,are” each %0 %, unless
otherwise specified.

Alterpative option:
As an alternative, it may be decided at national level, for reasons of simplification, that minor ampunts of heat
dissipated in the hot water system that are actually recoverable in the building are to be ignored in the
calculation of the building energy need for heating and/or cooling and, instead, be dealt with in the calculation
of thg performance of the system by adequate adjustment factors.

NOTE If this concerns significant amounts of dissipation, the alternative option may lead to underestimation of energy
needg for cooling and/or the thermal discomfort.

10.4.6 Heat dissipated from or to heating, coolingsand ventilation systems

10.4.6.1 General

The |nternal heat flow rate due to recOverable losses from or to heating, cooling and ventilafion systems,

Dt Hvac, €xpressed in watts, is the sum of three terms as given by Equation (39):

Pint HVAC = PintH T Pint.c & Lty (39)

wher

w

Pint H is the~internal heat flow rate due to recoverable losses from the space heatirl]g system(s),
expressed in watts;

Pint.C is the internal heat flow rate due to recoverable losses from the space coolirlg system(s),
expressed in watts;

is the internal heat flow rate due to recoverable losses from the venfilatioh system(s),
expressed in watts.

Ny
TtV

For detailed simulation methods the thermal radiative and convective portions are each 50 %, unless
otherwise stated.

NOTE The heat flow rate is counted positive, if from the system to the indoor environment; it is counted negative, if
from the indoor environment to the system, e.g. the heat flow rate to cold pipes of the cooling system.

Iteration steps:
Before the recoverable losses from the heating and cooling system can be calculated, it might be necessary to

calculate first the energy needs for heating and cooling without these elements in the internal heat gains.
See 7.3.
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10.4.5.2 Space heating system

The value for the internal heat flow rate due to recoverable losses from the space heating system, &
consists of heat dissipated in the building zone considered, from auxiliary energy sources (such as a pump,
fan and/or electronics) and heat dissipated from emission (if not coinciding with the energy need, nor already
taken into account by a correction on the temperature set-point), circulation, distribution, storage and
generation of the heating system(s).

The value shall be obtained from the relevant standard on space heating systems as specified in Annex A,
either (which may be decided at national level) as a variable per hour (only for detailed simulation methods or
simple hourly method), or as average value per month or average over the heating season.

Alternative J)ption:

As an alternative, for reasons of simplification, it may be decided at national level that minor amounts of heat
dissipated in|the space heating system that are actually recoverable in the building are to berignored in the
calculation of the building energy need for heating and cooling and, instead, be dealt with in'the calculatjon of
the performapnce of the heating system by adequate adjustment factors.

NOTE If this concerns significant amounts of dissipation, the alternative option might“lead to underestimafjon of
energy needs [for cooling and/or the thermal discomfort.

10.4.5.3 Space cooling system

The value fqr the internal heat flow rate due to recoverable losses-from or to the cooling system, @ ¢,
consists of heat from auxiliary energy sources (such as a pump, fan and/or electronics), dissipated ih the
considered Building zone, and heat dissipated to cold emission*(if not coinciding with the energy reed),
circulation, d|stribution, storage and generation parts of the cooling system(s).

The value shall be obtained from the relevant standard-on cooling systems as specified in Annex A; ip this
respect it may be decided at national level to specify.the value either as variable per hour (only for detailed
simulation mlethods or simple hourly method), or as.average value per month or average over the cgoling
season.

Alternative pption:

As an alternative, for reasons of simplification, it may be decided at national level that minor amounts of heat
dissipated to[the cold parts of the space cooling system that are actually recoverable in the building are [to be
ignored in the calculation of the building energy need for heating and cooling and, instead, be dealt with |n the
calculation of the performancelof'the cooling system by adequate adjustment factors.

NOTE If this concerns_sighificant amounts of dissipation, the alternative option might lead to underestimafjon of
energy needs ffor cooling-and/or the thermal discomfort.

ventilation system, cht Vs con3|sts of heat d|$$|pated in the con3|dered building zone, from the ventllatlon
system(s). This value shall include heat dissipated in the air supplied to the building zone, for instance from
the supply fan.

The value shall be obtained from the relevant standard on air flow rates and ventilation systems as specified
in Annex A; in this respect it may be decided at national level to specify the value either as variable per hour
(only for detailed simulation methods or simple hourly method), or as average value per month or average
over the heating season and cooling season respectively.

NOTE Internal heat from ventilation systems not taken into account in the supply temperature could include heat
dissipated from a fan-motor outside the air-stream or from fans circulating the air locally.
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Alternative option:

As an alternative, for reasons of simplification, minor amounts of heat dissipated in the ventilation system that
are actually recoverable in the building may be ignored in the calculation of the building energy need for
heating and cooling and, instead, be dealt with in the calculation of the performance of the ventilation system
by adequate adjustment factors.

This alternative option is permitted only if it can be ensured that this will not lead to underestimation of energy
needs for heating, cooling and/or the thermal discomfort.

10.4.6 Heat from or to processes and goods

The
heat
The

For
other

If a h
temp
differ|
heat

11 3

11.1

Heat
the @
abso
charg
colle

The
cond
meth

nternal heat flow rate due to recoverable losses from or to processes and goods, @ prig
from or to specific processes in the considered building zone and/or goods entering\the b
alues may be determined on a national basis, depending on building use and purpese’of thg

letailed simulation methods the thermal radiative and convective portions, ‘are each 1
wise stated.

, consists of
uilding zone.
calculation.

0 %, unless

eat source of a potentially significant magnitude has a source temperature that is close t¢ the internal

brature, the amount of heat that is actually transferred is stropgly dependent on the

temperature

ence between source and indoor environment. In that case the_heat shall not be added t¢ the internal

hains, but the heat transfer shall be added to the heat transfer®by transmission, determined i

Solar heat gains

Calculation procedure

gains from solar heat sources result from. the solar radiation normally available in the localit

h Clause 8.

y concerned,

rientation of the collecting areas, the /(permanent and movable shading, the solar transmittance and

ption and thermal heat transfer characteristics of collecting areas. The coefficient that
cteristics and the area of the collecting surface (including the impact of shading) is called
ting area.

talculation procedure depends on the type of calculation method, but the assumptions (on

tions, user behaviour and controls) and the input data shall be the same for each type
bds (seasonal, monthly;“simple hourly and detailed simulation methods). See Table 7.

Table 7 —Calculation procedure for solar heat gains for the different types of meth

includes the
the effective

environment
pf calculation

ods

Type of method

Overall solar

Solar heat gain

Input|data and

heat gains elements boundary conditions
Seadopal or monthly method 11.2 11.3 1.4
Simple hourly method 1.2 113 14
Detailed simulation method Not applicable Not applicable 114
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11.2 Overall solar heat gains

11.2.1 Monthly and seasonal method

For the monthly and seasonal method, the sum of the heat gains from solar sources in the considered building
zone for the considered month or season, Qg,, expressed in megajoules, are calculated by using
Equation (40):

Osol :[z(psol,mn,k I+ 2(1—btr,l)¢sol,mn,u,l t (40)
k Ll i
where
by s is the adjustment factor for the adjacent unconditioned space with internal heat soufce /,
defined in ISO 13789;
Dgomn | s the time-average heat flow rate from solar heat source , determined in accordance
with 10.3, expressed in watts;
Dgoimn,,; 18 the time-average heat flow rate from solar heat source / in’the adjacent unconditjoned
space, determined in accordance with 10.3, expressed in watts;
t is the length of the considered month or season, in aceordance with Annex F, expresded in
megaseconds.
An adjacent|unconditioned space is an unconditioned space "outside the boundaries of the zones fqr the

calculation o
more than o
space, Pgq
conditioned 2

In the case ¢
the simplifie

value for b, t;ﬂ

11.2.2 Simple hourly method

For the simp
expressed in

f the energy needs for heating and cooling. In.the case of an unconditioned space adjacént to

ne conditioned zone, the value of the heat flow’rate by solar heat source / in the uncondit
nu,» Shall be divided between the conditioned zones, weighted according to the floor areg
one which are determined in 6.4.

f a sunspace, the same equation(applies if the detailed method in E.2 is applied. In the c3
method, where internal and ;solar gains in the sunspace are already included in an adj
e sunspace shall be ignoredfin:Equation (40).

e hourly method,dhe heat flow rate from solar heat sources in the considered building zone,
watts, is calculated for each hour as given by Equation (41):

oned
s per

se of
Isted

D,

sols

‘i
Psol = A_J‘psol,k +Z(1_btr,1)¢sol,u,l (41)
e I
Alternatively] it“/may be decided nationally to calculate the heat flow rate from solar heat sources ih the
considered building zone as a fime average over a given period, as given by Equation (42):
Psol = Zésol,mn,k +Z(1—btr,l)‘psol,mn,u,l (42)
k 1
where
byr s is the adjustment factor for the adjacent unconditioned space with solar heat source /, defined
in ISO 13789;
Dol & is the hourly heat flow rate from solar heat source %, determined in accordance with 11.3,
expressed in watts;
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is the hourly heat flow rate from solar heat source [ in the adjacent unconditioned space,

sol,u,/
determined in accordance with 11.3, expressed in watts;
DPsormn IS the time-average heat flow rate from solar heat source k, determined in accordance
with 11.3, expressed in watts;
Psolmn,u, 1S the time-average heat flow rate from solar heat source / in the adjacent unconditioned

space, determined in accordance with 11.3, expressed in watts.

11.3 Solar heat gain elements

1.3

This

build
thermal radiation to the sky.

The

shad
a tra
depe
Cons
adeq
(heatjng, cooling and/or summer comfort).

11.3.

The

wher

NOT
as th

NOT

Nl General

ubclause establishes the heat flow by solar gains, based on the effective collecting @reas o
ng elements and corrections for solar shading by external obstacles. It also providées a corr|

Collecting areas to be taken into consideration are the glazing (including-any integrated or
ng provision), the external opaque elements, the internal walls and floars ef sunspaces, and
nsparent covering or transparent insulation. The characteristics depend on climate, time

hdent factors such as the sun's position and the ratio betweet) direct and diffuse so
equently, the characteristics in general vary over time, both-hourly and over the year.
Llate mean or conservative values shall be selected that are appropriate for the purpose of tf

P Heat flow by solar gains per building element
heat flow by solar gains through building elementk, @, ;, expressed in watts, is given by Eq
psol,k = Fsh,ob,kAsoI,klsoI,k _Fch@r,k

D
-

‘shobi IS the shading reduction factor for external obstacles for the solar effective colle
surface k, determined'in accordance with 11.4.4.

f the relevant
betion for the

add-on solar
walls behind
hnd location-
ar radiation.
As a result,
e calculation

hation (43):

(43)

cting area of

4soix is the effective) collecting area of surface & with a given orientation and tilt angle, in the
considered ‘zone or space, determined in accordance with 11.3.3 (glazing), 11|3.4 (opaque
building élements) and Annex E (special elements), expressed in square metres;

Isol 1 is the. solar irradiance, the mean energy of the solar irradiation over the timg step of the
calculation, per square metre of collecting area of surface k, with a given orientation and tilt
angle, determined in accordance with Annex F, expressed in watts per square metres;

Iz is the form factor between the building element and the sky determined in| accordance
with TT.476;

Dy is the extra heat flow due to thermal radiation to the sky from building element &, determined in
accordance with 11.3.5, expressed in watts.

E1 The solar effective collecting area, A4g, is equal to the area of a black body having the same solar heat gain

e surface considered.

E2

solar gains for convenience.
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11.3.3 Effective solar collecting area of glazed elements

The effective solar collecting area of a glazed envelope element (e.g. a window), 44, expressed in square
metres, is given by Equation (44):

Ago1 = F
where

F

sh,gl

h,gl gg|(1 - FF)Aw,p

with 11.4.3;

&yl

NOTE
layers.

TH

[
¢

Fr

A [

w,p

11.3.4 Effed

The net sola
only a small
building to ¢
heat gains th

For summer
elements sh
important, tH
correction fa

insulation arg treated in Clause H.2.

The effectivg
metres, is gi

Ago) = 0
where

a3

I the total solar energy transmittance of the transparent part of the element, determin

ccordance with 11.4.2;

e transparent part of the element can contain clear glazing, but also (permanent) scattering-or solar sH

lazed element, determined in accordance with 11.4.5;

tive collecting area of opaque building elements

" heat gains of opaque elements without transparent insulation during the heating season ¢
portion of the total solar heat gains and are partially.€ompensated by radiation losses fro
ear skies. However, for dark, poorly insulated surfaces, or large areas facing the sky, the
rough opaque elements can become important.

cooling or summer thermal comfort calculations, the solar heat gains through opaque bu
buld not be underestimated. On the other hand, if thermal radiation losses are expected
e transmission heat loss can be .atigmented at the same time, which is represented
Ctor to the effect of the solar heat gains. Solar heat gains of opaque elements with transp

solar collecting area of-an’/opaque part of the building envelope, 4 expressed in s

en by Equation (45):

sol»

X RsexUgxd,

the diménsionless absorption coefficient for solar radiation of the opaque part, obtained
ppropriaté national sources;

(44)

is the shading reduction factor for movable shading provisions, determined in accordance

Pd in

ading

5 the frame area fraction, ratio of the projected frame area to the overall projected area ¢f the

5 the overall projected area of the glazed element (e.g. window‘area), expressed in square
metres.

n be
the
solar

Iding
to be
by a
arent

juare

(45)

from

with

se

the" external surface heat resistance of the opaque part, determined in accordance

FasralaW Fal ]

H & Loy 4h
U UIF0, CAPICSSCU TIT SYUAIT TTICSUT-RTIVIIT PCT Wdalt,

Us is the thermal transmittance of the opaque part, determined in accordance with 1SO 6946,
expressed in watts per square metre-kelvin;
A is the projected area of the opaque part, expressed in square metres.

If the building element contains a layer that is (e.g. naturally) ventilated with external air and the U-value is
calculated with the assumption that the thermal resistance between this vented layer and the external
environment can be neglected, the solar transmittance using Equation (45) will be overestimated. To avoid
overestimation, a corrected U-value should be used in Equation (45) in which the vented layer is not
considered as a short-cut, but as a physical mechanism that removes part of the solar heat.

NOTE For example, in the case of rooves with (vented) roof tiles, calculated by reference to ISO 13789.

56 © 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=c95050e4df4cc00bd43d580a60e74af8

11.3.

ISO 13790:2008(E)

5 Thermal radiation to the sky

The extra heat flow due to thermal radiation to the sky for a specific building envelope element, @,, expressed
in watts, is given by Equation (46):

D = Rgox U xAxhxA by, (46)
where
Ry is the external surface heat resistance of the element, determined in accordance with ISO 6946,
expressed in square metre-kelvin per watt;
|/ is the thermal transmittance of the element, determined in accordance with ISO,694B, expressed

in watts per square metres kelvin;
is the projected area of the element, expressed in square metres;

is the external radiative heat transfer coefficient, determined in ~accordance
expressed in watts per square metres kelvin;

AG,. is the average difference between the external air temperature and the apparent sky

determined in accordance with 11.4.6, expressed in degrees-centigrade.

Alterpatively, it may be decided at national level, depending on the application, to consider the e
o thermal radiation to the sky as an extra transmission heat transfer, using an exterpal operative

due
temp

11.3.

The

brature instead of the air temperature.

b Solar heat gains of sunspaces

pffective collecting area of a sunspace, which has in most cases several collecting area

calculated in a simple way. The calculation procedure is given in E.2.

11.4

11.4.

Input data and boundary conditions

I General

In the case of old existing buildings, if gathering the full required input would be too labour-inte

with 11.4.6,

temperature,

tra heat flow

5, cannot be

nsive for the

purpgse, relative to the costeffectiveness of gathering the input, a simplified procedure may e defined at
natiopal level. Specification of the conditions for allowing this simplified procedure may be made at national
level)| depending on4he purpose of the calculation. In that case the user shall report which method has been
used|and from whieh-source.

NOTEH Example of possible simplification: ignore the effective solar collecting area in unconditioned gpaces (except
sunspaces)!

11.4.2—Solar-energy-transmittance-of-glazed-elements

In principle, the total solar energy transmittance, &gl in 11.3.3 [Equation (44)] is the time-averaged ratio of
energy passing through the transparent element to that incident upon it.

For windows or other glazed envelope elements with non-scattering glazing, the solar energy transmittance
for radiation perpendicular to the glazing, g, shall be calculated in accordance with the relevant standard on
optical properties of multiple glazing as specified in Annex A.

©I1SO
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Because the time-averaged total solar energy transmittance value is somewhat lower than g,, a correction
factor, F,, is used as given by Equation (47):

8g1 = Fw &gin (47)
where F,, is a correction factor for non-scattering glazing.
In the absence of national values, the value for the correction factor is F,, = 0,90.
For windows or other glazed envelope elements with scattering glazing or solar shading provisions, the solar

energy transmittance for radiation perpendicular to the glazing (normal incidence), g, can significantly
underestimafe the time-average solar transmitance.

The time-avgrage total solar energy transmittance is calculated according to the weighted sum-as)givén by
Equation (4865:

&gl = dg Bgl,aie + (1 —ag )&g1 air (48)
where
ag s a weighting factor, representative of the position (orientation, tilt)yof the window, climat¢ and

beason;

8qlan 1 the solar energy transmittance for solar radiation from an altitude angle, alt,,, representat|ve of
{he position (orientation, tilt) of the window, climate and season;

Sqlar B the solar energy transmittance for isotropic diffuse solar radiation.

If the window comprises blinds with movable slats, the solaftransmittance shall be calculated with the blinds
at such a pogition that direct solar radiation from the angle, alty, is blocked, but with maximum possiblg light
transmittancg and view through.

In the absenge of national values, the followingvalues shall be used:

ag = 0,7p and alt, = 45.

gl =
NOTE 1 Injthe case of horizontal Venetian blinds with the slats in such a position (e.g. slightly inclined) that direc} solar
radiation is fully blocked, the solar energy transmission by diffuse radiation and by ground-reflected radiation chn be
significantly mpre than g,

The second right-hand term imthe equation is a simplification, taking together the diffuse radiation from the direction of the
sky plus the gfound-reflected-radiation.

EXAMPLE Double“glazing with external white Venetian blinds: slats at 45°, thus blocking direct radiation (|f fully
closed, the light transmittance and view through would not be the maximum possible); typical values are:

8g.45 = 0,04%; Zgiai -~ 0,196 — g = 0,083

NOTE 2  The values for a, and for alt, are in principle latitude-, climate-, season- and orientation-dependent. It is up to
national bodies to decide whether and when such differentiation is needed.

In the case of old existing buildings, if gathering the full required input would be too labour-intensive for the
purpose, relative to the cost-effectiveness of gathering the input, default g-values for windows with and without
solar shading may be defined at national level. Specification of the conditions for allowing these default values
may be made at national level, depending on the purpose of the calculation. In that case the user shall report
which method has been used and from which source.

NOTE 3  Typical g-values are given in Clause G.5.
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led simulation methods:

Alternatively, the solar energy transmittance may be determined each hour, as a function of the sun position
and contribution of diffuse and ground-reflected radiation. For scattering glazing or windows including solar
shading provisions, this requires that the g-value is known for each (altitude and azimuth) angle of incidence.

11.4.3 Movable shading provisions

11.4.3.1 Monthly method and seasonal method

For the monthly method and seasonal method, the shading reduction factor for movable shading provisions,

Fsh‘gl, shall be derived by using Equation (49):

wher

§

Sy

The
basig

(= Sshwith)&€gl + fsh,with&€gl+sh]

of incident solar radiation (thus climate-, season<and orientation-dependent).

veighted fraction of the time that the solar shadinglis in use, fgp, yitn, is determined on the
input data and hourly patterns.

Fsh,gl =

’ &yl
3l is the total solar energy transmittance of the window, when the 'solar shading is not in
fgi+sh 1S the total solar energy transmittance of the window, when' the solar shading is in use;
Lhwith 1S the weighted fraction of the time with the solar shading in use, e.g. as a function o

(49)

use;

the intensity

basis of the

In thg¢ case of intermittent heating or cooling where, in accordance with 13.2.2, the effect of infermittency is

taker
be c4
set-p!

NOTH
differd

11.4.

For t
madq

11.4.4 External'shading reduction factors

into account by a reduction factor on the\energy need for heating or cooling, the weighted
Iculated assuming continuous heating-0r cooling, thus disregarding days with reduced heati
bint or switch-off.

Values of fy, i, are determined at national level. Examples are given in Annex G. EN 15
nt types of control systems.

B.2 Simple hourly.method and detailed simulation methods

ne simple hourlysmethod and detailed simulation methods, the choice between &gl and g
each hour.

11.4.|4.1 General

fraction shall
hg or cooling

P32 describes

1+sh shall be

The external shading reduction factor, Fg;, o, which is in the range 0 to 1, represents the reduction in incident

solar

radiation due to permanent shading of the surface concerned resulting from:

— other buildings;

— ¢t

opography (hills, trees, etc.);

— overhangs;

— other elements of the same building;

— external part of the wall where the glazed element is mounted.
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The shading

Fsh,O:

where

I

reduction factor, F, o, is defined by Equation (50):

Isol,ps,mean

Isol,mean

(50)

ol,ps,mean is the average solar irradiance actually received on the collecting plane shaded by the external

obstacle(s) during the considered heating and cooling season respectively, expressed in watts

per square metre;

1

sol,mean

It may be de
use a fixed s

NOTE TH
reduction factq

Unless other
following sim

Direct solar 1
This is equiv

11.4.4.2 Simple hourly method and detailed simulation methods

It may be decided at national level to either specify time-average tabulated values or use different valu
each hour.

11.4.4.3 All methods

For specific applications, tabulated shading.reduction factors may be prescribed at national level, depe

on applicatio

NOTE A

is the average solar irradiance on the collecting plane without shading, expressed in watf
square metre.
hading reduction factor for different windows in the building with the same orientation.

e shading by different obstacles can coincide, partly or as a whole. Consequently, adding the sh
rs can significantly overestimate the shading.

wise specified nationally, the calculation of the shading reduction factors shall be based upg
plification.

adiation is obstructed by the obstacle; diffuse and ground-reflected radiation remains uncha
blent to obstacles that, by reflection, produce the same amount of solar radiation as they obs

N and building type.

nex G provides some informative data on shading reduction factors.

In the case
purpose, rel

t
be defined a{

be made at
method or vz

f old existing buildings, if gathering the full required input would be too labour-intensive fq
ive to the cost-effectiveness of gathering the input, simple methods and/or default values
national level."Specification of the conditions for allowing these simple methods or values
ational level; depending on the purpose of the calculation. In that case the user shall report
lues have been used and from which source.

11.4.5 Fran]e area fraction

s per

cided at national level, depending on specific conditions (such as type of externaljobstaclgs) to

ading

n the

hged.
truct.

ps for

hding

r the
may
may
vhich

For each win

dow the frame area fraction shall be determined in accordance with ISO 10077-1.

As an alternative it may be decided nationally to use a fixed frame area fraction for all windows in the building.

NOTE

For instance, in the case of heating-dominated climates, use 0,20 or 0,30, whichever gives the higher thermal

transmittance value of the window (see 8.3.1), or a fixed value of 0,30; for cooling-dominated climates use a fixed value of
0,20. Compare similar procedures for the thermal transmission through windows in 8.3.2.1.
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11.4.6 Extra heat transfer by thermal radiation to the sky

The values for the form factor for radiation between the element and the sky are:
F, =1 for an unshaded horizontal roof;
F,=0,5 for an unshaded vertical wall.

The external radiative heat transfer coefficient, /., expressed in watts per square metres per kelvin, may be
approximated as given by Equation (51):

- 273)3 (51)

wher

w

is the emissivity for thermal radiation of the external surface;
> is the Stefan-Boltzmann constant: o= 5,67 x 10-8 W/(m2-K#);

is the arithmetic average of the surface temperature and the sky témperature, expressgd in degrees
centigrade.

SSs

To affirst approximation, 4, can be taken equal to 5¢&W/(mZ2:K), which,eorresponds to an averagg temperature
of 10[°C.

When the sky temperature is not available from climatic data, the average difference, Ag,, [between the
exterhal air temperature and the sky temperature should<be taken as 9 K in sub-polar areas| 13 K in the
tropigs and 11 K in intermediate zones.
At ngtional level, default values may be given for.the necessary input data, depending on the agplication and
type lof building. It may also be decided at national level, depending on the climate and purpose of the
calculation, to ignore the extra heat transfer_by radiation to the sky, either as such, or in combination with
ignor|ng solar heat absorbed by opaque censtruction elements.

NOTH 1 Examples of default values are given in Annex G.

NOTH 2  For detailed simulation ‘methods, it may also be necessary to use time-average values if thi$ is needed in
orderlto force the surface heat transfer coefficients to be in line with the required standard values.

12 Dynamic parameters

12.1| Calculation procedure

A dyhamic*method models the thermal resistances, thermal capacitances and heat gains frgm solar and
internal-heat sources in the building zone. There are numerous methods to do so, ranging in cofnplexity from
simple to very detailed. The simple hourly method combines the thermal capacity of the building zone into a
single resistance-capacitance pair.

In the monthly and seasonal methods, the dynamic effects are taken into account by introducing the gain
utilization factor for heating and the loss utilization factor for cooling. The effect of inertia in the case of
intermittent heating or switch-off is taken into account separately; see Clause 13.

Although the calculation procedure depends on the type of calculation method, the assumptions (on

environment conditions, user behaviour and controls) and the input data shall be the same for each type of
calculation method (seasonal, monthly, simple hourly and detailed simulation methods). See Table 8.
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Table 8 — Calculation procedure for dynamic parameters for the different types of methods

Type of method Dynamic parameters | Input data and boundary conditions
Seasonal or monthly method 12.2 12.3
Simple hourly method 12.2 12.3
Detailed simulation method Not applicable 12.3

12.2 Dynamic parameters

12.2.1 MO"H‘I‘"Y‘G‘I'I‘d‘SQﬁSOI‘Iﬁ: method

12.2.1.1 Gain utilization factor for heating

The dimensipnless gain utilization factor for heating, 7 4,, is a function of the heat-balangé-ratio, y,, 4nd a

numerical parameter, a, that depends on the building inertia, as given by Equations (52) to(55):

aH
. . 1_7/H
|f ]/H > 0fnd j/H #1: ’7H,gn = W
1—}/H
. ay
if 1y=1: =
™ TTHgn a1
if 74 <O: MHgn =1/ 7H
with
QI- ,an
YH=—7T—
Ol ht

where (for eg

ch month or per season and foreach building zone)

(52)

(53)

(54)

(59)

H i the dimensionless heat-balance ratio for the heating mode;
Ot i the total heat transfer for the heating mode, determined in accordance with 7.2.1.3, exprgssed
i megajoules;
Q,_Lgn represents théctotal heat gains for the heating mode, determined in accordance with 7.2.1.3,
ekpressed. in,megajoules;
ap i a dimensionless numerical parameter depending on the time constant, 7, defingd by
Euation (56):
T
ay =apo + (56)
TH,0
where
apyo Is adimensionless reference numerical parameter, determined in accordance with Table 9;
T is the time constant of the building zone, determined in accordance with 12.2.1.3, expressed in

hours;

4o IS areference time constant, determined in accordance with Table 9, expressed in hours.
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The parameter values are empirical values and may also be determined at national level, depending on the
purpose of the calculation; in the absence of national values the given tabulated values may be used.

NOTE 1 See also Annex | for explanation and derivation and Annex H for justification and future conversion.

Table 9 — Values of the numerical parameter, 4 1, and reference time constant, 7,

7
Type of method ay 0 o
Monthly calculation method 1,0 15
Seadonar calculation method 0,8 30
Valugs of a, ; and 7, , may also be provided at national level.
Figure 5 illustrates gain utilization factors for the monthly calculation method and for varieus time ponstants.

NOTH2  The gain utilization factor is defined independently of the heating system characteristics, ass
temperature control and infinite flexibility. A slowly responding heating system and a Iéss-than-perfect cont

significantly affect the use of the heat gains.

ThH,gn A

1,2

uming perfect
fol system can

0,8
0,6
0,4
'&E
0,2[ —
O 1 1 1 1 >
0 0,5 1 1,5 25 yy
Key
1  tjme,constant of 8 h (low inertia)
2  tjmeconstant of 1d
3  time constantof 2 d
4  time constantof 7 d
5 time constant infinite (high inertia)
Figure 5 — lllustration of gain utilization factor for heating mode, for8 h,1d,2d, 7 d
and infinite time constants, valid for monthly calculation method
63
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12.2.1.2 Loss utilization factor for cooling

The dimensionless loss utilization factor for cooling, nc,1s» Needed for the monthly or seasonal cooling method,
is a function of the heat-balance ratio for cooling, y, and a numerical parameter, ac, that depends on the
building thermal inertia, as given by Equations (57) to (60):

1—}/6ac

if 7c >0 and c = 1: nC,|S = m (57)
’I—yC ¢
. ac
if o =1: ? - 58
7c e — (58)
if 7o <01 neys =1 (59)
with
0 C.gn
re =—t (60)
O¢ ht
where (for egch month or per season and each building zone)
7c ig the dimensionless heat-balance ratio for the cooling mode;
Ocnt i the total heat transfer by transmission and ventilation for the cooling mode, determingd in
agcordance with 7.2.1.3, expressed in megajoules;
Qc,gn rgpresent the total heat gains for the cooling mode, determined in accordance with 7.2.1.3,
ekpressed in megajoules;
ac i§ a dimensionless numerical parameter depending on the time constant, 7., defingd by
Eluation (61):
ac = aglo +— (61)
7c,0
where
acpo igadimensionless’reference numerical parameter, determined in accordance with Table 10;
T ig the time\constant of the building zone, determined in accordance with 12.2.1.3, expressed in
hours;
c.0 isLa reference time constant, determined in accordance with Table 10, expressed in hours

Values of a¢ o and 7 o are given in Table 10.

The parameter values are empirical values and may also be determined at national level, depending on the
purpose of the calculation; in the absence of national values the given tabulated values may be used.

NOTE 1

64

See also Annex | for explanation and procedures for the derivation of the parameter values. Bibliography [13]
and section 2.1 of [23] provide background information on the development of the method.
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Table 10 — Values of the numerical parameter, q( ., and reference time constant, 7

Type of method ac T%O
Monthly calculation method 1,0 15
Seasonal calculation method 0,8 30

Values of a. ; and 7z , may also be provided at national level.

NOTE 2  The loss utilization factor is defined independently of the cooling system characteristics, assuming perfect

tempc rature control and infinite flnyihilify A anwly rnelnnnding r‘nnling qufnm and a Ineq-thnn-pprﬁ:r‘f control system can
significantly affect the utilization of the losses.
Figurg 6 illustrates loss utilization factors for the monthly calculation method and for various time ¢onstants.
7/IC' gn A
1,2
] 5
T NN
\. * \\
AN
0,8 N < \\
: \ N
DN
0,6 NN
’ b \\\\
0.4 ~. \
- \‘ =
0,2
<+ 0 &=
Vg -1 -0,5 0 0,5 1 1,5 2 2,5 3 3,5 1/y¢
Key
1  tjme constanf)of 8 h (low inertia)
2  tjme canstant of 1 d
3 fjmeconstantof 2d
4 timecomstantof 7
5 time constant infinite (high inertia)
Figure 6 — lllustration of loss utilization factor for 8 h, 1 d, 2 d, 7 d and infinite time constants,
valid for monthly calculation method
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12.2.1.3 Building time constant

The time constant of the building zone, r, expressed in hours, characterizes the internal thermal inertia of the
conditioned zone both for the heating and cooling periods. It is calculated by using Equation (62):

Cpy /3600

Hy adj + H e adj

where

C

(62)

m

NOTE1  S¢
including the S

Htr,adj

ve,adj

Representati
cooling) seas

NOTE 2  Fd
monthly value

Alternatively,
a function of
The values q
acceptable.

pxpressed in joules per kelvin;

e discussion in Clause G.7 about whether or not the corrected internal heat capacity should be
urface resistance, in accordance with A.3 in ISO 13786:2007.

S a representative value of the overall heat transfer coefficient by transmisgsion, adjusted fc
ndoor-outdoor temperature difference, calculated in accordance with 8.3-expressed in watt
elvin;

S a representative value of the overall heat transfer coefficient by)ventilation, adjusted fq
ndoor-outdoor temperature difference, calculated in accordancewith 9.3, expressed in watt
elvin.

are values that are representative for the dominating (heati

ve values of Hy .4 and He a4
ciance with a procedure that may be specified at national level

on, to be determined in accor

r example, the monthly value for a mid-winter month~in the case of a heating-dominated climate,
for a mid-summer month in the case of a cooling-deminated climate.

it may be decided nationally, for specific'applications and building types, to use default valu
the type of construction. In the absencge of national values, the values from 12.3.1.2 may be
an be approximate, and a relative-uncertainty ten times higher than that of the heat trans

12.2.2 Simple hourly method; coupling/to thermal mass

ne transmission heat-transfer coefficient for opaque elements Hyp
using Equations (63Yand (64):

into Hy,,, and H,5 (see 7.2

(1/Hyp — 11Hgg)

NS

is_the internal heat (‘nlnar‘i’ry of the hllilding Qr hllilding zone calculated in accordance with 12.3.1,

used,

r the
S per

r the
s per

hg or

br the

s as
used.
fer is

2) is

(63)

(64)

the coupling conductance between nodes m and s, expressed in watts per kelvin;

watts per square metres kelvin;

The split of t
calculated by

Hgp =1
and:

Hs =
where

Hgys is

th

Ay s

66

the effective mass area, expressed in square metres.
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The effective mass area, 4,,,, is calculated by using Equation (65):

C 2
Amn = m >
(Z x Aj XK )
where
A, s the effective mass area, expressed in square metres;

(65)

C., is the internal heat capacity, determined in accordance with 12.3.1, expressed in joules per kelvin;

Alterpatively, it may be decided nationally, for specific applications and building types, to use defg
a fungtion of the type of construction. In the absence of national values, the values from 12.3.1.2

The yalues can be approximate, and a relative uncertainty ten times higherthan that of the he
acceptable.
12.3| Boundary conditions and input data

12.3.1 Monthly, seasonal and simple hourly method

12.3.1.1 Internal heat capacity of the building
For the monthly and seasonal method, the internalheat capacity of the building zone, C,,, expres

per kelvin, is calculated by summing the heat:¢apacities of all the building elements in direct the
with the internal air of the zone under consideration, as given by Equation (66):

wherg

Py

NOTH
month

=

-

. is the internal heat capacity per area of the building element j, determined in acc

=

is the area of the element j, expressed in square metres;

expressed in joules per square metres kelvin.

m =2 x K% 4

Clause 7 of }I5S©13786:2007 (detailed method) or, as a more simple alternative, in acg
Annex A of 1SO 13786:2007, with maximum effective thickness as given in Table 11,
joules per-square metres kelvin;

is thevarea of the element j, expressed in square metres.

See discussion in Clause G.7 about whether or not a correction is needed for the internal heat g

is the internal heat capacity per area of the building element j, determined in accordancg with 12.3.1,

ult values as
may be used.
at transfer is

sed in joules
rmal contact

(66)

brdance with
ordance with
expressed in

lapacity for the

ly and seasonal method. to take into account the surface resistance.

For the simple hourly method, the internal heat capacity of the building zone, C,,, expressed in joules per
kelvin, is calculated by summing the heat capacities of all the building elements in direct thermal contact with

the in

©I1SO

ternal air of the zone under consideration, also by using Equation (66).

Table 11 — Maximum thickness to be considered for internal heat capacity

Maximum thickness
Application
m

Determination of the gain or loss utilization factor (period 0,10
of variations: 1 d)

2008 — All rights reserved
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Alternatively, it may be decided nationally, for specific applications and building types, to use default values as
a function of the type of construction. In the absence of national values, the values from 12.3.1.2 may be used.
The values may be approximate, and a relative uncertainty ten times higher than that of the heat transfer is
acceptable.

12.3.1.2 Default values for dynamic parameters

In the absence of national values, the values listed in Table 12 may be used.

Table 12 — Default values for dynamic parameters

Monthl)r/na:er:gosdeasonal Simple hourly method
Class? c. 4 c.
JIKP m? JIK

Very light 80 000 x A¢ 2,5 x 4; 80 000-x4;
Light 110 000 x 45 2,5 x 4; 140.000 x 4;
Medium 165 000 x 45 2,5 x 4; 165 000 x 4;
Heavy 260 000 x 4¢ 3,0 x 4; 260 000 x 4¢
Very heavy 370 000 x 4¢ 3,5 X A¢ 370 000 x 4¢
a8  May be specified at national level.
b See discussion in Clause G.7 about whether or not a corregtion is needed for the internal heat
capacity for the monthly and seasonal method, to take into aceount the surface resistance.

12.3.2 Detailed simulation methods
For detailed [dynamic simulation methods, the input’data on heat transmission elements are in general Imore
detailed than| for the seasonal, monthly or simple hourly methods. The heat capacities and thermal resistances

of all layers ¢f all building elements shall be based upon the same layers as used in 8.4 (thermal transmission
properties).

13 Indoor conditions

13.1 Different modes
There are different modes for heating and cooling to consider, such as:

— continudus.or.quasi-continuous heating and/or cooling at constant set-point;

— night-time and/or weekend reduced set-point or switch-off;
— unoccupied periods (e.g. holidays);

— complicated situations, such as periods with boost modes, with (optionally) a maximum heating or cooling
power during the boost period.

The procedures are partly general and partly applicable to specific types of methods only. A summary is given
in Table 13.
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Table 13 — Calculation procedures for the different heating and/or cooling modes,

for the different types of methods

Continuous . .
Type of method or quasi-continuous h tl.ntermlttenlt. a Unoccupied periods Cc?tmp’:!catebd
heating or cooling eating or cooling situations
Seasonal method 13.2.1 13.2.2 Method less applicable? Method less
applicable?
In addition: Method less
Monthly method 13.2.1 13.2.2 13.2 4 applicable?
Slm A\~ huully :II addltlull
methbd 13.2.3 13.2.3 13.2.4 13.2.3
Detalled simulation In addition:
methbd 13.2.3 13.2.3 13.2 4 13.2.3
2 |f not meeting the conditions for calculation as continuous heating or cooling as given in Clause 13.21.
b 3uch as periods with reduced heating or cooling power, boost modes, with (optionally) a maximtm-heating or cooling power during
the bgost period. 1
It maly be decided at national level to replace the set-point temperature by.a corrected set-point tgmperature to
take [nto account the impact of imperfect control and emission. If applied; it shall be done, in acdordance with
the relevant standards for heating systems (if heated only) and_€opling systems (if heated amd/or cooled)
specified in Annex A.
13.2| Calculation procedures
13.2. Continuous and quasi-continuous heating.or cooling mode, monthly and seasonal method
13.2.1.1 Continuous heating and/or cooling
For gontinuous heating during the wholeheating period one shall use as set-point temperature of the building

zone

For @
zone

NOTH
instan

the a

13.2.

Inter

point

the set-point temperature for heating, 4 H.setr €XPressed in degrees centigrade.

ontinuous cooling during the~whole cooling period one shall use as set-point temperature o
the set-point temperatures;for cooling, A c setr €Xpressed in degrees centigrade.

For the monthly_methods, the actual mean internal temperature can be higher in the heating
taneous overheating;-however, this is taken into account by the gain utilization factor; similarly, for the

¢tual mean internal témperature can be lower due to instantaneous high heat losses.

1.2 Quasi-continuous heating and/or cooling

mittentcheating and/or cooling shall be considered as continuous heating and/or cooling with

f the building

mode due to
cooling mode

adjusted set-

temperature if mode A or mode B applies.

Mode A:

If the set-point temperature variations between normal heating or cooling and reduced heati
periods are less than 3 K and/or

ng or cooling

if the time constant of the building (see 12.2.1.3) is less than x 0,2 the duration of the shortest reduced

heating period (for heating) or cooling period (for cooling).

The set-point temperature for the calculation is the time average of the set-point temperatures. See illustration
in Figures 7 a) and 7 b).
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Mode B:

If the time constant of the building (see 12.2.1.3) is greater than three times the duration of the longest
reduced heating period. The set-point temperature for the calculation is the set-point temperature for the

normal heating mode. See illustration in Figure 7 c).

Similarly, if the time constant of the building (see 12.2.1.3) is greater than three times the duration of the
longest reduced cooling period. The set-point temperature for the calculation is the set-point temperature for

the normal cooling mode.

0 A QQPt inp QMC 2]

set, inp set, calc
T T "
A —
» ‘t < 0’21‘red
% - =
v tred

]

S

<

| tC o t » tC _ t
a) b)
0 A 4'/95et, inp Zset, calc
\'\.\
> tred
t >3t
e red
- to t
c)
Key
The cases a, Iy and c represent different situations as described in the text.

Hset’inp set-point temperature provided as input
Osetcalc  Set-point temperature for the calculation
t time

t, representative part of the calculation period

A similar illustration applies for cooling (with reduced set-point higher than normal set-point instead of lower).

Figure 7 — Example of quasi-continuous heating

70
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For the correction for a long unoccupied (e.g. holiday) period: see 13.2.4.
The values of the set-points shall be determined in accordance with 13.3.
13.2.2 Corrections for intermittency: monthly and seasonal method

13.2.2.1 Heating

In the case of intermittent heating which does not fulfil the conditions in the previous clause, the
for heating, OH nd,interm» €XPressed in megajoules, is calculated by using Equation (67):

energy need

OH nd,interm = 9H,red H,nd,cont

wherg

OH nd.cont 1S the energy need for continuous heating, calculated in accordancewith 7.2.1.1,
megajoules;

dH red is the dimensionless reduction factor for intermittent heating, determined in
with Equation (68).

NOTH 1 Occupant-related data for intermittent heating applies.

The dimensionless reduction factor for intermittent heating, ay rey. IS calculated as given by Equati
H,red = 1= PH red(®H,0/2H(T = fh pr)

with inimum value: a;eq i =/ hr @nd maximum valuetay gq = 1.

wherg

M is the fraction of the number ofchours in the week with a normal heating set-point (no
point or switch-off), e.g. (14x.5)/(24 x 7) = 0,42;

brreq s @n empirical correlation factor; value by roq = 3;

1 is the time constant’ of the building zone, determined in accordance with 12.2.1.3,
hours;

140 Is the reference time constant for the heating mode, determined in accordance
expressed in hours;

M is.the heat-balance ratio for the heating mode, determined in accordance with 12.2.1.

NOTH 2.7\ For long intermittency periods such as holidays, the equation is equal to the general procedure

(67)

expressed in

accordance

pn (68):

(68)

reduced set-

expressed in

vith 12.2.1.1,

1.

given for long

unocdupied periods in 13.2.4, with the only difference that, for long intermittency periods, a second ter

n is added to

account for possible heating at reduced set-point during the unoccupied period.
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Alred A

1,2 |- 4

D,2 -
0 | | | | | | >
0 0,5 1 1,5 2 2,5 3 7y
a) fynr=0,42: normal heating over 5 d, 14\h/d
Atilred A

6 |- e ~~__

N ~
1 \\\ \\\\
.4 | Y
\\
D,2 -
| | | | | | -
T 0 0,5 1 1,5 2 25 3 74
b) fy nr=0,30: normal heating over 5 d, 10 h/d
Key
2  time constant of 1 d (low inertia)
3 time constantof 2d
4  time constantof 7 d
5 time constant infinite (high inertia)

Figure 8 — lllustration of reduction factor for intermittent heating,
for two different intermittency lengths
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The heating system is assumed to deliver sufficient heating power to enable intermittent heating.

Alternatively, it may be decided at national level to use a national method for taking into account the effect of

intermittency.

13.2.2.2 Cooling

In the case of intermittent cooling which does not fulfil the conditions in the previous clause, the
for cooling, O ng.interm» €XPressed in megajoules, is calculated as given by Equation (69):

¢ nd,interm = 4C red 2C,nd,cont

energy need

(69)

wherge

megajoules;

ac red is the dimensionless reduction factor for intermittent cooling, determined in acg
Equation (70);

NOTH 1 Occupant-related data for intermittent cooling applies.

The dimensionless reduction factor for intermittent cooling, a¢ ¢4, iS.Calculated as given by Equat
qcred = 1= bc red(7c,o/Drc(1 ~ /e gay)

with minimum value: ag g4 =f\ ¢ @nd maximum value: apieg = 1.

wherg

Jc.day s the fraction of the number of days’in the week with, at least during daytime, normg
point (no reduced set-point or switch-off) (e.g. 5/7 = 0,71);

cred I8 an empirical correlation factor; value bg (oq = 3;

1 is the time constant™of the building zone, determined in accordance with 12.2.1.3,
hours;

1c.0 is the refergnce time constant for the cooling mode, determined in accordance
expressed-in‘hours;

c is the heat-balance ratio for the cooling mode, determined in accordance with 12.2.1

NOTHB 2  Ferlong intermittency periods such as holidays, the equation is equal to the general procedure

Oc.ndcont 1S the energy need for cooling, calculated in accordance with #2.1.2, g@xpressed in

ordance with

on (70):

(70)

| cooling set-

expressed in

vith 12.2.1.2,

2.

given for long

unocqupied periods in 13.2.4, with the only difference that for long intermittency periods a second term is 4dded to count

for passible'cooling at reduced set-point during the unoccupied period.
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aC,red !

0,95

0,85

aC red !

b) /c.gay = 0,86: normal cooling over 6 d

Key

1 time constant of 1 d (low inertia)
2  time constantof 2d

3 time constantof 7 d

4 time constant infinite (high inertia)

Figure 9 — lllustration of reduction factor for intermittent cooling,
for two different intermittency lengths
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The cooling system is assumed to deliver sufficient cooling power to enable intermittent cooling.

Alternatively, it may be decided at national level to use a national method for taking into account the effect of
intermittency.

13.2.3 Set-points, simple hourly and detailed simulation methods

For continuous heating during the whole heating period, the minimum internal operative temperature of the
building zone, 4, shall be the set-point temperature for heating, expressed in degrees centigrade.

For continuous cooling during the whole cooling period, the maximum internal operative temperature of the

buildi

For

takin

(opt

NOTH
tempg
the o

For

The

13.2.4 Corrections for unoccupied period (monthly, simple’hourly and detailed simulation

a [T | I Y ) + Sy 4 £ 1 (i ! 4 ol
1Y £ZUTIC, Gjpt, STAll DT U STEPUNTIL ICTTTIPTTalulc TUT COUNTNY, TAPITCSSTCU T UTYITTS LCTIUYTAUT

intermittent heating and/or cooling, the set-points shall be based upon hourly and Wweek
) into account reduced set-points, switch-off periods and (if applicable) periods withlboost
ignally) a maximum heating or cooling power during the boost period.

EN 15251 requires that the temperature setting be based on the operative temperature, becaus
rature is more closely related to the comfort temperature than the air temperature. See Annex C fo
1erative temperature for the simple hourly method.

the correction for an unoccupied (e.g. holiday) period: see 13.2.4.

alues of the set-points shall be determined in accordance with~13.3.

y schedules,
modes, with

e the operative
calculation of

methods)

In some buildings, such as schools, unoccupied periods*during the heating or cooling season, sugch as holiday
periofls, lead to a reduction in space heating or cooling:energy use.

The heating and cooling needs, taking into account unoccupied period, Oy g and Og ng gxpressed in
megajoules, are calculated as follows. For the” month which contains an unoccupied period,| perform the
calculation twice: a) for occupied (normal)cheating/cooling settings) and b) for unoccupied settings and then
intergolate the results linearly according te the time fraction of unoccupied mode versus occupied mode, as
giver| by Equations (71) and (72):

QHng = (1 _fH,nocc) (QH,nd,occ +fH,nocc) OH,nd,nocc (71)

QC,nd =(1 _fC,nocc) (QC,nd,occ +fC,nocc) QC,nd,nocc (72)

wherge

O ndocc  1S,the energy need for heating, calculated in accordance with 7.2.1.1 (either (O nq cont OF
OH nd.interm)> @ssuming for all days of the month the control and thermostat sgttings of the
occupied period, expressed in megajoules;

Oéndocc IS the energy need for cooling, calculated in accordance with 7.2.1.2 (either |Og g cont OF
Ocndnterm ) assStming—for—al-days—ef-the-month-the—eontrel-and-thermestat-settings of the
occupled period, expressed in megajoules;

OH nd, noce 1S the energy need for heating, calculated in accordance with 7.2.1.1 (either Oy g cont OF
OH nd.interm)> @ssuming for all days of the month the control and thermostat settings of the
unoccupied period, expressed in megajoules;

Oc nd, nocc 18 the energy need for cooling, calculated in accordance with 7.2.1.2 (either Oc g cont OF
OC nd.interm)> @ssuming for all days of the month the control and thermostat settings of the
unoccupied period, expressed in megajoules;

MH.noce is the fraction of the month which is the unoccupied (heating) period (e.g. 10/31);

JC.noce is the fraction of the month which is the unoccupied (cooling) period (e.g. 10/31).
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The input data shall be determined in accordance with 13.3.

For the simple hourly method and detailed simulation methods it is also permitted to directly take the
unoccupied period into account in the calculation by adapting the occupancy input data for the unoccupied
period.

13.3 Boundary conditions and input data

The values for the set-points may be determined at national level, depending on application and building type.
In the absence of national values, the default values from Annex G may be used.

In the case of old existing buildings, if gathering the full required input would be too labour-intensive for the
purpose, relative to the cost-effectiveness of gathering the input, a simplified method or default~values,
depending system characteristics, may be defined at national level. Specification of the conditions for
allowing this [simple method/input may be made at national level, depending on the purpose of the\calculgtion.

In that case

Details speci
national leve

14 Energy

14.1 Annual energy needs for heating and cooling, per building'zone

The annual
expressed in

per period, taking into account possible weighting for different fieating or cooling modes as defined in 1
and/or 13.2.4.

he user shall report which method/input has been used and from which source.

fying when and how unoccupied periods can or shall be taken into account may ‘be determin
, depending on application and building type.

y use for space heating and cooling

energy needs for heating and cooling for the given.building zones, Oy qan and Qg
megajoules, are calculated as given by Equation (73), by summing the calculated energy

ed at

nd,an’
need

3.2.2

OHnd,an| = ZQH,nd,i and Oc nd,an = ZQC,nd,j (73)
i J
where
OH nd.i is the energy need for heating of the considered zone per calculation step (hour or mgnth),
determined in accordance with 7.2, expressed in megajoules;
Qc,nd,j is the energy need\for cooling of the considered zone per calculation step (hour or menth),
determined in_aegordance with 7.2, expressed in megajoules.
The length of the heating and'cooling season determining the operation period of certain system compohents
is obtained frlom the respective subclauses in Clause 7.
14.2 Annual energy needs for heating and cooling, per combination of systems
In the case df @ multi-zone calculation (with or without thermal interaction between zones), the annual epergy
needs for heating-and-coolingfor-a-given—combination-of-heating.—cooling-and-ventilation-systems-servicing

different zones, Oy 4 an .s @Nd O¢ nq an - EXPressed in megajoules, are calculated as the sum of the energy
needs over the zones, zs, that are serviced by the same combination of systems, as given by Equation (74):

QH,nd,an

z = ZQH,nd,an,z and Oc nd,an,zs = ZQC,nd,an,z
z z

(74)

where
OHndanz IS the annual energy need for heating of zone z, serviced by the same combination of
systems, determined in accordance with 14.1, expressed in megajoules;
OC.n.an.z is the annual energy need for cooling of zone z, serviced by the same combination of
systems, determined in accordance with 14.1, expressed in megajoules.
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14.3 Total system energy use for space heating and cooling and ventilation systems

14.3.1 General

In the case of a single combination of heating, cooling and ventilation systems in the building, or per
combination of systems, the annual energy use for heating, OH,sys» and the annual energy use for cooling,
Oc sys» including system losses, are determined as a function of the energy needs for heating and cooling
from the relevant standards on heating and cooling systems as specified in Annex A. One may choose
between the following three modes of presentation.

Option a):

Direqgtly as total energy use of the system, Oy SyS.i and Oc sys,i PEr energy carrier i, plus the auxiliary energy
use, pxpressed in megajoules. The thermal losses are obtalned by taking the difference hetwegn the energy
needp for heating, Oy ,q ; @and for cooling, O¢ ng.;-

Optign b):
As siim of energy needs for heating, On ng,» heating system loss, OH sys Is: and auxiliary gnergy of the

heatipg system, QH7sys‘aqX1i, per energy carrier ii e>l(pre_ssed in megajoules_. T.he thermal losses [and auxiliary
energy comprise generation, transport, control, distribution, storage and emission.

Similarly for cooling: Oc nd.i QC,sys,Is,i’ and QC’SyS’aUX,i.
Optign c):

The $ystem heat losses are indicated via an overall system efficiency. In this case, the conversion can be
made as given by Equation (75):

~ Oxnd _ Ocnd
QH sys and QC ,SYys (75)
77H,sys nC‘sys

wher

W

OHic,sys is the enengy, use for the heating or cooling system including system losses, expressed
in megajoules;

Onic.nd is the)energy need for heating or cooling, serviced by the considered heating system, in
accordance with 14.2, expressed in megajoules;

TTHIC, sy8 is the overall system efficiency for the heating or cooling system, including generation,
electronics, transport, storage, distribution and emission losses, except if reported
separately as auxiliary energy.

Thesgthree options should lead to the same result and the choice is only a matter of converfience and/or
convention. Option a) is however o be preferred, because it is the most straightforward route to the overall
energy use.

Operation period auxiliary energy use:

It may be decided on a national basis to multiply the monthly auxiliary energy use for
season-length-dependent provisions, such as pumps and controls, by respectively £, ,, and f; ,,, the fraction of
the month m that is part of the actual heating or cooling season for operation of season-length-dependent
provisions, calculated in accordance with 7.4.

For the seasonal method, the monthly sum is replaced by the ratio of actual length of the heating or cooling
season and the fixed length of the heating or cooling season, in accordance with 7.4.2.
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14.3.2 Heating and cooling system thermal losses

The thermal losses by the heating and cooling systems shall preferably be given as total losses and as
system thermal losses that are recovered in the system.

The system losses that are recovered in the building (as positive or negative heat gains from hot or cold
sources) are already taken into account in the energy need for heating and cooling, unless the simplified
alternative approach (see 10.4.5) is followed.

NOTE 1

individual energy carrier is utilized and what part is lost.

In the case of more than one energy carrier it might not be evident what part of the energy used from the

NOTE 2  Fqg
heat produced
possible.

NOTE3 Sy
cold parts of

r buildings with co-generation, it is not straightforward how to determine the split between fuel dse
, electricity produced and system loss. This split should nevertheless be performed as well as-reas

stem thermal losses for the cooling system can include heat dissipated from the indoor\ etvironment
he system (emission, storage, distribution, control) and/or heat dissipated to the hét-parts of the s

(generation, t

building, as mentioned above.

nsport, electronics). Part of the heat dissipated to the cold parts of the system may be recovered

d and
nably

to the
ystem
in the

The system lpsses also include the additional building heat loss due to non-uniform building zone tempefature

distribution gnd non-ideal building zone temperature control, if they are not already taken into account
set-point temperature.

14.3.3 Ther

The thermal
relevant stan

The thermal

In the c&

al losses and energy use by ventilation system

dard on ventilation systems as specified in Annex-A. The following shall be taken into accou
osses in the ventilation system consist of the following:

se of ventilation ducts: heat losses dug;to ventilation air leakage.

n the

losses and energy use by the ventilation system:is' to be determined in accordance with the

nt.

The hedt losses due to ventilation duct air leakage shall be included, depending on the location ¢f the

ducts, e
zone, or|

In the c3

Ann

megajoules, as given by Equation (76):

Oy,

where

ther as recoverable thermaldosses, added to the internal heat gains of the building or bu
as total losses and as system thermal losses that are recovered in the ventilation system.

se of central pre-heating or pre-cooling.

ual energy useyfor central pre-heating of the supply air, Oy sy pre-heat,an:

ys,pre-heat;an = Zm (fH,m QV,nd,pre-heat,m/W,sys,pre-heat)

Iding

expressg¢d in

(76)

fH,m

QV,nd,pre-heat,m

TV sys,pre-heat

78

is the fraction of the month m that is part of the actual heating season for operation

of season-length-dependent provisions, calculated in accordance with 7.4;

9.3.3.12, expressed in megajoules;

is the energy need for pre-heating of the month m, calculated in accordance with

is the overall system efficiency for the pre-heating system, including generation,

electronics, transport, storage, distribution and emission losses, except if reported
separately as auxiliary energy, to be determined in accordance with the relevant

standard on heating or ventilation systems as specified in Annex A.
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— Annual energy use for central pre-cooling of the supply air, Oy, sys,pre-cool,an’ expressed in megajoules,

as given by Equation (77):

QV,sys,pre-cooI,an = Z:m (fC,m QV,nd,pre-cool,m/77V,sys,pre-cool)

where

Ope

In the

vent

month m that is part of the actual heating_or cooling season for operation of season-leng
provisions, calculated in accordance with.7:4.

For the seasonal method, the monthly-sum is replaced by the ratio of actual length of the heati
seaspn and the fixed length of the-Reating or cooling season, in accordance with 7.4.2.

14.3.4 Results, per cluster of zones and for the whole building

It mal be decided at national level how the results shall be presented, depending on the applicati
Tablg 14 gives an.example of how results can be presented in a way that is consistent with f{
input|for EN 1531%, for the purpose of energy certification of buildings.

If ap

diffe

is the fraction of the month m that is part of the actual cooling season

fC,m

of season-length-dependent provisions, calculated in accordance with 7.

QV,nd,pre-cooI,m

(77)

for operation
4

is the energy need for pre-cooling of the month m, calculated in accordance with

933, 1‘7 nvnrnccnrl n mnga}nnlnc

is the overall system efficiency for the pre-cooling system, including
electronics, transport, storage, distribution and emission losses) exce
separately as auxiliary energy, to be determined in accordance with
standard on cooling or ventilation systems as specified in Annex A.

TV ,sys, pre-cool

f
¢

For the seasonal method, the monthly sum is replaced by the ratio of -actual length of th
ooling season and the fixed length of the heating or cooling season, in@ccordance with 7.4.

Energy use for fans and controls:

energy use for fans;
— energy use for de-frosting of heat recovery units.
ration period:

case of season-length-dependent provisions, such as extra ventilation for free cooling

ilation during cooling mode, the monthly energy use shall be multiplied by #, , or f; ,,, the f

generation,
bt if reported
the relevant

e heating or
D

or night-time
action of the
h-dependent

ng or cooling

DN.

e requested

plicable, the table is repeated for different systems servicing different zones and sum

refttables to obtain the values for the whole building.

n[ated for the

The rows and columns in Table 14 need to be adapted for the building concerned. The columns include the
relevant energy carriers. Separate tables shall be completed per cluster of zones in the case of different
systems service, different (clusters of) zones.

In EN 15315, other energy usages, energy produced and exported and weighting factors are added to obtain
the total overview. Consequently, a more detailed table may be provided, as suggested in EN 15315.

NOT

E
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Table 14 — Accounting energy uses, per combination of systems or whole building?

Use of energy

Energy carrier

Heat

Qil ®

Gas

District heating

Coal

District cooling

Wood

Electricity

Carriern

Energy needs for heating

Energy need

or-caentral nra bhaatina of vantilatine Ate
OT-Cerrarprereammg O vermator—an

Heating syst¢g

m thermal losses

Heating syst¢g

m energy use

Auxiliary enefgy use for heating

Energy needg

for cooling

Energy need

for central pre-cooling of ventilation air

Cooling syste

Im thermal losses

Cooling syste

M energy use

Auxiliary enelgy use for cooling

Energy use fd

r ventilation (fans and controls)

Y ) .

7/

Ventilation sy
pre-heating

stem thermal losses for central

‘o

Ventilation sy
pre-cooling

5tem thermal losses for central

Energy use fd

r central pre-heating of ventilation air

Energy use fq

r central pre-cooling of ventilation air

&

Sub-total

Total

(fill in: zones

Explanation:

Blan

Grey

This table cdntains the result for:
V or Y with same combination of systems, or sum for whole building)

cells: Input possible or required

cells: Notzapplicable

@ If applical
distinguished in

A similar table
b

142,

Examples of energy carriers; to be adapted to the specific situation.

hall’be completed for the whole building, summating the results of the clusters of zones.

le, thisstable shall be completed per cluster of zones that are serviced by the same combination of syster

ns as

Extra attention shall be paid to:

heat, if applicable;

correct book-keeping for system losses in the case of combined heating and DHW systems;

provides procedures for taking into account and reporting all energy flows in a coherent way;

80

14.3.5 for other special considerations.

humidification and dehumidification: the system standards should give the combined sensible and latent

application of renewable energy sources, production and export of energy, etc.; see Annex K; EN 15315
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14.3.5 Special considerations
Two or more heating systems servicing same zone(s)
In the case of absence in the relevant heating system standards in Annex A of a procedure on the combined

effect of two or more heating generators servicing the same building zone(s) in an alternating mode, the
energy need for heating the zone(s) are split into two parts as given by Equation (78):

QH,nd,pref :fpref QH,nd and QH,nd,npref = (1 _fpref) QH,nd (78)

where

OH nd, pref is part of the energy need for heating that is supplied by the preferentially opefated heating
appliance, expressed in megajoules;

OH nd,npref i Part of the energy need for heating that is supplied by the nonspreferentiglly operated
heating appliance(s), expressed in megajoules;

Joref is the year-averaged fraction of the total heat supply from the preferentially opefated heating
appliance, determined in accordance with national procedures taking into account the heating
load of the building (zones) and the heating capacity of<the preferentially opefated heating
appliance.

The gystem energy use shall be determined for Oy g prer @8Nd Oid npref SEPArately, attributing the associated
heatipg systems.

NOTE Two or more heating generators are common practice/ e.g. in the case of combined heat and power systems
and heat pumps, where a secondary boiler with lower efficiency-covers the peak loads; typical £, values range from 0 to
1 for heat pumps and from 0,15 to 0,60 for CHP.

15 Report

15.1| General
The fhain purpose of the report i§ to'enable to trace or verify the input, assumptions and chosen methods.

A report giving an assessment of the annual heating and cooling energy use of a buildind obtained in
accordance with this International Standard shall include at least the following information.

If the| calculation is”pefformed to check compliance with regulations, standardized input data prgvided by the
regulptions are used, and no error analysis is performed. Otherwise, an estimate of the accuracy|of input data
shall [be givenj\and an error analysis shall be performed to estimate the uncertainty resulting frop inaccuracy
of thg input.data.

15.2LInput data
All input data shall be listed and justified, e.g. by reference to international or national standards, or by
reference to the appropriate annexes to this International Standard or to other documents. When the input
data are not the standard data, an estimate of the accuracy and source of input data shall also be given.

In addition, the report shall include:

a) areference to this International Standard, i.e. ISO 13790:2008;

b) the purpose of the calculation (e.g. for judging compliance with regulations, optimizing energy

performance, assessing the effects of possible energy conservation measures, or predicting energy
resource needs on a given scale);
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c) adescription of the building, its construction and its location;

d) a specification of the zone partitioning, if any, i.e. the allocation of rooms to each zone;

e) a note indicating whether the dimensions used are internal, external or overall internal;

f) a note indicating which method (detailed simulation, simple hourly, monthly or seasonal) was used and, if

seasonal, the assumed fixed length of the heating and cooling season;

g) anote on how thermal bridges have been taken into account;

h) for the nponthty, seasomat-orsimpte-hourty methods; 7, 71,55 and € foreach—zone;, foreach-month.

15.3 Results
15.3.1 For each building zone and each calculation period

15.3.1.1 For the monthly or seasonal method

— Monthly|method: for each building zone and month, plus total per season

— Seasongl method: for each building zone and season

For heating mode:

— total hedt transfer by transmission;

— total hedt transfer by ventilation;

— total intgrnal heat gains, including recoverable system thermal losses;
— total sol@r heat gains;

— energy need for heating;

— energy Use for heating, per energy-Carrier;

— energy yse by ventilation system (heating mode), per energy carrier.
For cooling mode:

— total hedt transferby transmission;

— total hedt dransfer by ventilation;

— total internal heat gains, including recoverable system thermal losses;
— total solar heat gains;

— energy need for cooling;

— energy use for cooling, per energy carrier;

— energy use by ventilation system (cooling mode), per energy carrier.

82
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15.3.1.2 For simple hourly or detailed simulation methods

If the calculation (simple hourly or detailed method) uses dynamic (e.g. hourly) system properties, the energy
needs should be calculated by assuming the ideal system (zero losses, perfect control) in a separate
calculation.

For each building zone and month:

Depgnding on the purpose of the calculation, it may be decided<at) hational level to report, in
resul{s from a monthly method as a first order check on the input and calculation process.

For detailed simulation methods the heat transfer and heat gains are difficult to separate.

A waly of providing separate results is to perform three\extra calculations (see References [13] a
Bibliggraphy):

NOTH This procedure may introduce some random and systematic deviations, but in the absencs

alternattve ftcould be the onty Tobust theck of the catcutation inputand process.

a)

b)

J:nergy need for heating;
g¢nergy need for cooling;
gnergy use for heating, per energy carrier;
g¢nergy use for cooling, per energy carrier;

g¢nergy use by ventilation system, per energy carrier.

Then as an approximation: Ot = O ng 1 @Nd Oc nt = 9¢ nd.1-

total heat transfer by transmission and ventilation;

total internal heat and solar gains including recoverable system thermal losses;

Case 0: normal calculation to obtain Oy 4¢-and O¢ nq o-

Case 1: as case 0, but zero internaliand solar heat gains (including extra thermal radiatig
gbtain Oy 4 1 @and Og g 1-

Case 2: as case 0, but(@high set-point for heating and a low set-point for cooling, such that
gre utilized in heating-mode and all losses are utilized in cooling mode, to obtain Oy, 4, and

Case 3: as case 2, but with zero internal and solar heat gains (including extra thermal radiati
gbtain Oy ¢3-and O¢ g 3-

Then asan approximation: QH’gn = (QH’nd73 - QH,nd,Z) and QC’gn = (Qc,nd,3 - QC,nd,Z)'

parallel, the

nd [23] in the

n to sky), to

Il heat gains
D¢ nd,2-

pn to sky), to

b of a reliable

Deviations might be introduced if (some of) the properties are a function of the local conditions.

Deviations might occur due to, for example, heat sources that remain out of sight in the dynamic method; for instance,
part of the solar or internal heat that is absorbed in the floor (wall or roof), goes to the ground (thence to the outside),

without having been detected as contributing to the heat balance of the heated or cooled space.

The result of steps 2 and/or 3 can be a small difference between two large and almost equal numbers and therefore

subject to a large relative error.
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15.3.2 For the whole building
In the case of a single-zone building, see 15.3.1 for the report per building zone.

For a single-zone or multi-zone building, provide the annual energy use for heating and cooling, plus the
details as for instance given in Table 14.

NOTE 1 Guidance and comments on the accuracy of the calculation method are given in Annex H.

NOTE 2  Additional information can be required at national level.
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Annex A
(normative)

Parallel routes in normative references

ISO 13790:2008(E)

This International Standard contains specific parallel routes in referencing other International Standards, in
order to take into account existing national and/or regional regulations and/or legal environments while
maintaining global relevance.

The s

tandards that shall be used as called for in the successive clauses are given in Table AN

Table A.1 — Normative references

and supply temperatures of air
infiltration, natural ventilation and/or
mechanical ventilation

Clause Subject CEN area @ Elsgwhere
3 Overall energy use, definitions EN 15315 National standards or
other appr¢priate
documents
51 Energy balance of technical Heating: EN 15316-2.1, -2.3 National stfndards or
building systems Ventilation: EN¢15241 other appropriate
Cooling: EN 156243 documents
6.1 Energy performance rating EN 15217 National standards or
other appropriate
documents
6.3 Influence of system boundaries on {Heating: EN 15316-2.1, -2.3 National standards or
zoning rules Ventilation: EN 15241 other appr¢priate
Cooling: EN 15243 documentsg
7.2.3 Validation of detailed simulafion EN 15265 National stindards or
methods other appropriate
documentsg
8.3.2 Thermal transmijssion:

— curtain walls EN 13947 National standards or
other appropriate
documents

—@lazing EN 673 I1ISO 10292,

— window frames ISO 10077-2 ISO 10077}2

— whole window or door 1ISO 10077-1 ISO 100771
1ISO 15099

Overall heat transfer by thermal Overall heaLt transfer by
transmisSIoT1SO+3789-> thermat-transmission:
1ISO 13789
See also note b.
9.3.1,9.3.3 Ventilation air flows, time fractions |[EN 15242 and/or EN 15241 National standards or

other appropriate
documents

Overall heat transfer by

ventilation: 1ISO 13789
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Table A.1 (continued)

Clause Subject CEN area 2 Elsewhere
9.3.1,9.3.3 Energy performance or supply If applicable: National standards or
temperature of heat recovery unit EN 15241 and subsequent EN other appropriate
Supply temperature of central pre- |standards documents
heating and pre-cooling Otherwise: national standards
10.4.3 Internal heat sources, contribution |EN 15193-1 National standards or
from lighting systems other appropriate
documents
10.4.4 Internal heat sources, contribution |EN 15316-3.1 National standards por
from hot water systems other appropriate
documents
10.4.5 Internal heat sources, contribution | If applicable: National\standards for
from heating, ventilation and . other‘appropriate
cooling systems Heating: EN 15316-2.1, -2.3 doééments (e.g. from
Ventilation: EN 15241 ISO/TC 205)
Cooling: EN 15243
Otherwise: national standards
11.4.2 Solar transmittance:
— non-scattering glazings EN 410 ISO 9050
— windows with scattering glazing |For normal incidencerangle: 1ISO 15099
and/or solar shading devices EN 13363-2
Otherwise: 1ISQ~15099
13.1 Set-point temperature due to National standards for
control systems: other appropriate
documents
— heating EN. 45316-2.1:2007, Clause 6.5.2
— heating and/or cooling EN 15243:2007, Clause 14.3.2
14.3 Overall energy use, definitions, EN 15315 National standards pr
. ) other appropriate
System losses and auxiliary_energy | If applicable: documents
use:
— Heating system EN 15316-2.1, -2.3
— Cooling systenTor combined EN 15243
heating and cooling system,
including dehumidification
— Ventilation system, including EN 15241
humidification Otherwise: national standards
~=>Energy use for ventilation air If applicable:
transport EN 15241
Otherwise- national standards
— Energy use for central pre- EN 15316-2.1, -2.3
heating and/or pre-cooling EN 15243
Annex E Solar transmittance See under 11.4.2 above See under 11.4.2 above

@  CEN area: Countries whose national standards body is a member of CEN. Attention is drawn to the need for observance of EU
Directives transposed into national legal requirements. Existing national regulations with or without reference to national standards can
restrict, for the time being, the implementation of European Standards.

P The thermal transmittance or U-value on the CE-marking, based on the product standard EN 14351-1 shall not be used. Quote
from EN 14351-1:2005: “Where detailed calculation of the heat loss from a specific building is required, the manufacturer shall provide
accurate and relevant, calculated or tested thermal transmittance values (design values) for the size(s) in question.”
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In the case of EN ISO standards, where there is a difference between the ISO and the EN ISO version, the
EN ISO version shall be used within the CEN area.

Within the CEN area the following referenced documents are indispensable for the application of this
document. For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments) applies.

EN 410, Glass in building — Determination of luminous and solar characteristics of glazing

EN 673, Glass in building — Determination of thermal transmittance [U value] — Calculation method

EN 1

and |

EN 1

EN 1

estim

EN 1

certif,

EN 1

in co

EN1
inclu

EN1
with

EN 1

using

EN 1

syste

EN 1

syste

EN 1
and

requi

For
EPB

oL Yals) Q

(o) L £ 'H al H NH ol HY1N L H ravui Lot £ oato] L
POUU=Z,ourar PTUtCUlIUTIT UTVILT S CUINMTTOUNTTCU Wit T yraZinty = oarcuratrornmuT tutar sSUidrCTicTyy

ght transmittance — Part 2: Detailed calculation method
3947, Thermal performance of curtain walling — Calculation of thermal transmittance

6193-1, Energy performance of buildings — Energy requirements for lighting,— Part 1: Lig
ation 1)

6217, Energy performance of buildings — Methods for expressing energy performance ar
cation of buildings

6241, Ventilation for buildings — Calculation methods for enetgy losses due to ventilation a
mmercial buildings

6242, Ventilation for buildings — Calculation methods.for the determination of air flow rate
¢ing infiltration

6243, Ventilation for buildings — Calculation .of’room temperatures and of load and energy
foom conditioning systems

265, Energy performance of buildings-—— Calculation of energy needs for space heating
dynamic methods — General criteria-and validation procedures

b316-2-1, Heating systems in‘buildings — Method for calculation of system energy requ
m efficiencies — Part 2-1: Space heating emission systems

6316-2-3, Heating systems in buildings — Method for calculation of system energy requ
m efficiencies — Pairt"2-3: Space heating distribution systems

b316-3-1:2007, \Heating systems in buildings — Method for calculation of system energy
system efficiencies — Part 3-1: Domestic hot water systems, characterization of ne
rements)

eACEN area, Figure A.1 gives an outline of the calculation procedure and its link

ansmittance

hting energy

d for energy

nd infiltration

5 in buildings

for buildings

and cooling

rements and

rements and

requirements
bds (tapping

D

with other

h
[I)-related standards.

1)

To be published. (Revision of EN 15193-1:2004)
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Figure A.1 — Flow chart of calculation procedure and links with other stan

dards for the CEN area
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Multi-zone calculation with thermal coupling between zones

General

A mu

A multi-zone calculation with interactions between the zones (a) requires significantlymeore and g
data (on transmission properties and air flow direction and size) and (b).requires compliance with
bns of zoning

input
cons{
in the
etc.).

differpnt zones, which adds to the complexity and arbitrariness of the input and modelling.

B.2

In thg case of a multi-zone calculation with thermal coupling between zones (calculation with co

the R

1) Aif

raints in the building regulations on the zoning rules (freedom of internal partitioning, definiti
case of combined use (e.g. a hospital generally also includes an officeé\section, a restal
A further complication may be the involvement of different heating, cooling and ventilatior

Simple hourly method

C network is modified as follows, depending on the tieat exchanges taken into account.

flow exchanges

Air flg

In this case the air flow passes from thertal zone 1 to thermal zone 2. For a given hour, the

done
Air fld
In thi

2) Hg

w in one direction only:

first for zone 1 and its air temperature is used to calculate the thermal behaviour of zone 2.
w in both directions:
5 case, due, for example) to doors opening, zones 1 and 2 are considered as a single zone.

at flow through intérnal partitions

The gim is to take.into account heat flows through walls and floors between adjacent zones. T

cond
of ea

tions are‘moadified to calculate an equivalent H-value and external temperature. The bound
Ch adjacent zone is the st temperature node calculated at the previous hour.

NOTE

1 A physically meaningful dynamic coupling might not always be simple with the simple hourly n

Iti-zone calculation with thermal coupling between zones (calculation with coupled zones)lis only to be
used|with care for special situations.

ften arbitrary

rant section,
systems for

upled zones)

Calculation is

he boundary
ary condition

hethod, e.g. in

the case of two coupled zones separated by a heavyweight intermediate floor that contains most of the thermal mass

The RC network is modified as is shown in Figure B.1.

©I1SO
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Figure B.1 — Modified RC network

Ocs = O Hir w + Gaz Hiwl(Hy w+Hie i)

Oem = Od Htr,em + Oy Hif/(Htr,em"'Htr,if)
where
Osr i the internal temperatufe,of the adjacent zone at the previous hour, expressed in degrees

¢entigrade;

Hy i i the heat transfer through internal walls connected to the adjacent zone, determingd in
accordance with.B.4, expressed in watts per kelvin;

Hy ¢ ip the heattransfer through floors connected to the adjacent zone, determined in accordancg with
B.4, expressed in watts per kelvin.

The partition|ng-into thermally coupled zones and the input data shall be described in the report.

NOTE 2 In the case of strong thermal interactions between the zones, the method can lead to oscillations; in that case
iteration is needed, using suitable relaxation factors.

B.3 Monthly method

In the case of a multi-zone calculation with thermal coupling between zones (calculation with coupled zones),
the procedure, based on monthly calculation steps, is as follows.

In addition to the data needed for the single-zone or uncoupled-zone calculation, inter-zone data are collected,
in accordance with B.4.

90 © 1SO 2008 — All rights reserved
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Add to the heat transfer, by transmission and ventilation of zone z, the following terms:

Qtr zZy = Hy zy( ,HIC — y,mn)t

Qve,zey = Hve,zey( az,H/C - Hy,mn)t
where ey mn Fepresents the actual mean temperature in an adjacent zone y, including any overheating (heating

mode) or undercooling (cooling mode).

NOTE 1 It is important to note that, for zone y, the actual mean temperature is to be used. In zone z itself the set-point
temperature 6, for heating and b.c for cooling is to be used. Taking the set-point temperature for zone y instead of the
actual mean temperature would result in significant errors if there are strong interactions between the zones. In zone z
itself, the actual mean temperature is not an input parameter in the calculation of the energy balance, but an implicit result
of the|utilization of heat gains or heat losses.

NOTE 2  These contributions to 0, and Q, . also change the heat-balance ratio for heating and/er coolingmode.
The actual mean temperature in zone y is obtained using the following equations:

Heating mode:

QH,gn + QH,nd + Z(HH,ht,kea,k /btr,k)

0 mn = k (B.1)
' E (HQ, nt g/ buric)
3

Cooling mode:

Oc.gn —Ocnd + Y (Hohiilay /biy)

0 mn = k (B.2)
g > (Hepes ! biy)

k

wher

W

Onng Is the building energy need for heating for zone y, determined in accordance|with 7.2.1.1,
expressed in megajoules;

My i is the element £ in the total heat transfer coefficient for the heating mode for zone 3} adjusted for
indoor-outdoor temperature difference, determined in accordance with 8.3, gxpressed in

megajoules;

bir i is, the adjustment factor, with value by ,#1 if the temperature at the other|side of the
construction element is not equal to the external environment, determined in| accordance
with 8.3;

Ongn Trepresents the total heat gains for the heating mode for zone y, determined in accordance
with 7.2.1.3, expressed in megajoules;

Ocng Is the building energy need for cooling for zone y, determined in accordance with 7.2.1.2,
expressed in megajoules;

Hg i is the element & in the total heat transfer coefficient for the cooling mode for zone y, determined
in accordance with 7.2.1.3, expressed in megajoules;

Qc,gn represents the total heat gains for the cooling mode for zone y, determined in accordance
with 7.2.1.3, expressed in megajoules;
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0, for an element k of transmission heat transfer: the temperature at the other side of the element,
O i

for an element k of ventilation heat transfer: the temperature of the air supply, Ga,sup k-

NOTE3 D

ividing by the temperature adjustment factor is needed, because the heat transfer coefficients in these

equations have to be the un-adjusted values.

NOTE 4  The same equation may be used for an unconditioned zone.

The calculati
three steps

ion of the energy needs for heating and cooling shall be made in an iterative way (usually two or
iffice):

1) assume
heating

initially that the actual mean temperature in each zone is equal to the set-point temperaturgs for
br cooling for that zone, determined in accordance with Clause 13;

2) calculatg the energy needs for heating and cooling for each zone, taking into account‘the’ contributjon of

the heat|transfer by transmission and/or ventilation between the zones, as describedrabove;

3) onthe bpsis of these results, calculate for each zone the actual mean temperatGre; as described abdve;

4) if the ac

(e.g. 0,3]°C), repeat from step 2); otherwise the iteration is completed successfully.

ual mean temperature of any of the zones differs by more than an‘acceptable minimum criferion

NOTE 5  THis method is described (including computerized model and validation results), for the heating mofde, in

Reference [22].

The partition

B.4 All mé¢thods: input data

The heat transfer coefficients between zones z andyy are:

ng into thermally coupled zones and the input data*shall be described in the report.

Hy ., |is the transmission heat transfer coefficient between zones z and y, expressed in watts per
kelvin;
H,e .5, |is the ventilation heat transfer coefficient from zone z to zone y, expressed in watts per kelvin;
H,e 5. |is the ventilation heat transfer coefficient from zone y to zone z, expressed in watts per kelvin.
where
Hye .| = pacalqz—y (B.3)
HVe,sz =PaCaqy—:z (B.4)
4:.—, isthe netair flow rate from zone z to zone y, expressed in cubic metres per second;
qy—: is the net air flow rate from zone y to zone z, expressed in cubic metres per second.
c';l'OTItE' The ventilation heat transfer coefficient #,, _,, differs from H, ., if the air flow rate is not the same in two
Irections.
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Annex C
(normative)

Full set of equations for simple hourly method

C.1 Introduction

esup

Figure C.1 — RC network heat flows
The generakscheme and equations are presented in 7.2.2.

This panex describes the additional calculation procedure for calculating:

— the internal and solar heat gains to the internal nodes (see Clause C.2);

— the temperature nodes when & 4 is known (see Clause C.3);

— the actual heating or cooling need, @y 44 and the corresponding internal temperatures taking into

account the possibility of imposing a maximum available heating or cooling power (C.4).

© 1SO 2008 — All rights reserved
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C.2 Calculation of heat flows from internal and solar heat sources

The heat flow rates from internal and solar heat sources @,; and @, expressed in watts, are split between

the air node,

Djy = 0,

@St: 1

,ir» and the internal nodes, &,,6,, as follows:
5D (C.1)
A
Py = A_T(Oj@int + Pso1) (C.2)
A Hyw |
m tr,w
——————1(0,5%;; + @ C.3
A 9,14, J( int sol) ( )

The heat flo
dividing O

The heat floV
sources @

Ay is obtained

C.3 Deter

The solution
temperatures
time rand ¢ -

For a given t
previous valu

am,t = {6
with

= Dm + Htr,em ee + Htr,3 <¢st + Htr,w ge + Htr,1 {[((pia + ¢HC,nd)/Hve] + gsup}>/Htr,2

and Q,,, expressed in magajoules, by 0,036.

v rate from internal heat sources @, is obtained from 10.2 and the heat flow rate from sola
is obtained from 11.2.

from 7.2.2.2 and 4,,, is obtained from 12.2.2.

mination of the air and operative temperatures:for a given value of &y

model is based on a Crank-Nicholson scheme\considering a time step of one hour
are the average over one hour except for 4, 4and 6,,,_ 4 which are instantaneous valu
1 ; ;

me step, 6,1, expressed in degrees centigrade, is calculated at the end of the time step fro
€ O 1 bY:

m,—1 [(Cm/3 600) - 0,5 x (Htr,3 + Htr,em)] + (pmtot}/[(cm/3 600) + 0,5 x (Htr,3 + Htr,em)]

1

= Htr,1 + Htr,w

/Hve ‘H/Htr,is

1

v rates from internal and solar heat sources @, and @, expressed in watts, are derived by

heat

The
es at

mn the

(C.4)

(C.7)

(C.8)

Htr,em7 Htr,w’

Htr,2 +1 Htr,ms

H

ver €Xpressed in watts per kelvin, and 6,, 6,

up’

from Clauses 8 and 9.

Cyy, expressed in joules per kelvin, is obtained from Clause 12.

For the consi

G = (G

03 = {Htr

94

dered time step, the average values of nodes temperatures are given by:
i+ Omi1)f2

,ms gm + (pst + Htr,w ge + Htr,1 [asup + ((pia + gz§HC,nd)/Hve]}/(Htr,ms + Htr,w + Htr,1)

expressed in degrees centigrade, are obtained
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Hy s, €Xpressd in watts per kelvin, is obtained from 7.2.2.1.

gair = (Htr,is 95 + Hye 6,

sup T Pia + Dric nd)/(Hyr js + Hye) (C.11)

and the operative temperature by
90p =0,3x 6,,+0,7 x & (C.12)
NOTE This is an approximation. The operative temperature is a weighted average of the air and mean radiant

temperatures, weighted by the internal surface convective (3/8) and radiative coefficients (5/8). The value of 05 is a mix
between air and mean radiant temperature.

C.4 |Calculation of internal temperature and required heating or cooling-power

C.4.1 General description

A Qint,set,C

Hint

0

int,set,H

Key

Symbpls: see text
1-5 building zonetemperature behaviour, referring to the five situations described in the text

Figure C.2 — Building zone temperature behaviour versus system behaviour

For dach-hour—the RC network enables-the-calculationof the-internal temperature-for amyvamodnt of hea“ng
ach-hour—the-RC-hetwork-enables-the-calculation-of-the-internal-temperature-for-any-am _

or cooling need, @ ,4- The resolution scheme is such that the internal temperature is determined as a linear

function of @ g

For a given hour, the building zone behaviour line is known by applying equations described in Clause C.3 for
two values of & ng.
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The heating and cooling power delivered to the building zone can be represented on the same graph by the

é

|
each hour)2).

nt Hset aNd @ c st temperatures and the maximum available heating and cooling power (which can vary for

The resulting indoor temperature and heating and cooling needs are derived from the intersection of the two

curves.

Five situations can occur:

The building zone requires heating and the heating power is not sufficient to obtain the set-point. The

heating need is limited to the maximum available heating power and the calculated internal temperature is
lower than the heating set-point & ,; ot This usually happens in the boost period.

1)

2) The buil
to alnt,H,

3) The buil
applied,

4) The buil
to Hmt,C,

5) The buil
the max
point 4,

C.4.2 Calc

The procedu
operative ten
procedure gi
The procedy
q§HC,n.d,aC'_|rI
following tim
Step 1: Cheg
Take @y g

Name the re

If aint,H,set <
further calcu

Hing zone requires heating and the heating power is sufficient. The internal temperature'is
ot and the calculated heating need is lower than its maximum value.

ding zone requires neither heating nor cooling (free floating conditions). No heating or cool
and the internal temperature is calculated.

Hing zone requires cooling and the cooling power is sufficient. The internal temperature is
ot and the calculated cooling need is lower than its maximum value.

Hing zone requires cooling and the cooling power is not sufficient. The cooling need is limi
mum available cooling power. The calculated internal temperature is higher than the coolin

,C,set’
Wlation procedure
re in this subclause is based on the air temperature, 6, as set-point temperature. To us

perature as set-point, the operative temperature shall be calculated (see Equation C.11) an
en in this subclause shall be adapted accordingly.

6.

A and the actual heating or cooling p

re calculates the actual internal temperature, G 5c.

all cases, the value of 67m1t [see Equation (C.8)] is also calculated and stored, as it is used f
b step.

k if cooling or heating is needed (case 3 of Figure C.2).

= 0 and apply Equations (C.7) to (C.11).

sulting &, as 045G, o is the air temperature in free floating conditions).

Oair.0 < Grnd set - NO heating or cooling is required so that @y g 4c= 0 and O, 5o = Gy 0, @

ations are'needed.

bqual

ng is

bqual

ed to

) set-

e the

d the

bwer,
br the

hd no

If not: apply 5

tep, 2.

Step 2: Choose the set-point and calculate the heating or cooling need.

If Oir 0 > Gnt.c sets tAKE Oair set =

If 6

air,

NOTE 1

0<

G

int,C,set

6!|nt,H,set' take eair,set = eint,H,set

Conditions might have to be added to separate the set-pos (hysteresis), to prevent oscillations.

2) The scheme could be modified to take into account a maximum heating or cooling power depending on internal

temperature.
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Apply Equations (C.7) to (C.11) taking @y nq= PHc nd10 With Phc ng1o = 10 45
Ay is obtained from 6.3.2.

Name the resulting 6,;,as 510 (Gair0 i the air temperature obtained for a heating power of 10 W/m2).

Calculate PHC nd.un (unrestricted heating or cooling need to reach the required set-point temperature;
Py nd,un 1S Positive for heating and negative for cooling).

(‘DHC,nd,un = @HC,nd1O (gair,set - gair,O)/( 9air,10 - 9air,0) (C.13)

St 2. O leif thao ovoilaohl aalna-ar-beatina-eewer-ie—affiniani-feaaa-2-ar-aaa
ep O CTICUIIT e avaraoTrc CoUNT g O o atimy puUwWo T TS~ SUTNOIICT i (Cast O oasT T U

N
T
T
&

If D44t ng.un IS between @y o, (maximum heating power) and @¢ 5, (Maximum cooling power):

PHC,nd,ac = PHC,nd,un
9air,ac = VYair,set

and the calculation is completed.

If not} apply step 4.

Step |: Calculate the internal temperature (case 1 or case 5 of Figure C.2).

If Dyt ng,un IS Positive, take Pyc g ac = PH max: If PHe nd.un iS\hegative, take @y g ac = Pc max-
Calcylate Qair’ac by using Equations (C.5) to (C.9).

NOTH 2 In this case, the set-point temperature is not\attained.

The gnergy need for heating or cooling for a given hour, Onc.ng» €Xpressed in megajoules| is equal to
0,038 x ®yc nq ac- The value is positive in:the case of heating need and negative in the case of cqoling need.
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Annex D
(normative)

Alternative formulation for monthly cooling method

D.1 Introduction

Instead of the formulation for the monthly cooling method based on the loss utilization factor, an alterrlative

formulation
the paramet
losses that d

The differeng
“negative” he
external teni
temperature,

NOTE TH
the heat losse

D.2 Altern

As introduce
reformulated

QC,nd
subject to O

Ocpt |

QC,gn :
|

ic,gn i

NOTE1 If
Equation (4).

megajoules;

flepresent the heat gains for the cooling mode, determined in accordance with 7.2.1.3, expre

ay be used, based on the gain utilization factor. The two formulations are identical, provide
r values are the same and the same quantities are used for the total heat gains_and tota
btermine the heat-balance ratio.

e between the two formulations is that the formulation based on the loss utilization factor g
at losses. Negative heat losses can occur if for (parts of) the transmission, the monthly avs
perature or adjacent building zone temperature, and/or for ventilation losses, the s
exceeds the building zone temperature.

e formulation based on loss utilization factor has as additional an advantage in that it shows explicitl
5 contribute to the reduction of the energy need for cooling.

ative formulation for energy need for cooling

to obtain the following equation:
B (1 - UC,gn)QC,gn
.nd being equal to or greater than 0.and where (for each building zone and for each month)

5 the heat transfer for the coo0ling mode, determined in accordance with 7.2.1.3, express

h megajoules;

5 the dimensignless gain utilization factor for the cooling mode, determined in accordance
D.2.

the ,same input and the same parameter values are used, Equation (D.1) leads to the same resu

 that
heat

llows
brage
Lipply

y how

d in 5.4.2, Equation (4) to determine the cooling'need, O 4, €xpressed in megajoules, can be

(D.1)

ed in

ssed

with

Its as

NOTE 2

NOTE 3

Oc pt does not appear directly in the equation, but indirectly via . gn-

The gain utilization factor, 7. g has been introduced in 5.4.2 (cooling, method b). The curves are similar to

the curves for the gain utilization curves for the heating mode; see illustration in Figure D.1. In Clause D.4 it is shown how

e gn C@N be d

erived from 7 ,, by a simple conversion formula and vice versa.

D.3 Length of cooling season

See 7.4.1.
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D.4 Gain utilization factor for cooling

The gain utilization factor needed for the alternative formulation of the monthly cooling method in accordance
with clause D.2 is determined analogous to the gain utilization factor for heating in 12.2.1.1, by replacing
“heating” by “cooling” and subscript H by subscript C, with the following changes:

aco Is adimensionless reference numerical parameter, determined in accordance with Table 10 in 12.2.1.2;

7co Is areference time constant, determined in accordance with Table 10 in 12.2.1.2.

NOTE 1 The equation does not provide values for the gain utilization factor, ¢, gne if the heat-balance ratio is negative,
whichrecarmoceurif thetossesinclude partswith-highrintermat, adjacentandforsuppty temperature—Themethpd in 7.2.1 has
no sugh limitation.

NOTE 2  The gain utilization factor, 7. g’ has been introduced in 5.4.2 (cooling, method b). The eurveg are similar to
the cyrves for the gain utilization curves for the heating mode.

nC,gn A

1,2

0,8[

0,6

0,4

I

0,2

0 0,5 1 1,5 2 25 7o

Key

me constant of 8.h)(low inertia)
me constantief d

me constant of 7 d

a b~ W N =

t
{
fme constant'of 2 d
{
t

me-constant infinite (high inertia)

Figure D.1 — Examples of gain utilization curves for cooling (alternative formulation)

Provided that the same parameter values (ac and 1) are used, a simple formula converts between the two
formulations for the cooling mode:

Mlc,gn = 7lcis/7C s (D.2)
NOTE See also 7.2.1.3: if the clustering of heat gains in Q_, and heat transfer elements in Oy, is different from the

clustering in 7.2.1.3, the heat-balance ratio will be different; consequently the calculated energy need for cooling will also
differ, although the difference can be small.
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Annex E
(normative)

Heat transfer and solar heat gains of special elements

E.1 Scope

This annex
such as (ung
ventilated en

E.2 Unco

E.2.1 Gene¢ral

The following applies to unconditioned sunspaces adjacent to a conditioned.space, such as conserva

and attached

If the sunsp
sunspace, it
E.2.2 and E.
solar heat g3

In the case ¢f old existing buildings, if gathering the full required input would be too labour-intensive fq

!

purpose, rel
depending o
alternative fo
allowing this|
calculation. |

E.2.2 Heat

The heat tra|
partition wall
by, in accord

E.2.3 Sola

rovides the procedures to calculate the heat transfer and solar heat gains of special glen
onditioned) sunspaces, opaque elements with transparent insulation, ventilated solar-wall
velope elements.

nditioned sunspaces

greenhouses separated by a partition wall from the conditioned/space.

ace is heated, or if there is a permanent opening between the conditioned space an
shall be considered as part of the conditioned space; and the calculation procedures giv
P.3 or E.2.4 do not apply. In that case, the area to be taken into account for the heat transfe
ins is the area of the external envelope of the suAspace.

btive to the cost-effectiveness of gathering the input, a simplified method or default v
h the characteristics of the unconditioned sunspace, may be defined at national level,
r the calculation procedures givenin“E.2.2 and E.2.3 or E.2.4. Specification of the conditio
simple method or input may be made at national level, depending on the purpose d
h that case the user shall repert,which method or input has been used and from which sourc

transfer
hsfer by transmission and ventilation is calculated in accordance with Clauses 8 and 9 fc

between a conditioned zone and an adjacent unconditioned space, using the adjustment
ance with ISO¢13789.

 heat.gains

E.2.3.1

General

ents,
5 and

ories

H the
en in
r and

r the
lues,
s an
ns for
f the

D

-

r the
actor

The solar heat gains entering the conditioned space from the sunspace are the sum of direct solar heat gains,
via the sunspace through the partition wall and indirect heat gains through the partition wall from the sunspace
heated by the sun.

The calculation method quantifies the positive effect during the heating season. However, the same procedure
shall also be used to calculate the solar gains for the cooling (summer) mode, taking into account any extra
(seasonal) solar protection and ventilation provisions, if present.

100
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E.2.3.2 Required data

The following data shall be collected for the transparent part of the partition wall (subscript w), and for the
sunspace external envelope (subscript e):

Fg frame area fraction;
Fgp, shading correction factor;

g effective total solar energy transmittance of glazing;

£ H | U | alal HEn) st u
AW qrea orwimaowsana YlaZtU UOUTS T UIe partuuort vwdll,

A, area of sunspace envelope.

e

In adflition, the following data shall be assessed:

4; area of each surface j, absorbing the solar radiation in the sunspace (ground, opaque walls] opaque part
of thg partition wall has subscript p);

o; @verage solar absorption factor of absorbing surface j in the sunspace;
I.  solar irradiance on surface i during the calculation step(s);

Hp tof heat transfer coefficient by transmission from the internal environment, through the ogaque part of
the partition wall and the sunspace to the external environment;

Hp e heat transfer coefficient by transmission from the absorbing surface of this wall, via the sungpace, to the
exterpal environment.

Figure E.1 — Attached sunspace with solar heat gains and heat transfer coefficients,
and electrical equivalent network — Detailed method
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E.2.3.3 Calculation method

The solar heat gains entering the conditioned space from the sunspace, O, expressed in megajoules, are
the sum of direct heat gains through the partition wall, Oy, and indirect heat gains, Q;, from the sunspace
heated by the sun:

Oss = Os

d+ Osi

(E.1)

It is assumed, in a first approximation, that the absorbing surfaces are all shaded in the same proportion by
external obstacles and by the outer envelope of the sunspace.

The direct s
(subscript w)

H
Osd=Fehe (1 = Fre) 8o| (1= Frw)gwAw™ ap 4p o

The indirect
sunspace, by

Qsi = (1

The adjustm

solar heat gains to the sunspace which enters the conditioned, space through the partition wall. This te

obtained fror]

E.2.3.4 Conservative approximation

The following

In the calculg

adjacen

ignore th

solar tra

In the calculg

calculate the heat transfer by transmission using the adjustment factor, by, as for an uncondit

calculatg only the direct’solar transmittance through the partition wall, taking into account the reg

far heat gamns, Ugg, expressed i megajoules, are the sum of hieat gains through the trans
and opaque (subscript p) parts of the partition wall:

p,tot
[p t

heat gains are calculated by summing the solar heat gains of each-absorbing area, j, i
t deducting the direct heat gains through the opaque part of the partjtion-wall:

Hp,tot
H

Ipt

p.e

- byr) Fshe (1-FEe) gez(]j aj Aj) = Fsne (1-Fre) 8e apdy
J

ent factor, by, is the same as mentioned in E.2.1. The weighting factor (1 — b;,) is that part

n11.2.

procedure may be used as a conservative approximation of the procedure in E.2.3.2 and E

tion of the energy balance of the:calculation zone adjacent to the sunspace for the heating n

space;

e additional (indirect)-gains via the sunspace into the calculation zone;

hsmittance.bythe sunspace envelope.

calculate—the heat transfer by transmission using the adjustment factor b, as for an unconditl

arent

(E.2)

h the

(E.3)
f the

rm is

2.3.3.
hode:

oned

uced

tion,6f>the energy balance of the calculation zone adjacent to the sunspace for the cooling mode:

adjacent space;

ignore the sunspace for the calculation of the solar heat gains into the calculation zone;

except for solar shading provisions that are permanently applied during the whole cooling season.

NOTE Iti

102

s checked at national level whether this procedure is adequately conservative.
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E.2.4 Simplified method

It may be decided at national level, depending on the application and type of building, to use the following
simplified procedure, as an alternative to the procedure in E.2.3.2 and E.2.3.3.

This procedure is based on the normative Annex A of ISO 13789:2007.
In the calculation of the energy balance of the calculation zone adjacent to the sunspace:

— ignore the (internal and) solar gains in and through the sunspace;

that includes
e beneficial effect of the (internal and) solar gains during the heating season; this value tay depend on
e type and/or size of the sunspace;

— gpecify an appropriate corrected value for the adjustment factor by, to be applied.for the cpoling mode,
that includes the negative effect of the (internal and) solar gains during the cooling-season.

NOTE This implies that the (internal and) solar gains shall not again be taken into-account in 10.2 and| 11.2, which is
clearly stated there.

E.3 [Opaque elements with transparent insulation

E.3.1 Heat transfer

For the calculation of the heat transfer, opaque elements with transparent insulation shall be treated as
opaqgle construction elements.

E.3.2 Solar heat gains

E.3.21 General

The following applies to opaque building’elements provided with transparent insulation material| designed to
colle¢t solar energy. The calculation\method quantifies the positive effect during the heating seaspn. However,
the sfme procedure shall also bé used to calculate the solar gains for the cooling (summer) mode, taking into
accolint any extra (seasonal) solar protection and ventilation provisions, if present.

E.3.2.2 Required inputidata

A total area of the element;

A, area of the element covered with transparent insulation;

R thermal resistance of the opaque element behind transparent insulation;

Ry thermalresistance-of-transparentinsulation:

81 total solar energy transmittance of transparent insulation (normal incidence);

Sthem total solar energy transmittance of transparent insulation (diffuse-hemispherical incidence);

R, thermal resistance of the air layer (enclosed) between the opaque element and transparent insulation;
Rg; internal thermal surface resistance;

Rge external thermal surface resistance;

Fgp shading correction factor.
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Depending on the type of transparent insulation, the following quantity is required (it is not required for
products that include a solar absorber):

absorptance of the opaque element behind transparent insulation.

rived properties

thermal transmittance of the element, from environment to environment;

to the external environment;

external thermal transmittance of the element, from the surface facing the transparent insulation product

a

E.3.23 De
U

Ute

gt effecti
Fg  reduct

E.3.2.4 Cajculation method

The heat trg
possible ther

e total solar energy transmittance of the transparent insulation product;

on factor due to non-transparent frame area of the transparent insulation (frame areafractio

nsfer is calculated in accordance with Clause 8, as for usual envelope elements, incl
mal bridges in framed constructions. The solar heat gains of an opaque element with transp

Liding
arent

insulation, having the orientation j, are calculated for month m in accordancewith’ 11.2 using an effé¢ctive

collecting arg

The frame area fraction is determined from the total area, 4, of the element:

F =
P4
The following

Ute =

U=

Rlse +Rt +Ra|

a.

thermal transmittances are needed for the efficiency factor to be calculated:

1

1

RSE

The calculat
insulation. It
Table E.1.

For products
absorptance

8tjm

= 94(gt,hem “Cjim gt,L)

+ Rt + Ry + R + Rg;

on of the effective total~splar energy transmittance depends on the type of the transp
takes into account the-angle of incidence of direct solar radiation, using the coefficients

5 with non-nedligible solar energy transmittance, the effective value is proportional t
of the opaquecelement behind transparent insulation:

(E.4)

(E.5)

arent
j.m Of

b the

(E.6)

pnt-insulation with negligible solar transmittance (e.q. products with solar absorber include

, the

For transpar

value determined from measurements shall only be modified to take account of the thermal resistance, Ry, of
the air gap between the transparent insulation and the opaque element:

gTI,j,m -

The effective

AsolJ,m:

104

Rse + Rt

> . 5 \8th~C¢;m8tL
Rge + Ry + Ry ( oM )

collecting area for orientation j and month m is:

U
AFgn (1-FF) — &ijm
Ute
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The heat gains are added to the other solar heat gains.

Table E.1 — Coefficients c; , for calculation of the effective total solar energy transmittance
of transparent insulation using the measured values for normal and hemispherical incidence
(for vertical walls)

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
S -0,105 | -0,067 | -0,023 | 0,042 | 0,073 | 0,089 | 0,094 | 0,062 | 0,005 | -0,054 | 0,093 | -0,105
SWISE | -0,034 | -0,027 | -0,010 | 0,002 | 0,022 | 0,037 | 0,036 | 0,013 | -0,015 | -0,025 | -0,034 | -0,026
W/E——6;854——6;6833——6:646——0;0421T—6;08685T—6;0621—6;642 16867+ 1—6;66+16;024 O,?49 0,052
NE/NW| 0,002 | 0,008 | 0,016 | 0,030 | 0,018 | 0,013 | 0,013 | 0,024 | 0,033 | 0,014 O,¢04 0,000
N 0,000 | 0,000 | 0,000 [ 0,011 | 0,021 | 0,031 | 0,042 | 0,012 | 0,000 | 0,000-| O 0

00 | 0,000

E.4 |Ventilated solar walls (Trombe walls)
E.4.1 Heat transfer

E.4.11 General

Figure E.2 — Air flow path in a ventilated solar wall
pllowing applies-to walls designed to collect solar energy, in accordance with Figure E.2, where

he air flow is stopped automatically when the air layer is colder than the heated spacé¢ and during
ummer,;

tha=air flonas rata ic ot A~
FC—armTovw—TotC—To—StteoT

heated space.

nt valiina whan tha -
TvaiaSyg swy Vet aroo

is—warmer than the

The heat transfer coefficient of such a wall is:
H=Hy +AH (E.9)
where

Hy is the heat transfer coefficient of the non-ventilated wall;

AH is an additional heat transfer coefficient to be calculated in accordance with E.4.1.3.
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E.4.1.2 Required data

A

sw

an,sw
Ont,al

area of the ventilated solar wall;

internal thermal resistance of the wall, between the air layer and the internal environment;
external thermal resistance of the wall, between the air layer and the external environment;
thermal resistance of the air layer;

set value of the air flow rate through the ventilated layer;

conyective surface heat transfer coefficient in the air layer;
radiative surface heat transfer coefficient in the air layer;
solaf heat gains of the air layer during the calculation step: Oy, g = Iy Asw

heat|loss of the air layer during the calculation step: Op 5 = Ug Ay, (Gt — Gp) 1

E.4.1.3 CaJculation method

The additiongl heat transfer coefficient of such a wall is calculated by:

2

U
AH = pgcadye,sw —& gy

Ui

where
PaCa is the heat capacity of air per volume;
U,and | U, are the internal and external thermal transmittances:
1 1
Ui=—1—5 and Ug=——
R R

o

is the ratio of the aceUmulated internal-external temperature difference when the ventilation is

its alue over the whole calculation step. It is given in Figure E.3.

This ratio can be calcutated by:

6

= 0,34, #0)03(0,000 374l —1)

(E.10)

(E.11)

bNn, to

E.12)

where 7, is the ratio of the solar heat gains, Oy, to the heat loss of the air layer, Oy 5, during the
calculation step.

K, is afactor defined by:
KSW =1— exp [_Ai
PaCfaqve,sw

106

(E.13)
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where Z is a parameter defined by:

hy L
he (he +2h)  Uij+Ug

1
1 (E.14)

o A

0,4 -
_—

0,3 =

0,2 ~
3 /

0,1 /

/

0

\

0 0,2 0,4 0,6 0,8 1 1,2 1,4 16 | 7y

Figure E.3 — Ratio ¢ of the accumulated internal-external-temperature differencpe
when the ventilation is on, to its value over the'whole calculation step,
as a function of the gain/load ratio_of'the air layer,

E.4.2 Solar heat gains

E.4.21 General

quantifies the positive effect during the heating”season. However, the same procedure shall alsp be used to
calculate the solar gains for the cooling.(summer) mode, taking into account any extra (se@asonal) solar
protection and ventilation provisions, if present.

The following applies to ventilated solar walls;, designed to collect solar energy. The calcul%ion method

E.4.22 Required data

The fpllowing applies to ventilated solar walls.

In adflition to data listed-in E.4.1, the following input data are needed:
¥r frame area fraction;

Fsn shading reduction factor, calculated in accordance with 11.4.3;

y C~absorption coefficient of the surface behind the air layer;

g total solar energy transmittance of the glazing covering the air layer.

E.4.2.3 Calculation method
Solar heat gains are calculated in accordance with 11.2 using an effective collecting area.

a) If the ventilated layer is covered by an opaque external layer:

Upl, U
Agor = Agy 0 Fe (1= Fp) 2|14 =0 p ¢ Tvesw o ) (E.15)
he Uj Agw
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where
U and «,, are calculated in accordance with E.4.1;

o is the ratio of the total solar radiation falling on the element when the air layer is open to the total
solar radiation during the whole calculation step; wis given in Figure E 4. It can be calculated by:

a):1—exp(—2,273|) (E.16)

where y,, is the heat-balance ratio of the air layer during the calculation step.

Up=—— E.17)
R|+ R + R

is the thermal transmittance of the wall.

A
1
o8 —
L
0|6 / /
ol4 -
o2 /
0 {
0 0,2 0,4 0,6 0,8 1 1,2 1,4 Yal

Figure E.4 — Ratio @ of the total solar radiation falling on the element when the air layer
is open to the total solarradiation during the calculation step,
as a function of the heat-balance ratio of the air layer,

b) If the air Jayer is covered by glazing:

2
Ug R 9ve,sw
Asol = 4sw @ Fsh FE gw |UgRe'+ 2 “Paca Kew W (E-18)
U,Ug A
NOTE THis procedure\is-implicit: equations (E.15) and(E.16) should be used in an iterative process to calculgte the

solar heat gains, startingwith y, = 1.

E.5 Ventilated envelope elements

E.5.1 Heat transfer

E.5.1.1 General

Circulating ventilation air within parts of the building envelope (wall, window, roof) decreases the overall heat
losses by heat recovery, although the transmission heat loss is increased in these building envelope elements.
This overall effect can be expressed through an equivalent heat exchanger between exhaust and supply air.
The efficiency of this equivalent heat exchanger can be calculated with the simplified method given in E.5.1.2,
which is applicable under the following conditions:

— the air flow is parallel to the envelope surface (see Figure E.5);
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— the thickness of the air layer is between 15 mm and 100 mm;

circulating through the building passes through the ventilated envelope element;

— the ventilation system meets the requirements in Table E.2;

the envelope. During summer the inlets are closed.

Figure E.5 — Air path in the wall

Table E.2 — Ventilation requirements for the application of the method

Shielding class Requirement
No shielding Meehanical exhaust and supply
Moderate Mechanical exhaust or supply
Heavy shielding No requirement
NOTH This method mainly applies where.supply air is circulated within the building envelope elemen

can also be used, provided that suitable provisions be made to avoid condensation.

E.5.1.2 Calculation method

The ¢fficiency factor of the equivalent air-to-air heat exchanger is:

2
U
[lv = 0 K
UiUe
wherge

the air permeability of the remaining parts of the envelope is low, so that most (about 90 %) of the air

air supply, if natural, is controlled through adjustable or self-controlled inlets located on the internal part of

s. Exhaust air

(E.19)

iand U, are, respectively, the thermal transmittances of the internal and external parts of

the envelope

element containing the air space;

Uy is the thermal transmittance of this envelope element, assuming the air space is not
ventilated;
Kew is the factor defined by Equation (E.13).

This efficiency factor of the equivalent air-to-air heat exchanger is always less than 0,25.
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E.5.2 Solar heat gains

E.5.2.1 General

If the supply air for ventilation is taken through envelope elements, it can be heated on the one hand by the
transmission heat loss through the element (see E.5.1) and on the other hand by solar radiation absorbed
either by the external opaque pane or by the internal surface of the air layer if this layer is covered by glazing.

The calculation method quantifies the positive effect during the heating season. However, the same procedure
shall also be used to calculate the solar gains for the cooling (summer) mode, taking into account any extra
(seasonal) solar protection and ventilation provisions, if present.

E.5.2.2 Relquired data

In addition to data listed in E.5.1, the following input data are necessary:

A area| of the element;

Fg framp area fraction;

Fgp shading reduction factor, calculated in accordance with 11.4.3;

a absqrption coefficient of the surface receiving the solar radiation;

R interpal thermal resistance of the wall, between the air layer ‘@nd the internal environment;
Re extefnal thermal resistance of the wall, between the air layer and the external environment;
R thermal resistance of the air layer;

dvesw air fipw rate through the ventilated layer;

he surface heat transfer coefficient at external surface;

g total[solar energy transmittance of\the glazing covering the air layer;

he conyective surface heat transfer coefficient in the air layer;

h, radigtive surface heattransfer coefficient in the air layer.

E.5.2.3 CaJculation method

The efficiendy of the-equivalent heat exchanger is calculated in accordance with E.5.1. Solar heat gains are
calculated infaceordance with 11.2 using an effective collecting area.

a) If the ventitated tayer IS covered by an opaque external fayer:

U U
Agol = AO‘Fsh(1_FF)h_0 1+_gpa Ca Gvesw sw (E.20)
e Ui A
b) If the air layer is covered by glazing:
Ug R; ve,sw
Ago) = AaFgn (1—=Fg) gw|UoRe + PaCa sw (E.21)
UiUg A
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Annex F
(normative)

Climate-related data

F.1 Common data

Length of time periods:

Pbriod Number Number t Period Number Number t
i of days of hours Ms of days of hours Ms

Janupry 31 744 2,6784 July 31 744 2,678 4
Febryary 28 672 2,419 2 August 31 744 2,678 4
March 31 744 2,678 4 September 30 720 2,592
April 30 720 2,592 October 31 744 2,678 4
May 31 744 2,678 4 November 30 720 2,592
June 30 720 2,592 December 31 744 2,678 4
Heat|ng Days x 24
seasbn See 7.4 Days x 24 % 3.6 x 103
Cooling Days x 24
seasbn See 7.4 Days x 24 X 3.6 403 Year 365 8 760 31,536

F.2 |Climate data

F.2.1 Required data
F.2.1{1 Monthly and seasonal method
For the monthly andéeasonal method the following climate data are needed:

— 1nonthly meah external air temperature, expressed in degrees centigrade;

— mnonthly"mean incident solar radiation for planes at relevant orientations and tilt angles, gxpressed in
;Catts per kelvin.

These data shall be obtained from hourly data in accordance with the procedure given in F.2.2.

Hourly data may also be needed, e.g. to construct tables with national or regional values such as solar
shading factors (see Annex G), etc.

As explained in more detail in 1.5, the accumulated temperature differences (degree days) as given in
ISO 15927-6l71 are not applicable for the monthly or seasonal method. In the degree days method the heat
losses by transmission and ventilation in the heating season are corrected via a reduction in the accumulated
temperature difference, to correct for the fact that internal and solar gains are not taken into account; in this
standard the (utilized) internal and solar gains are explicitly subtracted from the losses.
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F.2.1.2 Simple hourly method and detailed simulation methods

For the simple hourly method and detailed simulation methods, the following data are needed:
At least:

— hourly external air temperature, expressed in degrees centigrade;

— hourly incident solar radiation for planes at relevant orientations and tilt angles, expressed in watts per
square metres kelvin;

— solar hejghtand-azimuth:

— day of tHe week.

and, if relevant:

— local or meteorological wind speed, expressed in metres per second;
— wind dirgction;

— albedo;
— relative humidity of external air.

These data ghall also be obtained in accordance with the procedure given in F.2.2.

F.2.2 Selec¢tion of data and conversion

Hourly data for a representative year shall be selected from'recent hourly weather files in accordance with the
procedures described in ISO 15927-4.

These data domprise at least hourly values of:
— dry-bulblair temperature;
— direct ngrmal solar irradiance and(diffuse solar irradiance on a horizontal surface;

— relative humidity, absolute humidity, water vapour pressure or dewpoint temperature;

— wind sp¢ed at a height.of 10 m above ground.

Additional dgta requiredhare latitude, longitude and altitude of the station and day of the week of first day pf the
year (Januarly 1st).

The calculation-of the solar height and azimuth and the conversion of global solar radiation at a horigontal
plane to inci Tati ' i ' i i ' with
a recognised procedure that takes into account the breakdown into direct and diffuse radiation and all
necessary goniometric conversions.

NOTE 1 For instance the Perez model in which the solar radiation is split into beam, circumsolar, homogeneously
diffuse, near-horizon and ground-reflected radiation and empirical coefficients are used in the conversion for solar
radiation at vertical and tilted planes. See Reference [27].

The choice of weather station may be decided nationally, depending on the purpose of the calculation.

NOTE 2  For instance a standard weather station in the case of calculations for an energy performance certificate or for
checking compliance with a minimum energy performance level in the building regulations.

NOTE 3  Methods of calculation and presentation of climatic data are given in ISO 15927-1[6].
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Annex G
(informative)

Simplified methods and standard input data

Scope

This
gene

The
heat

G.2

G.2.

annex contains simplified methods and standard input data on a number of calculation
ral these can be used in the absence of national values.

brder follows the order of the main part of this International Standard (transmission, ventil
pains, solar heat gains, dynamic properties, etc.)

Simplified methods and data related to heat transfer by’thermal transm

| Thermal bridges

a}

In th
cons

(informative) energy performance certificate. Moreover, (conservative default values for hig
buildings are not suited for poorly insulated buildings.

A si
cons

For i

case of old existing buildings, if no or little informatien_is available on the thermal b
ruction, it might not be appropriate to use conservative.default values if the purpose is {

e

ple method for this purpose may consist of\default values that depend on the mean Uj
ruction and/or the age of the building.

nstance, the U-value of each opaque(construction, expressed in watts per square metres

elements. In

tion, internal

ssion

idges in the
p provide an
nly insulated

value of the

per kelvin, is

(G.1)

5 and ground

account the

panels would

corrected with a surcharge that serves as ja default effect of thermal bridges:
Uop,corr = Uop,mn + AU,
wherg
Uop,mn is the mean TU-value of the opaque part of the construction, excluding framed panel
floor, €xpressed in watts per square metres per kelvin;
AUy, is\the default surcharge on the U-value of opaque constructions, U,,, taking intg
effect of thermal bridges, expressed in watts per square metres per kelvin.
NOTH Windows and framed panels are excluded, because otherwise insulating the windows and/or
highl}, infllence the default value while fhny nnrmnlly have g rnlafi\/ply small effect aon the thermal hridgne; th

is exc

©I1SO

luded because the edge effect of the ground floor is a separate issue.

Table G.1 — Example of default values for the surcharge on the U-value,
to take into account the effect of thermal bridges

e ground floor

Mean U-value of the opaque part of the construction, excluding framed AUy,

panels and ground floor (W/m?K) (W/m2K)
Uop,mn >08 0,0
0,4 < Ugp,mn < 0,8 0,05
Upp,mn < 0,4 0,1
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G.2.2 Noct

G.2.21 Al

urnal insulation

methods

Whether the effect of nocturnal insulation may be taken into account may be decided at national level,
depending on the type of building and application.

G.2.2.2 Seasonal or monthly methods

The fraction of the accumulated temperature difference of the period of the day with shutters closed, fgp, . is,

in the absen

ce of national values. equal to the ratio of the accumulated temperature difference (4 go4 1y —

Oe

over all hourg
the calculatig

Because of
regional diffe

In the absen
sunset until 4

5 with shutters closed and the accumulated temperature difference (6§ get y —
n step (month or season).

6,) over all ho

the climate dependency, values for £, may be defined at national level, if_hecessary
rentiation.

ce of national values it can be assumed that a window has the shutter/(if present) closed
am on all days for which the average day temperature is less than 10 °C;

Different patterns may be chosen for weekdays and weekend days and for different building functions.

G.3 Simplified methods and data related to heat transfer.by ventilation — Free

cooling ar

During the g
volume flow

At national I
parameters,

NOTE In
time interval,
such as the in

Extra flow rate

)d night-time ventilation during cooling mode

ooling mode period, the daily and weekly patterns need to be specified as well as the
ate, as extra input to the calculation method.

such as the external or internal temperature.

the case of simplified hourly or detailed/simulation methods, the use of parameter values from the prg
o avoid the need for iteration, can.lead to serious oscillation problems if no special precautions are
roduction of suitable relaxation-factors.

» dve extra*

The extra ai
relevant sta
use, climate

qve,extra’
affect the len

irs of

with

from

extra

bvel, the use of the extra flow rate may»also be described as controlled by external or infernal

bvious
aken,

low rate due to night-time ventilation, g, exira» May be calculated either in accordance with the

dard as specified)in Annex A, or provided at national level based on the type of buildings, building
nd exposition.

ation,

““““““““ efexira 8 may

gth of the coollng season and may require a repeated calculatlon (see 7. 3)

Patterns may be different for weekdays and weekend days and can depend on the use of the building.

For monthly or seasonal methods: in the case of intermittent cooling where, following 13.2.2, the effect of
intermittency is taken into account by a reduction factor on the energy need for cooling, the time fraction
should ignore days with reduced cooling set-point or switch-off.
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Adjustment for dynamic effects and effectiveness, c¢ ot extrat

Unless more information is available at national level, the value for the adjustment factor is ¢ g off extra = 1-

G.4 Simplified methods and data related to internal heat gains — Input data for
internal heat gains from persons and appliances

Hourly and weekly schedules of heat flow rate for metabolic heat from occupants and dissipated heat from
appliances shall be determined on a national basis, as a function of building use, (optionally) occupancy class

and p

urpose aof the calculation

In thg absence of national values, the values in Table G.7 may be used. Clause G.8 contains.dg

for re

G.5

G.5.

Table

sidential buildings and offices and more global values for a number of building uses.

Simplified methods and data related to solar heat gain

| Total solar energy transmittance for glazing

G.1 provides some indicative values for the total solar energy/transmittance at normal i

assuiming a clean surface and normal, untainted and non-scattering‘glazing.

The

GI5-A

Curts
trans

alues shall be multiplied with the correction factor giveniin)11.4.2.

Table G.2 — Typical values of total solar energy transmittance
at normal incidence for;common types of glazing

Glazing type &n
Single glazing 0,85
Double glazing 0,75
Double glazing with selective low-emissivity coating 0,67
Triple(glazing 0,7
Triple glazing with two selective low-emissivity coatings 0,5
Double window 0,75

P Effect.of(permanent curtains

Mmission of solar radiation. Some reduction factors are given in Table G.2. These factors are

+al Sz

tailed values

ncidence, g,

ins¢placed “permanently” (e.g. not movable) inside or outside the windows reduce¢ the global

multiplied by

the t

lar-anarcnr—tranaritian £+ al $ higin th fantar of th Alazinawwith-—oaros
Wl ouUIdl TTITTY Yy Udiioitimnuarive Ul uaic yliacitty tu vutainrt uic 5 IACiuUl UT Ui1C yla4iirty Wit Poriti

In this context “permanently” usually means “also in operation during daytime”.

©I1SO
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Table G.3 — Reduction factors for some types of curtain
Curtain type Optical properties of curtain Reduction factor with
absorption transmission curtain inside curtain outside
0,05 0,25 0,10
White venetian blinds 0,1 0,1 0,30 0,15
0,3 0,45 0,35
0,5 0,65 0,55
White curtains 0,1 0,7 0,80 0,75
0,9 0,95 0,95
0,1 0,42 Q)17
Coloured texfjles 0,3 0,3 0,57 0,37
0,5 0,77 0,57
Aluminium-cdated textiles 0,2 0,05 0,20 0,08

For the heati
factor.

G.5.3 Movable solar shading reduction factors

G.5.3.1
Unless othef
intensity of t
hourly value

NOTE TH
differentiate b

no contrg

manual o

blind autq

General

wise specified at national level, the solar shading shall be taken as being switched on
he solar radiation on the surface at the given“hour exceeds 300 W/m2 and switched off
s below this value.

e time during which the solar shading is ©pen and closed is climate dependent. National procedure
btween types of solar control, such as

| (not relevant here; is included in-g=value of window),

peration,

motorized operation,

matic control.

nthly method

and on the

fraction of the time during which the solar shading is in use or not in use depends on the cl

ng mode, movable curtains and movable solar protections are takenZinto account in the utiliz

ation

f the
if the

5 may

orientations and tilt angles of the window. The resulting table can contain values per month or one average
value for the heating or cooling season to be used for each month. An example is given in Table G.3. The
values have been derived as the sum of the hourly values of the intensity of incident solar radiation for all
hours in the month with intensity higher than 300 W/m2, divided by the sum of the hourly values of the
intensity of incident solar radiation for all hours in the months; or: fyih = Iso1>300w/lsor Where Igq is the

monthly mea

116

n solar radiation intensity.
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Table G.4 — Example of table for the movable shading reduction factor, /i,

Month Paris (France) Rome (ltaly) Stockholm (Sweden)
N E S w N E S w N E S w
1 0,00 0,15 0,58 0,09 0,00 0,52 0,81 0,39 0,00 0,10 0,71 0,00
2 0,00 0,19 0,52 0,13 0,00 0,48 0,82 0,55 0,00 0,42 0,76 0,18
3 0,00 0,53 0,76 0,44 0,00 0,66 0,81 0,63 0,00 0,56 0,77 0,47
4 0,00 0,32 0,50 0,26 0,00 0,71 0,74 0,62 0,00 0,74 0,80 0,59
5 0.00 0,31 0,44 0,27 0.00 0,71 0,62 064 0.02 0,70 Q.71 0,59
¢ 0,00 0,42 0,47 0,38 0,00 0,75 0,56 0,68 0,05 0,69 0|66 0,56
1 0,00 0,51 0,59 0,40 0,00 0,74 0,62 0,73 0,03 0,67 0|65 0,53
g 0,00 0,37 0,54 0,31 0,00 0,75 0,76 0,72 0,00 0,61 0|70 0,54
g 0,00 0,28 0,52 0,20 0,00 0,73 0,82 0,67 0,00 0,58 0|70 0,44
1P 0,00 0,13 0,53 0,16 0,00 0,72 0,86 0,60 0,00 0,47 0|74 0,24
1l 0,00 0,08 0,47 0,09 0,00 0,62 0,84 0,30 0,00 0,19 0|62 0,00
1P 0,00 0,07 0,46 0,08 0,00 0,50 0,86 0,42 0,00 0,00 0|59 0,00
Anrjual 0,00 0,36 0,55 0,30 0,00 0,69 0,77 0,63 0,02 0,62 0f71 0,50
In thg¢ case of intermittent heating or cooling where, following 13.2.2, the effect of intermittency|is taken into
account by a reduction factor on the energy need for<heating or cooling, the weighted fractign should be

calculated assuming continuous heating or cooling, thus disregarding days with reduced heatipg or cooling
set-ppint or switch-off.

For the heating mode, the gain utilization factor may have been based on calculation cases
extreme solar load during the heating season is already avoided, by assuming the use of an €
shading provision that is in operation if 7.y "is higher than 500 W/m?2 (see [13] and [23]). Conseq
the values of Table G.3 leads to conservative results.

G.5.4 Shading correction factors for external obstacles

G.5.4.1 Principle

The ghading correction factor for external obstacles can be calculated from:

e

wherg

‘sh = Fhofov Fin

hor

FOV

Fyg, is the partial shading correction factor for fins.

© 1SO 2008 — All rights reserved

isthepartiat shadingcomrection factor for thetorizorm;

is the partial shading correction factor for overhangs;

in which an
ffective solar
uently, using

(G.2)
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G.5.4.2 Shading from horizon

G.5.4.21 General

The effect of shading from the horizon (e.g. the ground, trees and other buildings) depends on horizon angle,
latitude, orientation, local climate and heating season. Shading correction factors for typical average Northern
hemisphere climates and a heating season from October to April are given in Table G.5, for three latitudes
and four window orientations. Interpolation can be used for other latitudes and orientations. The horizon angle
is an average over the horizon facing the fagade considered.

Figure G.1 — Horizon:angle, «
G.5.4.2.2 Hourly calculation method

It is assumed that the horizon mask modifies only.the direct solar radiation. This is consistent with the ggneral
assumption, fee 11.4.4.

Fyor 18 calculpted by the following:
if Sp < 2fFhor = (1 — Rgir/Riot) (G.3)
otherwise Fp}, =1
where
S, is the solarheight;

Rgir is fhe’direct solar radiation on the fagade;

Ryt s the total radiation on the fagade.
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G.5.4.2.3 Monthly or seasonal method

Table G.5 — Partial shading correction factor for horizon, F,,

45° N lat. 55° N lat. 65° N lat.
Horizon angle
S E/W N S E/W N S E/W N
0° 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
10° 0,97 0,95 1,00 0,94 0,92 0,99 0,86 0,89 0,97
20° 0,85 0,82 0,98 0,68 0,75 0,95 0,58 0,68 0,93
30° 0,62 0,70 0,94 0,49 0,62 0,92 0,41 0,54 0,89
40° 0,46 0,61 0,90 0,40 0,56 0,89 0,29 0(49 0,85

The yalues in Table G.5 are only valid for the heating season and given location.
G.5.4.3 Shading from overhang and fins

G.5.4.3.1 General

The ghading from overhangs and fins depends on overhang or fin-angle, latitude, orientation and Jocal climate.
Seaspnal shading correction factors for typical climates are given in Tables G.6 and G.7.

o
R
|—|—|\—|__|
a) Vertical section b) Horizontal section

Key

a  qverhang angle
S finangle

Figure G.2 — Overhang and fin

G.5.4.3.2 Hourly methods
It is assumed that the shading affects direct and diffuse radiation but not reflected radiation.

For overhangs, the partial reduction coefficients for direct radiation, F, 4, and for diffuse radiation, F, 4, are
calculated by:

Fo

v.dir = max{0; 1 — [0,5 tan(a)/tan (90 — Sp)I} (G.4)

Fo

v,dif = 1= (a/90) (G.5)
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The coefficient F,, is calculated by:
Fou = (Fou,dir Rair + Fov,dif Raif +1 = Riot) Riot

where Ry is the ratio of the diffuse radiation for the given orientation.

G.5.4.3.3 Monthly and seasonal methods

Table G.6 — Partial shading correction factor for overhang, 7,

(G.6)

Overh g 45° N lat 55° N lat 65° N lat
angl s EW N s E/W N s E/W N
0° 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
30° 0,90 0,89 0,91 0,93 0,91 0,91 0,95 0,92 0,90
45° 0,74 0,76 0,80 0,80 0,79 0,80 0,85 0,81 0,80
60° 0,50 0,58 0,66 0,60 0,61 0,65 0,66 0,65 0,66
Table G.7 — Partial shading correction factor forfins, /7y,
Fin angle 45° N lat. 55° N lat. 65° N lat.
S E/W N S E/W N S E/W N
0° 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
30° 0,94 0,92 1,00 0,94 0,91 0,99 0,94 0,90 0,98
45° 0,84 0,84 1,00 0,86 0,83 0,99 0,85 0,82 0,98
60° 0,72 0,75 1,00 0,74 0,75 0,99 0,73 0,73 0,98

The values of Table G.6 are valid for fins on oneside.

For south-faging windows, for the given latitudes, with fins on both sides, the two shading correction fa

shall be mult|plied.

For east- and west-facing windows/the shading correction factor is valid for fins at the south end of the wi

Fins at the north end of the window, for the given latitudes, do not lead to a shading correction factor.

The values i Tables G.6;ahd G.7 are only valid for the heating season and given location.

G.6 Simplified methods and data related to indoor conditions (internal temperatu

ctors

nhdow.

[e

set-points)

G.6.1 Explanation of intermittency correction for seasonal and monthly methods

G.6.1.1 General

The correction for intermittency for the monthly method for heating and cooling as given in 13.2.2 is based on

the following.
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G.6.1.1.1 Heating mode

In a simple but robust way, the correction factor takes into account that the impact of the intermittency on the
energy need for heating is a function of the length of the intermittency period (hours per week), the amount of
heat gains compared to the amount of heat transfer (heat-balance ratio) and the building inertia. See Figure 8.

G.6.1.1.2 Cooling mode

Due to the diurnal pattern of the weather, and the effect of the building thermal inertia, an evening/night
thermostat set-back or switch-off has, in general, a much smaller effect on the energy need for cooling than a
thermostat set-back or switch-off has on the heating energy need. This implies that a thermostat set-back or
switcE-orr during evening/night will result in only a small or no decrease in energy need for_cooling, except

during very warm months or in the case of high internal heat gains, in combination with small| heat losses.
Thergfore, the time fraction for intermittency in the cooling mode is based on the number. of dqys per week
with ¢ooling instead of number of hours per week as for the heating mode. See Figure 9-

G.6.1.1.3 Operation schedules

Becapse in this procedure the effect of intermittency is taken into account by a-reduction factor dn the energy
need| for cooling, the time fraction of hours of operation of, for example, ‘solar shading and fr¢e cooling or
nightitime ventilation shall be calculated assuming continuous heatingCand cooling, thus disregarding days
with teduced heating or cooling set-point or switch-off.

G.6.2 Typical values and patterns for internal temperature set-points

Examples of set-point temperatures and intermittency patterns for different building types, to b¢ used in the
absefce of national values are given in Table G.11 (see €lause G.8).

same as set-
hould not be

Meas
point
impli
meth
adjus

ured values shall be used with care, because the measured internal temperature is not the
due to effects such as overheating, intermittency, inertia, imperfect control. These effects g
itly taken into account in the set-point,because they are explicitly taken into account in the calculation
bd (e.g. monthly or seasonal method: overheating in utilization factor; intermittency:| in set-point
tment and/or correction factor; simple hourly and detailed simulation methods: in the set-point schedule).

G.7 [Internal heat capacity

For the monthly and seasonal method, one could argue that the internal heat capacity should include the
effect of the surface resistance. Such a correction, based on ISO 13786:2007, Clause A.3, would apply to
each(value of K resulfing in a K'; value and hence in an overall C',, value that is significantly lower than C,.
By rough appfoximation, the correction for the surface resistance is C',, = 0,75 C,,, which |is based on
calculations'showing that the corrected heat capacity can be as low as 50 % of the uncorrected value.
HowgVer; the operative internal temperature is, by approximation, equal to the arithmetic mean of air and
suﬁa,Wu : y ion | .

In addition to this, a large portion of the solar radiation entering the building zone will impinge on the internal
surface of floor and walls directly, as does part of the internal heat gains.

Moreover, the parameters of the gain utilization curves have been determined on the basis of a definition of
the internal heat capacity that is close to the definition given in ISO 13786 without surface resistance.
NOTE A rough approximation of the internal heat capacity is sufficient for the purposes of this International Standard.

Consequently, the procedures ignore a correction for the surface resistance. The values may also be
determined at national level.
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G.8 Occupancy data

Typical occupancy-related data for residential buildings are given in Table G.8. Typical occupancy-related
data for offices are given in Table G.9.

Typical internal heat flow rates as a function of occupancy and building type are given in Tables G.10

and G.11.
Table G.12 gives various types of conventional input data related to occupancy for different types of building
use.
NOTE THe presence of occupants, both for standard occupancy and for actual occupancy conditfons, can be Shorter
than the hourq of operation of the technical building systems.
Tablg G.8 — Heat flow rate from occupants and appliances; default values in the absence
of national values; detailed values for residential buildings
Residential buildings
- . Other conditioned aregs
Living room plus kitchen
Dayp Hours (e.g. bedrooms)
(@int,Oc + czjint,A)/Af (djint,Oc + czjint,A)/Af
W/m?2 W/m?2
07.00 to 17.00 8,0 1,0
17.00 to 23.00 20,0 1,0
Monday tq Friday
23.00 to 07.00 20 6,0
Average 9.0 2,67
07.00 to 17.00 8,0 2,0
17.00 to 23.00 20,0 4,0
Saturday an¢l Sunday
23.00 to 07.00 2,0 6,0
Average 9,0 3,83
Average 9,0 3,0

122
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Table G.9 — Heat flow rate from occupants and appliances; default values in the absence
of national values; detailed values for offices

Offices
Office spaces (60 % of Other rooms, lobbies, corridors
Days Hours conditioned floor area) (40 % of conditioned floor area)
(d)int,Oc + Q)int,A)/Af (d)int,Oc + Q)int,A)/Af
W/m? W/m?
07.00to 17.00 20,0 8,0
7001023700 270 10
Monday to Friday
23.00 to 07.00 2,0 1,0
Average 9,50 3,92
07.00to 17.00 2,0 1,0
17.00 to 23.00 2,0 1,0
Satlirday and Sunday
23.00 to 07.00 2,0 1,0
Average 2,0 1,0
Average 7,4 3,1
(djint,c ot dﬁnt’A) is the heat flow rate from persons and appliances, expressed in{watts.
Ag is the conditioned floor area, defined in 6.4, expressed in square metres.

[able G.10 — Heat flow rate from occupants; default values in the absence of national|values;
global values as a function of‘occupation density, non-residential

Conditioned floor D 4
Class of occupation density area per person Simultaneity int,Oc™f
m2 W/m?2
| 1,0 0,15 15
I 2,5 0,25 10
Il 5,5 0,27 5
) 14 0,42 3
\Y 20 0,40 2
diim’oC is'thé heat flow rate from persons, expressed in watts.
Ag is'the conditioned floor area, defined in 6.4, expressed in square metres.
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Table G.11 — Heat flow rate from appliances; default values in the absence of national values;
global values as a function of building use, non-residential

Heat production Fraction of | Average heat
appliances during | time present | flow rate from
Building use operation time appliances
D,y A4 Japp Dy A4
W/m?2 W/m2
Office 15 0,20 3
Education 5 0,15 1
Hedlth care, clinical 8 0,50 4
Hedlth care, not clinical 15 0,20 3
Catering 10 0,25 3
Shqgp 10 0,25 3
Asspmbly 5 0,20 1
Accpmmodation 4 0,50 2
Cell and penitentiary 4 0,50 2
Sparts 4 0,25 1
@inu is the heat flow rate from appliances, expressed in watts.
Ag is the conditioned floor area, defined in 6.4, expressed in square métres.

detailed| simulation methods the thermal radiative and, convective portions are each 50 %, unless

rwise stated.
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Table G.12 — Example of conventional input data related to occupancy

Building type a b c d e f g h i) Other types
%)
) o
8 2 » g
S 2 < =] o Unit
o £ c
- 219 S o | @ £
Building = | 28 5 | 8| |2 |, |E
category Tl 2 Q 2ls|5|=|23|g|E&
© 5 5| © © o | ® < © 3 %
Input data o |E|2| 5[ 8|3 |lalelf |5 |25
| g | 2| 5| @ | @ Tl o] o =] 5 o
£ E o Q o
| 2|6|8|2| |E|&|2 |8 |2 |&
wiﬁre’l'ra' set-point temperature in | 54 | 50 | 20 | 20 | 22 | 20 |20 | 18 | 20 | 18 | 18 /28 °C
Intenl\al set-point temperature in % 1261261261 26| 26 | 26126 26 | 96851 26 | 28 °C
summer
Area|per person (occupancy) 60 |40 |20 (10|30 | 5 |10 |20 | /5 20 (100 | 20 m2/person
Avergage heat flow per person 70 |70 |1 80| 70 | 80 [ 100 | 90 | 1004, 80 | 100 [ 100 | 60 W/person
gﬂreefbo"c gain per conditioned floor | 4 5 | 48140 (7,027 |200|9015,0|160]50 10|30 wm?
Presgnce time per day 121121 6 4 | 16 3 4 6 3 6 6 4 h
(monthly average)
Annal electricity use per 20 [30 |20 |10 | 302 30 {30 |10 | 20| 20| 6 |60 | Kkwhm?
cond|tioned floor area @
Part b electricity use within 07]07(09|09]07]07|08|09|08|09]|09]07 —
cond|tioned part of building
A|rfIon rate with external air per 071074070710 12 (0707|1007 ]03]|07 m3/(h-m2)
condltioned floor area 2
ng"r‘:rate with external airper | 4o°l.og | 14 | 7 |30 | 6 | 7 | 14| 5 | 14 | 30 | 14 |3(h-person)
Heatlng need for hot water per 10|20 | 10|10 |30 |60 |10|80| 10 | 10 |14 80 || kwhm?
condltioned floor area 2
a8 These figures refer to the gross conditioned area, calculated with external building dimensions. This area includeg all conditioned
spacq contained within the theérmal insulation layer. For example, an internal unheated (but indirectly heated) staircase if included, but a
cellarlis not.
EN 15316-3-1:2007, Annex A, provides information on the used volume of hot water in varipus types of
building.
The qverage internal heat gains, 0., can be normalized to conditioned floor area. It can be calculated from:
9
Ot = 4¢| =+ fedE (G.7)
4p
where
A4; is the conditioned floor area used for the calculations;
Ap is the conditioned floor area per person (occupancy);
Op is the average heat gain per person;
gg is the electricity use per reference floor area;
125
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NOTE This quantity ¢ serves to compute internal heat gains. It is the electricity not already taken into account for
heating, cooling or hot water.

Jfg s the fraction of the total electricity used within the building, i.e. the part of the electricity used that is
transformed into heat within the conditioned space. This factor equals 1 if there are no electrical
appliances outside the conditioned space.
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Calculation
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H.2.2 Discussion

Some of the
aspects may

versus “afforflable”. For those aspects, a balance needs to be found, depending on the application.

Transparencly, robustness and reproducibility are very important qualities when calculating the e

performance
energy perfo

The transpargncy, robustness/and reproducibility are of interest from different perspectives:

— for pers(
protects

without Tiscussion;

‘mance requirements_for new buildings and major renovations.

Affordable
and
efficient

Enforceable

Credible,
accurate

Open to
innovative
technologies

Transparent
(externally)

Legally secure
(internat.)

Consensus
(national/
regional)

Transparent
(internally)

Unambiguous,
reproducible

Figure H.1 — lllustration of various quality aspects for calculation procedures
used in the context of building regulations

quality aspects go hand in hande; g “unambiguous”, “transparent” and “robust”. Other q
be more or less contradictory, e.g-” “unambiguous” versus “flexible”, “accurate” and “distin

in the context of building regulations, in particular when judging compliance with the min

uality

inctive”

hergy
mum

ns applying the method, because it enables them to understand the method (fast learning ciirve),

themagainst wrong use and provides the insurance that the calculation result will be acc

bpted

— for persons judging calculation results for legal issues, e.g. civil servants judging building permit requests,
for whom avoiding ambiguities and disputes is also a major concern;

— for persons involved in further development and/or evaluation of the method and providers of the input

data, for

whom keeping track of the procedures is essential.

Reproducibility may be most important for energy performance requirements (new buildings and major
renovations), because, in the case of strict requirements economic, pressure is high on those who are to find
and apply the method that gives the best energy performance value for the lowest investment in energy
technologies. This can lead to comparisons between different alternative calculation methods in order to find
the best energy performance value (“shopping behaviour”), instead of comparing alternative energy-efficient
technologies.
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As long as the most accurate calculation gives the best value and the less detailed ones give slightly worse
values the problem is less acute, but still not efficient: the better value is only better on paper and does not

lead to energy saving.

H.2.3 Simplicity: simple method or just simple input?

In the discussion on the quality aspects, there is a tendency to focus on simple input rather than simple
methods. These two issues should, however, be clearly distinguished:

simplified input should be unambiguous (when selecting and when judging), distinctive (in energy

performance), measurable, verifiable and maintainable (to guarantee performance over many years);

q
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able: all interested parties can check the input and applied method. All input data should be
Cation at appropriate time.
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Distinctive: A relevant improvement in design or technical provision should have a visible effect on the
calculated EP.

Transparent (internal): The persons responsible for the methodology should be able to keep track of each step
in the calculation procedure. This is achieved if the method is clearly described as a set of equations and
parameters, limited in size and complexity, with clear rules on when and how these are to be applied. The
term transparency can be interpreted as “containing no parameter values with unknown background”. Internal
transparency is linked to the quality aspect “robust”.
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