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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms

expression
World Trad
URL: www

s drawn to the possibility that some of the elements of this document may.be the subjeq
ts. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

s related to conformity assessment, as well as inforimation about ISO’s adherence to
e Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
Liso.org/iso/foreword.html.

ISO 52022-
CEN/TC 8
Technical

Subcommi
between I§

Alist of pa

3 was prepared by the European Committegifor Standardization (CEN) Technical Commi
D, Thermal performance of buildings and-building components, in collaboration with
Committee ISO/TC 163, Thermal perfermance and energy use in the built environm

tee SC 2, Calculation methods, in accordance with the agreement on technical cooperat

0 and CEN (Vienna Agreement),

ts in the ISO 52022 series can be found on the ISO website.

are
the
the

t of
s of
| /or

not

And
the
fing

[tee
ISO
ent,
ion

—

© ISO 2017 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=e2fbacc68c6823449e2fa492e002795a

IS0 52022-3:2017(E)

Introduction

This document is part of a series aimed at the international harmonization of the methodology for
assessing the energy performance of buildings. Throughout, this series is referred to as a “set of EPB
standards”.

All EPB standards follow specific rules to ensure overall consistency, unambiguity and transparency.

All EPB standards provide a certain flexibility with regard to the methods, the required input data and
references to other EPB standards, by the introduction of a normative template in Annex A and Annex B

wit

For
Infq

Thd

Use
req

1 INnIormative derault cnolces.

the correct use of this document, a normative template is given in Annex A to specify; the
rmative default choices are provided in Annex B.

main target groups for this document are architects, engineers and regulators.

by or for regulators: In case this document is used in the context ¢f mational or reg
lirements, mandatory choices may be given at national or regional level for su

appllications. These choices (either the informative default choices fromyAnnex B or choices

nat
as 1]

NOT

Top|
top
can
are
and
cho
pos

It i
foll

onal/regional needs, but in any case following the template of this Annex A) can be mad
ational annex or as separate (e.g. legal) document (national data’sheet).

E1 Sointhis case:

the regulators will specify the choices;

the individual user will apply the document to assess(the energy performance of a building, and
the choices made by the regulators.

ics addressed in this document can be subject to public regulation. Public regulation o
cs can override the default values in Anfiex B of this document. Public regulation on the {
even, for certain applications, override the use of this document. Legal requirements 2
in general not published in standards but in legal documents. In order to avoid double p,
difficult updating of double doctuments, a national annex may refer to the legal texts whe
ces have been made by public authorities. Different national annexes or national data
Kible, for different applicatigns.

expected, if the default values, choices and references to other EPB standards in Anne
pwed due to nationahregulations, policy or traditions, that:

national or regionhal authorities prepare data sheets containing the choices and national
values, according to the model in Annex A. In this case a national annex (e.g. NA) is recc
containinga reference to these data sheets;

or, bjpdefault, the national standards body will consider the possibility to add or includg

annex in agreement with the template of Annex A, in accordance to the legal documenf{

wnabional o peagional yoaliac and S ionc

se choices.

ional legal
Ch specific
adapted to
e available

thereby use
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Further target groups are parties wanting to motivate their assumptions by classifying the building
energy performance for a dedicated building stock.

More information is provided in the Technical Report accompanying this document (ISO/TR 52022-2).

The framework for overall EPB includes:

a)
b)

c)

©IS

common terms, definitions and symbols;
building and assessment boundaries;

building partitioning into space categories;
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d) methodology for calculating the EPB (formulae on energy used, delivered, produced and/or
exported at the building site and nearby);
e) a set of overall formulae and input-output relations, linking the various elements relevant for the
assessment of the overall EPB;
f) general requirements for EPB dealing with partial calculations;
g) rules for the combination of different spaces into zones;
h) performance indicators;
i) methofdology for measured energy performance assessment.
Table 1 shgws the relative position of this document within the set of EPB standards in the context of
the modulgr structure as set out in ISO 52000-1.
NOTE 2 In ISO/TR 52000-2 the same table can be found, with, for each module, the numbets of the releyant
EPB standards and accompanying technical reports that are published or in preparation.
NOTE3  The modules represent EPB standards, although one EPB standard could cover more than one moflule
and one modglule could be covered by more than one EPB standard, for instance, a simplified and a detailed method
respectively. See also Tables A.1 and B.1.
Table 1 4+ Position of this document (in casu M2-8) within the-modular structure of the set|of
EPB standards
Overarchin Building Technical Building Systems
g (as such) g5y
Building
Sub- Degcrip- Descrip- Descrip- |Heat-|Cool- V'en- Humid- D.eh'u'- Domestic |, . . .. automa- l?V,
. . R X tila- | ... . midifi- Lighting | . Wwind,
module tions tions tions ing | ing . ification . hot water tion and
tion cation
control
sub1 M1 M2 M3 VM4 | M5 M6 M7 M8 M9 M10 M11
1 General General General
Comrpon
term¢ and
2 defin|tions; Building en- Needs a
symbjols, ergy needs
unitsfand
subsdripts
(Free)
indoor Maximum
3 Applifations conditiens. load and
witheuit power
SyStems
Ways|to ex- Ways to Ways to ex-
4 express
presslenergy. press energy
energy per-
performance £ performance
ormance
Building: Heat
5 categories transfer by Emission and
and building transmis- control
boundaries sion
Building oc- Heat trans-
6 cupancy and fer by infil- Distribution
operating tration and and control
conditions ventilation
Aggregation
7 ofen.ergy Internal Storage and
services h .
eat gains control
and energy
carriers
a The shaded modules are not applicable.

vi
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Table 1 (continued)
Overarching Building Technical Building Systems
(as such)
Building
Sub- Descrip- Descrip- Descrip- |Heat-|Cool- ‘t,:;: Humid- nl:f;lllfll— Domestic Lightin automa- wl:X:i
module tions tions tions ing | ing tion ification cation hot water | '8 8| tionand ’
control
sub1 M1 M2 M3 | M4 | M5 M6 M7 M8 M9 M10 M11
1SO
8 Building Solar heat |520 |Generation
zoning gains 22 and control
Building Load dis- N
Calculated ; . Q
q dynamics patching and
energy per- h 1 i ’(1/
formance (therma operating .
mass) conditions Sb
Measured Measured Measured
1 energy per- energy per- energy per-
formance formance formance
1 Inspection Inspection Inspection
"
Ways to ex- &\
1 press indoor BMS D
comfort Q
D\
External QV
1 environment \
conditions \‘
pa Q’s‘\\‘r
conomic
| calculation QQ 4
a The shaded modules are not applicable.
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Energy performance of buildings — Thermal, solar
and daylight properties of building components and
elements —

Part 3:

D etaited caiculation method of the solaramnd daylight

aracteristics for solar protection devices combined
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honLogenous materials by equivalent solar optical characteristics, which may depend on the :

th glazing

Scope

5 document specifies a detailed method, based on spectral data of the transmittance and

he constituent materials (solar protection devices and the glazing), to determine the
gy transmittance, the total light transmittance and other relevant solar-optical d
bination. If spectral data are not available, the methodology)can be adapted to use integ

method is valid for all types of solar protection devices parallel to the glazing such

ptian blinds, or roller blinds. The blind may be located internally, externally, or enclose
panes of the glazing. Ventilation of the blind is allewed for in each of these positions in d
solar energy absorbed by the glazing or blind gomponents, for vertical orientation of the

blind component materials may be transparent, translucent or opaque, combined w

ation.

method is based on a normal (incidence of radiation and does not take into account
endence of transmittance orreflectance of the materials. Diffuse irradiation or radiati
olar protection devices is<treated as if it were direct. Louvres or venetian blinds are

ence radiation. The-eurrent method is limited to vertical installation +15°. For situati
scope of this document; ISO 15099 covers a wider range of situations.

document alSo~gives certain normalized situations, additional assumptions and

E Table 1 in the Introduction shows the relative position of this document within the
dards+inthe context of the modular structure as set out in ISO 52000-1.

reflectance
total solar
ata of the
fated data.

s louvres,
d between
ptermining
glazing.

ith glazing

ponents with known solar transmittance and reflectance and with known emissivity flor thermal

hn angular
n diffused
treated as
ingle of the
ns outside

necessary

set of EPB

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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.

ISO

7345, Thermal insulation — Physical quantities and definitions

ISO 9288, Thermal insulation — Heat transfer by radiation — Physical quantities and definitions

ISO

9488, Solar energy — Vocabulary

IS0 9050, Glass in building — Determination of light transmittance, solar direct transmittance, total solar
energy transmittance, ultraviolet transmittance and related glazing factors

©IS
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ISO 10292, Glass in building — Calculation of steady-state U values (thermal transmittance) of multiple

glazing

ISO 52000-1:2017, Energy performance of buildings — Overarching EPB assessment — Part 1: General

framework and procedures
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 14500, Blinds and shutters — Thermal and visual comfort — Test and calculation methods

NOTE i)efault references to EPB standards other than ISO 52000-1 are identified by the EPB module
number and given in Annex A (normative template in Table A.1) and Annex B (informative default-cheid
Table B.1).

EXAMPLE EPB module code number: M5-5, or M5-5.1 (if module M5-5 is subdivided)) or M5-5/
reference td a specific clause of the standard covering M5-5).
3 Termis and definitions

For the pufposes of this document, the terms and definitions given in 1SO.7345, ISO 9288, ISO 91
[SO 5200041 and the following apply.

ISO and IE€ maintain terminological databases for use in standardization at the following addresse

— IEC Elgctropedia: available at http://www.electropedia.org/

— ISO Onlline browsing platform: available at http://www.iso.org/obp

31
solar radiation and light

ode
e in

| (if

188,

122}

radiation ih the whole solar spectrum or any part-of it, comprising ultra-violet, visible and near inffra-

red radiatipn in the wavelength range of 0,3 pm;to 2,5 pm
Note 1 to enftry: Sometimes called shortwaveradiation, see ISO 9488.

3.2
thermal radiation

radiation gmitted by any surface at or near ambient temperature in the far infrared in the waveler
range of 3 hm to 100 pm

Note 1 to e:]:ry: The definition deviates from ISO 9288.

gth

Note 2 to enftry: Sometimes called longwave radiation, see ISO 9488.

3.3

total solai energy transmittance

total transwitted-fraction-oftheincidentse diatien-consistingofdire rsHtted-se adhia

and the part of the absorbed solar radiation transferred by convection and thermal radiation to
internal environment

3.4
light transmittance
transmitted fraction of the incident solar radiation in the visible part of the solar spectrum

Note 1 to entry: See also EN 410 and ISO 9050.

3.5
normalized radiant flow rate
radiant flow rate divided by the incident radiant flow rate

tion
the

2 © IS0 2017 - All rights reserved
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3.6

EPB standard

standard that complies with the requirements given in ISO 52000-1, CEN/TS 16628[2] and
CEN/TS 1662931

Note 1 to entry: These three basic EPB documents were developed under a mandate given to CEN by the European
Commission and the European Free Trade Association (Mandate M/480), and support essential requirements of
EU Directive 2010/31/EU on the energy performance of buildings (EPBD). Several EPB standards and related
documents are developed or revised under the same mandate.

[SOURCE: ISO 52000-1:2017, definition 3.5.14]

4 |Symbols and subscripts

4.1 Symbols

For|fthe purposes of this document, the symbols given in ISO 52000-1 and thé)following apply.

Symbol Name of quantity Unif
Es incident solar radiation flow rate, solar irradiation W/nj?
1 normalized radiant flow rate —
H height of a ventilated space m
T thermodynamic temperature K
U thermal transmittance W/(m7K)
A pressure loss factor —
g total solar energy transmittance (solar factor) —
h heat transfer coefficient or thermal.conductance of gas space W/(m7K)
q density of heat flow rate W/n)?
s width of a space m
z vertical coordinate m
£ thermal emissivity —
a absorptance —
Qe solar direct absorptance —
A thermal conductivity W/(m|K)
A wavelength um
reflectdnce of the side facing the incident radiation —
p reflectance of the side facing away from the incident radiation —
Pe solar direct reflectance —
Py light reflectance —
& StefarBotzrannconstant 567108 W/(m?-K4)
Te solar direct transmittance —
Ty light transmittance —

4.2 Subscripts

For the purposes of this document, the subscripts given in ISO 52000-1 and the following apply.

Subscript Definition
a absorbed
c conductive/convective
d diffuse

© IS0 2017 - All rights reserved 3
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5 Description of the method

5.1 OutT

The possib

Subscript Definition

e external environment
g gas
i internal environment

J k integer, number of layer or space
r radiant

tot total

th thermal radiation
\ ventilated
B blind
D direct

ut of the method

e outputs of this document are the following:

— the tofjal solar energy transmittance for a glazing in combinatienywith an external or interngl or
integrated solar protection device, got;

— the total solar direct transmittance for a glazing in combination with an external or internal or

integrated protection device, Te tot;

— the totial light transmittance for a glazing in combination with an external or internal or integrated
solar grotection device, Ty tot-

5.2 General description

In general,|the total solar energy transmittance, the total solar direct transmittance and the total ljght
transmittalnce is calculated as a function ‘of the thermal resistance and spectral “optical” properjties
(transmittance, reflectance) of the individual layers.

Throughou

regional references in line with-ISO Global Relevance Policy.

6 Calculation method

6.1 Out
The mainI

t this document, where.indicated in the text, Table C.1 shall be used to identify alternafive

wtput of this document are the total solar energy transmittance, the total solar difect

transmittance and the total light transmittance for a glazing in combination with a solar protect
device (see Table 2).

—n

on
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Table 2 — OQutput data

Description Symbol Unit Destination module .Vahdlty Varying
interval

Total solar energy

transmittance Jtot — M2-2, M2-3, M2-4 Oto1l NO

Total solar direct

transmittance Te tot — M2-2, M2-3, M2-4 Oto1l NO

Total light transmit- Totot o M2-2, M2-3, M2-4 0to1 NO

tance i

6.2| Calculation time intervals

Theg input, the method and the output data are for steady state conditions and therefore, there are no

timp intervals.

6.3| Inputdata

6.3]1 Solid layers

Thd
cha

For
mat
Hov
on §

NOT
mor
med

The

glass panes and the solar protection devices are considered as solid layers. Th
racteristics are as follows:

for solar radiation and light: the spectral transmittance-and the spectral reflectances of]
for thermal radiation: the transmittance and the-émissivities of both sides.

the determination of the characteristics of the'glazing, see the procedures recommended
erials in EN 410 or ISO 9050; for solar shading devices, procedures given in EN 1450
vever, for louvres or venetian blinds, Aanex D gives a method to calculate equivalent v4
imilarly determined material properties.

E
e information on the determination of the characteristics, see CIE 130-1998 “Practical Meth
surement of reflectance and transmittance”.

individual layers are characterized by the quantities according to Table 3.

Table 3 — Identifiers for characteristics of the solid layers

e relevant

both sides;

for glazing
) are used.
lues based

Usually, these values are(determined directly by the most appropriate optical method. For

ods for the

Name Symbol Unit Range Origin Varying
[SO 9050 for
Spdctral transmittance of the side glazing, EN 14500
of the solid}ayer facing the incident (A) — 0 tol for shading (or No
radliation see Subject 1 in
Table C.1)
ISO 9050 for
Spectral transmittance of the side glazing, EN 14500
of the solid layer facing away from () — 0 tol for shading (or No
the incident radiation see Subject 1 in
Table C.1)
ISO 9050 for
Spectral reflectance of the side of glazing, EN 14500
the solid layer facing the incident p(A) — 0 tol for shading (or No
radiation see Subject 1 in
Table C.1)
© IS0 2017 - All rights reserved 5
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Table 3 (continued)

Name Symbol Unit Range Origin Varying
[SO 9050 for
Spectral reflectance of the side of glazing, EN 14500
the solid layer facing away from the '\ — 0 tol for shading (or No
incident radiation see Subject 1 in
Table C.1)
Thermal transmittance of the side I(;SO/CD 19597.
of the solid layer facing the incident Tth — 0 tol (under preparathn) No
radiation (or see Subject 2 in
Table C.1)
[SO/CD 19597
Emissivity pf the side of the solid ¢ L 0 tol (under preparation) No
layer facing the incident radiation (or see Subject 2 in
Table C.1)
Emissivity pf the side of the solid 150/CD 19597.
layer facing away from the incident g — 0 tol (under prep_aratlo_n) No
y § y
radiation (or see’Subject 2 in
Table C.1)

6.3.2 Gals spaces

The therm|
[SO 10292
properties
of the gas.

Ventilated
of the air.

6.4 Calc

6.4.1 Ge

The combi
by airor g
resistance
ventilated

The layers
coefficient
coefficient
unlimited.
balance of

hl properties of closed spaces filled with air or gas shall be calculated in accordance v
(or see Subject 3 in Table C.1). The spaces are described by their width, and the phy4
of the gas Annex F shall be used to calculate the temperature dependent physical proper]

hir spaces are described by the width and the height of the space and the physical proper

ulation procedure

neral

hation of glazing and solar/protection devices consists of a series of solid layers separd
s filled spaces. The solid layers are assumed to be homogeneous with a negligible ther
The transport of solar radiation and heat is considered to be one-dimensional, except
Epaces, where the two-dimensional convection is reduced to a one-dimensional formula.

hnd spaces ate-Humbered by j from 1 to n each, where space 0 represents the exterior sur
and layer. Q' Tepresents the external environment. Space n represents the interior sur
and layern+1 the internal environment. Within the physical model, the number of laye
The Basic formulae for solar radiation and heat transfer are given to establish the eng
each layer. To solve the system of equations, the use of an iterative procedure is necess

vith
ical
ties

ties

ted
mal
for

face
face
s is
rgy
ary

due to the

horw nanr intnrantinn ALty atieyn o d bt fran o et

TOTT TITICTT IICCTOC IO OT CCTIp et T oo ricot cr oty poT
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1 2 3 4 5 6 7
Te T;
Ve Tri
Tre

9
LN N J LN N J
8
? o-
SV

Key

Te |external air temperature 4 layerj

Tre |external radiant temperature 5 spacej

Ve |external wind velocity 6 dnternal

T; |internal air temperature 7.-Osolar radiation

Tri |internal radiant temperature 8" direct solar and light transmittance
external 9  direct solar and light reflectance
layer 1 10 thermal radiation and convection
space 1 11 layer n (direct and indirect)

NOTE1 The internal and external ényironments are characterized by the air temperature and|the radiant
temperature; the external environment is additionally characterized by the wind velocity.

NOTE 2  Be aware not to mix the key numbers of Figure 1 with the numbering of layers and spaces

Figure 1 — Scheématic presentation of a system consisting of layers and space

7]

6.4)2 Applicable time interval

The calculations described in this document are steady-state and do not have time intervals

6.4)3-") Solar radiation and light

The solar and optical properties are independent of the intensity of the solar irradiation and
temperature in the system.

NOTE There are exceptions for certain materials (photochromic, thermochromic).

It is assumed that the spaces are completely transparent, without any absorption. Each solid layer is
characterized by the spectral transmittance and reflectance in the wavelength region between 0,3 um
and 2,5 pm.

© IS0 2017 - All rights reserved 7
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For each wavelength A and each layer j, the following formulae are valid for the normalized radiant flow
rates I and I’ (see Figure 2), as given in Formula (1):

L(A)=7;(2) 1 (A)+ 075 (2)- 1 (4) )
i (A)=py(2)- 1y (A) 75 (2)- 15 (4)

7j(A) isthe spectral transmittance of the side facing the incident radiation;

7j(A) jsThespectrat transmittance of the side facing away from the Incident radtation;
pj(A) 1s the spectral reflectance of the side facing the incident radiation;

p’j(A) 1s the spectral reflectance of the side facing away from the incident radiation;
Ij(A) s the spectral normalized radiant flow rate inwards;

I'i(A) s the spectral normalized radiant flow rate outwards.

NOTE For light scattering materials, the transmittances t(A) and t’(A) might be different.

pi(A) pi'(A)
7, /()
j
1ia () @ @
+— \0 ‘+—
i@ pBe I'i(2)

Figure 2 4 Schematic presentation of the characteristic data of layer j and the spectral flow rdtes
Formula (1)) is solved with the.boundary conditions:
%(A)=1;1nu)=0

If the specfral nermalized radiant flow rates I; () and I'j(A) are known for each j, the spectral data off the
system resjult’in the following:

— the spectral transmittance, as given in Formula (2):
(1) =1,(2 @
— the spectral reflectance of the side facing the incident radiation, as given in Formula (3):
p(2)=10(4) ©

— the spectral absorptance of layer j, as given in Formula (4):
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a;(4)= [1 -p;(%)-7; (’1)} 1y (A)+ [1 -0’5 (2)-7 (l)} 1(2) (4)

The solar direct transmittance te, the solar direct reflectance pe and the solar direct absorptance ae
of each layer j shall be calculated from the spectral data according to the procedure given in EN 410 or
[SO 9050. Similarly, the light transmittance 7y and the light reflectance py can be calculated.

If the spectral reflectance p’ (1) of the system facing the interior is required, solve Formula (1) with the
following boundary conditions:

1 1)\:0- I =1 anduse o7 (2) =1 (2)
R\ n(Z) T\ ) T/

If spectral data are not available, the calculation can be done with integrated data, taking ntl»te that the
accyracy is reduced for materials where the wavelength-dependent properties are different

6.4/4 Heat transfer

6.4/4.1 Thermal radiation

The heat flow by thermal radiation depends on the temperatures, inthe system and is coupled with
other heat flows within the system. A separate solution is not possible in a normalized form.,

For|thermal radiation, it is convenient to use the emissivity instead of the reflectance, thus ¢ach layer j
is characterized by the following (see Figure 3):

— |7 temperature;

— |[Tth transmittance for thermal radiation;

— & effective emissivity of the side faeing the exterior;
— |& effective emissivity of the side facing the interior;
— |gqtn radiative heat flow density inwards;

— |q'th radiative heat flow density outwards.

&;j Ttn, j €j

Figure 3 — Schematic presentation of the characteristic data of layer j and the thermal
radiative heat flow density

Most solid layers are opaque in the region of thermal radiation (5 pm to 50 pm) and are described by
an integrated value, the corrected emissivity €. This emissivity is determined by the measurement of
the spectral normal reflectance. The evaluation uses a correction for the hemispherical emission and
assumes no transparency as described in EN 673 or ISO 10292.
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For infrared transparent materials such as some plastic films, opaque layers with holes, and louvre
systems, the characteristics shall be determined by an appropriate procedure. For louvres, see Annex D.

For each layer j, the following set of formulae given in Formula (5) for the radiative heat flow densities
is valid:
— . _ ’ _ . ’ ’ . . 4’
Qunj = Teny Gunj1 + (18 = Tw ) @ w, 7€ 5)
’ _ ’ 4
Copj-1 7 (1=) =Ty ) G jor *Teny T 85707
The boundary conditions are given by the external and internal radiant temperatures T and Ty,
respectively:

S
qth,O ek Tr,e’ q th,n = o r,i

Assuming the temperatures Tjare known, the system gives the following:

— the nef radiant heat flow to the exterior, as given in Formula (6):
Uthe =4 tno ~ deno (6)
— the nef radiant heat flow to the interior, as given in Formula (7):
Qeni =(Tenn = Tt (7)
— the nef absorbed heat (transferred by thermal radiatioin)\in the layer j, as given in Formula (8):

— . ’ . ’ _ ’ . . 4’
Utn, a,j|=€j Aenj-1 7€ T (Si+8j) o (8)

6.4.4.2 (onductive and convective heat transfer in closed spaces
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https://standardsiso.com/api/?name=e2fbacc68c6823449e2fa492e002795a

IS0 52022-3:2017(E)

1 2 3
hgyj
T > Tje1
dc,j
o Sj L
Aj

Key
1 [|layerj
2 |spacej
3 |layerj+1
A; |thermal conductivity of the gas in space j at temperature (Tj+ Tj+1)/2

qcj

The

whyd

width of space j

i |thermal conductance of the gas in space j

conductive-convective density of heat flow rate from layer jte‘layer j + 1

Figure 4 — Schematic presentation of the characteristic data of a closed space and the

conduction-convective'density of heat flow rate

thermal conductance of the gas in a clesed space j is given by Formula (9) (see Figure 4)

re
Aj is the thermal€griductivity of the gas in space j;
sj  is the widthof space j;

Nu; is theNusselt number in accordance with EN 673 or ISO 10292.

© IS0 2017 - All rights reserved
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The external boundary conditions are given by the external air temperature and the external convective
heat transfer coefficient:

TO = Te; hg,O = hc,e
Similarly, the internal boundary conditions are given by the internal air temperature and the internal
convective heat transfer coefficient, as given in Formula (10):

T ., =T; h, =h, (10)

n+ gn Gl

Assuming the temperatures are known for each layer, the net absorbed heat (transferred by conductjon-
convection) in the layer j is given by Formula (11):

Geaj Tl (Tja = 1)+ gy (T =T [11)
The convedtive density of the heat flow rate to the external environment is given by Formula (12):

Gee = flean =lgo (T = Te) 12)
and from the internal environment, given by Formula (13):

Aei =can = Ngn- (Ti =T, ) 13)

6.4.4.3 Ventilated air spaces

Air spaces|may be connected to the external or interfial environment or to other spaces. Assu
the mean Velocity of the air in the space is known, the temperature profile and the heat flow
be calculated by a simple model. The mean air, velocity can be directly calculated if the air spade is
mechanically ventilated, or calculated using Afinex E if it is naturally ventilated.

Due to the pirflow through the space, the airtemperature in the space varies with height (see Figur¢ 5).
The tempejrature profile depends on the air velocity in the space and the heat transfer coefficient to
both layerg. The air temperature at-height z in the ventilated space j is given by Formula (14):

T (2) F Ty = (T TGS e /My 0<yzs H, 14)

where

Hj s the height of space j;

Htpj Isihe characteristic height (temperature penetration length), see Formula (15);

Ty, isthe temperature of the incoming air;

Tm,; isthe mean temperature of layers j and j+1: Ty j = (T} + Tj+1)/2
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A
H
H T] T]+1 ";'
LiTp
v o
T, T, Tw| T
Figure 5 — Schematic presentation of the characteristic.data of a ventilated space and the
internal temperature profile assuming theiinhcoming air is warmed up
The temperature penetration length is defined by Formula (15):
p.C.-S.-V
Hyp =— 1 T (15)
¢ J
whgre
pj isthe density of the air at temperature Tg j;
¢j isthe specific heat capacity of the air;
sj  is the width of the space j;
vj is the meancelocity of the air flow in the space, calculated using Annex E if the spacg is natu-
rally ventilated;
hej is thesconvective heat transfer coefficient for space j, as given in Formula (16):
hey T2 hg ta-v (16)
where
hg j is the thermal conductance of a closed space, see 6.3.2;
a is the velocity coefficient [4 W-s/(m3-K)].
© IS0 2017 - All rights reserved 13
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The temperature of the air leaving the space is given by Formula (17):

-H./H .,
Ty =Ty = (Tmy ~Tuj) i Hre, (17)

H.
The equivalent temperature of the air (gas) in space j is defined by Tg i= Hijo J T]. (z)dz and that
)

results in Formula (18):

HTP,j
Toj =fm,j~ H, T2y = T1)

The absorHed heatin the layersj and j+1 in contact with the ventilated air space is given by Eermulae [19)

and (20):

18)

the ~(T , —T.) 19)

qc,a,j 8:J ]

Qea,j] = hej (Tg,j - Tj+1) 20)

and the heat flow from space j to the connected space k (e.g. the exterfialand internal environmentg) as
aresult of air movement is given by Formula (21):

qv,a,k i qc,a,j + qc,a,j+1 21)

6.4.5 Enlergy balance

Assuming [steady-state, the system of equationsCdescribed before shall be solved for each layr j
assuming, ps given in Formula (22):

Fej Hs +thaj+ca; =0 22)
where
Es s the solar irradiatioir;

@ej 1s the solar absonptance of layer j;
(th,a,j Is the abserbed thermal radiation;

(caj s thewabsorbed heat by conduction/convection.

6-4-6 B uuC‘lcu_y CUllditiUllD
Two sets of boundary conditions are given for the vertical position of the glazing and the blind.

a) Reference conditions: these boundary conditions are consistent with the general assumptions of
EN 410 and ISO 10292.

They shall be used for product comparison and average solar gain calculations during the
heating period.

b) Summer conditions: these boundary conditions are representative of more extreme conditions.

They shall be used for comfort evaluations and cooling load calculations.
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Reference conditions2

External:

air temperature Te 278 K (5°C)
radiant temperature Tre 278 K (5°C)
convective heat transfer coefficient hee 18 W/(m*K)
incident solar radiation flow rate Eg 300 W/m?
Intdrnal:

air femperature T; 293 K (20°C)
radjant temperature Tyi 293 K (20°C)
conpective heat transfer coefficient hei 3,6 W/(m?K)

Summer conditions

External:

air femperature Te 25 °C
radjant temperature Tre 25°C
conpective heat transfer coefficientb Ac,e 8 W/(m?K)
incident solar radiation flow rate Es 500 W/m?
Intdrnal:

air femperature Tj 25°C
radjant temperature Tri 25°C
confective heat transfer)coefficientc hei 2,5 W/(m*K)

a The value givercorrespond to ISO 6946.
b The value corresponds to an air velocity of 1 m/s.

¢ The valtie'corresponds to a temperature difference of 5 K.

7 RCPUlt

7.1 Contents of report

The calculation report shall include the following:

— reference to this document (ISO 52022-3);

— notation if the EN standards in the CEN area column in Table C.1 have been used;
— identification of the organization making the calculation;

— identification of the calculation software;
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date of calculation;

items listed in 7.2 and 7.3.

7.2 Drawing

The report shall include a figure representing the thickness and the sequence of layers and spaces from

the exterio

r to the interior.

7.3 Values used in the calculation

The report shall contain the names of the products and all the input data used for the calculation,

report of
optical pr

Furthermdre:

— solar gptical properties of each layer, type and position of coating;

— type of gas of each space and the type of ventilation;

— for a lpuvre or venetian blind system according to Annex D, the geometry and the solar opt
propeities of the material;

— for thq ventilated space according to Annex E, the height and the geometry of the apertures
openngss factor of fabric;

— the bopindary conditions;

and if possjble:

— charagteristics of the glazing, e.g. U-value, g-value;

charadg

7.4 Pres

The three
heat flow r

The chara

transmittance and the total light transmittance, which is rounded to two decimal places.

ectral data may be omitted; in that case, the source of the data and the integrdted s
erties shall be given.

teristics of the blind system.

entation of results (see Table 4)

arts of the secondary intérnal heat transfer factor are defined as the difference of the second
hte with and without solar radiation divided by the incident solar radiation flow rate.

teristic values ghall be quoted to three decimal places, except for the total solar eng

Table 4 — Presentation of results

The
blar

ical

and

ary

rgy

Item | Energy tothe interior by | Symbol Reference
1 | Dirdcidolar transmittance _ 7(A) [Formula (2)] evaluated according EN 410 or ISO 9050|for
= the total solar spectrum
E_)- 0
2 |Thermal radiation factor Jth I = Ten ( S) Ten ( ) [Formula (7)]
E
S
q.\Es)—q.(0
3 |Convection factor Je g. = C( S) C( ) [Formula (13)]
ES
E_)- 0
4 |Ventilation factor v g, = qv( s) qv( ) (Formula (21))
E
S

16
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Table 4 (continued)
Item | Energy to the interior by | Symbol Reference
5 f::r?gfiigé?;:mal heat qi sum of items 2,3,4
6 'rl;:)ittil;rsliar energy trans- Jtot sum of items 1,2,3,4
7 | Total light transmittance Ty tot T(A) [Formula (2)] evaluated according EN 410 or ISO 9050 for

the visible spectrum

© IS0 2017 - All rights reserved
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A.1 General

Annex A
(normative)

Input and method selection data sheet — Template

The templgte in Annex A of this document shall be used to specify the choices between methods,
required input data and references to other documents.

NOTE 1

NOTE 2
by national
national/re

choices, in

i
document, i
their legal d

NOTE3

certification of a new building, renovation of an existing building and certification of an existing building)

for differen
values and ¢

I

i
b,c, ...Fore

l(
annex to thd

Informative default choices are provided in Annex B. Alternative values and choices can be imp

national or regional authorities prepare data sheets containing the national or regional values

ollowing this template is not enough to guarantee consistency of data.

regional regulations. If the default values and choices of Annex B are not adopted because of
bional regulations, policies or national traditions, it is expected that:

ne with the template in Annex A; or

y default, the national standards body will add or includé.a hational annex (Annex NA) to
h line with the template in Annex A, giving national or regional values and choices in accordance ¥
ocuments.

'he template in Annex A is applicable to different ‘applications (e.g., the design of a new build

F types of buildings (e.g., small or simple buildinigs and large or complex buildings). A distinctid
hoices for different applications or buildingtypes could be made:

y adding columns or rows (one for each'application), if the template allows;

y including more than one version‘ef’a table (one for each application), numbered consecutively
kample: Table NA.3a, Table NA.3b;

y developing different natienal/regional data sheets for the same standard. In case of a nati
standard these will be-conSecutively numbered (Annex NA, Annex NB, Annex NC, ...).

NOTE4 1

about the agplicable national/reégional regulations.

NOTE 5

could contajn a referénce to national procedures for assessing the needed input data. For instance, reference
national asgessmeritprotocol comprising decision trees, tables and pre-calculations.

The shaded fields in the tables are part of the template and consequently not open for input.

the section “Introduction” of a national/regional data sheet information can be added, for exar]

or certain input values to be acquired by the user, a data sheet following the template of Anng

the

sed

the

and

this
vith

ing,

and

n in

hs a,

bnal

hple

X A,
toa

A.2 References

The references, identified by the EPB module code number, are given in Table A.1 (template).

18
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Table A.1 — References

Reference

Reference document

Number

Title

Mx-ya

a

In this document there are no choices in references to other EPB standards. The Table is kept to maintain uniformity
between all EPB standards

A.3—Calculation of solar and light transmittance

NOTE

othg

Currently, in this document, there are no choices between methods and the reguired
foreseen that are to be kept open for completion as explained in A.1. To satisfy the need for-congrue

r EPB standards and to make explicitly clear that in this document, there are no chpices kept op
and|Annex B are kept.

input data
nce with all
en, Annex A

© IS0 2017 - All rights reserved
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Annex B
(informative)

Input and method selection data sheet — Default choices

B.1 General

The template in Annex A of this document shall be used to specify the choices between methods,
required input data and references to other documents.

NOTE 1

NOTE 2
by national
national/re

choices, in

i
document, i
their legal d

NOTE3

certification of a new building, renovation of an existing building and certification of an existing building)

for differen
values and ¢

I

i
b,c, .. Fore

¢
annex to thg

IInformative default choices are provided in Annex B. Alternative values and choices can be imp

national or regional authorities prepare data sheets containing the national or regional values

ollowing this template is not enough to guarantee consistency of data.

regional regulations. If the default values and choices of Annex B are not adopted because of
bional regulations, policies or national traditions, it is expected that:

ne with the template in Annex A; or

y default, the national standards body will add or includé.a hational annex (Annex NA) to
h line with the template in Annex A, giving national or regional values and choices in accordance ¥
ocuments.

'he template in Annex A is applicable to different ‘applications (e.g., the design of a new build

F types of buildings (e.g., small or simple buildinigs and large or complex buildings). A distinctid
hoices for different applications or buildingtypes could be made:

y adding columns or rows (one for each'application), if the template allows;

y including more than one version‘ef’a table (one for each application), numbered consecutively
kample: Table NA.3a, Table NA.3b;

y developing different natienal/regional data sheets for the same standard. In case of a nati
standard these will be-conSecutively numbered (Annex NA, Annex NB, Annex NC, ...).

NOTE4 1

about the agplicable national/reégional regulations.

NOTE 5

could contajn a referénce to national procedures for assessing the needed input data. For instance, reference
national asgessmeritprotocol comprising decision trees, tables and pre-calculations.

The shaded fields in the tables are part of the template and consequently not open for input.

the section “Introduction” of a national/regional data sheet information can be added, for exai]

or certain input values to be acquired by the user, a data sheet following the template of Anng

the

sed

the

and

this
vith

ing,

and

n in

hs a,

bnal

hple

X A,
toa

B.2 References

The references, identified by the EPB module code number, are given in Table B.1.
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Table B.1 — References

:2017(E)

Reference Reference document

Number Title

Mx-ya

between all EPB standards.

a  In this document there are no choices in references to other EPB standards. The Table is kept to maintain uniformity

B.3—Calculation of sotarand light transmittance

NOTE Currently, in this document, there are no choices between methods and the reguired

input data

foreseen that are to be kept open for completion as explained in B.1. To satisfy the need for congrugnce with all
othgr EPB standards and to make explicitly clear that in this document, there are no chpices'kept oplen, Annex A

and|Annex B are kept.
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21


https://standardsiso.com/api/?name=e2fbacc68c6823449e2fa492e002795a

IS0 52022-3:2017(E)

Annex C
(normative)

Regional references in line with ISO Global Relevance Policy

This document contains specific parallel routes in referencing other standards, in order to take into

nt existipes national and/or ragional ragulatione and/or logal anvivaniaantce vahila o aintas in
daccou XSt E-Hatohar—ahiarerfegiofarFegHatioRS—ahar ot gar—evironmeRtS—witre—aihtath g

global releyance.

The standdrds that shall be used as called for in the successive clauses are given in Table C.1!

Table C.1 — Regional references in line with ISO Global Relevance Pglicy

Subject Global Regional: CEN area2
Optical prpperties
1 |— dazing 1SO 9050 EN 410
— splar shading National standard, or other EN 14500

appropriate document

Thermal properties/emissivity
2 — jlar shading ISO/CD 19597 EN 12898

(under preparation)

— dlazing
Gas space
3 — cplculation of the thermal resistance 1SO 10292 EN 673
— physical properties of the gas Annex F of this document Annex F of this documen

a  CENarep = Countries whose national standards body/is a member of CEN. Attention is drawn to the need for observgnce
of EU Directfves transposed into national legal requirements.
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Annex D
(normative)

Determination of equivalent solar and light optical characteristics

for louvres or venetian blinds

D.1

Itis

TS

ps

Assumptions
assumed that
louvres or venetian blinds are adjusted to eliminate direct transmission ofthe’solar beam, and

reflectance and transmittance of the blind material are diffused.

Symbols

view factor from zone i to zone j (see Figure D.1)[5]

transmittance of the blind material

reflectance of the side of blind facing the incident radiation
reflectance of the side of blind facing away from the incident radiation
transmittance of the system

reflectance of the system to the(exterior

© IS0 2017 - All rights reserved
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NOTE Zones (1) to (6) refer to the view factors D .

Figure D.1 — Schematic presentation of a louvre or venetian blind

D.3 Direct radiation

(ZPgyp’ + D7) (g p + Py 7) + (2D 3T + Dy p ) (@ '+ Py T)

Ten =@ p+ P T+ -Z (P.1)
S,D 51 61 ’
®,,p-(1-22)
(204, p" + D y7)(Payp + P 4,7 ) + (2B 5T + Dy p ) (P, 0" + P17
Psp =|PsPp +Pg,T + - -Z (p.2)
Dyyp(1-22)
where
D D !
z7=_—3P g TP (D.3)
1- <I>34T 1- QD34T
NOTE pdir is the reflectance to the exterior; there is a second reflectance to the interior, which is
mathematically identical if subscript 2 is replaced by 1 in Formula (D.2).
D.4 Diffuse radiation
(@30 +@py7) (Pgy + 2Py )+ (@0’ + Pp37) (@4 + 203, )
Tgq = ‘p21 -7 (D.4)

Dyyp-(1-22)
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