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reword

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.
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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
with inforijiative default choices.

For the correct use of this document, a normative template is given in Annex A to specify these choilces.
Informative default choices are provided in Annex B.

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

Use by or [for regulators: In case the document is used in the context of national or regional lggal
requiremepts, mandatory choices may be given at national or regional feyél for such spe¢ific
applicatior]s. These choices (either the informative default choices from AnnéxB or choices adaptef to
national/r¢gional needs, but in any case following the template of Annex‘)‘can be made availablp as
national arjnex or as separate (e.g. legal) document (national data sheet),

NOTE1  §oin this case:
— the regullators will specify the choices;

— the indivfidual user will apply the document to assess the en€fgy performance of a building, and thereby| use
the choices made by the regulators.

Topics addfressed in this document can be subject teipublic regulation. Public regulation on the same
topics can [override the default values in Annex B\ Public regulation on the same topics can even) for
certain applications, override the use of this document. Legal requirements and choices are in genpral
not published in standards but in legal documents. In order to avoid double publications and difficult
updating df double documents, a national‘annex may refer to the legal texts where national chojfces
have been [made by public authorities. Different national annexes or national data sheets are possible,
for different applications.

It is expected, if the default valtes, choices and references to other EPB standards in Annex B are[not
followed dfie to national regulations, policy or traditions, that:

— nationpl or regional-authorities prepare data sheets containing the choices and national or regi¢nal
values| accordingto.the model in Annex A. In this case a national annex (e.g. NA) is recommengled,
contaihing a refeyence to these data sheets;

— or, by dlefaul;the national standards body will consider the possibility to add or include a natignal
annex [iragreement with the template of Annex A, in accordance to the legal documents that (Live
nationatorregiomat vatuesamdchoices:

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 52016-2[1]).

The subset of EPB documents prepared under the responsibility of ISO/TC 163/SC 2 (Thermal
performance and energy use in the built environment, Calculation methods) cover inter alia:

— calculation procedures on the overall energy use and energy performance of buildings;

— calculation procedures on the internal temperature in buildings (e.g. in case of no space heating or
cooling);

vi © ISO 2017 - All rights reserved
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indicators for partial EPB requirements related to thermal energy balance and fabric features; and

calculation methods covering the performance and thermal, hygrothermal, solar and visual
characteristics of specific parts of the building and specific building elements and components, such

as opaque envelope elements, ground floor, windows and facades.

ISO/TC 163/SC 2 cooperates with other TCs for the details on e.g. appliances, technical building systems
and indoor environment.

This document presents a coherent set of calculation methods at different levels of detail, for the energy
needs involved in the space heating and cooling and for (de-)humidification of a building and/or for

the
bui

Thd

Internal temperatures and (Sensible or latent) neat loads, Including the Iniluence 1oy
dings systems, control aspects and boundary conditions where relevant for the calculati

result of the design loads is also of possible use for the checking of the appropriate si

equlipment at the occasion of inspections.

Refi
det

Thi

Rel

brences are made to other International Standards or to national documents for inpu
hiled calculation procedures not provided by this document.

5 document supersedes 1SO 13790:2008. The main differences are

integration in the set of EPB standards, as specified in the overarching EPB standard (IS
Including removal of calculation elements that are covered-0r to be covered in other sta
instance, the general rules for zoning (partitioning) of thig building is now at overarching

major editorial changes based on the detailed téchnical rules for all EPB standards
moving all informative annexes to a separate acCcompanying Technical Report (ISO/TR 5

revision of the monthly calculation method'@nd removal of the seasonal method;

replacement of the simple hourly caletlation method by a more direct and transpare
with no need to add input data;

integration of the calculation, of‘the design heating and cooling load, including latent
initially prepared as prEN 16798-11:2015 by CEN/TC 156.

bvant editorial changes have been made based on the detailed technical rules for all EPB

including moving all informative annexes, if not covered elsewhere, to a separate acc
Tec

NOTE 3

©IS

hnical Report (ISQfFPR'52016-2[1]).
pther with ISQ(52017-1 this document also supersedes ISO 13791:2012(3] and 1SO 13792:

e 1 shows, the relative position of this document within the set of EPB standards in the

h technical
on.

zing of the

t data and

D 52000-1).

ndards (for
level (EPB

module M1-8); the conditions of use are now assumed-\to be in a separate standard (module M1-6);

. Including
2016-2[11);

nt method,

heat load,

standards,
bmpanying

2012[4].

context of

fhe relevant

The modules represent EPB standards, although one EPB standard could cover more than
and one module could be covered by more than one EPB standard, for instance a simplified and a detailed method
respectively. See also Clause 2 and Tables A.1 and B.1.
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Table 1 — Position of this document (in casu M2-2, M2-3, M2-6, M3-3, M4-3, M6-3, M7-3), within
the modular structure of the set of EPB standards

. Building . o
Overarching (as such) Technical Building Systems
Do- Build
Sub Descrip- Descrip- Descrip- Heat- [Cool- [Venti- |Humid-|Dehu- 1 o Light |8 auto | PV,
. . . . . . ifica- midifi- | ,. . mation |wind,
module |tions tions tions ing ing lation |,. . tic hot|ing
tion cation and
water
control
subl M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11
1 General General General
Congmon 52016- /\
terths and o 1 '\
1 Building Q
definitions;
2 energy Needs 3(1/
synjbols, needs o |
unifs and N
subgcripts
(Free) 52016-
Appflica- [ndoor ! Maximum | 5916 |55016- 52016- |52016-
3 . conditions load and
tionls . 1 1 1 1
without power
systems
Ways to Ways to Ways to
4 expfess express express
enefgy per- energy per- energy per-
forrhance formance formance
Building
catggo- Heat trans- Emission
5 riesjand fer by trans-
o s LT and control
building mission
boupdaries
Building Heat trans- 52016- -
occyipan- fer by infil- Distribu-
6 cy and y tion and
e tration and
opefating s control
i ventilation
conflitions
Aggregation
7 ofe \crey Internal Storage and
seryices .
heat gains control
and|energy
caryiers
8 Building Solar heat Generation
zoning gains and control
e Load
Calqulated gulldln_g dispatch-
9 enefgy per- 3}/1nam1cls ing and
forrhance fgyrma operating
mass) o
conditions
Medsured Measured Measured
10 enefgy per- energy per- energy per-
forrhance formance formance
11 InspecCtion Inspection Inspection
Ways to
12 express BMS
indoor
comfort
External en-
13 vironment
conditions
14 Econom_lc
calculation
NOTE The shaded modules are not applicable.
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Energy performance of buildings — Energy needs for
heating and cooling, internal temperatures and sensible
and latent heat loads —

Part 1:

C

Thi

g)

The calculation methods can be used for residential or non-residential buildings, or a part of
to als “the building” or the “assessed-object”.

Thi
the
zon

The calculation methgds have been developed for the calculation of the basic energy loads

wit
spe
pro

Thi

exigting buildings in the use phase.

NO

Iculation procedures

Scope

5 document specifies calculation methods for the assessment of:

the (sensible) energy need for heating and cooling, based on hourly pr. monthly calculati
the latent energy need for (de-)humidification, based on hourly ormonthly calculations;
the internal temperature, based on hourly calculations;

the sensible heating and cooling load, based on hourly calculations;

the moisture and latent heat load for (de-)humidification, based on hourly calculations;

the design sensible heating or cooling load and‘design latent heat load using an hourly
interval;

the conditions of the supply air to provide the necessary humidification and dehumidifi

5 document also contains specifications for the assessment of thermal zones in the bu
part of a building. The calculations are performed per thermal zone. In the calculations, t
es can be assumed to bé thermally coupled or not.

hout interaction“with specific technical building systems, and for the calculation of
Cific energy leads and needs, including the interaction with specific systems. The hourly

5 document is applicable to buildings at the design stage, to new buildings after construg

hm

bns;

calculation

ation.
it, referred

lding or in
he thermal

and needs,
he system
calculation

redures canyalso be used as basis for calculations with more extensive system control options.

tion and to

Toll 4 4l Toarde 1 s 1 4l A . gl 1 4 ' 4l
L 14dUIT 1 11T UIT ITIIT UUUCLLIUIT SITIUWS UIT ITIdlIve lJUDlLlUll Ul LIS UUCUIIITIIU VWILIITIT UID

standards in the context of the modular structure as set outin ISO 52000-1.

2

Normative references

set of EPB

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

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 10077-1, Thermal performance of windows, doors and shutters — Calculation of thermal transmittance
— Part 1: General

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

glazing

ISO 13789:2017, Thermal performance of buildings — Transmission and ventilation heat transfer
coefficients — Calculation method

ISO 15099, Thermal performance of windows, doors and shading devices — Detailed calculations
ISO 15927 2, lLl'_yyl uthc: lllMl' HCIJ[UI rmruricc Ujpbul.l'dllllyo Cul’uul’utl'uu Mlld [JI CQCI(tMtl’UIl Ujpbl'lllllutl'l/ dutl —
Part 2: Hourly data for design cooling load

ISO 15927
Part 4: Hou

[SO 159271

4, Hygrothermal performance of buildings — Calculation and presentation of climdtic dat
rly data for assessing the annual energy use for heating and cooling

5, Hygrothermal performance of buildings — Calculation and presentation ©f climatic dat

Part 5: Datp for design heat load for space heating

ISO 52000}1:2017, Energy performance of buildings — Overarching EPB assessment - Part 1: Genpral
framework|and procedures

EN 410, GIgss in building — Determination of luminous and solar charactetistics of glazing

EN 673, Glgss in building — Determination of thermal transmittance (U value) — Calculation method

EN 12831-l, Energy performance of buildings - Method for calctlation of the design heat load - Paft 1:
Space heating load, Module M3-3

NOTE Tefault references to EPB standards other than4SO 52000-1 are identified by the EPB module ¢ode
number and given in Annex A (normative template in Table A.1) and Annex B (informative default choide in
Table B.1).

EXAMPLE EPB module code number: M5-5,Cor M5-5.1 (if module M5-5 is subdivided), or M5-5/1 (if

reference tg

a specific clause of the standard cgvering M5-5).

3 Terms and definitions

For the put
following 3
ISO and [E
IEC Elg

ISO On

poses of this documeént, the terms and definitions given in ISO 7345, in ISO 52000-1 and|
pply.

[ maintain tegminological databases for use in standardization at the following addresse

ctropediayavailable at http://www.electropedia.org/

line brewsing platform: available at http://www.iso.org/obp

the

122]

3.1 Buil
3.1.1

ding

assessed object

building, part of a building or portfolio of buildings that is the object of the energy performance
assessment

Note 1 to entry: The assessed object comprises all spaces and technical systems which may contribute to or
influence the energy performance assessment.

Note 2 to entry: The assessed object may include one or several building units, if these are not individually object
of the energy performance assessment.

© ISO 2017 - All rights reserved
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Note 3 to entry: A distinction may be made between e.g. a designed building, new building after construction,
existing building in the use phase and existing building after major renovation.

[SOURCE: ISO 52000-1:2017, 3.1.1]

3.1.2

building

construction as a whole, including the fabric and all technical building systems, where energy may be
used to condition the indoor environment, to provide domestic hot water and illumination and other
services related to the use of the building

Notgttoemnts Y- Fhetermrreferstothe pllybibdl 'uui‘ldiug asawioteortoatt parcs threreofthratatteast include the
spag¢es and technical building systems that are relevant for the energy performance assessment.

Note¢ 2 to entry: Parts of a building can be physically detached, but are on the same building'site. For example: a
canfeen or a guard house or one or more classrooms of a school in a detached part of a building; or pn essential
spage in a dwelling (e.g. bedroom).

[SOPRCE: ISO 52000-1:2017, 3.1.2]

3.13
building category
unif category
clagsification of buildings and/or building units related to theirimain use or their special status, for the
purpose of enabling differentiation of the energy performance/assessment procedures and/or energy
performance requirements

EXAMPLE Buildings officially protected as part of a deSignated environment or because of their special
arcljitectural or historical merit, buildings used as pldées of worship and for religious activities| residential
buildings, (a) single-family houses of different types;(h) apartment blocks;(c) offices;(d) educational puildings;(e)
hospitals;(f) hotels and restaurants;(g) sports facilities;(h) wholesale and retail trade services buildjngs;(i) data
cenfers; (j) other types of energy-consuming buildings.

Note 1 to entry: Building regulation often make a distinction between building categories.

Notg¢ 2 to entry: The building categdry, for instance, may determine if energy performance asgessment is
marjdatory (e.g. not for religious, or historic buildings) and which are the minimum energy pgerformance
irements (e.g. for new buildings); in some countries measured energy performance of a|building is
pregcribed for specific categories of buildings (e.g. apartment buildings, large public buildings), etc. Another type
of cgtegorization is the distinction between new and existing and renovated buildings.

Not¢ 3 to entry: Many«buildings or building units of a given (use) category contain spaces of diffferent (use)
catggories; for instanéean office building may contain a restaurant; see 3.1.20 definition of space catiegory.

Not¢ 4 to entry:THe allocation of a building category may also have a strong impact on other parts of the building
reg\tlations, forjinstance on safety (e.g. emergency exits, strength of floor) or indoor environmental|quality (e.g.
minjimum ventilation rates)

[SOPRCE:1SO 52000-1:2017, 3.1.3]

3.14
building element
integral component of the technical building systems or of the fabric of a building

[SOURCE: ISO 52000-1:2017, 3.1.4]

3.1.5
building fabric
all physical elements of a building, excluding technical building systems

EXAMPLE Roofs, walls, floors, doors, gates and internal partitions.

Note 1 to entry: It includes elements both inside and outside of the thermal envelope, including the thermal
envelope itself.

© IS0 2017 - All rights reserved 3
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Note 2 to entry: The fabric determines the thermal transmission, the thermal envelope airtightness and (ne

arly

all of) the thermal mass of the building (apart from the thermal mass of furniture and technical building

systems). The fabric also makes the building wind and water tight. The building fabric is sometimes describe
the building as such, i.e. the building without any technical building system.

[SOURCE: ISO 52000-1:2017, 3.1.5]

3.1.6

building portfolio

set of buildings and common technical building systems whose energy performance is determi
taking into account their mutual interactions

das

ned

Note 1 to eptry: An example of common equipment is an energy generation system (PV panels, wind turlline,

cogen unit, boiler etc.) serving the building portfolio
[SOURCE: ISO 52000-1:2017, 3.1.6]

3.1.7
building thermal zone

thermal zpne

internal epvironment with assumed sufficiently uniform thermal conditions’to enable a ther
balance calculation according to the procedures in the standard under EPB.module M2-2

Note 1 to enftry: The EPB standard under module M2-2 is this document.
[SOURCE: SO 52000-1:2017, 3.1.6, modified - Note 1 to entry modifiéd to “this document”]

3.1.8
building unit

section, fldor or apartment within a building which is designed or altered to be used separately f
the rest of the building

EXAMPLE A shop in a shopping mall, an apartment jn an apartment building or a rentable office space i
office building.

Note 1 to enftry: The building unit can be the assessed object.
[SOURCE: IISO 52000-1:2017, 3.1.8]

3.1.9
conditione¢d space
room or enclosure that is covereéd by one or more of the EPB services

3.1.10

cooled space
room or gnclosuré; which for the purposes of a calculation is assumed to be cooled to a gi
temperatufe set-point or set-points

[SOURCE: IS©°52000-1:2017, 3.1.9]

mal

"Om

1 an

ven

3.1.11
elementary space
space

room, part of a room or group of adjacent rooms that belongs to one thermal zone and one service
area of each service, used to administer the boundaries of the thermal zones and service areas and to

administer the exchange of data between the service areas and thermal zones

[SOURCE: ISO 52000-1:2017, 3.1.10]
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3.1.12
external dimension
dimension measured on the exterior of a building

Note 1 to entry: See ISO 13789:2017, Figure 1.
[SOURCE: ISO 13789:2017, 3.13]

3.1.13

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

[SOPRCE: ISO 52000-1:2017, 3.1.11]

3.1114
int¢rnal dimension
dimension measured from wall to wall and floor to ceiling inside a room of a-building

Note 1 to entry: See ISO 13789:2017, Figure 1.
[SOPRCE: ISO 13789:2017, 3.11]

3.1{15
overrall internal dimension
dimension measured on the interior of a building, ignoring.internal partitions

Note 1 to entry: See ISO 13789:2017, Figure 1.
[SOURCE: ISO 13789:2017, 3.12]

3.1{16

projected area of solar collecting elemerits
areg of the projection of the surface of thelelement on to a plane parallel to the transparent or franslucent
parf of the element

Notg¢ 1 to entry: In the case of nonsflat elements, this refers to the area of the imaginary of the snjallest plane
conhecting the perimeter of the element.

EXAMPLE Windows.

3.1{17

prajected area offrame elements
areg of the projection of the frame element on to a plane parallel to the glazing or panel thaf is held by
the[frame

EXAMPLE Window frames.

3.1/18
reference floor area
floor area used as a reference size

Note 1 to entry: See definition of reference size.
[SOURCE: I1SO 52000-1:2017, 3.1.12]

3.1.19

reference size

relevant metric to normalize the overall or partial energy performance and energy performance
requirements to the size of the building or part of a building and for the comparison against benchmarks

[SOURCE: ISO 52000-1:2017, 3.1.13]
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3.1.20
space category
classification of building spaces related to a specific set of use conditions

EXAMPLE Office space, restaurant space, entrance hall, toilet, living space, assembly hall, shop, residential
bed room, indoor car park, heated indoor stair case, unheated indoor stair case, etc.

Note 1 to entry: The space category is relevant for the calculation of the energy performance assessment and for
defining the reference size.

[SOURCE: ISO 52000-1:2017, 3.1.14]

3.1.21
thermal epvelope area
total area f all elements of a building that enclose thermally conditioned spaces through whichtherimal
energy is transferred, directly or indirectly, to or from the external environment

Note 1 to enjtry: The thermal envelope area depends on whether internal, overall internal or €xternal dimensjons
are being uded.

Note 2 to enftry: The thermal envelope area does not include the area to adjacent buildings; see ISO 137809.

Note 3 to erftry: The thermal envelope area may play a role in the ways to express the overall and partial eng¢rgy
performande and energy performance requirements and comparison againstdbenchmarks.

[SOURCE: ISO 13789:2017, 3.9, modified, Notes 2 and 3 to entry added]

3.1.22
thermally|conditioned space
heated and/or cooled space

[SOURCE: ISO 52000-1:2017, 3.1.16]

3.1.23
thermally|unconditioned space
room or enfclosure that is not part of a thermally conditioned space

[SOURCE: ISO 52000-1:2017, 3.1.17]

3.1.26
useful flogr area
<for EPB agsessment> area of'the floor of a building needed as parameter to quantify specific conditjons
of use that| are expressed-per unit of floor area and for the application of the simplifications and|the
zoning and (re-)allocationrules

[SOURCE: ISO 52000-1:2017, 3.1.18]

3.2 Indgor and outdoor conditions

3.21

condition of use

requirement and/or restriction for the use of a building space category, related to the services for the
energy performance assessment and/or the boundary conditions

EXAMPLE Heating set-point, cooling set-point, minimum amount of ventilation related to air quality, net
domestic hot water needs (e.g. per m2 floor area or per person), lighting levels, internal heat gains, etc. ; including
the distribution over time (operation). Where relevant, the numbers are based on the number of occupants per
m?2 per type of building space.

[SOURCE: ISO 52000-1:2017, 3.2.1]
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3.2.2
external temperature
temperature of outdoor air

[SOURCE: ISO 52000-1:2017, 3.2.3]

3.2.

3

intermittent heating or cooling
heating or cooling pattern where normal heating or cooling periods alternate with periods of reduced
or no heating or cooling

3.2
intd
ope
wei
the

Not
Not
Not
[SO
3.2
inte
tem

3.2

mefn radiant temperature
form surface temperature of the internal environment in which an occupant would ex

uni
san]

3.2

setiback temperature

mirnj
tem

3.2

T

trnal temperature
rative temperature
chted average of the air temperature and the mean radiant temperature at'the ceftre of the
'mal zone

e 1 to entry: Internal temperature is the approximate operative temperature according to I[SO 77
b 2 to entry: Operative temperature is the term used in this document.
P 3 to entry: ISO 52017-1 uses a more generic definition.

URCE: for internal temperature: ISO 52000-1:2017, 3.2.4, medified, Notes 2 and 3 to entry

trnal air temperature
perature of the air in the internal environment

[l

se
int
hea
for

Not
morj

{point (of the internal) temperature

Cooling

e 1 to.entry: The values and duration (pattern) are specified in the standard under EPB modu

in6

5

6

e amount of radiant heat as in the actual’non-uniform enclosure

7

imum internal temperature.to.be maintained during reduced heating periods, or maximy
perature to be maintained during reduced cooling periods

8

rnal (minimum.jhtended) operative temperature for the calculation of the energy load
ing, or internal (maximum intended) temperature for the calculation of the energy lo

thly. ahd seasonal methods, the value of the set-point can include adjustment for intermittency,

6.

r added]

change the

m internal

br need for
ad or need

e M1-6. For
s specified

611. For system-specific calculations the values may be adjusted due to system control features

3.2.

9

solar irradiance
power density of radiation incident on a surface, i.e. the quotient of the radiant flux incident on the
surface and the area of that surface, or the rate at which radiant energy is incident on a surface, per unit
area of that surface

[SOURCE: ISO 52000-1:2017, 3.2.6]
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3.2.10

solar irradiation

incident so

lar heat per area over a given period

Note 1 to entry: Incident energy per unit area of a surface, found by integration of solar irradiance over a specified
time interval, often an hour or a day (ISO 9488).

[SOURCE: I

S0 52000-1:2017, 3.2.7]

3.3 Technical building systems

3.31

building sprvice

service prdvided by the technical building systems and by appliances to provide the indoor enyironnjent
conditions| domestic hot water, illumination levels and other services related to the use of the buildjng

[SOURCE: IISO 52000-1:2017, 3.3.3]

3.3.2

building sprvice area (service area)

part of a bpilding consisting of one or more elementary spaces served by a‘specific technical building
system or $ub-system

Note 1 to enfry: Building service area for a specific heating system circuit, for a specific cooling system circuit, for
a specific dgmestic hot water distribution system, for a specific ventilation system, for a specific air conditioping
system, for f specific lighting (artificial light or daylight) configuratipn:

[SOURCE: IISO 52000-1:2017, 3.3.4]

3.3.3

other building service

service supplied by energy-consuming appliances

[SOURCE: IISO 52000-1:2017, 3.2.5]

3.3.4

recoverablle system thermal loss

part of a system thermal loss which can be recovered to lower either the energy need for heating or
cooling or the energy use of the heating or cooling system

Note 1 to enptry: This dependson/the calculation approach chosen to calculate the recovered gains and lofses
(detailed or|simplified approeach; see ISO 52000-1:2017, 11.3).

Note 2 to eptry: In thissdecument, if not directly taken into account as a reduction to the system losses| the
recoverable|system thermal losses are calculated as part of the internal heat gains. It may be decided at natipnal
level to repqrt the recoverable system thermal losses separately from the other internal heat gains.

[SOURCE: [[S©.-52000-1:2017, 3.3.9; modified, Note 1 to entry editorially revised, Note 2 to entry addgd.]

3.3.5

recovered system thermal loss
part of a recoverable system thermal loss which has been recovered to lower either the energy need for

heating or

cooling or the energy use of the heating or cooling system

Note 1 to entry: This depends on the calculation approach chosen to calculate the recovered gains and losses

(detailed or

[SOURCE: I

simplified approach; see 1ISO 52000-1:2017, 11.3).
S0 52000-1:2017, 3.3.10; modified, Note 1 to entry editorially revised]
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3.3.6

system thermal loss

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

Note 1 to entry: A system loss can become an internal heat gain for the building if it is recoverable.

Note 2 to entry: Thermal energy recovered directly in the sub-system is not considered as a system thermal loss
but as heat recovery and directly treated in the related system standard under EPB module M3 to M8.

Note 3 to entry: Heat dissipated by the lighting system or by other services (e.g. appliances of computer

£ . ol Ll 4+ £l 11 loaad ol Ll Tk 1l i H
equ PLHTIILIS TTUL Pdl T UTLHT S y SLUHT LHUT HIAT TUSOT S, UUL Pdl U UL LHTITHILTHIIAI THIT AL 5d1115.

[SOPRCE: ISO 52000-1:2017, 3.3.11]

3.3{7
technical building sub-system
parf of a technical building system that performs a specific function (e(g, heat generption, heat
distiribution, heat emission)

[SOPRCE: ISO 52000-1:2017, 3.3.12]

3.3{8

technical building system

tectlmical equipment for heating, cooling, ventilation, humidification, dehumidification, ddmestic hot
water, lighting, building automation and control and electricity production

Notg 1 to entry: A technical building system can refer to one ot to several building services (e.g. heatling, heating
and|domestic hot water).

Note¢ 2 to entry: A technical building system is composed of different sub-systems.
Note 3 to entry: Electricity production can include cogeneration, wind power and photovoltaic systeis.

[SOPRCE: ISO 52000-1:2017, 3.3.13]

3.4/ Energy

3.411
dehumidification
profess of removing water vapour from air

[SOPRCE: ISO 52000-1:2017, 3.4.5]

3.4]2
desiign load
maximuny-hourly mean value of the load, occurring during a design climate period under |design use
congditions

3.4.3

energy need for heating or cooling

heat to be delivered to, or extracted from, a thermally conditioned space to maintain the intended space
temperature conditions during a given period of time

[SOURCE: ISO 52000-1:2017, 3.4.13]

3.4.4

energy need for humidification or dehumidification

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

[SOURCE: ISO 52000-1:2017, 3.4.14]
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3.4.5

energy use for lighting
electrical energy input to a lighting system

[SOURCE: I
3.4.6

S0 52000-1:2017, 3.4.16]

energy use for other services
energy input to appliances providing services not included in the EPB services

Note 1 to entry: See definition of EPB services.

EXAMPLE
[SOURCE: 1

3.4.7

energy us
energy inp
cooling (in

[SOURCE: 1

3.4.8
energy us
electric en

[SOURCE: I
3.4.9

Elevators, escalators, home appliances, TV, computers, etc. (if not covered under EPB services

SO 52000-1:2017, 3.4.17]

e for space heating or cooling or domestic hot water
1t to the heating, cooling or domestic hot water system to satisfy the energy need for heat]
Cluding dehumidification) or domestic hot water respectively

SO 52000-1:2017, 3.4.18]

e for ventilation
ergy input to a ventilation system for air transport and:héat recovery

SO 52000-1:2017, 3.4.19]

humidification

process of
[SOURCE: I
3.4.10

hdding water vapour to air to increase humidity

SO 52000-1:2017, 3.4.22]

humidification or dehumidification moisture load

hourly me
environme

3.4.11

latent hea
hourly mesz
environme

3.4.12
lighting
process of

in value of the water vapellr mass flow to be supplied to, or extracted from the inte
nt to maintain a specified minimum or maximum humidity within the space

Ling or cooling load
n value of thedatent heat in the water vapour to be supplied to or extracted from the inte
nt to maintdigthe intended space air moisture conditions

providing illumination

ing,

‘nal

rnal

[SOURCE: I

3.4.13
(sensible)

SO0 52000-1:2017, 3.4.23]

heating or cooling load

hourly mean value of the heating or cooling heat flow rate supplied to or extracted from the internal
environment to maintain the intended space temperature conditions

3.4.14

space cooling
process of extracting heat from a building space with the aim of reaching and maintaining a given
maximum space temperature

[SOURCE: I

10

SO0 52000-1:2017, 3.4.30]
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3.4.15

space heating

process of heat supply to a building space with the aim of reaching and maintaining a given minimum
space temperature

[SOURCE: ISO 52000-1:2017, 3.4.31]

3.4.16
ventilation
process of supplying or removing air by natural of mechanical means to or from a space or building

[SOPRCETTSO 52000-1:2017, 3.4.33]

3.4{17
verltilation-heat recovery
heaf recovered from exhaust air to reduce the ventilation heat transfer

3.5/ Energy performance

3.5{1
endrgy performance

overall energy performance
<of|an assessed object> calculated or measured amount of (Weighted) energy needed tp meet the
enefgy demand associated with a typical use of the assessedvobject, which includes energy used for
spefific services (EPB services)

Note 1 to entry: See definition of EPB services and definition,of assessed object.
Notg 2 to entry: Also called overall energy performaneg, to distinguish from partial energy performgnce.
[SOPRCE: 1SO 52000-1:2017, 3.5.7]

3.5]2
EPB service
building service included in the assessment of the energy performance

Note 1 to entry: See definition ofbuilding service. Which services are included is a national or regjonal choice,
speg¢ified in ISO 52000-1:2017,Annexes A and B.

EXAMPLE Energy used)for heating, cooling, ventilation, humidification, dehumidification, dpmestic hot
watpr and lighting.

[SOPRCE: ISO 52000-1:2017, 3.5.13]

3.5{3
EPB standard
stapdardfthat complies with the requirements given in ISO 52000-1, CEN/TS 16628[5] apd CEN/TS
1662016]

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, 3.5.14]
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3.6 Energy calculation

3.6.1

calculation period
period of time over which a calculation is performed

Note 1 to entry: The calculation period can be divided into a number of calculation intervals.

Note 2 to entry: The calculation period is usually a whole year for domestic hot water and ventilation, and a

season for ¢

Note 3 to eptr

calculation

[SOURCE: I

calculatio
discrete tij

EXAMPLE
[SOURCE: 1

3.6.3

calculatio
multi-zone
thermal tr

3.6.4

calculatio
multi-zone
transfer by

3.6.5
gain utiliz

ooling and heating.

F—Hrerengtn-orthe—earctrationperiotre-gheatihgor-coorhgseasen ofi the
br may be imposed for specific applications
S0 52000-1:2017, 3.6.4]
interval
time interval
ne interval for the calculation of the energy performance
One hour, one month, one heating and/or cooling season, one year,operating modes and bins,
SO 52000-1:2017, 3.6.3; modified - alternative term added]
h with coupled zones
calculation with thermal coupling between zones,.taking into account any heat transfef by

insmission and/or by ventilation and/or by air infiltration between zones

h with uncoupled zones
calculation without thermal couplingbetween zones, not taking into account any heat
thermal transmission or by ventilation or by air infiltration between zones

ation factor

factor redycing the total monthly heat gains in the monthly calculation method, to obtain the resulfing
reduction ¢f the building energy néedfor heating

3.6.6

heat-balance ratio

monthly heat gains divided by the monthly heat transfer

3.6.7

heat gain

heat generfted within, or entering into, the thermally conditioned space from heat sources other than
energy int¢ntionally utilized for heating, cooling or domestic hot water preparation

Note 1 to entry: Internal heat gains and solar heat gains. Sinks that extract heat from the building, are examples
of heat gains, with a negative sign.

Note 2 to entry: For summer conditions heat gains with a positive sign constitute extra heat load on the space.

[SOURCE: 1
3.6.8

S0 52000-1:2017, 3.6.5]

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

Note 1 to entry: The season lengths are used to determine the operation period of technical systems.

[SOURCE: 1

12

S0 52000-1:2017, 3.6.6]
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3.6.9

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

Note 1 to entry: In contrast with a heat gain, the driving force for heat transfer is the difference between the
temperature in the considered space and the temperature of the environment at the other side (in the case of
transmission) or the supply air temperature (in the case of ventilation).

3.6.10
internal heat gain

he?.t provided within the building by occupants (sensible metabolic heat] and by appliang
domestic appliances, office equipment, etc., other than energy intentionally provided f

coo

Not
the
leve

Not
of h
env

[SO

3.6
loss
fac
res

Not

utiljzation factor for losses; if the losses are “negative”, there is no utilization.

3.6

hea

intq the building through windoWs, opaque walls and roofs, or passive solar devices such as
trapsparent insulation and sglar walls

Not
[SO

3.6
tra
hea
bet

Not

sol;tr heat gain

ing or hot water preparation

e 1 to entry: In this document, if not directly taken into account as a reduction to the system the
recoverable system thermal losses are included as part of the internal heat gains. It may be decide
| to report the recoverable system thermal losses separately.

e 2 to entry: Included are heat from (warm) or to (cold) process sources thatare not controlled for
ronment to cold sources (sinks), is included as gain with a negative sign.

[JRCE: 1SO 52000-1:2017, 3.6.7; modified, Notes 1 and 2 to entty adapted]

11

utilization factor
or reducing the total monthly heat transfer in the monthly calculation method, to
Iting reduction of the energy need for cooling

e 1 to entry: The traditional term “loss”, which ofiginally referred to the heating mode only, is rets

12

provided by solar radiation entering, directly or indirectly (after absorption in building

URCE: ISO 52000=1:2017, 3.6.10]

13

hsmission héat transfer coefficient
[ flow rate’ due to thermal transmission through the fabric of a building, divided by the
veen'the environment temperatures on either side of the construction

es such as
br heating,

rmal losses,
1 at national

the purpose

ating or cooling or domestic hot-water preparation. The heat extracted-from the building, from the indoor

obtain the

ined for the

elements),
sunspaces,

e 1 to entry: Active solardevices such as solar collectors are considered as part of the technical builfling system.

difference

p 1-t0 entrv- By convention the sign is pasitive ifthe heat flow is gaing out of the Space considere

3.6.14
unoccupied period
period of several days or weeks without heating or cooling

EXAMPLE Due to holidays

3.6.15
useful heat gain

par

t of internal and solar heat gains that contribute to reducing the energy need for heating

[SOURCE: ISO 52000-1:2017, 3.6.11]
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3.6.16

ventilation heat transfer coefficient

heat flow rate due to air entering an enclosed space, either by infiltration or ventilation, divided by the
difference between the internal air temperature and the supply air temperature

Note 1 to entry: 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).

4 Symbols, subscripts and abbreviations

4.1 Symbols
For the puiposes of this document, the symbols given in ISO 52000-1 and the following apply.
Symbol Name of quantity Unit
A area m2
dsol solar absorption coefficient —
a numerical parameter in utilization factor —
b temperature reduction factor —
C heat capacity J/K
c specific heat capacity J/(kgK)
D depth m
d thickness m
F or f factor, fraction —
G moisture flow kg/s
g total solar energy transmittance —
H height m
H heat transfer coefficient W/K
Hsol (accumulated, monthly) selar irradiation kWh/m?2
h surface coefficient of heat transfer W/(m2-K)
h (partial) height m
h latent heat ]/kg
Isol solar irradiance W/m?2
L1 length m
N number of items (integer only) —
Q quantity of heat kWha
q heat flow density W/m?2
qv air volume flow rate m3/h
R thermmat Tesistarnce 2K/ W
S space
T thermodynamic temperature K
T accumulated over- or undertemperature Kh
t time S
U thermal transmittance W/(m2K)
%4 volume m3
w width m
w (partial) width m
a  Hours (h) are used as the unit of time instead of seconds when aggregating heat or energy flow (W) to
quantity of heat or energy (kWh).
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w weighting factor -
x moisture content or mixing ratio kg/kg dry air
Z heat transfer parameter for solar walls W/(m2-K)
Z zone
ol solar altitude angle °
B tilt angle °
y azimuth angle °
y heat-balance ratio —
0 (Solar) declimation
£ long-wave emissivity of the surface —
n efficiency, utilization factor —
6 Celsius temperature °C
0] relative humidity %
@ latitude °
Psol solar azimuth angle °
K areal heat capacity J/(m2-K)
v humidity by volume kg/m3
p density kg/m3
o Stefan-Boltzmann constant W/(m?2'K4)
T time constant sa
[0} heat flow rate, heat load, power w
b4 linear thermal transmittance W/(m-K)
a  Hours (h) are used as the unit of time instéad.of seconds when aggregating heat or energy flow (W) to
quantity of heat or energy (kWh).

4.2| Subscripts

For|the purposes of this document, the subscripts given in ISO 52000-1:2017, Clause 4, Annek C and the
follpwing apply.

NOTE Relevant subscripts.already given in I[SO 52000-1 are included if necessary for the undefstanding of
this|document.

Subscript Term Subscript Term Subscript Term
a air ht heat transfer re radiative external (~r;e)
A appliancesa HVAC |heating, ventilation, red reduced
air conditioning
adj adjusted i internal ri radiative internall (~r;i)
ahu air handling unit ijikz indexes S surface
alt altitude int internal or indoor¢ se surface external
an annual interm |intermittent set set-point
C cooling? iu from thermally con- sh shading

ditioned internal) to
thermally uncondi-
tioned zone

a  Type of energy use (energy service)

b The subscript “e” is used for the term “external”, in contrast with “internal”. But if there is a risk of confusion between
“external” to (for instance) a construction in general and “external”, meaning outdoor environment, then the term “outdoor”
is recommended for the latter.

¢ The subscript “int” is used for the term “internal”, in contrast with “external”. But if there is a risk of confusion between
“internal” in a construction and “internal” in a building or thermal zone, then the term “indoor” is recommended for the latter.
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“external” td

Subscript Term Subscript Term Subscript Term
o structure, construc- L lightinga sht shutter
tion element
c convection, convective 1d load sol solar
calc calculation lim limited spec specific
ce convective external Ir long-wave radiation ss subsystem
(~ce)
ci convective internal Is loss stc thermally conditioned space
(~ci)
cont continuous m monthly sup supply
cu from thermally con- m mass related con- Sys system
ditioned to thermally ductance or capaci-
unconditioned zone tance
cw curtain walling mn mean T thermala
d door n normal to surface t time
day daily nd need tel trapsparent element
DHU dehumidificationa nlim unlimited tot total
dif diffuse noc unoccupied period tr transmission (heat transfer)
dir direct obst obstacles u unconditioned
e external or outdoorb oc occupants U€ undersizing cooling system
eff effective occ occupied period ue from unconditioned to ex
ternal environment
el element oel opaque element UH undersizing heating systgdm
fin, finl, |(side) fin (left, right, OH overheating use useful
finr, fins |both)
fl floor op operative vi virtual
fr frame op opaque ve ventilation (heat transfer]
gr ground ovh oyerhang w hot water (as energy servife)a
gl glazing, glazed ele- pl layer w window
ment
gn gains proc processes we water evaporation
H heatinga p projected zt thermal zone
h hourly pl plane, layer ztc thermally conditioned zope
hru heat recovery tinijt r radiation, radiative ztu thermally unconditioned
zone
HU humidificationa
a  Type of pnergy-use (energy service)
b The subpcript“e” is used for the term “external”, in contrast with “internal”. But if there is a risk of confusion between

(forinstance) a constructionin generaland “external”, meaning outdoor environment, then the term “outd

or

is recommended for the latter.

¢ The subscript “int” is used for the term “internal”, in contrast with “external”. But if there is a risk of confusion between
“internal” in a construction and “internal” in a building or thermal zone, then the term “indoor” is recommended for the latter.

NOTE

In this document subscripts that are indexed (counting 1, 2, ...) can be found written in two ways:

italic. For instance “w,i”, for a variable related to a window, for window element i;

For instance: “m” is the monthly value of a variable, for the month m;

16

the short way: as the subscript itself written in italic.

this is short for “m,i”: the monthly value of a variable, for the month i.

the comprehensive way: by adding an index (e.g. i) to the subscript, separated by a comma and written in
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Similarly, if there is no risk of confusion, it is also possible to write: “wi” instead of “w,i".

e internal

4.3 Abbreviations
For the purposes of this document, the abbreviations given in ISO 52000-1:2017, Clause 4 and Annex C
and the following apply.
H hourly calculation method
M monthly calculation method
7T thermal zone
5 [Description of the methods
5.1 Output of the method
This document covers the calculation of the energy need for heating and"cooling and tl

tem

Thd

For

Altg
alsd

Thn
reg

5.2

5.2

The
pro

ISO
ass
solu

The

perature.

all calculations, the time interval is hourly.

rnatively, for the calculation of the energy need for heating and cooling a monthly time i
be chosen.

oughout this document, where indicated in the text, Table C.1 shall be used to identify
onal references in line with ISO Global Relevance Policy.

General description of the method

1 Hourly calculation procedures

hourly calculation procédures in this document are derived from the reference
cedures as given in ISO 62017-1.

52017-1 providesi-a generic hourly calculation procedure, with only a minimum
imptions needed-to define the energy balance equations, with no specific application,
tion technique.and no specific input data.

ap
pro

underlying document is an application of the method provided in ISO 52017-1. In fung
ication;=specific assumptions, simplifications, solution techniques and input data restr
ided\in the underlying document.

method covers also the calculation of the design load for céoling, heating, humidification and
dehumidification for a thermal zone and for a sub system.

hterval can

hlternative

calculation

number of
no specific

tion of the
ictions are

With the hourly calculation method the thermal balance of the building or building thermal zone is
made up at an hourly time interval.

The main goal of the hourly calculation method is to be able to take into account the influence of hourly
and daily variations in weather, operation (solar blinds, thermostats, needs, occupation, accumulation,
etc.) and their dynamic interactions for heating and cooling. The extra input for the user compared to

the

©IS

monthly calculation method is kept to a minimum.

02017 - All rights reserved
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In the hourly calculation method given in this document each construction element is modelled
separately. This leads to transparency on the boundary conditions at either side of the constructions.

NOTE 2  For instance: heat transfer through the ground floor does not have to be lumped together with heat
transfer through walls. Heat transfer through lightweight constructions does not have to be lumped together
with heat transfer through heavy weight constructions. There is a clear distinction between air and mean
radiation internal temperature, etc. These are important advantages compared to the simple hourly method in
ISO 13790:2008.

The hourly climatic data are given in the relevant standard under EPB module M1-13 and the hourly and
daily patterns of the conditions of use (operating schedules) are given in the relevant standard under
ick

EPB moduwﬁﬁh—homh—meﬁoﬂm&wmdaw
understangling of the main processes involved and as a means to derive correction and adjustnfent

factors for

The hourly
the calculg
calculation
identical aJ

Specific as
use and of

For the cal
and a syste

For the ba
restriction
convective|

For the syg
be assume
specified a

5.2.2 Mg

With the
is made up
adjustmen

These corp
the hourly

Because cd
days with
month: firs
and second

hd a convective fraction according to the system intended to be installed can be used.

the monthly method.

r calculation of the internal temperature, the energy need for heating and, cooling
tion of the design heating and cooling load all use the same hourly internal temperat
. Although aim and outcome of these calculations are different, the calculation methods
nd use the same inputs as far as possible.

bumptions of the calculations may differ: for the calculation of design Ioads, the condition
rlimate of a design period apply.

fulation of design loads, distinction is made between a basic¢ooling/heating load calcula
m specific cooling/heating load calculation.

ic cooling/heating load and energy need calculatioh)-a continuous operation and no po
5 for the cooling/heating system is assumed, and¢he emission is assumed to occur pu

tem specific cooling/heating load and energy’need calculation, a limited operation time 1
d, the available power of the system may be limited, the recoverable losses may be furt

nthly calculation procedures

honthly calculation methed the thermal balance of the building or building thermal 7
at a monthly time interval. The dynamic effects are taken into account by correction
[ factors.

ection and adjustment factors can be developed on the basis of series of calculations u
calculation procedures.

nditions ef\{ise and assumptions (e.g. on the amount of ventilation) may be different du
heating needs and days with cooling needs, two independent calculations are done for €
t thejealculation of the energy need for heating, using the assumed conditions for hea
ly-the calculation of the energy need for cooling, using the assumed conditions for coolin

and
ure
are

s of

fion

wer
rely

may
her

one
and

bing

ing
ach
[ing
g.

NOTE 1

replacing the informative default values from Annex B if needed.

NOTE 2

Technical Report, [SO/TR 52016-2[11.

5.2.3

Input data and assumptions for hourly and monthly method

E.g. at national or regional level, to produce national or regional correction and adjustment factors

See more explanation, including justification and discussion of the limitations in the accompanying

The monthly calculation of the energy need for heating and cooling is based on the same assumptions
and boundary conditions as the hourly calculation of the energy need for heating and cooling. Also
the same inputs are used as far as possible, although averaged on monthly basis and where relevant
corrected to approximate the impact of dynamic effects and dynamic interactions (e.g. recoverable heat
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or cold from the technical building systems, control actions) that are not covered by the monthly time
interval.

However, some input data are specific for either the hourly or the monthly calculation method of the
energy need for heating and cooling. These differences are distinguished in this document in the
tabulated overview of 6.3.

5.2.

5.2.

4 Choices between methods

4.1 Choice between hourly and monthly calculation method

Tab‘e A.2 provides the normative template for the choice between the hourly or monthly

met

5.2

Thd
inst
eva

hod, with an informative default choice in Table B.2.

4.2 Choice between basic or system specific load calculation

basic cooling/heating load calculation is used, when no specifications of'the system intq
alled are known or in simple cases when the usability of the system inténded to be instal

calculation

nded to be
ed shall be
uated. Simple cases are air heating and cooling systems or standard\convector heaters ajpd coolers.

The system specific cooling/heating load calculation is used in cases where the type and dgsign of the
system is advanced and the effects of a specific operation shall be evaluated.
For|some systems like building component embedded systems the use of a system specific nfjethod may
be dompulsory, since the use of a basic load calculation may'be misleading.
On fhe other hand, a system specific calculation may“lead to too optimistic calculation r¢sults with
regard of the calculated energy use, if the system is imdersized and not capable to provide the assumed
stamdard conditions of use.
6 |Calculation method
6.1 Output data
6.1{1 General data on theassessed object and application
This document contains‘choices between different methods, input data or references. Several of these
chojces depend on thetype of objects and/or type of building, and/or type of application and/or type of
ass¢ssment.
General dataowthe assessed object and application are listed in Table 2.
Table 2 — Output data of this method; general data on the assessed object
Description Qymhnl Intended Commenta See clauseb
destination
module
b
Number of thermal zones Zth;i all numbering of H+M6.4.2
the thermal
zones and which
List of spaces per ther- Zin;i =S+ S1+Sm + ... all by space num- H+M:6.4.2
mal zone bers
a  Informative
b H:hourly calculation procedures, M: monthly calculation procedures
© IS0 2017 - All rights reserved 19
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Other general data on the assessed object and application are listed as input in 6.3.2. These data may
also be needed as output for subsequent calculations, for instance in relevant system standards under
EPB modules M3 to M7.

6.1.2 Calculated data
The geometrical output data are listed in Table 3.
The output data from the calculations are listed in Tables 4 to 10.

When relevant, the output data are given per thermal zone.

When releyant, the total output for the assessed object is obtained by the sum of the values over all
thermal zopes.

When releyant, the average output for the assessed object (building or part of the building) is obtained
by averaging the values for all thermal zones, weighted according to the subdivision and.recombinafion
rules for tHermal zones, as specified in ISO 52000-1:2017, 10.5.

The calculation method comprises different options. Therefore not all the output data are available in
each case.

Table 3 — Output data: geometrical data, per thiermal zone

Deskription Symbol Unit Validity Inténded Varyingc | See claused
intervala | destination
moduleb
Useful floof area per ther- Ausent m2 0to w All NO H+M: 6.4.8
mal zone ’
Airvolume per thermal zone Vint;a;zt m3 0'to oo All NO H+ M: 6.4.8

a  Practicdl range, informative
b Informdtive

¢ “Varyinp”: value can vary over time: different(values per time interval, for instance: hourly values or monthly vajues
(not constant values over the year)

d  H:hourly calculation procedures, M: menthly calculation procedures

Be aware that the same variable-as-output can be the result of different assumptions (e.g. basic nefds,
system spdcific needs, absence 0f'systems, design conditions, etc.
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Table 4 — Output data: sensible heating and cooling loads and needs and internal temperatures

Description Symbol Unit | Validity Intended Varyingc | See claused
intervala | destination
moduleb
Sensible energy need for QH;nd;ztc;an kWh 0to o M2-4, Yes H: 6.5.4.2
heating, per thermally M3-4 6.6
conditioned zone, per year M:6.6.4.2
Sensible energy need for Qc:nd;ztc;an kWh 0to oo M2-4, Yes H: 6.5.4.2
C(_)o_llng, per thermally con- M4-4 M: 6.6.4.3
ditioned zone, per vear
Serysible energy need for QH:nd;ztc;m kWh 0to oo M3-5 Yes H:6.3.4.2
hedting, per thermally con- Ml
ditjoned zone, per month M:6.5.4.2
Serysible energy need for Qc:nd;zte;m kWh 0to oo M4-5 Yes H: 6.3.4.2
codling, per thermally con- 1
ditijoned zone, per month M:6.54.3
Int¢rnal operative temper- Oint;op;zte;m °C 0to50 M1-4, Yes H:6.9.5.3 e
atufre, per thermally condi- M3-5, M445, 1
tioIed zone, per month M5-5, M8-5, M:6.0.11.6
M3-te M8
Int¢rnal temperature, per Oztu:m °C -20to 50 M3 to M8 Yes H:6.4.5.3 ¢
thefmally unconditioned e
zorle, per month M6t
(Sehsible) hourly heating PH.1d; ztc;t W 0 toeo M3-5 Yes H: 6.3.5.2
loagl, per thermally condi-
. M: n.p.
tiomed zone, per hour
(Sepsible) hourly cooling DC.1d; zte;t W 0to oo M4-5 Yes H: 6.3.5.2
loadl, per thermally condi-
. M: n.p.
tioned zone
Int¢rnal operative tem- Oint;op;ztc;t °C 0to50 M1-4, Yes H: 6.3.5.3
perjature, per thermally M3-5, M4-5, M: n.h
conditioned zone, per hour M5-5, M8-5 B
Int¢rnal mean radiant tem-| Oingrimn;zec:t °C 0to50 same Yes H: 6.3.5.3
perpture, per thermally
s M: n.fp.
corjditioned zone, per hour
Indpor air temperature, Oint;a;ztc;t °C 0to50 same Yes H: 6.3.5.4
per|{thermally conditiongd
M: n.fp.
zone, per hour
Int¢rnal temperature, per Oztu;t °C -20to 50 M3 to M8 Yes H:6.4.5.3 ¢
thefmally unconditioned
M: n.3.
zone, per hour,
a  |Pragtical range, informative
b |IThformative

(not constant values over the year)

e Average of hourly values

d  H:hourly calculation procedures, M: monthly calculation procedures

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values

© IS0 2017 - All rights reserved
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Table 5 — Output data: Latent energy loads and needs and internal moisture content

Description Symbol Unit | Validity Intended Varyingc | See claused
intervala | destination
moduleb
Humidification needs, per QHU:nd;zt:an kWh 0tooo M2-4, Yes H:6.5.4.3
thermally conditioned Me-4 )
zone, per year M:6.6.14
Dehumidification needs, QDHU;nd;zt;an kWh 0 to oo M2-4, Yes H: 6.5.4.3
per thermally conditioned M7-4 M: 6.6.14
zone, per year —
Humidificakion needs, per QHU;nd;zt;m kWh 0to oo (M6-5) Yes H: 6.5.4.3
thermally donditioned .
zone, per mjonth M:6.6.14
Dehumidification needs, QDHU;nd;zt;m kWh 0to oo (M7-5) Yes H:6.5.4.3
per thermallly conditioned M- 6.6.14
zone, per mjonth E—
Humidificafion moisture GHU;Id; ztc;t kg/s |0tooo M6-5 Yes H: 6.5.14
load, per thermally condi-
. M: n. a.
tioned zong, per hour
Dehumidification mois- GDHU:1d; ztc;t kg/s |0tooo M7-5 Yes H: 6.5.14
ture (removyal) load, per M:
thermally donditioned -n-a
zone, per hpur
Latent heat|{load for hu- PHU:Id; zt:t W 0tooo M4-5 (com- Yes H: 6.5.14
midificatiop (humidifica- bined with M: . a
tion load) , per thermally sensible heat '
conditionedl zone, per hour load)
Latent heat|load for dehu- PDHU;Id; zt;t W 0't0 oo M4-5 (com- Yes H: 6.5.14
midificatiop (dehumidifi- bined with M: 1. a
cation load), per thermally sensible heat '
conditionedl zone, per hour load)
Required njoisture content Xa;sup;HU;req;ztc;t| 'Kg/kg |0 to 0,050 M5-6 Yes H: 6.5.14
for central humidification dry air
. M:n.a
of the mecHanical supply
air, per thefmally condi-
tioned zong , per hour
Required njoisture content| Xa;$upDHU;req;z- | Kg/kg |0 to 0,050 M5-6 Yes H: 6.5.14
for central dehumidifi- ot dry air
. . ’ M:n.a
cation of the mechanical
supply air,[per thermally
conditionedl zone, perhour
Indoor moipture content, Xint;a;ztc;t kg/kg [0to 0,050 M5-6 Yes H: 6.5.14
per thermallly eonditioned dry air
M: n. a.
zone, per hpur

a  Practical range, informative
b Informative

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures
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the year

Description Symbol Unit | Validity Intended Varyingc | See claused
intervala | destination
moduleb
Dynamic control output
Actual hourly on/off pat-
tern window shutters over - - Yes H: Annex G

Actual hourly on/off
patjertr sotat Dllad;llE Pro Mo Yes H rALneX G
visjons over the year
a |Practical range, informative
b lInformative
¢ |“Varying”: value can vary over time: different values per time interval, for instance: houply‘values or mgnthly values
(nof constant values over the year)
d  |H: hourly calculation procedures, M: monthly calculation procedures
Table 7 — Output data: design (sensible and latent) heating and cooling load calculation
Description Symbol Unit | Validity Intended Varyingc | See¢ claused
intervala |{ destination
moduleb
Degign sensible heatingload,| @H;ld;des;ztc;an \'\ 0 toe (M4) Yes H: 6.3.4.5
pefjyear M: n.p.
Dedign sensible coolingload,| @c:1d;des;ztc;an W 0to o (M5) Yes H: 6.3.4.5
pefyear M: n.p.
Dedign humidification mois-| GHu;ld;des;ztc;an |« Rg/s |0 to oo (M6) Yes H: 6.5.4.5
turp load, per year M: b
Desgign dehumidification| Gpuu;id;de€;ztcan | kg/s |0 to oo (M7) Yes H: 6.4.4.5
mojsture load, per year M: b
Deqign latent heat load for| @{y;id;des;ztc;an W 0to o (M6) Yes H: 6.3.4.5
hurpidification, per year M: b
Degign latent heat load.fer) | ®pHu;ld;des;zt;anc \\ 0to oo (M7) Yes H: 6.3.4.5
deHumidification, petyear M: b
Dedign increase of the sup- Axgy;- kg /kg | 0to20 (M6) No H: 6.3.4.5
plylair moisturgcontent, sup;HU;ld;des;z- | dry air
. P EES M: n.a
comparedto.the moisture te:an
content offexternal air, for
hurpidification, per year
De._ isll dCLl CTads\T Uft‘llc LA\Aa;Sup;D- l\s /I }\s G ‘l:U 20 (‘1\"};7} I‘“U II G 1.4.5
supply air moisture HU:ld:des:ztc:an | dry air
P EES AR M: n.a
content, compared to the
moisture content of exter-
nal air, for dehumidifica-
tion, per year

b Informative

a  Practical range, informative

d  H:hourly calculation procedures, M: monthly calculation procedures

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

© IS0 2017 - All rights reserved
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Table 8 — Output data: Hourly calculation procedures, indicators for system undersizing

Description Symbol Unit | Validity Intended Varyingc | See claused
intervala | destination
moduleb

Annual amount of under- | QuH;thres,iztc;an | KWh 0tooo M1-4, No H: 6.5.15
sizing of the heating sys- M2-4 M: 6.6.4
tem for different thresh- :
olds (pUH;ld;thres,I
Annual amount of under- | Quc;thres,iztc;an | KWh 0to oo M1-4, No H: 6.5.15
sizing of the cooling sys- M2-4
tem for different thresh- M0
olds d)UC;ld;thres,I
Annual acchmulated TUH;thres, i ztc;an Kh |0too M1-4, No H: 6.5.15
undertemplrature (“un- M2-4 M:6.6.4
derheating|) for different )
temperatuie differences
AQUH;thres,i
Annual accpmulated over- | ToH;thres,iztc;an K-h 0tooo M1-4, No H: 6.5.15
temperatute for different M2-4

. M: 6.6.4
temperatufe differences
AQOI-I;thres,i

a  Practicdl range, informative
b Informative

¢ “Varying”: value can vary over time: different values per time intervalk for instance: hourly values or monthly vajues
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

Table 9 — Output data: hourly calculation procedures, key monthly data

Deskription Symbol Unit- | Validity Intended Varyingc | See claused
intervala | destination
moduleb
Monthly hept balance ratio, YH;gn;ztc;m - -00 to o (M2-2) Yes H: 6.5.15
heating
Monthly hept balance ratio, YC;ht;zte'm - -00 to o (M2-2) Yes H: 6.5.15
cooling
Monthly ufilization factor, Nil;gn;zte;m - -1to1l (M2-2) Yes H: 6.5.15
heating
Monthly ufilization faetor, NC:ht:zte;m - -1tol (M2-2) Yes H: 6.5.15
cooling

a  Practicdl rangg, itiformative

b Informatiyé

c “y T ) 1 ] Q.o + 1 ) et AN 1 1 1 ol
arying—-varae-tatnvary-over-tmeatrerent varae s per-tHemrer van rormmstancemotrry-varaesor-nrontnry-vaiues

(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

NOTE These output data are intended to be used for a quick understanding of the main processes involved and as a
means to derive correction and adjustment factors for the monthly method
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Table 10 — Output data: design loads per subsystem

Description Symbol Unit Validity Intended Varyingc | See claused
intervala | destination
moduleb

(annual) design sensible DH;Id:des;ss;an W 0to o (M3-5) Yes H: 6.5.4.5
heating load in the subsys-

M:n.a
tem
(annual) design sensible Dc.1d;desin- \\ 0to o (M4-5) Yes H: 6.5.4.5
Eé)r(;ling load in the subsys- tia;ss;an M:n. a

a  |Practical range, informative
b |Informative

¢ |“Varying”: value can vary over time: different values per time interval, for instance: hourly values or mgnthly values
(not constant values over the year)

d  |H: hourly calculation procedures, M: monthly calculation procedures

6.2| Calculation time intervals and calculation period

Thgmethods described in paragraph 6.5 are suitable for an hourly titne interval. The method$ described
in 6.6 have a monthly time interval.

The calculation period is a full year, except for the application for peak indoor temperaturesjand design
loads, which are calculated over a short representative petiod.

The length of the heating or cooling or (de-)humidifi¢ation season is defined by the operatjon time of
the|respective technical systems. This has to be taken into account in the system specific cglculations.
[t may differ from the time resulting from the basic energy needs calculation. See 6.5.2 and §.6.2.

6.3| Inputdata

6.3]1 Source of data; general

In this document the input datais given for the calculation of the energy load and need for heating
and cooling, the calculation-of-the internal temperature and the calculation of the design Heating and
cooling load.

Thif document comprises different options. Therefore not all the input data are necessary ir] each case.

The source of data/for the calculation procedure in this document may depend on the [supposed)
avajlability of input data. For instance, in case of existing buildings with limited information on the
profducts and/or on the composition of building element assemblies, the level and type of|input data
might differ from new buildings. The selection which source applies may be done at national jor regional
levgl when the set of EPB standards is used in the context of national or regional building regulations.
Whererelevant, Annex A provides the template for the choices, values and references, with ihformative
default choices, values and references in Annex B.

ISO 52000-1:2017, Clause 9, contains the rules for the distribution of heat flows in case of differences in
the division of the various types of zones.

EXAMPLE From a thermal zone to the lighting zones and vice versa.

6.3.2 General data on the assessed object and application

This document contains choices between different methods, input data and/or references. Several of
these choices depend on the type of object, type of building or space, type of application or type of
assessment.
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Consequently, for the correct use of this document and for the overall consistency of the energy
performance assessment, the general data about the assessed object in Table 11, obtained from
[SO 52000-1:2017, 6.3.2, are needed as input to this document:

Table 11 — General data on the assessed object and application

Description Identifier Unit Source
Object type (more than one choice possible) EPB_OBJECT_TYPE n/a 1SO 52000-1
Building category BLDNGCAT_TYPE n/a [SO 52000-1
Space category for each space or group of spac- |[SPACECAT TYPE . IS0 52000-1
es (if differpnt from building category) 7
Application] type EPB_APPLIC_TYPE n/a IS0 52000-1
Assessmenf type EPB_ASSESS_TYPE n/a 1SQ.52000-1
Calculation| case CASE_IDENTIFIER n/a 1SO 52000-1

NOTE ISO 52000-1:2017, Tables A.2 to A.7 (normative template, with informative default’lists in Tableq B.2
to B.7) contpin limited lists of possible types. These lists are respected in all subsequent ERPB standards. Natipnal
or regional |ists can be specified in a national data sheet replacing Tables B.2 to B.7,in line with the template of
ISO 52000-1:2017, Tables A.2 to A.7.

6.3.3 Gejpmetrical characteristics

The requirged geometrical data are listed in Table 12.

Table 12 — Geometrical data list

Name Symbol Unit izilg(i/ig,a Originb | Varyingc C;{thllllit;gn
G¢ometrical data
Useful floorjarea per elementary space Ause;sp m2 0tooo Local No H+M
Air volume|per elementary space Vint;afép m3 0to oo Local No H+M

a  Practicql range, informative
b Forinsthnce EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over timet different values per time interval, for instance: hourly values or monthly vajues
(not constart values over the year)

d  H:hourly calculation procedures; M: monthly calculation procedures

The geomdtrical input.datd for building elements are listed as part of the thermophysical parameters
in 6.3.4.

NOTE The chosén metric for the geometrical data (area, length) can have an effect on the thermophysical
properties (Iper unit of area or length).

6.3.4 Thermophysical parameters of the building and building elements
The required technical data on the level of the thermal zones are listed in Table 13.
Table 14 contains the input data list related to the building elements.

Input data list related to external solar shading are listed in Table 15.

This document comprises different options. Therefore not all the data in these tables are necessary in
each case.

NOTE1 If data are a mix of thermophysical data and boundary conditions (such as the virtual ground
temperature), they are also listed in these tables.
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NOTE 2  When there is a choice, the default choice given in Annex B is used as basis.
Table 13 — Thermal zone related input data list
Va- Symbol in
. lidity ‘i Vary- |Calculation|origin (if
Name Symbol Unit inter- |OTi8In ingc methodd |different)
vala
Local or
yalue o_f areal ther_‘mal capac- Identi- default
ity of air and furniture per Kmsint J/(mZ2:K) . No H -
themmatty comdttioned zomne - fier (Table
Y A17)
Claps of the internal heat Identi-
caplacity per thermally con- - - fier Local No M
ditijoned zone

a  |Practical range, informative

b |For instance EPB module or (e.g. product) standard or “local” (type, geometry)

d  |H: hourly calculation procedures, M: monthly calculation procedures

¢ |“Varying”: value can vary over time: different values per time interval, for instapce: hourly values or mgnthly values
constant values over the year)

Table 14 — Building element relatéd input data list

Nampe

Symbol

Unit

Validity
inter-
vala

Originb

Vary-
ingc

Calculation
methodd

Symbol in
prigin (if
lifferent)

Hoyrly calculation procedures:

Thegrmal resistance, per opaque
building element

Re;k

@h2K)/W

0to 10

M2-5.1

No

Rc

Effdctive thermal resistance,
per|building element in ther-
mall contact with the ground,
inclpding slab-on-ground
flogrs, suspended floors and
baspments (including the effect
of the ground)

Resleff;k

(m2-K)/W

0to10

M2-5.1

Rt;eff

Thermal resistance of 20,5 m
thidk ground layer, pérbuilding
elernent in thermal centact
with the ground

Rgr;k

(m2-K)/W

0to 10

M2-5.1

No

Thermal capaeity of a 0,5 m
thi(;E( ground layer, per building

elerhent in thermal contact
with the ground

Kgr;k

J/(m2:K)

M2-5.1

Kg

Thermal resistance of a virtual
ground layer, per building ele-
ment in thermal contact with
the ground

Rgr,'vi;k

(m2-K)/W

0to 10

M2-5.1

a  Practical range, informative

(not constant values over the yea

r)

b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

d  H:hourly calculation procedures, M: monthly calculation procedures

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
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Table 14 (continued)

Name

Symbol

Unit

Validity
inter-
vala

Originb

Vary-
ingc

Calculation
methodd

Symbol in
origin (if
different)

Virtual grou
per building

month

nd temperature,
element in thermal

contact with the ground, per

egr;vi;k;m

°C

-50 to
+50

M2-5.1

eg;ve;m

Convective heat transfer co-

efficient intd
constructio

rnal surface, per
element

hci;k

W/(m2-K)

0to 50

M2-5.1

Long-wave 1
transfer coe
surface, per
element

adiative heat
fficient internal
construction

hri;k

W/(mZK)

0to 50

M2-5.1

No

Class for the
the mass, pe|
element

distribution of
I opaque building

Identi-
fier

Local

Class for the
ty, per opaqy

areal heat capaci-
e element

Identi-
fier

Local

Monthly calculation procedures:

Thermal tra
opaque elemn

hsmittance, per
ent

Uc;op;k

W/(m2K)

0to 10

M225.1

No

Ue

Ground tran|
transfer coe
elements in

with the gro
slab-on-grot
pended floo

per thermal
based on thd
ture differei

kmission heat
fficient for building
hermal contact
und, including

nd floors, sus-

s and basements,
zone and month,
annual tempera-
ce

ng;an;ztc;m

W/K

0to oo

M2-5.1

Yes

Hg;an; h

Average ove
coefficient fi
through the
justed for th|
ature differg

Fall heat transfer

r transmission
bround floor, ad-

e seasonal temper-
nce, for the heating

season, per fhermal zone

ng;H;adj:ztc

W/K

0to oo

M2-5.1

Hg;H;a

Average ove
coefficient f
through the
justed for th|

Fall heat transfer

r transmission
cround floor, ad-

e Seasonal temper-

ature differd

ng;C;adj;ztc

W/K

0to oo

M2-5.1

Hg;c;ag

neafortha coolinag
7 o

season, per thermal zone

Hourly and monthly calculation procedures:

a  Practical range, informative

b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

d  H:hourly calculation procedures, M: monthly calculation procedures

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)
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Name

Symbol

Unit

Validity
inter-
vala

Originb

Vary-
ingc

Calculation
methodd

Symbol in
origin (if
different)

Are

nen

a, per construction element;

in case of protruded compo-

ts also the projected area

Aelk

m2

0tooo

M2-5.1

H+M

Ae

Con

vective heat transfer co-

effi
con

Fient external surface, per
Gtruction element

hce;k

W/(m2K)

0to 50

M2-5.1

H+M

Lon
trai
sur
eley

g-wave radiative heat
hsfer coefficient external
face, per construction
hent

hre;k

W/(mZK)

0to 50

M2-5.1

No

H+M

The
win

rmal transmittance, per
dow

Uw;k

W/(m2K)

0to10

M2-5.1

H+M

Uw

The
win

—_

rmal transmittance, per
dow with closed shutter

Uwsht;k

W/(m2K)

0to10

M2-5¢

H+M

Uws

The
doo

rmal transmittance, per
I

Ug;k

W/(m2K)

0to 10

M2-5.1

No

H+M

Ud

The
cur

rmal transmittance, per
ain wall

Ucw;k

W/(m2K)

0to 10

M2-5.1

No

H+M

Gla
eler

ed area, per window
hent

Aglik

m?2

0 to oo

M2-5.1

No

H+M

Lin
per

bar thermal transmittance,
linear thermal bridge

Yib;k

W/m-K)

0to 10

M2-5.1

No

H+M

Len|
brid

oth, per linear thermal
ge

Itk

0tooo

M2-5.1

H+M

Ovg
cierf
per

rall heat transfer coeffi-
t for the thermal bridges,
thermal zone

Htr;tb;zt

W/K

0tooo

M2-5.1

Yes

H+M

Hp

Hed
twe
zZon
tion

t transfer coefficient be-
len thermally conditioned
P and thermally uncoendi-
ed zone, per month

H ztc,j;ztu;m

W/K

0tooo

M2-5.1

Yes

H+M

Hiy

Heq
twe
zZon
mel

t transfer coefficient be-

len thermally, Unconditioned
e ztu and external environ-
t, permonth

Hztu;e;m

W/K

0tooo

M2-5.1

Yes

H+M

Hue

Heq

t transfer coefficient

bet

env
per

weell theriadlly uncondl-

tioned zone ztu and external

ironment by transmission,
month

Htr;ztu;e;m

W/K

0tooo

M2-5.1

Yes

H+M

Htr;ue

Tilt

angle, per external building

element (from horizontal, meas-
ured upwards facing)

ﬁic;k

0to 180

Local

H+M

a

b

C

d

Practical range, informative

For instance EPB module or (e.g. product) standard or “local” (type, geometry)

“Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

H: hourly calculation procedures, M: monthly calculation procedures

©IS

02017 - All rights reserved

29


https://standardsiso.com/api/?name=231be46c6954ce016523939cfd6b9ba1

IS0 52016-1:2017(E)

Table 14 (continued)
Validit Symbol in
alidity ] - if
. . . . Vary- Calculation |origin (i
Name Symbol Unit mtl(:‘r- Originb inge methodd | different)
va
Orientation angle per external
building element, (expressed as
the geographical azimuth angle ] o -180 to
of the horizontal projection of Vick +180 Local No H+M
the inclined purface normal;
convention: pngle from South,
eastwards ppositive, westwards
negative)
Local or de-

Class for the|solar absorption fault (Table
coefficient of the external sur- Asol;k - Otol | A.15(H)or No H+M
face, per opaque element Table A.29

(M)
Total solar epergy transmit-
tance at norinal incidence, for M2-8
the transparent part, per trans- Jglink - 0to1l | ([3]of Table No H+M In
parent buildjng element with C.1)
non-scatteripg glazing
Total solar epergy transmit-
tance at 45 degrees (x=45) M2-8
incidence and diffuse (x = dif) ISO 15099(or
radiation, fof the transparent Jelix:k - 0fe1 | see Subject No H+M gt
part, per trapsparent building 4 in Table
element with scattering glazing C1)
or blinds

M2-8
Total solar ephergy transmit- IS0 52022-3
tance includjng solar protec- or
tion device df the transparent Jgl;sh;k - Otol |[ISO15099(or No H+M gt
part, per trapsparent building see Subject
element 5 in Table

c1)
Calculation|method based on thermally coupled thermal zones
Heat transfdr coefficient by, W/K
transmissioh between zanes Hyr,zy 0 to M2-2 No H+M
zandy

W/K M2-2 N
Ventilation Heat transfer coeffi- H / 0 to oo 0 HaM
cient from z¢nez'to'zone y ve.z2y
W/K M2-2 N

Ventilation heat transfer coeffi- H / 0 to oo ° HeM
cient from zone y to zone z vey->z
Dynamic transparent building elements
Thermal transmittance, per M2-5
dynamic window or fagade, per Udyn;k;i W/(m2-K) | 0to10 | (see Annex | Yes H+M
state G)

a  Practical range, informative

b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

d  H:hourly calculation procedures, M: monthly calculation procedures

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)
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Table 14 (continued)

Validit Symbol in
alidity ) A if
. . - Vary- Calculation|origin (i
- b .
Name Symbol Unit ;Izltl(:‘r Origin inge methodd different)
Total solar energy transmit- M2-8
tance, per dynamic window or dyn;k;i - 0Otol | (see Annex Yes H+M
facade, per state i G)
Solar transmittance, per dy- M2-8
namic window or facade, per Tsol: dvn:k:i - 0Otol | (see Annex Yes H+M
statle G)
Vistial transmittance, per M2-8
dynjamic window or fagade, per Tvis; dyn;k;i - 0Otol | (see Annex Yes H+M
statle G)
a |Practical range, informative
b |For instance EPB module or (e.g. product) standard or “local” (type, geometry)
¢ |“Varying”: value can vary over time: different values per time interval, for instapee: Hourly values or mgnthly values
(nof constant values over the year)
d |H: hourly calculation procedures, M: monthly calculation procedures
Table 15 — Input data list related to external solar shading
Va- Symbol in
. lidity - Vary- |Calculation|prigin (if
b
Name Symbol Unit inter- Origin ing¢ methodd |different)
vala
Latjtude of the weather s -90 to
stafion Pw +90 M1-13 No M
Bage height, per shaded sur-
. >
fac¢, from ground level HO;ic;k m 20 Local No H+M
Height, per shaded surface,
from bottom to top; if tilted: Hic:k m >0 Local No H+M
verfical projectione
Wiqlth, per shaded surface Wick m >0 Local No H+M
Tilfangle, per external
building element (from hori- Bick o 0 to 180 Local No HaM
zorltal, measured upwards ’
facing) €
Oripntation angle'per
extprnal building element,
(expressedias the geograph-
ical azithuth angle of the 180 to
horjiZontal projection of the Yic;k ° +180 Local No H+M
inchmred-surfaceTrormat;
convention: angle from
South, eastwards positive,
westwards negative) €
Depth of a (simple) overhang
. >
(or similar shading object) Dicovh,q m 20 Local No H+M

a  Practical range, informative

b For instance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

e  Could already have been covered as input data per (opaque or transparent) building element
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Table 15 (continued)

Name

Symbol

Unit

Va-
lidity
inter-
vala

Originb

Vary-
ingc

Calculation
methodd

Symbol in
origin (if
different)

ment and a

Vertical distance between
the edge of the facade ele-

(simple) overhang

(or similar shading object)

Lk;ovh,q

20

Local

No

H+M

Depth of a (simple) right side

fin (or simil

ar shading object)

IaY
DL, hinr,r

L 1
Luldl

AL
INU

Horizontal
the edge of
ment and a
fin (or simil

Histance between
the facade ele-

simple) right side
ar shading object)

Lk;finr,r

Local

No

H+M

Depth of a
fin (or simil

Kimple) left side
ar shading object)

Di;finl,1

Local

No

H¥M

Horizontal
the edge of
ment and a
fin (or simil

Histance between
the facade ele-
(simple) left side
ar shading object)

Lifinl,1

Local

No

H+M

per shading
skyline seg

Height from ground level,

F obstacle in a
ment

Hk;obst;p;i

Local

No

H+M

Horizontal
the shaded
shading ob
in a skyling
shading ob
between th

distance between
surface k and the
ect (obstacle)
segment, per
ect, measured
eir central points

Lk;obst;p;i

Local

No

H+M

Lowest hei

in a skyling
ground lev

pht, from ground

level, per shading overhang

segment, from
3|

Hk;ovh;q;i

Local

No

H+M

Horizontal
tween the s
and the ove

object, med
their centr

distance be-
haded surface k
rhang in a sky-

line segment, per shading

sured between
1 points

1.k;ovh;q;i

Local

No

H+M

Position, pg
ment, indic
boundary d
cal azimuth

r skyline seg-
pted by theuipper
f the geographi-
argle

(convention: angle from

Vsh;obst;max;i

-180 to
+ 180

Local

No

H+M

westwards

South, eastwards positive,

negative)

a  Practical range, informative

b For instance EPB module or (e.g. product) standard or “local” (type, geometry)

d  H:hourly calculation procedures, M: monthly calculation procedures

e Could already have been covered as input data per (opaque or transparent) building element

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

6.3.5 Operating and boundary conditions

Required operating and boundary conditions data for this calculation procedure are listed in Tables 16-19.
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Specific adaptations may be needed in case of hourly calculation of the internal temperature under
design summer conditions (see 6.5.4.4) or hourly calculation of design heating, cooling or latent heat
loads (see 6.5.4.5).

This document comprises different options. Therefore not all the data in these tables are necessary in
each case.

NOTE When there is a choice, the default choice given in Annex B is used as basis.

Table 16 — Input data related to conditions of use and technical building systems

]n Validit Calcula- 4 [[Symbolin
Name Symbol Unit intervayla Originbe |Varyinge |tion origin (if
methodd |different)

Holirly calculation procedurese:

Temperature set-
poiht for heating, per
thefmally conditioned
zorle, per hour, taking
int¢ account inter- Oint;set:H;ztc;t °C 0to 50 M1-6 Yes H
mittent heating (day,
night, weekend) and
undccupied periods, if
apglicable

—_

Temperature set-point
forfcooling, per ther-
mally conditioned zone,
per{hour, taking into
accpunt intermittent
codling (e.g. weekend)
and unoccupied peri-
odg, if applicable

eint;set;c;ztc;t OC 0 to 50 M1'6 YeS H

Avdilable heating power,
per{thermally condi- PH.avail;ztc;t w 0tooo M3-1 Yes H
tioned zone, per hour

Avdilable cooling power,
per|thermally condi- DPavail.ztet w 0tooo M4-1 Yes H Qc;out;zt,j
tioned zone, per hour

Conjvective fraction of (M3-5or
i M3 system
the|heating system/per doserip,
‘;l(l)(ra]t;:mally conditioned fH,c ztc - Oto1l tion) or de- No H
(if §ystem specific) fault (Table
TS Al1)
Conjvettive fraction of (M4-5 or
i M4 system
thelcooling system per b
';f(;iremally conditioned fe.czte - Oto1 tion) or de- No q
(if system specific) fault (Table
Al1)

a  Practical range, informative
b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)

d  H:hourly calculation procedures, M: monthly calculation procedures

e Some of the conditions of use can be adapted by system specific input
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Table 16 (continued)

Name

Symbol

Unit

Validity
intervala

Originb.e

Varying¢

Calcula-
tion
methodd

Symbol in
origin (if
different)

hour

Set-point relative
humidity for humidi-
fication, per thermally
conditioned zone, per

@Pint;set;HU; ztc;t

%

0to 100

M1-6

Yes

Set-point relative

conditione
hour

humidity fqr dehumid-
ification, p¢r thermally

zone, per

Qint;set;DHU; ztc;t

%

0to 100

M1-6

Yes

Volume floy
each air flo|
k entering {
zone, per h

v rate for
W element
 thermal
bur

qv k;t

m3/s

0tooo

M5-5

Yes

qV;argfin
qv;comlp;i
qV;leajin
qV;pdufin

qV;ventfin

Supply tem

erature for

each ventilgtion system
air flow element k en-
tering a zone, per hour

esup kit

°C

0to 50

M5-5

Yes

content for
element k e
thermal zo

Supply air fhoisture

air flow
ntering a
he, per hour

Xa;sup;k;t

kg/kg dry
air

Oto1l

M5-5

Yes

Actual syst
moisture c
mechanica
entering a
of central (

ical ventila
thermally d
zone, per h

em specific
ntent of the
supply air
one, in case
le-)humidi-

fication of the mechan-

[ion, per
onditioned
bur

Xa;sup;ss;zt;t

kg/kgdry
air

0tooo

M5-6

Yes

moisture s
the local sy
humidifica
thermally

zone, per h

Actual systlem specific

ipply by
stem for
[ion, per
onditioned
bur

GHU;SS;ZtC;t

kg/s

0tooo

M6-5

Yes

Actual syst

e specific

moisture r

movalhy
J

the local system for
dehumidification, per
thermally conditioned
zone. per hour

GDHU;ss;ztc;t

kg/s

0to

M7-5

Yes

Monthly calculation procedurese:

a  Practical range, informative

b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

d  H:hourly calculation procedures, M: monthly calculation procedures

e Some of the conditions of use can be adapted by system specific input

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)
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Name

Symbol

Unit

Validity
intervala

Originb.e

Varying¢

Calcula-
tion
methodd

Symbol in
origin (if
different)

The normal (‘thermal
comfort level’) heating
temperature set-point
per thermally condi-
tioned zone

Oint;set;H;ztc

°C

0to 50

M1-6

No

The reduced (‘economy

lev¢l’) heating temper-
atufre set-point of the
zorle (day, night and/or
weg¢kend)

eint;set;H;low;ztc

°C

0to 50

M1-6

No

perfiod with reduced
heating set-point (day,
night and/or weekend)

Thjl duration of the

A’:H;red;y;ztc

0to48

M1-6

No

Thg number of rep-
etiffions in a week of
heating reduction
perjiod (day, night and/
or Weekend)

Nrep;H;red;y;ztc

Oto7

M1-6

No

Th¢ normal (‘thermal
comfort level’) cooling
tenjperature set-point
per|{thermally condi-
tiofed zone

eint;set;C;th

°C

0to.50

M1-6

No

The¢ number of hours
duting the weekend
with reduced tempera-
turp set-point for cool-
inglor interruption

—

AtC;red;wknd;ztc

0to 48

M1-6

No

The¢ fraction of the
mohth which is the
undccupied (heating/
codling) period

fH/C;nocc;ztc;m

Otol

Local

Yes

a  |Practical range, informative

b |For instance EPB-module or (e.g. product) standard or “local” (type, geometry)

d  |H: hourly=edlculation procedures, M: monthly calculation procedures

e |Some of the conditions of use can be adapted by system specific input

¢ |“Varying”: valué-can vary over time: different values per time interval, for instance: hourly values or mgnthly values
(not constant yalues over the year)
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Table 16 (continued)

Name

Symbol

Unit

Validity
intervala

Originb.e

Varying¢

Calcula-
tion
methodd

Symbol in
origin (if
different)

the therma

Monthly time-average
airflow rate of air flow
element, k entering

heating/cooling, for
each month

1 zone, for

qv;k;H/C;m

m3/s

0to

M5-5

Yes

Monthly m
temperatui
ventilation
flow eleme
ing/cooling
zone, for eg

ban supply
e for each
system air
ht, for heat-
, entering a
ch month

Hsup;k;H/C;m

°C

0to 50

M5-2

Yes

The fractio
energy nee
added for d
ification, p{
cooling sys

h of sensible
H to be
ehumid-

r type of
tem

SDHU;C;ss

Oto1l

M7-5

No

a  Practicd

b Forinst

| range, informative

hnce EPB module or (e.g. product) standard or “local” (type, geometty)

¢ “Varying”: value can vary over time: different values per time interval,.for instance: hourly values or monthly values
(not constart values over the year)
d  H:hourly calculation procedures, M: monthly calculation procedures
e Some offthe conditions of use can be adapted by system specificinput
Table 17 — Climatic input data
Symbol
Lo Calcu-|; | .

Name Symbol Unit Yahdlty Originbe |Varyingc [lation n °T"§“‘

intervala a |(ifdiffer-

method
ent)

Hourly calfulation procedures:
External (ofitdoor) air o
temperaturje at each hour Bt ¢ -50t0 +50 MI-13 Yes H 04
Moisture c¢ntent or ke /kg dr
mixing ratip of the ex- Xase:t 8 aigr y 0to o M1-13 Yes H X
ternal air pler hour
Direct part|(including
circumsolaf) of.the-solar _ 2 _
irradiance;[;)er building Isondirtotke | W/m 0 to co M1-13 Yes H Ldir;{ot
element, pdrhdur

a  Practical range, informative

d  H:hourly calculation procedures, M: monthly calculation procedures

e Some of the conditions of use can be adapted by system specific input

b Forinstance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values
(not constant values over the year)
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Name Symbol

Unit

Validity
intervala

Originb.e

Varying¢

Symbol
in origin
(if differ-
ent)

Calcu-
lation
methodd

Diffuse part (excluding
circumsolar; including
ground reflection) of
the solar irradiance,
per building element,

Isol;dif;tot;k;t

W/m?2

0to o0 to oo

M1-13

Yes

H Idif;tot

perfiour

Solar altitude angle, from

X Asol:
horjizontal, per hour sol;t

0to90

M1-13

Yes

Solar azimuth angle,
perlhour

(Copnvention in this
dodqument: angle from Psol;t
Soyth, eastwards
poditive, westwards
negdative)

-180 to +180

M1-13

Yes

Mopthly calculation procedures:

Duration, per month Aty

672 to 744

M1-13

Yes

Megn external (out-
doqr) air temperature, Oe;a:m
permonth

°C

-50 to«+50

M1-13

Yes

M ea;m

Megn external (outdoor)

air femperature, per year eaan

°C

x50 to +50

M1-13

No

M ga;an

Totpl solar irradiation
per|building element, Hsol:k:m
permonth

KWK /m?2

0to

M1-13

Yes

a |Practical range, informative

(nof constant values over the year)

d  |H: hourly calculation prgcédures, M: monthly calculation procedures

e |Some of the conditions-ef use can be adapted by system specific input

b |For instance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ |“Varying”: value can vary over-tinie: different values per time interval, for instance: hourly values or mgnthly values
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Table 18 — Internal heat gains including recoverable heat losses and moisture production

Symbol in
origin (if
different)

Validity in- Calculation

Name Symbol Unit Originb.e |Varyingc

tervala

methodd

Hourly calculation procedures:

Specific internal heat flow
rate due to occupants, per
thermal zone, per hour

Gint;oc;zt;t

W/m?2

0to oo

M1-6

Yes

Specific inte
rate due to a
thermal zon

nal heat flow
bpliances, per
, per hour

qint;A;zt;t

W/m?2

0to oo

M1-6

Yes

Specific inte
rate due tol
thermal zon

fnal heat flow
ghting, per
b, per hour

qint;L;zt;t

W/m?2

0to

M9-1

Yes

Specific inte

water and s
per thermal

nal heat flow

rate due to hpt and mains
[wage systems,

yone, per hour

qint;WA;zt;t

W/m?2

0to oo

M3-1 and
M8-1

Yes

Incl.ji

M3+

Specific inte

mal zone, pe

nal heat flow

rate due to HVAC, per ther-

I hour

qint;HVAC;zt;t

W/m2

0 teree

M3-1, M4-1
and M5-1

Yes

Quz;1s

QC;sto
tot;r]

QV;ls;d
bl;zt

QV;ls;g’

bl

[rbl

bl

lis;r-

Specific inte

per hour

nal heat flow

rate due to pfocesses and
goods, per tHermal zone,

qint;proc;zt;t

W/m?2

0to oo

M1-6

Yes

Moisture pr

tioned zone,

duction in the

zone, per thdrmally condi-

per hour

Gint;ztc;t

kg/s

0to

M1-6

Yes

Monthly cal

culation procedures:

Specific inte

ing/cooling,

nal heat gain

due to occuppnts, forheat-

perthefmal

zone, per month

QH/C;spec;int;oc;z—
t;m

W/m?2

0to o

M1-6

Yes

ing/cooling,

Specific internal heat gain
due to appliances, for heat-

per thermal

zone, per month

QH/C;spec;int;A;z-
t;m

W/m?2

0to oo

M1-6

Yes

a  Practical range, informative

d  H: hourly calculation procedures, M: monthly calculation procedures

e Some of the conditions of use can be adapted by system specific input

b For instance EPB module or (e.g. product) standard or “local” (type, geometry)

¢ “Varying”: value can vary over time: different values per time interval, for instance: hourly values or monthly values (not
constant values over the year)
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Table 18 (continued)
Symbol in
. Validity in- - . Calculation |0rigin (if
Name Symbol Unit tervalay Originbe |Varyinge methodd | different)
Specific internal heat gain
due to lighting, for heating/ QH/C:speciint:Liz-
cooling, per thermal zone, / 'ng;'m e W/m? 0tooo M9-1 Yes M
per month ’
Specific internal heat gain Incl. in
duefto hot and mains water M3-1
and|sewage systems, for S M3-1 and
heafing/cooling, per ther- QH/C'Spi_C"m‘WA'Z' W/m?2 0to oo MB-1 Yes M
mallzone, per month o
Spefific internal heat gain QHZ;1s:rbl
due|to HVAC, for heating/
cooling, per thermal zone, Qe;stosls;-
permonth tot;rbl
Qu/C;specsingH- W/m?2 0to oo M3-1, Mdcl Yes M QVils;dis;r-
VAC;zt;m and M5-1 )
;Zt; bl;zt;i
QV;ls;gen;r-
bl
Spefific internal heat gain
duelto processes and goods,
for heating/cooling, per QH/C;specint;proc;z- W/m2 0% oo M1-6 Yes M
thefmal zone, per month t;m
a  |Practical range, informative
b |For instance EPB module or (e.g. product) standard or “local” (type, geometry)
¢ |“Varying”: value can vary over time: differént values per time interval, for instance: hourly values or monthlly values (not
conptant values over the year)
d  |H: hourly calculation procedures, M: monthly calculation procedures
e |Some of the conditions of use canype adapted by system specific input
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Table 19 — Operating and boundary conditions related to dynamic building elements

‘1 . Symbol in
Name Symbol |Unit Yahdlty Originbe |Varyingec Calculation origin (if
intervala methodd .
different)
Hourly calculation procedures:
(M1-6,
o 1 M10-1) or
Criteria for switching of i 0to1 default Yes H
shutters
(Table
A.23)
(M1-6,
. o1 M10-1) or
Crlterla. fort switching of 0to 1 default Yes H
solar blind
(Table
A.24)

a  Practicd
b Forinst

¢ “Varyin
(not constan

d  H: hourl]

e Some off

| range, informative

t values over the year)

hnce EPB module or (e.g. product) standard or “local” (type, geometry)

b”: value can vary over time: different values per time interval, for instance: h@usly values or monthly vajues

y calculation procedures, M: monthly calculation procedures

the conditions of use can be adapted by system specific input

6.3.6 Co

Constants

hstants and physical data

hnd physical data are listed in Table 20.

Table 20 — Constants.and physical data

Name Symbol Unit Value Calculation methoda
Atmospherfc pressure Patm Pa 101 325 H+M
zgssifligehe it of air at constant ‘s 1/ (kgK) 1006 HeM
Air densitylat 20 °C JoX kg/m3 1,204b H+M
(L),?‘t;;‘irheat of vaporization Hove |/ke 2 466103 HaM
Stefan-Boltzmann constant o W/(m2-K4) 5,67x10-8 H+M
Monthly me¢an solar declination, 8, (degrees):

Month Value (degrees) Month Value (degrees)
January -20,8 July 21,1

February -13,3 August 13,3

March -2,4 September 2,0

April 9,5 October -9,8

May 18,8 November -19,1

June 23,1 December -23,1

pa:pa;sea' 1

4,255

~ 0,00651- h
288

The air density is by definition at 20 °C, to avoid a useless conversion to the density at the actual temperature of the air
(flow); for the thermal balance it is the air mass (flow) that counts and not the volume (flow).

a  H:hourly calculation procedures M: monthly calculation procedures

b The air density is adjusted for altitude h (in m) above sea level as follows:
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6.3.7 Inputdata from Annex A (Annex B)

Annex A contains the normative template for choices in references, methods and input data. Informative
default choices in references, methods and input data are given in Annex B, respecting the template of
Annex A.

All these choices and input data are indispensable for the application of this document.

6.4 Zoning of the assessed object

6.4t—Gemerat

An pverview of all relevant terms and basic rules for zoning, including thermal zones afid serfvice areas,
is fgund in ISO 52000-1:2017, Clauses 3, 9 and 10.

For|the calculations according to this document, the assessed object (building)of-part of a building) is
conkidered either as a single thermal zone, or divided into more than one thexmal zone. The procedures
for the grouping and differentiation into thermal zones are given in 6.4.2.

The rules for zoning with respect to domestic hot water needs and technical building system related
seryice areas are provided in the relevant system standards under EPB modules M3 - M9.

The thermal zoning may need to be adjusted in case of design ledd calculations, see 6.4.2.13.
NOTE The required zoning for design load calculations «¢could not be the same as for the energy needs
calculation. The multiple use of the input structure could, hewever, influence the zoning, e.g. by ysing a finer
(rodm by room) zoning for the energy needs calculation, enabling a load calculation based on the sanje input.

The size of each thermal zone (useful floor area and air volume) is specified in 6.4.3.

In §.4.4 the rules for the allocation of the amount of heat exchanged between a thermal fone and a
system related service area are described:

Theg thermal balance of adjacent thermadlly unconditioned zones is as a rule modelled in a simplified
way|, see 6.4.5. There are two methods, depending whether the thermal transmission is cajculated on
thelinternal partition or on the external construction.

If afthermally unconditioned zene has a strong effect on the overall calculation, it can be copsidered in
the|calculation as a thermally conditioned zone with zero heating and cooling power. Thig leads to a
mote accurate assessnient of the impact of the thermally unconditioned zone. See 6.4.2.3.

Finglly, it is decided, whether the thermally conditioned zones are calculated with or withdut thermal
coupling. See 6.4/7

6.4)2 Thermal zoning procedures

6.4{2:17 General

The zoning procedures in this document are given in this clause and cover the rules for the
specification of thermal zones. These rules are in accordance with the general procedures described in
[SO 52000-1:2017, Clause 10.

NOTE1 These are essential for the understanding of the specification of thermal zones.

For the calculations according to this document, the assessed object (building or part of a building) is
considered either as a single thermal zone, or divided into more than one thermal zone.

In a stepwise approach spaces are combined or split to form thermal zones. The stepwise approach
enables to choose alternative procedures for one or more of the steps. The details of this stepwise
approach are given in the next subclauses.
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The following steps are distinguished:

1. For each space the space category is specified, taking into account the overall energy performance
assessment procedures of ISO 52000-1:2017, Clause 9.

2. All adjacent spaces belonging to the same space category are grouped into one thermal zone.

3. Incase of large openings between spaces, the spaces are combined into one thermal zone.

4. A thermal zone is split in such a way that a thermal zone contains only spaces that share the same
combination of relevant services.

5. Adjacent thermally conditioned zones may be combined if the thermal conditions of use atie|the
same dr similar.

6. In casq of system specific calculations (see 6.5.4.1 and 6.6.4.1), a thermal zone may needto be gplit
up, dug to rules (if any) in the relevant system standards, aiming at certain homegeneity in|the
systenp or subsystem within a thermal zone.

7. A thermal zone is to be split in such a way that a thermal zone is to some degree homogeneous in
the thgrmal balance. The criteria are more stringent if cooling is involved;

8. Adjacent thermally unconditioned zones may be combined.

9. A small thermal zone may be (re-)Jcombined with an adjacent thérmal zone if it has the same s¢t of
services, but different conditions of use.

10. A very| small thermal zone may be (re-)Jcombined with an“adjacent thermal zone even if it has a
differgnt set of services.

NOTE2  $ee ISO/TR 52016-2[1] for a more extensive explanation and justification.

At each ste]p, a choice is allowed for an alternative method. The procedure is described in 6.4.2.12.

6.4.2.2 7Zoning step 1: Assessment of space-categories

For each space, the space category is specified, taking into account the procedures in ISO 52000-1:2p17,

Clause 9.

Certain th¢rmally unconditioned,spaces may, for reasons of simplicity, be assumed to have the same

conditions|of use as the adjacentthermally conditioned spaces and then joined.

EXAMPLE Attic, staircase;-atrium, and garage. See extensive discussion in ISO/TR 52000-2[Z].

The choicel whether _these thermally unconditioned spaces are assumed to have the same conditjons

of use as the adjacent thermally conditioned spaces may have a very strong impact on the calculgted

energy perfformajee.

Also, the choice whether the size of these spaces, such as the useful floor area, reference floor arep or

reference volume, is included in the size of the building may have a very strong impact on the numerical
indicator for the energy performance.

NOTE 1

consequences of these choices are presented in ISO/TR 52000-2 [Z].

Consistency is needed between these successive choices. The rationale behind and some of the

Such a choice may also depend on the national legal infrastructure and building tradition,

It is not feasible to choose on the basis of the construction that forms the main thermal barrier: the
internal or external construction of the thermally unconditioned space or spaces.

NOTE 2 A decision based purely on these physical data is not evident, especially when air infiltration, glazing,
thermal bridges and / or ground floor areas are involved: a detailed assessment of the thermal transmission and
ventilation heat transfer properties could be difficult and not efficient.
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For some types of spaces it can be legally mandatory to consider these as within the thermal envelope
(e.g. a bedroom) or (for other types of spaces) outside the thermal envelope (e.g. a garage or gasoline

storage).

Spa

6.4

A space category is characterized by a specific set of conditions of use. Therefore, initially, :

spa

Thd
sim|
cald
Thd

envy
catg

6.4

In ¢
zon
larg
per

If the thermal conditions of use differ between the spaces, the most stringent conditions ay

the

The
moi
per

NOT

6.4
At

conpbination of the relevant services: heating only, cooling only, cooling and dehumidi

ces that are always to be regarded as thermally unconditioned:

spaces that are ventilated highly (such as: car garage, indoor car park). A highly ventilated space is
defined as a space with a permanent ventilation capacity of at least 3 dm3/s per m?2 of useful floor

area of that space; and

spaces with opening to outside air that are large. A large opening in a space to the outdoor air is

floor area of that space.

2.3 Zoning step 2: Grouping according to space category

Ces belonging to the same space category are grouped into one thermalZane.

rmally unconditioned spaces, adjacent to thermally conditioned spaces, are as a rule mc
plified way, see 6.4.5. However, if a thermally unconditioned zoné\has a strong effect on
ulation, it can be considered as a thermally conditioned zone (with zero heating and cool

rmally unconditioned spaces that are completely surrounded by other spaces inside t
elope are assumed to be of the same category as the adjacént space. In case of more than o
gory, the category with the largest floor area is selected.

2.4 Zoning step 3: Grouping in case of large‘openings in between

ase of permanent large openings between\two spaces, the spaces are combined into o
e. Doors that are likely to remain openfrequently are considered as permanent large
e opening in a space to a space or spaces inside the thermal envelope is defined as o
manent openings with a total area-gfat least 0,003 m2 per m? of useful floor area of that

simplifications of Step 9 or<Step 10 apply in this case.

thermal conditions ofiuse are in this respect the minimum and maximum temperat
sture settings and.the period(s) of the settings, such as the number of hours per da
week.

E See ISO/TR 52016-2 [1] for more explanations and justifications.

2.5 Zoning step 4: Split to have same combination of services

ermal zone is split in such a way that a thermal zone contains only spaces that shar

defined as one or more permanent openings With a total area of at least 0,003 M2 per m2 of useful

11 adjacent

delled in a
the overall
ng power).

he thermal
he adjacent

he thermal
penings. A
he or more
Space.

ply, unless

ire and/or
y and days

b the same

ication, or

heating plus cooling, etc. It may be checked if the simplifications given in Step 9 or Step 10 apply.

NOTE

If the principle of “assumed system” according to ISO 52000-1:2017, Table A.19, Table B.19 is followed

for both heating and cooling, then this step is redundant, because in that case the services needed to fulfil the
required conditions of use for the given space category are assumed to be present in any case. See ISO/TR 52016-

211

for an explanation.

6.4.2.6 Zoning step 5: Further grouping according to similar thermal conditions of use

If the conditions for the simplifications according to Step 9 or according to Step 10 are met, then these

sim

NOTE

©IS

plifications are applied first.

Because these are easier to check.

02017 - All rights reserved

43


https://standardsiso.com/api/?name=231be46c6954ce016523939cfd6b9ba1

IS0 52016-1:2017(E)

Otherwise the following applies:

The thermal conditions of use are defined as the minimum and maximum temperature and/or moisture
settings and the period(s) of the settings, such as the number of hours per day and days per week.

Adjacent thermally conditioned zones may be combined if the thermal conditions of use are the same.

Adjacent thermally conditioned zones may also be combined if the thermal conditions of use are similar;
which is considered to be the case if the following conditions apply:

— the difference in temperature settings for heating and (if applicable) is less than 4 K and the

dff 3 I | 3 ok s s P L€ 1 Lla) 1 s
1Irer ghee—Hr—mmhntam—aha—maximti—moistare—cotrteiic STTTITES S~ (I appPrCaoTCy— 15~ 1C33- 4 an

0,2 kgfkg(dry air); and

— the dally operation periods do not differ more than three hours.

NOTE The last condition implies, for instance, that grouping is not allowed if one thermal ‘zZone is operfited
during the weekend and the other is not.

In this casq, the weighted mean values for the thermal conditions apply. The weighting is done according
to the allodation rules given in ISO 52000-1 for the subdivision of thermal zones-

Adjacent thermally conditioned zones may also be combined if the rule applies for the spatial averaging
of set-poinf for residential buildings as described in 6.4.6.

6.4.2.7 7Zoning step 6: Split according to specific system or subsystem properties

In case of |system specific calculations (taking into account’specific heating, cooling, ventilation or
(de-)humidification system properties), a thermal zone miay need to be split up, due to rules (if dny)
in the releyant system standards, aiming at certain homiogeneity in the system or subsystem withjin a
thermal zope.

If the condjtions for the simplifications according'to Step 9 or according to Step 10 are met, then these
simplificatjons are applied first.

NOTE Because these are easier to check.
Otherwise|the following applies:

The procedures for this step haye,to be found in the relevant system standards under the EPB modfiles
M3-1 to M7-1.

6.4.2.8 Zoning step 7 (Further) split to have sufficient homogeneity in thermal balance

A thermal gone is tQ be split in such a way that a thermal zone is to some degree homogeneous in|the
thermal ballance. The criteria are more stringent if cooling is involved.

NOTE1  $eedSO/TR 52016-2[1] for explanations and justifications.

If the conditions for the simplifications according to Step 9 or according to Step 10 are met, then these
simplifications are applied first.

NOTE 2  Because these are easier to check.
Otherwise the following applies:

For each of the following criteria two different sections of the thermal zone are considered, covering
each at least 25 % of the useful floor area of the considered zone.

It would be counterproductive to perform detailed calculations to assess if these criteria are met.
Therefore, it is sufficient to roughly estimate the properties mentioned as criteria below.
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thermal zone has to be split if:

— between the two sections the monthly mean internal gains (including recoverable system losses)

NOTE 3

plus solar gains in a representative cold month are estimated to differ more than a factor
does not apply if the average value is below 15 W per m?2 useful floor area.

See ISO/TR 52016-2 [1] for explanations and justifications.

three. This

In addition, if the calculation involves the calculation of cooling needs or loads or indoor temperature
calculation, the thermal zone has to be split if:

2t anithlizaaath o d)

atiaz 0 a iz actionc thao 1ot asn o foctiza etz aa £ oo
UULVVUOUIL LITU LVVU OCU L LIVUITO UIIU TIILU T IIdr Cr1IciuIve 11vdu \,Cltlﬂ\,l\,)’ LlllUllLlll)’ lll\,\,llUuJ Ul d1I U

weighted

NOT

6.4
Adj

6.4

average thermal capacity of the constructions (hourly method) are estimated to differ
two classes according to Table 21 in 6.6.9; or

between the two sections the monthly mean internal gains, including recoverable sys
plus solar gains in a representative warm month are estimated to differ mote than a f3
This does not apply if the average value is below 30 W per m2 useful floot\area.

E4 SeelSO/TR52016-2 [1] for explanations and justifications.

2.9 Zoning step 8: (Further) grouping of thermally unconditioned zones

hcent thermally unconditioned zones may be combined into'one thermally unconditionec

2.10 Zoning step 9: Simplification in case of small thermal zones

more than

fem losses,
ctor three.

zone.

A thermal zone may be (re-)combined with an adjacent thermal zone if it has the same cgmbination

of s
bald
use

Int

6.4

At
con
tota

Int
Inc
are

6.4

ervices (see Step 4), but different thermal conditions of use (compare Step 5) or differe
ince properties (compare Step 7), provided.that it has a useful floor area of less than 5 %
ful floor area of the assessed object.

hat case the thermal conditions of ugé-of the adjacent thermal zone apply.

2.11 Zoning step 10: Simplification in case of very small thermal zones

hermal zone may be (re-)combined with an adjacent thermal zone, even if it has
bination of services (compare Step 4), provided that it has a useful floor area of less thar
1 useful floor area ofithe assessed object.

hat case the combination of services and thermal conditions of use of the adjacent thermal
hse of more than/one adjacent thermal zone, the combination of services and thermal condi
adopted framthe adjacent zone with the most similar services and / or most similar condit

2.12Alternative method

nt thermal
of the total

h different
1 % of the

zone apply.
Lions of use
ions of use.

At ¢

ach step described above, a choice is allowed for an alternative method. Table A.3 pi

ovides the

normative template for the choice of alternative methods and input data, with informative default
choices and input data in Table B.3.

NOTE

6.4.

The alternative method can also consist of an amendment of the described method.

2.13 Adapted thermal zoning for design load calculations

The thermal zones used for a cooling or heating load calculation shall be specified on the basis of the
intended system design. The load calculation shall support the dimensioning of the equipment. Multiple
emission elements in a thermal zone or repetitive system design may not require a zoning to the level
of the equipment.

NOTE See the explanation and justification in ISO/TR 52016-2:2017 [1] in 6.4.2.1.

© IS0 2017 - All rights reserved 45


https://standardsiso.com/api/?name=231be46c6954ce016523939cfd6b9ba1

IS0 52016-1:2017(E)

6.4.3 Siz

e of the thermal zones and thermal envelope

The useful floor area of each thermal zone, Ayse;zt, is equal to the sum of the useful floor area of each of
its spaces, as determined in ISO 52000-1.

The volume of the air of each thermal zone, Vipt.a;z¢ is equal to the sum of the volume of the air of each of
its spaces, as determined in ISO 52000-1.

6.4.4 He

If heat is e

at exchange between thermal zones and service areas

given in IS

q

J

NOTE

6.4.5 Adjacent thermally unconditioned zones

6.4.5.1 1

Two types
thermal tr
the gains i

Exter
therm

Intern

transnpission.

dq

J

NOTE 1
of heat tran|
both for the]

!

) 52000-1:2017, 10.5 apply.

ee the explanation in ISO/TR 52016-2 [1].

wo types

of thermally unconditioned zones are distinguished, with respectfo the assessment of
hnsmission properties and the corresponding adjustment of thé heat transfer through
the thermally unconditioned zone:

al unconditioned zone (ztue): the internal partition/s”taken as the boundary for
il transmission.

alunconditioned zone (ztui): the external partitien is taken as the boundary for the ther

ee illustration in Figure 1. A more detailed overview of the differences and similarities in treatn

hourly and the monthly calculation method;is given in ISO/TR 52016-2 [1].

a)

Key
a)

b) Intern
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b)

External thermally unconditioned zone (ztue)

al thermally unconditioned zone (ztui)

Figure 1 — External versus internal thermally unconditioned zones
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An external unconditioned zone, ztue, is the default type.
An internal unconditioned zone, ztui, is applicable in case of situations where:

— the thermal properties and geometry of the external construction elements can be determined
more accurately than the properties of the internal construction elements; and

— the internal and solar gains in the adjacent space are not dominating.

NOTE 2  Consequently, the internal thermally unconditioned zone type is not suitable for sunspaces or atria.
See the explanation in ISO/TR 52016-2 [11.

If the internal thermally unconditioned zone type is applied, care shall be taken not to indlyde the size
of the thermally unconditioned zone in the reference size and/or useful floor area ef thd thermally
confditioned space, unless this is explicitly instructed.

Tabje A.4 provides the normative template for the options and values, with informative default choice
and|values in Table B.4.

The choice may have an impact on the assessment of the thermal envelope.ar€a according to the relevant
stapdard under EPB module M2-5.1.

6.4)5.2 Calculation procedures

An jadjustment factor is needed to take into account the €ffect of a thermally unconditipned zone,
adjgcent to a thermally conditioned zone. In case of more than one thermally conditioned zgne there is
alsq the need for a distribution factor.

Different methods are given to take into account the effect of a thermally unconditioned Zone on the
heaf transfer by transmission and ventilation andithe gains.

Alt¢rnatively, default values for the adjustment and distribution factor may be available, as described in

The calculation procedures for the adjustment and distribution factor are given in 6.4.5.4.

Calgqulation procedures for the heat'gains in thermally unconditioned zones with internal orfsolar gains
arelgiven in E.3 of Annex E.

6.4)5.3 Calculated temperature in an adjacent thermally unconditioned zone as output variable

The temperature jn the thermally unconditioned zone is needed as output variable, e.g. to assess heat
losges from heat.or cold generators, storage and distribution systems (pipes and ducts)|located in
thermally uncanditioned space or spaces.

NOTE 1 . For simplicity, no distinction is made between air or operative temperature.

For|theyhourly calculation method:

The hourly temperature in an external type (as defined in 6.4.5.1) of thermally unconditioned zone k,
Oztu,k;t, in °C, is given in 6.5.9. The temperature includes the effect of internal and solar heat gains (for
instance in case of a sunspace or atrium).

The hourly temperature in an internal type (as defined in 6.4.5.1) of thermally unconditioned zone
k, Oztu kv, in °C, is equal to the operative temperature of the adjacent thermally conditioned zone j,
Oint;op;ztc,j;m> s determined in 6.5.5. The temperature is excluding the effect of internal or solar gains.
These (if any) are attributed to the adjacent thermally conditioned zone(s).

For the monthly calculation method:
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The monthly mean temperature in an external or an internal thermally unconditioned zone k, 0ty k:m,
in °C, is given by:

eztu,k;H/C;m = Yejam + bztu,k;m ' (ecalc;H/C;ztc,j;m _ee;a;m) (1)
where, for each month m
bztu,k:m is the adjustment factor for the thermally unconditioned adjacent zone k, in month m,
as determined in 6.4.5.4;
Ocalc;H/C;ztd j;m is the calculation temperature of the adjacent thermally conditioned zone j for heating/
cooling, as determined in 6.6.11, in °C;
in case of multiple adjacent thermally conditioned zones, the temperatures are weighted acderding tg the
distributioE factor for the heat transfer between the thermally conditioned zone ztcj andthe thermjally
unconditioped zone k, Fztc j;ztu k;m, as determined in 6.4.5.4;
Oe;a:m is the monthly mean (air) temperature of the external envirenment, obtained from
the relevant standard under EPB module M1-13, in °C.
The tempefature of the thermally unconditioned zone is excluding the effect of internal or solar gdins.
These (if any) are attributed to the adjacent thermally conditioned zong(s).
If, in the relevant system standard using this temperature as an‘input, no distinction can be mjade
between heating and cooling mode, the temperature for heating.and cooling mode shall be weighted for
on a monthly basis, according to the heating and cooling need:
6.4.5.4 Adjustment and distribution factor
For the hourly and for the monthly calculation-method the adjustment factor for the thermfally
unconditioped zone in month m, bty k;m, is given by:
H
ztu;e;m
bztu;m i H (2)
ztu;tot;m
ztu;tof;m = Z (Hztc,j;ztu;m ) +Hztu;e;m (3)
j
The distriution factor in case of multiple adjacent thermally conditioned zones is given by:
If more than one adjacéntthermally conditioned zones, ztc,;:
zte,i;ztu;m
thc,i ;Ztu;m < H (4’)
Z ( Ztc,j;ztu;m )
J
If only one adjacent thermally conditioned zone ztc:
thc;ztu;m =1 6)
where
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Fate iztusm is the distribution factor for the heat transfer between the thermally conditioned zone i
and the adjacent thermally unconditioned zone ztu, for month m;

bztu:m is the adjustment factor for the thermally unconditioned adjacent zone ztu, in month m;

Hztue;m is the heat transfer coefficient between the thermally unconditioned zone ztu and the
external environment for month m, determined in accordance with ISO 13789:2017, 7.5,
(determination of Hye) in W/K;

Hzty:tot;m is the sum of the heat transfer coefficients between the thermally unconditioned zone ztu, the
ar‘l}'ar‘pnf fhprmn”y conditioned 7nnp(-c) andthe external environment formonth m, in W/K;

Hztd jiztu;m is the heat transfer coefficient between the thermally conditioned zone ztc,jrand the ther-
mally unconditioned zone ztu for month m, determined in accordance with SO 13789:2017,
7.5, (determination of Hj,) in W/K;

ztc,f is the index for any thermally conditioned zone adjacent to the(thermally ungonditioned
zone ztu.

NOTE1 The procedure to calculate the adjustment factor is equal to the procedure in ISO 13789:2017, 7.5,

but
con
intr

InT
the

valge of the heat transfer by transmission (Hye;trk;m), for the thermally unconditioned zone

pxpanded with the possibility of multiple adjacent thermally conditioned Zones. The values will
tant over the year, but in some cases the values may be variable, in which case monthly (mean) v
bduced. A too refined calculation is usually not justified, because it“concerns only an adjustment.

able A.5 (normative template), with informative default€hoice in Table B.5 a choice is g
value of the heat transfer coefficient by ventilation through the external partition (Hye;v¢

hormally be
hlues can be

ven to link
k:m) to the
k, in month

(6)

he external

he external
7.5, (deter-

ransfer co-
template),

ilation rate

m, which results in the following formula, replacing:the Formula in ISO 13789:2017, 7.5:
Hztu;e;k;m = (1 + Cztu;ve ) ' Htr;ue;k;m

where, for a thermally unconditioned zose k, in month m

Hytlie;k:m is the heat transfer coefficient between the thermally unconditioned zone and t
environment, in W/K.

Hirlie kom is the heat transfer coefficient between the thermally unconditioned zone and t
environment)by transmission, determined in accordance with ISO 13789:2017,
mination of Hye) in W/K;

Cztubve is the.coefficient to express the default contribution of ventilation in the heat t
efficient through the external partition, as determined in Table A.5 (normativg
with informative default value in Table B.5.

NOTE 2<_YXThe ventilation rate through the external partition is often much larger than the ven

thrqugh the internal partition. See explanation in [SO/TR 52016-2[11.

Alternatively, the default values of 6.4.5.5 may apply.

6.4.

5.5 Default adjustment and distribution factor values

Default values for the adjustment factor, by, k;m and the distribution factor, Ficz zt:ztu k:m,» may be used,
if available, for instance as function of the type and/or size of the adjacent thermally unconditioned
space, as determined in Table A.4 (normative template), with informative default values in Table B.4
presented in 6.4.5.1.
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6.4.6 Residential buildings or building units, adjustment for spatial average temperature

For residential buildings or building units where parts of the building are predominantly thermally
unconditioned (e.g. master and/or spare bedrooms, study, attic: the “moderately conditioned”
spaces), the temperature set-point for heating shall be adjusted. There are three options to adjust the
temperature set-point.

Which of the options is applicable is provided in Table A.6 (normative template), with informative

default cho

ice provided in Table B.6.

Option A (single zone, no adjustment):

For hourly
When the 1

the temper

Option B (S
For hourly

When the i

the adjustze

and monthly calculation method.

esidential building or building unit is calculated as a single zone, ztc:

ingle zone, adjustment):

and monthly calculation method.
esidential building or building unit is calculated as a single Zene, ztc:

d temperature set-point for the whole building or building unit calculated as single 7

ature set-point for the whole building or building unit calculated as single zofe ztc, is equal
to the temperature set-point for the thermally full conditioned spaces.

one

ztc, is equal to the temperature set-point for the thermally full’conditioned spaces, decreased With
ABing;set;H,
A _ (fmod;t fmod;sp) X (fmod;sp HH;e;spec;ztc;m ) X (eint;set;H;stc ) ee;a;m)
eint;s bt H;zte;m — (7)
(fmod;sp X HH;e;spec;ztc;m) + HH;int;spec

where, for fhe building or building unit as singlefzone, ztc, in month m

Hy;e;spec;ztf;m 1S the specific heat transfer. coefficient by transmission and ventilation in month np, in

W/(m2-K) dletermined according to:

H _ HH;tr;Ztc;m + HH;ve;ztc;m 8
H;e;spec;ztc;m — A ( )
use;ztc

and

HY:tr;zte;m is the @verall heat transfer coefficient by transmission, in W/K;

Hy.ve;zte:m is,the overall heat transfer coefficient by ventilation, in W/K;

Ause;ztc is the useful floor area, as determined in 6.4.3 in m2;

Sfmod;t is the assumed (fixed) dimensionless fraction in time that the moderately conditioned
part (on average) is operated at moderate comfort level instead of at full comfort level, as
determined in Table A.6 (normative template), with informative default value provided
in Table B.6;

fmod;sp is the assumed (fixed) dimensionless space fraction of the moderately conditioned partin

50

the building, with the value provided in Table A.6 (normative template), with informative
default value provided in Table B.6
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is the assumed (fixed) overall internal heat transfer coefficient per m2 of useful floor area
in W/(mZ2-K), with the value provided in Table A.6 (normative template), with informative
default value provided in Table B.6;

is the temperature set-point for the thermally full conditioned space or spaces, determined
in accordance with 6.5.5 (hourly method) or 6.6.11 (monthly method), in °C;

Oc:a:m is the monthly mean external air temperature, obtained from the relevant standard under
EPB module M1-13, in °C.
NOTE1 The fixed values will lead to a rough approximation. See explanation and examples in ISO/TR 52016-2[1].

For
ztc,

NOT
Opt
For

Cal

cooling, the temperature set-point of the whole building or building unit calculated"as

E2  For cooling this is a conservative approach. See explanation and justification@n1SO/TR 52

ion C (thermally uncoupled zones):

hourly and monthly calculation method.

ulation in different thermally uncoupled zones. In this option the internal heat exchange

trapsmission and ventilation and air circulation between the zones-s ignored.

NOTI

E3  Theinternal thermal coupling by transmission and ventilation/air circulation is usually (7

than the external thermal coupling.

Opt
Onl

Wh
Anr
set-

ion D (thermall led zon
y for hourly calculation method:

bn the residential building is calculated-as two or more thermally coupled zones (se
ex D): thermally full conditioned zone(s)-and thermally partly conditioned zone(s). The td
points in the thermally full and partly conditioned zones shall be obtained from th

stapdard under EPB module M1-6.

is assumed to be equal to the temperature set-point for the thermally conditioned spaces.

bingle zone

016-2[11.

by thermal

huch) larger

b 6.4.7 and
mperature
e relevant

6.4)7 Thermally coupled orsuncoupled zones

A cplculation in case of multiple thermally conditioned zones, can be done with or without thermal
coupling between the zones.

The choice is given-inTable A.7 (normative template) and Table B.7 (informative default choife).
Defhult thermal‘coupling characteristics (transmission and ventilation/air circulation) afe given in
Tabje A.8 (nérmative template) and Table B.8 (informative default quantities and values).

A nmulti-zone calculation with interactions between the zones requires significantly morg and often
arbltfary input data (on transmission properties and air flow direction and size) and may lepd to other
techmicaland procedurat compltications that add Uncertainties to the qualtity of the resutts. Therefore,
the benefits may be smaller than the drawbacks.

NOTE Examples of complications are given in ISO/TR 52016-2[11.

The calculation rules for thermally coupled zones are given in Annex D.

6.5 Hourly calculation procedures

6.5.1 Principle

The basic principles are described in 5.2.1.
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The internal temperature of a building thermal zone is solved, on an hourly basis, by a system of
equations of the transient heat transfers between the external and internal environment through the
opaque and transparent elements bounding the zone’s envelope. The equations are solved as a matrix.
The calculation result is the temperature of each component, including the internal air and (if any) the

heating or

cooling needs.

Each construction element (e.g. floor, window, wall) is modelled as a series of a few nodes: Opaque
elements are divided in 4 layers with 5 nodes. Windows and doors are not divided into separate layers
and have 2 nodes. The number of equations describing the building elements is therefore: 5 x the

number of

The hourly

a)
b)
‘)

For some §
each applid

intern

energy

design|

opaque elements + 2 x the number of windows and doors.

method covers three application areas:
need calculation;

hl temperature calculation; and

heating and cooling load calculation.

pplications the equations have to be solved several times per time interval. Thereforeg
ation a procedure is given that results in the required output.

6.5.2 Applicable time interval and calculation period

The calculd

The calculd
loads, whigd

System sp

The length
the respec
It may diffg

NOTE 1
or could be

’

In case of
restriction

Such restr

ition procedures described in 6.5 are suitable for an houtly time interval.

ition period is a full year, except for the application for-peak indoor temperatures and de
h are calculated over a short representative peried-

ecific energy need calculations:

5 of the heating, cooling and (de-)humidification seasons are defined by the operation tim
[ive technical systems. This has to be taken into account in the system specific calculati
br from the time resulting from the basic energy needs calculation.

'he length of the season could be shorter than in the needs calculation, suppressing off-season ne
onger, causing system losses during times without needs.

Festrictions on the length of the period to be taken into account in the calculations, tk
5 shall be conveyed thrpugh all relevant EPB standards.

ctions shall be_taken into account in the relevant system standards, EPB modules M3-

M7-1, calcylation of theysystem energy use. The choice for such restrictions is provided in Annsg

(normative

NOTEZ2 1

6.5.3 As

template)and Annex B (informative default choice) in these standards.

hese restrictions could e.g. be due to national or regional regulations.

for

bign

e of
bNS.

eds,

ese

X A

simptions and specific conditions

For all application areas the following basic assumptions are made:

Same assumptions as in ISO 52017-1:

the air

one-di

temperature is uniform throughout the room or zone;

the various surfaces of the room or zone elements are isothermal;

mensional;

dimensional heat flow rate in accordance with ISO 13370;

52

© ISO 2017 - All rights rese

the heat conduction through the room or zone elements (excluding to the ground) is assumed to be

the heat conduction to the ground through room elements is treated by an equivalent one-

rved


https://standardsiso.com/api/?name=231be46c6954ce016523939cfd6b9ba1

IS0 52016-1:2017(E)

— the heat storage contribution of (linear or point) thermal bridges is neglected;

— (linear or point) thermal bridges are directly thermally coupled to the internal and outdoor air
temperatures;

— air spaces within envelope components are treated as air layers bounded by two isothermal and
parallel surfaces;

— the heat storage effects in the various planes of a glazed element are neglected;

— the density of heat flow rate due to the short-wave radiation absorbed by each plane of a glazed

1 £a3o 4+ +ad i
CTeTIICTIIc S Catttas—a SsouT CCCCTTIIT,

In alddition:
— |the thermal zone is considered to be a closed space delimited by enclosure elenients;

— |the thermophysical properties of the materials composing the thermal-zone element$ are time-
independent, but switching component properties is not excluded: £.g, movable solgr shading,
shutters;

— |the external radiant environment (sky excluded) is at the externalair temperature;
— |the spatial distribution of solar radiation within the room is’even and time-independent
— |the distribution of mass in each construction is simplified;

— |solar properties of windows are not solar angle dependent; and the total solar energy trajsmittance
is assumed to be direct transmittance into the zei¥e; and

— |the mean radiant temperature is calculated-as the area-weighted average of the interpal surface
temperatures of each component.

Asspmptions inherited from ISO 13789 (EPB module M2-5.1) and related EPB standards junder EPB
modglule M2-5:

— |convective heat transfer coefficients at the external surface depend on the wind v¢locity and
direction, but are considered time-invariant;

— |convective heat transfer ¢oefficients at the internal surface depend on the direction of the heat flow
and are considered.time-invariant;

— |the long-wave heat transfer coefficients at the external surfaces of the room elements to the external
air is considered time-invariant;

— |the chaoice of the dimensions used for the determination of the heat flow by thermal transmission
(intermal dimensions, external dimensions or overall internal dimensions) is specified in the context
of the standards in EPB module M2-5 and shall be maintained throughout the EPB assesgsment. The
¢hoice of dimensions for the determination of the heat flow by thermal transmission candiffer from
the choice of dimensions for the metric of a space or zone such as the useful floor area. In the latter
case also other criteria may need to be considered.

NOTE For instance: in many countries parts of the floor are excluded from the useful floor area, e.g. if the
ceiling is lower than a specific minimum height (e.g. 1,5 m).

The energy needs for active preheating or precooling hygienic ventilation air (e.g. in an air handling
unit or in a trickle ventilator) is not included in this method (and thus not included in the energy needs
for heating and cooling), but is treated by the relevant standards under EPB module M5-6.
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Iculation procedure

6.5.4.1 Application: Calculation of the basic loads and needs and system specific loads and needs

There are two calculations: basic loads and needs and system specific loads and needs.

Basic loads and needs:

Calculation of the loads and needs without the influence of a specific choice of technical building

systems.

Which profisions are excluded is to be obtained from the relevant clauses of the standard under EPB
module M7-4.

EXAMPLE Often the heat recovery unit from the ventilation system is included in the basic n¢eds
calculationd, to avoid a major deviation from the operating area for the calculation and to avoid contradictjons
with assumptions associated to the choice of a heat recovery unit.

The basic [energy needs include the situation where standard indoor environiment conditions |are
assumed for the given space category, which require a heating and/or cooling system, while the acfual
system is absent or undersized: in that case the basic energy needs are calculated anyway.

NOTE 1
required. S¢g

System sp

Possible re
characteris

NOTE 2 4
iteration ca

The follow

f

epending on the choices made in standards providing input to the calculation, iteration cap be

e also the calculation steps specified in ISO 52000-1.
ecific loads and needs:

petition of the calculation(s) due to the interactionef the basic calculations, with the spe
tics and specific control of the technical building.systems.

\gain, depending on the choices made in standards providing input to the calculation, fur
h be required. See also the calculation steps specified in ISO 52000-1.

ng system influences are possible:

rific

ther

1 in

4.3;

ous
A9

— limited heating or cooling power: hourly method only; input requested in 6.5.5.2;

— specific value for the convectivesfraction of the heating and cooling system; input requeste
6.5.6.%;

— recoverable heat losses; input requested in 6.5.12.2;

— adjustment of the tempe€pature set-points (value and time-schedule); input requested in 6.5.5.1;

— limitatlion of the hedting or cooling season for the calculation; input requested in 6.5.4.2 and 6.5

— absende of heating or cooling system: no system specific calculation or calculation with fictit
heating or ‘¢ooling system, according to the principle chosen in ISO 52000-1:2017, Table
(normative template) and Table B.9 (informative default choice);

For the sys

in case of fictitious heating or cooling: input requested in the subclauses mentioned above;

in case of no heating or cooling: input requested in 6.5.5.2.

tem influences applicable to (de-)humidification systems, see 6.5.14.

In the system specific calculation, it will be recorded to what extent, during the comfort periods, the
temperature did not reach the heating or cooling set point. The latter is needed for a level playing field.
For this reason the underheating and overheating is recorded as output at monthly level, see 6.5.15.2.

NOTE 3

In case of an undersized or absent heating or cooling system, there is no level playing field in the

comparison of the energy performance with other buildings; this could be overcome by a clear warning or a
penalty. See explanation and examples in ISO/TR 52016-2[11.
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6.5.4.2 Energy need for (sensible) heating and cooling

Warning — there is no differentiation yet in subscript between calculation of ‘basic energy’ and
‘system specific’ loads and needs.

The monthly energy needs for heating/cooling in a thermally conditioned zone, ztc, are calculated as
the sum over the hourly heating/cooling loads:

QH/C;nd;th;m =0,001x Z(Q)H/C;ld;ztc;t ’ Ath ) (9)
t

whgre, for the thermally conditioned zone, ztc

Qu/;nd;zte;m are the heating/cooling needs in the zone, in month m, in kWh.
Py [c:1d; ztc:t are the heating/cooling loads in the zone, at time interval ¢, as defermined in[6.5.5,in W;
Aty is the length of the time interval ¢, in h; Aty = 1 for hourly time’interval.

Thg annual energy needs for heating/cooling are calculated as the sum.over the monthly negds:

QH/C;nd;Ztc;an = 2 Q H/C;nd;ztc;m (10)
m
where
QH/[;nd;ztc;an are the annual heating/cooling needs inthe zone, in kWh.
QH/L;nd;ztc;m are the heating/cooling needs in\the zone, in month m, in kWh.

System specific energy need:

Forfthe calculation of the system specific energy needs for heating and cooling, restrictions, af described
in §.5.2 may apply on the length of the heating or cooling season.

6.5/4.3 Latent energy need for (de-)humidification

Warning — there is no differentiation yet in subscript between calculation of ‘basic energy’ and
‘syqtem specific’ loads and needs.

Thg monthly latent-energy needs for (de-)humidification in a thermally conditioned zone, ztc, are
caldqulated as the sunt over the hourly heating/cooling loads:

Quu/pitmtizee;m = 0,001 X Z(¢HU/DHU;1d;ztc;c -Aty ) (11)
t

wheére,for the thermally conditioned zone, ztc

QHU/DHU;nd;zt;m are the (de-)humidification needs in the zone, in month m, in kWh.

PHU/DHU;Id;zt;t are the (de-)humidification loads in the zone, at time interval ¢, as determined in
6.5.14,in W;

Ath is the length of the time interval ¢, in h; Aty = 1 for hourly time interval.

The annual latent energy needs for (de-)humidification are calculated as the sum over the monthly needs:

Q HU/DHU;nd;zt;an 2 Q HU/DHU;nd;zt;m (12)
m

where
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QHU/DHU;nd;zt;an

QHU/DHU;nd;zt;m

System sp

are the annual (de-)humidification needs in the zone, in kWh.
are the (de-)humidification needs in the zone, in month m, in kWh

ecific energy need:

For the calculation of the system specific energy needs for (de-)humidification, restrictions, as described
in 6.5.2 may apply on the length of the season.

6.5.4.4 Application: internal temperature calculation

In case of i
assumptio
6.5.4.5, but

In case of
6.5.5.3 tak

®H;max;zt

For the ass
of the enej
the energy

6.54.5 A

6.5.4.5.1

The therm
basis of th
equipment
zoning to t

NOTE
calculation

’

6.5.4.5.2

The calculd
need accor

The design

q)H;ld;d

hternal temperature calculation to assess overheating under summer design conditiosis,
s and specific conditions are the same as for the design cooling load calculationsgive
the system related conditions are ignored.

zero heating or cooling power, the internal temperatures shall be calculatédyaccordin
ng PHc:ld;zte;t = 0, by setting the maximum heating and cooling power in the,Zone ztc to z

r = @C;max;ztc = 0.

bssment of the internal temperature under standard climatic conditiens (as for the calcula
gy needs for heating and cooling), the calculation shall be done*according to calculatio
needs for heating and cooling given in 6.5.4.2, with zero hedting and cooling power.

\pplication: Design heating or cooling load calculation

General

al zones used for a design heating or cooling load calculation shall be determined on
e intended system design. The design load- calculation shall support the dimensioning of]

Multiple emission elements in a thermalzone or repetitive system design may not requi
he level of the equipment.

'he required zoning can differ fromJ/the zoning for the energy needs calculation. A system de
Can for instance require to focus on a ‘worst case’ space.

Design sensible heating load calculation for a thermal zone

tion of the (annual)-design heating load of a thermal zone is done by calculation of the ensg
ding to 6.5.4.2, but with the climatic and operational conditions given below.

sensible heating load of a thermal zone is:

= max (d)

¢ H;ld;ztc;t )

Es;Ztc;an

where

the
h in

P to
Pro:

fion
h of

the
the
Ire a

Kign

rgy

13)

qu;ld;des;Zm;an

¢H;ld;ztc;t

is the design sensible heating load in the thermally conditioned zone ztc, in W.

is the (sensible) heating load in the zone, at time interval ¢, calculated accordin
6.5.5,in W.

Climatic conditions:
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The climatic data used for the design heating load calculation shall be a sequence of hourly values,
as described in ISO 15927-4, for a period of the number of days n according to ISO 15927-5, with the
following properties:

— The average external air temperature of the sequence shall be equal to the external design
temperature according to EN 12831-1;

— Theminimumhourlyvalue for the externalairtemperature shallbe the minimum hourly temperature
having an average return period of 1 year (e.g. occurring on average 20 times in 20 years).

The initialization period shall consist of one or more repetitions of the cyclic period, so that the
initfalization period Is at least 14 days long.

NOTE (from ISO 52017-1) The actual calculation period is preceded by an initialization.périod|that is long
enofigh to make the influence of the temperatures of each node at the start of the calculation-negligihle when the
actyal calculation period starts.
Conditions of use:

For|the design heating load calculation the set-points and the internal gains’shall be obtaingd from the
relgvant standard under EPB module M1-6 as for the energy needs calculation. The internal|gains shall
be fteduced by a factor fy;ig to be determined according to the normative template given in Table A.9. A
default choice is given in Table B.9.

For|the basic design sensible heating load calculation of-a‘thermal zone, the following ¢perational
confditions apply:

— | The system is operating continuously; input requested in 6.5.5.1;
— | The available system power is unrestricted; input requested in 6.5.5.2;

— |The heat supply is purely convective: fy cz¢e= 1 (input requested in 6.5.6.2);

For|the system specific design sensible heating load calculation of a thermal zone, th¢ following
opefrational conditions apply:

— | The system may be operating interruptedly; input requested in 6.5.5.1;

— |The available system power may be restricted to an intended design value; input requested in
6.5.5.2;

— |The convective fraetion of the heat supply is chosen according to the intended syptem type:
fH,czte < 1 (inputréquested in 6.5.6.2).

6.5}4.5.3 Design sensible heating load calculation for a sub-system

The (anntial) design sensible heating load of a sub system ss is:

[ )
cz5H;ld;des;ss;an = mtax 2(¢H; ld;ztc;t) (14)
ztc
where
DH:1d;des;ss;an is the (annual) design sensible heating load in the subsystem ss, in W.
Py;1d;ztc;t is the sensible heating load in the thermally conditioned zone ztc, at time interval ¢,
calculated according to 6.5.5,in W.

NOTE This is the maximum of the superposed profiles of all thermal zones rather than the sum of the maxima.

If a system covers only part of a thermal zone the attribution rules given in ISO 52000-1 apply.
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6.5.4.5.4 Design sensible cooling load calculation for a thermal zone

The calculation of the (annual) design cooling load of a thermal zone is done by calculation of the energy
need according to 6.5.4.2, but with the climatic and operational conditions given below.

The (annual) design sensible cooling load of a thermal zone is

@C;ld;des;ztc;an = m?X ((DC;ld;ZtC,‘t ) (15)

where

D¢ ld;des;ztd an is the (annual) design sensible cooling load in the thermally conditioned zone z&c,in W.

Dcdzteit is the (sensible) cooling load in the zone, at time interval ¢, calculated according to
6.5.5,in W.

For the bapic design sensible cooling load calculation of a thermal zone, the following operati¢nal
conditions|apply:

— The system is operating continuously; input requested in 6.5.5.1
— The avjailable system power is unrestricted; input requested in 6.5.5.2;
— The hgat extraction is purely convective: f¢ cztc = 1 (input requeSted in 6.5.6.2).

For the system specific design sensible cooling load calculation of a thermal zone, the following
operational conditions apply:

— The system may be operating interruptedly; input requested in 6.5.5.1;

— The available system power may be restricted~to an intended design value; input requested in
6.5.5.%;

— The cdnvective fraction of the heat extraction is chosen according to the intended system type:
fc,czte 1 (input requested in 6.5.6.2).

Climatic cpnditions:

The climatic data used for the.deSign cooling load calculation shall be calculated and presented
according o ISO 15927-2.

The initialization period-shall consist of one or more repetitions of the cyclic period, so that|the
initializatipn period is atleast 14 days long.

(From ISO[52017-1).The actual calculation period shall be preceded by an initialization period that
is long endugh te-make the influence of the temperatures of each node at the start of the calculation
negligible yhén the actual calculation period starts.

Conditions of use:

The set-points and the internal gains shall be taken as for the energy needs calculation, except for the
following difference:

If there are simultaneity factors applied to the use data for the energy calculation, this shall not be
applied for the design load calculation.

NOTE 2  This means the daily profiles of the space use data are applied directly, without any reduction ratio.
This requires the building use data in EPB module M1-6 being made available in the respective form.
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6.5.4.5.5 Design sensible cooling load calculation for a sub-system

The (annual) design sensible cooling load of a sub system ss is:

¢C; 1d;des;ss;an = m?X Z ((pc; ld;ztc;t) (16)
ztc
where
D 1d:des;ss;an is the (annual) design sensible cooling load (value = 0) in the subsystem ss, in W.
Dc.ld;ztc:t is the sensible cooling load in the thermally conditioned zone ztc, at timq interval ¢,
calculated according to 6.5.5,in W.
NOTE This is the maximum of the superposed profiles of all thermal zones rather than the sum of fhe maxima.

If agub-system covers only part of a thermal zone, the attribution rules of ISO(52000-1 apply.

6.5/4.5.6 Design supply air conditions for humidification and dehumidification

The calculation of the (annual) design (de-)humidification moisturéload and design latent heat load of
a thermal zone is done by calculation of the moisture and latent’heat load according to 6.5.14, but with
the|climatic conditions given below.

The (annual) design humidification moisture load is

GHU;ld;des;ztc;an = mtax ZGHU;ld;ZtC;t (17)
t
The (annual) design dehumidification moisture load is
GDHU;ld;des;ztc;an = mle ZGDHU;ld;ZtC;t (18)
t
The (annual) design latent heatload for humidification is
¢HU;ld;des;ztc;an = mtax Z¢HU;ld;ZtC;t (19)
t
The (annual) design’latent heat load for dehumidification is
¢DHU;ld;des;th;an = m;’;lX ZQ)DHU;ld;ZtC;t (20)
t
Wh@rn’ forthe fhnrma”y conditioned zone zic
GHU:ld;des;ztc;an is the (annual) design humidification moisture (supply) load needed to maintain a
minimum moisture set-point, in kg/s;
GDHU:Id;des; ztc:an is the (annual) design dehumidification moisture (removal) load needed to maintain
a maximum moisture set-point, in kg/s;
GHU;d: ztc:t is the humidification moisture (supply) load needed to maintain a minimum mois-
ture set-point at time interval ¢, as determined in 6.5.14.1.1, in kg/s;
GDHU:d; ztc;t is the dehumidification moisture (removal) load needed to maintain a maximum

moisture set-point at time interval ¢, as determined in 6.5.14.1.1, in kg/s;
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PHU;Id: des; ztc:an is the (annual) design latent heat load for humidification, in W;

PDHU:Id;des; ztc;an is the (annual) design latent heat load for dehumidification, in W;

PHU;Id; ztc;t is the latent heat load for humidification at time interval t, as determined in
6.5.14.1.1,in W;

PDHU;Id; ztc;t is the latent heat load for dehumidification at time interval ¢, as determined in
6.5.14.1.1,in W.

The (annual) design (de-)humidification moisture load can be converted to an increase and decrease in
mechanical ventilation supply air moisture content compared to the moisture content of extermal|air,
AXa;sup;HU/PHU;1d;des;ztc;an, IN accordance with the relevant formulae in 6.5.14.2:

G
HU;1d;ztc;t
AXa;sup;HU;ld;des;zL“c;an - (Xa;sup;HU;req;ztc;t - Xa;e;t) - ] 21)
Pa qV;mech;k;t
Ax _ _ _ GDHU;ld;ZtC;t 29
a;suf;DHU;ld;des;ztc;an — Xa;e;t Xa;sup;DHU;req;ztc;t - )

Py " 4y.mech:k;:t

with t the {ime interval that the design humidification or dehumidificatiofiload occurs.
Climatic cpnditions:

The design} supply air conditions for humidification and dehuniidification shall be calculated as|the
calculation of the latent heat load according to 6.5.14, under design climatic conditions.

These design climatic conditions shall contain a minimtim/maximum hourly value for the humifity
content of [the external air, having an average returneriod of 1 year (e.g. occurring on averagg 20
times in 2(] years).

6.5.5 Cajculation of (sensible) heating and cooling loads and temperatures

6.5.5.1 Temperature set-points

The interngl temperature set-pointforheating, Oint;set:H; ztc;t, and cooling, Bint;set;C; ztc;t, in each thermfally
conditionefl zone ztc, at time intexval ¢, shall be obtained on an hourly basis from the relevant standard
under EPB[module M1-6, takifig into account the space category (specified in ISO 52000-1) and taking
also into adcount possible night time and/or daytime temperature set-back, weekend or other periodical
interruptigns or set-back'periods.

In some byildings, such as schools, unoccupied periods during the heating or cooling season, such as
holiday petiods, leadto a reduction in space heating or cooling energy use.

If the rule|applies for the spatial averaging of the temperature set-point for residential buildingf as
described n G A6 thatamparatiiea cat ot forboqtiag challba A crnd S oo dinalz

T O Ot te M P erotur COC T PUTTIT TUT [ICa It g Jirart ot oo tcoractoTaTIrgTy-:

System specific energy need:

For the calculation of the system specific energy needs for heating and cooling, adjustment of the values
and the period(s) (such as the number of hours per day and days per week) of the temperature set-
points may apply, depending on specific characteristics of the relevant technical building system, to be
obtained from the relevant standards under EPB modules M3-1 to M7-1.

6.5.5.2 Sensible heating and cooling load

For each hour and each zone the actual internal operative temperature Oint;ac;op;zt;t and the actual
heating or cooling load, @Hc;1d;ztc;t, is calculated using the following step-wise procedure:
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Step 1: Check if cooling or heating is needed.
Take ®@yc;ld;zec;e = 0 and calculate the internal operative temperature Oint;op;z¢c;t according to 6.5.5.3,

where, for thermally conditioned zone ztc at time interval t
PHC:1d; ztc;t is the heating or cooling load, in W;

Oint;op;ztct is the internal operational temperature, in °C.

Name the resulting Oint;op;ztc;t as Oint;op;0;ztc;t Where

Ointfop;ztc:t is the internal operational temperature, in °C;
Ointfop;0;ztc;t is the operating temperature in free floating conditions, in °C;
and|store all calculated node temperatures as starting point for the calculation of the next time interval:

9int;a;ztc;(t+1)-1 = eint;a;ztc;t (23)
Oplizeli;(t+1)-1 = Oplizelist
where, for thermal zone zt, at time interval t

Ointla;zt:t is the internal air temperature, in °G;

Ointfa; zt;(t+1)-1 is the previous time interval value of the internal air temperature at tifne interval
(t+At), in °C;

Opliflit is the temperature at node pli of the building element eli, in °C;

Oplifeli;(t+1)-1 is the previous time-interval value of the temperature at node pli of the building
element eli at time-interval (t+ At), in °C.

Ifo nt;set;H;zt;t < 0 int;op;0;zt;t < eint;set;C;zt;t:
d)HC;]d;Zt;b =0 (24')
eint;op;ac;zt;t = eint;op;O;zt;t

where, for thernially conditioned zone ztc, at time interval ¢

PH{:1d; zt:¢ is the heating or cooling load in the calculation, in W;

Ointfopiac;ze;e  is the actual internal operative temperature, in °C;

BOint;op;0;z¢;t is the operating temperature in free floating conditions, in °C;

Oint:set;H;zt;t 1S the internal operative temperature set-point for heating, as determined in 6.5.5.1, in °C;
Oint:set;C;zt;t is the internal operative temperature set-point for cooling, as determined in 6.5.5.1, in °C;
and go to step 5.

If not: apply step 2.
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Step 2: Determine if the heating or the cooling temperature set-point applies and calculate the heating
or cooling load:

if Bint;op;0;ztc;t > Oint;set;C;ztc;t, take fint;op;set;ztc;t = Oint;set;C;ztc;t

if eint;Op;O,‘ZtC;t < Oint;set;H;ztc;t, take Hint;op;set;ztc;t = Oint;set;H;ztc;t

where, for thermally conditioned zone ztc, at time interval ¢

(25)

eint;op;O; Ztq
gint;op;set;z
eint;set;H;zt
eint;set;C;ztc
Calculatet
with

if ama

P

ot is the required internal operative temperature set-point, in °C;
-t is the internal operative temperature set-point for heating, as determined in'6.5.5.1, i
¢ is the internal operative temperature set-point for cooling, as determinedin 6.5.5.1, i

ne internal operative temperature Oint;op;zt;t according to 6.5.5.3 taking ®Hc;zt;t = PHC;uppe

ximum heating respectively cooling power is available:

@HC;upper;ztc;t = ®HC;avail;ztc;t

othervf

Name the 1

where, for

(pHC;ld;ZtC;t
quC;upper;z
eint;op;ztc;t

gint;op;uppe

AUSG;ZL'C

Calculate ¢

D

ise: (DHC;upper;ZtC;t =10 x Ause;ztc-

esulting Gint;op;ztc;t as Gint;op;upper;ztc;t-
thermal zone ztc at time interval ¢

is the heating or cooling.lead, in W;
it is the upper value of the heating load, in W;

is the internal aperational temperature, in °C;

is the intenhal-operational temperature, obtained for the upper value of the hea
load, in °€;

[;ztc;t
is the uiseful floor area of the zone, as determined in 6.4.3, in mZ.
HC;ld;un;Ztcyt by:

(Qint;op;set;ztc;t - eint;op;O;Ztc;t )

HC;1d

uniztc:t — ~ HC;upperiztcit 7/ \

|

OC;
°C.

Szt

26)

[ing

27)

kUint;op;upper;ztc;t _Uintgop;O;ztc;t)

where, for thermal zone ztc at time interval ¢
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is the unrestricted heating or cooling load to reach the required temperature set-

point, in W;
PHC;upper;ztc;t is the upper value of heating or cooling load, in W;
Oint;op;set;ztc;t is the required internal operative temperature set-point in zone ztc at time interval
t,in °C;
Oint;op;0;ztc;t is the operating temperature in free floating conditions, in °C;
Oint;opsupper;zic:t is the internal operational temperature, obtained for the upper heating or cooling
load, in °C.
Step 3: Check if the available cooling or heating power is sufficient:
If DHC;1d;un; ztc;t 1S between PHy;avail; ztc;t and Dcavail;ztct
quC;ld;ztc;t = (DHC;ld;un;ZtC;t (28)
eint;op;ac;ztc;t = eint;op;set; ztc;t
wh¢re, for thermal zone ztc at time interval ¢
PH(:1d;un; ztc:t is the unrestricted heating or cooling load to reach the required tempefrature set-
point, in W;
Dy hvail; ztc;t is the maximum available heating power at time interval ¢, as determined in the relevant
standards under EPB module M3-1, in W;
for the calculation of the system specific energy needs, specific restrictions may apply on th maximum
avajlable heating power;
D dvail:zteit is the maximum available cooling power at time interval ¢ (value < 0), as determined in
the relevant standards under EPB module M4-1, in W;
for the calculation of the system specific energy needs, specific restrictions may apply on thg maximum
avajlable cooling power;
PH{:1d;un; ztc;t isthe unrestricted heating or cooling load to reach the required tempefrature set-
point, in W;
Ointfop;ac;ztc;t is the actual internal operative temperature, in °C;
Ointfop;setiztc is the required internal operative temperature set-point, in °C.
andlstare all calculated node temperaturesas cfarring paint forthe calculation of the next timhe interval:

0int;a;ztc;(t+1)-1 = Oint;a;ztct

9pli;eli;[t+1)-1 = lei;eli;t

where

(same as in Step 1)

and go to step 5.

If not: apply step 4.
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Step 4: Calculate the internal temperature, if the available heating or cooling power is insufficient.

If DHC;1d;un;ztc:t 1S positive, take Py:id:ztc;t = PH:avail;ztc;t. (30)
If ‘pHC;ld;un;ztc;t is negative, take (DC;ld;ztc;t =- (DC;avail;ztc;t

Calculate the internal operative temperature Oint;op;ztc;t from the result of Step 2 where the maximum
heating or cooling power is used as the upper value of the power:

—_— . (
eint;op; tct — Glnt'on'um)er'ztct 31)

where, for fhermal zone ztc at time interval ¢
(same as ir] Step 3)
and store alll calculated node temperatures as starting point for the calculation of the fiext time interfval:

gint;a;zth;(t+1)-1 = Ointa;ztc;t 32)
Oplizeli;($+1)-1 = Opliselist

where

(same as irf] Step 1)

NOTE IIn this case, the temperature set-point is not attainedk

Step 5: Calculation of the actual energy load for heating’and cooling as output of the calculation:

If ®Hc.1d;zede 1S positive, the actual (sensible) heating and cooling load for a given hour is given by:
q’H;ld;ztc;t = d)HC;ld;ztc;t

®C;1d ztc;t =0

33)

If ®PHc.1d;zed¢ 1S negative, the actual {Sensible) heating and cooling load for a given hour is given by:
q’C;ld ztcit _¢HC;ld;ztc;t

®H;ld szte;t =0

34)

where, for fhermal zonéztc at time interval ¢

PHC1d; ztest is.the actual (sensible) heating (if positive) or cooling (if negative) load, in W;

PH.1d:ztc:t is the actual heating load, in W;

Dcild;ztest is the actual cooling load (value = 0), in W.

Alternative options for this solution technique are allowed, provided that the verification cases in 7.2
are applied to validate the method, and the deviations with the reference results are reported.

Table A.10 provides the normative template for the choice between the prescribed technique or
alternative techniques, with an informative default choice in Table B.10.

Initialization period:

The actual calculation period shall be preceded by an initialization period that is long enough to make
the influence of the temperatures of each node at the start of the calculation negligible when the actual
calculation period starts. For this application the initialization period shall consist of at least two weeks
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preceding the actual period. So for annual calculations, starting at January 1, the calculation shall be
preceded by at least the period December 18 - 31 that precedes January 1.

Iteration:

Depending on the choices made in standards providing input to the calculation, iteration may be
required. See also the calculation steps specified in ISO 52000-1:2017, 11.2 and 11.3.

6.5.5.3 Operative temperature

The operative temperature in zone ztc at time interval t is given by:

_ Qint;a;ztc;t + Gint;r;mn;ztc;t (35)

eint;op;ztc;t 2

whgere, for thermal zone ztc at time interval ¢

Ointfop;ztc;t is the internal operational temperature, in °C;
Ointla;ztc;t is the internal air temperature, as determined in 6.5:52, in °C;
Ointyr:mn;ztc:t is the mean radiant temperature, as determined,in-the formula below, in °C,

Theg mean radiant temperature is the weighted average of/tHe internal surface temperafures of all
building elements eli = 1 to eln in zone ztc and is given by:

eln
Z ( Aeli ’ epli:pln;eli;t )
_eli=1
int;r;mn;ztc;t — eln (36)
2 Aeli
eli=1
whére
Ointyr;mn; ztc:t is the mean radiant temperature, in °C;
Aeli is the area-of building element eli, as determined in 6.5.7, in m?2;
Opligplnelizt is the temperature at node pli = pln of the building element eli, as determined in §.5.5.5, in °C.

6.5/5.4 Internal air temperature

Thq interiial*air temperature in the zone ztc at time interval t, Oint;a;z¢tc;t, is determined by polving the
forlrulae in paragraph 6.5.6 for that time interval.

6.5.5.5 Surface temperature of a building element

The surface temperature of building element eli in zone ztc at time interval t, is the temperature at the
internal node pli = pln and is determined by solving the formulae in 6.5.6 for that time interval.

NOTE In line with the international convention, the numbering of layers (nodes) in the construction elements
is from outside (node number pli = 1) to inside (node number pli = pln).
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6.5.6 Overall energy balance of a thermal zone

6.5.6.1 General

Solve for thermal zone ztc and time interval t the formulae of 6.5.6.2 and 6.5.6.3 which form a

square ma

[Matrix A] x [Node temperature vector X] = [State vector B]

where

trix:

(37)

[Matrix A]
[Vector B]

[Node tem

where, for

epli,eli;ztc,t

eint;a;ztc;t

6.5.6.2 H
The energy
int;z

At

int;
At

+fin1

where, for

perature vector X]

thermal zone ztc at time interval ¢

the (known) coefficients in the left hand side of the formulae of'6.5,.

and 6.5.6.3

the (known) terms in the right hand side of the formulae of 6.5
and 6.5.6.3

State vector; the (unknown) temperatures to be solved {pli=1...pIn, eli=1...
(01;1;ztc;t: ---91;eli;ztc;b ---epli;l;ztc;b ey Gpli,eli;ztc,t: P gpln,eli;ztc,t;---; epli,eln;
ey Gpln,eln;ztc,t; eint;a;ztc;t)

Cint;ztc

At
eint;a;ztc;t
Bint;a;ztc;t-l
Aeli

heiseli

66

is the internal air temperature, as described.in the formula of 6.5.6.2, in °C.

6.2

6.2

bln):

vtc,t

is the temperature at node pli of the building element'eli, as described in the formulge of
6.5.6.2 and 6.5.6.3, in °C;

38)

nergy balance on zone level
balance for zone ztc and time interval ¢:
eln ven eln
[
—+ z (Aeli ’ hci;eli ) + Z Hve;vei;t + Htr;tb;ztc ’ eint;a;ztcgt a 2 (Aeli ' hci;eli ' epln;eli;t)
eli=1 vei=1 eli=1
ven
ztc
[ Gint;a;ztc;t—l + z (Hve;vei;t ' esup;vei;t ) + Htr;tb;ztc ' ee;a;t
vei=1
c cDint;ztc;t i fsol,c ’ (‘Dsol;ztc;t t fH/C,c ’ (‘DHC;ztc;t
thermal zone ztc at time interval t
—istheimtermat thermatcapacity of the zome, as determimed im 65t 7K

is the length of the time interval ¢, in s;

is the internal air temperature, in °C;

is the internal air temperature in the zone at previous time interval (t-At), in °C;

is the area of building element eli, as determined in 6.5.8, in m2;

is the internal convective surface heat transfer coefficient of the building element eli, as
determined per type of construction element in 6.5.7, in W/(m2-K);
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Opln;eli:t is the internal surface temperature of the building element eli, in °C;

Hye;k:t is the overall heat exchange coefficient by ventilation, for ventilation flow element k, as
determined in 6.5.10, in W/K;

Osup;k;t is the supply temperature of the ventilation flow k entering the zone, as determined in
6.5.10, in °C;

Oe;a;t is the external air temperature, obtained from the relevant standard under EPB module
M1-13, in °C;

Hirikb;ztc is the overall heat transfer coefficient for thermal bridges, as determined in 65.8.5,in W/K;

fint bzte is the convective fraction of the internal gains, as determined in Tabl€)A!11 [normative
template), with informative values in Table B.11;

fsolf ztc is the convective fraction of the solar radiation, as determinedcin*Table A.11 [normative
template), with informative values in Table B.11;

Sfu/d,c ztc is the convective fraction of the heating/cooling system;as determined in[Table A.11
(normative template), with informative values in Table"B711, in mZ2; for the calculation of
the system specific energy needs, specific values may apply as obtained from the relevant
standards under EPB module M3-1 and M4-1;

Dint.ztc:t is the total internal heat gain, as determined\in*6.5.12, in W;

PH{:ztc:t is the heating load (if positive) or cooling,load (if negative) in the calculation gone ztc, at
time interval ¢, depending on the type\of application of the calculation, as detprmined in
6.5.4,in W;

Dso|;ztc:t is the directly transmitted solar‘heat gain into the zone, summed over all winflows wi, as
determined in 6.5.13,in W.

NOTE1 The internal surface temperature of the building element Opineii;r is not suitable fo estimate

conglensation risk.

NOTE 2 SeeISO/TR 52016-2[tMor an extensive explanation of the equations in 6.5.6.2 and 6.5.6.3

6.5/6.3 Energy balan¢e)on building element level

6.516.3.1 General

Each building.element is divided (discretized) into a number of parallel layers, separated by nodes.

For|opaquebuilding elements, the number of nodes is 5 (node pli=1...5), being respectively onhe external

surfacé'node, three nodes inside the building element and one internal (zone facing) surfacefnode.

For elements in contact with the ground, the number of nodes is also 5, used for a combination of the
layers as described in the standard under EPB module M2-5.2: the fixed ground layer and the floor;
with the external surface heat transfer coefficients replaced by the thermal conductance of the virtual
layer of the ground.

For windows and doors, the number of nodes is 2, being respectively the external surface node and the
internal (zone facing) surface node. For simplicity, the effect of absorbed solar radiation is taken into
account as directly transmitted solar radiation.

Internal partitions or building elements adjacent to other buildings or to other thermally conditioned
zones are modelled as opaque building elements. As alternative, these building elements may be ignored
or replaced by default data. Table A.12 provides the normative template with an informative default
choice in Table B.12.
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Alternative options for the subdivision of each construction elements into a number of nodes of thermal
resistances and capacitances are allowed, provided that the verification cases in 7.2 are applied to
validate the method, and the deviations with the reference results are reported.

The same applies to an alternative method for the calculation of the thermal (longwave) radiation
exchange (based on approximation for the view factors) between the surfaces in the thermal zone
(see the formula of 6.5.6.2). Table A.10, presented in 6.5.5.2, provides the normative template for these
choices between the prescribed calculation method or alternative methods, with an informative default
choice in Table B.10.

NOTE See also 7.3.
6.5.6.3.2 | Calculation procedures
For opaquq elements the energy balance for the nodes pli=1...5 is given in Formulae (39) to"(41).
For elements in contact with the ground the same formulae apply, with specifically adapted values [see
6.5.7.3).
In case of ipternal partitions Formula (41) is replaced by Formula (42).
For windoys and doors the energy balance for the node pli=1 to 2 is giveh in Formulae (39) and [41)
only, while|Formula (40) is invalid, since the inside nodes do not exist.
The energy balance per building element eli for zone ztc and time interval t:
6.5.6.3.3 | Internal surface node
For pli = plh (surface node facing calculation zone ztc):
i eln
K .o A
pli;eli elk
- (hpli—l;eli "0 i1t ) + At Aol F Pl Z —— T hpii_teii | Oplicelict
L elk=1\" tot
eln
A
elk
_hci;eli ' eint;a;zt;t - 2 A ' hri;eli \ epli;elk;t
elk=1\""tot
T — {1 @ 1 ) 1 @
A | " Yplizelizt-1 + i ( - fint,c ) " int;ztc;t + ( - fsol,c) " sol;zte;t + ( - fH/C,c ) " HCzte;t
tot i

(39)
where, for pach elentent eli and at time interval ¢
Aclk is the area of (this or other) building element elk, in zone ztc, as determined in 6.5.8, in[m?;
Atot Tsthesumrof areas Az of attbuitdimgetementsetk=t = efmmrm?;
Oplieli:t is the temperature at node pli, in °C;
Opli-1elizt is the temperature at node pli-1. in °C;
Oint:a;ztc:t is the internal air temperature in the zone, in °C;
hpli-1;eli is the conductance between node pli and node pli-1, as determined per type of construction

element in 6.5.7, in W/(mZ2-K);

Kplizeli is the areal heat capacity of node pli, as determined in 6.5.7, in ] /(mZ2-K);
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is the internal convective surface heat transfer coefficient, as determined per type of con-
struction element in 6.5.7, in W/(m2-K);

is the internal radiative surface heat transfer coefficient, as determined per type of con-
struction element in 6.5.7, in W/(m2-K);

is the temperature at node pli at previous time interval (t-At), in °C;

and with the other variables declared in the previous formulae or in 6.5.6.2.

Incidenade

6.56-3-4

For|pli

where, for building element eli at time interval ¢

=2, ..,

_hpli—l;eli ' epli—l;eli;t

(40)

epli L1 eli;t

hpIi; pli

and with the other variables declared in the previous formulae or in 6.5.6.2.

NOTE 1

6.5/6.3.5 External surface node

For|pli = 1 (surface node facing ‘external’ side):

K

+asol;pli;eli ; (Isol;dif;eli;t
whg¢re, for element eli at time interval t

TIIoTOaTTIotacT

pIn-1 (each inside node):

KpIi seli Kpli seli
" pli;eli + hplifl;eli ' epli;eli;t - hpli;eli ' 9pli+1;eli;t = At ’ ep iseli;t—1

is the temperature at node pli+1, in °C;

is the conductance between node pli+1 and naode pli, as determined per type of cdnstruction
element in 6.5.7, in W/(mZ2-K);

Formula (40) is not relevant for windows and doors, since these elements are divided|in two end
nodps only (pln = 2) and don’t contain these middle nodes.

plieli

At + hce;eli + hre;eli + hpli;eli ’ Opli;eli;t - hpli;eli ’ 9pli+1;eli;t
= Zpiten +(h . +h 0 41
- At plizeli;t—1 ( ce;eli re;eli) et ( )

+ Isol;dir;eli;t Fsh;obst;eli;t ) - chky;eIi;t

isthe temperature ofthe external environment, as determined pertype of cdnstruction

hce;eli

hre;eli

Asol;eli

elementin 6.5.7, in °C;

is the external convective surface heat transfer coefficient, as determined per type of
construction element in 6.5.7, in W/(m?2-K);

is the external radiative surface heat transfer coefficient, as determined per type of
construction element in 6.5.7, in W/(m?2-K);

is the solar absorption coefficient at the external surface, as determined per type of
construction element in 6.5.7;
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Isoldir;tot:eli;t is the direct part (excluding circumsolar) of the solar irradiance on the element, with
tilt angle f¢j; and orientation angle yej;, obtained from the relevant standard under EPB
module M1-13, in W/m?2;

Isol;dif;tot;elist is the diffuse part (including circumsolar) of the solar irradiance on the element, with
tilt angle f¢j; and orientation angle y,j;, obtained from the relevant standard under EPB
module M1-13, in W/m?2;

Fsh;obst:eli;t is the shading reduction factor for external obstacles for the element, as determined in
Annex F. In the calculation procedures this is, where relevant, further specified as the

hading wadiiotioa, fo b £ Aol b craolac fos i doy alayanat I I
Jllu\zlllls TUUULLIVITI TAULULI 1IUI CALUTIIJAdI UUuoLwduILy 1Vl VVIITUUVYV CICIIICIIU I\, I Sn;oDSt;W' ) Or

opaque element k, Fsh;obst;op, k;

Dskyelist is the (extra) thermal radiation to the sky, as determined in 6.5.13.3, in W/m&;

Beli is the tilt angle of the element (from horizontal, measured upwards fa¢ing), obtained
from the geometric data of the construction element, in degrees;

Yeli is the orientation angle of the element, obtained from the geometric'data of the constfuc-
tion element, in degrees (expressed as the geographical azimuthiangle of the horizoptal
projection of the inclined surface normal; convention: angle from South, eastwqrds
positive, westwards negative);

and with the other variables declared in the previous formulae or i116:5.6.2.

NOTE 2  The shading reduction factor is given as a function of time t. However, it could be simplified [to a
monthly or feasonal value; see Annex F.

NOTE3  None of the internal node temperatures Opjneli;t, calculated in this paragraph, are suitable to estirhate
condensatidn risk.

NOTE4  $ee ISO/TR 52016-2[1] for an extensive explanation of the equations in 6.5.6.2 and 6.5.6.3.

6.5.6.3.6 |External surface node in caseofinternal partition

If applicable (see Table A.12 and Table B.12 introduced in 6.5.6.3.1), internal partitions (e.g. floorf or
walls) witHin the thermal zone (two €xposed surfaces) or between the thermal zone and other buildings
are modellgd similarly, by using the properties to the middle of the construction and assuming adiabatic
boundary ¢onditions at that position:

For pli = 1(purface node facing ‘external’ side):

hce;eli i hre;eli =0y asol;pli;eli =0 and d)sky;eli;t =0 [42)

where, at tme.interval t

all variablds are declared in the previous formulaeorin 6. 5.6.2

In case of asymmetric constructions the middle can be approximated by the estimated middle of the
mass of the construction.

NOTES5  Given the relatively small influence, this is a sufficiently accurate approximation.

6.5.6.3.7 Heat transfer to adjacent thermally conditioned zones

If the adjacent thermally conditioned space is a thermal zone of the assessed object and the option of
calculation as thermally coupled thermal zones is chosen, the calculation rules of Annex D apply. In
other cases: the construction element to the adjacent zone is treated as an internal partitions (e.g. floors
or walls) between the thermal zone and other buildings, as described above.
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6.5.7 Type of construction dependent properties of the nodes

6.5.7.1 General

The conversion from the physical properties to the properties per layer (node) is given in the following
subclauses, respectively for opaque, ground coupled and transparent building elements.

Alternative conversion techniques may be chosen and specified. Table A.10, presented in 6.5.5.2,
provides the normative template for the choice between the prescribed conversion technique or
alternative conversion techniques, with an informative default choice in Table B.10.

6.5)7.2 Opaque elements (walls, roofs, etc.)

All yariables at the left side of the formulae are declared in 6.5.6.
Number of nodes:

Thg number of nodes, pln = 5.

Node conductances:

Thg conductance between nodes pli and node pli-1, is given by:

6
ho o =h, . =——
pldeli pli;eli
celi
; (43)
hplZ;eIi = hplB;eIi = R
c;eli
whére

Rcefi  is the thermal resistance of opaque building element eli, as determined in 6.5.8, in m}{-K/W.
Surfface heat transfer coefficients:

Thd internal and external, convective and radiative surface heat transfer coefficients of ¢lement eli,
hci:4ii as function of heat flow direction and hyieli, hce;eli, and hre;el;, are obtained from ISO 1j3789:2017,
9.5|in W/(m2-K).

Node heat capacities:

Each opaque elemeritis'assumed to be in a given class for the distribution of the mass in the copstruction.
The specificatiomfer each class shall be obtained from Table A.13. The informative default spg¢cifications
arelgiven in Table B.13.

Degending:on the class of construction with respect to the distribution of the mass in the copstruction,
thelarealtheat capacity of node pli of opaque element eli per unit of area is divided over tHe nodes as
follpws:

Class I (mass concentrated at internal side):

K oc . =K
pl5;eli m;eli (44)
Kpll;eli - KplZ;eIi - Kpl3;eli - Kpl4;eli =0
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Class E (mass concentrated at external side):

Kpll;eli = Km;eli (45)

Kpizieli = Kpizceti = Kpiaseli = Kpiseeti =

Class IE (mass divided over internal and external side):

_ Km;eli
K i1 elir—Eptsrei— —— 46)
KplZ;eIi = K-p13;eli = Kpl4;eli =0
Class D (equally distributed):
. — K — K _ Km;eli
pl2:;eli — “pl3seli T “pldseli T
4 (#7a)
_ _ Km;eli
Koltgli = Kpisceli = g
Class M (mpss concentrated inside):
Kol = Kpizieli = Kplaseli = Kpiseti = O y
K (47b)

pl3;pli = Km;eli

where
Km:eli 1S the areal heat capacity of opaque element elj, as determined below, in J/(m2-K).

Each opaqyie element is assumed to be in éne of a limited number of classes with a given value of|the
areal heat fapacity for each class, km;opninJ/(m2:K). The classes with values for the areal heat capagity
of construdtion elements are obtained\from Table A.14. The informative default specifications are g{ven
in Table B.14.

Alternativg methods for the calculation of the thermal transmittance through opaque building elemgnts
may be allowed. Table A.10, presented in 6.5.5.2, provides the normative template for the chpice
between the prescribed €alculation method or alternative method, with an informative default chpice
in Table B.10.

NOTE Yee also.6.56.

Temperatfiré of external environment:

For construction elements to the outdoor environment, the temperature of the external environment
at time interval ¢, f¢;¢ in Formula (41) is equal to the outdoor air temperature, 6e;5.t, obtained from the
relevant standard under EPB module M1-13.

For construction elements to a thermally unconditioned adjacent zone k, the temperature of the external
environment at time interval ¢, O¢,: in Formula (41) is equal to the temperature of the unconditioned
zone, Oty k;t as determined in 6.4.5.3, in °C.

If the adjacent thermally conditioned space is a thermal zone of the assessed object and the option of
calculation as thermally coupled thermal zones is chosen, the calculation rules of Annex D apply. In
other cases: the construction element to the adjacent zone is treated as an internal partition (e.g. floor
or wall) between the thermal zone and other buildings, as described in 6.5.6.3.

Solar absorption coefficient:
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The solar absorption coefficient, asol.el;, at the external surface of opaque element elj, is obtained from

Tab

le A.15 (normative template), with informative default values given in Table B.15.

6.5.7.3 Elements in contact with the ground

All variables at the left side of the formulae are declared in 6.5.6.

Number of nodes:

The number of nodes, pln = 5.

Node conductances:
The conductance between nodes pli and node pli+1, is given by:
4
hpl4eli =
celi
2
h L= —
pl3;eli
Rc;eli
1 48
hplZ;eIi = R ( )
cieli " greli
4 2
2
hpll;eli = R
grieli
whére
Re:efi is the thermal resistance =Rc.fj.eff of the ground floor element (including the effect of the ground),
eli, as determined in 6.5.8.2, in m2:K/W;
Rgrikli is the thermal resistance(fthe fixed ground layer in the model for the ground fldor element
eli, as determined in 6.5:8.2, in m2-K/W.
Surfface heat transfer coefficients:
The internal convective(and radiative surface heat transfer coefficients of ground floor ¢lement elj,
hci:dii and hyi.eli, are obtained from ISO 13789:2017, 9.5, in W/(m2-K).
The external conVective and radiative surface heat transfer coefficients of ground floor ¢lement elj,
hce;bli and hreetiare zero, but in the model the combined conductance is used for the thermal resistance
of the virtual ground layer:
(hce;eli + hre;eli) =1 / Rgr;vi;el;m (49)
where
Rgrivisel;m is the thermal resistance of a virtual ground layer, as determined in 6.5.8.2, in (m2-K)/W,
and areal heat capacity, kyj, in J/m2-K);

Node heat capacities:

Depending on the class of construction with respect to the distribution of the mass in the construction,
the areal heat capacity of node pli of the ground floor element eli per unit of area is divided over the

nod

e as follows:
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Class I (mass concentrated at internal side):

K pis:eli
K p13;eli

= Km;eli

= Kpl4;eli =0

Class E (mass concentrated at external side):

KplS;eIi
Kpl4;eli

Class IE (m

KplB;eIi

Kpl4;eli

= Km;eli

(50a)

(50b)

= Kpisceti =V

— _ Km;eli
pl5;eli 2

=0

Class D (equally distributed):

Kpi3;

Kp14:

Class M (m|

Kpla;

Kpi3;

For all clas

K p12;eli
Kpll;eli

where

_ _ Km;eli
i — Kplseli = 4

Km;eli

ass concentrated inside):

bli ~ Km;eli

i = Kpisieri =

5ES:

Kgr
0

gr;vid

avaal oot coo oty Ao oo

ass divided over internal and external side):

ad £lo oo
T TTO0T

~

$50¢)

(30d)

($0f)

alaxaant olf o o At Llaa 2 K

torinalina

Km;eli is

NOTE 1

+hAa
cIrIc dredadr iicac \'(AIJ(A\,AL] Ul LIIC 5‘ vulr

a dba n
OT CTCTIIC T T O, a S G T I C O O CTO VY1 /(1L

~J,

is the areal heat capacity of the fixed ground element, as determined in 6.5.8.2, in ]/(m2-K).

The areal heat capacity of the virtual ground element, kgr,vj, is zero.

Each ground floor element is assumed to be in one of a limited number of classes with a given value of the
areal heat capacity for each class, km;ej, in J/(m?2:-K). The classes with values for the areal heat capacity
of ground floor elements are the same as for opaque external elements, obtained from Table A.14. The
informative default specifications are given in Table B.14.

Temperature of external environment:
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For construction elements to the ground, the temperature of the external environment at time interval
t, Oe;r in Formula (41) is equal to the virtual ground temperature, Ogr;vi;m, as determined in 6.5.8.

NOTE 2  For construction elements externally bounded by water, the temperature of the external environment
at time interval ¢, Oe,¢ in Formula (41) is equal to the water temperature.

Solar absorption coefficient and sky radiation:
The solar absorption coefficient at the external surface of the ground floor element eli is zero: asoj;eji = 0.

The thermal radiation to the sky at the external surface of the ground floor element eli is also set to

=0 foreach-timeintervalt

70T ittt

Altgrnative solution techniques for the hourly thermal transmittance through ground eouplgd building
elethents may be allowed. Table A.10, presented in 6.5.5.2, provides the normativé template for the
chojce between the prescribed technique or alternative technique, with an informative deffault choice
in Table B.10.

6.5]7.4 Window, door and curtain walling elements

All yariables at the left side of the formulae are declared in 6.5.6.
Number of nodes:

Thg number of nodes, pln = 2.

Node conductances:

Thg conductance between nodes pll and node pl2, is‘given by:

h 1
plleli —
c;eli

(51)

whegre

Reeli  is the thermal resistance of Window, door and curtain walling elements eli, as detprmined in
6.5)8, in m2-K/W.

Surfface heat transfer coefficients:

Thd internal and external, convective and radiative surface heat transfer coefficients of ¢lement eli,
hci:4ii as function of heat flow direction and hyieli, hce;eli, and hre;el;, are obtained from ISO 1j3789:2017,
9.5, in W/(m?2-K)-

Node heat capacities:

And the areal heat capacity, kpjjel;, of node pli of transparent element eli:

"‘pll;eli = KplZ;eIi =0 (52)

Temperature of external environment:

For construction elements to the outdoor environment, the temperature of the external environment
at time interval ¢, B¢, in Formula (41) is equal to the outdoor air temperature, fe;5:t, obtained from the
relevant standard under EPB module M1-13.

For construction elements to a thermally unconditioned adjacent zone k, the temperature of the external
environment at time interval ¢, O¢.;: in Formula (41) is equal to the temperature of the unconditioned
zone, Oty k;¢t as determined in 6.4.5.3, in °C.

Solar absorption coefficient:
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The solar absorption coefficient at the external surface of the transparent element eli is zero: asol;eli = 0.

NOTE 3  The effect of absorbed solar radiation in transparent construction elements is included in the total
solar energy transmittance, g.

6.5.8 Thermal transmission properties

6.5.8.1 Opaque building elements

For external opaque building elements(walls and roofs) the following properties shall be obtained from
ISO 13789;

— the arga of the construction, 4c, in m2;
— the th4rmal resistance, R, in (m2-K)/W.

If the congtruction element is connected to an adjacent thermally unconditioned~zone ztu, in ¢ase
Method 2 |(Internal unconditioned zone, ztui) of 6.4.5 is applied, the thermal ‘resistance shall be
corrected as shown below.

6.5.8.2 HBlements in thermal contact with the ground

For building elements in thermal contact with the ground, includingsldb-on-ground floors, suspended
floors and pasements, the following properties shall be shall be obtainéd from I1SO 13789:

— the arga of the construction, 4, in m2;
— the effpctive thermal resistance of the floor including the effect of the ground, Rc.f.eff, in (m2-K)j/ W;

— the thermal resistance, Rgy, in m2-K)/W, and thé&’areal heat capacity, Kgr, in ], of a 0,5 m thick
groundl layer;

— the th¢rmal resistance, Rgr;vi, in (m2-K)/W;land areal heat capacity, kgr,vi, in J/( m2-K), of a virfual
groundl layer;

— the virftual ground temperature, gtsyi:m, in °C, for each month m.

NOTE1 The properties are calculated-in ISO 13370, but all thermal transmission properties are gathered via
ISO 13789, in order ensure consistency.See ISO/TR 52016-2[11.

NOTE 2 ore information onthe calculation procedures for ground floor heat transfer can be found in ISQ/ TR
52016-2[1] gnd ISO/TR 52019<2[10].

6.5.8.3 indow, door and curtain walling elements

For transpprent building elements (window, door or curtain wall), the following properties shall be
shall be obfained from ISO 13789:

— the area of the construction, A, in m2;
— the thermal transmittance of windows and doors, Uy, and Ug, in W/( m2:K);

NOTE3  The thermal transmittance or U-value on the CE-marking, based on the product standard EN 14351-
1091 is only valid if the size of the window or door in question differs less than 10% from the size used in EN 14351-
1. 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.”

— in case of windows, when shutters are present, the thermal transmittance of a window with closed
shutters, Uysht in W/( m2:-K), shall be obtained from ISO 13789; whether a shutter is present at the
given time interval or not, is obtained on an hourly basis in accordance with G.2.2.1 in Annex G.
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— the thermal transmittance of curtain walling, Ucy, in W/( m2-K).

— for a dynamic window or facade the thermal transmittance is obtained on an hourly basis in

accordance with G.2.2.1 in Annex G.

The thermal resistance of a window, door or curtain walling element is given by:

1
Rc =T Rsi;v - Rse;v (53)
U
C
where
R is the thermal resistance of window or door element, in m2-K/W;
Rsi-¥ is the internal surface thermal resistance of window, door and curtain walling elements for
vertical position, R,y = 0,13 W/( m2-K);
Rseifs is the external surface thermal resistance of window and door elements for verticpl position,
Rse;v = 0,04 W/( m2:K);
U. is the heat transfer coefficient of window, door or curtain walling element as externdl construc-
tion element, in W/( m2:K).
NOTE4  The rationale for using internal and external surface thexmal resistance of window, doorfand curtain
walling elements for vertical position is described in ISO/TR 52016-2[1].
If the construction element is connected to an adjacent thermally unconditioned zone Atu, in case
Method 2 (Internal unconditioned zone, ztui) of 6:4.5 is applied, the thermal resistange shall be

corrected as shown below.
6.5)8.4 Correction of thermal resistance.in case of internal adjacent thermally uncongditioned
zonle (“Method 2, ztui)
In dase of a construction element, ¢li;\connected to an adjacent thermally unconditioned Zone ztu, in
cas¢ Method 2 (Internal unconditioned zone, ztui) of 6.4.5 is applied, the thermal resistancg, Rk, shall
be dorrected as given by the following formula:
R B Rc,eIi ¥ bztu;m ’ (1 / hsi,eli +1/ hse,eli ) 54
celi(corrected);m 1-b (54)
( = Yztu;m )
with
hsi,eli = hci,eli + hri,eli (55)
hse,eli :hce,eli + hre,eli (56)
where
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cordance with 6.4.5.4;

obtained from ISO 13789:2017, 9.5, in W/(m2-K);

surface, obtained from in ISO 13789:2017, 9.5, in W/(mZ2-K);

tained from [SQ 13789:2017 95 in \/\/[/(mZ-I();

bztu,m
ac
hci;eli
hri;eli
hce;eli
(0]
hre;eli is
SU
6.5.8.5 1
The overa

following f

Htr;tb;zt = % (Itb;k ‘ 'Ptb;k )

where, for

ltb; k ist

Yib;k  Ist

NOTES5

q

J

NOTE 6

Alternativd
obtained a

6.5.9 Te

In case of :
the heat tn
thermally
(outdoor) ¢

the long-wave radiative heat transfer coefficient of the construction element eli at the-exte
rface, obtained from ISO 13789:2017, 9.5, in W/(m2-K).

hermal bridges

| heat transfer coefficient for thermal bridges, Hir:th:zt, in W/K, is¢ealculated with
brmula:

thermal zone zt

he length of a linear thermal bridge k, obtained from1SO 13789, in m;
he linear thermal transmittance of alinear thermal bridge k, obtained from [SO 13789, in W/(nq
'his includes the thermal bridge of ground floot~edge.
ee Note 1in 6.6.5.2.

ly, the overall heat transfer coefficient for thermal bridges, Hir;th;ze, in W/K, is dire
5 overall (default) value from [SO13789.

mperature of adjacent thermally unconditioned zone

ansfer by transmission and ventilation and on the internal and solar gains in the adja
unconditioned zone is taken into account by replacing the temperature of the exte
nvironmentby the temperature of the thermally unconditioned zone.

is the adjustment factor for the thermally unconditioned zone ztu, for month m, determined in

is the convective heat transfer coefficient at the internal surface of the construction element eli,

is the long-wave radiative heat transfer coefficient of the construction element eli at the internal

is the convective heat transfer coefficient of the construction element eli at the external surface,

‘nal

the

57)

K).

ctly

in external thermaly unconditioned zone (see 6.4.5), the effect of the external partition on

fent
‘nal

78
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The temperature in that zone k, Oty k;t, in °C, is based on the adjustment factor, bty k, for the thermally
unconditioned zone plus the gains in the thermally unconditioned zone:

0

ztuit eint;op;ztc;(t—l)

b
_ ) _ gn;dir;ztu kit
bztu;m (eint;op;ztc;(t—l) ee;t)+
ztu;tot;m

with a maximum value:

(58)

(59)

and with:

971’11-f =min (ee-t + C7tu-h-max (

gn;dir;ztu;t =

9in1‘-np-7f‘r-(r—1\ _99'1' )79 tu,t )
\ \ U / }

int;dir;ztu;t + cDsol;dir;ztu;t

where, at time interval ¢

eint op;ztc;t-1

is the internal operative temperature in the thermall§z¢onditioned zone ztc
vious time interval (t-At),determined in accordancéwith 6.5.5.3, in °C;

in chse of multiple adjacent thermally conditioned zones, the temperatures are weighted accot
disqribution factor for the heat transfer between the thermally*Conditioned zone ztcj and th¢
uncpnditioned zone ztu, Fz¢cj;ztu;m, as determined in 6.4.5.4;

bZtU'm

ee;t

Cztulh;max

‘Dgn'dir;ztu;t

Pin ;dir;ztu;t

D ;dir;ztu;t

is the adjustment factor for the therm@lly unconditioned adjacent zone ztu, i
as determined in 6.4.5.4;

is the temperature of the external environment, obtained from the relevar
under EPB module M1-13, in\°C;

is a coefficient to limit¢he assumed temperature in the thermally uncondit
obtained according to'Table A.16 (normative template) with informative de
in Table B.16;

(60)

at the pre-

ding to the
thermally

h month m,

t standard

oned zone,
fault value

is the sum pfithe internal and solar gains in the thermally unconditioned zonle ztu, in W;

are the internal gains in the thermally unconditioned zone ztu, as determin
Annex E, in W;

are’the solar gains in the thermally unconditioned zone ztu, as determing
Annex E, in W;

bd in E.3 in

din E.3 in

ioned zone

Hztstot:pi is the sum of the heat transfer coefficients between the thermally uncondit
ztu, the adjacent thermally conditioned zone(-s) and the external environmenr for month
m, determined in accordance with Formula (3), in W/K.

NOTE1 For simplicity, no distinction is made between air or operative temperature in a thermally

unconditioned zone.

NOTE 2

The rationale for the maximum value is described in ISO/TR 52016-2[11,

© IS0 2017 - All rights reserved
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6.5.10 Ventilation heat transfer coefficient, supply temperature and moisture content

6.5.10.1 Heat transfer coefficient by ventilation

The heat transfer coefficient by ventilation for air flow element k, Hye k;t, shall be obtained on an hourly
basis as given by the following formula:

Hve,k;t =Pa Ca Ay iy (61)
where, for time interval ¢
Hye k:t s heat transfer coefficient by ventilation air flow element k, in W/K;
Pa*Ca s the heat capacity of air per volume, as specified in 6.3.6, in ]/(m3-K);
qv k;t s the airflow rate of air flow element, k, as provided by the relevant standard(s) under EPB

module M5-5, in m3/s.

NOTE1 Allrelevant types of air flow in a zone, such as due to mechanical ventilatien,passive duct ventilation,
air infiltratjon, combustion air flow and window opening are represented by an air'flew element k.

In case of an air flow element, k, for ventilation, including air infiltration, from an adjacent thermfally
unconditioped zone ztu, in case Method 2 (Internal unconditioned zone,)ztui) of 6.4.5 is applied, the lheat
transfer cdefficient by ventilation, Hye k;, shall be obtained on an hourly basis as given by the following
formula:

Hve,k;t = bztu;m "PaCqye kit 62)

where

bztu:m  is|the adjustment factor for the thermallyunconditioned zone ztu, for month m, determined in
a¢cordance with 6.4.5.4;

and with tte other variables declared ifi:the previous formula.
I

NOTE 2 case of an external typ€ (as defined in 6.4.5.1) of thermally unconditioned zone the effect of the
adjacent thgrmally unconditioned zone'is taken into account by the supply temperature.

6.5.10.2 Supply temperature

The supply| temperatugé.of air flow element k at time interval ¢, Osup ;¢ is equal to:

— for vemtilationpincluding air infiltration, from the exterior: the value of the temperature of|the
externfl environment, Be;t, obtained from the relevant standard under EPB module M1-13;

— in cased-efan-a g rentfory o cluding air infiltrationfroman nal
type (as defined in 6.4.5.1) of thermally unconditioned zone: the temperature of the thermally
unconditioned zone, Oty k;r, which is obtained in accordance with 6.5.9;

— in case of a ventilation system element with a supply temperature different from the external air
temperature: Osyp;k;c shall be obtained from the relevant standards under EPB module M5-6.

NOTE 3  This concerns for instance pre-heating or pre-cooling, heat recovery (with optional effects of by pass
and/or frost protection), but also for instance external air heated by dissipated heat from fans and/or by heat
leakage into or from the air ducts before reaching the considered thermal zone.

This is not applicable for air heating or cooling, where the supply temperature is fully controlled by the
internal temperature (no pre-heating but air heating).

NOTE 4  The rationale for this is given in ISO/TR 52016-2[11.
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6.5.10.3 Heat transfer to adjacent thermally conditioned spaces:

If the adjacent thermally conditioned space is a thermal zone of the assessed object and the option of
calculation as thermally coupled thermal zones is chosen, the calculation rules of Annex D apply. In
other cases: the air flow rate from the adjacent space is ignored.

6.5.11 Thermal capacity of the internal environment of the thermal zone

NOTE1 From the perspective of the overall accuracy the value of the internal heat capacity can be
approximate: a relative uncertainty ten times higher than that of the heat transfer is acceptable.

The thermal capacity of the internal environment of the thermally conditioned zone ztc isgiyen by:

m;int;a;ztc = Km;int;a;ztc ) Ause;ztc (63)
whgre, for the thermally conditioned zone ztc
Cm;int:a;ztc is the thermal capacity of the internal environment of the zonk, in J/K;
Km;int;a;zt is the areal thermal capacity of air and furniture, as detérmined in Table A.17 [normative

template), with informative value in Table B.17, in J/fin2-K);
Ausé:ztc is the useful floor area of the zone, as determiifed in 6.4.3, in m2,
NOTE 2  The areal thermal capacity of internal partitions within the zone is taken into account searately (see

als0 6.5.6 - 6.5.8), although the parts that may be considered as directly accessible, without therma] resistance,
could be included in the specific thermal capacity of air andfurniture, by increasing this factor.

6.5]12 Internal heat gains

6.5{12.1 Overall internal heat gains into‘thermally conditioned zone

For|a thermally conditioned zone zt¢-the heat gains from internal heat sources, @int;ztc;4 in W, are
calqulated with the following formula:

- @ (64)

int;ztc;t int;dir;ztc;t

But]in case of adjacentinternal thermally unconditioned zones (see 6.4.5):

ztun

CDint;ztc;tf R d)int;dir;ztc;t + 2 |:(1 - bztu;m ) ’ thc;ztu;m ' CDint;dir;ztu;tf:| (65)
ztu=1
whgre, attime interval t
¢. H H H alrtT thC ;lltCl lla} hcat a;llo ;ll thC thCl llla}} LUlld;tiUllCd LUIICT Ltb F thCl 1I1I ll uncon-
inGATT;Zte/ 2Tt g ¥ 7

ditioned zone ztu itself, as determined in 6.5.12.2,in W;

bztum is the adjustment factor for adjacent thermally unconditioned zone ztu, for month m,
as determined in 6.4.5.4;

Fate;ztu:m is the distribution factor for gains in the thermally unconditioned zone ztu to the
adjacent thermally conditioned zone ztc, for month m, as determined in 6.4.5.4.

NOTE See ISO/TR 52016-2[1] for an overview of the differences in calculation procedures for transmission

and ventilation heat transfer and for internal and solar gains for both types (internal and external) of thermally
unconditioned zones.
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6.5.12.2 Internal heat gain sources into a thermal zone

For each thermally conditioned or unconditioned zone zt and for each time interval ¢, the heat gains from
internal heat sources in a zone whether thermally conditioned or not, ®int; dirzt, in W, are calculated
with the following formula:

clr)int;dir;zlf;t = (qint;oc;zt;t + qint;A;zt;t + qint;L;zt;t + qint;WA;zt;t * qint;HVAC;Zt;t + qint;proc;zt;t ) ’ Ause;zt

(66)

bhaoriaal 2o

=zi
12

where, for

int;oc;zt;t

dint;A;zt;t

qint;L;zt;t

qint;WA;zt;t

qint;HVAC;zt|

gint;proc;zt;1

Ause;zt

The princ
ISO 52000
already (as

NOTE1 |

NOTEZ2 4

o~

a
TICTITrar ZOoTIc~=z2

ples for the calculation,with regard to the recoverable heat losses are described
£1:2017, 8.1.3. This document considers only the heat recoverable in the building and
sumed to be) recovered.in the system or subsystem.

fore details are givenin [SO/TR 52016-2[11.

\ cold source, femoving heat from the building (zone), shall be treated as a source, with a negative v

is the specific internal heat flow rate due to metabolic heat from occupants, as détermined

in the relevant standard under EPB module M1-6, in W/m?2;

is the specific internal heat flow rate due to dissipated heat from appliances, as d¢
mined in the relevant standard under EPB module M1-6, in W/ m?2;

is the specific internal heat flow rate due to recoverable losses from lighting, as de
mined in the relevant standard under EPB module M9-1, in W/m?2;

is the specificinternal heat flow rate due to recoverabledosses from hot and mains w
and sewage systems, as determined in the relevant standards under EPB modules M
and M8-1, in W/ mZ;

ter-

ter-

hter
[3-1

is the specific internal heat flow rate due to recoverable losses from or to heating, cooling

and ventilation systems, as determined in.the relevant standards under EPB mod
M3-1, M4-1 and M5-1, in W/ mZ; for the calculation of the system specific energy ne
system specific values may apply;

is the specific internal heat flow rdte due to recoverable losses from or to processes
goods, as determined in the relévant standard under EPB module M1-6, in W/ mZ;

is the useful floor area of the' zone, as determined in 6.4.3, in m2.

1les
bds,

and

in
not

=

ue.
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6.5.13 Solar gains

6.5.13.1 Overall solar heat gains into thermally conditioned zone

For each thermally conditioned zone ztc the direct solar heat gains, @so};ztc;t, in W, are calculated with
the following formula:

D D

sol;ztc;t — Fsolidir;ztc;t (67)

But in case of Method 2 (Internal unconditioned zone) of 6.4.5 is applied for one or more adjacent
thermally unconditioned zones:

ztun

(Dsol;ztc;t = (Dsol;dir;ztc;t + z 1- bztu;m ) ) thc;ztu;m ) ¢sol;dir;ztu;t:| (68)
ztu=1

where, for thermal zone ztc, at time interval ¢

Dsol;dir;ztc/ztust are the direct solar gains in the thermally conditiened zone ztc / thermplly uncon-
ditioned zone ztu itself, as determined in 6.5.13.2,4n W;

bzedm is the adjustment factor for adjacent thermally unconditioned zone ztuf for month
m, as determined in 6.4.5.4;

Fatdztu:m is the distribution factor for gains in the thermally unconditioned zone zty attributed

to the adjacent thermally conditioned zone ztc, for month m, as determined in 6.4.5.4.

NOTE See note in 6.5.12.1.

6.5]13.2 Solar heat gain sources into a thermal zone

The direct solar gains into the zone, suimtimed over all transparent building elements (heredfter called

windows), wi = 1,... win in the zone, js'given by:
win

(psol;dir;zt;t = z [ggl;wi;t ) (Isol;dif;wi;t + Isol;dir;wi;t ' Fsh;obst;wi;t ) ) Awi ’ (1 - Ffr;wi ):| (69)
wi=1

whg¢re, for thermal zone-zt, at time interval t

Dsoldir:zt:t are the direct solar gains into the zone zt, summed over all windows wi, at tifne interval
t,in W;
Jglipizt is the total solar energy transmittance of the transparent part of window wi, as deter-

mined in E.2.2;

. 4=l £ . 1 - . . 1 L 4=l h S . - b :
AWI IS5 LT dI'Td U WIITUUW Wi, d5 UCTLCTTHIITICU TUT LIICTIIIAD LT dlISTIIS STUIT PpIropcelt es 1n 658,
in m2; in case of protruded components the projected area shall be used;

Isol:dir;tot;wist is the direct part (excluding circumsolar) of the solar irradiance on window wi, with
tilt angle S\y; and orientation angle y,,;, obtained from the relevant standard under EPB
module M1-13, in W/m?2;

Isol:dif:tot;wit is the diffuse part (including circumsolar) of the solar irradiance on window wi, with
tilt angle f\y; and orientation angle y,,;, obtained from the relevant standard under EPB
module M1-13, in W/ mZ2;

Fsh;obst;wist is the shading reduction factor for external obstacles for window wi, at time interval ¢,
as calculated for all types of building envelope elements in normative Annex F;

© IS0 2017 - All rights reserved 83


https://standardsiso.com/api/?name=231be46c6954ce016523939cfd6b9ba1

IS0 52016-1:2017(E)

F frwi

Bwi

Ywi

is the frame area fraction of window wi, ratio of the projected frame area to the overall

projected area of the glazed element of window wi, as determined in E.2.1;

is the tilt angle of the window wi (from horizontal, measured upwards facing), obtai
from the geometric data of the construction element, in degrees;

is the orientation angle of the window wi, obtained from the geometric data of

ned

the

construction element, in degrees (expressed as the geographical azimuth angle of the
horizontal projection of the inclined surface normal; convention: angle from South,

eastwards positive, westwards negative).

NOTE 1 i
solar energy
reflection a
transmittar
can therefo

NOTE 2
factor over

]

«

NOTE 3
building pa
provided in

The direct

6.5.13.3 1
The (extra]

()

sky;el

where, for

Cbsky;eli

Fsky;eli

hre;eli

AGsky;ir

6.5.14 Mg

or transparent building elements, the calculation of the solar transmittance is simplified. The

ce through the window into the thermal zone. No additional absorption or reflectance.compon
e be taken into account.

'he shading reduction factor is given as a function of time t. However, it can be simplified as a cons
ime, e.g. monthly or seasonal values.

F-xternal obstacles for the transparent element’ are nearby obstacles such as overhangs or adja
ts. Distant obstacles can also be taken into account, depending on the‘choice made in this respe
Annex F.

solar gains of a thermally unconditioned zone k, @so).ztu %t i1h W, is determined in E.3.

hermal radiation to the sky
thermal radiation to the sky is given by:

F h

skyeli -A6

Ha = re;eli sky;t

pach element eli and each time interval ¢

is the extra thermal radiatien to the sky from the element, in W/m?2;

is the view factor to the-sky, as obtained from Table A.18. The informative default values|
given in Table B.18;

the thermal trfansmission, in W/( m2-K);

is the average difference between the apparent sky temperature and the air temperat
obtainedArom Table A.19. The informative default values are given in Table B.19, in K.

isture content and latent heat load

is the external radiative surface heat transfer coefficient, as determined as hjy;e in 6.5.9

 transmittance, ggl,wiyt, (direct solar transmittance, plus effect from the absorption in and fmultfple)
the transparent element itself and other layers of the element) are approximated as beifig;all direct

\jftal

ents

tant

cent
tas

70)

are

for

Lure,

6.5.14.1 Humidification and dehumidification load

6.5.14.1.1

Calculation procedure

The humidification moisture load, GHu:ld;ztc;t, in kg/s, needed to maintain a minimum moisture set-
point in a thermally conditioned zone ztc, is given by:

GHU;ld;Ztc;t = Z [pa ’ qV;k;t ’ (Xset;min;ztc;t - Xa;sup,k;t )] - Gint;ztc;t

84

k
4G pa ' Vint;a;ztc
abs;ztc;t At Xset; min;ztc;t Xint;a;ztc;t—l

(71)
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HU Md;ztc;e — max (GHU;ld;Ztc;t ;0)

The dehumidification moisture load, GpHu;ld;ztc;t, in kg/s, needed to maintain a maximum moisture set-
point, is given by:

GDHU;ld;ztc;t = _Z [pa AT (Xset;max;ztc;t ~ Xasup kst ):| + Gint;ztc;t
k
Py Vint-a'ztc
G bt
abs;ztc;t Af set;max;ztc;t Xint;a;ztc;t—l

(72)

Wlth GDHU;ldetC;t = maX(GDHU;ld;ZtC;t ) 0)

where, for the thermally conditioned zone ztc and time interval ¢

GHU;ld;Ztc;t

GpH U;ld; ztc;t

qv;it

Xset|min;ztc;t
Xsetlmax;ztct

Xa;ship, k;t

Gingztc:t

Gab ;ztc;t

Vint a;ztc

Xintja;zfcre-1

is the humidification moisture (supply) load needed to mainfain a minimurn moisture

set-point, in kg/s;

is the dehumidification moisture (removal) load (valde-2"0) needed to main
imum moisture set-point, in kg/s;

is the air density, as specified in 6.3.6, in kg/ m3;

is the volume flow rates of all air flow elements k entering the zone, as det
the relevant standard(s) under EPB module M5-5, in m3/s;

is the minimum moisture content sét:point, as determined in 6.5.14.1.2, in kg
is the maximum moisture content set-point, as determined in 6.5.14.1.2, in kg

is the moisture content of\all air flow elements k entering the zone, as det

fain a max-

brmined in

kg dry air;
kg dry air;

brmined in

6.5.14.1.3, in kg/kg dryqir; in this formula, for the determination of the (de-)humidifica-

tion load, the supply dir flow of the mechanical ventilation is assumed to be
Xa;sup;mech;t = Xeza;t, the moisture content of outdoor air;

is the moisture production in the zone, as determined on an hourly basisin t
standard under EPB module M1-6, in kg/s;

is themoisture absorption (positive value) or desorption (negative value) i
in-the zone, obtained according to Table A.20 (normative template, with i
choice in Table B.20), in kg/s;

is the volume of the indoor air of the zone, in m3;

is the internal moisture content in the zone at previous time interval (t-At), in kg

untreated:
he relevant
I materials

hformative

kgdry air;

1s the length of the time interval ¢, In s.

The humidification or dehumidification moisture load can be converted to the latent heat (humidification
or dehumidification) load:

D

D

HU;ld;ztc;t

DHU;ld;ztc;t = hwe

= hwe ) GHU;ld;ztc;t

’ GDHU;ld;ztc;t

where, for the thermally conditioned zone ztc and time interval ¢
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is the latent heat load for humidification at time interval ¢, in kg/s;
¢ is the latent heat load for dehumidification (value = 0) at time interval ¢, in kg/s;

the latent heat of vaporization of water, as specified in 6.3.6, in J/kg.

The minimum and maximum moisture content set-points

The minimum moisture content set-point for zone ztc, at time interval t is

_ 100
Xset;min;ztc;t =0,622%
(pint;SGt;HU;ZtC;t
patm 100 sat;int;ztc;t
The maxinjum moisture content set-point for zone ztc, at time interval ¢ is

Xset;ma

where, for

Xset;min;ztc;
Xset;max;ztc]

Pint;set;HU;

Pint;set;DHY

Patm

The saturafion pressure of the zene-air is

p sat;int,

where

eint;a;ztc;t

L0
Tint;set;HU;ztc;t
sat;int;ztc;t

Pint;set;DHU;¢
100
(pint;set;DHU;t )

100
the thermally conditioned zone ztc and time interval ¢

" Psatjint;ztc;t

=0,622 %

K;ztc;t

p atm sat;int;ztc;t

is the minimum moisture content set-point,in kg/kg dry air;

is the maximum moisture content setpoint, in kg/kg dry air;

te;t is the set-point relative humidityfor humidification, for the zone, as determine
the relevant standard under EPB module M1-6, in %;
. zteit is the set-point relative htunidity for dehumidification, as determined in the reley

standard under EPB medule M1-6, in %;

is the atmosphericpressure as determined in 6.3.6, in Pa.

17,62/% 0.

int;a;ztc;t

243,12 + eint;ztc;t

=611,2xe

ztc;t

is the air temperature of the zone, at time interval ¢.

75)

76)

d in

rant

77)

6.5.14.1.3

Moisture content of supply air flows

For ventilation, including air infiltration, from the exterior, the moisture content of air flow element k,
Xa;sup,k:t» IS the value of the moisture content of the external environment, xa;e;¢, obtained in accordance
with the relevant standard under EPB module M1-13.

For ventilation, including air infiltration, from an adjacent indoor space, the moisture content of air
flow element k, Xa;sup,k;t, is assumed to be equal to the moisture content of the zone air at the previous
time interval (t-At).
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In case of a ventilation system element with air other than untreated external air, the moisture content
of air flow element k, Xa;sup,k;t» shall be obtained from the relevant standard(s) under EPB module M5-6.

NOTE This includes situations where the air from the ventilation system is humidified or dehumidified at
central level, in order to control the humidity level in the considered thermal zone, for instance as described in
6.5.14.2.

6.5.14.2 Central (de-)humidification

If the humidification or dehumidification moisture load needs to be covered by the air flow of the supply
air of the mechanical ventilation, the minimum or maximum required moisture content of the supply
air are given by:

_ GHU;ld;ztc;t 78

Xa;sup;HU;req;ztc;t - Xa;e;t ] (78)
pa qV;mech;k;t

_ GDHU;ld;ZtC;t 79

Xa;sup;DHU;req;zte;t — Xajest — ] (79)
pa qV;mech;k;t
where, for the thermally conditioned zone ztc and time interval ¢
Xa;syip;HU/DHU;req; ztc;t is the required moisture content foryeentral (de-)humidification|of the me-
chanical supply air k entering thézone, in kg/kg dry air;

qV:thech:k:t is the volume flow rate of the‘ihechanical supply air flow k entering the zone,

as determined in the releyadt standard(s) under EPB module M55, in m3/s;
and with the other variables declared in the previous formulae.

These data are input for the relevant system standards under EPB modules M6-5 and M7-b. Whether
or rjot the air conditioning system can meetthe required moisture content is to be determinfed in these
system standards.

NOTE Unlike the procedures for-the sensible heating and cooling, where a maximum available jheating and
cooling power is given as input, thissxcannot be calculated directly in this document, because of the|diversity of
possible systems.

Therelevant system standards under EPB modules M6-5 and M7-5, in case of central (de-)humjidification,
shal|l produce as their output, as input to this document, the actual system specific moisturg content of
themechanical supply air, xa;sup;ss;zt;t, ,» in kg/kg dry air.

The resulting system specific moisture content of the zone zt at the current time interval ¢ if equal to:

+(c G " pa 'Vint;a;ztc
Z Pa- qV;k;t ’ Xa;sup,k;t int;ztc;t ~ T abs;ztcit At ) Xint;a;ztc;t -1
: = _k (80)
It Szttt v
" pa int;a;ztc
z pa ’ qV;k;t At
k

where, for the thermally conditioned zone ztc and time interval ¢
Xint:a:ztc:t is the resulting actual system specific moisture content of the zone (for central dehumidi-
fication), in kg/kg dry air;

Xa;sup,k:t is the moisture content of all air flow elements k entering the zone; as determined in 6.5.14.1.3,
in kg/kg dry air; with, in this formula, for mechanical ventilation: xa;sup;mech;t = Xa;sup;ss;zt;t»

the actual, system specific moisture content of the mechanical supply air, to be obtained
from the relevant system standards under EPB modules M6-5 and M7-5;
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and with the other variables declared in the previous formulae.

The resulti

G

and:

GHU;ld;

HU/DHU;1d;ss;ztc;t — Py qV;k;t ’ (Xa;sup;ss;ztc;t - Xa;e;t)

ng system specific humidification or dehumidification moisture load is equal to:

ssiztcit maX(-i_GHU/DHU;ld;ss;ztc;t 3 0)

(81)

GDHU;I

where, for

GHU;ld;ss;ztc;

GDHU;ld;ss;z

and with the other variables declared in the previous formulae.

Conversior]

¢HU;lc

CDDHU;
where, for

q)HU;ld;SS;Zt

d)DHU;ld;SS;ZtC;t

hwe

6.5.14.3 NMoisture contentinthermal zone, local or no humidification or dehumidification

The moistu
tisequalt

d:ss:ztc;t — InaX(_GHU/DHU;ld;SS;th;t;0)
the thermally conditioned zone ztc and time interval ¢

is the system specific humidification moisture (supply) load for humfidification, in k

is the system specific dehumidification moisture (removal) lgad for dehumidifica
(value 2 0), in kg/s;

fc;t

to the system specific latent heat (humidification or dehumidification) load:

h

we

-G

;ss;zte;t = HU;ld;ss;ztc;t

d;ss;ztc;t — hwe 'GDHU;ld;ss;ztc;t

the thermally conditioned zone ztc and.time interval ¢

-t is the system specific latentheat load for humidification, in kg/s;
is the system specifi¢latent heat load for dehumidification (value = 0), in kg/s;

the latent heat of vaporization of water, as specified in 6.3.6, in J/kg.

B/s;

fion

82)

83)

Fval

;zteit—1

X,
int;a;ztcs

(84)

re content ofthe zone zt in case of local or no (de-)humidification system, at the time inte
D:
G G G pa ' Vint;a;zt
z (Pa ’ qV;k;t ’ Xa;sup,k;t ) + ( HU/DHU;sss;ztc;t + int;zt;t ~ abs;ztcit ) + At " “int;
)k
) z(p q )+ pa " Vint;a;ztc
a V;k;t At

k

where, for the thermally conditioned zone ztc and time interval ¢
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Xint:a:ztc:t is the resulting moisture content of the zone for no or local (de-)humid
time interval ¢, in kg/kg dry air;
Xa;sup, kit is the moisture content of all air flow elements k entering the zone, as det

GHU/DHU;ss;th;t

ification at

ermined in

6.5.14.1.3, in kg/kg dry air; with, in this formula, for mechanical ventilation:

Xa;sup;mech;k;t = Xa;e;t» the moisture content of the outside air;

system at time interval ¢, obtained from the relevant system standards
modules M6-5 / M7-5 (if provided), in kg/s;

is the actual system specific moisture supply/removal by the local (de-)humidification

under EPB

and with the other variables declared in the previous formulae.

In
con

6.5

6.5

Thd
nee
the

invglved and as a means to derive correction and adjustment factors for the monthly methog

Thd

Thd

NOT
Thd

sence of a (de-)humidification system, the moisture content of the zone ztc is theactuz
fent calculated without system.

15 Calculation of key monthly data from hourly output

15.1 Monthly utilization factors

following key monthly data are obtained from the hourly output of the calculation of
ds for heating and cooling, to characterise the calculation~Case. These characteristics :
reporting (see 7.1.2.2.1). These data are essential for a quick understanding of the maif

monthly gain utilization factor for the thermal zong ztc and month m, ny;gn;zec;m, is given

QH;ht;Ztc;m - QH;nd;ztc;m

nH;gn;ztc;m = QH
,gn;ztc;m

monthly utilization factor for heat losses, n¢;is;ztc;m, i given by:

QC;ht;Ztc;m - QC;nd;ztc;m

nC;ls;ztc;m -

QC;ht;ztc;m
E1 The derivation is explained in ISO/TR 52016-2:2017, Annex KI[1l.

mo

Thgheat balanceratio for heating respective cooling, yH/c;ztc;m is derived from the values for (
and Qu/c;gnszecim-(see 6.6.10).

NOTE 2<_YThis enables to plot the gain and loss utilization curves for the specific calculation case. E
givegninythe technical report ISO/TR 52016-2[11.

thly method. Sigt’convention for the cooling needs in the formula above: positive sign.

I moisture

the energy
ire used in

processes
.

by:

(85)

(86)

values for Qu/chgzee;m and Qu/c;gn;ztc;m are obtained in accordance with the procedufres for the

H/C;ht;ztc;m

kamples are

6.5.

15.2 Monthly system undersizing, overheating and underheating

6.5.15.2.1 Undersizing of the heating system

If applicable, the annual amount of undersizing of the heating system for thermal zone ztc, for threshold
i, QUH;thres,iztc;m 1S calculated as the accumulated difference of the calculated heating load with

©IS
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unlimited heating power and the calculation of the heating load with unlimited heating power at time

interval t:
QUH;thres,i;ztc;an =0,001x 2*4 (d)HC;ld;nlim;Ztc;t - ®HC;ld;lim;ztc;t ) (87)
t
with sum over each time interval t* over the year for which the following applies:
(@HC;ld;nlim;ztc;t - cDl-{C;ld;lim;ztc;t) > ¢UH;ld;thres,i (88)

where, for

QUH;thres,i,z

thermally conditioned zone ztc

is the annual amount of undersizing of the heating system for threshold i, where
subscript thres,i is the placeholder for the threshold load @yH;1d;thres,iih KWh;

tc;an

the

PHC:1d:nlimatc;t is the heating or cooling load with unlimited heating and cooling power at timg in-
terval t;, in W;
PHC:1d;lim; zbc;t is the heating or cooling load with limited heating and cooling power at time intefval
t, in W;
DUH:1d;thred,i is the threshold i (i = 1, 2, ...) for counting the differénce, in W;
with a range of values @yn;1d;thres,i that provides a proper discrimination;
for example: @yH;id;thres,i = Xi ‘max(PHc;1d;nfimztc;t,), in W,
with max(®Hc;1d;nlimztc:t,) 1S the maximiun cooling load over the year,
and where X; stands for a range of fractions:
X;=0,0,05,0,10, 0,15, 0,20, for i=1, 2, 3, 4.
6.5.15.2.2| Undersizing of the cooling system
Ifapplicabzlf, the annual amount of undersizing of the cooling system for thermal zone ztc, for threshqld i,
Quc;thres,igtc;m 1S calculated as the accimulated difference of the calculated cooling load with unlimjted
cooling poyver and the calculation pf\the cooling load with unlimited cooling power at time interval |t:
QUC;thrss,i;ztc;an =0,001x z (¢Hc;ld;lim;ztc;t - cD}{C;ld;nlim;zt.‘c;t j 89)
f*
with sum dver each time interval t* over the year for which the following applies:
(¢HC;1 1;limézt¢ ;¢ - d)HC;ld;nlim;Ztc;tf J > cDUC;ld;threS,i 90)
where, for thermally conditioned zone ztc
90 © IS0 2017 - All rights reserved
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PHC;1d;lim; ztc;t

q’UC;ld;thres,i

IS0 52016-1:2017(E)

subscript thres,i is the placeholder for the threshold load @yc;d;thres,1, in
is the heating or cooling load with unlimited heating and cooling power
terval ¢, in W;

t,inW;

is the threshold i (i = 1, 2, ...) for counting the difference, in W;

NOT

NOT
accy

NO'
oryl

6.5

Thd
TyH

wit

for example: @yc;id;thres,i = - Xi - min(PHc;ld;nlimzec;e), it W, with min(@gciq
the maximum cooling load over the year, and where X; stands for aTange d

Xi=0,0,05,0,10, 0,15, 0,20, fori=1, 2, 3, 4.
E1 The heating or cooling load, ®Hc;1d;z¢c;¢ has as sign convention: heating positive, cooling ne

E2 The amount of undersizing of the heating/cooling for thermal Zone ztc, is also indic
mulated undertemperature (“underheating”) / overtemperature (“overh€ating”) as described b

E 3 Of course, any (other) frequency distribution can be derjved/from the hourly values oj
ear.
15.2.3 Underheating

sthres, i ztc;an, 1S given by:

TUH;thres,i;ztc;an = z (eint;set;H;ztc;t - eint;op;ztc;t )

t*
h sum over each time interval t* ovépthe year for which the following applies:
(eint;set;H;ztc;t - eint;op;ztc;t) R TUH;thres,i

is the annual amount of undersizing of the cooling system for threshold i,

WIth a range of values PyC:ld;thres,; that provides a proper discrimination;

where the
KWh;

at time in-

is the heating or cooling load with limited heating and cooling power at time interval

)

nlimztc;t') is
ffractions:

gative.

hted by the
blow.

rer a month

accumulated undertemperature (“underheatitig”) for thermal zone ztc, for threshold i,

(91)

(92)

b subscript

hres, i inKh;

rmined in

where, for thermally conditioned zone ztc at time interval t

TuH;thres,iztc;an is.the annual accumulated undertemperature for threshold i, where th
thres,iis the placeholder for the threshold temperature difference 46yH;tj

Bintjop;ztc;t is the internal operational temperature, as determined in 6.5.6, in °C;

Oint}set:H:z6¢ is the internal operative temperature set-point for heating, as dete
6.5.5.1,in °C;

AOyH;thres,i is the threshold i (i = 1, 2, ...) for counting the temperature difference, in K;

with range of values: AOyH;thres,i= 0,1,2,4,fori=1,2,3,4;

or another range of values ABuH:.thres,; if that provides a better discrimination.

For hours without heating set-point (unoccupied hours without temperature set-back) the set-point
shall be set to -999 °C.

If there is no heating (no heating set-point at all, the calculation shall be done with constant heating set-
point Oing;set;H;ztc = 20 °C.

Optionally, more refined under- and overtemperature values can be recorded, by replacing the threshold
value of zero by a series of threshold values: 0, +1, +2, ... K.
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6.5.15.2.4

Overheating

The annual accumulated overtemperature (“overheating”) for thermal zone ztc, ToH; ztc;an, 1S given by:

TOH;ztc;an = z (eint;op;ztc;t - eint;set;C;ztc;t ) (93)
t*
with sum over each time interval t* over the year for which the following applies:
(eint;op;ztc;t - eint;set;C;Ztc;t) > TOH;thres,i (94)

where, for

TOH;thres,i,ztc;an

eint;op;ztc;t

eint;set;C;zt; F

AGOH;thres,

For hours
+999 °C.

If there is 1
pOlnt eint;s

NOTE4 1
and overter

thermally conditioned zone ztc at time interval ¢

is the annual accumulated overtemperature for threshold i, where the'Subsc
thres,i is the placeholder for the threshold temperature AOoH;threg;ivin Kh;

is the internal operational temperature, as determined in 6.5:6;4n °C;

is the internal operative temperature set-point for cooling, as determine
6.5.5.1,in °C;

is the thresholdi (i=1, 2, ...) for counting the diffefence, in K; with range of val
ABoH;thres,i= 0,1,2,4,fori=1,2, 3, 4; or anothet bange of values ABoH;thres,i if
provides a better discrimination.

lvithout cooling set-point (unoccupied hours without'set-point) the set-point shall be s¢
o cooling (no cooling set-point at all), the caleulation shall be done with constant cooling
bt;C;zte = 26 °C.

he set-point for heating or cooling can vary over the day or week. Therefore, the undertempera
\perature are relative values, comparedto the set-point at given time interval. Of course, any (ot

frequency dfistribution can be derived from the'heurly values over a month or year.

The risk off
for zoning
thermal lo

6.6 Mon

6.6.1 Pr

The basic

overheating is assessed only at the level of a thermal zone. Depending on the specific r
a thermal zone may coritdin spaces with different thermal properties and with diffe
hds. In that case the overheating indicator may underestimate the risk of overheating.

thly calculation procedures

nciple

rinciplesrare described in 5.2.2.

ript

H in

es:
that

t to

set-

fure
her)

1les
fent

The monthlly method covers the application area: (sensible and latent) energy need calculation.

Because of the monthly time interval, it covers neither internal temperature calculation, nor design
heating and cooling load calculation. However, a simplified indicator is added for the estimation of the
risk of overheating in a thermal zone.

For some applications the equations have to be solved several times per time interval. Therefore for
each application a procedure is given that results in the required output.

6.6.2 Applicable time interval and calculation period

The calculation procedures described in 6.6 are suitable for a monthly time interval.

The calculation period is a full year.
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System specific energy need calculations:

The lengths of the heating, cooling and (de-)humidification seasons are defined by the operation time of
the respective technical systems. This has to be taken into account in the system specific calculations.
It may differ from the time resulting from the basic energy needs calculation.

NOTE1 Thelength of the season could be shorter than in the needs calculation, suppressing off-season needs,
or longer, causing system losses during times without needs.

In case of restrictions on the length of the period to be taken into account in the calculations, these
restrictions shall be conveyed through all relevant EPB standards.

Such restrictions shall be taken into account in the relevant system standards, EPB modules M3-1 to
M74l calculation of the system energy use. The choice for such restrictions is provided in Annex A
(normative template) and Annex B (informative default choice) in these standards.

NOTE 2  These restrictions could e.g. be due to national or regional regulations.

6.613 Assumptions

The energy needs for heating, cooling and (de-)humidification are ecaloulated with the asspmption of
infipite power of the systems.

Becpuse of the monthly calculation time interval all time-variantinteractions with the technig¢al building
systems can only be modelled in a simplified way, mainly By introducing correlation coefficients. The
valyes of these coefficients are in most cases an inevitablefunction of climate, user behaviqur and, for
insflance, type of systems and system control.

NOTE As a consequence, these are open for national‘er regional options.

Hedting and cooling in the same month are determined by doing two separate calculations, ejch with its
ow values for the different variables and parameters, reflecting representative conditiong for either
heating or cooling (e.g. for ventilation, .heat recovery, solar protection, etc.). The heating gnd cooling
neefds are each calculated for all twelte months of the year (whereby for some months the heating
andl/or cooling need may turn out té_be zero).

Theg energy needs for active prelieating or precooling hygienic ventilation air (e.g. in an ajr handling
unit or in a trickle ventilator).is not included in this method (and thus not included in the enfergy needs
for heating and cooling), but-is treated by the relevant standards under EPB module M5-6.

6.6/4 Energy need-for space heating and cooling

6.6}4.1 Calculation of the basic needs and system specific needs

There are wo calculations: basic energy needs and system specific energy needs.

Warning — there is no differentiation yet in subscript between calculation of ‘basic epergy' and
‘system specific’ 1oads and needs.

Basic energy needs

Calculation of the monthly energy need for heating (in accordance with 6.6.4.2), for cooling (in
accordance with 6.6.4.3) and for (de-)humidification (6.6.14) without the influence of a specific choice
of technical building systems.

Which provisions are excluded is determined in the relevant clauses of the relevant standard under
EPB module M2-4.

EXAMPLE Often the heat recovery unit from the ventilation system is included in the basic needs

calculations, to avoid a major deviation from the operating area for the calculation and to avoid contradictions
with assumptions associated to the choice of a heat recovery unit.
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The basic energy needs include the situation where standard indoor environment conditions are
assumed for the given space category, which require a heating and/or cooling system, while the actual
system is absent or undersized: in that case the basic energy needs are calculated anyway.

NOTE 2 Depending on the choices made in standards providing input to the calculation, iteration can be
required. See also the calculation steps specified in ISO 52000-1.

System specific energy needs

Possible repetition of the monthly calculation(s) due to the interaction of the need calculations with the
specific characteristics and specific control of the technical building systems.

NOTE3  Again, depending on the choices made in standards providing input to the calculation,, further
iteration cah be required. See also the calculation steps specified in ISO 52000-1.

The follow|ng system influences are possible:

— limited heating or cooling power: not applicable (hourly method only);

— recoverable heat losses; input requested in 6.6.7.2;

— adjustment of the temperature set-points (value and time-schedule); inputrequested in 6.6.11;

— limitatlion of the heating or cooling season for the calculation; inputtequested in 6.6.4.2 and 6.6}4.3;

— absende of heating or cooling system: no system specific calcdlation or calculation with fictitjous
heatingorcooling system, accordingto the principle chosenin1S0 52000-1:2017, Table A.9 (normafive
templdte) and Table B.9 (informative default choice); in case’of fictitious heating or cooling: ifput
requedted in the subclauses mentioned above; in case.ofHo heating or cooling: input requestef in
6.6.4.2and 6.6.4.3.

For the system influences applicable to (de-)humidification systems, see 6.6.14.

In the system specific calculation, it will be recorded to what extent, during the comfort periods,|the
temperatufe did not reach the heating or cooling set point. The latter is needed for a level playing field.
However, this is not possible for the monthly calculation method.

NOTE4 In case of an undersized or absent heating or cooling system, there is no level playing field in| the

comparison| of the energy performancé with other buildings; this could be overcome by a clear warning jor a
penalty. Sed explanation and examples_ih [SO/TR 52016-2[11.

6.6.4.2 Hnergy need forheating

The annual energy need for heating, QH:nd;ztc;an, in KWh, for thermally conditioned zone ztc, is calculdted
with the following forniula:

12
QH;nd;ztc;an = Z QH;nd;ztc;m 95)
prv— |
where
QH;nd;zte;m is the monthly energy need for heating for the thermally conditioned zone ztc and month

m, as determined below, in kWh.

For the calculation of the monthly energy need for heating, a distinction is made between months with
and without a long unoccupied period. For each thermally conditioned zone ztc and for each month m,
the monthly energy need for heating, QH:nd;ztc;m, in KWh, is calculated according to 1 of the following 2
instances:
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a) For months without a long unoccupied period, QH:nd:ztc;m is calculated with the following two
formulae:
if YH:zte;m <0 and QH;gn;Ztc;m > 0: Qu;nd;zte;m = 0 (96)
if YH;ztc;m = 2,0: QH;nd;ztc;m =0 (97)
else: QH;nd;ztc;m = (QH;ht;ztc;m - nH;gn;ztc;m QH;gn;ztc;m) (98)

wh re, ror each thermally conditioned zone zi¢ and month m

YH:A4te:m is the dimensionless heat-balance ratio for the heating mode, as determined in 6.6.10.2;
QH:ht; zte;m is the total heat transfer for the heating mode, as determined in 6.6:4.4, in kWh;
NH;gdn;ztc;m is the dimensionless gain utilization factor, as determined in,6.6:10.2;
QH:4n;zte;m are the total heat gains for the heating mode, as determjned in 6.6.4.4, in kWh
b) For months with a long unoccupied period, QH;nd;ztc;m is detérmined in 6.6.11.5.

NOTE1 The terms “total heat transfer” and “total heat gains” are an approximate naming. See ISQ/TR 52016-
2 [A]|for explanation and background information.

NOTE 2  The rationale for the two ‘if statements’ is given irx}SO/TR 52016-2[1].
System specific energy need:

For|the calculation of the system specific energy need for heating, restrictions, as described in 6.6.2,
may apply on the length of the cooling season:

6.6/4.3 Energy need for cooling

Forleach zone, the annual energy need for cooling, Qc:nd; :ztc;an, in KWh, is calculated with th following
formula:

12
QC;nd;ztc;an = Z QC;nd;ztc;m (99)
m=1
whgre
Qc:dd;zte:m is the monthly energy need for cooling, for the thermally conditioned zone ztdand month

m, determined as specified below, in kWh.

Theg monthly energy need for cooling, Qc.nd.z¢c:m, in KWh, is calculated according to 1 of the following 3
instances, whichever is applicable.

) For months without a long unoccupied period, Qc;nd;ztc;m is calculated with the following two
formulae:
if (1/yc;zte;m) > 2,0: QcC:nd;zte;m =0 (100)
else: QC;nd;ztc;m = aCred (QC;gn;ztc;m - nCiht;zte;m QC;ht;ztc;m) (101)

where, for each thermally conditioned zone ztc and month m
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QC;ht;ztc;m
1C;ht;zte;m
QC;gn;ztc;m

AaC;red ztc;m

NOTE 1

is the total heat transfer for the cooling mode, as determined in 6.6.4.4, in kWh;
is the dimensionless heat transfer utilization factor, as determined in 6.6.10.3
is the total heat gains for the cooling mode, as determined in 6.6.4.4, in kWh;

is the dimensionless reduction factor for intermittent cooling, as determined in 6.6.11.4;

The reduction factor for intermittent cooling is different compared to ISO 13790:2008. The rationale

is explained in ISO/TR 52016-2 [1].

NOTE 2
d) For
System sp

For the cal
may apply
6.6.4.4 1

For each z
QC;ht;Ztc;m:

For hed
For cod

where, for

QH;tr;th;m
QH;Ve;Ztc;m
QC;tr;ztc;m

QC;ve;ztc;m

The total h
with Form

For hed

For cod

ecific energy need:

nerationale 1or the two '1I statements 1s given 1n ISU/ TK 5ZU16-2'111.

situations with a long unoccupied period, Qc;nd;ztc;m is determined in 6.6.11.5.

culation of the system specific energy need for cooling, restrictions, as described in 6{6.2,
pn the length of the cooling season.

otal heat transfer and heat gains

bne and for each month, the total heat transfer for heatingsand for cooling, Qu:ht;ztc:m pnd
both in kWh, are calculated with the following two Formudae:

ting: QH:ht;zte;m = QH;tr;zte;m + QH:ve;zte;m (102)
ling: QC;ht;ztc;m = QC;tr;th;m + QC;Ve;ztc;m (103)

pach thermally conditioned zone ztc and month m

is the total heat transfer by transmission for heating, as determined in 6.6.5, in kW]

is the total heat transfer by-ventilation for heating, as determined in 6.6.6, in kWh;

is the total heat transfer by transmission for cooling, as determined in 6.6.5, in kW

is the total heattransfer by ventilation for cooling, as determined in 6.6.6, in kWh.

eat gains for heating and for cooling, Qu;gn;ztc;m and Qc;gn;ztc;m, both in kWh, are calculgted
1lae 104 and 105:

ting: QH;gn;Ztc;m = QH;int;zte;m + QH;solizte;m (104)
ling: Qc;gn;zte;m = QCint;zte;m + QC;sol;zte;m (105)

where, for each thermally conditioned zone ztc and month m

QH;int;th;m
QH;sol;ztc;m
QC;int;ztc;m

QC;sol;ztc;m

96

is the sum of internal heat gains for heating, as determined in 6.6.7, in kWh;
is the sum of solar heat gains for heating, as determined in 6.6.8, in kWh;
is the sum of internal heat gains for cooling, as determined in 6.6.7, in kWh;

is the sum of solar heat gains for cooling, as determined in 6.6.8, in kWh.
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6.6.5 Heat transfer by transmission

6.6.5.1 Calculation procedures

The total heat transfer by transmission for heating and for cooling, Qu;tr:zte;m and Qc;tr;zte;m, both in
kWh, are calculated with the following two formulae:

For heating:

QH;trizt;m = (HH;tr(excl.gf;m);ztc;m (eint;calc;l-l;ztc;m - ee;a;m) + ng;an;ztc;m (eint;calc;H;ztc;m - Ge;a;anD 0,001

Atm (106)

For cooling:

QC;tr;ztc;m = (HC;tr(excl.gf;m);Ztc;m (Gint;calc;C;th;m - ee;a;m) + ng;an;ztc;m (Gint;calc;C;th;m = ee; i;an)) 0,001

Alm (107)
whgre, for each thermally conditioned zone ztc and month m

Hy

C;tr(excl.gf) ;ztc;m

calc;H/C;zte;m

is the overall heat transfer coefficient by transmission for heating re
for all building elements except elements connected to the groun
mined in 6.6.5.2, in W/K;

is the calculation temperature of the zone for heating resp. coolin
mined in 6.6.11, in °C;

Sp. cooling,
1, as deter-

b, as deter-

Oe;atm is the monthly mean air temperature of the external environmenf, obtained
from the relevant standardtinder EPB module M1-13, in °C;

Hgrian;ztc;m is the ground heat transfer coefficient for building elements in thergnal contact
with the ground, including slab-on-ground floors, suspended floorf and base-
ments, for thermyxalzone ztc and month m, based on the annual tgmperature
difference, obtained from ISO 13789, in W/K;

Oe;alan is the mean‘temperature of the external environment for the whole year, ob-
tained from the relevant standard under EPB module M1-13, in °C;

Aty is(the duration of the month m, obtained from the relevant standard under EPB
module M1-13, in h.

NOTE1 By convention, the heat transfer by transmission and ventilation is from inside to outsigle. The heat

tran

sfer or part of the/ heat transfer can have a negative sign during a certain period, in which case h

to the zone. The.indpact on heating and cooling is explained in [SO/TR 52016-2[1].

NO1
Hg,
the

E2 Theheattransfer coefficient by transmission of building elements in thermal contact with
yic;miSbased on to the mean annual temperature difference. The heat transfer coefficient cannot
monthly mean temperature difference. This is explained in ISO/TR 52016-2[1] and ISO/TR 52019

eat is added

the ground,
be based on
2[10],

Heat transfer to adjacent thermally conditioned spaces:

If the adjacent thermally conditioned space is a thermal zone of the assessed object and the option of
calculation as thermally coupled thermal zones is chosen, the calculation rules of Annex D apply. In
other cases: the heat transmission through the construction element to the adjacent space is ignored.

6.6.5.2 Overall heat transfer coefficient by transmission

NOTE1 The area of building elements and their thermal transmittance, as well as the lengths and linear
thermal transmittance of thermal bridges are obtained from or via the same source. The rationale is given in
ISO/TR 52016-2[11.
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NOTE 2  Instead of obtaining the overall heat transfer coefficient from ISO 13789, the values of the individual
elements are used as input, for instance because of the thermal transmission through the ground and thermal
transmission through thermally unconditioned spaces and because the solar absorption coefficient and long
wave sky radiation which is different per element.

NOTE 3 The numeric value can differ between heating and cooling calculations (e.g. due to different
hypotheses on the shutter use). The values can be different per month, e.g. due to different duration of use of
shutters.

The overall heat transfer coefficient by transmission for heating resp. cooling, for all building elements

except elements connected to the ground for thermally conditioned zone ztc and month m, Hy /c;tr(excl.
ALK e calenlatad vaath +ha follavas

o formala.

grnd flr);m, i

H

H/C;t(excl.gf);ztc;m = 2 (HH/C;el,k;m ) + Htr;tb;ztc
k

T Vv 1Y, To CoOrCOrocC O vy oI CIIC TOTTO VY it TOT tIrorcts

08)

where, for pach month m
Hyycsel k;m is the overall heat transfer coefficient by transmission for heating resp-c6oling, for building
element k, in month m, determined as presented below, in W/K;
Hiritb; ztc is the overall heat transfer coefficient for thermal bridges in the thermally conditioned
zone ztc, obtained as determined in 6.6.5.3, in W/K.
The overal| heat transfer coefficient by transmission for heating resp. €ooling, for building element k, in
month m, y/c;el, k;m, in W/K, is calculated with the following formulae:
For elements connected to the outdoor environment:
Hy sc.dikm = Unyceom ™ Aelsk (109)
For elemdnts connected to an adjacent external type (as defined in 6.4.5.1) of thermplly
unconditidned zone:
HH;el;,L im = bztu;k;m ’ UH;k;m ) Ael;k (110
For elemgnts connected to an~adjacent internal type (as defined in 6.4.5.1) of thermplly
unconditidned zone:
HH;el;k m= (1 - bztu;k;m ) / UH;tr;k;m ' Ael;k (11)
where, for pach month(n
Un/c;k;m is the'thermal transmittance, obtained as described below, in W/(m2-K);
bztu k isthe-adjustmentfacterforadiacentthermally-unconditioned zonefsas-determinecin6-45.4;
Ael k is the area of a building envelope element, obtained for all types of building elements from

[SO 13789.

The thermal transmittance of each building element not connected to the ground, Uy/c;m, is obtained as

follows:

The thermal transmittance of opaque building elements, Uc;op, shall be obtained from ISO 13789

98

© ISO 2017 - All rights rese

rved


https://standardsiso.com/api/?name=231be46c6954ce016523939cfd6b9ba1

IS0 52016-1:2017(E)

The thermal transmittance of windows and doors, Uy, and Ug, shall be obtained from ISO 13789.

NOTE4  The thermal transmittance or U-value on the CE-marking, based on the product standard EN 14351-
1091 is only valid if the size of the window or door in question differs less than 10% from the size used in EN 14351-
1. 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.”

In case of windows, when shutters are present, the thermal transmittance of a window with closed
shutters, Uysht, in W/(m2-K), shall be obtained from ISO 13789. The monthly weighted mean value for
the thermal transmittance with shutters open and closed is determined in accordance with G.2.2.2 in
Anirext:

The thermal transmittance of curtain walling, U.w, shall be calculated in accordance with*ISPO 13789.

In gther cases, the Uy-value for the window is obtained from ISO 10077-1 or ISO 15099 fdgr windows
and doors or ISO 10292 for glazing (or see Subjects 1 and 2 in Table C.1).

In general, for a dynamic window or facade, the monthly weighted medn, Uy-value is dbtained in
accordance with G.2.2.2 in Annex G.

6.6)5.3 Thermal bridges

The overall heat transfer coefficient for thermal bridges, Hitb:zt, in W/K, is calculateql with the
follpwing formula:

H oty = Z (Itb;k bk ) (112)
k

where, for thermal zone zt

Ltp; 1 is the length of a linear thermal bridge k, obtained in accordance with ISO 13789, in n.;

Yiblk is the linear thermal transmittance of a linear thermal bridge k, determined in accorflance with
ISO 13789, in W/(m-K).

NOTES5  This includes the thermalbridge of ground floor edge.
NOTE6  See Note 1.

Altgrnatively, the overall heat transfer coefficient for thermal bridges, Hir:th;zt, in W/K, |is directly
obthpined as overall.{default) value from ISO 13789.

6.6)6 Heattransfer by ventilation

6.616.1¢ \Calculation procedures

F 1o il 1 s 1 " aq.c 1. 1 PR TN, I AP Lo ls tilati f
oreacitnerratty- cofartrontetzZotreZteara roreacir motrarfiroiretotarneat transreroy-vetrtilation 1or

heating and for cooling, Qu/c;ve;ztc;m, in KWh, is calculated with the following two formulae:

H At (113)

QH/C;Ve;ztc;m = H/C;ve;ztc;m '(qint;calc;H/C;ztc - qe;a;m)

where, for each thermally conditioned zone ztc and month m
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HH/C;Ve;ztc;m

is the overall heat transfer coefficient by ventilation for heating/cooling, as determi
in 6.6.6.2, in W/K;

ned

Oint;calc;H/C;ztc is the internal calculation temperature of the zone for heating/cooling, as determined
in 6.6.11, in °C;

Oe;a:m is the monthly mean (air) temperature of the external environment, obtained from
the relevant standard under EPB module M1-13;

Atm is the duration of the month m, obtained from the relevant standard under EPB module
M1-13 inh

NOTE Jee the corresponding note about the possibly negative sign of the heat transfer in 6.6.5.1.

Heat trang

If the adjaq
calculation

In other ca

6.6.6.2 (

The overa
cooling, HY
between M
default cho

NOTE1
different hyj

Method A;

The value flor the overall ventilation heat transfer coefficient, Hy/c;ve;ztc;m, in W/K, is calculated as g}

by the folla
HH/C;V
where, for

HH/C;Ve;ztc;

Pa‘Ca

fer to adjacent thermally conditioned spaces:

ent thermally conditioned space is a thermal zone of the assessed object-and the optio
as thermally coupled thermal zones is chosen, the calculation rules of Afinex D apply.

Kes: the air flow rate from the adjacent space is ignored.

pverall heat transfer coefficient by ventilation

| heat transfer coefficient by ventilation for zone ztc and month m, for heating and
/C;ve;ztc;m» Shall be obtained in accordance with one of the'following two methods. The ch

ice provided in Table B.27. Method B is only applicable outside the CEN area.

'he numeric value of Hy/cve;ztc;m can differ between heating and cooling calculations (e.g. du
potheses concerning window opening).

wing formula:

(

b zte;m — Pa "Ca 2 (bve,k;H/C;m "4y k;H/CGm fve,dyn;k;m)
k

pach month m

is the oterall heat transfer coefficient by ventilation for heating/cooling, for therm
conditioned zone ztc, in W/K;

isithe heat capacity of air per volume, as specified in 6.3.6, in J/(m3-K);

is the monthly time-average airflow rate of air flow element, k entering the ther

h of

for
bice

ethod A and Method B is indicated in Table A.27 (normative template), with the informafive

Ven

14)

ally

mal

qv;k;H/C;,m

bve,,k;H/C;m

fve;dyn;k;m

k

NOTE 2
difference.

100

T evidedb EPBme
M5-5, in m3/s;

zone—for-heatineslcoolins-asprovdedbytherelevantstandardfsunderERB1oedule
%6 7€66 o ¥ y-ere-FerevahteStaheaatraSuhRaet €l

is the dimensionless temperature adjustment factor for air flow element k, for heating/

cooling, determined as presented below;

is the dynamics correction factor for air flow element k, determined as explained below;

represents each of the relevant air flow elements, such as air infiltration, natural ven-

tilation, mechanical ventilation and/or extra ventilation for night-time cooling.

The temperature adjustment factor, by/c;ve k;m, adjusts the coefficient instead of the temperature
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In a general manner, the temperature adjustment factor, bye k;1/c;m, for air flow k is determined as:

. (ecalc;H/C;m _Gsup,k;H/C;m )
bve,k;H/C;m - (115)
(ecalc;H/C;m - Oe;a;m )

where, for each month m
bye,k;H/C;m is the temperature adjustment factor for air flow k, for heating/cooling;
Ocalc-H/C:ztc:m is the calculation temperature of the zone for heating /cooling, as determined in 6.6.11, in °C;
Osup, k;H/C;m is the supply temperature of air flow k, for heating/cooling, in °C;
Oc:alm is the monthly mean air temperature of the external environment, ir’°C.
The value bye k;1/c;m # 1 if the supply temperature, Osup k;H/c;m, is not equal to'the tempergture of the
ext¢rnal environment.
For|ventilation, including air infiltration, from an external or internal type (as defined in| 6.4.5.1) of
thefmally unconditioned zone the temperature adjustment factor, byet/c;m , for air flow klis equal to
the fadjustment factor for thermally unconditioned zones:

bve,k;H/C;m = bztu;m (116)
where, for each month m
bye f;H/C;m is the temperature adjustment factor for air flow k, for heating/cooling;
bzedm is the adjustment factor for the thermally unconditioned zone ztu, as determingd in 6.4.5.4.
In ¢ase of a ventilation system element with a supply temperature different from the ekternal air

tem
acc

NOT1
and

Thi
intq

NOT
The
sigr
day|
and

perature, the supply temperaturé€_of air flow element k, Osup:k;H/c;m, shall be dete
brdance with the relevant standard(s) under EPB module M5-6.

E3  This concerns for instance pre-heating or pre-cooling, heat recovery (with optional effec
or frost protection), dissipated heat from fans, heat leakage into or from air ducts.

5 is not applicable for{ air heating or cooling, where the supply temperature is fully contr¢
rnal temperature\(nie pre-heating but air heating).

E4  The rationale for this is given in ISO/TR 52016-2[1].

dynamics,‘correction factor for air flow element k, if it has a value fye;dyn;k;m # 1, €
ificant:differences between the pattern of the ventilation rate and/or supply temperatul
(heu¥ly) and week (work days, weekend) and the pattern of indoor and/or outdoor te

6renergy needs. Its value shall be determined in accordance with Table A.28 (normativg

rmined in

s of by pass

lled by the

brrects for
Ire over the
mperature
template);

the

NOTE 5

Informative derault choice 1s provided In lable b.Zo.

It can be argued that such kind of corrections are already included in the gain and los

s utilization

factor curves for the heating and cooling needs respectively. See explanation in ISO/TR 52016-2[1].
Method B:

The value for the overall ventilation heat transfer coefficient, Hy/c;ve;ztc;m, in W/K, is determined in
accordance with ISO 13789 and ISO/TR 52019-2:2017, Annex J[10]. This method is not suited for the
assessment of the overall energy performance including the effect of specific ventilation systems.
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6.6.7

Internal heat gains

6.6.7.1 Overall internal heat gains

For a thermally conditioned zone ztc the heat gains from internal heat sources, for heating/cooling,

QH/C;int;ztc;
QH/C;in

Butin case

m, in kWh, are calculated with the following formula:
tztc;m QH/C;int;dir;ztc;m

of one or more adjacent thermally unconditioned zones (see 6.4.5):

(117)

Qi /cin

where, for

QH/C;int;dir;
bztu,k;m

thc;ztu,k;m
fgn;maX;H;zt

QH/C;int;dir;

6.6.7.2 1

n

6.4.5.1) of adjacent thermally unconditioned zone k itself, for heating/cooling
determined in 6.6.7.2, in kWh.

nternal heat gain sources

For each thermally conditionéd or unconditioned zone zt and for each month m, the heat gains f

internal hd
kWh, are c

QG

hlculated withithe following formula:

\, QH/C;spec;int;oc;zt;m + QH/C;spec;int;A;zl:;m + QH/C;spec;int;L;zt;m
t;dir; zt;m

x A
+QH/C;spec;int;WA;zt;m + QH/C;spec;int;HVAC;zL‘;m + QH/C;spec;int;proc;zt;m

t;ztc;m = QH/C;int;dir;ztc;m + 2 |:(1 - bztu,k;m ) ’ thc;ztu,k;m ’ fgn;max;H;Ztu,k;m ’ QH/C;int;dir;Ztu, q
k=1
1
pach thermally conditioned zone ztc and month m
te;m are the monthly internal heat gains in the thermall§x conditioned zone ztc it
for heating/cooling, as determined in 6.6.7.2, in kWh;
is the adjustment factor for adjacent thermally’unconditioned zone k, as de
mined in 6.4.5.4;
is the distribution factor for gains in the‘thermally unconditioned zone k attribt
to the adjacent thermally conditioned'zone ztc, as determined in 6.4.5.4;
Jem is the reduction factor to avoidieverestimation of the gains in the thermally
ditioned zone k for the heating mode, as determined in E.3, in W/K;
Lt k:m are the monthly internal heat gains of internal or external type (as define

use;

18)

Self,
ter-
ited
on-
d in

), dS

fom

at sources in a zone, for heating/cooling, whether thermally conditioned or not, Qintdir;4: in

—

19)

where, for thermal zone zt and month m
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C;spec;int;oc;zt;m

is the specific internal heat gains due to metabolic heat from occupants, for

heating/cooling, as determined in the relevant standard under EPB module

M1-6, in kWh/m2;

C;spec;int;A;zt;m

is the specific internal heat gains due to dissipated heat from appliances, for

heating/cooling, as determined in the relevant standard under EPB module

M1-6, in kWh/m?2;

C;spec;int;L;zt;m

is the specific internal heat gains due to recoverable losses from lighting, for

heating/cooling, as determined in the relevant standard under EPB module

MO 1 30 TYATL [onn?

=1, T ISvVV 1L It

is the specific internal heat gains due to recoverable losses frem ho
water and sewage systems, for heating/cooling, as determinhed in 4
standards under EPB modules M3-1 and M8-1, in kWh/m?;

C;spec;int; WA;zt;m

is the specific internal heat gains due to recoverable losses from|
ing, cooling and ventilation systems, for heating/cooling, as det
the relevant standards under EPB modules M3-1, M4-1 and M5
m?2; for the calculation of the system specific energy needs, syst
values may apply;

C;spec;int;HVAC;zt;m

is the specific internal heat gains dué¢ torecoverable losses from or t
and goods, for heating/cooling, asdetermined in the relevant stan
EPB module M1-6, in kWh/m?;

C;spec;int;proc;zt;m

is the useful floor area ofthé zone, as determined in 6.4.3, in m2.

;Zt
The principles for the calculation with regard*to the recoverable heat losses are de
1S0|52000-1:2017, 8.1.3. This document considers only the heat recoverable in the buildi

Fand mains
he relevant

or to heat-
brmined in
1, in kWh/
bm specific

D processes

dard under

scribed in
hg and not

alrgady (assumed to be) recovered in the system or subsystem.
NOTE1 More details are given in the te¢hnical report ISO/TR 52016-2[1].
NOTE 2  Acold source, removing heat from the building (zone), shall be treated as a source, with a negative value.
System specific energy need:
Such restrictions shall be'taken into account in the relevant system standards under EPB modules M3-1
to M[7-1 calculation of. the system energy use.
Aggregated monthly input data:
Theg monthly\\walues of the different components Qu/cjipecjint;x zt;m of the internal |gains, for
heating/cealing, are determined in accordance with the sources that are referenced §bove. The
follpwingtwo situations may occur:
1. Ufsthe source dirnr‘ﬂy gives the cumulative mnnfh]y value of 2 gain, the value is direc ly used as
input for the monthly calculation method.
2. Ifthe source only provides hourly values, the following procedure shall be applied:
a. consider a subperiod of the month that repeats itself
b. calculate the cumulative value for the subperiod of all the hourly gains
c. scale the value of the subperiod to the full duration of the month in question (taking account of
the variable length of the months)
NOTE3 Common cases of subperiods of a month that repeat themselves (2.a above) are:
— asingle day if all days of the month have the same hourly profile;
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a week, if all weeks are identical;

— the full month if there is no cyclic pattern;

NOTE 4

Common cases of scaling are:

— multiply a daily value with the number of days of the month; and

divide

a weekly value by 7 and then multiply this value with the number of days of the month.

6.6.8 Solar heat gains

6.6.8.1 (

For a thern
calculated

QH/C;S

But in case

QH/C;sc

where, for

QH/C;sol;dir;
bztu,k;m

thc;ztu,k;m
fgn;maX;H;zt
QH/C;sol;dir;

6.6.8.2 S

pverall solar heat gains

hally conditioned zone ztc the solar heat gains, for heating/cooling, Qu/c;sol;ztc;nin iR’ KWh,
with the following formula:
(1

bl:ztc;m QH/C;sol;dir;ztc;m

of one or more adjacent thermally unconditioned zones (see 6.4.5):

n

are

20)

l;ztc;m = QH/C;sol;dir;ztc;m + 2 |:(1 - bztu,k;m ) ’ thc;ztu,k;m / fgn;max;l—l;ztu,k;m ’ QH/C;sol;dir;Ztu,(:|
k=1
(121)
pach thermally conditioned zone ztc and month m
2 tc:m are the monthly solar heat gains of the thermally conditioned zone ztc itself, as
determined in 6.6.8.2, in kWh.
is the adjustment factor for adjacent thermally unconditioned zone k, as ddter-
mined in 6.4.5.4;
is the distribution factor for gains in the thermally unconditioned zone k attribyted
to the adjacent thermally conditioned zone ztc, as determined in 6.4.5.4;
Jem is the reduction factor to avoid overestimation of the gains in the thermally ¢on-
ditieried zone k for the heating mode, as determined in E.3, in W/K;
tu,k:m are the monthly solar heat gains of adjacent external or internal type (as defingd in
6.4.5.1) of thermally unconditioned zone kitself, as determined in 6.6.8.2, in kWh.
olarheat gain elements

For each thermally conditioned or unconditioned zone zt and for each month m, the solar heat gains in
a zone whether thermally conditioned or not, for heating cooling, Qsol:dir;zt, in kWh, are calculated with
the following formula:

QH/C;sol;dir;zt;m = Z QH/C;sol;wi,k +

Z QH/C;sol;op,k
k=1

k=1

where, for each element k and month m

104

(122)
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QH/C;s0l;wizk;m are the monthly solar gains through transparent element wi,k, for heating/cooling, as
determined below, in kWh;

QH/C;sol;0p;m are the monthly solar gains through opaque element op,k, for heating/cooling, as de-
termined below, in kWh.

The heat flow by solar gains through transparent envelope element (hereafter called windows) wi,
QH/C;sol, wi;m, in KWh, is calculated with the following formula:

QH/C;sol;wi = IglwiH/Cm Awi ’ (1 - Ffr;wi ) ’ Fsh;obst;wi;m ' Hsol;wi;m - sty;wi;m (123)
whgre, for each window wi and month m
JglilvisH/C;m is the dimensionless monthly mean effective total solar energy.transmittance, for

heating/cooling (see E.2.2).

NOTE1 The transparent element can contain clear glazing, but also (permaneiit) iscattering or (p¢rmanent or
moljile) solar shading layers (see E.2.2).

Awi is the area of window wi, as determined for thermal transmission properties in 6.6.5.2, in m2; in
case of protruded components the projected area shall be used.

Frrui is the frame area fraction of window wi, the ratig ofthe projected frame area to theloverall pro-
jected area of the glazed element of window wi.as determined in E.2.1.

Fsh;¢bst;wi;m is the dimensionless shading reduction factor for external obstacles, as determined in Annex F.

Hsollwizm is the monthly solar irradiation per area on the element, with tilt angle f; and orientation angle
Ywi, obtained from the relevant staridard under EPB module M1-13, in kWh/mZ.

Qskyf;wism is the monthly extra heat flowrdue to thermal radiation to the sky, as determined in 6.6{8.3, in kWh.

Bwi is the tilt angle of the windew wi (from horizontal, measured upwards facing), obtaifed from the
geometric data of the'construction element, in degrees.

Ywi is the orientatjeniangle of the window wi, obtained from the geometric data of the dqonstruction
element, in degrees (expressed as the geographical azimuth angle of the horizontal projection of the
inclined surface normal; convention: angle from South, eastwards positive, westwargls negative).

NOTE 2  ‘External obstacles for the transparent element’ are nearby obstacles such as rebates,|side fins or
overhangs or adjacentduilding parts. Distant obstacles can also be taken into account, depending oh the choice
made in this respectas provided in Annex F.

NOTE 3 Itisrecommended to round the orientation angles to 45 degrees, in line with the discretization of the
skyline segments for the monthly solar shading calculations in Annex F.

Thd heat flow by solar gains through opaque envelope element k, for heating/cooling, QuJc;sol k:m,» in

kW - el - 1 h IR | n | Lall - £ 1
1, LT IITUTILIT T, 1S LA UTIALTU VWILIT LT TUTTIUW LTS TUT THUIA.

QH/C;sol;op;k;m =g 'Rse;k 'Uc;op;k 'Ac;k "Tsh;obst;k;m 'Hsol;k;m _sty;k;m (124)

where, for each opaque element k and month m.
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Asol;k

informative default values given in Table B.29.

Rse;k
C

Uc;op;k

Ac;k

oefficients hce and hre obtained from ISO 13789, in m2K/W.

is the thermal transmittance, as determined in 6.6.5.2, in W/(mZ2-K).

is the projected area, as determined in 6.6.5.2, in m2,

is the dimensionless absorption coefficient for solar radiation, obtained from Table A.29, with

is the external surface heat resistance, Rse = 1/(hce + hre), with the external surface heat transfer

and with the other variables declared in the previous formulae (replacing subscript wi by subscript k).

NOTE 4
during heat

If the buildling element contains a layer that is (e.g. naturally) ventilated with exterpal air and

U-value is
the externd
be overest
which the Y
of the sola
E.3.5 for ve

NOTES5 |
circulation;

6.6.8.3 1

nly in special cases one or more of the variables in the right hand side of the equation is_diffe
ng and cooling mode.

ralculated with the assumption that the thermal resistance between this vented layer
1] environment can be neglected, the transmitted solar heat gain using thefermula above
mated. To avoid overestimation, a corrected U-value should be used in‘the formula abov
Fented layer is not considered as a short-cut, but as a physical mechanism that removes |
- heat. The corrected U-value can be calculated on the basis of the methods mentione
ntilated envelope elements.

see ISO 6946[11],

hermal radiation to the sky

or example, in the case of roofs with roof tiles in an open structure enabling more than weak

rent

the
and
will
e in
part
1 in

air

The monthfly extra heat flow due to thermal radiation to the sky, Qsky;m, for a specific building envelope

element k,
sty:k;
where, for

Fsky;k
Rse;k

Uc;k
Ac;k

hlr;e;k

n month m, in kWh, is given by the followingformula:

F

S

R U A, -h AO At

m

n 0,001 x ky;k  sesk Yok T fck o Mrek T S Ysky;m (1

pach element k and month m.

is the view factor between the element and the sky as obtained from Table A.30. The info
htive default values arelgiven in Table B.30.

is the external surface heat resistance of the element, Rge = 1/(hce + hre), with the exte
surface heat trafsfer coefficients hee and hye obtained from ISO 13789, in m2K/W.

is the thermal transmittance of the element, as determined in 6.6.5.2, in W/( m2-K);
is the projected area of the element, as determined in 6.6.5.2, in m?2;

isthe'external long-wave radiative heat transfer coefficient, obtained from ISO 13789, in W/(m?

25)

‘nal

‘K);

Aesky;m
Aty

NOTE

106

is the average difference between the apparent sky temperature and the air temperature,

obtained from Table A.31. The informative default values are given in Table B.31, in K;

is the duration of the month m, obtained from the relevant standard under EPB module
13, in h.

M1-

See the explanation in the NOTE of 6.6.4.2 why this term is included in the gains and not the losses.
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6.6.9 Internal effective heat capacity of a zone

In the monthly calculation method the internal effective heat capacity of the thermal zone (air,
furniture and construction elements) is needed. This quantity represents the total heat capacity as
seen from the inside.

NOTE1 From the perspective of the overall accuracy the value of the internal effective heat capacity can be
approximate: a relative uncertainty ten times higher than that of the heat transfer is acceptable.

Two methods are given: a detailed method that takes into account details of each construction element,
and a simple method that gives default values as a function of the useful floor area. The normative

o 5 hETWEe c—detatted or pte Tethod oTve abte 793P, with an

With this detailed method the internal effective heat capacity of a thermal zonéelis determined on the
basjs of the internal heat capacities of the building elements.

Thd internal effective heat capacity of a thermally conditioned zone ztc, Ex;int;eff;zte, in J/K, i calculated
by qumming the heat capacities of all (internal and external) building elejnients in direct therinal contact
with the internal air of the zone under consideration, as given by the following formula:

Cm;int;eff;ztc - 2 Kint;j ° Aj (126)
J
where, for each building element j in the zone.

Kint[i  is the internal areal heat capacity per area 6fthe building element j, determined in accordance
with the determination of xy, in ISO 13786:2016, Clause 7 or, as a more simple alt¢rnative, in
accordance with the determination of #y; in ISO 13786:2016, Annex C, with maximumn effective
thickness of 0,10 m, in J/(m2-K).

Aj is the area of the element j, as détermined in 6.6.5.2, in m2.
Siniple method

Table 21 contains classes of construction types with default values for the internal heat capdcity.

Table-21 — Default values for internal effective heat capacity

Monthly method
Class Cm;int;eff;ztc
J/K

[J/(K'm2) - m?]
Very light 80 000 x Ayse;ztc
Light 110 000 x Aygoist
Medium 165 000 x Ayse;ztc
Heavy 260 000 x Ayse;ztc
Very heavy 370 000 x Ayse;ztc

Where

Ause;zte  is the useful floor area of the thermal zone ztc, as determined in 6.4.3, in mZ2.

The internal heat capacity is calculated including internal surface resistance.

A normative template for specification of the classes is given in Table A.33, with an informative default
specification in Table B.33.

© IS0 2017 - All rights reserved 107


https://standardsiso.com/api/?name=231be46c6954ce016523939cfd6b9ba1

IS0 52016-1:2017(E)

6.6.10 Utilization factors

6.6.10.1 Principle

In the monthly method, the dynamic effects are taken into account by introducing the gain utilization
factor for heating and the heat transfer utilization factor for cooling. The effect of inertia in the case of
intermittent heating or cooling or in the case of switch-off is taken into account separately; see 6.6.11.

6.6.10.2 Gain utilization factor for heating

The dimeny
heating, yt
each zone §

if YH:2¢4

if YH;ztd

if YH;ztd

if)’H;ztc

NOTE ’

with

7/H;ztc ;
where, for

YH;zte;m
QaH;ztc;m
QH;ht;ztc;m
QH;gn;Ztc;m

The dimen

ind for each month with the following two formulae:

[£E0 S
1_(yH;ztc;m) H;ztc;m

nH;gn;ztc;m -

.m > 0 and yg #1:

1- ( )(aH;ztc;m+1)

y—;ztc ;m

_ aH;ztc;m

im = 1 nH;gn;ztc;m - +1

aH;Ztc;m

im < 0and QH;gn;ztc;m > 0: nH;gn;ztc;m =1 / J/H;ztc;m

'he rationale for the two ‘if statements’ is given in1SO/TR 52016-2[1,

_ QH;gn;ztc;m
| = ————
QH;ht;ztc;m

pach thermally conditionedzone ztc and month m:
is the dimensionless-heat-balance ratio for the heating mode;
is a dimensianless numerical parameter, determined as specified below;
is the totalheat transfer for the heating mode, as determined in 6.6.4.4, in kWh;
arethe'total heat gains for the heating mode, as determined in 6.6.4.4, in kWh.

sienless numerical parameter ay;ztc,m is calculated with Formula 132:

fomtess gaim utitizatiom factor fortreating; 77gn, 15 a furnctiomrof theheat-batamce Tatt
, and a numerical parameter, ay, which depends on the building inertia. It is calculated

a

a

(1

§

(1

aH;ZtC;m = aH;O

TH;ztc;m
+ —_—

TH;O

where, for each thermally conditioned zone ztc and month m:

dH;0
TH;ztc;m

TH;0

108

is a dimensionless reference numerical parameter, as specified below;

is the time constant of the zone for heating, determined in accordance with 6.6.10.4, in h;

is a reference time constant, as specified below, in h.

for
for

27)

28)

29)

30)

31)

(132)
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The values of the reference numerical parameter, ay;o, and the reference time constant, ty;o, for the
gain utilization factor shall be obtained from Table A.34. The informative default values are given in
Table B.34.

6.6.10.3 Heat transfer utilization factor for cooling

The dimensionless heat transfer utilization factor for cooling, n¢;ht;ztc;m, is a function of the heat-balance
ratio for cooling, y¢;ztc;m, and a numerical parameter, ac;ztc;m, Wwhich depends on the building thermal
inertia. It is calculated for each zone and for each month as given by the following formulae:

—d,
J. — (/ycztcm) C,ZLC, T
if Y¢;ztc;m > 0 and y¢;zec;m # 1t Nehtzte:m — — ( (133)
shtzte; —(ag.en.+1)
1- (7 ) C;ztc;m
C;ztc;m
a
. _ 4. _ C;ztc;m
if YCzte;m = L. nC;ht;Ztc;m - —+1 (134)
C;ztc;m
if YCztem <00 Nepeseem = 1 (135)
with
Qconinte:
;gn;ztc;m
yC;ztc;m = (136)
QC;ht;ztc;m
where, for each thermally conditioned zone ztc and morth m:
YC:zte:m is the dimensionless heat-balange ratio for the cooling mode;
ac:4re;m is a dimensionless numerical parameter, determined as specified below;
Qc:Ht;zte;m is the total heat transfer-by transmission and ventilation for the cooling modg, as deter-
mined in 6.6.4.4, in KWh;
Qc;dn;zte;m are the total heatgains for the cooling mode, as determined in 6.6.4.4, in kKWh.
Thd dimensionless numerical parameter ac;z¢c;m is calculated with Formula 137:
T
C;ztc;m
ac.zte:m = 9c6 b] T (137)
C;0
whgre, for each'thermally conditioned zone ztc and month m:
acqg is a dimensionless reference numerical parameter, as specified below;
T Czte:m is the time constant of the zone for cooling, as determined in 6.6.10.4, in h;
TC:0 is a reference time constant, as specified below, in h.

The values of the reference numerical parameter, ac;o, and the reference time constant, 7¢;o, for the heat
transfer utilization factor shall be obtained from Table A.35. The informative default values are given in
Table B.35.

6.6.10.4 Zone time constant

The time constant of the thermally conditioned zone ztc, t, in hours, characterizes the internal thermal
inertia of the conditioned zone. It may differ between heating and cooling calculations, and vary from
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month to month for each of both, depending on the variation (or not) of its constituting variables,
notably Hir and Hye. It is calculated with the following two formulae:

Cm;eff;ztc /3 600
Thogtem = (138)
;ztc;m +H + H
H;tr(excl. grfl);ztc;m H;gr;adj;ztc H;ve;ztc;m
_ Cm;eff;ztc /3 600 139
TC;Ztc;m - +H +H ( )
C;tr(excl. grfl);ztc;m C;gr;adj;ztc C;ve;ztc;m
where, for each thermally conditioned zone ztc and month m
Ci;eff;ztc is the effective internal heat capacity of the zone, as determined in 6.6.9,in[ /K;
Hu/C;tr(excllgrflr) ;ztc;m is the overall heat transfer coefficient by transmission for heating resp.

cooling, excluding the ground floor, as determined in 6.6.5)in W/K;

Hy/c;ve ztc;jn is the overall heat transfer coefficient by ventilation for heating resp.
cooling, as determined in 6.6.6, in W/K;

Hy/c;gr;adj tc is the seasonal average overall heat transfericoefficient for transmisgion
through the ground floor, adjusted for the seasonal temperature differepnce,
for the heating resp. cooling season, obtained from ISO 13789, in W/K.

NOTE More information on thermal transmission through the grotnd floor can be found in ISO/TR 52016-

2[1] and ISOJ TR 52019-2[10],
6.6.11 Cajculation temperature and intermittency modes

6.6.11.1 Temperature set-points and modes
There are dlifferent modes for heating and cooling to consider, namely:
— heating and/or cooling at constant température set-point: see 6.6.11.2;

— intermjittent heating or cooling;-day-time, night-time and/or weekend reduced temperature |set-
point dnd/or switch-off: see 66.11.3 (heating) or 6.6.11.4 (cooling);

— unoccypied periods (e.g. holidays): see 6.6.11.5

In case of Intermittency a~simplification is possible, by assuming an equivalent constant temperafure
set-point.

NOTE 1 Iff this siniplification is applicable, this will be shown in the input from the relevant standard upder
EPB moduld M1-6;.fer instance for a specific space category or building category (e.g. residential buildings).

NOTE 2  Korgomplicated situations, such as periods with boost modes where there is insufficient heati
cooling powerduring the boost, the montniy metnod 1S 1ess appiicabie. See IS0/ TR 52016-2tt formore information
on the limitations for application. This document does not give normative criteria on the applicability. These
can be specified e.g. at national level by allowing the monthly method for specific applications, according to the

choice given in Table A.2 / Table B.2.

For each month, the profile of the internal operative temperature set-point for heating, Oint;set;H;ztc, and
cooling, Oint;set;C;ztc, for each thermally conditioned zone, ztc, shall be obtained for week days, weekend
days and unoccupied periods from the relevant standard under EPB module M1-6. First, identify
whether there is an unoccupied period or not. Next, (separately for the occupied and unoccupied
periods, if applicable) determine whether the temperature set-point is constant or not.

If the rule applies for the spatial averaging of the temperature set-point for residential buildings as
described in 6.4.6, the temperature set-point for heating shall be adjusted accordingly.
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System specific energy need:

For the calculation of the system specific energy needs for heating and cooling, adjustment of the values
and the period(s) (such as the number of hours per day and days per week) of the temperature set-
points may apply, depending on specific characteristics of the relevant technical building system, to be
obtained from the relevant standards under EPB modules M3-1 to M7-1.

6.6.

For
calc
asd

For
cald
asd

NO']
due
Sim
loss

6.6

In {
cald

11.2 Heating or cooling at constant temperature set-point

unin

7 7

etermined in 6.6.11.1, in °C.

uninterrupted cooling at constant temperature set-point during the whole month(o ene {
ulation temperature of the zone, Oint;calc;c, in °C, the temperature set-points for'eooling,
etermined in 6.6.11.1, in °C. The value for the reduction factor for intermittent'cooling, ac |

E For the monthly methods, the actual mean internal temperature canbe higher in the h{
to instantaneous overheating; however, this effect is accounted for by means-of the gain utiliz

es than gains.

11.3 Corrections for intermittent heating

he case of heating at variable temperature set-points' and/or with periods of swit
ulation temperature of the zone for heating, Oint;éaleH;m, in °C, is calculated with thg

formula:

whg

eint

ee;a

AdH;x

NO1
datd
and
morj
rep

0 0 -0 +0

. = X .
int;calc;H;ztc;m aH;red;zlfc;m int;set;H;Ztc e;a;m ) e;a;m

re, for each thermally conditioned zone ztc and month m.

is the normal (‘thermal comfortlevel’) heating temperature set-point of the zon]
from the relevant’'standard under EPB module M1-6, in °C.

set;H;ztc

is the monthly mean air temperature of the external environment, obtaing
relevantstandard under EPB module M1-13, in °C.

ed:zte;m is thewreduction factor for intermittent heating, as determined below.

E1  For thementhly calculation method it is not evident whether the monthly values for occu
in case of intermittent heating are the data during occupancy or the time-average values ove
non-occlipancy periods (hours and/or days). Both choices introduce errors that are inevit
thly calctulation method. The choice is to use time-averaged values. See more explanation in t
rt, A4S0/ TR 52016-2[1].

terrupted heating at constant temperature set-point during the whole month one shall use as

int;H;set;ztc

hall use as
9int;C;set;zto
ed;ztc;m = 1.

ating mode
htion factor.

larly, for the cooling mode the actual mean internal temperature can be lewer due to instantaneous larger

ch-off, the
e following

(140)

e, obtained

d from the

bant-related
" occupancy
hble for the
he technical

Th

dimrertsiontess Teduction factor forimtermittent treating, U red.zicm 15 calcutated as gi

en by one

of the following two methods. The choice between method A and method B is indicated in Table A.36
(normative template), with informative default choice provided in Table B.36.

Method A
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Using the following formula:

aH;red;Ztc;m =1- (1 B aH;red;day;Ztc;m) B (1 B aH;red;night;ztc;m) B (1 B aH;red;wknd;ztc;m) (141)
with:
aH;red;y;ztc;m =1- fH;red;y;ztc + fH;red;y;ztc q, H;red;mn;y;ztc;m (142)
with
f _ AtH;red;y;ztc 'nrep;H;red;y;ztc (] 43)
H;red;y;ztc 24 %7
where, for pach thermally conditioned zone ztc and month m.
ay;red;y;ztc;n is the reduction factor for intermittent heating with reduced|set-point, with y =
day, night or weekend.
SfHired;y;ztc is the relative part of the time (y = day, night or weekend) with reduced heating
set-point:
Nrep;H;red;y|ztc is the number of repetitions in a week of redyetion period y, obtained from|the

relevant standard under EPB module M1-6;

NOTE 2  For instance: nrep;H;red;y;ztc= 7 for day or night time set back; or 5 in case it is combined with weekend
set-back or weekend switch-off.

dOy;red;mn;y|ztc;m is the average (relative) reductionén the temperature difference during the peridd of
reduced temperature set-point, determined as specified below.

Aty;red;y;zte is the duration of the periedwith reduced heating set-point ( y = day, night or week¢nd)
, obtained from the reJevant standard under EPB module M1-6, in h.

The followjing formulae under Method A apply for each of the intermittency periods (y = day, night or
weekend), fif applicable.

To calculate the average (relative) reduction in the temperature difference during the period of redyced
temperatufe set-point, dOy;red:;mn;ztc;m, the following three additional quantities are determined:

The dimensionless (relatiyeé) reduction in set-point related to the difference with the outdoor
temperatu e, deset;Hilow;y;Ztc;m, Wthh IS glven by

If (Bint;set;H: ztc - Oe;aun) < 0: deset;H;low;y;ztc;m =1

And if (Oind set;Hslow;y;ztc - Oc;a;m) < O: deset;H;low;y;ztc;m =0

Otherwise:
4o _ingset;H;low;y;ztc ee;a;m 144
set;H;low;y;zte;m 0 0 ( )
int;set;H;ztc e;a;m
where
Oint;set;H;low;y;ztc is the reduced (‘economy level’) heating temperature set-point of the zone during
intermittency period y, obtained from the relevant standard under EPB module

M1-6, in °C.
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The dimensionless (relative) reduction in difference between indoor and outdoor temperature at free

_ eint;ﬂoat;ztc;m - ee;a;m
float;ztc;m — 0

floating conditions (zero heating), d6 , which is given by:
int;set;H;ztc ~ “e;a;m

If (eint;set;l-[;ztc - Ge;a;m) <0:

do =1 (145)

float;ztc;m

NOTE 3 Inthis case there is no heating need anyway.

Otherwise:

QH;gn;ztc;m

( H;tr;ztc;m H;ve;ztc;m ) ’ (9 -0
with maximum value:  dbfjpat;m = 1 and minimum value:  dBfjpat;m = 0.

do

(146)

float;ztc;m =

+H At

int;set;H;ztc e;a;m )

NOTE4  The minimum value is needed for the rare case that the gains are-negative, in case of|dominating
thermal radiation to the sky.

whgre, for each thermally conditioned zone ztc and month m:

QH;¢n;zte;m are the total heat gains for the heating mode;as determined in 6.6.4.4, in kWh.

Hutr;zte;m is the overall heat transfer coefficientby transmission for heating, as determined in
6.6.5,in W/K.

Hy.ye:zte;m is the overall heat transfer coefficient by ventilation for heating, as detfrmined in
6.6.6,in W/K.

NOTES5  The right hand side of the equation’looks similar to the heat-balance ratio for the hepting mode,
YH;zte;m (See 6.6.10.2), but using that quantity-here would create a circular loop.

The dimensionless (relative) length'efthe period until reduced set-point is reached:

If (46set;H;low;zte;m — dOfloat;ztgm) < 0 or in case of switch-off of the heating: fy;red;low;y;ztc; m =|1.
And if dBfjoat;zte;m = 1: fH;red;low;y;ztc; m = 0.
Othlerwise:
_ AtH;red;low;y;zL’c;m /TH;Ztc;m 147
fH;red;low;y;ztc;m - At T ( )
H;red;y;ztc;m/ H;ztc;m
with:
. [ o _ )
At H;red;low;y;ztc;m - —1In uUset;H;low;y;ztc;m “Yloat;ztc;m (14—8)
TH:ztc;m 1- deﬂoat;ztc;m
and where
TH;ztc:m is the time constant for the heating mode, in h.

The average (relative) reduction in the temperature difference during the period of reduced temperature
set-point, dOy;red;mn;y;ztc;m, is equal to:
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IffH;red;low

szte;m 2 1:

1-do6 —(At
_ float;ztc;m H;red;y;ztc /TH;ztc;m
deH;red;mn;ztc;m - deﬂoat;y;ztc;m + At T 1-e (149)
H;red;y;ztc;m/ H;ztc;m
In other cases:
do _ 1- deset;H;low;y;ztc;m 4 6
Hyredimn;y;zteim = | A ‘L' fH;red;low;y;ztc;m ““Yfloat;ztc;m 150
H;red;y;ztc;m/ H;ztc;m ( )

Method B

Another m
this case el

6.6.11.4 (

The correc
off are app
of the zone
6.6.11.1.

NOTE1 |
datain case
non-occupa
calculation

The dimen
the followi
(normative

Method A

This meth
off during

AaC;red;ztc;m

The dimen|
or switch-(

aC;red;ztc;m X aC;red;wknd;ztc;m = (1 - fC;red;wknd;ztc ) + bC;red;wknd ) fC;red;wknd;ztc

do

+ (1 - fH;red;low;y;ztc;m ) ) set;H;low;y;ztc;m

bthod, as specified in Table A.36 (normative template) and Table B.36 (infermative defaulf, in
mpty).

orrections for intermittent cooling

Lch-
ure
d in

tions in the case of cooling at variable temperature set-point$-and/or with periods of swi
ied on the cooling need and not on the calculation temperature. The calculation temperat
for cooling, Oint:calc;c:m, in °C, remains the same as for.continuous cooling, as determine

hted
and
thly

or the monthly calculation method it is not evident whether the monthly values for occupant-rel
of intermittent cooling are the data during occupancy’or the time-average values over occupancy
hcy periods (hours and/or days). Both choices introduce errors that are inevitable for the mon
method. The choice is to use time-averaged values. See more explanations in ISO/TR 52016-2 [1].

sionless reduction factor for intermittent cooling, ac;red, is calculated as given by on
ng two methods. The choice between Method A and Method B is indicated in Table 4
template), with the informative.default choice provided in Table B.37.

hed
hen

bd only considers a reduction of the cooling need if the cooling is reduced or switg
the entire weekend (i.e. at least 48 hours/week). If this condition is not fulfilled, f
=1.

sionless reduetion factor for intermittent cooling, ac red;ztc;m, in case of weekend reducfion
ff, is calculated as given by the following formula:

(151)

with

fC;red;wknd;ztc =

AtC;red;wknd;ztc xn rep;C;red; wknd;ztc

24 x7

(152)

where, for each thermally conditioned zone ztc.

fC;red;wknd;ztc

Nrep;C;red;w

114

is the relative part of the week with intermittency;

is the number of repetitions in a week of this intermittency, obtained from the
relevant standard under EPB module M1-6;

knd;ztc
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NOTE 2  Forinstance: nrep;c;red;wknd;ztc= 1 for weekend set-back or weekend switch-off and nrep;c;red;wknd;ztc = 0
without weekend set-back or weekend switch-off.

Atc;red;wknd;zte is the duration of the weekend with reduced temperature set-point for cooling or
interruption, obtained from the relevant standard under EPB module M1-6, in h;

bc;red;wknd is an empirical correlation factor with the value provided in Table A.37 (normative
template), with informative default value provided in Table B.37.

NOTE 3  The value of ac.red;wknd:ztc;m is only influenced by the duration of the weekend reduction or switch-
off, and, for instance, not by the “reduced” temperature set-point. In ISO/TR 52016-2 [1] it is explained that for the

delal ) | = Lo - ek ol
mor LIy IHITUIIUU a HHIUTT dLLUl dlT TTOSUIL IS TIUL JUSTITITU.

Method B:

Andther method, as specified in Table B.37.

6.6]11.5 Corrections for unoccupied period

In spme building or space categories, such as schools, unoccupied periods\during the heating or cooling
season, such as holiday periods, lead to a reduction in space heating af-cooling energy use.

Thq heating and cooling needs, taking into account unoccupied peériod, Qu;nd;ztc;m and Qqind;ztc;m, in
kWh, are calculated as follows. If a month contains an unaocetipied period, perform the falculation
twife: a) for the occupied (normal) heating/cooling settings dnd b) for the unoccupied sg¢ttings and
then interpolate the results linearly according to the timefraction of unoccupied mode versys occupied
modle, as given by the following two formulae:

QH;nd;ztc;m = (1 - fH,nocc;ztc;m) ' QH;nd;occ;Ztc;m X fH,nocc;ztc;m ' QH;nd;nocc;ztc;m (153)
QC;nd;ztc;m = (1 - fC,nocc;Ztc;m ) ’ QC;nd;occ;ztc;m + fC,nocc;ztc;m ' QC;nd;nocc;ztc;m (154)
where, for each thermally conditionedzone ztc and month m.
QH/L;nd;occ;zte;m is the energy need for heating/cooling, calculated in accordance with 6.6.4.2

(heating) or 6.6.4.3 (cooling), assuming for all days of the month the ¢ontrol and
thermostat settings of the occupied period, in kWh.

QH/L;nd;nocc;zte;m is the energy need for heating/cooling, calculated in accordance with 6.6.4.2
(heating) or 6.6.4.3 (cooling), assuming for all days of the month the ¢ontrol and
thermostat settings of the unoccupied period, in kWh.

SH/dnocc;zeesm is the fraction of the month which is the unoccupied (heating/cooling) period
(e.g.10/31).

6.6.T1.6 Calculated temperature of a thermally conditioned zZone as output variable

The temperature in the thermally conditioned zone is needed as output variable, e.g. to assess heat
losses from heat or cold generators, storage and distribution systems (pipes and ducts) located in a
thermally conditioned space or spaces.

For the heating mode, the monthly mean temperature of the zone Oint;op;H;ztc;m, in °C, is equal to the
calculation temperature, Oint;calc;H;ztc;m, in °C, as determined in 6.6.11.2 and 6.6.11.3 and 6.6.11.5.
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For the cooling mode, the monthly mean temperature of the zone, Oint;op;C;ztc;m, in °C, is given by the
following formulae:

0

with: H

int;op;C;ztc;m =

C;ht;ztc;m = (

(QC;nd;ztc;m +QC;gn;ztc;m)

? (H x0,001x At |

e;a,m

C;ht;ztc;m

QC;ht;ZtC;m

int,calc,C;ztc;m Ge;a;m )

(155)

(156)

where

ee;a;m

QC;nd;th;m

QC;gn;ztc;m

QC;ht;ztc;m

eint;calc;C;Zt ;

At

NOTE 1 ]
intermitten

If, in the r
between h
a monthly

NOTE2 1§

6.6.12 Overheating indicator

In case of gdbsence of méchanical cooling, there is a risk of overheating.

NOTE1 1

space categ

'he formulae are simply an expression of the monthly thermal balance, in which the effed
Cy and the unutilized heat losses are taken, into account.

plevant system standard using thi§ temperature as an input, no distinction can be m
bating and cooling mode, the teniperature for heating and cooling mode shall be weighted
basis, with the heating and ceoling need respectively.

or thermally unconditioned.zones the temperature as output variable for other standards is giv¢

'he risk efwhdersizing of a cooling system cannot be calculated with the monthly calculation met
unless reliaple (national or regional) hourly cooling load frequency distribution curves are available for

DIy

is the monthly mean air temperature of the external environment, obtained\from
relevant standard under EPB module M1-13, in °C;

is the monthly energy need for cooling, for the thermally conditioned zone ztc
month m, determined as specified below, in kWh;

are the total heat gains for the cooling mode, as determined\in 6.6.4.4, in kWh;

is the total heat transfer by transmission and ventilatien for the cooling mode
determined in 6.6.4.4, in KWh;

is the calculation temperature of the zone for coeling, as determined in 6.6.11.2
6.6.11.4, in °C;

is the duration of the month m, obtained.froin the relevant standard under EPB n
ule M1-13, in h.

the

and

, ds

and

od-

t of

ade
,on

nin

hod,
bach

The risk of

overheating 1s assessed only at the level oI a thermal zone. Depending on the speciiic r

ules

for zoning, a thermal zone may contain spaces with different thermal properties and with different
thermal loads. In that case the overheating indicator may underestimate the risk of overheating.

The overheating indicator of thermal zone ztc is set equal to the annual accumulated overtemperature,
as given by the following 2 formulae:

12
IOH;Ztc;an = 2 TOH;ztc;m
m=1

116

(157)
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1000x (QOH;gn;ZCC;m - QOH;ht;ZtC;m )

H +H

OH;tr;ztc;m OH;ve;ztc;m

TOH;Ztc;m -

where, for each thermally conditioned zone ztc.

(158)

IoH; ztc;an is the annual overheating indicator, in K-h;

ToH;ztc:m is the monthly accumulated overtemperature, in K-h;

Qor e v— are the total heat gains for the nvprhpnh’ng calculation for month m _determined as
described below, in kWh;

QoH:ht;zte;m is the total heat transfer by transmission and ventilation for the overhegting ¢alculation,
for month m, determined as described below, in kWh;

Ho:gr:zte;m is the overall heat transfer coefficient by transmission for the'overheating ¢alculation,
for month m, determined as described below, in W/K;

HoYe;zte;m is the overall heat transfer coefficient by ventilation forthe overheating calqulation, for
month m, determined as described below, in W/K.

The calculations follow the same methodology and formulae asifor the cooling calculation ($ee 6.6.4 to

6.6.

Bou

Boy

Any
defd

11), but with the following differences:

If there is no cooling set-point given, the calculation shall be done with coolin
eint;set;C;Ztc =26 °C.

variables concerned, whence the use of the Subscript OH instead of the subscript C. The
are according to one of the following 2 sets:

ndary conditions, option A:

The value of the overall heat transfer coefficient by transmission, HoH;tr;ztc;m, is set equal
for cooling, Hc;tr:ztc;m, as determined in accordance with 6.6.5.2.

The overall heat transfer-coefficient by ventilation, HoH,veztc;m, is determined taking ir
the provisions for (day.and/or night-time) intensive ventilation (e.g. secure windows ¢
order to evacuate superfluous heat. Specifications shall be given in the methods referend

The values ofthe“internal and solar heat gains are set equal to their values for cooling,
ndary conditions, Option B:

othegset of conditions as specified in Table A.38 (normative template) and Table B.38 (i
ult in this case empty).

D
o]

set-point

The boundary conditions are different, resultihgin different numeric values for all the dgwnstream

Hifferences

to its value

to account
pening) in
edin 6.6.6.

hformative

NOTE 2

copied and subsequently modified as needed.

NOTE 3

Background information can be found in ISO/TR 52016-2 [1].

Option B also accommodates small variants of option A. In that case all conditions of option A are

6.6.13 Length of the heating and cooling season for operation of season-length-dependent

provisions

If the operation time of season-dependent provisions, such as pumps for the heating system, has to be
assessed and in absence of more detailed data, the length of the heating season can be approximated by
the sum of the months with higher than zero heating needs.
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If the operation time of season-dependent provisions, such as fans for the cooling system, has to be
assessed and in absence of more detailed data, the length of the cooling season can be approximated by
the sum of the months with higher than zero cooling needs.

NOTE

approximation, the heating and cooling season can overlap.

6.6.14 Humidification and dehumidification

6.6.14.1 Humidification

To avoid infinitesimal small values of heating and cooling needs, limits are introduced in 6.6.4. In this

The monthlly latent energy need for humidification is given by:

QHU;n(
where, for
QHU;nd;th;n

SfHU;m

hwe

NHU:rvd;ztc

Pa

qV;mech;ztc;

(Ax-t)a;sup;4

1

tc;an

;ztc;m = fHU;m

-h

we (1'nHU;rVd;ztc ) Py Av.mech;ztc;m (AX ’ t>a;sup;ztc;an

pach thermally conditioned zone ztc and month m:

is the humidification need, in kWh;

is the monthly fraction of energy need for humidificatiorobtained according to T:
A.39 (normative template, with informative choice jn Table B.39);

is the latent heat of vaporization of water, as spécified in 6.3.6, in J/kg;

is the efficiency of latent heat recovery of the'system servicing thermal zone ztc,
tained from Table A.40 (normative templdte, with informative choice in Table B.

is the air density, as specified in 6.3.65in kg/m3;

is the monthly time-average mechanical supply airflow rate entering the zonsg
determined in the relevant standard(s) under EPB module M5-5, in m3/s;

is the annually accumulated amount of moisture to be supplied per kg dry air sup
obtained from Table.A:41 (normative template, with informative choice in Table B
in kg h/kg.

59)

ob-
10);

, as
ply,

41),

pbace

NOTE The accumulation of moisture content x time is a simplification, to avoid the need for sepalrate
tabulated viplues of moisture content and tabulated values of operational times, both as function of sj
category.
6.6.14.2 Dehumidification
The monthlly latent.energy needs for dehumidification is given by:

QDHU;nd;ztc;m = fDHU;C 'QC;nd;ztc;m (1

60)

where, for each thermally conditioned zone ztc and month m:

QDHU;nd;ztc;m is the dehumidification need, in kWh;

Qc:nd;zte;m is the energy need for (sensible) cooling, as determined in 6.6.4, in kWh;

SfDHU;C;s5 is the fraction of sensible energy need to be added for dehumidification, per type of
cooling system ss, obtained from the relevant system standard under EPB module M7-1.
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6.6.14.3 Annual latent energy needs

The annual latent energy needs for (de-)humidification are calculated as the sum over the monthly needs:

Quu/DHU:ndztc:an = 2y @ HU/DHUsnd:ztcom (161)
m

where, for each thermally conditioned zone ztc:

QHU/DHU;nd;ztc;an are the annual (de-)humidification needs, in kWh;

QuU/DHU;nd;ztc;m are the (de-jhumidification needs, im KW

7 [Quality control

7.1 Calculation report

7.1]1 General
Thd main purpose of the calculation report is:
— |to enable to trace or verify the input, assumptions and chosen methods;

— |to obtain a quick impression of the relative influence ef.each of these main factors in the palculation
as a qualitative check on the credibility of the results and the sensitivity for certain jnput data,
assumptions and/or mistakes.

NOTE 1 It is outside the jurisdiction of this document to dictate where and how this report shofild be made
avaflable.

A r¢port giving an assessment of the energy needs, the internal temperature or the design|heating or
cooling load obtained in accordance withithis document shall include at least the information described
in the applicable paragraph of this Clause.

NOTE2 Worked examples are presented in the ISO/TR 52016-2[1]. Also results from validation df the hourly
and|the monthly calculation methods are available in this report.

7.1{2 Energy need calculation

7.1{2.1 Inputdata

For|the energy\need calculation the calculation report shall include the values of the following data:

a) |all inputdata shall be listed and justified, e.g. by reference to international or national standards, or
by reference to the appropriate annexes to this document or to other documents. When th¢ input data
are not the standard data, an estimate of the accuracy and source of input data shall also be given.

b) areference to this document;

c) 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);

d) adescription of the building, its construction and its location;
e) aspecification of the zone partitioning, if any, i.e. the allocation of rooms to each zone;
f) anote indicating which method (hourly or monthly) was used;

g) for the monthly or hourly method, Hty, Hye, As and Cy, for each zone, for each month.
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7.1.2.2 Calculation results

7.1.2.2.1

Hourly method

For each thermal zone and month:

mean i

ndoor (operative and air) temperature;

mean outdoor temperature;

mean global solar radiation on a horizontal plane;

total s

energy

energy

A bar diag
obtain a qU

For the wh

annua

annua
Hourly dat

At leas
operat
from t

NOTE 1
See examplg

NOTE2 4

See ISO/TR
various eler]

7.1.2.2.2

For each th

total heat transfer by transmission;
total heat transfer by ventilation;

total ilnternal heat gains, including recoverable system thermal losses;

plar heat gains;
need for heating;
need for cooling.

rfam showing these main terms of the monthly energy balance is strongly recommende
ick impression of the relative influence of each of these main factors.

ple building:
energy need for heating;
energy need for cooling.
h:

t the hourly outdoor temperature-and global solar radiation and the calculated inte
ive temperature and energy load for heating and cooling per zone shall be available as out
ne calculation.

iraphical plots over periodsthat are representative for different seasons are strongly recommen|
s in the technical reportyISO/TR 52016-2[1].

A plot of e.g. weekdy~averaged energy needs against outdoor temperature is strongly recommen|

52016-2[1] for eéxplanation and also for more examples to obtain insight in the relative impact o
hents influencing the energy needs.

Monthly method

etmal zone and month:

1 to

rnal
put

ded.

ded.
the

For heating mode:

total h

total h

120

eat transfer by transmission;

eat transfer by ventilation;

total internal heat gains, including recoverable system thermal losses;
total solar heat gains;

energy need for heating.
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cooling mode:

total heat transfer by transmission;

total heat transfer by ventilation;

total internal heat gains, including recoverable system thermal losses;
total solar heat gains;

energy need for cooling.

7.1

For
foll

opalque elements: area, exposure, thermophysical properties of each layer;

glaz

Loc
the

b)

Thd

the whole building:
annual energy need for heating;

annual energy need for cooling.

3 Internal temperature calculation

bwing data:

Input data:

volume of zone;

for each element bounding the zone:

Output data:
hourly values ofthé7air ventilation flow rate (number of changes per hour);
hourly valu€s-of the heat flow rate for internal sources (W/m2 of floor area);

hourly values of air temperature and mean radiant temperature.

con

ditioning period.

7.1.

4 Design heating and cooling load calculation

climatic data (hourly values of the external air temperature and solar radiation intensity);

building characteristics: description of the buildingand of the thermal zone investigated;

ed elements: area, exposure, thermophysical and solar characteristics of each glazed element.

the internal temperature calculation the calculation report shall include the valpes of the

nl clock time shall be used for all time-dependent input data with the exception of climatic data. If
climatic data time convention is different from local clock time, the difference shall be reported.

predicted temperatures shall be reported for the calculation period and not for the pre-

Requirements for the calculation report are similar to the requirements for the energy need calculation
using the hourly calculation method, with specification of the climatic data and other deviations, and
reporting of the design loads.
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7.2 Hourly method: verification cases

7.2.1 Scope and limitations

These test cases verify the calculation of the thermal balance in a single thermal zone and the calculation
of the heating and cooling needs.

This includes, for the hourly calculation method, the solving of the equations of 6.5 and the step-wise

procedure to calculate the heating and cooling needs according to 6.5.4.

These test cases do not include for instance:

— Groundl floor heat transfer coupled to ground.

NOTE1 Thisis covered in the example cases described in [SO/TR 52016-2[11.

— Thermlal coupling between two or more zones.

— The effect of thermal bridges.

— Sunspace or other thermally unconditioned spaces.

— Solar shading by external obstacles (distant, remote or from own building elements).

— Complgx control patterns (e.g. weekend interruption of mechanical ventilation and/or heating and
cooling and/or solar shading, etc.; night time ventilation as free cooling, heat recovery by pass, gtc.).

For the hoyirly calculation method these situations do not add complexity to the calculation, so these
requirg no special testing, except if this requires iteratidn or approximations to avoid iteration, pr if
it requlires measures to avoid oscillations.

For the mopthly calculation method these aspects are‘covered by correction factors; the validity of quch
factorg requires dedicated validation cases.

— Latentlenergy needs. Validation cases forthe latent energy balance are not needed, because with/the
given gssumptions, the equation is straightforward and can be easily checked analytically.

NOTE 2  HKor the monthly calculationnmethod a verification would include solving of the equations in|6.6.

However, tHe monthly method contaimsimany optional coefficients that depend on specific regional conditions,

which makgs a verification using the given specific test cases not realistic. The monthly method can be compared

against the
as describe
The calcula
elements th

7.2.2 Ve

l in 6.5.15. Moreover;"the basic formulae for the monthly method can be easily checked man
ion elements inrthe’monthly method that suffer the highest risk of errors are the special calcul
ht are not covéred by the standard verification cases.

rification'procedure for the whole calculation method

7.2.2.1 (

féneral

hourly method, especially with the help of the key monthly data derived from the hourly calcul}ion

ly.

ion

Whole model verification considers the calculation of the operative temperatures and the sensible
energy needs for heating and cooling for a full year for several cases indicated below.

NOTE
140181,

7.2.2.2 Geometry of the test room

The verification cases are based on the BESTEST 600 and 900 cases as described in ANSI/ASHRAE

The various test cases refer to a geometry consisting of a single zone with two different types of
envelope: lightweight and heavyweight. The geometry of the test room is shown in Figure 2. The
geometrical characteristics of the rooms are given in Table 22.

Unless otherwise stated, all constructions are external (outdoor).

122
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Figure 2 — Geometry of the test room

Table 22 — Room data

Component Area [m2]

Wall (front) 9,6

(left) 16,2

(right) 16,2

(back) 21,6
Window 12,0
Floor 48,0
Geiling 48,0
Volume [m3]
129,6

7.2)2.3 Thermophysical properties of opaque elements

The thermophysical characteristics of the walls, ceiling and floor are given in Table P3 for the
lightweight case and in Table 24 for the heavyweight case.

To reduce uncertainty regarding testing the other aspects of simulating the building envelope, the floor
insulation has been made very thick to effectively decouple the floor thermally from the ground.

For the application of this document this means that the thermal resistance of the floor can be used in
the calculations instead of the effective thermal resistance (Rc:f.eff), with the outdoor air as external
environment.
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Table 23 — Thermophysical properties of the opaque components for the lightweight case

Structure D A R Km;op p c
m W/(mK) | m2K/W | J/(mZK) kg/m3 J/(kgK)

External wall (inside to
outside)
Plasterboard 0,012 0,160 0,075 9576 950 840
Fiberglass quilt 0,066 0,040 1,650 665 12 840
Wood siding 0,009 0,140 0,064 4293 530 900
Total surf-qurt T,789
For application of ISO 52016-1: Very light
- Class sp{cific heat capacity Evenly (D)
- Class of distribution
Floor (inside to outside)
Timber flo¢gring 0,025 0,140 0,179 19500 650 1200
Insulation 1,003 0,040 25,075 0b 0b 0b
Total surf-qurf 25,254
For application of ISO 52016-1: Very light
- Class sp{cific heat capacity Internal (I)
- Class of distribution
Roof (inside to outside)
Plasterboard 0,010 0,160 0,063 7980 950 840
Fiberglass fuilt 0,1118 0,040 2,794 1127 12 840
Roofdeck 0,019 0,140 0,136 9063 530 900
Total surf-qurf 2,992
For application of ISO 52016-1: Very light
- Class sp{cific heat capacity Evenly (D)
- Class of distribution

a  To redy
(below the 3
decouple thg

For the appl
outdoor air;
thermal resi
as part of th
thermal resil
take partin

b Underfl

re uncertainty regarding testing the other aspects of simulating the building envelope, the floor insulafion
ctual floor construction) has‘been made very thick in the test case description, with the purpose to effectiyely
floor thermally from the ground.

ication of this document this means that the floor plus insulation is modelled as an opaque constructiop to
this implies that{hethermal resistance of the floor has to be used in the calculations instead of the effective
tance (R f.eff)in.cdse of a ground coupled floor. To ensure that the thermal mass of the actual floor is modédlled
e actual flootyand not distributed over the actual floor and the artificial thick thermal insulation layer,|the
stance of the)thick thermal insulation layer is imposed on the first (most outdoor) conductance which doegnot
Fhe attribution of the thermal mass of the Class I type of construction (see 5.6.7.2); so: h1 = 0,04 W/(m2°K)

or‘insulation has the minimum density and specific heat the program being tested will allow, but not 0.
For the appl}cation of this document the density, specific heat and specific heat capacity of the underfloor insulation|are

assumed to be zero.
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Table 24 — Thermophysical properties of the opaque components for the heavyweight case

Structure D A R Km;op P c
m W/(mK) | m2K/W | J/(m2K) kg/m3 J/(kg'K)

External wall (inside to
outside)
Concrete block 0,100 0,510 0,196 140000 1400 1000
Foam insulation 0,0615 0,040 1,537 861 10 1400
Wood siding 0,009 0,140 0,064 4293 530 900
TotpT surf-surt T,797
Forfapplication of ISO 52016-1: Heavy
- (lass specific heat capacity Internal (I)

- (lass of distribution

Flojor (inside to outside)

Corjcrete slab 0,080 1,130 0,071 112000 1400 1000
Insplation a 1,007 0,040 25,175 Qb 0b 0b
Totpl surf-surf 25,246

Forfapplication of ISO 52016-1: Medium

- (lass specific heat capacity Internal (I)

- (lass of distribution

Ro¢f (inside to outside) ¢

Platerboard 0,010 0,160 0,063 7980 950 840
Fibprglass quilt 0,1118 0,040 2,794 1127 12 840
Rog¢fdeck 0,019 0,140 0,136 9063 530 900
Totpl surf-surf 2,992

Forjapplication of ISO 52016-1: Very light

- (lass specific heat capacity Evenly (D)

- (lass of distribution

a  |To reduce uncertainty regarding testing the other aspects of simulating the building envelope, the floor irfsulation has
beeph made very thick to effectively decouple the floor thermally from the ground. For the application of this dgcument this
medns that the thermal resistance of the floor can be used in the calculations instead of the effective thermal resistance
(Rg;|eff) and the externalserivironment of the construction is assumed to be the outdoor air. But to ensure that{ the thermal
mags is modelled as part)of the actual floor and not as part of the artificial thick thermal insulation layer,|the thermal
resistance of the thick thermal insulation layer is imposed on the first (most outdoor) conductance, h1 = 0,04 W/(m2°K).

%]

b |Underfloor ifisulation has the minimum density and specific heat the program being tested will allow, but|not < 0.

For|the application of this document the density, specific heat and specific heat capacity of the underfloor irjsulation are
assyimed to,be zero.

¢ |Eorthe heavyweight case wall and floor properties are more massive and the roof properties are unchanged.

7.2.2.4 Internal heat capacity of a zone
Monthly calculation method:

For the application of the monthly calculation method in this document the internal heat capacity of
the zone is calculated on the basis of the simplified method, using default values for the internal heat
capacity (Table 21).

— For the lightweight case: class “very light” (80 000 Ayse)
— For the heavyweight case: class “heavy” (260 000 Ayse)
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This leads to

For the

— For the

lightweight case: Cy, = 3,84 MJ/K;
heavyweight case: Cy, = 12,48 M]/K.

7.2.2.5 Specific heat capacity of air and furniture

Hourly calculation method

For the application of this document the specific heat capacity of air and furniture shall be

Km;int = 10 000 J/Tm%KJ.

7.2.2.6 Hroperties of glazing

The windop consists of double pane glazing, with the following properties:

— 9g;4=0,789;

Fyw=0.9 (cofrection factor for non-scattering glazing) Consequently: go=0,71

NOTE Ir ANSI/ASHRAE 1401081 a v.alue is given for double pane shading” reduction factor (0,9
Therefore the Uy, value is adapted to obtain the same R value for the window;

For the application of this document the following input data are adapted:

—  Uw=2,984 W/(m2-K);

—  Rse;y=0,04 m2K/W; (see Table 25)

—  Rsi;v=0,13 m2K/W; (see Table 25)

—  Fge=0.

The valueq for Rse.v and Rsi.y in this documéntiare different from the values in ANSI/ASHRAE 14
In ASHRAE 140 values are given for the heniispherical infrared emittance of ordinary uncoated g
(0,84 or 0,‘{), which sho.uld lead to similar coefficients. Therefore the Uy, value is adapted to obtain
same R vallue for the window.

7.2.2.7 Solar absorption coé€fficient

The solar gbsorption coeffieient of all opaque surfaces aso) = 0,6.

7.2.2.8

For the apy

— Fsky =

b

iew factor\te the sky

lication of this document the view factor to the sky shall be:

07).

D[8].
lass
the

| ‘O for the roof;

—  Fsky = 0,5 for the walls.

NOTE

variable in this document; a standard emittance value is implicitly assumed.

7.2.2.9 Convective fractions

The following convective fractions shall be used:

- fint;c =0,40;

— fsol;c =0,10;
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—  fitie = 1,00;
— fc.c=1,00.
NOTE1 The convective heating and cooling can have a significant effect on the results and is closely linked to

the assumed thermostat setting, as discussed in ANSI/ASHRAE 140[8], B11.1. See discussion in [SO/TR 52016-2 [1].

The fraction of solar radiation lost through re-reflection out through the window are not taken into

account (so assumed to be zero).

NOTE 2

In ANSI/ASHRAE 140I8] this fraction is 0,03.

7.212.10 Boundary conditions

For|the application of this document the values for the heat transfer coefficient are adapted and given
in Table 25.
Table 25 — Conventional heat transfer coefficients
Heat transfer coefficient Symbol Direction of heat flow
W/(m2-K) Upwards Horizontal Downwards
convective coefficient; internal surface heii 5,0 2,5 0,7
convective coefficient; external surface hee 20 20 20
radliative coefficient; internal surface hir:i 513 513 513
radfiative coefficient; external surface hir;e 4,14 4,14 4,14

NOTE These values for the heat transfer coefficients.are given in ISO 13789.

7.212.11 Utilization factors

For|the application of the monthly calculation method in this document the gain utilizatio;ltlfactor for
heafing and the loss utilization factor-for cooling are calculated based on the following values for the
refgrence numerical parameter and'the reference time constant:

— |an,0=1,0;
— |ac,0=1,0;
— |tH0=15K;

— |TC,0=15h.

7.2{2.12 Climatic data

The available measured hourly solar radiation data (global radiation, horizontal diffuse ratlliation and
beajprnormal radiation) have been converted in accordance with ISO 52010-1.

The hourly values for the external air temperature and the total direct and total diffuse solar radiation
for each orientation (vertical positions and horizontal), with the solar height and azimuth angle are
given in the accompanying spreadsheet to this document, which is available at the following URL:
http://standards.iso.org/iso/52016/-1/ed-1.

The monthly values for the external air temperature and the total, total direct and total diffuse solar
radiation for the main orientations are given in Table 26.
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Table 26 — Monthly values for the external air temperature and direct and diffuse solar
irradiation

a) External air temperature and total solar irradiation

Month Oc Hsol;tot
°C KWh/m2
N E S W H
1 -1,7 16,5 60,1 1599 56,3 82,5
2 -0,6 21,2 66,1 132,7 58,8 96,8
3 356 355 1679 1544 90,3 159;8
4 9,3 42,5 112,5 114,4 98,7 183,0
5 14,0 56,4 128,5 97,1 112,6 218,0
6 18,2 59,4 126,7 82,8 112,7 223,8
7 22,7 57,7 139,0 91,9 109,9 230,5
8 21,2 44,7 120,3 109,0 103,3 199,1
9 16,8 34,8 101,7 138,6 97,7 168,8
10 9,5 26,3 81,1 165,6 89,6 130,4
11 3,5 18,9 55,1 146,6 61,4 83,0
12 -0,7 15,9 51,1 157,2 55,1 72,8
Annual 9,6 429,7 1150,0 15471 1046,6 1848,5
b) Total diffuse solar irradiation
Month Hsol;dif;tot
kWh/m2
N E S W H
1 16,5 16,5 16,5 16,5 14,1
2 21,2 2152 21,2 21,2 20,4
3 35,5 35,5 35,5 35,5 31,2
4 41,2 41,2 41,2 41,2 35,1
5 48,8 48,8 48,8 48,8 41,2
6 46,9 46,9 46,9 46,9 35,5
7 46,6 46,6 46,6 46,6 32,5
8 42,2 42,2 42,2 42,2 31,8
9 34,7 34,7 34,7 34,7 24,8
10 26,3 26,3 26,3 26,3 17,5
11 189 18,9 18,9 18,9 14,9
12 159 159 159 159 118
Annual 394,6 394,6 394,6 394,6 310,8
c) Total direct solar irradiation
Month Hsol;dir;tot
kWh/m2
N E S W H
1 0,0 43,5 143,4 39,7 68,5
2 0,0 449 111,5 37,6 76,5
3 0,0 72,4 1159 54,9 128,7
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c) Total (continued)

Month Hsol;dir;tot
KWh/m?2
N E S W H
4 1,3 71,3 73,2 57,5 148,0
5 7,6 79,7 48,3 63,8 176,7
6 12,5 799 359 65,9 188,3
7 11,1 92,5 45,4 63,4 198,0
8 2,5 78,1 66,8 61,1 167,2
9 0,1 67,0 103,9 63,0 144,0
10 0,0 54,8 139,3 63,3 112,9
11 0,0 36,2 127,7 42,5 6851
12 0,0 35,2 141,3 39,2 61,0
Annual 351 755,4 1152,5 6519 15377

the application of this document it is assumed that the ground temyperature is equal to t
emperature. Instead of the virtual temperature of the ground (€gy;vi;m) the external air te
1 be used in the calculation.

E1 To reduce uncertainty regarding testing the other aspects of simulating the building e
I insulation has been made very thick to effectively decouple.the floor thermally from the groun
nfluence of the ground temperature is limited.

arent sky temperature is a fixed value, Afsky.+= 11 K for all time intervals ¢ throughout t

E2  This could be subject to discussion: if this heat flow is ignored in the original cases (whic
Ind out) then, this addition here could resultin serious deviations. See more information in ISO/TH

2.13 Internal heat flow rates

total internal heat flow rate.shall be 200 W continuously (24 hours per day for the full y|

2.14 Ventilation

infiltration ratejshall be 0,41 air changes/h continuously (24 hours per day for the full y

infiltration rate shall be independent of wind speed, indoor/outdoor temperature diffg
er vafijables.

he external
mperature

hvelope, the
1. Therefore

the application of this document the difference ‘between the external air temperatufe and the

e year.

1is not easy
 52016-2[1].

bar), which

ear), which
jon system.

rence, and

specified infiltration rates have been adjusted with factor 0,822 to yield mass flows equivalent to

those occurring at the specified altitude of the weather station at 1 609 m altitude (Air density at 1 609

ma

7.2.

Ititude is roughly 80% of that at sea level).

2.15 Thermostat control strategy

Two different thermostat control strategies are considered:

©IS

Continuous:

- Gint;set;szo °G

02017 - All rights reserved

129


https://standardsiso.com/api/?name=231be46c6954ce016523939cfd6b9ba1

IS0 52016-1:2017(E)

Gint;set;C:27 °C.

Intermittent:

— From 07:00h to 23:00h: Gint;set;i=20 °C and Oing;set;c=27 °C.

- From 2300h to 0700h eint;set;Hzlo OC and Qint;set;C:27 OC

(no night time set back for cooling).

7.2.2.16 Available heating and cooling capacity

The maxin
— ®PHava
—  Pcavai
7.2.3 De

Four tests

7.2.4 Re
For each te
— month|
month|

For the hoy

— hourly

um available heating and cooling capacity is effectively infinite:
1=1000 kW (1 000 000 W);
1=1000 kW (1 000 000 W).

scription of the verification test cases

Ehall be carried out as shown in Table 27.

Table 27 — Test cases

Test No.| BESTEST case| Type of con- | Thermostat control
identifier struction strategy
1 600 Lightweight Continuous
2 640 Lightweight Intermittent
3 900 Heavyweight Continuous
4 940 Heavyweight Intermittent
5 600FF Lightweight Free floating
6 900FF Heavyweight Free floating

sults of the verification test\cases

st the following data shall be calculated and reported:
y and annual sensible’energy needs for heating, Qu:nd;
y and annual sensible energy needs for cooling, Qc:nd.

Irly calculation method also the following data shall be calculated and reported:

monthlly average values of the operative temperature, Oop av;

sensible energy needs for heating and cooling and operative temperatures for January 4

— hourly

NOTE 1

sensible energy needs for heating and cooling and operative temperatures for July 27.

ASHRAEIS8] also asks for the hourly unshaded solar radiation on specific orientations, but in our case

this is already an input. These are already available as part of the validation of ISO 52010-1.

For each case the results can be compared to the values reported in Table 28 to 34.

130
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Table 28 — Test results sensible energy needs for heating,
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Month 0,001 Py;1q
kWh

Case id. 600 640 9200 940
1 1005 718 84 350
2 849 591 53 333
3 636 358 121 118
4 358 169 147 69
5 5% %7 175 %
6 63 22 308 8
7 6 0 638 0
8 11 0 656 0
9 95 19 626 0
10 375 151 418 27
11 644 389 84 120
12 938 646 48 272

Annual 5133 3112 3360 1303

Table 29 — Test results sensible enetgy needs for cooling

Month 0,001-Pc;1q
kWh

Case id. 600 640 900 940
1 640 586 16 63
2 498 451 14 34
3 601 537 13 108
4 464 421 5 141
5 404 380 2 173
6 456 446 0 306
7 722 720 0 638
8 778 775 0 656
9 862 835 2 625
10 876 812 6 412
11 589 538 5 68
12 614 557 13 36

Annual 7503 7057 76 3261

Table 30 — Test results average operative temperature

Month fint;op
°C

Case id. 600 640 900 940 600FF | 900FF
1 22,0 19,0 22,3 21,2 17,3 17,6
2 22,0 18,9 22,2 20,9 16,7 16,4
3 22,6 19,8 231 22,3 22,1 219
4 22,9 20,9 23,9 23,5 24,3 24,7
5 23,5 22,4 24,5 24,4 26,7 26,6
6 24,4 24,0 25,7 25,7 29,6 29,3
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Table 30 (continued)
Month Oint;op
°C

Case id. 600 640 900 940 600FF | 900FF
7 25,6 25,6 26,6 26,6 35,0 34,9
8 25,2 25,1 26,6 26,6 35,2 35,2
9 24,2 23,6 26,1 26,1 34,6 34,7
10 23,0 20,9 24,8 24,7 29,7 30,3
1+ 2252 1974 228 225 244 243
12 22,1 19,0 22,2 21,1 179 18,0

Annual 23,3 21,5 24,2 23,8 25,9 25,9

Table 31 — Test results annual hourly integrated peak heating and coolingload

Month 0,001 @y/c;1d

kWh (peak)
Case id. 600 640 900 940
Heating 4,351 6,690 4,067 9,793
Cooling 6,363 6,233 4,043 4,047

NOTE 2  Hor the cases with night time temperature set back, these\peak loads highly depend whether| the
air temperdture has to meet the set point, or the operative temperature. In this document the operdtive
temperaturg is chosen, because that is more close to what the occupants feel than only the air temperature
(ignoring the cold mass).

Table 32 + Test results annual hourly maximum, minimum and average operative temperature

Month 0irc1>t;op
C
Case id. 600FF 900FF
Max. 63,5 444
Min( -16,9 -2,4
Average 259 26,0

Taple 33 — Test résjilts hourly sensible heating (+) and cooling (-) load, January 4

Howur 0,001 @y/c;1d
kWh
€ase id. 600 640 9200 940
1 4189 2380 3663 0
2 4287 2677 38085 Q
3 4254 2779 3826 0
4 4289 2910 3900 0
5 4314 3004 3962 0
6 4334 3076 4017 588
7 4351 3131 4067 914
8 4008 6690 3994 9793
9 1678 2360 3069 5425
10 0 13 1890 3848
11 -1478 -849 89 1791
12 -2916 -2601 0 810
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Hour 0,001 @y/c;1d
kWh
Case id. 600 640 900 940
13 -3028 -2783 0 145
14 -2620 -2426 0 0
15 -1330 -1173 0 0
16 0 0 0 336
17 +176 344 6 765
18 3047 3143 1233 2391 (\
19 3194 3275 1652 261 N
20 3347 3416 1913 2762
21 3529 3588 2189| . \7943
22 3602 3654 2369| .77 3040
23 3661 3707 25301y ~ 3128
24 3729 0 2694 0
Day, 60983 51147 50862 42233
heating /\<(
Day, 11372 9832 QV 0 0
cooling N
b\
Table 34 — Test results hourly q@@btive temperature, January 4
Hour Q\Q)® Bir:tc;op
Caseid. | xO 600FF 900FF
1 . c 12,7 0,69
2 ON 13,8 0,13
KR -14,5 -0,31
()4 15,2 -0,77
C\SJ 5 15,8 1,22
\CO / 6 16,4 -1,66
%) 7 -16,9 -2,09
Q9 8 16,4 -2,38
O?‘ 9 10,3 1,63
< 10 16 20,15
%&v 11 12,1 2,42
12 20,5 439
13 26,0 594
14 28,8 7,13
15 27,9 7,55
16 237 7,26
17 13,8 5,82
18 71 4,54
19 3,2 3,74
20 04 3,17
21 1,9 2,63
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Table 34 (continued)
Hour 0il:t;0p
C
Case id. 600FF 900FF
22 -3,7 2,18
23 -5,2 1,77
24 -6,6 1,36

NOTE3  ASHRAEI8] asks in Table 6.1 for air temperature. See also NOTE 2.

7.3 Hourly method: validation in case of specific alternative calculation procedures

The follow|ng alternative methods are allowed, as given by the normative template in Table ‘A.10, v
informative default choices in Table B.10, provided that the verification cases in 7.2@re applie
validate thle application of the alternative method, and the deviations with the reférence results

reported:

vith
1 to
are

— an altgrnative solution technique to calculate the actual temperatures andlpads, as given in 6.5)5.2;

— an altgrnative option for the subdivision of each construction elementinto a number of nodse

therm

— an altgrnative method for the calculation of the thermal (longwave) radiation exchange (b4
on apgroximation for the view factors) between the surfaces in the thermal zone, as describe

6.5.7.1

8 Compliance check

The aim o
applicable

input data,|are correct.

In this doc

compliancg¢ check are provided in these'standards.

134

] resistances and capacitances, as described in 6.5.6.3.are allowed.

 this clause is to provide procedures<that enable to check if the calculation procedur
and/or has been applied correctly ahd that the calculation assumptions, in particular

Lment, most of the input is gathered through other EPB standards, relevant procedures

sed
d in

e is
the

for
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Annex A
(normative)

Input and method selection data sheet — Template

General
=enera:

The
req

NOTI

NO1
by 1
nati

NO']
cert]
for
valy

NO']
abo

NOT
cou
nati

The

template in Annex A of this document shall be used to specify the choices between'm
lired input data and references to other standards.

E1 Following this template is not enough to guarantee consistency of data.

E2 Informative default choices are provided in Annex B. Alternative valuesand choices can
ational/regional regulations. If the default values and choices of Annex B.aré not adopted be
pnal/regional regulations, policies or national traditions, it is expected that:

national or regional authorities prepare data sheets containing the national or regional values
in line with the template in Annex A; or

by default, the national standards body will add or include & hational annex (Annex NA) to thi
in line with the template in Annex A, giving national or regienal values and choices in accordang
legal documents.

E3 The template in Annex A is applicable to different applications (e.g. the design of a ne

lifferent types of buildings (e.g. small or simplé’buildings and large or complex buildings). A d
es and choices for different applications or building types could be made:

by adding columns or rows (one for each-application), if the template allows;
by including more than one versioh of'a Table (one for each application), numbered consecutively
For example: Table NA.3a, Table NA.3b.

the standard these will be_ donsecutively numbered (Annex NA, Annex NB, Annex NC, ...).

E4 Inthe sectio*“Introduction” of a national/regional data sheet information can be added,
1t the applicable rational/regional regulations.

E5  For certdain input values to be acquired by the user, a data sheet following the template
d containayeference to national procedures for assessing the needed input data. For instance, rg
pnal assessment protocol comprising decision trees, tables and pre-calculations.

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

bthods, the

be imposed
tause of the

hnd choices,

5 document,
e with their

w building,

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

stinction in

Fasa,b,c, ..

by developing different national/regional data sheets for the same standard. In case of a natiopal annex to

for example

of Annex A,
ference to a

A.2 References

The

©IS

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

Reference Reference document 2
Number Title

M1-4
M1-6
M1-8
M1-13
M2-4
M2-5
M2-8
M3-1
M3-4b
M3-5
M4-1
M4-4b
M4-5
M5-1
M5-5
M5-6
Mé6-1
M6-4 b
M6-5
M7-1
M7-4b
M7-5
M9-1
M10-1

a If a refprence comprises more than oge 'document, the references can be differentiated.

b Informjative.

A.3 Seldction of mainnmnethod

Table A,2-- Choice between hourly or monthly calculation method (see 5.2)

Type of pbig:@;l/or application | .. b b
Descripti()llld)\ ) Choice 2 Choice a
Only hourl}ll method allowed Yes/No Yes/No
Only monthly method allowed Yes/No Yes/No
Both methods are allowed Yes/No Yes/No

a Only one Yes per column possible.

b Add more columns if needed to differentiate between type of object, type of building or space, type of application
or type of assessment. Use the list of identifiers from ISO 52000-1:2017, Tables A.2 to A.7 (normative template, with
informative default choices in Tables B.2 to B.7).
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Table A.3 — Thermal zoning rules (see 6.4.2.12)

Application: .....a

Description b Apply the If “No”: Alternative method
drf;i;l(l;:.? If the described method is not used, describe
' details of the alternative method or give
reference to source document
Zor}ing step. 1 Assessmentofthermal nnvp]npp VncI/Nn free text>
Zorling step 2. Grouping according to space Yes/No <free text>
category
Zorling step 3. Grouping in case of large openings Yes/No <free text>
Zonling step 4. Split to have same combination Yes/No <freectext>
of services
Zonjing step 5. Further grouping according to Yes/No <free text>
simfilar thermal conditions of use
Zorling step 6. Splitaccording to specific system Yes/No <free text>
or Jubsystem properties
Zoning step 7. (Further) split to have sufficient Yes/No <free text>
horhogeneity in thermal balance
Zonjing step 8. (Further) grouping of thermally Yes/No <free text>
undonditioned zones
Zo1jing step 9. Simplification in case of small Yes/No <free text>
thefmal zones
Zoning step 10. Simplification in case of very Yes/No <free text>
small thermal zones

a

b

Add more columns to differentiate per application, if needed.

Additional rows may be added for alternative steps.

Table A.4 — Options of thermally unconditioned zone types and default values (se¢ 6.4.5)

Situation Default value of bzty;m in case of a thermally unconditioned
zone, type: external 2

<free text> Oto1l

<free text> Oto1l

<free téxt> Oto1l

Internal thermally unconditioned zone type allowed?

Choice |

Yes/No

If Yes: (optionally) specify default values for the adjustment factor (free text)

P . s
Sittation———————Pefaultvalue-of bz inease-of athermally- uneonditioned:

zone, type: internal 2

<free text> Oto1l
<free text> Oto1l
<free text> Oto1l

a Add more rows if needed.
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Table A.5 — Default contribution of ventilation in external construction of a thermally
unconditioned zone (see 6.4.5.4)

contribution of
ventilation, czty.ve

Application | .. a .a
Description Choice Choice
Default allowed? Yes/No Yes/No
If Yes:

Coefficient for default Oto1l Oto1l

a Add mere columns if needed.
Table|A.6 — Choice of spatial temperature averaging in residential buildings (see 64.6)
Description Choice-2
Application] of the given formula for spatial temperature averaging Yes/No
If No:
It is assumed that the same temper- Yes/No
ature set-point for heating applies
also to partly or moderately ther-
mally conditioned residential spaces,
Calculate the fully and partly or Yes/No
No applicat{on of the given formula for | moderately thermally conditioned
spatial temjperature averaging residential spaces as separate,ther-
mally uncoupled thermal zel€s.
Calculate the fully and partly or Yes/No
moderately thermallyyconditioned
residential spaces as'separate, ther-
mally coupled theymal zones.
a Only one|Yes possible.

In case of application of the formula Value
fmod;t Oto1l
fmod;sp Oto1l
Hing;spec (W/K) 0to oo

Table A.7 — Choice between calculations with thermally coupled or uncoupled thermal zonles
(see 6.4.7)
Application | .. b .. D
Description Choice 2 Choice 2
Thermally pnedupled calculations Yes/No Yes/No
Thermally toupled calculations Yes/No Yes/No
Both methods are allowed Yes/No Yes/No
a Only one Yes per column possible.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings,
etc.). Note the link with the choice in Table A.9
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Table A.8 — Default thermal coupling properties in case of thermally coupled zones (see 6.4.7)

to zone z

Choice
Heat transfer part Quantity Default value Unit
Transmission heat transfer between <free text> 0tooo
zones z and y
ventilation heat transfer from zone z 0tooo
to zone y
ventilation heat transfer from zone y 0tooo .

a Add more rows if needed.
A.53 Hourly calculation procedures
Table A.9 — Factor for consideration of internal heat gains in design heatload calculation (see
6.5.4.5.2)
Application | ... a .. @
Description Choice Choice
Value for factor fy;ig Oto1l Oto1l

a Add more rows if needed.

Table A.10 — Alternative choices in modelling (see 6.5.5.2, 6.5.6.3.1 and 6.5.7.11)

phyfsical properties of buildingelements
int¢ properties per layer_(node)

Description Choice If choice is No, describe or
give referende to the
applied alternative meth-
od

Usd the method in 6.5.5.2 to calculate the Yes/No <free text>

actpal temperatures and loads

Usgmethod in 6.5.6.3.1 for the calculation of Yes/No <free text>

thelthermal (longwave) radiation exchange

Usgmethod in 6.5.7.1 for the conversion of Yes/No <free text>

NOTE
subflause.

In case of one,ormore “No”, the procedures are validated using the validation cases in 7.2, as descfibed in that

Table A.11 — Convective fractions (see 6.5.6.2)

fint;c d

fH;c

fsol;c

fC;c

a Can he differentiated per source type

Table A.12 — Specification of internal partitions (see 6.5.6.3.1)

Choice

Internal partitions
need to be specified?

Yes / Ignore internal partitions / By default

If By default: specify the default thermal characteristics

Default characteristics

Specification 2

[free text]

[free text]

a Add more rows if needed.
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Table A.13 — Distribution of mass of opaque and ground floor elements (see 6.5.7.2 and 6.5.7.3)

Class Specification of the class

Class I (mass concentrated at <free text>
internal side)

Class E (mass concentrated at <free text>
external side)

Class IE (mass divided over internal <free text>

and external side)

Class D (mass equally distributed) <free text>

Table A.14 — Specific heat capacity of opaque and ground floor elements (see 6.5.7.2-and

6.5.7.3)
Clafss Km;op Specification of the class
J/(m2-K)
Very light 50000 <free text>
Light 75000 <free text>
Medium 110 000 <free text>
Heavy 175000 <free€ext>
Very heavy 250000 <freetext>

Table A.15 — Solar absorption coefficient of external opaque surfaces (see 6.5.7.2)

Choice
Djfferentiation in Yes/No
s¢lar absorption coef-
fi£ient?
lliYes: specify the procedure to classify thethree categories (free text)
C'ltegory Specification
Clltegory 1 [free text]
ajo = 0,3
(light colour)
Category 2 [free text]
ado = 0,6

intermediate colour)

Clltegory 3 [free text]
aiol =009
(dark colour)

Choice
If No: choose the default 1,2o0r3

category

Table A.16 — Coefficient to limit assumed temperature in adjacent thermally unconditioned
zone (see 6.5.9)

Application | . a @
Cztu,h;max Cztu,h;max
Value 0 to 0 to
a Add more columns if needed to differentiate between applications (e.g. building categories, new or existing

buildings, etc.).
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Table A.17 — Specific heat capacity of air and furniture (see 6.5.11)

Km;in

t

J/(m2-K)

Table A.18 — View factor to the sky (see 6.5.13.3)

Unshaded horizon-

Unshaded vertical

tal roof wall
F, sky
Taple A.19 — Difference between external air temperature and sky temperature (see 6.5.13.3)
Climatic region 2
Aesky;t (K)
a Add more columns if needed to differentiate between
climatic regions.
Table A.20 — Choice of method for moisture absorption and desorption in materidls (see
Application | ... a ..a
Description Choice Choice
Mojsture absorptionand Yes/No Yes/No
dedorption calculated?
If No: Gabs;zt;t =@ Gabs;zt;t=0
If Yes: give reference to <free text> <free text>
method
a Add more columns if needed.
Table A.21 — Choice of glazing area or frame area fraction (see E.2.1)
Description Choice 2
Eop each window: Yes/No
free choice between glazing area
or fixed frame fraction
For all windows the same choice: Yes/No
either glazing area or fixed frame
fraction
For all windows: only glazing Yes/No
area allowed
For all windows: only fixed frame Yes/No
fraction
a Only one Yes per column possible.
In case of frame fraction: Fsr
Frame fraction fixed value (value between 0 and 1)
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Table A.22 — Factors related to the solar energy transmittance (see E.2.2.1)

Correction and weighting factor for g-value non-scattering and scattering transparent

glazings and blinds:
Fw ag altg
Oto1l Oto1l 0to 80

Default values of the total solar energy transmittance at normal incidence, gy, for
typical types of glazing 2

"l‘"ne pai

P I
free text> Oto1l
<free text> Oto1l

Default values of the reduction factor, for typical types of blinds 2

Blind type Optical properties of blind | Reduction factorwith
absorption | transmission | blind in- blind out-
side side
<free text> Oto1l Oto1l Oto1l Otol
<free text> Oto1l Oto1l 0 toX Otol

Add more rows or columns if needed.

Table A.23 — Rules for operation of shutters (see G.2.2.1.2)

Application

aen a

Control ley

rel

Rules

Rules

0 Manual ¢peration

<free text>

<free text>

1 Motoriz
control

pd operation with manual

<free text>

<free text>

2 Motorize
control

d operation with automatic

«free text>

<free text>

3 Combine|

d light/blind/HVAC control

<free text>

<free text>

a  Addmo

e columns if needed.

Table A.24 — Rules)for operation of solar shading devices (see G.2.2.1.2)

Application .~ | .. a ..a
Control leyel Rules Rules
0 Manual gperation <free text> <free text>
(1:01\1/1[;t0()lriz bd opeFation with manual <free text> <free text>
2 Motorizeld operation with automatic ey o
control freetext free-text
3 Combined light/blind /HVAC control <free text> <free text>
a Add more columns if needed.
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Table A.25 — Choices between options and methods for calculation of shading by external
objects (see F.1)

Application | .

Description Choice Choice
Calculation of the effect of shading by dis- Yes/No Yes/No
tantobjects included in this document?
When calculating solar shading on Shall be May be Shall be Shallbe |May be Shall be
building elements: which types of takeninto [takeninto |ignored: taken into |taken into |ignored:
distant shading objects (not on site) |account: account: account: |account:
g U‘db“d“ PELARCITINU attOUt O T« free text> |<free text> |<free text> |<free <free <free
ignpre text> text> text>
NO[E For instance landscape (such
as hills or dikes), vegetation (such as
trees), other constructions (such as
buildings)
When calculating solar shadingon  |Shall be May be Shall be Shallbe [May be Shall be
opdque building elements such as taken into |takeninto [|ignored: taken'into |taken into |ignored:
rodfs or facades: which types ofon  |account: account: deeount: |account:
sitq _ <free text> |<free text> |<free text>"{<free <free <free
§had1ng objects can or shall be text> text> text>
ignpred
NOTE Forinstance rebates, over-
harjgs or other
shading objects from the own build-
ing[s) on site
When calculating solar shadingon  |Shall be May be Shall be Shallbe [May be Shall be
trapsparent building elements: taken into _|takeninto |ignored: taken into |taken into |ignored:
NOTE  For instance window re- account: account: account: |account:
batps, overhangs and side fins <free text> | <free text> |<free text> |<free <free <free

text> text> text>

Spdcific subdivision rules for the <free text> <free text>
calgulation of solar shading on build-
inglelements
Chgice between the two methods for Choice a Choice 2
the|solar shading calculation:
Method 1, Shading of directradiation Yes/No Yes/No
Method 2, Shading of dirgct and diffuse Yes/No Yes/No
radfiation
In dase of method'2: give reference to <Reference> <Reference>
calg¢ulation procedure
a  |Only one-Yes per column possible.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
bui Hingc' nfr‘)
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Table A.26 — Number of skyline segments, nsp;segm for input solar shading objects (see F.3.3)

Application® | .
Description Value of ngh;segm 2 Value of ngh;segm 2
Maximum number of segments over 8to 36 8to 36
360 degrees
Fixed width (=360 / ngh;segm) ¢ Yes/No Yes/No

a  Practical range, informative.

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
buildings, etc.)

c f not fixed, the width of each segment can be adapted to the width of the shading object, with limitation of maxinjum
number of s¢gments ngh;segm.

A.6 Monthly calculation procedures

Table A.27 — Monthly ventilation heat transfer coefficient (see 6.6.6.2)

Application | . b . D

Description Choice a Choice 2
Method A

Method B ¢
Both methqds ¢

a Only ope Yes per column possible.

b Add Jmore columns if needed to differentiate between applications (e.g. building categories, new or exisfing
buildings, eflc.).

c Methof B is only allowed outside the CEN area.

Table A.28 — Dynamics correction factor for ventilation (see 6.6.6.2)

Dynamics correction facter for Value
monthly mean ait.flow

fve ;dyn; k

Talhle A.29 — Solar abserption coefficient of external opaque surfaces (see 6.6.8.2)

Choice
Dffferentiationdimsolar Yes/No
absorptioncoéfficient?
lliYes: specify the procedure to classify the three categories (free text)
C'ltegory Specification
CLtegnry 1 [frpn fnvf]
aso1 = 0,3
(light colour)

If No: choose the default category
1,20r3
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Table A.29 (continued)

Choice
Differentiation in solar Yes/No
absorption coefficient?
Category 2 [free text]
asol = 0,6
(intermediate colour)
Category 3 [free text]
aso1 = 0,9
(dark colour)

Choice
If No: choose the default category
1,20r3

Table A.30 — View factor to the sky (see 6.6.8.3)

Unshaded horizontal roof Unshaded vertical wall

Fsky

T4ble A.31 — Difference between external air tempetature and sky temperature (se¢ 6.6.8.3)

Climatic region 2
Aesky;m (K)

a Add more columnsfneeded to differentiate between
climatic regions.

Tjable A.32 — Choice between detailed or simple method to determine the internal ¢ffective
heat capacity (see 6.6.9)

Application &~ ° | .. b b
Description Choice 2 Choice|2
Only detailed method allowed Yes/No Yes/N
Only simple method allawed Yes/No Yes/N¢
Botlh methods allowed Yes/No Yes/N
a Only one Yes¢(percolumn possible.

b Add morteeslumns if needed to differentiate between applications (e.g. construction types or building cafegories).

Taple<A:33 — Simple method to determine the internal effective heat capacity. Speciffcation of
EII the classes (see 6.6.9)

Class Specification of the class
Very light <free text>
Light <free text>
Medium <free text>
Heavy <free text>
Very heavy <free text>
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Table A.34 — Values of the reference numerical parameter ay o and the reference time constant
TH,0 for the gain utilization factor (see 6.6.10.2)

aH,0

7H,0
h

Table A.35 — Values of the reference numerical parameter ac,o and the reference time constant
7¢,0 for the loss utilization factor (see 6.6.10.3)

aC,0

7C,0

h

Tablg A.36 — Choice between methods A and B for heating intermittency (see 6:6.11.3)

Application | . b b

Description Choice 2 Choice a

Only Methqd A Yes/No Yes/No

Only Methqdd B Yes/No Yes/No

Both methqds are allowed Yes/No Yes/No

a Only ope Yes per column possible.

b Add more columns if needed to differentiate between applications_(e¢g. building categories, new or exisfing

buildings, eflc.).

Tabl¢ A.37 — Choice between methods A and B for¢ooling intermittency (see 6.6.11.4)

Application | a2 b e D

Description €hoice 2 Choice a

Only Methqd A Yes/No Yes/No

Only Methqdd B Yes/No Yes/No

Both methqds are allowed Yes/No Yes/No

a Only oneYes per column possible.

b Add mote columns if needed to differéntiate between applications (e.g. building categories, new or exis{ing

buildings, gtc.).

If Method A applies

Correlation] factor for methed A’for intermittent cooling Value

bC;red (value between 0 and 1)

Table A.38= Choice between methods A and B for overheating indicator (see 6.6.12)

Application | .. b D
Description Choice 2 Choice 2
Method A Yes/No Yes/No
Method B Yes/No Yes/No

a Only one Yes per column possible.

buildings, etc.).

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing

If Method B applies

Provide details or reference
to details

<free text>
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Table A.39 — The monthly fraction of energy need for humidification (see 6.6.14)

fau;m

Monthly fraction of energy need for humidification

Formula?

Yes/No

If Yes, give formula

<free text>

If No, give fraction for each

Monthly fraction of energy need for humidification

month (total = 1) fHu;m

January Oto1l July Oto1l
February Qtol August Qtal
March Oto1l September Oto1l
April Oto1l October 0 to
May Oto1l November 0to1
June Oto1l December 0to1l

Table A.40 — Efficiency of latent heat recovery (se€'6.6.14)

Type of heat recovery Efficiency of latent heatrecovery
unit TMHU;rvd
<Type> 001
<Type> 0o 1
a
a Add more rows if needed to differentiate between types.

(see 6.6.14)

Table A.41 — Annually accumulated amout of moisture to be supplied per kg dry ai

Annually accumulated amount of
moisture to be supplied per kg dry

tifier in capitals>

Space categery 2 air supply
AX-ta;sup
(kg h/kg)
<SPACECAT TYPE_XXX iden- 0 to
tifier in capitals>
<SPACECAT TYPE_XXX iden- 0 to

a

a Add more rows if needed to differentiate between types.

Table A.42 — Choice of glazing area or frame area fraction (see E.2.1)

r supply

Description Choice 2
For each window: Yes/No
free choice between glazing area
or fixed frame fraction
For all windows the same choice: Yes/No
either glazing area or fixed frame
fraction
For all windows: only glazing Yes/No
area allowed
For all windows: only fixed frame Yes/No
fraction
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Table A.4

148

Table A.42 (continued)

Description | Choice 2
a Only one Yes per column possible.
In case of frame fraction: Fsr
Frame fraction fixed value (value between 0 and 1)

Table A.43 — Factors related to the solar energy transmittance (see E.2.2.1)

Correction and weighting factor for g-value non-scattering and scattering

ransparent glazings and blinds:

Fw ag

altg

Oto1l Oto1l

0to 80

Default values of the total solar energy transmittance at normal incidence, gy; for
typical types of glazing 2

Type In
<free text> Oto1
<free text> Oto1l

Default values of the reduction factor, for typical types of blinds 2

Blind type Optical properties of blind | Réduction factor with
absorption | transmission“{blind inside blind
outside
<free text> Oto1l OtoA Oto1l Oto1l
<free text> Oto1l 0te1 Oto1l Oto1l
g Add more rows or columns if needed.

L4 — Movable shutter reduction factor) fsht;with, and movable solar shading reductipn
factor fsh;with (see G.2.2.2.2)
Month Location
fsht;with a fsh;with a
N E S W
1
2
3
4
5
6
7
8
9
10
11
12
Annual
a Add more columns or rows if needed to differentiate
between e.g. applications (e.g. building categories, new or
existing buildings, etc.), orientations or climates.
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Table A.45 — Choices between options and methods for calculation of shading by external
objects (see F.1)

Application | .

Description Choice Choice
Calculation of the effect of shading by Yes/No Yes/No
distant objects included in this doc-
ument?
When calculating solar shadingon  |Shall be May be Shall be Shallbe [May be Shall be
building elements: which types of taken into |takeninto [|ignored: taken into |taken into |ignored:
disfantshading objects{rotomsite)—Taccount: JICCOUTIL: ICCOUITt— [aCCoUIt:
ma ordshall be taken into account or [_froe text> |<free text> |<free text> |<free <free <free
lghpre text> texpx text>
NOTE For instance landscape (such
as hills or dikes), vegetation (such as
trees), other constructions (such as
buildings)
WHen calculating solar shading on|Shall be May be Shall be Shallbe |[May be Shall be
op3qque building elements such as|takeninto |takeninto |ignored: taken into |taken into [ignored:
roofs or facades: which types of on site|account: account: dccount: |account:
shading objects can or shallbe ignored| _f;ee text> |<free text> |<freetext> |<free <free <free
NO[E Forinstancerebates, overhangs text> text> text>
or qther shading objects from the own
building(s) on site
WHen calculating solar shading on|Shall be May be Shall be Shallbe |May be Shall be
trapsparent building elements: taken into |taken-ifito |ignored: taken into |taken into |ignored:
NO P e e account: accoumt: account: |account:
overhangs and side fins <free text> |&free text> |<free text> |<freetext>|<free text>|<free text>

Spgcific subdivision rules for the
calqulation of solar shading on building
elements

<free text>

<free text>

Chgice between the two methods for Choice 2 Choice 2
the|solar shading calculation:

Method 1, Shading of direct radiation Yes/No Yes/No
Method 2, Shading of direct and diffuse Yes/No Yes/No
radfiation

In dase of method 2: give-reference to <Reference> <References
calg¢ulation procedure

a  |Only one Yes per—column possible.

b
bui

dings, ete).

Add more ¢olumns if needed to differentiate between applications (e.g. building categories, new

or existing

Table A.46 — Parameters for monthly solar shading due to overhangs (See E.3.5

Period: <month or months>
Orientation Aq B1 Ay B>
North South
hemisphere | hemisphere

S N

SE-SW NE-NW
E-W E-W

NE-NW SE-SW

N S
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Table A.47 — Parameters for monthly solar shading due to fins (See F.3.5.1.2)

Period: <month or months>
Orientation Aq B1 Az B>
North South
hemisphere | hemisphere
S N
SE-SW NE-NW
E-W E-W
INE-INVV N)VENAY

Table A.48 — Parameters for monthly solar shading by obstacles or overhangs; more-detailpd
method (See F.3.1.2 and F.3.5.2.2)

Location: |<latitude>
Period: <month or months>
(rientation Weight, wobst;m;i Solar altitude, asol;m; -C) JFraction
per sector per sector direct solar
5\\ irradiation
% O fsol;dir;m
1 2 3 4 1 2 O 4
N Oto1l 0to90 Oto1l
NE
E
SE
S
SW
w
NW
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Annex B
(informative)

Input and method selection data sheet — Default choic

General
=enera:

es

The
req

NOTI

NO1
by 1
nati

NO']
cert]
for
valy

NO']
abo

NOT
cou
nati

The

template in Annex A of this document shall be used to specify the choices between'm
lired input data and references to other documents.

E1 Following this template is not enough to guarantee consistency of data.

E2 Informative default choices are provided in Annex B. Alternative values and choices can
ational/regional regulations. If the default values and choices of Annex B.aré not adopted be
pnal/regional regulations, policies or national traditions, it is expected that:

national or regional authorities prepare data sheets containing the national or regional values
in line with the template in Annex A; or

by default, the national standards body will add or include & hational annex (Annex NA) to thi
in line with the template in Annex A, giving national or regienal values and choices in accordang
legal documents.

E3 The template in Annex A is applicable to different applications (e.g. the design of a ne

lifferent types of buildings (e.g. small or simplé’buildings and large or complex buildings). A d
es and choices for different applications or building types could be made:

by adding columns or rows (one for each-application), if the template allows;
by including more than one versioh of'a Table (one for each application), numbered consecutively
For example: Table NA.3a, Table NA.3b.

the standard these will be_ donsecutively numbered (Annex NA, Annex NB, Annex NC, ...).

E4 Inthe sectio*“Introduction” of a national/regional data sheet information can be added,
1t the applicable rHational/regional regulations.

E5  For certdain input values to be acquired by the user, a data sheet following the template
d containayeference to national procedures for assessing the needed input data. For instance, rg
pnal assessment protocol comprising decision trees, tables and pre-calculations.

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

bthods, the

be imposed
tause of the

hnd choices,

5 document,
e with their

w building,

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

stinction in

Fasa,b,c, ..

by developing different national/regional data sheets for the same standard. In case of a natiopal annex to

for example

of Annex A,
ference to a

B.2 References

The

©IS

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

02017 - All rights reserved

151


https://standardsiso.com/api/?name=231be46c6954ce016523939cfd6b9ba1

IS0 52016-1:2017(E)

Table B.1 — References

Reference

Reference document 2

Number

Title

M1-4

ISO 52003-1

Energy performance of buildings - Indicators, requirements, ratings and
certificates - Part 1: General aspects and application to the overall energy
performance

IS0 17772-1

Energy performance of buildings - Indoor environmental Quality - part 1:
Indoor environmental input parameters for the design and assessment of]
energy performance of buildings

M1-6

EN 16798-1

Energy performance of buildings - Ventilation for buildings - Part 1: lndoor
environmental input parameters for design and assessment of energy per-
formance of buildings addressing indoor air quality, thermal environment,
lighting and acoustics (Module M1-6)

M1-8

IS0 52000-1

Energy performance of buildings - Overarching EPB asséessment — Pait 1:
General framework and procedures

M1-13

IS0 52010-1

Energy performance of buildings - External climatic ¢oenditions - Part 1: (fon-
version of climatic data for energy calculations

M2-4

IS0 52018-1

Energy performance of buildings — Indicators.for partial EPB requireménts
related to thermal energy balance and fabrie features — Part 1: Overview
of options

M2-5.1

ISO 13789

Thermal performance of buildings - Transmission and ventilation heat tranfsfer
coefficients - Calculation method

M2-5.2

ISO 13370

Thermal performance of buildings— Heat transfer via the ground - Calcyla-
tion methods

M2-5.3

ISO 6946

Building components and building elements - Thermal resistance and ther-
mal transmittance - Cglculation method

M2-5.4

ISO 10211

Thermal bridges in-building construction — Heat flows and surface tempkr-
atures - Detailed calculations

M2-5.5

ISO 14683

Thermal bridges in building construction — Linear thermal transmittande -
Simplified'meéthods and default values

M2-5.6

ISO 10077-1

Thermal performance of windows, doors and shutters - Calculation of tHer-
mal-transmittance - Part 1: General

M2-5.7

ISO 10077-2

Thermal performance of windows, doors and shutters - Calculation of tHer-
mal transmittance - Part 2: Numerical method for frames

M2-8

ISO 9050

1S©_15099

ISO 52022-3

Glass in building - Determination of light transmittance, solar direct trdns-
mittance, total solar energy transmittance, ultraviolet transmittance pnd
related glazing factors [for non-scattered glazings]

Thermal performance of windows, doors and shading devices - Detailed cafcu-
lations [for windows with scattering glazing and/or solar shading deviges]

Energy performance of buildings - Thermal, solar and daylight propertids of|
building components and elements - Part 3: Detailed calculation methofl of|

the solar and daylight characteristics for solar protection devices combined
with glazing [for normal incidence angle]

(or see Subjects 4, 5 and 6 in Table C.1)

M3-1

EN 15316-1

Energy performance of buildings - Method for calculation of system energy
requirements and system efficiencies - Part 1: General and Energy perfor-
mance expression, Module M3-1, M3-4, M3-9, M8-1, M8-4

M3-4b

EN 15316-1

See M3-1

M3-5

EN 15316-2

Energy performance of buildings - Method for calculation of system energy
requirements and system efficiencies - Part 2: Space emission systems

(heating and cooling), Module M3-5, M4-5

b Informative.

a Ifareference comprises more than one document, the references can be differentiated.
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Table B.1 (continued)

Reference Reference document 2
Number Title
EN 16798-9 Energy performance of buildings — Ventilation for buildings — Part 9: Cal-
M4-1 culation methods for energy requirements of cooling systems (Modules M4-1,
M4-4, M4-9) — General
M4-4b EN 16798-9 See M4-1
M4-5 EN 15316-2 See M3-5
EN 16798-3 Energy performance of buildings — Ventilation for buildings — Part 3:For
M5(1 non-residential buildings - Performance requirements for véntilation and
room-conditioning systems (Modules M5-1, M5-4)

EN 16798-7 Energy performance of buildings — Ventilation for buildings — Pprt 7: Calcu-

MS5}5 lation methods for the determination of air flow rates in buildings including
infiltration (Module M5-5)

EN 16798-5-1 Energy performance of buildings — Ventilatign for buildings - Part 5-1: Cal-
culation methods for energy requirements ofwentilation and air donditioning
systems (Modules M5-6, M5-8, M6-5, M64{8,\M7-5, M7-8) -- Methpd 1: Distri-

M5te6 bution and generation
Energy performance of buildings < “Ventilation for buildings {— Part 5-2:
EN 16798-5-2 Calculation methods for energy requirements of ventilation systeins (Modules
T M5-6, M5-8, M6-5, M6-8, M7-5,M7-8) — Method 2: Distribution and generation
Mé6r1 EN 16798-3 See M5-1
M6} 4b EN 16798-3 See M5-1
EN 16798-5-1 See M5-6
M6}5
EN 16798-5-2
M71 EN 16798-3 See M5-1
M7}4b EN 16798-3 See M5x1
EN 16798-5-1 SeeM5-6
M7}5
EN 16798-5-2
EN 15193-1 Energy performance of buildings - Energy requirements for lightling - Part 1:
M9r1 A
Specifications, Module M9
M1b-1 EN 15232-1 Energy performance of buildings - Part 1: Impact of Building Automation,
Controls and Building Management - Modules M10-4,5,6,7,8,9,10
a Ifareference comprises.more than one document, the references can be differentiated.
b Ipformative.
B.3 Selection of main method
Table B.2 — Choice between hourly or monthly calculation method (see 5.2)
Type of object and/or application All applications b
Description Choice a
Only hourly method allowed Yes
Only monthly method allowed No
Both methods are allowed No
a Only one Yes per column possible.
b Add more columns if needed to differentiate between type of object, type of building or space, type of application

or type of assessment. Use the list of identifiers from ISO 52000-1:2017, Tables A.2 to A.7 (normative template, with
informative default choices in Tables B.2 to B.7).
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B.4 Zoning
Table B.3 — Thermal zoning rules (see 6.4.2.12)
Application: .....a
Description b Apply the If “No”: Alternative method
dne;i;l:;;i If the described method is not used, describe
’ details of the alternative method or give
reference to source document
Zoning stenl.-Assessmentofthermal pnvp]npp Yes Not npp]ir‘qh]p
Zoning step 2. Grouping according to space Yes Not applicable
category
Zoning step|3. Grouping in case of large openings Yes Not applicable
Zoning step 4. Split to have same combination Yes Not applicable
of services
Zoning step 5. Further grouping according to Yes Not applicable
similar thefmal conditions of use
Zoning step| 6. Splitaccording to specific system Yes Netapplicable
or subsystdm properties
Zoning step) 7. (Further) split to have sufficient Yes Not applicable
homogeneity in thermal balance
Zoning step) 8. (Further) grouping of thermally Yes Not applicable
unconditiofed zones
Zoning step 9. Simplification in case of small Yes Not applicable
thermal zones
Zoning stepp 10. Simplification in case of very Yes Not applicable

small thern

hal zones

a Add m
b Additioy

bre columns to differentiate per application, if heeded.

hal rows may be added for alternative steps.

Table B.4 — Choice of method for thermally unconditioned zones (see 6.4.5)

S{tuation Default value of bty in case of a thermally unconditioned
zone, type: external 2
No default values provided
Internal thermally unconditioned zone type allowed?
Choice | Yes
If| Yes: (eptionally) specify default values for the adjustment factor (free text)
Situation Default value of bt in case of a thermally unconditioned

zone, type:internala

No default values provided

a

Add more rows if needed.
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Table B.5 — Default contribution of ventilation in external construction of a thermally

unconditioned zone (see 6.4.5.4)

Application All applications a
Description Choice
Default allowed? Yes
If Yes:

Coefficient for default 0,5

contribution of
ventilation, ¢, ty.ve

a Add more columns if needed.
Table B.6 — Choice of spatial temperature averaging in residential buildings/(see|6.4.6)
Description Choice 2
Application of the given formula for spatial temperature averaging Yes
If No:
Itis assumed that the same temper- Not applicable
ature set-point for heating applies
also to partly or moderately ther-
mally conditioned residentialspaces.
Calculate the fully and partly or Not applicabl¢
No ppplication of the given formula for| moderately thermally conditioned
spatial temperature averaging residential spaces as separate, ther-
mally uncoupled the¥mal zones.
Calculate the fully and partly or Not applicabl¢
moderately thiermally conditioned
residential-spaces as separate, ther-
mally coipled thermal zones.
a (nly one Yes possible.
In case of application'of the formula Value
fmoft;t 0,8
fmo H;sp 0,5
Hin ;spec (W/K) 2.0

Tgble B.7 — Choice between calculations with thermally coupled or uncoupled thermal zones

(see 6.4.7)
Application All applications
Description Choice a b
Thé¢rmally uncoupled calculations Yes
Thdrmally coupled calculations No
Both methods are allowed No

a Only one Yes per column possible.

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings,
etc.). Note the link with the choice in Table A.9.
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Table B.8 — Default thermal coupling properties in case of thermally coupled zones (see 6.4.7)

Choice
Heat transfer part Quantity Default value Unit
Transmission heat transfer between zones Not applicable Not applicable
zandy
ventilation heat transfer from zone z to zone y Not applicable Not applicable
ventilation heat transfer from zone y to zone z Not applicable Not applicable .2
a Add more rows if needed.
B.5 Hourly calculation procedures

Table B.9 — Factor for consideration of internal heat gains in design heat load calculation (see
6.5.5.5)
Application All applications o
Description Choice Choice
Value for factor fy;ig 0,5 Not applicable

a Add mpre rows if needed.

T:llble B.10 — Alternative choices in modelling (see 6.5:5.2, 6.5.6.3.1 and 6.5.7.1)

Descriptio|n Choice If choice is No, describg or
give reference to the
applied alternative mefth-
od

Use the method in 6.5.5.2 to calculate the Yes Not applicable

actual temperatures and loads

Use method|in 6.5.6.3.1 for the calculation of Yes Not applicable

the thermal|(longwave) radiation exchange

Use methodin 6.5.7.1 for the conversion of Yes Not applicable

physical prpperties of building elements

into propeifties per layer (node)

NOTE In ¢ase of one or more “No”,theprocedures are validated using the validation cases in 7.2, as described in that
subclause.
Table B.11 — Convective fractions (see 6.5.6.2)
fint;ca fsolic fH;c fC;c
0340 for all source 0,10 0,40 0,40
types
a  Can be differentiated per source type.
Table B.12 — Specification of internal partitions (see 6.5.6.3.1)
Choice
Internal partitions No
need to be specified?
If by default: specify the default thermal characteristics
Default characteristics Specification 2
Not applicable Not applicable
a Add more rows if needed.
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Table B.13 — Distribution of mass of opaque and ground floor elements (see 6.5.7.2 and 6.5.7.3)

Class

Specification of the class

internal side)

Class I (mass concentrated at

Construction with external thermal insulation (main mass
component near inside surface) , or equivalent

external side)

Class E (mass concentrated at

Construction with internal thermal insulation (main mass
component near outside surface), or equivalent

and external side)

Class IE (mass divided over internal

Construction with thermal insulation in between two main mass
components, or equivalent

Class D (mass equally distributed)

Uninsulated construction (e.g. solid or hollow bricks, heavy or

lightweight concrete, or lightweight construction with negl
mass (e.g. steel sandwich panel), or equivalent

gible

absorption coefficient?

Table B.14 — Specific heat capacity of opaque and ground floor elements (see 6.5.7.2 and
6.5.7.3)
Class Km;op Specification of the class
J/(mZ-K)
. Construction containing no mass components, pther
Wiy B 913 W than e.g. plasticboard atid/or wood siding, or equivfalent
Light 75 000 Construction contaiiing no mass components othey than
§ 5 to 10 cm lightweight brick or concrete, or equivglent
Construction¢containing no mass components othey than
Medium 110 000 10 to 20 cmiJightweight brick or concrete, or less|than
7 cm solidbrick or heavy weight concrete, or equivialent
Heavy 175 000 Cor}structlon containing 7 to 12 cm solid brick or Heavy
weéight concrete, or equivalent
Very heavy 250 000 Eonstruc‘glon containing more.than 12 cm solid brick or
eavy weight concrete, or equivalent
Table B.15 — Solar absorption coefficient of external opaque surfaces (see 6.5.7.2)
Choice
Differentiation in splar No

If Yes: specifyheproce

dure to classify the three categories (free text)

category

Category Specification
Category.t Not applicable
aso1=,0,3
(light colour)
Category 2 Not applicable
Tsol = 0,6
(intermediate colour)
Category 3 Not applicable
aso1 = 0,9
(dark colour)

Choice
If No: choose the default 2
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Table B.16 — Coefficient to limit assumed temperature in adjacent thermally unconditioned
zone (see 6.5.9)

Application All applications @
Cztu,h;max Cztu,h;max
Value 1,0 Not applicable

a Add more columns if needed to differentiate between applications (e.g. building categories, new or existing buildings, etc.).

Table B.17 — Specific heat capacity of air and furniture (see 6.5.11)

Km;int
J/(m2-K)
10 000

Table B.18 — View factor to the sky (see 6.5.13.3)

Unshaded horizon- | Unshaded vertical
tal roof wall
Fsky 1,0 0,5

Table B.1Pp — Difference between external air temperature andsky temperature (see 6.5.13{3)

Climatic region a Sub-polar areas Tropics Intermediate
zones
Absky;t (K) 9 (fixed value) 13\(fixed value) 11 (fixed value)
a Add more columns if needed to differentiate between climatic regions.

Table B.20 — Choice of method for moisture-absorption and desorption in materials (see

6.514.1)

Application All applications @
Description Choice Choice
Moisture aljsorptionand No Not applicable
desorption calculated?

If No: Gabs;zt;t=0 Gabs;zt;t=0
If Yes: give|reference to Not applicable Not applicable
method
a  Add mofe columns if neéded.
Table B.21 — Choice of glazing area or frame area fraction (see E.2.1)
Description Choice a

For each window: free choice No

between glazing area or fixed

frame fraction

For all windows the same choice: Yes

either glazing area or fixed frame

fraction

For all windows: only glazing No

area allowed

For all windows: only fixed frame No

fraction
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Description | Choice 2
a Only one Yes per column possible.
In case of frame fraction: Fsr
Frame fraction fixed value 0,25

Table B.22 — Factors related to the solar energy transmittance (see E.2.2.1)

Correction and weighting factor for g-value non-scattering and scattering transparent glazings and blinds:

Fw ag altg
0,90 0,75 45
Default values of the total solar energy transmittance at normal incidence, gy, for typical types pfglazing 2
Type In
Single glazing 0,85
Double glazing 0,75
Dofble glazing with selective low-emissivity coating 0,67
Triple glazing 0,7
Triple glazing with two selective low-emissivity coatings 0,5
Dotible window 0,75

a Assuming a clean surface and normal, untainted and non:seattering glazing.

Default values of the reduction factor, for typical types of blinds 2

Optical properties of blind

Reduction factor with

Blind type : - — : ,
absorption transmission blind inside blind outside

0,05 0,25 0,10

Whlite 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

09 0,95 0,95

0,1 0,42 0,17

Colpured textiles 0,3 0,3 0,57 0,37

0,5 0,77 0,57

Alyminiumi-coated 0,2 0,05 0,20 0,08
textiles

a Add more rows or columns if needed.
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Table B.23 — Rules for operation of shutters (see G.2.2.1.2)

Application All applications a e @
Control level Rules Rules
0 Manual operation Closed: after sunset, if Not applicable
occupied

Open: after sunrise, if
occupied, but not during
sleeping hours

1 Motorized operation with manual|Same
control

Doode 1. 1.1
NUtdpplitdulc

2 Motorizeld operation with automatic|Closed: after sunset )
control . Not applicable
Open: after sunrise

3 Combined light/blind/HVAC control |Same b Not applicable

a Add mpre columns if needed.

b Conservative rule; a level 3 combined control is not covered in this table.

Table B.24 — Rules for operation of solar shading devices (Se€ G.2.2.1.2)

Application All applications a -
Control leyel Rules Rules
0 Manual ¢peration Closed: if solar irradiance > 300 W/m? Not applicable

Open: if solar irradiance <200 W/m?

1 Motorize¢d operation with manual |Same

control Not applicabl

D

2 Motorizeld operation with automatic|Closed: if solar irradiance > 200 W/m?

control Open: if solarjrradiance < 200 W/m? and > 2 hours| Notapplicable
passed since closing

3 Combined light/blind/HVAC control | Samed Not applicable

a Add mpre columns if needed.

b Conservhtive rule; alevel 3 combined control isTigtcovered in this table.

Table B.25 — Choices between options and methods for calculation of shading by externa
objects (see F.1)

Application P All applications Not applicable
D¢scription Choice Choice
Calculation| of the effect of Yes n.a.

shading by[distantobjects
included in|this document?

When calculating solar shading [Shall be taken | May be Shall be Shallbe |May be Shall be
on building elements: which |into account: takeninto |ignored: taken into |taken into |ignored:
types of distant shading objects account: account: |account:

(nﬁt on site) may or §hall %e Landscape (such|Vegetation|- n.a. n.a. n.a.

e ol a5 hills or dikes), | (suchastrees)

NOTE Forinstancelandscape|other construc-

(such as hills or dikes), veg-|tions (such as

etation (such as trees), other |buildings)

constructions (such as buildings)

a Only one Yes per column possible.

b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing

buildings, etc.).

160 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=231be46c6954ce016523939cfd6b9ba1

Table B.25 (continued)

IS0 52016-1:2017(E)

number of segments Nsh;segm-

Application b All applications Not applicable
Description Choice Choice
When calculating solar shading|Shall be taken |May be Shall be Shallbe |May be Shall be
on opaque building elements|into account: takeninto |ignored: taken into |taken into |ignored:
such as roofs or facades: which account: account: |account:
types of on site shacing objects. : Rebates,|na n.a. n.a.
can or shall be ignore overhangs or
NOTE For instance rebates, other shading
ovqr hauga orother bhadiug Gb]C\,tS frcm
objects from the own build- the own build-
ing[s) on site ing(s) on site
When calculating solar shad-|Shall be taken |May be Shall be Shallbe |May'be Shall be
ingl on transparent building|into account: takeninto |ignored: taken into-{taken into |ignored:
elements: account: account:\ ‘faccount:
NOTE For instance window |Window rebates,|Other win-|- n.a, n.a. n.a.
rebptes, overhangs and side fins [overhangs and|dow rebates,
side finsif depth|overhangs
larger than 20% |and side fins
of window height
resp. width
Spdcific subdivision rules for None n.a
thelcalculation of solar shading
on puilding elements
Chdice between the two methods Choice 2 Choice 2
for the solar shading calculation:
Method 1, Shading of direct Yes n.a
radfiation
Method 2, Shading of direct and No n.a
diffuse radiation
In dase of method 2: give refer- n.a n.a
ende to calculation procedure
a Only one Yes per column possible
b Add more columns if néeded to differentiate between applications (e.g. building categories, new| or existing
buildings, etc.).
Table B.26 — Number of skyline segments, ngp;segm for input solar shading objects (gee F.3.3)
Application b All applications
DeSCl‘iptiOl‘l Value Of nsh;segm a Value Of nsh;segn a
Makimumsnumber of segments over 15
36() degrees
Fixed-width-{=360-/Hsirsepm)- No
a Practical range, informative.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or existing
buildings, etc.).
c If not fixed, the width of each segment can be adapted to the width of the shading object, with limitation of maximum
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B.6 Monthly calculation procedures

Table B.27 — Monthly ventilation heat transfer coefficient (see 6.6.6.2)

Application All applications D
Description Choice 2 Choice 2
Method A Yes Not applicable
Method B ¢ No Not applicable
Both methods ¢ No Not applicable
a Only ope Yes per column possible.
b Add more columns if needed to differentiate between applications (e.g. building categories, new or exisfing
buildings, eflc.).
c Methof B is only allowed outside the CEN area.

Table B.28 — Dynamics correction factor for ventilation (see 6.6.6:2)

Dynamics correction factor for Value
monthly mean air flow

[ ;dyn;k 1,0

Table B.29 — Solar absorption coefficient of external opaque surfaces (see 6.6.8.2)

Chaice
Djfferentiation in solar No
aLsorption coefficient?
lliYes: specify the procedure to classify the three categories (free text)
CIitegory Specification
Clltegory 1 Not applicable
a3o1 = 0,3
(light colour)
Category 2 Not applicable
ado = 0,6

intermediate colour)

Chtegory 3 Not applicable
aso =09
(dark colour)

Choice
If|INo% choose the default 2

cqtegory

Table B.30 — View factor to the sky (see 6.6.8.3)

Unshaded horizon- | Unshaded vertical
tal roof wall

Fsky 1,0 0,5
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Table B.31 — Difference between external air temperature and sky temperature (see 6.6.8.3)

Climatic region 2 Sub-polar areas Tropics Intermediate
zones
ABsky;m (K) 9 (fixed value) 13 (fixed value) 11 (fixed value)
a Add more columns if needed to differentiate between climatic regions.

Table B.32 — Choice between detailed or simple method to determine the internal effective
heat capacity (monthly method; see 6.6.9)

Application Attapplications
Description Choice a
Only detailed method allowed No
Only simple method allowed Yes
Both methods allowed No

a

b

Only one Yes per column possible.

Add more columns if needed to differentiate between applications (e.g. construction types or building ca

tegories).

Tale B.33 — Simple method to determine the internal effective heat capacity. Specif]
the classes (monthly method; sée 6.6.9)

Table B.34 — Values ofthe reference numerical parameter ay,o and the reference tim
TH,0 for the gain utilization factor (see 6.6.10.2)

Class

Specification of the class

Very light

Construction type is dominated by very
light constructions as specified in Table B.14

Light

Construction type is dominated by light
constructions as specified in Table B.14

Medium

Construction type is dominated by medium
constructions as specified in Table B.14

Heavy

Construction type is dominated by heavy
constructions as specified in Table B.14

Very heavy

Construction type is dominated by very
heavy constructions as specified in Table
B.14

au,o TH,0
h
1,0 15

Talple B.35 — Values of the reference numerical parameter ac,o and the reference tim¢

ication of

p constant

p constant

©IS

Tc,0 Ior the loss utilization 1actor (see 6.0.10.3)

ac,o Tc,0
h
1,0 15
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