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Foreword

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

The prog¢edures used to develop this document and those intended for its further maintenance_aj
describefd in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for t}

different
editorial

Attentioh is drawn to the possibility that some of the elements of this document maybe the subject
hts. ISO shall not be held responsible for identifying any or all such patentrights. Details pf

patent r

any patept rights identified during the development of the document will be in the Tntroduction and/

on thel

Any tra
constitu

For an ¢
expressi
World T
URL wwj

types of ISO documents should be noted. This document was drafted in accordance with t}
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

list of patent declarations received (see www.iso.org/patents).

e name used in this document is information given for the conveniénce of users and does n¢t

e an endorsement.

xplanation on the voluntary nature of standards, the-meaning of ISO specific terms ar
bns related to conformity assessment, as well as infermation about ISO’s adherence to t}
ade Organization (WTO) principles in the TechnicakBarriers to Trade (TBT) see the followiy
w.iso.org/iso/foreword.html.

This dod
use in thq

Committee for Standardization (CEN) Technical*Committee CEN/TC 89 Thermal performance

buildings
[SO and

A list of 4

ument was prepared by Technical Committeé, ISO/TC 163, Thermal performance and energ
b built environment, Subcommittee SC 2, Calculation methods, in cooperation with the Europes

and building components, in accordancé.with the Agreement on technical cooperation betweg
LEN (Vienna Agreement).

|11 parts in the ISO 52016 series can be found on the ISO website.
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Introduction

The set of EPB standards, Technical Reports and supporting tools

In order to facilitate the necessary overall consistency and coherence, in terminology, approach,
input/output relations and formats, for the whole set of EPB-standards, the following documents and
tools are available:

a) a document with basic principles to be followed in drafting EPB-standards: CEN/TS 16628:2014,

I D £ Vol s VRS DR ] R LN » W) LG ] £ n) okl DD ok ] Jeat11
L;llCly)/ fClle Irruricc U_l uuuuul'yo — DUJlSIC ITT lll(,llJlCD_lUl Lric 5cd U_l LI D Jturiaurus =1,

b) a document with detailed technical rules to be followed in drafting EPB*stpandards;
CEN/TS 16629:2014, Energy Performance of Buildings — Detailed Technical Rules for|the sqt of EPB-
standards [2].

—

he detailed technical rules are the basis for the following tools:

1) acommon template for each EPB-standard, including specific draftinginstructions for the|relevant
clauses;

2) acommon template for each technical report that accompanies @n"EPB standard or a cluster of EPB
standards, including specific drafting instructions for the relevant clauses;

3) acommon template for the spreadsheet that accompanies each EPB standard, to demonsfrate the
correctness of the EPB calculation procedures.

x|

hch EPB-standard follows the basic principles and.the detailed technical rules and relatgs to the
erarching EPB-standard, ISO 52000-1 [3].

]

Opne of the main purposes of the revision of the\EPB-standards is to enable that laws and regulations
djrectly refer to the EPB-standards and makeé compliance with them compulsory. This requjires that
the set of EPB-standards consists of a systematic, clear, comprehensive and unambiguous set ¢f energy
performance procedures. The number of'options provided is kept as low as possible, taking int¢ account
nptional and regional differences in.climate, culture and building tradition, policy and legal franeworks
qubsidiarity principle). For each gption, an informative default option is provided (Annex B).

tionale behind the EPB Technical Reports

There is a risk that the purpose and limitations of the EPB standards will be misunderstoofl, unless
the background and context to their contents - and the thinking behind them - is explained in some
dptail to readers of 'the standards. Consequently, various types of informative contents are fecorded
ahd made available€for users to properly understand, apply and nationally or regionally implement the
EPB standards;

If this explanation would have been attempted in the standards themselves, the result is likely to be
cpnfusing and cumbersome, especially if the standards are implemented or referenced in national or
r¢giondl building codes.

o F

Therefore eacit E arnaard IS accompartied by alr informa at Report; tike thisone, where
all informative content is collected, to ensure a clear separation between normative and informative
contents (see CEN/TS 16629 [2]):

— to avoid flooding and confusing the actual normative part with informative content;
— toreduce the page count of the actual standard; and
— to facilitate understanding of the set of EPB standards.

This was also one of the main recommendations from the European CENSE project [34] that laid the
foundation for the preparation of the set of EPB standards.
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This document

This document accompanies ISO 52016-1 and ISO 52017-1, which form part of a set of standards related
to the evaluation of the energy performance of buildings (EPB).

The role and the positioning of the accompanying standards in the set of EPB standards is defined in
the Introduction to the standards.

Brief articles-gn-the cnh}'nr‘f canbe found in [50] o [51]

Accomppnying spreadsheets

An extenpsive spreadsheet was produced on ISO 52016-1, covering both the hourly and the monthly
calculatipn method. Examples of the calculation sheet can be found in this document. This;spreadsheet
(includirlg possible updated version) is available at www.epb.center.

No spreadsheet was produced on ISO 52017-1, because this EPB standard (with-reference hourly
thermal palance calculation procedures) is not directly used for calculations.

History jof this Technical Report and the accompanying standards

The first series of standards on thermal and hygrothermal properties of building components and
elementg were prepared by ISO Technical Committee 163 in the 1980s, as a result of growing global
concern jon future fuel shortages and inadequate health and conifort levels in buildings. During the
following decades these first standards were revised and new standards were added, to cope with new
developthents and additional needs. From the 1990s on, many of these standards were developed |n
close collaboration with CEN (see further on).

As part ¢f the Mandate 343 of the EC to CEN to suppert the EPBD (2003)[26], the series of standards
were scrjutinized to see which changes would be ne€ded for the purpose of supporting the EPBD [23}].
This resiilted in new versions of a number of standards, most of them published in 2007. The standards
were furnther revised in the 2010s as part of Mandate 480 of the EC to CEN [28], to support the EPBD
recast [2P].

More exfensive background information”and history of the set of EPB standards is given in the
Introdugtion to ISO/TR 52000-2[4], the Technical Report accompanying the overarching EPB standarnd
and in recent ISO papers ([4Z].[48].[49}).

—

Application area of SO 5201631:

1%

[SO 52016-1 presents a c6herent set of calculation methods at different levels of detail, for the (sensiblg)
energy 1eeds for the<space heating and cooling and (latent) energy needs (de-)humidification of|a
building|and/or interhal temperatures and heating and/or cooling loads.

The effeg¢t of speeific system properties can also be taken into account, such as the maximum heating
or coolirlg power, and the impact of specific system control provisions. This leads to system-specifjc
energy loads and needs, in addition to the basic energy loads and needs.

ISO 52016-1 contains both hourly and monthly calculation procedures. These are closely linked:
they use as much as possible the same input data and assumptions. And the hourly method produces
as additional output the key monthly quantities needed to generate parameters for the monthly
calculation method. This means that a number of (nationally) representative cases can be run with the
hourly method and from the key monthly quantities the monthly correlation factors can be derived

ISO 52016-1 has been developed for buildings that are, or are assumed to be, heated and/or cooled
for the thermal comfort of people, but can be used for other types of building or other types of use
(e.g. industrial, agricultural, swimming pool), as long as appropriate input data are chosen and the
impact of special physical conditions on the accuracy is taken into consideration.

NOTE1 For instance, it can be used when a special model is needed but is missing.
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Depending on the purpose of the calculation, it can be decided nationally to provide specific calculation
rules for thermal zones that are dominated by process heat (e.g. indoor swimming pool, computer/server
room or kitchen in a restaurant).

NOTE 2  For instance, in the case of a building energy certificate and/or building permit, e.g. by ignoring the
process heat or using default process heat for certain processes (e.g. shops: freezers, lighting in shop window).

Design heating and cooling load

Upon request of CEN/TC 156, the method to calculate the design heating and cooling and latent heat

1 A Fre wrekN_ 1700 1 1 ’)f\1 l:'f')‘l ““““““ Al CTN /'T‘f‘ 1 Lo boclh atadin ICA CONT _1
gaetrott PToINTO7-70 oI, preparct u_y CLIN/ T T6; R3S PBECH uu,\,sl et H1OO5Z91( .

p—

§0 52016-1 includes specification of the method and the boundary conditions for thecealcylation of
lhe design heating and cooling load, including latent load, as a basis for the dimensioning of equipment
h zone level and on central level for cooling and dehumidification. It specifies also, the methods and
bnditions for the calculation of the humidification load.

a o

he method given for the design heat load is intended especially for the casesiwhere the coTng load
hlculation needs to be done (for instance when cooling is necessary) and/or an hourly calcylation is
ced for the energy needs calculation. The principle idea is that thereds.only one method ndeded for
ad and energy calculations for heating and cooling in case of an houfly calculation interval.

= o 4

fu—
Qo

Alsimplified steady state calculation method for the design heat 16ad is given in EN 12831-1[22
Link between the two standards, ISO 52017-1 and ISO 52016-1

I short, ISO 52017-1 contains a generic (reference) houtly ‘calculation method for building (zgne). This
nmlethod is based on and replaces that in ISO 13791. This document contains no specific assumptions,
bpundary conditions, specific simplifications or input data that are not needed to apply thé¢ generic
cqlculation method. Compared with ISO 13791, the heat flows describing the energy needs for heating
ahd cooling are added to increase the application range. This document does not include vhlidation
cqises (unlike ISO 13791). For validation, specific assumptions and input data would need to|be given
that only apply to the validation cases. Tioykeep a clear distinction between the generic method and a
pecific application, verification and validation cases are adopted in ISO 52016-1.

2]

=5 =

ethod and a monthly calculation method. The hourly calculation method is a specific application of
the generic method providedin ISO 52017-1.ISO 52016-1 further contains specific boundary conditions,
pecific simplifications and-input data for the application: calculation of energy needs for hedting and
cpoling. Amended simplifications and input data are provided for the application to calculate the design
hpating and design eooling load and (e.g. summer) internal temperatures.

40 52016-1 replaces the infornfation in ISO 13790:2008I3]. It contains a (new) hourly ciEculation

2]

In this way theé geéneric calculation method (ISO 52017-1) is clearly separated from the| specific
bplication with-all specific assumptions, simplifications and specific input data (ISO 52016-1). Due to
these changes, ISO 52016-1 together with ISO 52017-1 also replace ISO 13792.

o8]

The hourly method in ISO 52016-1 produces as additional output the key parameters needed tolgenerate
phrameters for the monthly calculation method. This means thata number of [natlonally) representative
e : : : s for the

dlfferent cases, the monthly correlation factors can be derived.

See flowchart in Figure 1.
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IS0 52017-1
Generic hourly calculation
method for building (zone)

IS0 52016-1 (a)
Specific hourly method

Calculation of energy needs for (sensible and latent)

heating and cooling

Calculation of heating and cooling load

Calculation internal temperature

With specific assumptions

]

10

Extra output:

Monthly
characteristics

Can be used as basis
for generating
correlation factors |
for monthly method

IS0 52016-1 (b)
Monthly method
With national correlation factors

cooling

. NS
Calcutation of energy needs fQS
Sensible and latent) heat'{;@,and

d

Input-ouytput relations between the two standards and other standards of the set of EPB

standarfs

As explajned above, ISO 52017-1 plays arole as a referénce calculation method. For instance as referenge

method for ISO 52016-1.

For the input-output relations with the otherEN and ISO standards in the set of EPB standards, only

ISO 52016-1 is relevant.

There are many inputs from and many interactions with many other EPB standards. More details are

given in the core of this document,

See flowfhart in Figure 2.

o

L

\/ 9

Figure 1 — Relationship between ISO 52016-1\and ISO 52017-1
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Aggregation, etc., in ISO 52000-1,
Overarching standard (M1-7, M1-9)

Interaction

EN 16798-1,1S0 17772, A/u l l 4
Overarching conditions of / T T \

use (user schedules) (M1-6)

Hourly calc:

of thermal energ
needs, temperaturgs, °f thermal energy

and/or load mreets
7?2/ A

\4

Thermal transmission
from or via ISO 13789 (M2-5)

\ 4

A 4

Ventilation flow and supply
» temps, from EN 16798-5 and -7
(M5)

Solar characteristics, from ISO
windows standards (M2-8)

A4
A 4

Boundaryconditions for calculation of
energyloads/needs for heating and
Input data copling
Heating, Cooling, Ventilation,
» DHW, Lighting systems, BAC —>
(M3, M4, M5, M6, M7, M8, M9, Deviating boundary conditions for calc.
M10) of heating or cooling design loads
Climatic data, from ISO 52010-%
™ (M1-13) —>\ IS0 52016-1 (M2-2, M2-3, M2-6,
M3-3, M4-3, M6-3, M7-3)

N |

Common terms, Building-and space categorization, Assessment boundary, Zoning, etc.,
from ISO 52000-1, Overarching standard (M1-1, M1-2, M1-3, M1-5, M1-8)

Figure 2~ Relationship between ISO 52016-1 and other EPB standards

NOTE 3  The listofreferenced standards can be found in ISO 52016-1:2017, Table B.1.
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Energy performance of buildings — Energy needs for

heating and cooling, internal temperatures and sensible

and latent heat loads —

Part 2-

Explanation and justification of ISO 52016-1 and ISO
52017-1

1| Scope

130 52017-1.

These documents give calculation methods for the assessment of;

— the (sensible and latent) energy need for heating and cooling, based on monthly cal
(ISO 52016-1);

— the internal temperature, based on hourly calculations; and
— the design (sensible and latent) heating andi¢ooling load, based on hourly calculations.
his document does not contain any normative provisions.

T
NOTE A description of the rationale-behind the reorganization of the cluster of strongly related 4
oYerlapping ISO and CEN standards is-given in Annex H.

2 Normative references

The following documents are referred to in the text in such a way that some or all of thei
c

u

hdated referencés;the latest edition of the referenced document (including any amendments]

ore information on the use of EPB module numbers, in all EPB standards, for normative refe
ther EPBsstandards is given in ISO/TR 52000-2[41.

o =

[§0 52016-1:2017, Energy performance of buildings — Energy needs for heating and cooling
temperatures and sensible and latent heat loads — Part 1: Calculation procedures

This document contains information to support the correct understandinig’and use of ISO 520{16-1 and

- the (sensible and latent) energy load and need for heatingdand cooling, based on hourly caldulations;

rulations

nd partly

content

bnstitutes requirerments of this document. For dated references, only the edition cited applies. For

applies.

rences to

internal

ISO 52017-1, Energy performance of buildings — Sensible and latent heat loads and internal temperatures

— Part 1: Generic calculation procedures

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 52016-1 and ISO 52017-1 apply.

This clause provides an explanation of some of the terms and definitions given in ISO 52016-1:2017,

Clause 3 and ISO 52017-1: 2017, Clause 3.

© IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=ffceb977b6b328c12d4c839f658157b5

ISO/TR 52016-2:2017(E)

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

NOTE1 Explanations on the terms and definitions that are copied from ISO 52000-1 are given in ISO/TR
52000-2. For instance on the difference between useful floor area and reference floor area. But also, more general
explanations, on the difference between a definition of a term (given in Clause 3) and a specification of a term
(procedure to assess the term).

NOTE 2 | For terms that are sensitive to national or regional policy, building tradition or legal context, the/EHB
standard§ contain a definition, but leave the specification to be provided at national or regional level, if possible
using Anfjex A (normative template) and Annex B (informative default choice).

NOTE 3 | The term “load” is used in (sensible) heating or cooling load, latent heating or coeling load arnd
humidifidation or dehumidification moisture load. It is defined, for hourly calculations, as the hourly mean valye
of the hegt or mass flow rate supplied to or extracted from the internal environment to majintain the intendgd
space tenpperature or moisture conditions. The unit is Watt (J/s, for heat) or kg (for moisture; sometimes more
specificﬂly called kgp20/s). See 6.5.14 for an explanation of the calculation of the moiSture load versus latept
heat load|for (de-)humidification in the application of ISO 52016-1. The load under design conditions, conditiofs
that are gssumed for the design (sizing) of the system, is called “design load”.

NOTE 4 | The term “power” is used for the heat flow rate that is available from the system to cover the load.|If
the power is insufficient to cover the load, the system is called “undersized’zand’the operative temperature or air
moistureflevel in the internal environment exceeds the limit of the set-pointin question.

NOTE 5 | The term “need” is used for the heat to be delivered to, erextracted from the internal environmept
to maintdin the intended space temperature or moisture condition$.during a given period of time. This period fis

typically p month or a year. The unit is kWh (for heat) or kgyo(ffor moisture). See also 6.5.3 on the distinctign
between [basic need” versus “system specific need” calculatiouns:

4 Sympbols, subscripts and abbreviations

4.1 Symbols

For the |purposes of this document, the symbols given in ISO 52016-1 and ISO 52017-1 and the
following apply.

More infprmation on key EPB symbols is given in ISO/TR 52000-2.

Symbol Quantity Unit

o) ratio of the total solar radiation -

4.2 Subscripts

For the purposes of this document, the subscripts given in ISO 52016-1 and ISO 52017-1 and the
following apply.
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More information on key EPB subscripts is given in ISO/TR 52000-2.

Subscript Term Subscript Term
al air layer sw solar wall
hem hemispherical t transparent element
ref reflected te external thermal
transmittance

NOTE ISO 52016-1 needs input data from many technology fields. In the exceptional cases that s

in
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3. This can occur when the source documents use subscripts that are crucial for that specifictechno
it conflict with subscripts that are crucial for another specific technology field.

X AMPLE Subscript g for glazing and for ground.

13 Abbreviations

ore information on key EPB abbreviations is given in ISO/TR 52000-2.

Brief description of the method(s) and routing
.1 Output of the method

1.1 Reference hourly method in ISO 52017-1

0 52017-1 is a generic reference hourly\¢alculation method to calculate the thermal b3

mperature and (derived from these.tw0) the operative temperature. The energy need for h
poling can also be produced as output, at given heating and/or cooling set points for the ¢
mperature. However, the actual_tonditions and temperature control specifications depen
pplication. ISO 52016-1 contains such a specific hourly calculation method.

0 52017-1 also contains a-moisture balance formula to calculate the moisture balance in a
" building zone. The main output quantities are the moisture content of the internal air, the

bat load depends’on the specific application. This is covered in ISO 52016-1.

1.2 Hourly method in ISO 52016-1

0 52016-1 contains a specific hourly method to calculate the energy loads and needs fo1
hd €o0ling and the hourly indoor temperature (air, mean radiant and operative). It also cq
pécific hourly method to calculate the moisture and latent energy loads and needs for humid

ubscripts

[SO 52016-1 are dilferent Irom subscripts 1n other EPB standards that produce output needed,a$ input to
0 52016-1, these differences are reported in a special column in the tables with the overview ofiinpjut data in

ogy field,

br the purposes of this document, the abbreviations given in ISO 52016-1and ISO 52017-1 apply.

lance in

building or building zone. The main gutput quantities are the indoor air and indoor mean radiant

pating or
perative
d on the

building
moisture

ad and the latent energy load and need. Again in a generic way, because the actual moisture ajnd latent

heating
ntains a
ification

and dehumidification and the hourly indoor air moisture content (humidity). The assumptions and
simplifications have been chosen in such a way that sufficient accuracy is obtained (e.g. in relation to
the reliability of input data and boundary conditions), with a minimum of required input data. The input
data to be gathered by the user of the calculation procedures is equal or equivalent to the input data for
the simplified monthly calculation method.

5

.1.3 Monthly method in ISO 52016-1

[SO 52016-1 contains also a specific monthly method to calculate the (monthly) energy needs for
heating and cooling, plus a specific simple monthly method to calculate the (monthly) energy needs for
(de-)humidification.
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5.1.4 Overall and partial energy performance

5.1.4.1 Overall energy performance

An undersized system (or the extreme: an absent system) has by definition a negative impact on
the indoor conditions: a too low or too high temperature and/or moisture level, compared to the same
buildings with sufficient system size.

The undersized or absent system leads to a lower energy use and thus to a better energy performance
compared to the same buildings with sufficient system size. This goes at the cost of not meeting the
assumed standard conditions of use.

Ifthis enprgetic benefit of the undersized or absent system is rewarded in the overall energy performange
indicator and/or energy performance rating (ISO 52003-1[10]), there is no level playing field.

Consequpntly, the deficiency in meeting the standard conditions of use is reported-aleng with the
reporting of the energy performance. Or it is avoided by e.g. assuming a fictitious system or fictitioys
system §ize in the calculations (see also the choices in ISO 52000-1 and explanatien in ISO/TR 5200012
on this spibject).

The repqrting can be linked to the classification of indoor environment conditions (M1-6: ISO 177721,
EN 16798-1; see ISO 52016-1:2017, Table B.1)

ISO 52016-1 produces the hourly values of the internal temperature‘and moisture. Because the hourly
values are “polluted” by intermittency (like night or weekend time.temperature set-back), the output
contains| also the accumulated differences between the setpoint and the actual temperature (¢r
moistureg) level, for different threshold values.

5.1.4.2 | Partial energy performance

The output of ISO 52016-1 is usable as input forsthe way or ways to express the overall energy
performance and energy performance requirements at building level, for instance for indicators at the
level of ‘|lthe energy needs for heating” and <thé energy needs for cooling”. This subject is covered In
SO 52018-1[14] and ISO 52018-2[15].

5.2 Gedneral description of the. methods in ISO 52016-1 and ISO 52017-1

5.2.1 Hourly calculation procedures in ISO 52016-1 and ISO 52017-1

[SO ISO $2017-1 is a generic-reference hourly calculation method to calculate the thermal balance in|a
building|or building zone,

ISO 52016-1 contains'a specific hourly method to calculate the hourly energy loads and needs for
heating 3nd cooling and/or the indoor temperatures.

ISO 52016-F¥ contains also a specific monthly method to calculate the energy needs for heating and
cooling.

5.2.2 The hourly method in ISO 52017-1

ISO 52017-1 is a generic reference hourly calculation method to calculate the thermal balance in
a building or building zone. The main output quantities are the indoor air and indoor mean radiant
temperature and (derived from these two) the operative temperature.

In case of heating or cooling needs the calculation can be carried out in such a way that the energy
need for heating or cooling is the output, at given heating and/or cooling set points for the operative
temperature. The required solution technique for this calculation mode is however not provided in the
generic calculation method, because the choice of solution technique depends on the application (overall
required accuracy, available input data, assumed control options, etc.). This is covered in ISO 52016-1.
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ISO 52017-1 also contains a moisture balance formula, adopted from ISO 13791:2012, (informative)

Annex KI6], but converted to more generic (normative) formulae. For instance, this made it

possible

to include the term absorption or desorption in materials in the moisture balance formulae, without
specifying how these are obtained; such a specification is left to the standards aiming at specific
applications (e.g. ISO 52016-1). The step from moisture balance to latent energy load and need is
also provided, but again in a generic way, because the actual latent heat load depends on the specific

application. This is covered in ISO 52016-1.

5.2.3 The hourly method in ISO 52016-1

The main purpose of the hourly calculation of the energy needs for heating and cooling, compar
simple monthly method, is to have a more robust, transparent, easier and reliable treatment of
nteractions, due to direct use of hourly patterns of e.g. weather and operation. It is not the prin
ificrease the overall accuracy of the method, but only the accuracy of specific elements and th
fansparency of the method.

—e

=

his is explained in more detail in Annex I.

he hourly method in ISO 52016-1 is a revised, more advanced methdd ‘compared to the s
burly, three node (5RC1) method given in ISO 13790[3]. The maifi difference is that the
ements are not aggregated to a few lumped parameters, but kept'séparate in the model. ISO
ces a (slightly simplified) thermal model for each building element separately. This is illus

gure 3.

e o= 3 4

3

his leads to a number of advantages, in particular that the properties of each building elemen
dividually known, instead of being aggregated to only:two thermal resistances, with as cons
r example:

_
o=

— there is no worry about how to combine e.g..the heat flow through the roof and through th
floor, with their very different environment conditions (ground temperature and groun
solar radiation on the roof);

— the thermal mass of the building or building zone can be specified per building element an
no need for an arbitrary lumping{into one overall thermal capacity for the building or build

— themean indoor surface temperature (mean radiant temperature) can be clearly identified
distinct from the indoor‘airtemperature; and

— at the same time, the.ihput data to be supplied by the user are (still) the same as for the
method.

These advantagesZespond to the recommendations to make the method better suited to d
phssive solar energy and other techniques (CENSE, [34], [35]).

M1-6) and'weather data (EPB module M1-13).

ed to the
dynamic
he aim to
e overall

mplified
building
52016-1
trated in

t remain
equence,

e ground
1 inertia,

1 there is
ing zone;
and kept

monthly

eal with

Opnly the standard writers will have to introduce extra data: hourly operation schedules (EPB module

()E the other hand, the standard writers do not need to prepare tables with pre-calculated fad
0 T 1 ; mg, - y .

such tables, hourly operation schedules and weather data are specified anyway.

© IS0 2017 - All rights reserved

tors (e.g.
ration of


https://standardsiso.com/api/?name=ffceb977b6b328c12d4c839f658157b5

ISO/TR 52016-2:2017(E)

- NG SR
| Window 1 > Mean,
| Window.. > lumped

Roof >

|
. walll >
|
[
|

Calculation

JALLLL ‘ Mean, #

Watt— tomped

Ground floor >

Input, per building
element:
- Thermal properties
- Solar properties
Thermal capacity

Thermal zone

a) Simplified hourly method in ISO 13790:2008
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b) Improvedihourly method (and similar for monthly method) in ISO 52016-1

Figure 3 — Improvedhourly method in ISO 52016-1 (b) compared to simplified method in
IS0 13790:2008 (a)

The main goal efithe hourly calculation method compared to the monthly method is to be able to take
into accquntthéinfluence of hourly and daily variations in weather, operation (solar blinds, thermostatfs,
heating pnd coollng needs occupatlon heat accumulatlon etc) and thelr dynamlc 1nteract10ns for
heating 4 T ' X
user compared to the monthly calculatlon method (with nat10nal/reg10na1 options for shghtly more
detailed data).

The hourly climatic data are given in ISO 52010-1[12] and the hourly and daily patterns of the conditions
of use (operating schedules) are given in the relevant other EPB standards.

The drawback is, that due to the much higher number of nodes a robust numerical solution method
is required (software). But, as the spreadsheet accompanying ISO 52016-1 shows, only the solving of
the matrix needs to be done by programming (macro), the rest of the calculation can still be done in a
spreadsheet, at least for demonstration. The actual use of the standard will normally be done with the
aid of a real software tool, which can also include the calculation procedures of the other EPB standards.
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The formulae are solved as a matrix. This is no new feature in EPB related standards: it is described in,
for example, ISO 13791 and related documents. Solving the matrix can be compared with the technique

of widely used thermal bridge calculations, e.g. cf. ISO 10211 (see ISO 52016-1:2017, Table B.1).

Annex [ provided a more detailed introduction of the features of the improved method, compared to the

simple hourly method in ISO 13790.
5.2.4 Monthly calculation procedures in ISO 52016-1

With the monthly calculation method in ISO 52016-1 the thermal balance of the building or
thermal zone is made up at a monthly time interval. The dynamic effects are taken into-/ac

rrection and adjustment factors.

(@)

he first versions of the method were developed in the eighties and early ninetie§ of the

entury ([29], [39] and [31]). In the years to follow, several improvements were proposed ([
hich eventually lead to the development of ISO 13790, the first International Standard with
onthly calculation method for residential and non-residential buildings, to ealeulate both heg
boling needs.

o 3s 9 4

he correction and adjustment factors needed to take into account dynamic effects can be d
h the basis of series of calculations using the hourly calculation préeedures.

o =

hys with heating needs and days with cooling needs, two independent calculations are done
onth: first the calculation of the energy need for heating,“using the assumed conditions fo
nd secondly the calculation of the energy need for cooling, using the assumed conditions for ¢

=T =Yes

—

he monthly method is basically the same as the monthly method in ISO 13790. The main differe
— procedures to take into account the effect ofiintermittent heating and cooling;

— procedures to take into account the effect of thermally unconditioned zones adjacent to t
conditioned zones;

— calculation procedures for sunspaces;

— estimation of (monthly mean) internal temperature in a thermally conditioned or t
unconditioned zone (new);'and

— estimation of the gverheating.

9]}

2.5 Other differences between ISO 52016-1 and ISO 13790:2008 which it supersedes

=

elevant editotial changes have been made based on the detailed technical rules for all EPB s
ncluding thelapplication of a common template, moving all informative annexes, if still relevar
ccompanying document and including the addition of a normative Annex A and an informatiy
for«choices in references, input data and options in calculation procedures.

—

oo &

building
count by

previous

2], [33]),
a simple
iting and

eveloped

ecause conditions of use and assumptions (e.g. on the amount(f ventilation) can be different during

for each
 heating
ooling.

nces are:

hermally

hermally

andards,
1t, to this
e Annex
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in particular:

2000-1),

— removal of the conditions of use, which are now in a separate EPB standard at overarching level

(EPB module M1-6);

— expanding and modifying the rules for thermal zoning, in line with the overarching EPB

standard ISO 52000-1;

— removal of the procedures on assessment boundaries, now covered in the overarching EPB

standard.
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5.2.6 Input data and assumptions for hourly and monthly method in ISO 52016-1
The assumptions are described in ISO 52016-1:2017, 6.5.3 and 6.6.3.

In Annex [ of this document more details can be found on the rationale behind or the effect of the
assumptions. Both for the hourly and for the monthly method it is important to maintain consistency in
the level of simplifications, in particular if it affects the amount of input data needed for the calculation
(balanced accuracy).

In particular, concerning the usability of ISO 52016-1 for existing buildings, if gathering the full required
input wautd-betootabour-intensive for thre purpose (retative to the costet fectiveness of gatiering the
input), the focus is on the standards that provide the input data for ISO 52016-1.

5.2.7 Choices between methods in ISO 52016-1

5.2.7.1 | Choice between hourly and monthly calculation method

The hougly and monthly method in ISO 52016-1 require the same input from the user; so limited access
to input flata is no reason to choose a simpler calculation tool (in casu: the monthly method).

Annex I ¢ontains a detailed discussion on the rationale for the use of the new hourly method (compargd
to the mlethod in ISO 13790) and the advantages and disadvantages of‘the hourly method versus the
monthly|method.

5.2.7.2 | Choice between basic or system specific load calculation
See discyission in 6.5.4 (hourly method) and 6.6.4 (monthly method).

The houtly calculation procedures in ISO 52016-1 are best suited to reveal the influence of the syste
on the erjergy loads and needs for heating and coolingrundersized heating or cooling power, recoverab
heatlossgs, adjustment of the temperature set-points'(value and time-schedule) due to imperfect syste
control gnd limitation of the heating or coolingseason for the calculation defined by the operation tin
of the regpective technical systems.

o= o S

But also|in the monthly calculation proeedures some of the system specific influences can be takgn
into accqunt: recoverable system heatlosses, adjustment of the temperature set-points (value and time-
scheduld) due to imperfect system-eontrol and the (optional) lengths of the heating, cooling and (de|
humidifiration seasons defined by,the operation time of the respective technical systems.

[

6 Cal¢ulation methodin ISO 52016-1
6.1 Ouytput data

6.1.1 General'data on the assessed object and application

ISO 52016= e : : , , , ,
of assessment from ISO 52000 1 as explalned in 6 3 2 [mput) But also the standards usmg the output
from ISO 52016-1 need to inherit this information.

Actually there is a distinction between:

— the development of national or regional data sheet according to the (normative) template of
Annex A, replacing the informative default choices in Annex B. In this case, the list of types which
should be inherited in each EPB standard, in Annex B; and

— theactual use of the standard on a specific case. This implies that they inherited from ISO 52000-1
the actual type of object, building or space category, type of application and type of assessment that
has been identified for the specific case.
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More explanations are given in ISO/TR 52000-2.

6.1.2 Calculated data

A summary of the output is already given in 5.1. The complete lists of output variables is
ISO 52016-1, grouped per type.

6.2 Calculation time intervals and calculation period

6.3 Inputdata

6/3.1 Source of data - General

IMPORTANT NOTICE  The tabulated overview of input data does not imply that all these input data a
fdr each calculation case

— National or regional choices can be made between calculation methods (via national daf
according to the normative template of Annex A, replacing the informative default choices
B). Such national/regional choice will already rule out parts of the input data.

—+ [SO052016-1 contains input for different types of application (calculation of energyloads af
design loads, internal temperature). For a single applieatien only part of the input data is n€

— Many inputs are outputs from other (EPB or product) standards. So it would be a mistake
all inputs from all EPB standards as input data tp,be gathered by the user.

—+ Many inputs are national/regional choices.(Annexes A and B).

alarge part of the calculation procedures describes specific complicated cases. In 80 % of
only 20 % of the calculation procedures are needed. In 80 % of the cases only 20 % of the ir
are needed.

6{3.2 Deviating subscripts

gl=glazing; gr=ground, instead of subscript g, distinctions that are not relevant in the source dg
dtandards) from where the data are obtained. Or because the source documents use sy1
stibscripts that are-crucial for that specific technology, but conflict with the common set of sy
wbscripts in the'Set of EPB standards. If there are such differences, these are listed in a specia
1) the tables'With input data.

—n

6{3.3: \(General data on the assessed object and application

given in

re needed

a sheets,
in Annex

nd needs,
eded.

to count

— Pareto’s principle (the 80:20 rule) can'be projected to the calculation methods and the input data:

the cases
iput data

Spme subscripts have been’'modified in ISO 52016-1 to be able to make distinctions, such as syibscripts

cuments
mbols or
bols and
1 column

docrmaont contatne o haoticac haotuaraan Aifforant ranthoade st Aot S d /o wafaranonc

veral of

(§
T HS—GoetHR et eohtaiR s enoteesBetweer—atrerent TITCTITOTS; lAAlJuL Trata ot/ OT T CICT It T oo

these choices depend on the type of object, type of building or space, type of application or type of

assessment.

ISO 52016-1 inherits the types of objects, building or space categories, types of applications a
of assessment from ISO 52000-1.

The type of object:
EXAMPLE1 Whole building, building unit, building part, or building element, building fabric or

nd types

technical

building system; new or existing building, as built or in the use phase; renovations of existing buildings,
extensions to existing buildings; as specified in 1SO 52000-1:2017, A.3 (normative template), with informative

default types given in ISO 52000-1:2017, B.3.
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The building category:

EXAMPLE 2  Residential, office, etc.; as specified in ISO 52000-1:2017, A.3 (normative template), with
informative default categories given in ISO 52000-1:2017, B.3. The building category can have an impact on
type of assessment, choices in method and input data. The building category usually also defines which energy
services (with Identifier: EPB_LISTSERVICES_TYPE) is taken into account in the assessment of the energy
performance; as specified in ISO 52000-1:2017, A.3 (normative template), with informative default types given in
[SO 52000-1:2017, B.3.

Th Iy or ri

EXAMPLE 3  Residential living space, kitchen, bed room, study, bath room or toilet; office space, meetiﬂlg
or seminfir space, etc.; as specified in ISO 52000-1:2017, A.3 (normative template), with informative defaylt
categoriep given in ISO 52000-1:2017, B.3. The categorization of spaces defines the conditions of use\for the
energy performance assessment (calculation or measurement). The conditions of use can have amimpact ¢n
which services are to be included in the assessment.

The typd of application:

EXAMPLE4  To check compliance with energy performance requirements, energyCertification, to obtajn
building permit, to obtain permit to use, energy audit (tailored), energy performancednspection; as specified |n
[SO 5200-1:2017, A.3 (normative template), with informative default types given ifi 1ISO 52000-1:2017, B.3. The
type of agplication can have an impact on choices in method and input data.

The typd of assessment:

EXAMPLES5  Calculated, design, calculated, as built, calculated, tailored; measured actual, measured standard
(correctefl for climate and use); as specified in ISO 52000-1:2017, A.3(normative template), with informatiye
default tylpes given in [SO 52000-1:2017, B.3.

Consequently the complete list of identifiers from 1SO52000-1:2017, Tables A.2 to A.7 (normatiye
templatg, with informative default choices in Tables B.2\to B.7) [3] are taken into account and respectgd
in this d‘Ecument when there are choices based on@ype of object, type of building or space, type pf
application or type of assessment.

These ligts are specified in national data sheets, so in the normative text a term as for instance “f¢r
existing puildings” is avoided as criterion-for-a choice, because it is an ambiguous term. For instance, at
national|level the following distinction,can have been made in the national data sheet for ISO 520001
(see ISO p2000-1:2017, B.2):

— existing building as built (without long term use data);

— exisfing building after renovation (without long term use data);
— exisfing building exterision (without long term use data); and
— existing building+in use (with long term use data).

So in that case.a.tabulated choice in Annexes A and B is needed. This can be recognized in many tablg¢s
in Annexes A.and B, which give the possibility to add columns for different applications.

6.3.4 Geometrical characteristics

No additional information beyond the accompanying document.

6.3.5 Thermophysical parameters of the building and building elements

Most of the input parameters of ISO 52016-1 are obtained from other standards, mainly from module
M1-6, M1-13, M2-5, M2-8 and M5-2. The justification of these input parameters is given in the Technical
Reports belonging to these modules. In this clause only the justification of input parameters specifically
defined in ISO 52016-1 is included.
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The hourly method does not require more input data from the building or from the building elements
than the monthly method.

The main difference is, that for the monthly method many input data can be combined into an
aggregated value. In particular the thermal transmission properties. For instance: the U-values and
areas (A) of the external construction elements, together with the thermal bridge values (¥ and L plus
X, or an overall value ytp), can be aggregated to an overall heat transfer coefficient by transmission
(Hir)- This aggregation can often be done in the standards on thermal transmission properties, because
that kind of output can also be needed for other purposes.

Ojn the other hand, there are situations where, also for the monthly calculation method] specific
information is needed that is known only in the context of the “holistic” energy performancerassessment.
Fpr instance: information on the zoning and in particular the choices made with respect-to thermally
uhconditioned zones. Or the solar heat gains in a sunspace or atrium. Or the temperatur€ and moisture
content of a specific ventilation flow element. Or the recoverable heat losses (included in the internal
heat gains) from a specific technical building system.
T

herefore, most of the input data, for both the hourly and monthly method.are gathered per individual

—

item (building element, flow element, heat gain element, etc.). For the effort to acquire input data it
dpes not make a difference if these data are gathered in the context of-ether EPB modules, or g4s part of
[§0 52016-1. The big advantage is: transparency and similarity betwéeirthe hourly and monthly method.

Fpr some specific elements a “short cut” in the form of (e.g. default) aggregated values is enpbled for
ekxisting buildings with little information on the constructiondetails (e.g. on thermal bridges).

6{3.6 Loops between input and output variables

%]

bme of the input data depend on the output data. Far instance:

— the recoverable heat losses from the heating and cooling system depend on the heating and
cooling loads;

— the temperature of the supply air ffom a heat recovery unit depends (among other things) on the
actual air temperature in the therinal zone;

— the decision to by pass the ventilation heat recovery unit depends on the actual temperatyre in the
thermal zone;

—+ requiredmoisture contentinmechanicalventilationsupplyair (in case of central (de-) humid|fication)
depends on the mo6isture content of the thermal zone; and

— use of e.g. solarblinds and free cooling (input) on the basis of the internal conditions (outgut), etc.

This implies that either - for each time interval - a calculation is repeated, e.g. once, with updated input
dpta; or that the output data from the previous time interval are used to calculate the input data for the
next time-interval. This second option is not applicable to the monthly calculation method. This second
option s for the hourly calculation method the simplest solution, but it could lead to oscillations in the
calculation.

EXAMPLE Time interval 1, output: The internal temperature exceeds a certain limit, while the outdoor air
temperature is low. Time interval 2, input: Decision to open the windows for extra ventilation (free cooling).
Time interval 2, output: Due to this extra ventilation the internal temperature drops below the upper limit. Time
interval 3, input: The windows are closed (etc.).

NOTE See also the calculation routes described in ISO 52000-1 and the explanation in the accompanying
ISO/TR 52000-2.

6.3.7 Operating and boundary conditions

No additional information beyond the accompanying document.
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6.3.8 Constants and physical data

No additional information beyond the accompanying document.

6.3.9 Inputdata from Annex A (Annex B)

See Annex B for explanation and justification of some of the choices.

6.4 Zoning of the assessed object

6.4.1 General

In agreement with the framework given in ISO 52000-1, the specific criteria in ISO 52016-1-of'€ach pf
the step$ are unambiguous but also flexible: they leave a choice in Annex A (normative template) and
Annex B|(informative default criteria) for other criteria.

EXAMPLE Criteria specifically suited for a national or regional context.

As alreafly explained in 6.3.2 of this document, the differentiation into spacecategories and thus the
differentiation into conditions of use is done at national or regional level and depends on the nationp
or regional legal context or policy. Therefore it can range from very simple te very complex, depending
on the nptional or regional choices; see the choices in the tables of A.2-(normative template), with gn
informative default differentiation in the tables of ISO 52000-1:2017,8B.2.

—_

This canjalso have a strong impact on the thermal zoning. This emphasizes that it is important to ensure
consistency in the national data sheets replacing Annex B of the'set of EPB standards.

6.4.2 Thermal zoning procedures

The profedure for assessing the thermal zones aré highly inspired by DIN 18599-1[23]. The majn
differende is that the rules in ISO 52016-1 are made‘more flexible and more generic.

More flexible: choices are provided at each step (Tables in Annex A and Annex B of the standard).

More generic: instead of e.g. a criterioh-of homogeneity of domestic hot water needs and lighting
(bedause of the recoverable thermal-losses and dissipated heat), there is a criterion of homogeneity
of the internal heat gains as such:

Of coursg, for each criterion it\isTimportant that a detailed calculation can be avoided, otherwise the
calculatipn would still be unitécessarily detailed. Therefore a rough estimation is sufficient. A more
precise g¢stimation would-lead to a fake accuracy anyway, given the variety of assumptions related to
the subdlivision and heat exchange between thermal zones.

6.4.2.1 | Zoningstep 1 - Assessment of space categories

As mentjonéd above (6.3.2): the number of possible space categories depends on the nationally chosen
list of sppceicategories (ISO 52000-1) and the conditions of use associated to each space category (from
the relevant standard in EPB module M1-6).

Zoning step 2 - Grouping according to space category

No additional information beyond the accompanying document.

6.4.2.2 Zoning step 3 - Grouping in case of large openings in between

This grouping also applies, for instance, to a thermally unconditioned sunspace: if there is a permanent
opening with the thermally conditioned zone, the sunspace is to be considered as part of the thermally
conditioned zone. In that case, the external envelope of the sunspace is part of the boundary of the
thermal zone. This is in line with the procedures for the assessment of the thermal envelope in
ISO 52000-1.
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6.4.2.3 Zoning step 4 - Split to have same combination of services

If the principle of “assumed system” according to ISO 52000-1:2017, Tables A.19 and 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.

6.4.2.4 Zoning step 5 - Further grouping according to similar thermal conditions of use

These two criteria are based on best expert’s guess.

=)

4.2.5 Zoning step 6 - Split according to specific system or subsystem properties

—

his is provided in system standards.

<))

4.2.6 Zoning step 7 - (Further) split to have sufficient homogeneity in thermal balanc

A1

—3

he three criteria are based on best expert’s guess; e.g 4 W/m2 internal gainsy plus 0,20 x 150 W/m?2
lar gains would make 34.

(%)

—

t{ is important that this part of the zoning rules does not require detailed input per individdal space,
otherwise there would be less benefit from grouping spaces into alarger thermal zone. Thergfore, the
criteria are formulated in such a way that no detailed calculations:are needed to decide whether or not
alsplit is needed. The drawback is that the formulation is not/‘software proof”. This is not a problem,
because the zoning is done before the actual calculation is-dohe; or even before the actual gathering of
dptailed (e.g. building envelope) properties is done.

T

a

his need to split can for instance occur in case of,large differences in glazing area in the facade(s)
nd/or large differences in solar shading provisions:

I some countries the thermal zone is split if e;g: only one part is a daylight section or if only one part is
¢rviced by a DHW system. The reason is the effect on the internal heat gains. This is implicitly taken
nto account in the condition given herefbut only if it is estimated to have a significant effect on the
jternal gains.

—— e

his can for instance occur in case’of large differences in glazing area or orientation of the facades if
bt compensated by adequatetsolar shading provisions. But e.g. also in case of large differencgs in heat
ssipated by artificial lighting or (less likely) domestic hot water system. See also Note 1.

s

(=)

4.2.7 Zoning step 8-’ (Further) grouping of thermally unconditioned zones

Z

lo additional infgrmation beyond the accompanying document.

(=)

4.2.8 Zoning step 9 - Simplification in case of small thermal zones

=z

lo additional information beyond the accompanying document.

64.2.9 Zoning Step 10 Qimp“ﬁrofinn incase nfvnr;r small fl‘lermnl zones
(=]

No additional information beyond the accompanying document.

6.4.3 Size of the thermal zones

No additional information beyond the accompanying document.

6.4.4 Heat exchange between thermal zones and service areas

If heat is exchanged between a thermal zone and a system related service area, the assignment rules
given in ISO 52000-1:2017, 10.5, apply.
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For instance, if recoverable system losses need to be taken into account in a thermal zone and the
involved system related service area spans two or more thermal zone, or only a part of a thermal zone.
Or, vice versa, if the indoor temperature or energy needs for heating and cooling from a thermal zone is
needed as input for a service area. This is extensively explained in ISO/TR 52000-2.

6.4.5 Adjacent thermally unconditioned zones

The choice between the two types of thermally unconditioned zones is mainly practical: if it is easier to
assess the thermal properties of the external partition, then the second type (internal unconditioned

Zone) cap-be-preferred.-However-this second-tvpe is not suited for spaceswith high internal and solar
i 7 P g =]

gains, as|explained further on.

zte ztc
Utr;iu (eint Utr;ie (eint - ee:a)
(1'bztu) Utr;ue
j
a): h; ztue b): h; ztui
Ztc Ztc

) tr;ue(gint - ee;aJ

tr;iu (eint - ee;a)

=

c): m; ztue d): m; ztui

Key

—_—

a) and c) External thermally unconditioned zone (ztue): internal construction of ztu is better known than externp
constructjon b) and d)

Internal thermallysunconditioned zone (ztui): external construction of ztu is better known than internal constructign
a) and b){hotxly method c) and d): monthly method

Figure 4 — External versus internal thermally unconditioned zones (illustration including
formulae for thermal transmission as introduced in the next clauses)

The reason that type 2 (internal unconditioned zone) is not suitable for sunspaces or atria is, that
the effect of the heat gains on the thermal balance in the thermal zone can be overestimated, despite
the applied reduction factor (1-b), as shown further on. Type 2 is particularly suited for, for example,
thermally unconditioned staircases that share more or less the external walls of the building with the
thermally conditioned spaces, such as in a portico flat building.
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An overview of the differences and similarities in treatment of heat transfer and heat gains in case of
type 1 (external unconditioned zone) and type 2 (internal unconditioned zone), both for the hourly and
the monthly calculation method is given in the following table:

Table 1 — Overview of the two types to deal with thermally unconditioned zones

Quantity

Hourly calculation procedures

Monthly calculation procedures

Approach

| Comments

Approach

Comments

Type 1, External unc

onditioned zone (ztue):

ture of ZTU (see above)

temperature of ZTU,
as function of tem-
perature of adjacent
ZTC(s))a

added t0 the gains in
ZTC,butadjusted with
(1-H)

Transmission heat|External temperature | Temperature ZTU is|Transmission heat
tfansfer through ZTU |is temperature of ZTU, | calculated as function |transfer is adjusted
instead of outdoor|ofadjustment factor b|with adjustment fac-
temperature plus effect of gains |tor b
Ventilation heat trans- | External temperature Ventilation heat trans;
fer from ZTU is temperature of ZTU, feris adjusted with ad-
instead of outdoor justment factord
temperature
(fains inside ZTU Included in tempera-|Optional: maximum to|Gains inside.ZTU are|Maximum tq gains in

heating mod

e a

o |

'ype 2, Internal unconditioned zone (ztui):

added to the gains in
ZTC, butadjusted with
(1-b)

because minor influ-
ence

added to the gains in
ZTC, butadjusted with
(1-b)

Transmission heat|Thermal resistance Transmission heat
tfansfer through ZTU |of external parti- transfer through

tion is adjusted with external partition

1/(1-b) is adjusted with

(1-b)

Vlentilation heat trans- | Ventilation heat trans- Ventilation heat trans-
fer from ZTU feris adjusted with ad- ferisadjusted with ad-

justment factor b justment factor b
(Jains inside ZTU Gains inside ZTUlare |Maximum not needed | Gains inside ZTU are|Maximum n¢t needed

because mir
ence

or influ-

NN =hm o

TC: (adjacent)thermall

TU: thermally uneonditioned zone

y conditioned zone(s)

The maximum is introduced to avoid the need to calculate in full detail the thermal balance in the
nconditioned zone, includingthe use of measures to avoid excessive overheating by solar shading or extra venti

or the hourly method theyvalue is a compromise to avoid overestimation of gains for heating and underestimatid
r cooling. For the monthly method it is a conservative choice, both for the heating and for the cooling mode.

thermally
ation.

n of gains

6
t1

4.5:1

In 6.4.5.4, concerning the default value for the contribution of ventilation in the
ansfer coefficient through the external partition

heat

Due to air circulation from outside, through the external partition, back to outside, the ventilation rate
through the external partition is often much larger than the ventilation rate through the internal partition.
In particular if the external partition is thermally less insulated, it is probably also more air leaky.

6.4.6 Residential buildings or building units, adjustment for spatial average temperature

6.4.6.1 Simple method to adjust the set point temperature in residential buildings taking into
account moderately versus fully conditioned spaces - Short description

For residential buildings where parts of the dwelling are predominantly thermally unconditioned (e.g.
master and/or spare bedrooms, study, attic within the thermal envelope), the set-point temperature for

© IS0 2017 - All rights re
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heating and cooling that is based on the requirements of the living room (plus kitchen, etc.) is adjusted,
if the dwelling is calculated as a single zone. The adjustment depends on the ratio between the overall
heat transfer coefficient (transmission and ventilation) between these distinguished parts in the
dwelling and the overall heat transfer coefficient (transmission and ventilation) between the building
and external environment.

This leads to the formula given in ISO 52016-1:2017, 6.4.6.

The fixed values will lead to a rough approximation. A more refined approach is not justified because
the actual variations of occupant behaviour in practice, certainly at individual space level, will be large
and unpfedictable and the required extra information on the properties of the internal constructions
and intefnal air flow circulations is normally highly uncertain. The most important effect is that the
trend is represented: more effect in badly insulated buildings than in highly insulated buildings. S¢e
also the worked example further on.

For cooling this is a conservative approach, justified by the fact that it is undesirable"to” allow high
temperagures in the moderately conditioned spaces, while the than the heat transfef)by transmissiqn
and ventjilation. Moreover, the heat transfer coefficients can be variable, for instance/due to night tine
ventilatiye cooling, the heat gains are often more important

6.4.6.2 | Background

Residentjial buildings contain spaces that are used for inhabitants to live-in, and other spaces. The othé¢r
spaces chn e.g. be unheated (unconditioned) spaces. The living spaces comprise living room, kitchep,
bathroornr, bedrooms, spaces for study and/or hobby and combinations of these.

The living room plus (depending on the national tradition or regulations) e.g. the kitchen and bathroomn
are assumed to be fully heated/conditioned (“fully conditioned”): the temperature set point for the
calculatipn of the energy needs for heating and cooling,is-set to a level that provides adequate thermal
comfort.,| At national or regional level a correction fer‘hight time temperature set back can be addqd
plus the terms when and how energy use for heating-and cooling are taken into account.

Some of[the spaces, such as bedrooms, spaces for study and/or hobby and combinations of these are
only hedted/conditioned partially (“modetrately conditioned”), depending on the occupation; for
instance|only a few days per week or alfew hours per day heated/conditioned at high comfort levgl
(same as|living room) and for the other days often at a reduced comfort level.

The uncpnditioned spaces are taken into account in ISO 52016-1 by the adjustment factor bt and by,
for the agljusted temperature difference between the conditioned and unheated spaces compared to the
indoor-outdoor temperature.difference.

For taking into accounf-the temperature difference between fully conditioned and moderate
conditioped spaces, 480" 13790 does not provide a method, unless the building is partitioned int
different zones, one/for the fully conditioned, the other for the moderately conditioned spaces. Sug
partitior]ing is hewever not evident: is severely complicates the gathering of input data and it can &
impossilile (otragainst national/regional regulations) to assign a specific use to specific spaces.

the lattercase only a certain (nationally set) percentage of the living spaces is assumed to be ful

< oD o Soo0%

To take into account the difference in fully and moderately conditioned living spaces, it is not sufficient
to assume a reduced temperature set point. For instance: 20 °C for fully conditioned spaces leads to 18
°C as average indoor set point temperature for all conditioned spaces. This is because this reduction
strongly depends on the spatial temperature levelling inside the building, which is a function of the
ratio between the overall heat transfer coefficient between the fully conditioned and the moderately
conditioned spaces and the overall heat transfer coefficient of the building envelope.

In other words: the moderately conditioned spaces will obtain some of the heat (cold) by transmission
and ventilation from the fully conditioned spaces. This levelling of the internal temperature between
the different spaces in the building will be much more significant in case of a highly insulated and
airtight building envelope.
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e.g. Unconditioned attic

A
Moderately conditioned T
spaces (e.g. bedrooms, Adjustment —
study) of set point
temperature

Fully conditioned spaces (e.g.
living room)

/ v
Mix of fully and moderately

conditioned spaces, With
adjusted setpoint

The value of the adjusted set peint can be
approximated as a simple.function of the ovgrall
external heat transfer/coefficient for transmjfssion

. and ventilation.
Similar for apartment; floorplan:

Adjustment
— | of'set point
témperature

+ O

Figure 5 — Illustration of the adjustment explained in the text

—3

his is one of the reasons why it makes sense to make a difference between the set point tempefrature of
“passive house” and an old uhinsulated house.

s8]

Nlote that other reasons forya temperature difference between poorly and highly insulated buildings in
general are (for heatingy but similarly mutatis mutandis for cooling): are already taken into a¢count in
130 52016-1:

- Solar heat gains are more often a surplus in highly insulated building, leading to an increas¢d indoor
temperature. This effect is already taken into account in ISO 52016-1 by the gain utilizatipn factor
(monthly method) or by the hourly heat balance (hourly method).

- Airtemperature in older buildings is often lower due to higher air leakages. This effect i$ already
taken into account in ISO 52016-1 by recommending the use of the operative temperatulre as set
e : . . e ture.

— Older buildings are typically heated/conditioned at a reduced comfort level. If this effect is taken
into account in the energy performance calculation it leads to a bonus for bad comfort. Therefore,
the usual nationally/regionally determined assumption is that the calculation is to be done at equal
thermal comfort level for the living spaces.

— Poorly insulated buildings have a lower time constant, so the effect of night time temperature
set back is larger. This effect is already taken into account in ISO 52016-1 by the correction for
intermittency (monthly method: a function of the time constant and other parameters) or by the
hourly calculation (hourly method).
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6.4.6.3 Solution

Introduction of a factor taking into account the variation in spatial temperature levelling for the
conditioned spaces inside dwellings, as a function of the overall heat transfer coefficient of the building
envelope.

The method is intended for use in case the fully conditioned spaces (such as living room, kitchen, etc.)
and the moderately conditioned spaces (such as bedrooms, studies), for reasons explained above, are
not calculated as separate calculation zones.

The resyttisaToTTECtEd AVETage SELPOITIt tEMPETrature tat 15 a few degrees tower for otd uminsutatgd
dwellings than for e.g. passive solar houses.

6.4.6.4 | Method

See ISO $2016-1. The formula is simply calculating the average temperature in the residential building,
assuminp two zones: zone 1 is kept at the set point temperature, zone 2 has a free floating temperature
during pprt of the time. The temperature in zone 2 is the weighted average of the-temperature of zone
1 and the outdoor temperature. The weighting depends on the ratio between the internal and external
overall heat transfer coefficients.

The intefnal and solar gains are not taken into account, because thesecarée taken into account by the
gain utiljzation factor.

Night anfl/or day time temperature set back is not taken into acceunt because it would introduce extra
complex]ty which is not justified.

NOTE 1 | Butto be considered in later stage: to apply the corregtion also to the lower set point.

The fixegl values will lead to a rough approximation. A\more refined approach is not justified becauge
the actual variations of occupant behaviour in practiee, certainly at individual space level, will be large
and unpredictable and the required extra information on the properties of the internal constructions
and intefnal air flow circulations is normally highly uncertain. The most important effect is that the
trend is fepresented: more effect in badly insulated buildings than in highly insulated buildings.

See also fhe worked example further on.
NOTE 2 | He;H;spec is in itself a function’ of the set point temperature (via Hir;q and Hye;y which are adjustg¢d
for the infdoor-outdoor temperature difference) a calculation loop can be created, unless Hir;q and Hye;H are npt
dependerlt of the adjusted set point.

The samp approach, mutatismutandis, can be used for adjusting the cooling set point.
EXAMPLE Values for'the fixed parameters: Hint;spec = 2 W/(m2-K); fmod;sp = 0,5; fmod;t = 0,8. Conditions: Oefm
=5°C; eirt;set;H =20°C:

Tabl¢ 2 —Example of adjustment for spatial average temperature in residential buildings

Type of tesidential building Poorly insulated Highly insulated Passive house like
He;1;spec (W/(m2-K)) 2,0 0,8 0,4
Oint;set:H (°C) 18,0 19,0 19,5

Conclusion: the correction is both simple and significant.

6.4.7 Thermally coupled or uncoupled zones

The calculations are done per so called “thermal zone”, a concept that is introduced in ISO 52000-1[3].
It is up to national or regional choice to calculate different zones separately or thermally coupled. The
main reasons for choosing for uncoupled zones is the lack of reliable input data on the heat exchange
properties (thermal transmission, air circulation and ventilation) between zones plus the impact of
variable user behaviour.
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A multi-zone calculation with interactions between the zones requires significantly more and often
arbitrary input data (on transmission properties and air flow direction and size). It can also lead to other
technical and procedural complications that add uncertainties to the quality of the results, such as:

— possible constraints in the building regulations on the zoning rules (freedom of internal
partitioning; and

— definitions of zoning in the case of combined use; e.g. a hospital generally also includes an office
section, a restaurant section, etc.).

L. i | 1. e 1 4=l - 1 " Vol B dl dne 1. | Faa | d e
ITUurl tIIcI LUlllpllLdLlUll CdlIl UC LT IITIVUIVCIIICIIU O UITICI CIIU llCdLllls, LUUlllls dllIt VCIIUIIAdUIUII by‘ tems fOI‘
fferent zones, which adds to the complexity and arbitrariness of the input and modelling;

o 2>

—3

herefore, the benefits of calculations with thermally coupled zones can be smaller than the drawbacks.

o)}

.5 Hourly calculation procedures

(=)

5.1 Principle

Z

lo additional information beyond the accompanying document.

m

ktensive information is already given in 5.2.1.

(=)

5.2 Applicable time interval and calculation period

Z

lo additional information beyond the accompanying dogument.

(=)

5.3 Assumptions and specific conditions

—

his subclause in ISO 52016-1 shows that. the same simplifications apply as in many full [dynamic
simulation methods. There are only a few additional simplification and most of these are inherited from
ther EPB standards.

Qo

Alfew simplifications have been introduced to ensure that the number of input data for the user is the
hme or similar to those for the menthly calculation procedures. These are:

(%)

- calculation of view facters between the internal facing surfaces of the construction elerhents. To
avoid that the specificpesition of the construction is needed as input, these are simplified. However,
the possibility for@amore detailed approach is offered, as explained in ISO 52016-1:2017, 6|5.7.3.1;

— calculation ofthe dynamic heat transfer inside construction elements. To avoid that theg specific
composition of‘each layer of the construction is needed as input, these are simplified. However, the
possibilityfor a more detailed approach is offered, as explained in ISO 52016-1:2017, 6.5.7.3.1;

— calculation of the variable solar transmittance of transparent elements (e.g. elements with [Venetian
blinds or other components with solar angle varying properties). To avoid that the solar [azimuth
and altitude) angle dependent properties of the transparent elements is needed as input, ajconstant

aluacic accnimad
voraCo oo arttr

6.5.4 Calculation procedure

6.5.4.1 On 6.5.4.1 Application - Calculation of the basic loads and needs and system specific
loads and needs

See also 5.2.4 (choice between basic and system specific needs calculation) and compare 6.6.4 (monthly
method).
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Concerning the basic loads and needs calculation

This is the calculation of the loads and needs without the influence of a specific choice of technical

building

systems.

Excluded provisions are obtained from the relevant clauses of the standard under EPB module M2-4
(ISO 52018-1). This is not a trivial choice: if certain system related provisions (e.g. a high performance
ventilation heat recovery unit) are ignored, the actual thermal balance can be far away from the real
situation: the calculated heating season becomes much longer, the solar and internal heat gains are
much better utilized than in reality, the effect of e.g. temperature set back is much larger than in reality

and on
to decid
technica

6.5.4.3

In case o
with oth

e other hand the effects of solar shading provisions are much smaller. It is also not trivi
e what a system component is. For instance, movable shading is typically not regarded-as
building system component. But what about a mechanically controlled vent opening?

Concerning system specific calculation

f an undersized or absent heating or cooling system, a level playing field in.the comparisd
er buildings can only be maintained:

— if thle report of the system specific energy use is accompanied by a warning that possibly th

stan
— ifth
— ifan

Thisisr
explanat]

The outy
of the hd
output).

6.5.5

For each
load are

1) The
The

temperature is lower thian the heating set-point int;set;n. This usually happens in the boost period.

2) The
equd
3) The
cool

dard conditions of use are not met by the system, or
e system specific energy use is calculated with a properly dimehsioned fictitious system, or
pther kind of penalty is introduced.

blated to the chosen principle of assumed or presenceyof systems. See ISO 52000-1 with mot
ion in ISO/TR 52000-2.

ut of ISO 52016-1:2017 comprises the calculated monthly and annual amount of undersizix
ating and cooling systems for different thréesholds (see 6.5.15, key monthly data from hour

Calculation of (sensible) heating.and cooling loads and temperatures

hour and each zone the actual intérnal operative temperature and the actual heating or coolix
calculated using a step-wise-procedure. [llustration of the five situations that can occur:

thermal zone requires heating and the heating power is not sufficient to obtain the set-poin
heating need is limited to the maximum available heating power and the calculated intern

thermal zongrequires heating and the heating power is sufficient. The internal temperature
1 to Bint;setsy-and the calculated heating need is lower than its maximum value.

thermal*zone requires neither heating nor cooling (free floating conditions). No heating
ngAs applied, and the internal temperature is calculated.

h1
a

g

t.
h1

IS

4) The

1 1 : 1. 1 L] 1: : £ 4T e 14 4
IITT 4l ZUTIC TTUUIT TS LOULIITE 4dITU LT COULLTs pUWCT IS SUITICITIIL. THT LT IAD (TP dtulc

equal to Oing;set;c and the calculated cooling need is lower than its maximum value.

S

5) The thermal zone requires cooling and the cooling power is not sufficient. The cooling need is
limited to the maximum available cooling power. The calculated internal temperature is higher
than the cooling set-point Oint:set:c.

20
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Figure 6 — Thermal zone temperature behaviour versus system behaviour

6{5.6 Overall energy balance of a thermal zone

=)

5.6.1 Selected mathematical modelling

br the sake of reproducibility and transparency, ISO 52016-1 offers for the calculation of th
bating and cooling loadsd fully described mathematical formulation in the form of a n
ormulae per thermally-conditioned zone. Specific details of the formulae are open for choice at
" regional level (Anfiexes A and B).

o == T

The formulae iSO 52016-1:2017, 6.5.6, are in line with the generic calculation proce
140 52017-1,

Alfinite difference approach has been chosen, in which each building element is subdivided int
npiimbeér-of parallel layers and in which the time-differential is approximated as a discrete time

(pHC;ld = (pC;avail (max)
6,
int;set;C A\ 4
0 ‘4' e Cbm*;m = ¢r‘;m
A —
3 d)HC;ld =0
b \
int;set;H y —
emt;op 0 A > cz)HC;ld N d)H;ld
Phicid = Pravail (Nax)
Key
Symbols see text in ISO 52016-1
115 Thermal zone temperature behaviour, referring'to the five possible situations

e hourly
hatrix of
national

dures in

o a finite
interval.

In case of the standard assumptions, all the formulae involved are linear (or can be made ling

ar). This

means that there will be a square matrix of linear formulae that typically can be solved by standard

mathematical techniques, e.g. the so called “Gauss-Jordan elimination through pivoting”.
6.5.6.2 Global explanation of the formulae used in the hourly method

6.5.6.2.1 Formula for a single RC-node

In the finite difference approach, each building element is subdivided into a finite number of parallel
layers and the time-differential is approximated as a discrete time-interval in the following way,

illustrated by one RC-node:
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i;i+1
01 Hi+1

Figure 7 — Illustration of RC-model

The diffdrential formula for the temperature-as-function of time is approximated as a finite difference:a
temperature change per finite time step:

d9, C.

C; j = A_It ‘ (0i;t - 19i;t—1) ®

Similarly, the differential formula for the spatial temperature distribution is approximated by finite
resistang¢e elements.

This resuyilts in the folawing thermal balance formula for node i in time interval t:

C.

A_It. Uiy _19i;t—1) =H,; '(19i+1;t ~ Uy ) +D;, (#)
Unit: Wakt
where
Vit is the temperature of the node i at the given time interval ( t), in °C;

ittt is the temperature of the node i at the given time interval (t), in °C;
Vist1 is the temperature of the node i at the previous time interval ( t - At), in °C;

Hii is the conductance between node i and node i+1, in W/K;
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Cj The thermal capacity of the node i, J/(kg-K);
At is the time interval, in s;
D¢ is the power injected to node 7 at time interval t, in W.

The conductance is the reciprocal of the thermal resistance (“R”). When dealing with planes as

building

elements: H = A / R., where R is the thermal resistance of the layer of the building element per m?2 of

area and A4 is the area of the plane.

L Z

fference, with the distinction that the temperature difference is not with another noderat
iime step, but with the same node at the previous time interval. With At in seconds: k/Atrec
hit W/(m2-K): the same as the other coefficients.

o

(=)

5.6.2.2 Series of nodes

—3

he formulae for the building elements in ISO 52016-1:2017, 6.5.6, consistof series of such layd

&3]

hch building element is divided (discretized) into a number of parallellayers, separated by n
fternal (zone facing) surface node, the external surface node and nodes inside the building el¢

—

33|

KAMPLE In case of four layers, the building element has five nodes: pli=1, 2, ..., 5.

—3

he energy balance is set up for each node pli= 1, 2, ..., pln/of the building element eli . The
fgrmula for each building element is presented per square metre.

The power injected to a node can be, depending on the type of construction and the positi
dyer: absorbed solar radiation, emitted long wavé radiation to the sky, radiative part of the
bat gains and heating or cooling load.

=2

The conductance from the external surface\to the external environment consists of the sur
transfer coefficients by convection and (thermal) radiation, connected to the outdoor air temp|

The conductance from the internalssurface to the internal environment consists of the sur
tansfer coefficient by convection‘connected to the indoor air temperature and the surface heat
pefficient by (thermal) radiation; connected to the internal surfaces of the other construction

1} the thermal zone (radiative-heat exchange with view factors).

— N o+

Fpr unvented buildingrelements, cavities are simplified by one overall cavity resistance.

[

llustration of the REnetwork presentation per building element:

lote 1n Formula (Z) that the quantity (Cj / At) 1s similar to a conductance, multiplied by a temperature

he same
pives the

I'S:

bdes: the
rment.

balance

bn of the
internal

face heat
erature.

face heat
transfer
blements
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Fraction of

h diati Convective
Absorbed the ra 1at1vef part of
solar . lp;-:rt 0 internal heat ,
radiation mtzl'"na ee;t, direct solar
Usol;eli;1 Usolseli;2 Asoleli;3 v ag transm. and
seli; sol;eli; I g asol;eli;4 tr;ilnsn}. an heating or
ThermJFOlie“ ol;eli Leli Tt (iatmlg cooling load,
radiation cooling load
t
(7 U (7 g“"
li;1 eli;2 eli;3 ’
Qe,a = \)X] =
heli;l heli;Z heli;3 heli;4—
K. K. K. Keliza
eli;1 eli;2 eli;3 eli; 0

int;pmm

Figure 8 — Illustration of building element: so called electric equivalent “RC” model

For internal partitions and ground floor constructions specific.ddaptations are made.

For tran
number
the extel
being dif

sparent building elements the thermal mass can nermally be neglected. In that case t}
bf nodes is set to 2 (internal and external surface). Moreover, any solar radiation absorbed
nal surface or inside the transparent element (secondary solar heat gain) is approximated {
ectly transmitted to the internal environment\(thermal zone).

ht
NS

The num
the num

ber of formulae is equal to the number of-building elements in the thermal zone, multiplied h
per of nodes (temperatures) per building element.

y

6.5.6.2.3 Node numbering convention

In line wjith the international convention, the numbering of layers (nodes) in the construction element
is from dutside (node number pli 1Jto inside (node number pli = pln).

However
be the cq
software

in the early drafts ¢fISO 52016-1 the numbering was in the opposite direction. This can st
se in the calculatignrcores or some of the user interfaces of the accompanying spreadsheet ar
modules that were based on these drafts.

d

6.5.6.2.4 Internalbair node of the thermal zone

One extr
is conne

a formula is needed to solve the heat balance on the internal air node in the zone: this nod
cted.to all internal surfaces via the surface heat transfer coefficients by convection and

e
LS

connectgq

dto the outdoor air by thermal bridges, connected to ventilation supply air temperature v

a

the air flow rate and specific heat of air, is connected to the convective parts of the internal heat gains
and the heating or cooling load and to the convective part of the solar radiation that is transmitted
through transparent building elements.

The thermal radiation part is a simplification, ignoring long wave emissivities, thus long wave
reflections. In the sum over all building elements (elk), the actual building element (eli) itself is one of
the elements. The radiation exchange is approximated using the radiosity method (diffuse view or shape
factors) with view factors approximated as if all elements are on the surface of a globe: the surface
eli sees also itself. This approximation can be easily refined to take into account multiple reflections:
configuration factors instead of view factors). It only makes sense if also the positions of each element
(more than only the orientation and tilt) are taken into account. These refinements require extra input
data. It is questionable if the results will become more accurate. The effect is not large; the thermal
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radiative heat exchange in reality is influenced by furniture and plants; the air temperature is also an
approximation (disregarding horizontal and vertical stratification).

6.5.6.2.5 Rearrangement of terms

The energy balance per building element and the heat balance in the zone, described in the formulae in
[SO 52016-1 might be less recognizable, due to the following:

In ISO 52016-1:2017, 6.5.6, the formulae have been rearranged in such a way that all terms with
unknown temperatures (all nodes plus internal air) are placed at the left hand side of the formula and
all terms independent of these unknown temperatures are placed at the right hand side.

Fpr example for the single RC-node as presented above:

Rearranged formula for node i if the temperature 941t is also unknown (next nodey):
C; C;
E'ﬁi;t —Hy 0 tH 0 = E'ﬁi;t—1 + @, (3

=

earranged formula for node i if the temperature 9j+1;t is known, fordnstance: 9j+1;t is the oufdoor air
t¢mperature:

C.
L .9 +H.. -0 =

C.
Ap it iii Vit A_It'ﬁ' +H; -9 + @ 4)

ist—1 ;i e;a;t it

(=)

5.7 Type of construction dependent properties:of the nodes
6(5.7.1 On 6.5.7.2, Opaque elements (walls, roofs, etc.)

6(5.7.1.1 Concerning the specific heat. capacity of opaque elements

The classes for the specific heat capacity of opaque elements, km;op, are based on the classgs for the
internal heat capacity of the buildingzone, Cy,, as given in ISO 13790:2008, Table 12, assuming that Aot
%|1,5 Ayse- A more refined classification would not lead to a higher accuracy.

OTE The default specification of each class is given in ISO 52016-1:2017, Annex B.

iddle or evenly distributed is introduced as optional extra input (offered as a national choice] without
mplicating the ¢alculation method. This adds to the accuracy. To this extent, simple classes have been
introduced (Anhex A), with simple (informative) descriptions of the criteria for each class (Annex B).

N
The position of the capagity in the opaque construction element: near the inside, near the outsifle, in the
n
c

6{5.8 Thermal transmission properties

6{5:8.1 Concerning elements in thermal contact with the ground (1)

The output from ISO 13370, in terms of thermal transmission properties of building elements in thermal
contact with the ground, is needed as input in ISO 52016-1, for the monthly and the hourly calculation
procedures.

Due to the large inertia of the ground, the thermal transmittance through the ground floor is not a
linear function of the indoor-outdoor temperature difference.

ISO 13370 produces output that takes this into account, both for the hourly and the monthly
calculations of ISO 52016-1. For both methods, the basis for the output variables is the same (see 6.6.5
for the monthly method).
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For the hourly calculation, ISO 13370 produces a (constant) thermal resistance of a virtual layer of

the ground plus a monthly mean virtual ground temperature. In addition, another (fixed) layer with

a

certain thermal resistance and areal capacity is introduced in the model to take into account the hourly

and daily fluctuations within a month.

The background of this calculation procedure is given in ISO/TR 52019-2:2017, Annex C.

The calculation procedure for ISO 13370 has been demonstrated and validated for a slab-on-ground

floor, in the following way:

Becausep

Problem} for the monthly method, for the hourly method and/or for both. These problems have beg
solved in the final drafts of ISO 52016-1 and ISO 13370.

6.5.8.1.1 Input for hourly method of ISO 52016-1

The preparation of the ISO/DIS 52016-1 spreadsheet revealed a few sherteomings with respect {
the formpulae for the effective thermal resistance of the floor construction(including the effect of th
ground) jand the thermal resistance of the fixed and virtual layer and thevirtual ground temperature

6.5.8.1.1 More direct way to calculate the effective thermal tesistance of the floor including th
effect of|the ground

First, from the spreadsheet validation exercises it appéared that the calculation of the effectiy
thermal resistance of the floor including the effect of the'ground, Rg.f; contained a long unnecessat
detour. There is a much more direct way to calculate this quantity. The new formula is adopted
[SO 13370:2017, 7.6.

6.5.8.1.3 Thermal bridge should not be integrated in virtual temperature

The validation exercises using the spreadsheet revealed that with the procedures in ISO/DIS 13370:201
(based op ISO 13370:2007), the virtual ground temperature can reach an extremely low value in case
an edge thermal bridge associated to'the wall/floor junction.

The thermal resistance of the“vyirtual ground layer is constant, so the extra heat transfer due to th
edge thermal bridge can ofily be obtained by increasing the temperature difference over this virtu
layer. Repult: a (sometimes)yextremely) low virtual ground temperature.

The soldtion is simple and obvious: calculate the edge thermal bridge associated to the wall/flo
junction|as a separtate term, like it is done for the monthly method. It could not have been subjected {
the samd inertia-as the area thermal transmission anyway.

See the gxample in the following table:

W

y
n
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Table 3 — Example of effect of linear thermal bridge on the virtual ground temperature

T
(dnd corresponding changes in ISO 52016-1):

thermal bridge effect from the heat flow. See the formula’ for the virtual ground tempef
[§0 13370:2017, F.2, the thermal bridge term is explicitly.subtracted from the heat flow term.

Change 2: Add the edge thermal bridge heat flow as‘a separate term, without inertia in th
fgrmula and as output (same as all other linear thérmal bridges).

Change 3: The monthly heat flow in ISO/DIS @3370:2015 (as in ISO 13370:2007) consisted of
state term, a periodic term to account for menthly variations of the internal temperature and a|
térm to account for monthly variations.jn the external temperature. The thermal bridge ef
ifcluded in the steady state term. However, the monthly (edge) thermal bridge effect is a ter
ploportional to the monthly indoer-outdoor temperature difference and not a constant heat f
the year. Consequently, this term has been removed from the steady state term (by changing fr
UA) and added as separate term. See ISO 13370:2017, C.3.

6(5.8.1.4 Concerning eléments in thermal contact with the ground (2)

6({5.8.1.4.1 Modelling ground floor for hourly method in ISO 52016-1; distribution of th
hd solar properties over the nodes

)

I ISO 52016*1 each opaque building element consists of five nodes: two surface nodes and thr
11side the“eonstruction (four layers per building element).

—

Monthly values of the virtual ground temperature @ye;m (°C)

Month 1 2 3 4 5 6 7 8 9 10 11 12
Case A 6,99 6,49 693 | 819 | 994 | 11,70 | 13,01 | 13,51 | 13,07 | 11,81 | 10,06 | 8,30
Case B 521 4,71 515 | 6,41 | 8,16 9,92 11,23 | 11,73 | 11,29 | 10,03 8,28 6,51
Case C 1,65 1,15 1,59 | 2,85 | 4,60 6,36 7,67 8,17 7,73 6,46 4,72 2,95
With edge thermal bridge included in the virtual ground layer, thus affecting the virtual temperature (before revision of
[SO 13370 in 2016):
(ase A: For thermal bridge: Iy = 0 m ¥k = 0,00 W/(m-K)
(ase B: For thermal bridge: Iy = 38 m ¥k = 0,05 W/(m-K)
(ase C: For thermal bridge: Iy = 38 m ¥k = 0,15 W/(m-K)
With edge thermal bridge kept separate from the virtual ground layer, thus not affecting the virtual temperatjure (after
revision of ISO 13370 in 2016):
(ase A: For any thermal bridge (independent)
(ase B, C: Not applicable

his has been corrected in ISO 13370:2017. Actually, there were thrée’changes to make in I§0 13370

Change 1: In the formula to calculate the virtual temperature’in the ground: subtract the linear edge

ature in

e overall

a steady
periodic
fect was
m that is
low over
om Hg to

brmal

ee nodes

Wwo extra

Fprra ground floor element the same number of nodes is kept. But the ground floor needs t

1 L ) S 1 4o 1 ay O 4] 41 1 P ) d_£] 1 4 1
dyClS [BTC HITTUUuuttivlil dUUVT). UlIl LT ULITT 114114, TIT g1 UOUIlu TTI0UL 1145 11U TALTT 4D SUl

exchange coefficients.
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Thermal Thermal Thermal resistance
resistance of resistance of of floor Fraction of
virtual fixed ground construction the radiative ~ Convective
ground layer layer (including effect of part of part of
A A gro}(md) internal heat, internal
{ \ { \ { direct solar ' heat,
transm.and direct solar

heating or transm. and

cooling load heating or
cooling load

egr'vi'm 0911;1 0911;2 0e11;3 6eli;4

[ Reii;1 Reyi;2 Reii;3

Keiij1 =0 Keli;2 Keli;3 Keli;a Keli;s eint;r;mn

Figure 9 — Illustration of layer distribution‘ground floor

NOTE The BESTEST cases (see 7.2, validation) avoid heat-transfer through a ground floor. Instead, the
instructigns for these BESTEST cases in ANSI/ASHRAE 140[24]\state that the ground floor should be modellgd
as an opafjue construction a fictitious thick thermal insulationlayer behind the floor construction. This thermpl
insulatiof layer cannot be added to the value for the thesmal resistance of the construction itself, because |n
that case|also (part of) the mass of the construction might be hidden behind (part of) this fictitious thermpl
insulation layer. Instead: the thermal resistance ofithe fictitious layer replaces the thermal resistance betwegn
node 1 arjd 2 (the most external layer).

6.5.8.2 | Windows

The intefnal and external surface thermal resistance of window, door and curtain walling elements
for vertigal position are in accordance with ISO 10077-1:2017, Annex D, for conventional cases, becauge
the U-value is derived from tlie'thermal resistance of the window or door element (for a given position)
and the qurface resistances'for vertical position. In addition, in this way, for special cases, for example|a
low-emigsivity coating onthe outer surface of the interior pane, the effect of a higher surface resistange
is included in the thermial resistance of the window or door element.

6.5.9 Temperature of adjacent thermally unconditioned zone

See also p.4.5.0f this document.

Concerning the coefficient to limit the assumed temperature in the thermally unconditioned zone: if
the coefficient czty,h;max, for example, is set to zero, there is no maximum. If the coefficient is set to 1
the temperature will not exceed the temperature of the adjacent thermally conditioned zone(s). The
maximum is introduced to avoid the need to calculate in full detail the thermal balance in the thermally
unconditioned zone, including the use of measures to avoid excessive overheating by solar shading
or extra ventilation. The value can be a compromise to avoid overestimation of gains for heating and
underestimation of gains for cooling.

6.5.10 Ventilation heat transfer coefficient, supply temperature and moisture content

There is a difference between pre-heating or pre-cooling and air heating or cooling:
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In case of pre-heating or - cooling by mechanical ventilation, the energy loads for heating and cooling
are calculated with pre-set air supply temperature, e.g. as function of the season. This is determined in
the relevant system standard. The supply temperature is not immediately controlled by feedback from
the difference between the internal temperature of the thermal zone and the temperature set-point.

In case of air heating or cooling, the (air) heating or cooling system supplies the exact amount of heat or
cold to maintain the temperature set-point. Therefore, the supply temperature is fully controlled by the
internal temperature. There can be recirculation as well, to keep the supply temperature within certain
limits while still providing enough heat or cold.

[ that case the amount of heat or cold to be supplied by the (air] heating or cooling system‘Iin order
td maintain the temperature set-point is no different than the energy load for heating or ¢ooling. So it
if to be treated in the same way as the energy load for heating or cooling for a liquid hased hgating or
boling system.

Q

(=)

5.11 Thermal capacity of the internal environment of the thermal zone

Z

lo additional information beyond the accompanying document.

wn

be Annex B for explanation on informative default values.

6{5.12 Internal heat gains

%]

be also 6.4.5 of this document.

(@)

bncerning the coefficient to limit the assumed temperature in the thermally unconditioned gone: for
e external thermally unconditioned zones (see 6.4.5) the gains in the ztu are taken into account
1} the temperature of the ztu; see 6.5.9. On the othier hand, for the internal thermally uncorditioned
bnes (see 6.4.5) the gains in the ztu are taken into account by adding these to gains in the thermally
pnditioned zone, weighted with the factor (1 - bzrym), but without extra precaution o avoid
verestimation of the gains.

O A N =

wn

be also 6.5.9.

(=)

5.13 Solar gains

(@)

bncerning thermally unconditioned zones: similar as for internal gains, see 6.5.12.

5.14 Moisture content and latent heat load

he calculation of the required amount of moisture to be supplied to or extracted from the| thermal

6

The calculation consists of successive steps:

T

zpne to remain within the limits of the moisture set-points.

This leads to the humidification or dehumidification moisture load, in kgy20/s.

Thehumidification or dehumidification moistureload can be convertedtothelatentheat (hnmir ification
or dehumidification) load by multiplying the moisture load with the latent heat of evaporation.

However, this can be a bit more complicated, depending on the type of system.

6.5.14.1 Central (de-)humidification

In case of a central (de-)humidification system, the humidification or dehumidification moisture load is
covered by the air flow of the supply air of the mechanical ventilation.

In that case the output of ISO 52016-1 is the minimum or maximum required moisture content of
the supply air, based on a given air flow rate for mechanical ventilation.

© IS0 2017 - All rights reserved 29


https://standardsiso.com/api/?name=ffceb977b6b328c12d4c839f658157b5

ISO/TR

52016-2:2017(E)

Because it is not ensured that the system can supply or extract enough moisture via the mechanical
ventilation system, the (system specific) actual moisture content of the supply air is obtained from
the relevant system standard to recalculate the (system specific) actual moisture and latent heat
load and the (system specific) actual moisture content of the internal air in the zone.

The hourly output of ISO 52016-1 is the basic and system specific moisture load and latent heat load, the
required moisture content of the supply air and the actual internal air moisture content.

6.5.14.2

In case o

Local (de-)humidification

f local (de-)humidification or no (de-)humidification, there is no need to consider an interactid

with a system.

The reqyired amount of moisture to be supplied to or extracted from the thermal zoneto-rema

within t
(mechan|

e limits of the moisture set-points is based on the given moisture content of the;ventilatia
fical and natural ventilation and infiltration) air supply.

The humjidification or dehumidification moisture load is converted to the latent heat' thumidification
dehumidification) load by multiplying the moisture load with the latent heat of evaporation.

The houtly output of ISO 52016-1 is the moisture load, the latent heat load and-the internal air moistui

content.

6.5.15 C(alculation of key monthly data from hourly output

6.5.15.1

Monthly utilization factors

These dgta are essential for a quick understanding of the\main processes involved and as a means {
derive cdrrection and adjustment factors for the monthly method.

More ex

planation on the methods to derive the gain utilization factor for heating and heat transfy

utilizatign factor for cooling is given in K.3.

6.5.15.2

The key
systems

Monthly system undersizing, overheating and underheating

monthly data also compriséithe monthly amount of undersizing of the heating and coolir
for different thresholds.

Undersiging leads to “undertemperature” (undersized heating) or “overtemperature” (undersizg

cooling)|

The accumulated.tindertemperature (“underheating”) / overtemperature (“overheating”) aj

also proyided.

See also

discussioniné:.5.4 on basic energy needs versus system specific energy needs calculations.

6.6 Monthly calculation procedures

n

r

eI

g

6.6.1 Principle

No addit

ional information beyond the accompanying document.

Extensive information is already given in 5.2.2.

6.6.2 Applicable time interval and calculation period

The monthly method uses monthly climatic data and monthly mean conditions of use and occupancy

patterns

Because the physical processes are highly nonlinear (to start with because of the one-directional
set points for heating and cooling and the inertia of the building), there are many dynamic effects,

30
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which cannot be explicitly accounted for by taking monthly mean values. These are approximated by
correlation or simple correction factors.

Because there are possibly months with both heating and cooling needs, and because this cannot
be predicted without doing the actual calculation, for each month two independent calculations are
performed:

1) Calculation of the heating needs, with assumptions for the heating mode (e.g. on the use of solar
blinds, ventilation, etc.)

2 Catcutatiomrof-the Luuliug Treeds,with aSSUMpPtions forthe Luuhug Tode (C.g. omrtireusye of solar
blinds, ventilation, etc.)

I reality there will be days in heating mode and days, alternating, in cooling mode.

(=)

6.3 Assumptions

Z

lo additional information beyond the accompanying document.

(=)

6.4 Energy need for space heating and cooling

6/6.4.1 Concerning system specific energy needs

I case of an undersized or absent heating or cooling system{ajlevel playing field in the comparison with
other buildings can only be maintained if the report of the system specific energy use is accompanied
by a warning that possibly the standard conditions of\use are not met by the system; or thg system
pecific energy use is calculated with a properly dimensioned fictitious system.

%)

be also 5.2.4 (choice between basic and system,specific needs calculation) and see the more ¢xtensive
scussion in 6.5.4 (same subclause on the houtly method).

Q. Wn

6/6.4.2 On 6.6.4.2 Heating

=)

6.4.2.1 Concerning the overallmonthly heat balance formula

The terms “total heat transfer®'and “total heat gains” in the heat balance formulae are an approximate
hming. Heat balance:

Hy -A60 =Qg, (5)

=

pft hand side of the balance: in fact, the “total heat transfer” (Hyt) covers all terms in the energy
hlance thatsare proportional to the difference in temperature between the internal and [external
hvironment'(A6).

© o ™

Riight hand side of the balance: The “total heat gains” covers all other terms: the amounts of heat
(arteold) that are not proportional to the temperature difference, but “autonomous”, like the golar and
(most) internal heat gains.

The energy need for heating or cooling is then added (cooling: with negative sign) to the right hand side
of this formula, to avoid a too low temperature difference at the left hand side.

Although this, to a very great extent, corresponds to the actual heat transfer versus the actual heat
gains, there are situations where it is different.

For example, the extra heat transfer due to a sky temperature that is different from the external air
temperature, is a negative gain, because it is not proportional to the indoor-outdoor temperature
difference. The transmission heat transfer from a warmer external environment to the thermal zone is
a negative loss. See Annex K for more background information.
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6.6.4.2.2 Concerning the formula for the gain utilization factor

The second part of the first condition (if yg;ztc;m < 0 and Qu;gn;zte;m > 0) is introduced to avoid that the
heating needs are set to zero in the exceptional cases with small solar and internal gains, combined
with the negative gains from sky radiation.

The second condition (yH;zte;m > 2,0) is introduced to avoid that even in summer months the heating
need never becomes exactly zero (by the mathematical nature of the formulae). The need then becomes
a (very) small value, which is shown as zero due to rounding in the presentation, but in the internal
calculations it is not.

6.6.4.3 | On 6.6.4.3 Cooling

6.6.4.3.1 Concerning the formula for the heat transfer utilization factor

The condition (1/y¢:ztc;m) > 2,0 is introduced to avoid that even in winter months the ceeling need never
becomeg exactly zero (by the mathematical nature of the formulae). The need therbécomes a (very)
small value, which is shown as zero due to rounding in the presentation, but in théinternal calculations
it is not.

6.6.5 Heat transfer by transmission
6.6.5.1 | On 6.6.5.1 Calculation procedures

6.6.5.1.1 Concerning the two formulae for the total heat transfer by transmission for heating
and for ¢ooling

By convéntion, the heat transfer by transmission and\ventilation is from inside to outside. The heat
transfer or part of the heat transfer can have a negative sign during a certain period, in which case heat
is added|to the zone.

NOTE 1 | If the total heat transfer is negative,;yand the solar and internal gains are positive (more or lefs
theoretichlly: these could be negative, due to‘thermal radiation to the sky), the heat balance ratio is negatiy
while it i$ for sure that the heating need is zero; this situation is foreseen in the formulae of ISO 52016-1:201
6.6.10.2).

Ne

NOTE 2 | The negative heat transfer'eannot be confused with gains. See discussion in K.2.3 (Heat-balance ratip:
the differpnce between gains and-heat transfer) of this document.

6.6.5.1.2 Concerning the'heat transfer by transmission of building elements in thermal contact
with the ground

The outgut from IS©'13370, in terms of thermal transmission properties of building elements in thermal
contact yvith the-gfound, is needed as input in ISO 52016-1, for the monthly and the hourly calculatign
procedures.

D t t 1 H 43 £ 1 P2 S N 4+l 1 &+ 144 AN 1o 1o g €1 3 4
ue 0 1T Idl 5C IIICIT UiIad Ul LUIIT sl UUIIY, UIIT LIICT 11Idl LI allolirntitalitT uIll Uusu LIIC sl UuUullu 11Uvul 15 11IUL a

linear function of the indoor-outdoor temperature difference.

ISO 13370 produces output that takes this into account, both for the hourly and the monthly
calculations of ISO 52016-1. For both methods, the basis for the output variables is the same (see 6.5.8
for the discussion on the hourly method).

The calculation procedure for ISO 13370 has been demonstrated and validated for a slab-on-ground
floor, in the following way:

Because of the monthly variation of output, needed as input for ISO 52016-1, the spreadsheet
calculation for ISO 13370 (expanded to twelve months) has been fully integrated in the spreadsheet for
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[SO/DIS 52016-1:2015, connected to both the monthly and the hourly calculation of energy needs for
heating and cooling.

By doing this, a few problems related to the connection between these two documents came to light.
Problems for the monthly method, for the hourly method and/or for both. These problems have been
solved in the final drafts of ISO 52016-1 and ISO 13370.

6.6.5.1.3 Input for the monthly method of ISO 52016-1

What in essence is needed as input for [SO 52016-1 is the monthly mean heat flow through the ground
leor, including the effect of thermal inertia and including the effect of edge thermal bridges‘agsociated
t¢ the wall/floor junctions.

6(6.5.1.3.1 Heat flow

This value can be obtained directly from ISO 13370:2017, C.2.

However, this value is calculated on the basis of an annual mean indoor and outdoor temperafure plus
periodic (monthly) variation. In ISO 52016-1 the actual monthly mean‘eutdoor temperature|could be
npt exactly the same. And the actual monthly mean indoor temperatufe)in ISO 52016-1 is calciilated on
the basis of heating resp. cooling set point, intermittency and possibly? other correction factors.

o8]

Therefore, we would risk a large error in the heat flow through the ground floor if we would disregard
the specific conditions.

The original idea (in ISO 13370:2007) was to solve this problem by providing the monthly mean ground
hpat transfer coefficient, Hg m.
The ground heat transfer coefficient, Hg 1, in morith m is given by:
(¢}
H =—m (6)

g7m —_
0 int,m ee,m

NOTE The subscripts have been modified in ISO 52016-1 to be able to make distinctions, such as g|=glazing;
gr=ground; the differences in subscriptg are listed in the tables in ISO 52016-1 with the overview of input flata (6.3).
H

aving this quantity as inputin ISO 52016-1, the heat flow would be calculated by multiplication with
Je actual (calculated) temperature difference.

(=

owever, this calculation is done for each month, including the months with small (or even zero or
npgative) indoor-putdoor temperature difference. This can occur (and did occur during vplidation
ekercises), because’the monthly heat flow is not a linear function of the monthly mean temperature
dffference.
T

his problem has been solved by using as input 6.6.6.1.3.2.

6/6:5.1.3.2 Monthly heat transfer coefficient related to annual temperature difference

The ground heat transfer coefficient, Hg;an,m, in month m, based on annual temperature difference, is
given by

D
H - m (7)
g;an,m
6 intan ee,an
But again, if in ISO 52016-1, the monthly heat flow is calculated by multiplication of Hg;an,m with the
annual (calculated) temperature difference, then the differentiation of the indoor temperature over the

months is still lost.

On the other hand, if the monthly heat flow is calculated by multiplication of Hg;an m with the difference
between the actual (calculated) monthly indoor temperature minus the annual average outdoor
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temperature, then the effect of the variation in indoor temperature that is already calculated in
ISO 13370 and thus embedded in @,, is taken into account twice. However, this variation in indoor
temperature in ISO 13370 is small. The main point is that the effect of intermittency, chosen set points,
etc. is now reflected in the heat flow in [SO 52016-1.

Note that the monthly calculation method has several other limitations due to which attempts to reach
high accuracy are not justified. For instance: the separate calculation of energy need for heating and
energy need for cooling for each month, without any interaction, each with their own assumptions on
conditions of use.

So this l4d finally to the formulae in ISO 52016-1:2017, 6.6.6.1:

QH/C:tF;m = ...t Hg;an;m '(qint,calc,H/C;m - qe;an ) -t ( 3)

6.6.5.1.3.3 Derivation of time constant in monthly method of ISO 52016-1

One issup remained to be solved: the monthly method in ISO 52016-1 needs the monthly time constant
for both the heating and the cooling mode.

The tim¢ constant is calculated as a thermal capacity divided by the (manthly) overall heat transfé¢r
coefficient for transmission and ventilation. The monthly overall cheat transfer coefficient for
transmigsion includes the thermal transmission through the ground.

But agaih, the value obtained from ISO 13370:2017, Annex C, isonot suitable as explained above. (n
the othef hand, the revised version, Hg;an m is also not suited, because it is not related to the monthly
temperature difference.

The solytion was to calculate a seasonal average overdll heat transfer coefficient for transmissign
through [the ground floor, adjusted for the seasonal temperature difference, see the new formulae |n
[SO 13370:2017, C.7:

Z Hg;an;m z (eint;m;H - ee;m;H)
_ mH

Ho g = X |
g Hiadj 6 6 (Oint;an = Ocan )
2 Hg;an;m 2 (eint;m;C B ee"m?C )
H |, =2 x T ul
g;Cladj 6 6% (Qint;an - ee;an )

with m;H is sum over Oct,~March (North hemisphere) or Apr - Sept (South hemisphere)
with m;{is sum oyverApr - Sept (North hemisphere) or Oct - March (South hemisphere)

These vdlues are now used in the calculation of the time constants in ISO 52016-1:2017, 6.6.11.4.

These fofmulae have been implemented in the ISO 52016-1 spreadsheet with satisfying results.

6.6.5.2 Concerning 6.6.5.2 - Overall heat transfer coefficient by transmission

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, because the
values depend on the choice of dimensions (internal, external, etc.), in such a way that the overall
thermal transmittance is the same (“communicating vessels”). These quantities are calculated in other
standards and listed in ISO 13789 as part of centralized data transfer to destination modules such as
this document. Another reason is to facilitate as alternative (e.g. for existing buildings) an aggregated
input, such as the overall heat transfer coefficient for thermal bridges.
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6.6.6 Heat transfer by ventilation

6.6.6.1 On 6.6.6.2 - Overall heat transfer coefficient by ventilation
There is a difference between pre-heating or pre-cooling and air heating or cooling:

See the explanation in 6.5.11 for the hourly method, which applies to the monthly method as well, if the
term “(hourly) load” is replaced by the term “(monthly) need”.

The dynamics correction factor corrects for significant differences between the patterp of the
ventilation rate and/or supply temperature over the day (hourly) and week (work days,/weekend) and
the pattern of indoor and/or outdoor temperature and/or energy needs. It can be argued that such
kind of corrections are already included in the gain and heat transfer utilization.factor curvds for the
heating and cooling needs respectively. In particular because any additional gorrection factof such as
this dynamics correction factor cannot be more than a rough approximation-and could easily(lead to a
fdlse sense of accuracy.

he Method B to obtain the value for the overall ventilation heat transfer coefficient from I§0 13789
nd ISO/TR 52019-2:2017, Annex ], is not applicable to the CEN area,because this is only a very crude
ethod. The CEN set of EPB standards comprises all necessarystandards needed for the asgessment
F the overall energy performance including the effect of specific ventilation systems. 1SO/TR 52019-
2017, Annex ] is the method of ISO 13790:2004.

NO S

6(6.7 Internal heat gains

=)

6.7.1 Concerning aggregated monthly input-data

(@)

bmmon cases of scaling are:

- multiply a daily value with the number of days of the month;

- divide a weekly value by 7 and thien multiply this value with the number of days of the month.

—

his procedure ensures thatweek days and weekend days are considered in the correct prop¢rtion on
long term (annual or multiannual) average.

5]

=)

6.8 Solar heat gains

=z

lo additional infermation beyond ISO 52016-1.

=)

6.9 Internal effective heat capacity of a zone

—3

he internal effective heat capacity of a zone is different from the heat capacity in the hourly mgthod. In
llle hourly method there are two “kinds” of thermal capacity:

=

— the thermal capacity of the internal environment of the thermal zone as such, consisting of air plus
furniture (6.5.12); and

— the thermal capacity of each construction element, divided over the layers (nodes).

In the monthly method the effective capacity combines the thermal capacity of the internal environment
and the thermal capacity of the construction elements into one aggregated quantity, considering from
the thermal capacity of the construction elements only the part that is “seen from the inside”.

The classes of the internal heat capacity for the simple method are the same as the classes for the
internal heat capacity of the building zone, Cy,, in ISO 13790:2008, Table 12.
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6.6.10 Utilization factors

6.6.10.1 On parameters for the gain utilization factor (heating)

In exceptional cases negative heat gains can occur in case of small solar and internal gains, combined
with the negative gains from sky radiation. With the utilization factor set to 1 the negative gains are
added to losses without reduction. If the heat balance ratio is negative due to negative overall heat

. L . 1
transfer, the heating needs are zero, which is the case with nygn.c.m =

H;ztc;m
Default Jalues of the reference numerical parameter, ay,o, and the reference time constant, ty,o, forthe
gain utiljzation factor were based on the values given in ISO 13790:2008, Table 9.

See also Annex K for an extensive explanation and derivation of the gain utilization factor.

The gain] utilization factor is defined independently of the heating system characteristics, assuming
perfect femperature control and infinite flexibility. A slowly responding heating system and a lesp-
than-perffect control system can significantly affect the use of the heat gains.

Figure 1) illustrates gain utilization factors for the monthly calculation method and for various tinje
constants.

annm
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1 1 1 1 1 =
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Key
tine constarnt of 8 h (low inertia)
tinfe constant of 1 d
tinfecconstant of 2 d

time constant ot 7 d

[ B O N S

time constant infinite (high inertia)

Figure 10 — Illustration of gain utilization factor for heating mode

6.6.10.2 On parameters for the heat transfer utilization factor (cooling)

Default values of the reference numerical parameter, ac,o, and the reference time constant, tc g, for the
heat transfer utilization factor were based on the values given in ISO 13790:2008, Table 10.
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See also Annex K for explanation and procedures for the derivation of the parameter values.
Bibliography [22] (PASSYS I SDT report), [30] (IEA Annex 12), section 2.1 of [31] (PASSYS II SDT report)
and [33] (ENPER study) provide background information on the development of the method.

The heat transfer utilization factor is defined independently of the cooling system characteristics,
assuming perfect temperature control and infinite flexibility. A slowly responding cooling system and a
less-than-perfect control system can significantly affect the utilization of the losses.

Figure 11 illustrates heat transfer utilization factors for the monthly calculation method and for various
time constants.
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Figure 11 — Illustration of heat transfer utilization factor, for cooling mode
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[SO 52016-1 contains a method to take into account intermittent heating and cooling, such as (depending
on the category of building and (nationally) specified conditions of use):

— heating and/or cooling thermostat night time set back (residential, non-residential);
— heating and/or cooling thermostat day time set back (e.g. residential);
— weekend reduction or interruption of heating and/or cooling (e.g. non-residential); and

— longer term reduction or interruption of heating and/or cooling (residential, non-residential; e.g.
holidays).
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On one extreme, if the intermittency period length is very large compared to the time constant of
the building (zone) the period with reduced heating and/or cooling can be calculated separately (see
IS0 52016-1:2017, 6.6.12.6).

For shorter intermittency period lengths (see ISO 52016-1:2017, 6.6.12.4 and 6.6.12.5), the indoor
temperature will gradually go down (period with heating need) or up (period with cooling need),
depending on the time constant of the building (zone) and the heat losses by transmission and
ventilation.

The challenge is to develop a simple method that provides a rough approximation of the mean internal
temperafure over the intermittency period, since a refined approximation would not be justifief,
because there are many inevitable simplifications anyway:

the monthly method is not capable to deal accurately with the dynamics in the heat balance‘(sée al4o
discussion in Annex I of this document, for instance:

— nodjstinction in ventilation rate, operation of solar blinds, internal heat gains (in¢hlighting) during
occypancy periods (e.g. office hours) and during the periods with reduced heating or cooling sdt-
poi;:lE temperature (e.g. for offices: nights and weekends): the monthly methiod-can only deal with
monjthly mean values;

— no djstinction between operational and air temperature;

— no plossibility to take into account a boost mode, with -optionally-'a maximum heating or coolifjg
powpr during the boost period; and

— nodjstinction between periods (e.g. days or hours) in heating or cooling mode - the monthly methqd
calctilates for each month both the heating need and the cooling need as two completely separate
calctyilations, without interaction.

6.6.12 (orrections for intermittency

6.6.12.1| Heating

The intermittency method for heating is(new compared to ISO 13790:2008. It is based on the formulge
for first prder (exponential) temperature decay.

Here belpw the formulae from 1SQ _13790:2008 are presented, followed by an explanation why thege
formulad need to be replaced.

Formulag from ISO 13790:2008:

In the cafe of intermittent heating which does not fulfil the conditions in the previous clause, the energy
need for fheating, Qgnd, interm, €Xpressed in megajoules, is calculated by using Formula (67):

QH,nd,interm="9H,red @H,nd,cont 67
where
QH,nd,cont is the energy need for continuous heating, calculated in accordance with 7.2.1.1, expressed

in megajoules;

aH,red is the dimensionless reduction factor for intermittent heating, determined in accordance
with Formula (68).

NOTE1  Occupant-related data for intermittent heating applies.
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The dimensionless reduction factor for intermittent heating, apreq is calculated as given by

Formula (68):

aH,red = 1- bH,red(TH,O/T)YH(l _fH,hr) (68)

with minimum value: ared 1 = fi,hr and maximum value: ay red = 1.

where

Sy is-thefractionof- the namberofhoursinthe-weelkwitharermalheatingsetpoint{rg reduced
set-point or switch-off), e.g. (14 x 5)/(24 x 7) = 0,42;

bi red is an empirical correlation factor; value by red = 3;

T is the time constant of the building zone, determined in accordance with(12.2.1.3, ekpressed
in hours;

TH,0 is the reference time constant for the heating mode, determined’in accordance with|12.2.1.1,
expressed in hours;

Yh is the heat-balance ratio for the heating mode, determinedin accordance with 12.2.1.1.

6.12.2 Problem with these formulae

he formula appears to lead to unintended results.

Fadually decreases and hence the heat transfersby-transmission and ventilation decrease. (
indoor temperature will not reach the lowered set*point during the period with reduced set-pq

[} any case, an estimate needs to be made fofithe correction (reduction) on the monthly mean d
between the set-point temperature and thié outdoor temperature which is used to calculate the
ttansmission and ventilation heat transfer.

bt to introduce, instead of this, a reduction factor on the monthly energy need for heating. In
the reduction factors for thevarious types of not-continuous heating and cooling would all be 11
fgctors on the calculated @nergy need for continuous heating and cooling.

However, for low energy buildings the energy need for heating is typically a small difference
tyo relatively large silumbers: heat transfer by transmission and ventilation minus (utilized) s
jternal gains.

—

6/6.12.3 Case

eatdransfer (= transmission and ventilation losses) = 100 kWh

6
T
The physical process is, that when the temperature set-point is lowered, the actual indoor temperature
g

ften the
int.

ifference
monthly

I ISO 13790:2008 it was decided'not to introduce such reduction factor on the temperature difference,

this way
eduction

between
olar and

If e.g. the effect of night time temperature set back (NTTB) is 5 % on the temperature difference:

Heat transfer (= transmission and ventilation losses) including NTTB = 0,95 x 100 = 95 kWh

6.6.12.4 Result
Heating need, continuous heating: 100 - 90 = 10 kWh
Heating need, NTTB: 95 -90 =5 kWh
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6.6.12.5 Discussion

So if the reduction factor for the reduced heating set point is applied on the energy need for heating (as
in ISO 13790:2008) the values would be very high (in the example: 0,5), while the actual reduction, on
the heat transfer, is much smaller (in the example: only 5 %).

And even worse: the actual reduction factor required for the monthly mean temperature difference is
smaller for buildings with better energy performance (less effect of night time temperature setback),
while due to the mechanism shown above, if the reduction factor is applied on the heating need, the
reduction factor becomes (much) stronger for buildings with better energy performance.

Of coursg, with a good estimate of the reduction factor, the effect will be the same.
But:
— thiskeemingly “inverse trend”, although in itself correct, is very difficult to explain;

— the reduction factor applied on the heating need pulls the physical mechanism out of its contexit:
espdcially in good energy performing buildings many other small uncertainties ini the heat transfer
havd the same relatively large effect on the heating need.

This effgdct was much less apparent in the past, with buildings with a poof-eiiergy performance, when
the heat|gains were normally much lower than the heat transfer (the hefat losses) by transmission and
ventilatipnd).

— The formula for the reduction factor was intended to take into account two facts:

— the fact that the effect of the intermittency increaseswith low inertia buildings (factor 7 in the
Henominator of the second term);

— the fact that the effect of the intermittency ontthe energy need for heating increases in case pf
higher ratio between gains and losses (seethe first point above). This is taken into account ljy
Vu in the numerator.

However, in the way it is formulated these twageffects are cancelled out: the factor t in the denominatgr
is inversgly proportional to (Hiy + Hye ), while yy in the numerator is also inversely proportional to (Hyr
+ Hye ).

Ergo: the reduction factor becomes independent of the specific heat losses, which is obviously npt
correct.

6.6.12.6| Solution

Both prgblems are solved if the reduction factor is directly applied on the temperature difference,
where it[belongs.

NOTE Theeason for applying, in ISO 13790:2008 the reduction factor to the energy needs for heating was
to have the same type of reduction factor for both heating and cooling and for both short and long intermitteng¢y
periods.

And if the reduction factor is directly applied on the temperature difference, it is better to introduce
separate reduction factors for night set back and for weekends, because of the different time scales
involved.

Also day time set back can be added.

This new method also covers the situation that in ISO 13790:2008 was separately described as “quasi-
continuous heating”.

1) In the past, the issue already arose for poorly performing buildings in months at the beginning and end of the
heating season. But on an annual basis the impact was smaller.
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6.6.12.7 New simple formulae in ISO 52016-1
See ISO 52016-1:2017, 6.6.12.4.

NOTE1 The notation of subscripts in this document are elaborated less precisely and less elaborated as in

ISO 52016-1.

The total dimensionless reduction factor on the indoor-outdoor temperature difference for intermittent

heating, anred;tot is approximated by multiplication of the individual reduction factors

(for day

time, night time and weekend set back or switch off). This is an approximation, justified because the

The individual reduction factors are the time weighted average of the set point temperaturg
ean temperature during the set-back period.

The mean temperature during set-back is calculated on the basis of first order expomnential decd
ifto account the time-average heat gains and an optional lower set-point.

The quantities are defined in ISO 52016-1.

Iff there is no lower set-point and if the period of intermittency is infipite, the temperature red
ree floating temperature”. It can be easily proven, that the tempefature difference between
ating temperature and outdoor, compared to the set-point temperature and outdoor, dfjoat,
eflual to the heat balance ratio, yy-m, the ratio between the heat-gains and the heat transfer

s¢t-point:

NOTE 2  This formula is precise if there is no overheating; thonthly balance:

0= (HH;tr + HH;ve ) ' (eint;ﬂoat;m _ee;m ) -At - QH;gn;m

(eint;ﬂoat - ee )

So: 0= QH;ht : 0 - QH;gn
( int;set;H — e)
Qy.
And thus: d6g . = gn _ Yy
QH;ht

However, if we refer to y, we may create a circular loop, so it is better to write:

QH;gn

HH;tr + HH;ve ) ’ (eint;set;H - ee ) - At
E case of strong overheating (large yy) there is no heating, so no decay. In case of moderate ove
e monthly'method is not accurate, but in that case accuracy is not expected.

de

float — (

— —

and the

y, taking

iIches the
the free
is simply
based on

(11)

(12)

(13)

(14)

Fheating,
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The temperature at time At; after the start of the decay is given by the following formula:

Aty
At _( /]
de[ %{] =0, +(1-dOg )€ H (15)
H;red

From this we can derive the mean temperature from start of decay until time Aty :

[ 1}
v [ A%I ]H;red;mn ) [ A% j (16

If the loyer set point is higher than the free float temperature and if the lower set\point is reachqd
before the end of the intermittency period, the decay is stopped. The time at which‘th€ lower set poipt
is reachdd is given by:

=
L

If dBset;Hlow > dBfloat:

AtH; .ed;loy — In (deset;H;low - deﬂoat) (1,7)
TH (1 - deﬂoat )
where:
AtH:red:1dw /TH is the time (compared to ty ) until thedower set-point is reached.

If this tifne is shorter than the length of the period with reduced set point, the average temperature fs
the weighted average of the mean temperature during the period before and the mean temperature
after reaching the lower limit.

The (relqtive) mean temperature until the\low set point is reached is given by:

A _[AtH;red;IO\% J
t T
H;red;l _ . — H
deﬂoat ’ [ e 0%1 ]+ (1 deﬂoat ) 1-e
AtH;red;lo% J — (18)
H Hired;mn AI'LH;red;low
Ty

Knowing that (se€ above, for At1 = AtH;red:low):

do

N\

_ AtH;red;lov/
H

=dg (Atl-l;red;low \ =dg

- T
L H )H;red

we can now simplify the formula for the mean temperature:

Aty od.
dOoat ( H'red’lo% )4' (1 _deset;H;low )

At
A6 red:iow:mn =40 H;red”"“/ = =0
;red;low;mn Ty red;mn AtH;red;low
TH

The mean temperature after the lower limit is reached is of course constant and equal to: d9set;H;low

de

N
H=
—

\ ray
¢

set;H;low

This leads us to the final step:
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If we define:

AtH;red;lo%
fH;red;low - At
H;red/
Ty

with (as shown earlier):

(21)

et
—

—

[

M

5 =

AtH;red;lo% — _In (deSEtiH.‘low N deﬂoat)
Ty (1-d6gy )
e can write as final step:

fH:red:low > 1, or if dBfjoat > dOset;H;low OF in case of switch off of the heating:

ean temperature over the whole period of reduction is (as shown aboveé;-for At; = Aty;red
porganized formula):

AtH'red
1-d6 —[ ' / ]
do = de (1= 46n0u) 1-e H

H;red;mn — d float + At
H;re%
Ty

In other cases:

ean temperature over the whole period of reduc¢tion

(1-de )
set;H;low
deH;red;mn = + fH;red;low ’ deﬂoalt + (1 - fH;red;low ) ’ deset;H;low
At
H;red
Ty

ODTE3  Maybe the value for At/tis useful as parameter to determine the boundary between t
ethod and the long periods ofauneccupancy according to ISO 52016-1:2017, 6.5.9.2.3.

(22)

; slightly

(23)

(24)

his decay
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1,20
1,00
0,80 E : —— (1)

\\ —®
0,60 \ — —3)

0,40 — — (4)
= (5)
0,20
0,00 . . . . . .
0 1 2 3 4 5 6
Key
(1 Momentary decay of the indoor-outdoor temperature difference as function’of tred/TH
(2) Time average decay of indoor-outdoor temperature difference from start of decay as function of tred/7H;
(3)-(5) [Same as (2), but weighted over the periods without and with intermittency. This is dred;H
3 Example for night time temperature set back (here: 7 times periweek, duration 8 hours);
(4) Example for day time temperature set back (here: 7 times;per'week, duration 10 hours);
(5) Example of weekend interruption (here: 1 time per weekyduration 48 hours)

Figure 12 — Intermittent heating: Illustration,of temperature decay as function of ratio
between time and time constant

6.6.12.8| Examples

No reduded set point, but switch off;

Table 4~ Intermittent heating examples 1 and 2

Example 1: TH 20|Example 2: TH 10p
YH 0,4 YH 0,4
Night set Daytime set | Weekend set Night set Daytime set | Weekend
back back back back back set back
Aty;red;y 8 10 48 8 10 4B
Nrep;red;y 7 7 1 7 7 il
fH;red;y 0,33 0,42 6,29 0,33 0,42 0,25
Aty;red;y/TH 0,40 0,50 2,40 0,08 0,10 0,48
dYf1oat 0,40 0,40 0,40 0,40 0,40 0,40
d9H;red;mn;y
without lower
limit 0,89 0,87 0,63 0,98 0,97 0,88
dOy;red;mn;y 0,89 0,87 0,63 0,98 0,97 0,88
aH;red;y 0,96 0,95 0,89 0,99 0,99 0,96
The content of the blanc cells is input; the content of the grey shaded cells is calculated
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Table 5 — Intermittent heating examples 3 and 4

Example 3: TH 20|Example 4: TH 100
YH 0,4 YH 0,4
Night set Daytime set | Weekend Daytime set | Weekend
back back set back Night set back back set back
Aty;red;y 8 10 48 8 10 48
Nrep;red;y 7 7 1 7 7 1
srodsy 0,33 0,42 0,29 0,33 0,42 0,29
Aty;red;y/TH 0,40 0,50 2,40 0,08 0, 0,48
4910at 0,40 0,40 0,40 0,40 0,40] 0,40
dIset;H;low;y 0,70 0,80 0,60 0,70 0,80 0,60
aeH;red;mn;y ?\‘O'
without lower "19
Ifmit 0,89 0,87 0,63 9@&) 0,97 0,88
Aty;red;low;y/TH 0,69 0,41 1,10 Ab@) 0,41 1,10
fHired;low;y 1,73 0,81 0,46 ,.O\ 8,66 4,05 2,29
aeH;red;mn;y g\\\o
ntil lower limit - 0,89 076| ., © - - -
dOH;red;mn;y 0,89 0,88 0,68},,0\ 0,98 0,97 0,88
Qsredsy 0,96 0,95 091[¢ 0,99 0,99 0,96
Tlhe content of the blank cells is input; the content of the grey shaded cells is calculated.
NOTE For old buildings we would expect the redtiction factor for night set back to be in the order df 0,9.

6/6.12.9 Combinations

Table 6 —C€ombined heating intermittencies

Temperature set back Example 3| Example 4

7 times per week: 0,91 0,98
day timeplus night time

Example 5 Example 6
5.times per week:
day time plus night time 0,94 0,99
5 times per week:
day time plus night time
plus
1 time per week:
weekend 0,85 0,95
The content of the blank cells is input; the content of the grey shaded cells is
calculated.

6.6.12.10 Corrections for intermittency, cooling

For intermittent cooling, the daytime is obviously more relevant than the night time. Even when there
are no or less temperature requirements during the daytime (in case of absence of occupants during
daytime), the day time thermal balance will have a large influence on the evening and night time
internal temperature (unless in case of very light constructions).
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Consequently, the reduction factor for cooling uses the number of consecutive intermittency days as
parameter.

In the case of cooling the reduction factor remains a reduction factor to the energy need for cooling,
because the indoor outdoor temperature difference is not the driving force (there may be cooling need
even if the temperature difference is zero).

6.6.12.11 Problem

However, for similar reasons as discussed for heating above, the formula needed to be changed and
simplifigd.

Moreovelr, the calculation of the energy need for cooling by a monthly calculation method requires-extra
precautipn anyway, because of the issues mentioned above.

6.6.12.1P Solution

The simplification is to omit the thermal inertia as parameter, because the effectyofthermal inertia fs
not straightforward and cannot be predicted without hourly calculation of all*the hourly phenomena
listed abpve.

NOTE 1 | This does not mean that the thermal inertia is not an important pakameter to calculate the monthfy
energy ng¢ed for cooling; this is expressed by the utilization factor curves.

Typically the time constant of a building is less than circa five days: Therefore, and because the mopt
obvious ppplication is in distinguishing different occupancy periods per week, it makes sense to use|a
simple fgrmula that relates the reduction factor to the numbefrof days in the week with no cooling needs.

NOTE 2 | Incase of reduced cooling set point during parts ofthe day, one assumes switch off and accept that tle
result is jot accurate, or use an hourly calculation method.

This leads to the formula given in ISO 52016-1.

The default value for the empirical correldtion factor bcreq is based on comparison of hourly
calculatipns with and without weekend interruption, using the test cases of EN 15265 (9], applied dn
three diffferent climates (see ISO 13790;2008, Annex H).

Table 7 — Example cooling intermittence

AtC;red;wknd 48
fC;red;wknd 0,29
bC;red;wknd 0,30
ac;red;wknd 0,80
The content of the blank cells is input; the content of the grey
shaded cells is calculated

NOTE 3 | Indeed, with this simple formula, the value of ac;red;wknd is a constant. For the monthly method a mofe
accurate resultis notjustitied.

6.6.13 Overheating indicator

When there would be no gains in a building, its temperature would never increase above the
temperature set-point. However, at times when the instantaneous total internal and solar heat gains
raise above the instantaneous heat losses, higher temperatures occur. These excess heat gains do not
immediately contribute to the heating needs, but cause overtemperatures.

So, in short, overheating is the result of (solar and internal) heat gains that are not utilized to decrease
the heating needs and which are not passively or actively cooled away.

46 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=ffceb977b6b328c12d4c839f658157b5

ISO/TR 52016-2:2017(E)

When these superfluous heat gains are divided by the overall transmission and ventilation heat loss
coefficient of the building, the time-integrated overtemperatures are obtained. As this value becomes
larger and larger, also the thermal comfort temperature gets more often exceeded. Extensive parameter
studies (see [36] to [40]) have shown that there is a good correlation between the thermal discomfort and
large values of the normalized non-useful gains. They can therefore be used as overheating indicator.
This indicator is also shown in K.4 of this document.

However, the main occurrence for overheating is in months where there is no heating. Therefore, it
makes no sense to “fabric” a heating, just to get a gain utilization factor, as proposed in studies
mentioned above. Moreover, if there is no heating, the gain utilization factor is known: it is simply equal
t¢ (1/yH;gn). Moreover, in case of heating the “overheating” is “corrupted” by the intermittenty of the
heating: if the temperature remains higher than the lower set-point, it is automatically included in the

”

verheating indicator. For that reason this is better called “superfluous heat” than “overheating”.

=

]

Sp, because the main occurrence for overheating is in months where there is no hedting we dan make
timore simple and just take the total balance as shown in K.3. In short: heat balance if no hgating or
boling:

a o=

Hht ' (eint;set N ee ) * Hht ’ (eint;mn - eint;set ) = an (25)

p—

flwe then use the set-point and boundary conditions for cooling, the€alculation is done

Nlote that there is no conflict with the formula using the gain utilization factor as proposed and yalidated
1} studies mentioned above; but in case of no heating the latter simply converts to the first.

—e

h the monthly mean temperature increase above the'¢ooling set-point is well suited as a first order
verheating indicator. A maximum value can be specified in project specifications or public regulations.
bove a (lower) threshold value, fictitious cooling'can be taken into account (cf. ISO 52018-[L[12] and
O/TR 52018-2[15]). Appropriate maximum and threshold values can be determined by establishing
lne correlation between the value of the overlieating indicator and discomfort as determined by hourly
cqlculations for a wide range of cases (geometry, thermal insulation level, ventilation rates,|thermal
njass, internal gains, window area and shading, etc.).
T

= >0 Ww

he set of boundary conditions under option A allows for the valuation of specific design features to
r¢duce the risk of overheating. Notably mobile solar shading and intensive ventilation for heatjremoval
fiom the building. By applying\typical values representative for warm periods, the maximum potential
of these approaches are cofisidered on a year-round basis. In reality, these anti-overheating means will
of course not be used_as-intensively outside periods with overheating risks, but by establighing the
plroper correlation with.the detailed, more realistic hourly simulations, useful maximum and threshold
vilues can neverthéless be obtained.

6(6.14 Lengthof the heating and cooling season for operation of season-length-dependept
provisions

=z

lo additional information beyond the accompanying document.

6.6.15 Humidification and dehumidification

This monthly method to calculate the latent energy need for humidification and dehumidification was
added to ISO 52016-1 because a monthly method was requested by some countries in their comments
to ISO/DIS 52016-1.

It is a simple method, using correlation factors. These factors highly depend on the climate. The values
can be provided at national or regional level by a national data sheet according to the normative
template in Annex A, replacing the informative default values provided in Annex B of ISO 52016-1.
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7 Quality control in ISO 52016-1

7.1 Calculation report

A plot of e.g. weekly averaged energy needs against outdoor temperature is strongly recommended
to obtain a quick impression of the important influential factors and to enable quick comparison with
similar plots that are frequently used in real buildings as indication of the energy quality. See the
discussion on the examples cases.

7.2 Hqurly method: verification cases

7.2.1 hoice for BESTEST cases

A subset|of the BESTEST cases as described in ASHRAE 140 [24] has been chosen as verification cases In
ISO 52016-1.

There arf two reasons for this choice:

— The [alculation engine used to generate the reference results for the validation cases in ISO 13791
is nqt accessible and other software tools applied on the test cases wete,-according to the experts
involved in the preparation of ISO 13791, not exactly in line with¢the calculation procedures pf
ISO 13791. Moreover, there are differences in the results for the same'cases between ISO 13791 arld
ISO 13792.

— Thefrelevant subset of BESTEST cases is similar to the testicases of ISO 13791, but well establishgqd
sinc¢ decades (several IEA ECBCS annexes and IEA SHC tasks), widely used worldwide, well describgd
(e.g.|ANSI/ASHRAE 140) and regularly extended with additional cases. The successive series of teft
casep are also very powerful as diagnostic tool. Renowned institutes participate in the set-up of the
test pases. The calculation results of several renowited software tools are available for comparisoh.
Examples of input data for BESTEST cases are\available for several building simulation tools ar{d
within different ICT environments.

The “drawback” of the BESTEST cases is thatithere is no single reference “true” result and no acceptange
criteria.

However, the hourly calculation procedures in ISO 52016-1 are fully described (‘prescribed’). This means
that the fesults of the test cases,should be the same for all users, if the same input data and boundayy
conditiofs are used. So there,is no need to validate application of ISO 52016-1. As a consequence, the
test casds and the results are-presented in the document, not to validate the method, but to enable|a
verification by others (e.g-seftware developers).

Of coursg, as part of the'development of this document, it is interesting to compare the results with the
results ayvailable fromrthe renowned software tools; some results are presented below.

The tern} “validation” is applicable if there are different calculation options. A method or tool is acceptgd
if its restilts"are within a given band width of reference results. The reference results are based on the
results of aset of renowned software tools, and/or based on results of a higher order (more detailed ¢r
analytical) method (if applicable) and/or based on measurements (empirical validation, if feasible).

EXAMPLE [SO 10211 on detailed.

The term “verification” is applicable if the calculation procedures are fully described. With the aid of
test cases it can be verified if a tool that is based on these procedures has correctly implemented the
procedures.

The same BESTEST cases are also used for the validation of the procedures in 1ISO 52010-1[12], to
calculate the distribution of solar radiation on a non-horizontal plane based on measured hourly solar
radiation data on a horizontal surface. These results are presented in ISO/TR 52010-2[13]. The results
of that calculation, the hourly irradiation at vertical planes of different orientation, are input for the
validation tests of ISO 52016-1.
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In the BESTEST cases the validation of the conversion to solar irradiance at vertical and tilted plane is
an intrinsic part of the validation of the calculated energy loads and needs and internal temperatures.
For the cases to verify against the hourly calculation procedures of ISO 52016-1 the solar irradiance
at the vertical planes is part of the input data set. So in this case the verification related to the hourly
method in ISO 52016-1 is separated from the verification of the solar conversion calculation procedures
in ISO 52010-1.

7.2.2 Description of the verification test cases

30 and 940 llghtwelght and heavywelght base case and with temperature setback for heating. More
dptails are given in 7.2.8.

712.3 Results of the verification test cases

—3

he results are presented in ISO 52016-1:2017, 7.2.4.

N

2.4 Comparison with available BESTEST results of other programs

—3

b build up extra confidence in the verification cases and results, the results of the verificatfon cases
in be compared with the results of the original reference caleulation programs or other tools

(@)

%]

be results presented in 7.2.8.

However, note that, as extensively discussed in ASHRAE 140, each program has some more|detailed
ahd some more simplified elements in the calculation procedures. So the reference progiams are
npt necessarily more precise than ISO 52016-1\ For the same reason, the base cases use sgmetimes
simplifying assumptions that would not be&”appropriate for ISO 52016-1. In the specifications in
[§0 52016-1:2017, Clause 7, these are mentioned. So, in a perfect world, it would be needed to[perform
tyo different calculations per case:

\ml

for comparison: as close as possible to the case descriptions;

b) asverification cases for [SQ 52016-1: slightly adapted to be more suitable for ISO 52016-1.

I [SO 52016-1 only option b}'is chosen.

cording to the BESTEST case input data, the convective fraction for heating and cooling has to/be set to
=[l, which means: fully'convective heating and cooling. This can have a significant effect on the refults and
id closely linked«o,the assumed thermostat setting, as discussed in ANSI/ASHRAE 140([24], B11.]. It could
b investigated'if'it is not better to change this to 0,5 (in combination with the operative temperjature for
the temperature setting). See also discussion of the results on peak heating and cooling power.

712.5¢ \Limited scope

e special
calculations. These can however relatively easy be verified by specific tests or analysis of the code. For
instance on ground floor heat transfer, as introduced further on.

7.2.6 Specific deviations allowed

In addition to the application as verification of tools based on the hourly method in ISO 52016-1, the test
cases can also be used as validation cases for methods that, concerning very specific aspects, deviate
from the prescribed procedures in ISO 52016-1. See 7.3.
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7.2.7 Availability of the data file with hourly values

Finally, both the building data and the hourly climatic data as the test case descriptions are free of
copyright. The climatic data are measured data. The measured hourly solar irradiance values have
been converted to solar irradiance at vertical and tilted plane. This is the object of ISO 52010-1[12]
(see ISO/TR 52010-2[13]), as explained above. For the cases to verify against the hourly calculation
procedures of ISO 52016-1 the solar irradiance at the vertical planes is part of the input data set.
The thus created hourly climatic data file is made available as a free downloadable file at a dedicated
location of the ISO web site, referenced in the standard.

7.2.8

ore details on description of the verification test cases

In principle, ANSI/ASHRAE 140[24] provides for each BESTEST case a uniform and complete descriptio

Howevel, as explained in ANSI/ASHRAE 140, there is always a need for tailoring the input. Differes
calculatipn methods use different types of input, because of a different ways of medelling (mo
simple of more detailed or simply different modelling). For instance: a calculation method that us¢
heat trapsfer coefficients at the external surface of building elements that are a function of local win

speed, c(
hourly c3
-separaf]

Note tha
— groy
— ther
— the ¢
— sung
— sola

— com
cool

uld not be able to deal with prescribed fixed values, and vice versa. This.is also the case for t}
ilculation procedures of ISO 52016-1. In that case ISO 52016-1 mentions the required input ar
ely- the input chosen for the calculation according to ISO 52016-1:

[ the selected BESTEST test cases do not include for instance:

nd floor heat transfer coupled to ground;

mal coupling between two or more zones;

ffect of thermal bridges;

pace or other thermally unconditioned spages;

" shading by external obstacles (distant(rfemote or from own building elements); and

blex control patterns (e.g. weekend'interruption of mechanical ventilation and/or heating an
ng and/or solar shading, etc.; night time ventilation as free cooling, heat recovery by pass, etc

The groyind floor heat transfer waSs:tested separately, as described above. In the selected BESTES

cases the
The sola

The othd
standard

heat transfer is decoupledfrom the ground.

- shading by externalobstacles has been validated separately, see Annex F.

r features canbetested analytically or require dynamic links with system related calculatig
S.

7.2.9

esults-ofcomparison with “reference” programs

See disciyission'and ‘disclaimer’ in 7.2.3 on the comparison with “reference” programs.

R

T

n

Figure 13 provides the main results of the Case 600 and 600FF (light weight cases). Case 600 concerns
continuous heating and cooling; case 600FF is free floating (no heating or cooling).

Note that the climate is Denver (Col., USA), with quite cold but sunny winter and warm and sunny summer.

The results are similar for Case 900 and 900FF (heavy weight cases).

The results are also similar for the Case 640 and Case 940, with night time temperature set back.

50
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Case 600, heating (MW/an) Case 600, cooling (MW/an)
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Case 600FF, min.indoor temp. ( °C) CaseGOOFF,max.itemp.( °C)
7

N

@ (S0 52016-1

Ca M , hourly pattern free float
30 . ature during a winter day (°C)

Figure IQQBESTESTS: Main results for Case 600 and 600FF (lightweight), ISO 520
Qv compared with the available 9 reference tools

Ifal m's to be taken into consideration that not each software program whose results are avajilable for
th 69) parison use nowadays state-of-the-art algorithms (in that sense these are not reference results).
[ e tNnese [ 5 e TEST Serieswere created and tested many years ago.

6-1

7.2.10 Peak hourly loads

The result of comparison of peak hourly heating load against the “reference” programs for Case 940
(heavy weight, night set back) is the only result that shows a significant discrepancy:

[SO 52016-1, 8 kW, with the reference programs between 4,0 kW and 6,4 kW.

Probably this is the result of the fact that in ISO 52016-1 the operative temperature is used for the set-
point. This requires much more power than only heating the air. It is obvious that heating up only the
air temperature to the set-point and disregarding a low mean radiative temperature does not lead to
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the thermal comfort that is expected by the occupants and required by the standard conditions of use
or expected from the calculation of the system capacity under design conditions.

The peak hourly cooling load does not show a significant discrepancy, so it is especially for the fast
heating up after night set back (in the given cold climate!) that this phenomenon occurs.

7.3 Hourly method: validation in case of specific alternative calculation procedures

In addition to the application as verification of tools based on the hourly method in ISO 52016-1, the test
cases cap_also be used as validation cases for methods that, concerning very specific aspects, deviate
from thg prescribed procedures in ISO 52016-1. Typical details where deviations could be allowed, |if
safeguarfded by validation, without jeopardizing the reproducibility and transparency of the standaxd-ar:

— the qalculation of the view factors for thermal (longwave) radiation exchange between the,surfacgs
in the thermal zone; and

— the $ubdivision of each construction elements into a number of nodes of thermal resistances and
capdcitances.

In that chse, as explained in ISO 52016-1, the kind of deviation is reported as-well as the results of the
test caseps (difference compared to the results according to the standard).

The listrIf acceptable deviations from the standard method is kept limited to those deviations that cdn
be assumed to have very limited influence on the calculation result$«Otherwise it would be necessary
to provide acceptance criteria, which is far from trivial (not even ayailable from the base cases from the
BESTESTS).

7.4 Specific validation cases

7.4.1 Heat transfer through ground floor

The selefted validation/verification cases do not‘comprise ground-floor heat transfer or heat transfer
to adjacgnt enclosed spaces. This is no problemras long as the fully prescribed calculation procedures pf
these details are followed carefully.

Special attention has been paid to ‘testing the link with the procedures to calculate the thermal
transmigsion through the ground floor, taking into account the inertia of the ground. These procedure¢s
are given in ISO 13370[17], for monthly or seasonal calculation methods, but also for hourly calculatign
methodg (based on dynamic) simulations as described in the accompanying Technical Repoift,
ISO/TR 92019-2 [18]). Because of the dynamic, time dependent interactions, these procedures were algo
integrated in the spreadsheet for ISO 52016-1.

transmission through the ground floor.

7.4.2 Solar shading

See Annex F.

8 Compliance checkinISO 52016-1

The aim of this common clause for each EPB standard is to provide procedures that enable to check
if the calculation procedure is applicable and/or has been applied correctly and that the calculation
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assumptions, in particular the input data, are correct. In ISO 52016-1, most of the input is gathered
through other EPB standards; relevant procedures for compliance check are provided in those
standards. If serious errors are made in the input data, this often shows quickly in the results, especially
when examining the special monthly output data such as the monthly solar and internal gains, monthly
heat flow by thermal transmission and by ventilation, monthly gain and heat transfer utilization factors
(used in the monthly method; generated in the hourly method) plus, for the hourly method: the hourly
plots of the main quantities for a few selected weeks and the weekly average energy needs for heating
and cooling plotted against the outdoor temperature (energy signature). See examples in Clause 9 and

Annex L.

\O

.1 Example 1

O

1.1 Description

o = m

i=]

9 Worked out examples on ISO 52016-1

911.2 Description of construction elements of envelopé

Table 8 — Construction'element: Facade

kample 1 represents a single family house with ground floor and heatedcattics. House is withdut cellar.
tt has 150 m2 net heated area, 345 m3 net heated volume and 483 m3-gross volume. Area of pnvelope
rcumcising heated volume is 386 m2 and it consists of floor on the,ground, facade, windows, doors,
tched roof and horizontal ceiling towards unheated roof space.

Material Thickness (cm) Density (kg/m3) |Thermal conductiv-| Specific hleat (J/
ity (W/(m-K)) (kg'K))

Hlaster 2,5 1700 0,85 105p
Brick 19 1400 0,61 920
HPS 15 30 0,038 150D
Hlaster 0,3 1600 1,00 105p
Hinal layer 0,3 1600 0,87 105p
Thermal transmittance (Ug; - W/(m2:K) 0,224
Thermal resistance (Ry]; - m2-K/W) 4,294
1R [W/(m2-K)] 0,223
Kpn;eti [J/(m12K)] 306 000
Qgol;eli 0,8
et

Table 9 — Construction element: floor between heated spaces

© IS0 2017 - All rights reserved

Material Thickness (cm) Density (kg/m3) |Thermal conductiv-| Specific heat (J/
ity (W/(m-K) (kg'K))
Flooring (wood) 700 0,210 1670
Concrete 2200 1,400 1050
XPE foam 0,5 50 0,041 1260
XPS 6 32 0,035 1050
Concrete 14 2400 2,040 960
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Thermal transmittance (Uejj - W/(mZ2:K)) 0,421
Thermal resistance (Rej; - m2K/W) 2,035
1/R [W/(m2-K)] 0,491
Kmgeli [J/(m2:K)] 464 000
Qsol;eli 0,8
Jw;eli -
Table 10 — Construction element: horizontal ceiling towards unheated roof space
M4terial Thickness (cm) Density (kg/m3) |Thermal conductiv-| Specifi¢ heat (J/
ity (W/(mK) (kg'K))
Gypsum poard 1,5 900 0,210 840
PE foil 0,02 1000 0,190 1250
Mineral yvool 30 23 0,034 940
Wood fibre board 1,8 600 0,099 2090
Thermalftransmittance (Uejj - W/(m?2:-K)) 0,108
Thermalfresistance (Rejj - m2K/W) 9,08
1/R [W/(m2-K)] 0,110
Kmeti [J/[m?2-K)] 40,000
Asol:eli s
Jw;eli -
Table 11 — Construction element: pitched roof
Mdterial Thickness (cm) Density (kg/m3) |Thermal conductiv-| Specific heat (J/
ity (W/(m-K) (kg'K))
Gypsum poard 1,5 900 0,210 840
PE foil 0,02 1000 0,190 1250
Mineral yvool 30 23 0,034 940
PE foil 0,04 450 0,190 960
Thermalftransmittance (Uel; - W/(mZ2:-K)) 0,110
Thermallreststamree{Ra—ardk/ WS 8,898
1/R [W/(m2-K)] 0,112
Kmseli [J/(m?2-K)] 17 500
Asol;eli -
Jw;eli -
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Table 12 — Construction element: internal wall

Material Thickness (cm) Density (kg/m3) |Thermal conductiv-| Specific heat (J/
ity (W/(m-K) (kg'K))
Plaster 2 1700 0,850 1050
Brick 19 1200 0,520 920
plaster 3 1700 0,850 1050
Thermal transmittance (IJg = W/(m?2.K)) 1772
Thermal resistance (Relj - m2K/W) 0,424
1}YR [W/(m2-K)] 2,358
Khnseli [J/(m2:K)] 299 000
Adgol:eli -
Iv;eli -
Table 13 — Construction element: floor‘on'the ground
Material Thickness (cm) Density (kg/m3)~[Thermal conductiv-| Specific hleat (J/
ity (W/(m-K) (kg-K))

(Jeramic tiles 1 2300 1,280 920
(Joncrete 5 2200 1,400 105D
NPE foil 0,5 50 0,041 126D
APS 20 32 0,040 150p
Bituminous water 1 1100 0,190 146p
Harrier

Thermal transmittance (Uel; - W/(mZ-K)) 0,187

Thermal resistance (Re]j - m2Ky/W) 5,263

1}YR [W/(m2-K)] 0,190

Khngeli [J/(m2:K)] 162 000

Adgol:eli -

Iv;eli -

Cpnstruction element: window

oubte fow-E gtazing, 5 chramber PVE profite
Thermal transmittance (Ue]; - W/(mZ2-K)) 1,1

Thermal resistance (Relj - m2K/W) -
1/R [W/(m2-K)] -
Kmseli [J/(m?K)] )

Asol;eli

Jw;eli 0,68

© IS0 2017 - All rights reserved 55



https://standardsiso.com/api/?name=ffceb977b6b328c12d4c839f658157b5

ISO/TR 52016-2:2017(E)

glass area (%) 70

Construction element: door

Thermal transmittance (Ue; - W/(mZ2:K)) 1,3

Thermal resistance (Relj - m2K/W) -

1/R [W/(m2:K)] -

Km;eli U (mZ'KJJ B

X
dsol;eli 0,8 (19
Gweli - /(1/ )
Si
Table 14 — Areas of construction elements (m2) (oq,
Element tilt N E S ,(ﬂ‘ Horizontal

Facade v 41,3 40,7 32,2 (89,8

Incl. roof 400 30,9 309 1D

Ceiling H . Q\ 55
Window v 4,88 11,80 5,80

Door \% 2,70 ‘\Q v

Floor/grpund H k\>\\ 91,8
Floor/hepted H WO ) 85

D
Internal vall Vv 70 A\
&
Other data K\

ﬂ

-

56
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Max heating power:
Max. Cooling power:

Air exchange:

ISO/TR 52016-2:2017(E)

12 kW
5 kW
1,15 m3/(h-m2)

Figure 14 — BESTESTS: Example 1, floor plan ground floor

Figure 15 — Example 1, vertical cross section

© IS0 2017 - All rights reserved
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Figure 16 — Exampké)l, floor plan second floor
O
o
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~

N

Figure.17 — Example 2, overview

e}

1.3 Calculation details

—3

he results are presented.in Annex L.

1.4 Remarks and'‘comments

kample also aversion consisting of two thermal zones has been prepared, to demonstrate the

9
This example is-also offered for use at EPB overarching level (ISO 52000-1, ISO/TR 52000-2)
e
of data between thermal zones and system service areas at EPB overarching level.

912 «Example 2

9.2.1 Description

For this
transfer

Example 2 represents a dwelling in the middle of bigger building with 2 external walls and adiabatic
ceiling, floor and 2 walls. It has 80,1 m2 net heated area, 208 m3 net heated volume and 276 m3 gross
volume. Area of external envelope of heated volume is 41,2 m2 and it consists of floor on the ground,

facade, windows,

© IS0 2017 - All rights reserved
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9.2.2 Description of construction elements of envelope

Table 15 — Construction element: Facade

Material Thickness (cm) Density (kg/m3) Thermal Specific heat (J/
conductivity (W/ (kg'K))
(m-K))
Concrete 20 2400 2,040 960
EPS 15 20 0,038 1260
Plaster 0,2 1450 0,700 1050
Final laygr 0,2 1450 0,700 1050
Thermalltransmittance (Ue]; - W/(mZ2-K)) 0,237
Thermalfresistance (Relj - m2K/W) 4,049
1/R [W/(mZ2-K)] 0,247
Km;eli [J/[m2:K)] 471 000
Qsol;eli 0,8
Iw;eli -
Table 16 — Construction element: internal wall
Mdterial Thickness (cm) Density (kg/m3) | Thermal conductiv-| Specific heat (J/
ity (W/(m-K)) (kg'K))
Concretd 20 2 400 2,040 960
Mineral yvool 2 80 0,034 940
Gypsum poard 1,5 900 0,210 840
Thermalftransmittance (Ueli - W/(m2:K)) 0,992
Thermalfresistance (Relj - m2K/WY 0,833
1/R [W/(m2-K)] 1,200
Kmseli [J/[m2:K)] 473 000
Asol:eli -
Jw:eli -
Tabhle 17 — Construction element: floor/ceiling
Material Thickness (cm) Density (kg/m3) |Thermal conductiv-| Specific heat (J/
ity (W/(m-K)) (kg'K))
Flooring (wood) 2,2 700 0,210 1670
Concrete 7 2 200 1,400 1050
XPE foam 0,5 50 0,041 1260
EPS 4 20 0,038 1260
Concrete 20 2400 2,040 960
60 © IS0 2017 - All rights reserved
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Thermal transmittance (Ue)j - W/(m?2:K)) 0,597
Thermal resistance (Relj - m2K/W) 1,500
1/R [W/(m2-K)] 0,667
Kmseli [J/(m2K)] 650 000
Qsol;eli -
G;eli -
Cpnstruction element: window

Dlouble low-E glazing, 5 chamber PVC profile

Thermal transmittance (Ue); - W/(m2-K)) 1,1
Thermal resistance (Re]j - m2K/W) -

1YR [W/(m2:K)] -
Klmseli [1/(m2K)] :
Qgol;eli -
Ivseli 0,68
glass area (%) 70
Cpnstruction element: internal door

Thermal transmittance (Ueji - W/(m2-K)) 2,5

T

hermal resistance (Relj - m2K/W)

1YR [W/(m?2-K)] -
Klmn;eti [J/(m2K)] -
Aasol;eli -
Iv;eli -
Table 18 — Areas of construction elements (m2)
Element tilt N E S w Horjzontal
Hacade A% 11,4 8, 5,8
Frmdow V 6,3 95
Door \% 2,1
Floor/heated H 95,1
Ceiling H 95,1
Internal wall \% 10

© IS0 2017 - All rights reserved
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9.2.3 Other data

Max heating power: 5 kw
Max. Coqling power: 2,5 kW

Air exchfinge: 1,72 m3/(h-mg2)

Figure 18 — Example 2, floor plan

9.2.4 (Calculation details

Preliminfary results;are available but not presented in Annex L, because no specific issues were fourld
that addto the findings of example 1.

9.2.5 1{emarks and comments

None.

10 Validation of the calculation procedures
This is a common clause for each EPB Technical Report.

The set up and results of validation and verification tests are provided in Clause 7 (parallel to
[SO 52016-1:2017, Clause 7).

62 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=ffceb977b6b328c12d4c839f658157b5

ISO/TR 52016-2:2017(E)

Annex A
(informative)

ISO 52016-1: Input and method selection data sheet — Template

.1 General

This subclause in the accompanying standard is a common subclause for all EPB)stand
[§0 52016-1 it is a normative annex.

ore information and explanation on the concept of Annex A and Annex B for all EPB standard
in ISO/TR 52000-2.

.2 References
This subclause in the accompanying standard is a common subclausefor all EPB standards.

[ISO 52016-1 is adopted (e.g. in national regulations), then also all the normative references (
2)) to other standards are adopted, including the (referenced\parts of the) standards that are n
yet published or do not have a national data sheet yet. Sometimes this causes a problem.

Tb solve this problem, the references to other EPB, standards are placed in the input and
s¢lection data sheet. In the normative Annex A, the template for the normative references to o
standards is given (Table A.1), and the default references (in casu: the EPB standards) are pr
the informative Annex B (Table B.1), according’to the template in Annex A.

Annex A, replacing the references in Annex B. This national data sheet can replace the defau
by references to national standards-that are in line with the set of EPB standards, or to table
other alternatives. However, this can only be done if the input-output matches!

More information and explahation on the concept of the normative references to other EPB s
\%

standard is given in ISO/TR 52000-2.

A.3 Selection’of main method

Z

[o additienal information beyond the accompanying standard.

A.4,7Zoning

lards. In

5 is given

n Clause
ot or not

method
ther EPB
vided in

These informative default choices can be'replaced by a national datasheet according to the teﬂ:plate in

choices
5 or with

fandards

a Table A.1 (normative_template) and Table B.1 (informative default choices) of the acconppanying

No additional information beyond the accompanying standard.

A.5 Hourly calculation procedures

No additional information beyond the accompanying standard.

A.6 Monthly calculation procedures

No additional information beyond the accompanying standard.

© IS0 2017 - All rights reserved
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B.1 General

This subflause in the accompanying standard is a common subclause for all EPB standards.

More infprmation and explanation on the concept of Annex A and Annex B for all EPB standards is give
in ISO/TR 52000-2.

In ISO 5
aiming aft a balance between accuracy and the feasibility or the required effort to obtain reliable inps
data. Forl instance:

Annex B
(informative)

ISO 52016-1: Input and method selection data sheet — Default
choices

simple method to adjust the set point temperature in residential-buildings taking into accoul
modeerately versus fully conditioned spaces;

no specification of internal partitions;

solaf absorption coefficient of the external surfaces of biilding elements: no differentiation in colouj;

fixed value for specific heat capacity of air and furhiture;

fixed value for the difference between externalair temperature and sky temperature;

no moisture absorption and desorption-in- materials (walls, furniture, etc.); methods to calculat

this effect are described in [41] and [#22}(TEA Annex 41);

windlow frame area: either the a¢tual or a fixed frame fraction can be chosen; but the choice is fi
all windows, because otherwise it would lead to “shopping” for each window to see whether th
defaplt or the actual frame ftaction would be more favourable; fixed frame fraction is preferred, f
simplicity and to avoid unicertainties introduced by the measurements;

P016-1:2017, Annex B, deliberate (informative default) choices were fitade on simplifications

1t

ht

g

differentiation of solar reflectivity of s
woulddntroduce alot of extrainput dataw
impossible to maintain.

B.2 References

The references, identified by the module code number, are given in ISO 52016-1:2017, Table B.1.

It is possible for each module to replace an EPB standard with a national standard or even a table with
fixed input and output values, as long as all input and output data from the replaced standard are
available. The input and output data can be found in Clause 6 of each EPB standard.

More information and explanation on the concept of the normative references to other EPB standards via
Table A.1 (normative template) and Table B.1 (informative default choices) is given in ISO/TR 52000-2.

64
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B.3 Selection of main method

No additional information beyond the accompanying standard.

B.4 Zoning

No additional information beyond the accompanying standard.

- I

| 1L 1 A | laids P |
«J 110Ul l_y caditulalivlil pl ULCTuUuuI <o
kplanation on some specific choices of default input data:
able B.11: Convective fractions (hourly method only):

Justification of the default values for the convective fractions:

fortheinternal heatgainsinto the zone, fint;c: mostinternal heat gains dissipate heatatatemperature

and from a surface that the heat transfer by convection and by therntal radiation are in

the same

order of magnitude. As arbitrary value the value 0,4 has been chosen. The result (energy needs for

heating and cooling) is very insensitive for the choice, unless thewalue is more extreme (¢
or close to 1), which is not the case.

for the solar radiation into the zone, fsol;c: the solar radiation entering the building zone thr
windows will be absorbed by the internal shading de€yiees (if any) or glass curtains, by f
and plants and by the internal surfaces; partly directly and partly after multiple reflectio
heat absorbed by furniture and plants is assumede be mostly and quickly converted to cd
heat. A rough estimate is that the resulting heat transfer by convection and by thermal

are in the same order of magnitude. Therefore, originally an arbitrary value of 0,4 was c}
a result of comment on the draft standard; the value has been changed to 0,1. The resul
needs for heating and cooling) is very ihisensitive for the choice, unless the value is more
(close to 0 or close to 1), which is not the case. The fraction of solar radiation entering
that leaves the zone without absotption (through one or more windows) is assumed to be

lose to 0

ough the
urniture
ns. Solar
nvective
radiation
josen. As

(energy
extreme
the zone
e Zero. In

practice this amount may be notnegligible (e.g. when two windows face each other), but talking this

into account would require mere input data: the position of each building element.

for the heating systenmyinto the zone, fy.c : again an arbitrary value of 0,4. Evidently this
depends on the type/of-eémitters (air heating, convectors, radiators) and (for radiators) it
on the operating temperature. There is no objection against using that particular inf
instead of the default value, as long as it has been checked whether there are no other rel

directly
depends
brmation
ated and

still unknown-factors which have an effect of the same order of magnitude. In that case the higher

accuracy would be a fake accuracy. Such factors can be: (for radiators) variation in time of {
radiatortémperature, (general) horizontal and vertical temperature stratification, positio
emitters, (for embedded floor heating) inertia, etc.

forithe cooling system into the zone, fc;c : Similar arguments as for heating.

he mean
n of heat

A national choice is offered to use a fixed or a differentiated value for the solar absorption coefficient, asg|.

When a differentiation is made in solar absorption coefficient, three categories are defined for the solar
absorption coefficient of external opaque surfaces.

A more refined classification would not lead to a better accuracy, especially given the uncertainty in
input data and the limited possibility for assessment and verification in situ.

NOTE These categories are the same as the categories in [SO 13791:2012, Table 5.

© IS0 2017 - All rights reserved
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If no differentiation is made in solar absorption coefficient (e.g. for existing buildings) the category that
is the most representative for the average buildings stock, can be chosen as fixed value for the solar
absorption coefficient.

As default choice the value of an intermediate colour is taken as a fixed value, because it is assumed that
this is a representative value for the average solar absorption coefficient.

Table B.

17: Specific heat capacity of air and furniture

The default value for the specific heat capacity of air and furniture, km;int;a, is based the following rough

assumpt

If the avé
is circa 3
thermal
floor are|

Table B.

Default v
Abg, for

It could
tempera
user or ¢

Table B.

UIIS.

brage net room height is assumed to be circa 2,4 m, the air mass per square metre of floor, ar¢a
kg. The thermal capacity for air is circa 1 000 ]J/(kg-K). This equals circa 3 000 J/( m2:K). With
capacity of furniture added, the estimated specific heat capacity of air and furniture per m?
a is in the order of 10 000 J/(m2-K).

19: Average difference between external air temperature and sky temperature

alues for the average difference between the external air temperature ahdthe sky temperatur
different climates are the same as the values given in ISO 13790:2008,11.4.6.

o

be discussed to use in the hourly method varying difference* between the external ajir
fure and the sky temperature. The question is then: would this require extra input from the
puld this be related to the hourly climatic data?

21: Frame area fraction

The def:

alternative would be to take different, conservative, values for heating and for cooling dominatqd
periods (0,30 and 0,20 respectively), but then the valués'would be different during different parts of the

(hourly
NOTE
Table B.
Default

For solay
the wind

NOTE

It could
transmit
would rd

ult value for the frame area fraction, F, is an average value of what is found in practice. An

r monthly) calculation.

The values are the same as the values given in [SO 13790:2008, 11.4.5.
22: Factors related to the solar-energy transmittance
alues for the correction factér for non-scattering glazing, Fy,.

shading devices such as'Venetian blinds, the weighting factor representative of the position pf
ow, climate and seaspn, dg, and the altitude angle, altg, are based on a moderate climate.

The values are the'same as the values given in ISO 13790:2008, 11.4.2.

be discusse€d-to use in the hourly method varying properties of the total solar energy
tance, especially for Venetian blinds and other louvre type of solar shading provisions. But thfs
quire additional input on the products.

B.6 M

nthly calculation procedures

See B.5 (hourly method), because most of the explanation in B.5 is also valid for the input data for the

monthly

66

calculation method.
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Annex C
(informative)

ISO 52016-1: Regional references in line with ISO Global
relevance policy

1§0 52016-1:2017, Annex C, contains specific parallel routes in referencing standards, in order to take
1jto account existing national and/or regional regulations and/or legal environments while'majntaining
obal relevance.

oq =
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Annex D
(informative)

ISO 52016-1: Multi-zone calculation with thermal coupling
between zones

No additjonal information beyond the accompanying standard.
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Annex E
(informative)

ISO 52016-1: Heat transfer and solar heat gains of windows
special elements

and

H1 General

The subclauses E.4 to E.6 in this document contain informative calculation precedures fof special
elements, copied from ISO 13790:2008 and adapted to become consistent with the forulae in
130 52016-1.

H2 Windows

The reason for assuming, also for the hourly calculation procedures, constant (not solpr angle
dependent) solar properties for all transparent elements is givenrin 6.5.3 of this document.

e

.3 Thermally unconditioned zone with internal or solar gains (including
unspace or atrium)

[72]

—

his calculation procedure has been revised compared to ISO 13790:2008:

document;

—+ more uniformity between thermally unconditioned zones in general, and thermally uncor
zones with high solar gains (atria-or sunspaces).

e

.4 Opaque elements-with transparent insulation

El4.1 Heat transfer

=]

br the calculation~of the heat transfer, opaque elements with transparent insulation are tr
paque construetion elements.

)

El4.2 Sglar heat gains

E{4.2:1" General

—+ more uniformity between hourly and_monthly calculation procedures; see also 6.4.% of this

ditioned

eated as

The following applies to opaque building elements provided with transparent insulation material,
designed to collect solar energy. The calculation method (origin: proposed by Platzer[43] and Richtlinie

TWDI[44] for ISO 13790:2004) quantifies the positive effect during the heating season. How

ever, the

same procedure is also used to calculate the solar gains for the cooling (summer) mode, taking into

account any extra (seasonal) solar protection and ventilation provisions, if present.

The calculation procedure is simplified and is applicable to both the hourly and monthly ca
procedures. It produces for the hourly method component data as (adapted) input to the fo

lculation
rmula of

6.5.7.3.2 and for the monthly method an effective g-value as (adapted) input of ISO 52016-1:2017, 6.6.9.2.
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Required input data

total area of the element;
area of the element covered with transparent insulation;
thermal resistance of the opaque element behind transparent insulation;

thermal resistance of transparent insulation;

gt;J_
Jt;hem

Ra1

Rsi
Rge

Dependi

for prodiicts that include a solar absorber):

total solar energy transmittance of transparent insulation (normal incidence);

total solar energy transmittance of transparent insulation (diffuse-hemispherical incidencg);

~—

thermal resistance of the air layer (enclosed) between the opaque element andtransparent
insulation;

internal thermal surface resistance;
external thermal surface resistance.

g on the type of transparent insulation, the following quantity.is\required (it is not requirgd

asol  Splar absorption coefficient of the opaque element behind transparent insulation.

E.4.2.3 | Derived properties

U fhermal transmittance of the element, from environment to environment;

Ute gxternal thermal transmittance of the element, from the surface facing the transparent insulatign
product to the external environment;

gt gffective total solar energy transmittance of the transparent insulation component;

Fer feduction factor due to non-transparent frame area of the transparent insulation (frame arga
firaction);

gjm gffective total solar energytransmittance for the complete element, for orientation j and month m.

E.4.2.4 | Calculation method

The heaf transfer is_ealculated in accordance with Clause 6, as for usual envelope elements, including

possible [thermalsbridges in framed constructions. The solar heat gains of an opaque element with

transparlent inswlation, having the orientation j, are calculated for month m in accordance with Clause p.
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The frame area fraction is determined from the total area, 4, of the element:

A,

Fro=— (E1)

The following thermal transmittances are needed for the efficiency factor to be calculated:
B 1
* R,+R +R,
1
B R, +R, +R +R, +R

(E.2)

—

he calculation of the effective total solar energy transmittance depends on the type of the trapsparent
fsulation. It takes into account the angle of incidence of direct solar radiation, using the co¢fficients
m of Table E.1.

a =

1]

br products with non-negligible solar energy transmittance, the effective value is proportional to the
lar absorption coefficient of the opaque element behind transparent insulation:

(%)

gt;j,m = g1 (gt;hem - Cj,m 'gt;J_) (E.3)

1]

br transparent insulation with negligible solar transmittance (e.g. products with solar pbsorber
fcluded), the value determined from measurements are pofily modified to take account of the thermal

—

r¢sistance, R, of the air gap between the transparent insulation and the opaque element:
Ree +R,
i, = —————— w—=C;: 0. E.4
gTI,],m Rse+Rt +Rg (gt,h Jjm 'gt:l) ( )

[able E.1 — Coefficients c; , for calculation of the effective total solar energy transmittance of
transparent insulation using the measured values for normal and hemispherical incidepnce (for
vertical walls)

Jan. Feb. Mar. | ‘Apr. May | June July | Aug. | Sept. | Oct. Nov. Dec.
S -0,105 | -0,067 | -0,023\ 0,042 | 0,073 | 0,089 | 0,094 | 0,062 | 0,005 |-0,054 |-0,093|| -0,105
$W/SE | -0,034 | -0,027 | -0,010 | 0,002 | 0,022 | 0,037 | 0,036 | 0,013 |-0,015|-0,025|-0,034{| -0,026
W/E | 0,054 | 0,033 0,016 |-0,012|-0,005|-0,002 |-0,012 |-0,007 | -0,001 | 0,024 | 0,049]|| 0,052

NE/ | 0,002 | 0,008,7 0,016 | 0,030 | 0,018 | 0,013 | 0,013 | 0,024 | 0,033 | 0,014 | 0,004(| 0,000
NW

N 0,000n/\0,000 | 0,000 | 0,011 | 0,021 | 0,031 | 0,042 | 0,012 | 0,000 | 0,000 | 0,000(| 0,000

3]

br the monthly calculation procedures the following effective total solar energy transmittance for
e complete element, gj.m, for orientation j and month m, replaces the g-value of a glazing in th¢ formula
F1S0,.52016-1:2017, 6.6.9.2:

o ct

9im= J g
jm Ty Jtim
Ute

(E.5)

For the hourly calculation procedures the individual component properties are used in the formula
for an opaque construction element (ISO 52016-1:2017, 6.5.7.3.2), with the effective total solar energy
transmittance of the transparent insulation component, gt;j;m, Or gr1;j;m, connected to the node that
represents the external surface of the opaque construction behind the transparent insulation.
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E.5 Ventilated solar walls (Trombe walls)

E.5.1 Heat transfer

E.5.1.1 General

Figure E.1 — Air flow path in a ventilated solar wall

The follgwing applies to walls designed to collect solar energy, in accordance with Figure E.1, where

— the hir flow is stopped automatically when the air layer 43 ‘eolder than the heated space arnd
during summer,

— the gir flow rate is set mechanically at a constant value gy sw, when the air layer is warmer than the
heated space.

The heatjtransfer coefficient of such a wall is:

H=H,+AH (E.6)

where

Ho isthe heat transfer coefficient of the non-ventilated wall
AH isfn additional heat transfer coefficient to be calculated in accordance with E.5.1.3.

Required data

Agw area of the'ventilated solar wall;

Rj internal thermal resistance of the wall, between the air layer and the internal environment;
Re external thermal resistance of the wall, between the air layer and the external environment;
R thermal resistance of the air layer;

qQvisw set value of the air flow rate through the ventilated layer;

he convective surface heat transfer coefficient in the air layer;

hy radiative surface heat transfer coefficient in the air layer;

Qgn;sw solar heat gains of the air layer during the calculation step: Qgn;sw = Iw “Asw

Qnt;al heat loss of the air layer during the calculation step: Qnt;al = Ue Asw*(fint — Oe) t
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E.5.1.2 Calculation method

The additional heat transfer coefficient of such a wall is calculated by:

2
Ue
AH=p, -c, “yessw U. "0 Ky, (E.7)
i
where
Pk Ca 1s the heat capacity of air per volume, as determined 1n Table 1;

Ut and U, are the internal and external thermal transmittances:

Ui = L
Rl
Ri+—
2
and
1
Ue:—R (E8)
1
Re+?

=9}

is the ratio of the accumulated internal-external tempégrature difference when the ventfilation is
h, to its value over the whole calculation step. It is given iy Figure E.2.

o

This ratio can be calculated by:

6 =0,3x Vq +0,03X (0,00037/al - 1) (E.9)
where
Yh is the ratio of the solar heatgains, Qgn,sw, to the heat loss of the air layer, Qnt,al, during the calcu-

lation step.

Khw is a factor determined:-by:

~4, 7
Koy = 1-exp| ———— (E.10)
Ry Ca Aysw

where Z is a parameter determined by

hr 1

hc-(hc+2hr)+Ui+Ue

1
5 (E.11)
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e E.2 — Ratio 6 of the accumulated internal-external temperature difference when the
ion is on, to its value over the whole calculation step, as a function of the'gain/load ratio
of the air layer, ya)

olar heat gains

General

wing applies to ventilated solar walls, designed to collect solar energy. The calculation methqd
s the positive effect during the heating season. However, the same procedure is also used to
the solar gains for the cooling (summer) mode, taking into account any extra (seasonal) solar

ulation procedure is simplified and is applicable to both the hourly and monthly calculatign
"es. It produces for the hourly method component data as (adapted) input to the formula pf
and for the monthly method an effectiveg-value as (adapted) input of ISO 52016-1:2017, 6.6.9.P.

Required data
wing applies to ventilated solarwalls.

bn to data listed in E.5.1;the following input data are needed:

ibsorption coefficiéntof the surface behind the air layer;

otal solar enefgy transmittance of the glazing covering the air layer.

Calculation method

For the

the complete element, g, replaces the g-value of a glazing in the formula of ISO 52016-1:2017, 6.6.9.2:

onthly calculation procedures the following effective total solar energy transmittance for

a) If the ventilated layer is covered by an opaque external layer:

9= — P

where

Uj and kg

74

U aQy.
0 ¢ VW e (E.12)

2 a ) a sw
Ui ASW

w are calculated in accordance with E.5.1;
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W is the ratio of the total solar radiation falling on the element when the air layer is open to the total
solar radiation during the whole calculation interval; w is given in Figure E.3. It can be calculated by:

o=1-exp(-2,2x7, ) (E.13)

where Y, is the heat-balance ratio of the air layer during the calculation interval.

1

=— - E.14
° R +R +R (514

4 the thermal transmittance of the wall.

—

o A

0,4 ,/
0,2 d

0 0,2 0,4 0,6 0,8 1 1,2 1,4 14

o
\j

al

Figure E.3 — Ratio w of the total solar radiation falling on the element when the air layer
is open to the total solar radiation during the calculation interval, as a function of the heat-
balance ratio'of the air layer, y,)

b If the air layer is covered by glazing:
U, R U™ R, Tviow E.15
Uso1 " Iw | Y0~ e+W'pa'Ca'T' sw @ (E.15)
is3e
NOTE This procedure {5 implicit: formulae (E.12) and (E.13) are used in an iterative process to calgtulate the

(%)

lar heat gains, startingwith y = 1.

br the hourly calculation procedures the individual component properties are used in the formula for
N opaque construction element (ISO 52016-1:2017, 6.5.7.3.2), with the thermal resistances digtributed
ver the nodes—and adjusted heat fluxes connected to each node, including time and temperature
bpendenthéat flow due to air circulation across part of the construction.

Q. O O 11

H.6_ Ventilated envelope elements

E.6.1 Heat transfer

E.6.1.1 General

Circulating ventilation air within parts of the building envelope (wall, window, roof) decreases the
overall heat losses by heat recovery, although the transmission heat loss is increased in these building
envelope elements. This overall effect can be expressed through an equivalent heat exchanger between
exhaust and supply air. The efficiency of this equivalent heat exchanger can be calculated with the
simplified method given in E.6.1.2, which is applicable under the following conditions:

— the air flow is parallel to the envelope surface (see Figure E.4);
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— the thickness of the air layer is between 15 mm and 100 mm;

— the air permeability of the remaining parts of the envelope is low, so that most (about 90 %) of the
air circulating through the building passes through the ventilated envelope element;

— the ventilation system meets the requirements in Table E.2;

— air supply, if natural, is controlled through adjustable or self-controlled inlets located on the internal
part of the envelope. During summer the inlets are closed.

Figure E.4 — Air path in the wall

Table E.2 — Ventilation requirements for the application of the method

Shielding class Requirement
No shielding Mechanical exhaust and supply
Moderate Mechanical exhaust or supply
Heavy shielding No requirement
NOTE This method mainly applies where supply ait-is circulated within the building envelope elements.

Exhaust dir can also be used, provided that suitable provisions be made to avoid condensation.

E.6.1.2 | Calculation method

The effidiency factor of the equivalent air-to-air heat exchanger is:

2
1, 3 Yo (E.16)
u,-U,

where

Ui and U, are, respectively, the thermal transmittances of the internal and external parts of the ep-
velope element containing the air space;

Uo is'the thermal transmittance of this envelope element, assuming the air space is not ventilatef;

Ksw is the factor determined by Formula (E.10).

This efficiency factor of the equivalent air-to-air heat exchanger is always less than 0,25.
E.6.2 Solar heat gains

E.6.2.1 General

If the supply air for ventilation is taken through envelope elements, it can be heated on the one hand
by the transmission heat loss through the element (see E.6.1) and on the other hand by solar radiation
absorbed either by the external opaque pane or by the internal surface of the air layer if this layer is
covered by glazing.
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The calculation method quantifies the positive effect during the heating season. However, the same
procedure is also used to calculate the solar gains for the cooling (summer) mode, taking into account
any extra (seasonal) solar protection and ventilation provisions, if present.

The calculation procedure is simplified and is applicable to both the hourly and monthly calculation
procedures. It produces for the hourly method component data as (adapted) input to the formula of
6.5.7.3.2 and for the monthly method an effective g-value as (adapted) input to ISO 52016-1:2017, 6.6.9.2.

E.6.2.2 Required data

I addition to data listed in E.6.1, the following input data are necessary:

A area of the element;
akol solar absorption coefficient of the surface receiving the solar radiation;
R| internal thermal resistance of the wall, between the air layer and thelinternal envirgnment;
RE external thermal resistance of the wall, between the air layerdnd the external envirfonment;
R| thermal resistance of the air layer;
qV:sw air flow rate through the ventilated layer;
ht surface heat transfer coefficient at external surface;
g total solar energy transmittance of the glazing'covering the air layer;
convective surface heat transfer coefficient in the air layer;
h} radiative surface heat transfer coefficient in the air layer.

E}6.2.3 Calculation method
The efficiency of the equivalent heat-exchanger is calculated in accordance with E.6.1.
F

br the monthly calculation procedures the following effective total solar energy transmittance for
tlhe complete element, g, replaces the g-value of a glazing in the formula of ISO 52016-1:2017, 6/6.9.2:

e] Ifthe ventilated layer is covered by an opaque external layer:

U U qy.

_ 0 0 Visw

9= o = 1+U—2'Pa'ca'T"‘sw (E.17)
i

e

e] Iftheairlayer is covered by glazing:

2
(,, n Uo 'Ri Tv:sw \ E18
y—wsol'yw'LUo'“e*U.U Pa e, "‘SWJ (E.18)
i e

For the hourly calculation procedures the individual component properties are used in the formula for
an opaque construction element (ISO 52016-1:2017, 6.5.7.3.2), with the thermal resistances distributed
over the nodes and adjusted heat fluxes connected to each node, including time and temperature
dependent heat flow due to air circulation across part of the construction.
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Annex F
(informative)

ISO 52016-1: Calculation of solar shading reduction factors

F.1 Sedlection of methods

For the ¢alculation of the solar shading reduction factors, due to obstacles blocking part of the’sold
radiation, two methods are provided.

Method 1, Shading of direct radiation.

Met
Method

od 2, Shading of direct and diffuse radiation.
1 is fully described in ISO 52016-1:2017, F.2.

The samle Method 1, but only for distant obstacles, is described in ISQ 52010-1, because it could K

an optio
However

h to pre-calculate the effect of distant obstacles along with the calculation of the irradianc
this is not recommended, because then all detailed components of the solar irradiance ned

to be pr

vided as output of ISO 52010-1, otherwise it is unclear/f\additional obstacles, e.g. nearby

on the building itself, are overlapping to the shading from distant obstacles or are complementat
(additionjal). The informative default choice in ISO 52010-1 and)ISO 52016-1 is to deal with all obstaclg
in the application standard, in this case ISO 52016-1.

The altefnative method, Method 2, is to take also shading by diffuse solar radiation into account.

This approach is presented as an option in ISO 52016-1:2017, F.3, but the calculation procedures at
provided as informative calculation procedures-in E.3. The reason for placing it in this informatiy
report i§ that the method requires more jnput data (e.g. solar reflectivity of the shading object
and more feedback on the experience with-the application of this method in the context of buildix
regulatigns.

F.2 Background information

More in
factors)
SDT rep

For the [
applicab

ormation on the development of the simplified solar shading reduction factors (correlatia
can be found already in reports from the nineties of the last century [43]: and [31] (PASSYS
rts); a publication with an update of this information is in preparation [46].

urpose @f IS0 52016-1, the existing calculation procedures have been expanded to be not on
e to the-Northern hemisphere, but also to the Southern hemisphere.

hr

e
e
5)
g

—

y

E3 S

Different spreadsheets have been prepared for demonstration and testing.

For the hourly solar shading reduction factors: see the spreadsheet accompanying ISO 52010-1.

It

is being considered to include these procedures also in an update of the spreadsheet accompanying

[SO 52016-1.

A spreadsheet is available that contains more details, such as the derivation of the monthly coefficients

of the more detailed method.

Also a spreadsheet is available for demonstration of the monthly method for simple shading objects.
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Not all spreadsheets are publicly available (yet), because they require extra explanation as they were
originally developed in another context and e.g. use different symbols for geometry data and angles and

different angle conventions.

F4 NotinISO 52016-1:2017: Directional (spatial) distribution of hourly solar

irradiation or illumination (Tregenza elements)

The distribution of irradiation on a non-horizontal plane calculated hourly with the method d
in ISO 52016-1 can be used to provide a more detailed spatial distribution.

[ the solar radiation or luminance is relevant, for instance in case of non-isotropic

S
0
e
Reflection) Distribution Functions (BTDF), for instance for the assessment of tasksilluminan
ahd/or to assess the luminance distribution in a room, discomfort glare or otherwvisual comfoy
p
d
u
c

ced to develop a method in which the hourly solar radiation componénts from ISO 52010-
rcumsolar, isotropic diffuse, near-horizon and ground reflected irradjance) are used as the

Venetian blinds)). Combined with the angle dependent solar or light transmittance of the win
pre-calculated for each of the 145 angles of view), the hourly/total solar or light transmittang
c
d

hlculated quickly, and e.g. monthly mean characteristics can)be derived. See ISO/TR 52010-2
btails and references.

F5 Application on system components,such as thermal solar collectors ar
photovoltaic panels

FI5.1 Method 1, Shading of direct radiation

5.1.1 Explanation and examples$.of the more detailed (general) method, hourly

he general method is a straightforward method using geometrical data of the objects only,

-

Ititude and azimuth).

he following tables-are copied from the spreadsheet accompanying ISO 52010-1 (see introd
1 of this document)-and also reported in ISO/TR 52010-2.

[T =

his calculatigh'example covers the BESTEST case.

buth vertical shaded surface, with height from 1,0 m to 3,0 m above ground.

escribed

iIch detailed spatial distribution can be used for situations where the directional Mdisfribution

window

ements (e.g. Venetian blinds), (other) daylight elements with Bi-directional TranSmissjon (and

ce levels
t related

hrameters in a room (with or without additional artificial lighting). It was Tregenza who suggested the
stribution of the sky into 145 elements. In ISO/TR 52010-2[13] it is described how this idea has been

| (direct,
basis for

the hourly spatial distribution into 145 elements in the hemisphere.s€en from a plane (e.g. window with

dow (e.g.
e can be
for more

1d

plus the

pburly solar irradiance splitinto a total direct and total diffuse component and the position off the sun

liction in

T
Ekample of input of shaded plane:
S
T

1.1 11 b b £41 - b | 4o b
IT thle ITUSLI LT SUITIC U LT TP Ut A1 Uutput.
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Table F.1 — Sample input: weather station and position of shaded surface

Name Symbol Unit Value Range Origin Varying |Notes
Weather station data
Station and/or file name DRYCOLD.TMY (Denver (Col, USA))
Optional special notes Disregarding daylight saving time
Optional special notes Winter: MST = UTC - 7
Optional special notes Summer: MDT = UTC - 6
latitude Ppw deg 39,76| -90 to +90 Annex A/B NO North +90, South, -90
longitude Aw deg 104861180 to +18¢  Annex A/B No  [Eastis positive Westis
negative
time zone TZ h -7] -12 to +12 Annex A/B NO
Geometrical ¢haracteristics of plane
0 = horizontal 90
Tilt angle of te inclined surface from Pic deg 90 0to 180 local NO . orizonta u.p '
. X vertical, 180-faeing down
horizontal, m¢asured upwards facing
Convention in this
Orientation arjgle of the inclined surface, standard: ‘angle from
expressed as fthe geographical azimuth angle Yic deg 0 180 to +180| local NO South;eastwards
of the horizonal projection of the inclined positive, westwards
surface normgl negative
Base height of the shaded surface, from Hose m 1 50 local NO
ground level ’
Height of the §haded surface, from bottom to § Ifhorizontal: choose
ers . L H ¢ m 3 >0 local NO small value, e.g. Hy
top; if tilted: Jertical projection
=0,01m
Example|of input of shading objects:
Skyline dlivided into (flexible) segments. In the spreadsheet, for demonstration and validation, in eagh
segment|up to 3 obstacles (with distance and highest height from«he ground) can be entered, plus one
overhang (with distance and lowest height from the ground),
Table F.2 — Sample input: examples of 3'shading obstacles and 1 overhang
For information:
Create azim angle Plane azim
Shading Obstacles Overhangs angle 0)
Relative
Absolute angles from -180 angles as
NOTE: For strongly tilted planes the to + 180 seen from
results for close-py obstacles or (S=0;E=90;N=180;W=- plane (-90 <-
overhangs are nof correct 90;N=-180) > +90)
. 2nd angle
z::‘ol:g 1stangle (yshjobi/ovh, Lishobst1 | Hsniobst L shobst2 Hnobstiz |L shiobst3 H shiobst:3 L shiovh Hgnow |Istangle |2nd anjgle
[Don't change theldarkgreycells [ 1 60— 5 sl s
2| __-139 -9 10 2 20] E ) 5 -135 90
B o -4 30] E ) 4,9 -90 45
4 -4 0] 10 19 40] 4 ) 4 45 0
5[ 0 49 10 1 50] E ) 3,5 0| 45
o 45| 9 10 3 60| 9| 3] 2 45 90|
7 90| 14 3 2 90 40
_ ¢ 149 18 3 2 140 80)
9 180
P \ 180
N\ 180
LN 180
+\ 180
N 180
y 180) 18]

80
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Table F.3 — Sample output of hourly data: few of the 8760 hourly values for 3 shading obstacles
and 1 overhang

[ ©90 T ©9) [ ©9) [ ©90) [ 09 [ (090) [ (©,90) | (090) [ (0,90 [ (0,90) | (090) | (0,90) | (0,90) 090) [ (©90) [ (090) [ (0,90) [ (0,90) [ (0,90) |
max.of 3 obstacles Compare:
Check view sun Check view. |Shading
(azimuth) sun Sector, L sniobsti1 | Hshiobstit | Lishiobstz | Hshiobstz | L shiobsiz | Hshobstz | L shiovh Hanovh | Hshiobst | 1 shiovh Faicunsh | F dir;shiobst | F dirsshiovh | Fdinshitot [ Trotsh ITor
(altitude) |n sh;segm
F.3in F.3in P11
1SO/FDIS 1SO/FDIS 2 |, 016 " 4 40 |39 (copy)
52016-1 52016-1
degrees degrees m m m m m m m m m m W/m2 W/mz
158,7 0,0 8,0 00l 00 00 00 30 20 00l 00 1,0 0,0 0,00 1,00 000] 00 0,0
1255 0,0 7,0 00| 00 00 00 30 20 00| 00 1,0 0,0 0,00 1,00 0,00] 0,0 0,0
TPt o0 o oo—00 o0 0 o o o—0r0 o 00 000 00 000 ,0 0,0
94,9 0,0 7,0 00| 00 00 00 30 20 00l 00 1,0 0,0 0,00 1,00 0,00 ,0 0,0
85,3 0,0 6,0 100,0[ 30,0 600] 80 30 20 00 00 29,0 1,0 0,00 1,00 0,00 ,0 0,0
76,5 0,0 6,0 100,0[ 30,0 600] 80 30 20 00l 00 29,0 1,0 0,00 1,00 0,00, ,0 0,0
67,9 0,0 6,0 100,0[ 30,0 600] 80 30 20 00 00 29,0 1,0 0,00 1,00 0,00 ,0 0,0
58,6 07 6,0 100,0[ 30,0 600] 80 30 20 00l 00 27,7 1,0 0,00 1,00 000] ko 7,4
484 10,0 6,0 100,0[ 30,0 60,0] 80 30 20 00| 00 11,3 1,0 0,00 1,00 0,00] 638 164,1
36,6 17,8 5,0 100,0[ 10,0 500] 60 00[ 00 20l 35 0,0 19 1,0 1,00 0,62 062] §55 102,8
232 23,6 5,0 100,0[ 10,0 500] 60 00[ 00 20| 35 0,0 1,6 1,0 1,00 0,54 054] 44,7 781,4
84 26,7 5,0 100,0[ 10,0 500] 60 00[ 00 20l 35 0,0 15 1,0 1,00 0,50 0,50 1,9 959,6
7,1 26,8 4,0 100,0] 150 200 40 00[ 00 20| 40 0,0 2,0 1,0 1,00 0,66 0,66 %4,0 934,9
22,0 239 4,0 100,0[ 150 200 40 00[ 00 200 40 0,0 2,1 1,0 1,00 0,70 0,70 03 859,0
35,6 18,4 4,0 100,0[ 150 200 40 00[ 00 20l 40 0,0 2,3 1,0 1,00 0,78 078] %87 670,7
-47,4 10,7 3,0 00| 00 300] 60 00[ 00 20] 45 0,0 31 1,0 1,00 1,00 1,00] 4583 458,3
57,8 16 3,0 00l 00 300] 60 00[ 00 20| 45 4,2 3.4 10 0,00 1,00 0,00] o0 69,9
-67,1 0,0 3,0 00l 00 300] 60 00[ 00 20l 45 5,0 35 1,0 0,00 1,00 0,00 0 0,0
Table F.4 — Sample output of calculated monthly.data (South, vertical)
South is 0, East pos; in CAD conventions North = 0 )
0 = horizontal up, 90 vertical, 180 facing down Monthly avefage (W/m?)
alculated Calculateld
Hlane (azim, tilt)] (0,90) (0,90) (0,90) (0,90) (0,90) (0,90) 0,90) (0,90) (0,90) (0,90) (0,90) (0,90)
() H dir;m| H gif;m| H dif;grnd;m H circum;m Haitoy;m]  Hdirstotm &\) Htot;m H tot;shim Fsim Ltotfn Ltot;shim
kWh/m*| kWh/m?| kWh/m?| kWh/n| kWh/nf| kWh/? kWh/m kWh/m’ - W/nf W/m?
134 18 8 9 17 143 160 98 0,61 214, 131,9
102 21 10 9 21 112 133 83 0,62 197,p 123,0
103 33 16 13 35 116 151 91 0,60 203,p 122,9
62 34 18 11 41 73 114 67 0,58 158,B 92,6
41 35 22 8 49 48 97 67 0,70 130,p 90,7
30 30 22 5 47 36 83 60 0,73 114, 83,6
39 30 23 6 47 45 92 64 0,69 123,p 85,8
57 32 20 9 42 67 109 67 0,61 146,p 89,7
93 29 ' 11 35 104 139 81 0,58 192,p 112,3
128 24 3 11 26 139 166 99 0,60 222,p 133,5
116 23 8 12 19 128 147 92 0,62 203, 127,2
130 20 7 11 16 141 157 101 0,64 211, 136,0
1036 326 185 117 395 1152 1547 970 0,63 176,p 110,8
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Table F.5 — Sample output

max.of 3 obstacles Compare:
h sh;obst h sh;ovh F dir;unsh F dir;sh;obst F dir;sh;ovh F dir;sh;tot Itot;sh Itot
a2 | B0 41 40|39 (copy)
LJLU .LU‘.L)
m m - - - - W /m? W /m?
,0 0,0 0,00 1,00 0,00 0,0 0,0
[,0 0,0 0,00 1,00 0,00 0,0 0,0
,0 0,0 0,00 1,00 0,00 0,0 0,0
,0 0,0 0,00 1,00 0,00 0,0 0,0
29,0 1,0 0,00 1,00 0,00 0,0 0,0
29,0 1,0 0,00 1,00 0,00 0,0 0,0
29,0 1,0 0,00 1,00 0;00 0,0 0,0
47,7 1,0 0,00 1,00 0,00 4,0 7,4
11,3 1,0 0,00 1,00 0,00 46,8 164,1
,0 1,9 1,0 1,00 0,62 0,62 85,5 102,8
,0 1,6 1,0 1,00 0,54 0,54 464,7 781,4
,0 1,5 1,0 1,00 0,50 0,50 521,9 959,6
,0 2,0 1,0 1,00 0,66 0,66 644,0 934,9
,0 2,1 1,0 1,00 0,70 0,70 620,3 859,0
,0 2,3 1,0 1,00 0,78 0,78 528,7 670,7
,0 3,1 1,0 1,00 1,00 1,00 458,3 458,3
4,2 3,4 1,0 0,00 1,00 0,00 10,0 69,9
b,0 3,5 1,0 0,00 1,00 0,00 0,0 0,0
5,0 3,5 1,0 0,00 1,00 0,00 0,0 0,0
F.5.1.2 | Explanation and'eXamples of the more detailed (general) method, monthly
The gendral method fermonthly calculations is, with respect to the geometrical data of the objects the
same as [for hourlydlculations. With respect to the solar irradiation and the position of the sun it fis
obvious that there is a difference, because only monthly mean data are available. These are replaced jy
correlatipn facters.
The correlation factors are a function of orientation and latitude and month or season. The correlatign

factors consist of a weighting factor pius the mean solar altitude angle per SEgMent (eacn segment is a
45 degrees view of the skyline).

The correlation factors are derived from calculations using the hourly calculation procedures
introduced above. A spreadsheet is available for the derivation.

The monthly method also requires the monthly or seasonal mean fraction of direct versus direct plus
diffuse solar irradiation. These are presented in ISO 52016-1:2017, Table B.48. The values were derived
for a moderate sea climate (The Netherlands).
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F.5.1.3 Explanation and examples of the correlation based method for simple shaped obstacles
(overhangs, side fins, rebates), hourly

Examples of the method for simple shaped obstacles for facade elements, such as (window) rebates,
overhangs with infinite length and side fins with infinite height, or other geometrically similar shading
objects, such as other building parts (e.g. walls) or balconies:

F.5.1.4 Explanation and examples of the correlation based method for simple shaped obstacles
(overhangs, side fins, rebates), monthly

The coefficients A1, A2, B1, B2 were calculated by simulation of a number of cases fdllpwed by
af correlation analysis to minimize the errors (see [45]). The coefficients have purely “cofrelation
cpefficients without physical meaning. This is also the reason why, after the application‘of the formulae,
the result has to be limited between the values 0 and 1.
The original correlation coefficients were already presented in an Annex to EN 832, the predeessor of
1§30 13790(51.
Originally these coefficients were obtained to be applicable for all Européan latitudes. Noticd that the
lgtitude is a variable in the formulae.
Exkamples:
Table F.6 — Sample input
Window  height (H): o« < 1,5
width (W) 1,2
Overhang ODJ{D): 0,3
OB (L): 0
ow infinite
P1=D/H 0,2
P2=L/H 0
Fin LD or RD (D): 0,3
LAorRA (L): 0
LH or RH: infinite
P1=D/W 0,25
P2=L/W 0
Rebates OD &LD &RD: 0,
P1 0,2
P2 0,2

NOTE Symbols are subject to updating to ISO 52016-1 symbols.
Results:

Left: latitude 40 degrees (Northern hemisphere). Right -40 degrees (Southern hemisphere)
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N NE-NW E-W SE-SW S
Al -3,023 -1,255 -0,684 -0,654 -0,726
B1 0,045 0,015 0,005 0,006 0,007
A2 1,285 0,905 0,61 0,616 0,616
B2 -0,006 -0,008 -0,004 -0,006 -0,007
Northern hemisphere Southern hemisphere

1,00

020

0,70 «

0,60 \

Direct shadingfactor due to overhangs

1 2 3 4 5 6 7 8 9 10 11 12
0,94 0,86 /0,76 0,65 0,57 0,54 0,57 0,65 0,76 0,86 0,94 0,97
SW 0,93 0,90 0,87 0,83 0,81 0,80 0,81 0,83 0,87 0,90 0,93 0,94
0,92 0,91 0,90 0,89 0,88 0,88 0,88 0,89 0,90 0,91 0,92 0,93
-NW 0,94 0,93 0,92 0,90 0,89 0,89 0,89 0,90 0,92 0,93 0,94 0,95
0,94 0,93 0,91 0,89 0,88 0,88 0,88 0,89 0,91 0,93 0,94 0,94
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Figure F.1 — Overhdiig
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Direct shadingfactor due to ovgrhangs
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— 0,88 ,91 0,93 0,94 0,94 0,94 0,93 0,91 0,89 0,88 0,88

N\

§ N NE-NW E-W SE-SW S
1 -1,175 -0,799 0,118 0,155 0,275
B1 0,012 0,009 -0,014 -0,041 -0,133
A2 0,86 0,684 0,005 -0,68 0,641
B2 -0,008 -0,006 0,01 0,009 0,039
Northern hemisphere Southern hemisphere
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e—E-W 0,82 0,85 0,89 0,93 0,96 0,97 0,96 0,93 0,89 0,85 0,82 0,81
e=—NE-NW 0,42 0,51 0,62 0,75 0,84 0,87 0,84 0,75 0,63 0,51 0,42 0,39
0,00 0,00 0,00 0,12 0,41 0,52 0,42 0,13 0,00 0,00 0,00 0,00
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Figure F.2 — Side fins
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N NE-NW E-W SE-SW S
Al -5,695 -2,418 -0,868 0,336 -1,193
B1 0,081 0,032 0,009 -0,013 0,036
A2 -1,342 -1,479 0,232 -0,32 -1,825
B2 0,009 0,017 -0,022 -0,074 -0,163
Northern hemisphere Southern hemisphere
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Figure F.4 — Rebate (modelled as combination of side fins and overhang)

The difference between Figure F.3 and Figure F.4 is due to the correlations factor. Result 3) is more
precise, because the correlation factors are optimized for rebates, while 4) is a combination of
correlation factors optimized for side fins and for overhang respectively.
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F.6 Method 2: Shading of direct and diffuse radiation

F.6.1 General

In this method shading by diffuse solar radiation is also taken into account.

The diffuse shading reduction factor, Fgif, is determined in addition to the direct shading reduction
factor, Fyir.

For this method sky view factors are calculated. This can be simplified by dividing the skyline in a

number
factors fi

First of

reflected
13 (ISO §

From thi

a) Sky-
into

This]

b) Hori
elev
stan|

This
c) The

of segments, ngh;segm, as in step 1 of ISO 52016-1:2017, F.2.2.2, and calculate the sky vie
r each segment separately assuming an equal skyline height over the segment.

all the direct, circumsolar-diffuse, sky-diffuse, horizon-diffuse and with all of+thém th
-diffuse radiation will be calculated according to the relevant standard under EPB-module M
2010-1).

s information the following is calculated:

diffuse irradiance given by the view factor between the building elemeént and the sky, takiq
account the obstacles.

view factor will be multiplied by the sky-diffuse solar irradianee;

zon-diffuse irradiance given by the view factor between the building element and the horizd
htion given by the method for non-isotropic diffuse irradiance according to the releval
dard under EPB module M1-13 (ISO 52010-1).

view factor will be multiplied by the horizon-diffuse solar irradiance.

rest of the view factor to 1 will be considered-to increment to the reflected irradiance.

Asa resdlth of these calculations, the amount of selar irradiance for the plane of the building element

splitin

tot
where

I
F
n

and the §

irect, circumsolar-diffuse, sky-diffuse, horizon-diffuse and reflected-diffuse.
n

n
= Fair Lgir + Z(Fdif,i 'Idif,i)+ eref,i (F.
i=1 i=1

is the solar irradiance in its different components;
is the shading’/correction factor for each solar radiation component;
is the aumber of divisions made.

ubscripts refers to:

w

g

n
Nt

dir
dif

ref

Tsthetotaltdirect radiatio
is the total diffuse radiation;

is the reflected radiation.

F.6.2 Diffuse radiation

The diffuse radiation has to be calculated taken into account three different components according to
the relevant standard under EPB module M1-13 (ISO 52010-1).

NOTE 1

86

Components according to Perez diffuse model, see ISO/TR 52010-2.
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NOTE 2  Some symbols are subject to updating to be in line with ISO 52016-1.
Each of these components can have its own shading correction factor.

n

1 1
Faie * Lgie = _'Z(Fdif;sky;i ‘Idif;sky)J“; 2( dif :hor:i d1f;hor)+Fdif;cir it cir (F.2)

n i=1

The shading correction factor corresponding to the circumsolar region is equal to the direct (beam)
radiation.

F dif;cir — Fyi (F3)

On the other hand, the shading correction factors related to the diffuse from sky andfrom hofizon has
t¢ be calculated as follows, using the same divisions as made for the direct radiatiofi-¢alculation, each of

. 1 .
them with an area of —— the area of a hemisphere:

2-n
5 _ arctar{max(o,Hz - HO - H1/2} (F4)
L
Fdif;sky;i =0,5
ify<é=
ify<§ Fye. ":051_51ny
if;hor;i smﬁ
(E.5)
F _ 1_smj/
ify >§ — ) dif;sky:i siné
Fgit:hori = 0,5
Then, finally:
dlf sky 2 dif;sky;i
(F.6)

dlf chor — z dif ;horst
Fl6.3 Slmple method for facade elements and own-building shading

Fpr the diffuse parts;it is suggested to use the same corrections for the sky-diffuse and horizor-diffuse.
[ that case the4igw factor with the sky becomes:

NOTE 2 Seme symbols are subject to updating to be in line with ISO 52016-1.

Fv;sky;sh = min (FV;W - FV;B ) FV;W - FV;FO ’ FV;W - FV;WS) (F.7)
where
Fy.w is the view factor between the window and the sky without obstacles;
Fy.B is the view factor between the window and the building;
Fy.ro is the view factor with the facade obstacles;
Fy.ws is the view factor with the window sill.

NOTE These view factors can be calculated as it was shown in ISO 13790:2008, Annex G. More detailed
formulae than 0,5 for vertical elements or 1 for roofs may be included.
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1-F

v;sky;sh (F'8)

Fv;surr;sh =

can be used as the view factor with the surroundings when calculating the reflected-diffuse part of the
radiation.

The diffuse and reflected shading reduction factors are due to remote obstacles, as well as the own
building and shading devices (setbacks, fins, overhangs).

The smallest of these 3 shading reduction factors is then kept as the diffuse or reflected shading
reductiofr factor due to remote obstacies and snading devices.

Setback §ind remote obstacles:

(1-F,_.)F

Fy 4. = WSy F.9
sh;dif ;setback (1 N cosﬁ) / 2 ( )
F _(1_Fw-r)'(1_Fw-sky) 1
sh;rgfisetback (1 . COSﬂ)/Z (F.10)

Fins and|remote obstacles:

F _ (1 ~Fyus ) ’ Fw-sky (F1])

sh;dff;fins (1+cos B) /2

(1-F)- (1 - FW_Sky)

F = (F12)
sh;dfif;fins (
1 - cos [3)/2
Overhangs and remote obstacles:
F _Fw-sky ~Fyo (F.13)
sh;dif,overhangs — (1 4 COSﬂ)/Z ]
1-F
F ___ wsky ( (F.14)
sh;rgf;overhangs (1 _ cos ﬁ)/z
where
Fope|= 1 exp| 08632 (P, + P, )] (F15)
F G6514x|1-——2 F.16
R il I Fe (F1§)
\/rl T,
P
F,,=03282%x|1-—=—— (F17)
[5 2 2
P, +P,
1—-sin(o + B —90)
FW_Sky = . (F.18)

P1 and P; are the geometrical parameters calculated in ISO 52016-1:2017, F.5.5.1.6, for the shading of
direct solar radiation.
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Annex G
(informative)

ISO 52016-1: Dynamic transparent building elements

Naadditional information bevond the accompanying document
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Annex H
(informative)

Rationale behind reorganization of suite of standards

H.1 Gg

This Annex provides the rationale behind the reorganization of the cluster of strongly related and

partly oy

neral

erlapping ISO2) and CEN standards. This concerns the standards listed in Table H.1!

Table H.1 — Related standards

Number Title Responsible com
mittee
IS0 13790:2008 Energy performance of buildings - Calculation of energy usefor.space|1SO/TC 163/SC 2
heating and cooling
EN 15265:2007 Thermal performance of buildings - Calculation of efergy use for|CEN/TC 89
space heating and cooling- General criteria and validation procedures
ISO 13791:2012 Thermal performance of buildings - Calculatiofi,of internal temper-|{1SO/TC 163/SC 2

atures of a room in summer without mechanical cooling - General
criteria and validation procedures

IS0 13792:2012 Thermal performance of buildings - Calculation of internal temperatures|1SO/TC 163/SC 2
of a room in summer without mechanical cooling - Simplified methods

EN 15255:2007 Thermal performance of buildings's Sensible room cooling load cal-|CEN/TC 89
culation - General criteria andvalidation procedures

These standards all have a different purposg;tbut there is a large overlap between them, in input datp,

boundar

Therefon
CEN/TC

These st
ISO/TR §

H.2 C3

H.2.1 (
As the o

y conditions, assumptions, calculation procedures and validation procedures.

e a restructuring of these standards was proposed and agreed in ISO/TC 163/SC 2 arld
B9.

andards are replaced-by ISO 52017-1, ISO 52016-1 and the accompanying Technical Report
2016-2.

Iculation procedures in the standards that are being superseded

Dverview

yerview shows, one standard focuses on the calculation of the internal temperature withotit

heating

o5 1; o+ 3 1l o d 3 P2 FY oo £l 1 1o4a: £41 3 dc £,
T COUTITS OITaCT Cy PTrear UT e STEIT CUTTUTCTOTTS  arTUtICT U e Cart taratror OT e CCT gy TICCUS TOr

heating and cooling. However, the method is basically the same; the input data and boundary conditions
can be different and some simplifications can be different.

Some differences and similarities:

— ISO

13790:2008: a simple hourly dynamic calculation method for calculation of the internal

temperature and the required heating and cooling power (full set of formulae in normative annex);

2) Also published as EN ISO standards.

90
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— 1S013791:2012: a detailed hourly calculation method to calculate the internal temperature (without
mechanical cooling; each building element consists of a number of layers) (solution technique in
informative annex);

— IS0 13792:2012: a simplified hourly calculation method to calculate the internal temperature
(without mechanical cooling; no layers per building element). In an informative annex two
calculation methods are given:

— RC three-nodes model (similar to the simple hourly calculation method in ISO 13790:2008;

Al ey 1
— Aulntdlcc proccuaurc,

—+ EN 15255:2007: no normative calculation procedure, only an informative example of‘a‘calculation
method based on a simplified model to calculate the sensible room cooling load (same madel as in
ISO 13790 and ISO 13792);

—+ EN 15265:2007: no calculation procedure given.
H.2.2 Input data, boundary conditions and assumptions in the carrent standards

H.2.2.1 Energy need for heating and cooling

I ISO 13790:2008 input data, boundary conditions and assumptions are given for the calculatjon of the
hergy need for heating and cooling for all variables in the enefgy balance:

[¢]

— definition of boundaries and zones;
— internal conditions;

—+ climate conditions;

— heat transfer by transmission;

— heat transfer by ventilation;

— internal heat gains;

—+ solar heat gains;

— dynamic parameters; and

— also includes calcylation of energy use for heating and cooling.

i

N 15265:2007{contains only general assumptions and data requirements for the calculati¢n of the
hergy need fer-heating and cooling, with limited input data (only for surface heat transfer cog¢fficients
nd solar distribution).

QD

H.2.2.2¢ Cooling load

p—

EN15255:2007 only general assumptions and data requirements are given tor the caicuiation of the
cooling load and limited input data (only for surface heat transfer coefficients and solar distribution).

H.2.2.3 Internal temperature

[SO 13791:2012 contains general assumptions, boundary conditions and input data for all variables in
the energy balance.

NOTE There is a large overlap between the assumptions, boundary conditions and input data in ISO 13791
and ISO 13792.
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H.2.3 Validation procedures in the current standards

[SO 13790:2008 contains no validation procedures; the results of the test cases of EN 15265 are used.

[SO 13791:2012 contains different types of validation cases:

— for heat transfer processes:

— for heat conduction through opaque elements (4 test cases),

— for internal long-wave radiation heat exchanges (4 test cases);

— for gvaluation of short-wave radiation heat transfer (calculation of shaded area of a window.due {o
extefnal obstructions) (6 test cases).

NOTE 1 | The internal gir temperature (at several time intervals) are compared with the reference.fesults.

— validation procedure for the whole calculation method (2 x 9 test cases).

NOTE 2 | The operative temperature (daily maximum, average, minimum) is compated with the referen¢e

results (chlculation period is 1 day).

IS0 13792:2012 contains different types of validation cases:

— validation procedure for the whole calculation method (2 x 9 testcases).

NOTE 3 | The operative temperature (daily maximum, average, midintim) is compared with the referen¢e

results (chlculation period is 1 day).

— validation procedure for the sunlit factor due to exterpal obstructions (3 test cases, similar to the
testcases in ISO 13791).

EN 1525p:2007:

— EN 15255:2007:15 test cases are defined for‘the whole calculation method. The required test cas¢s
dep¢nd on the class of the calculation method (which is determined by the type of cooling system'r.

NOTE 4 | only the maximum hourly operative temperature during occupancy, the maximum hourly cooling

power anfl the average cooling power forthe:24 h cycle is compared with the reference results (calculation perigd

is 1 day).

EN 1526p:2007:

— initipl tests (to check-basic operation of a calculation method);

— validation tests/for/the energy requirements for room heating and cooling and the internpl
temperatures.

NOTE 5 | Onlythe'yearly values for the heating and cooling energy needs and the total sum of both are comparg¢d

with the fefererice results (no check on monthly or hourly results) (calculation period is 1 year).

Conclusibmr—ttrere—is—atarge overtap betweenthe—vatidatiomr cases i thedifferent standards—The

validation cases in ISO 13791 and ISO 13792 are almost identical (same boundary conditions, calculation
period and input data). Test case B in these standards has a large overlap with the test cases in EN 15255
and EN 15265 (same geometry and material properties). However, the boundary conditions, calculation
period and input data are different.

As explained elsewhere in this document, in the new structure for these standards, the validation or
verification procedures have been rationalized.

92
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H.2.4 New structure for the standards

H.2.4.1 General
In Figure 1 the proposed structure for the standards is shown.

More details are given in the next subclauses.

H.2.4.2 Analysis of ISO 13791:2012

—3

he existing document ISO 13791 contains different types of content:
— the generichourly calculation procedures including the assumptions behind the genétrie prdcedures;
— ingredients to be added to increase the application range of the generic calculation procedures;

— assumptions, specific procedures or simplifications and input data for the validation casgs; and
— assumptions, specific procedures or simplifications and input data fofspecific applicatigns.

I the process of restructuring the standards, this was considered vety confusing.

o)

.2.4.3 Generic versus specific calculation procedures
Alclear distinction has been made between:

—+ IS0 52017-1: the generic (hourly) calculation procedures, with the assumptions behind the generic
procedures;

—+ IS0 52016-1: the specific (hourly) calculation procedures, with the specific assumptions} specific
procedures or simplifications and input.data, depending on the type of application.

H.2.4.4 Specific details

[0 13791 contains many specifie-details, as the simplifications for surface heat transfer codfficients,
agsumptions on the ground floor heat transfer, simplification for a ceiling below attic, assumgtions for
the heat exchange with adjaecent spaces, specific ventilation flows and internal gain sources| specific
agsumptions on occupantbehaviour, effect of solar shading by side fins and overhangs, lqng-wave
radiation exchanges in buildings, external radiative long-wave heat transfer coefficients, solar factors.
anhd also: (design) climatic data.

Alll these data are irrelevant for the generic calculation procedures and therefore left ¢ut from
1§0 52017-1. These specific details are part of the specific calculation procedures, in ISO 52016-1 or in
other EPB standards.

.2.4.5~Energy need for heating and cooling and (de-)humidification

. 91 aims atthe ca ation of the internal tempera es and moisture
content and not at the calculation of the energy load or need for heating and cooling, the formulae in
[SO 13791 do not contain a term for energy load for heating and cooling.

By simply adding such terms (equivalent to the term for internal heat gains), the application range of
the calculation procedures becomes much wider. And, again, the solution technique to calculate how
much heat is to be supplied or extracted in a time interval to reach or maintain a given temperature
set-point is not part of the generic calculation procedures (in casu: ISO 52017-1), but part of the specific
calculation procedures (in casu: ISO 52016-1).

The same is true for the latent energy: ISO 52017-1 contains the formulae for the hourly calculation of
the moisture balance. ISO 52016-1 contains the specific assumptions on the moisture set-points, the
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procedures in case of local control and central control, absorption and desorption in materials (such as
walls, furniture, carpets, books), etc.

H.2.4.6

Validation cases

In order to set up the validation test cases, specific assumptions are needed and specific requirements
with respect to the accuracy. Therefore, the validation test cases have not been put in the standard
with the generic calculation procedures (ISO 52017-1), but in the standard with the specific calculation
procedures (ISO 52016-1).

If the fon
function
calculati
cases the

mulae for the hourly calculation procedures of ISO 52016-1 are strictly followed, the test cas¢
not so much as validation, but as verification cases: to verify the proper implementation.of th
bn procedures. However, a few specific deviations are allowed from the given formulaefIntho4

test cases function as validation cases. This is explained in ISO 52016-1 at the properplaces

LS
e
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Annex I
(informative)

Discussion on the hourly versus the monthly calculation methods

inISO 52016-1

I/1 General

I ISO 52016-1 an hourly calculation method has been introduced, to avoid a numbér of liy
of the monthly calculation method, without adding significant complexities for'the user. Th
nmlethod is an improved version compared to the simple hourly method described-in ISO 13790

p—

§0 52016-1 also contains a monthly calculation methods, based on the méthod in ISO 13790:2

—3

he first question is:

=

‘hy a specific hourly method and not a full dynamic simulation or =even better — measured ener
suitable standard reference method?

o]

The second question is:
Why an hourly method instead of a monthly method; aridVice versa?
A

standard reference method for the calculation\of the energy performance of buildings s
¢alistic, sufficiently sensitive (=discriminating:between technologies and their performance)
rgbust. But a standard calculation method shduld also be affordable, reliable, verifiable, trar
r¢producible and affordable.

—

ol

{2 Suitable reference method to assess the energy performance

—

he best reference, of course;would be the actual, real energy consumption, but:

—+ Real energy conSumption, unless covering a statistically reliable number of build
berating conditions ((variations in practice) and conditions, does not represent stand
bhaviour and standdrd (weather and other) conditions.

o O

Juipment turing and (energy-wise) careless occupant behaviour. It is one of the current issug
FN: to what'extent to include or exclude these situations in the standard conditions.

[N

- Reliable, understandable and comparable data on real energy consumption are very hg
nd-take a long time to acquire.

job)

hitations
s hourly
2008.

008.

gy use as

hould be

fair and
Isparent,

ngs and
hird user

- Real energy consumption includes situations with bad quality of building, bad installling, bad

bs within

rd to get

Typically a detailed full dynamic simulation tool is regarded as a suitable alternative reference
approach, provided that sufficient information is available on all the input data (including operating

conditions) and their variations.

In practice, however, a detailed full dynamic simulation tool introduces a lot of choices, details and

complexities that makes it quite a job to use it as a reference tool for a standard method to calc
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energy performance of buildings, for use in the context of building regulations where reproducibility
and transparency are key quality aspects of the standard method.

EXAMPLE For instance: which <detailed> reference buildings to take? And which <detailed> indoor
conditions and use? How do these relate to real buildings? How to determine the heat losses if the thermal
properties are temperature dependent and if the indoor temperature is complex (e.g. a window heated by a
heat emitter below or in floor)? How to split the heat losses and gains in case of non-linear properties (losses
influenced by gains)? How to translate the heat exchange between rooms or zones by transmission and air
circulation to a simplified method? How realistic is the simulated pressure hierarchy due to wind, temperature,
mechanical system and air tightness; including the position of the neutral planes in door or window openings

Or acrossrah-open-floor -space)?2-Not-even-mentioning the complications-if the dynamic behavicur of technical
T T g 5 T o4

building §ystems, with detailed flows, temperatures and controls are involved.

Conclusipn: depending on the technologies and/or physical processes a suitable reference method is|a
tailored fhoice and not necessarily measurements and not necessarily a detailed simulation ‘tbol.

In many|cases a more simplified hourly calculation method like the method in ISO 52016-1 will be|a
suitable [reference calculation method. It can be used as such, as standard calculation method, or [it
can serve as the reference method to derive correlation factors for a more simplified (e.g. monthly)
calculatipn method.

NOTE The hourly method of ISO 52016-1 is for instance not a suitable refefente method in cases whefe
specific cpmplex details are involved, such as the ones mentioned in the example above, which are not taken info
account i this specific hourly method, because the main concern was to enstire that the hourly method would
not add cpmplexity for the user by requiring extra input data.

In the following, the main features of the hourly method of ISO 52016-1 are described, followed by a lift
of main justification for the hourly method, in comparison withiithe monthly calculation method. This |s
followed|by a brief overview of pros and cons of the monthly versus the hourly method.

f

O

It is exp¢cted that the monthly method will still be used in several countries, e.g. for simple types
building$ and operation.

1.3 Main features of the hourly method in ISO 52016-1, compared to the simple
hourlyjmethod from ISO 13790:2008

I.3.1 Simple hourly method (SO 13790:2008)

The simple hourly method in_ISQ? 13790:2008I5] is, described in a so called electric equivalent “R{
model, 3 “SRC1” model (see Figure 1.1). All building elements are combined into two main thermpl
resistang¢es (for opaque ,and’ for transparent elements) and one thermal capacity. The aggregatgd
resistange for the opaque-€lements is split into two, to ‘host’ the total internal thermal capacity of the
buildingfroom or zong:!
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Figure I.1 — The original 5RC1 simplediourly method from ISO 13790:2008

3.2 Hourly method in ISO 52016-1

he core of the hourly method in ISQ 52016-1 is the following (see e.g. Figure 3 and Figure
ain text):

valuation of the internal temperature of a room or building zone solving, on an hourly basis,
F formulae of the transient heat transfers between the external and internal environment thr
baque and transparent elements bounding the room or zone’s envelope. The calculation res
burly temperature of-each component, including the internal air and (if any) the hourly h¢

oling loads. Each construction element (e.g. floor, window, wall) is modelled as a series of a f¢

(fhermal capacities-aind resistances).

he same simplifications as in many full dynamic simulation methods apply, such as:
-— time-step fixed to one hour;

- thelair temperature is uniform throughout the room or zone;

| 8 in the

A system
ough the
ult is the
bating or
bw nodes

— (he varilous surfaces oI the room or zone elements are 1sothermal;

independent;

— the heat conduction through the room/zone elements is assumed to be one-dimensional;

— the external radiant environment (sky excluded) is at the external air temperature;

— the solar radiation within the room is evenly distributed and time-independent; and

the thermo-physical properties of the materials composing the room/zone elements are time

the operative temperature is the average between the internal air temperature and the mean

surface temperature.
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The main additional simplifications compared with full dynamic heat balance calculations are:

— Mass and thermal resistance, per construction, are evenly distributed in the construction.
Consequently: no need for input per construction layer. However, a choice is offered to make
a distinction between a few simple classes with respect to the distribution of the mass in each

construction.

— Solar properties of windows are not solar angle dependent; total solar energy transmittance is
assumed to be direct transmittance into the zone. Consequently: no need for input per layer of glass

or solar shading.

— The mean radiant temperature is calculated by weighting the various internal surface temperature
accofrding to the relevant areas. Consequently: no need for input of the precise positions.of) eag
congtruction element, other than orientation and tilt (for solar irradiance and radiation to the sky

With these simplifications the input data to be supplied by the user are the samie’as for th
monthlylmethod.

Only the standard writers will introduce extra data: hourly operation schedules and weather dat
On the other hand, the standard writers do not need to prepare tables with pré-ealculated factors (e.
on operdtion of blinds, effect of solar shading, etc.). Moreover, these hourly.data are available anywa
e.g. for gpplying the principle of equivalence for novel technologies. Thexheurly method brings thes
data to the visible foreground of the method.

In complarison to the simple hourly method from ISO 13790:2008 (the three node “5RC1” mod
with the[lumped capacity):

— The hewmodel uses the same input data as the three node (5RC1) model, but does not need “obscur
assumptions and approximations with respect to the‘position of the mean radiant temperatui
and the position of ‘the mass’ in the model: these are’now transparent, because they are modellg
expljcitly.

— Duelto the much higher number of nodes a robust numerical solution method is required. But th
can pe simply implemented in software.

A Microsoft Excel3)TM spreadsheet for festing and development is also acceptable, but the setup of th
matrix calculation requires specific Microsoft ExcelT™M expertise. Also, using Microsoft ExcelTM, a highg
calculatipn time compared to the monthly method or the 5RC1-model can appear in cases involvir
many rups due to lengthy iterations; sensitivity studies and/or in case of several calculation zones.

I.3.3 Summary of main-differences between the simple hourly method from
ISO 13790:2008 and.the hourly method in ISO 52016-1

Summarly of main differences between the simple hourly method in ISO 13790:2008 and the new hour
method jn ISO 52016-1:

1.3.3.1 | Simple hourly method ISO 13790:2008

ES

09

Y,
e

el

174

e
d

IS

T
g

y

— All construction elements combined into one combined ‘windows’ element.
— One combined ‘opaque’ element (incl. even the ground floor).

— One overall thermal capacity.

— As a consequence: a fuzzy factor is needed to find the location for the thermal capacity and for

the mean surface temperature.

3) Microsoft Excel is the trademark of a product supplied by Microsoft Corporation. This information is given for

the convenience of users of this document and does not constitute an endorsement by ISO of the product name
Equivalent products may be used if they can be shown to lead to the same results.

d.
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1.3.3.2 New hourly method in ISO 52016-1
— Each construction element is known anyway.

— As a consequence: these can be used directly, without aggregation, as separate elements
(windows, walls, roof, floor, etc.) without asking for more input data from the user.

— Each building element keeps its own category of thermal capacity (light <-> heavy).

— Each building element keeps its own external environment conditions (outdoor air, ground,

a"]i'\r*oni- haatad cnaca atc)
e e rCare oS pate;EeeT

- Each building element keeps its own solar absorption, orientation and area (e.g.cdimpdrtant for
rge sunlit roofs).

[a—
Q)

—+ Special elements can be added easily and in a transparent way (e.g. passiyésolar elemlents; see
nnex E).

[=>

P

#4 Justification of the monthly method compared to dynatnic calculation methods

The main justification for choosing the monthly method for the calculation of the monthly enerjgy needs
far heating and cooling is, in short, the following:

— History: the monthly method is widespread and was well\dnderstood.

— Transparency: the monthly heat balance between transSmission and ventilation heatlosses and solar
and internal heat gains is simple and easy to folow. The utilization factor is a simple c¢rrection
factor for the dynamic situation.

— Reproducible and robust: the monthly heat balance can fairly easily be followed or che¢ked in a
spreadsheet.

— Verifiable: the monthly calculation method can be easily tested because it is simple and trargsparent.

—+ The monthly method has been.validated against the three node simplified hourly (5RC1] method
from ISO 13790:2008 (see IS0.23790:2008, Annex H.4).

Py

{5 Justification of the’hourly method compared to monthly method in
150 52016-1

The main justification for the hourly method is, in short, the following:

—+ The building elements, climate, environment, technical building systems, user behavjour and
operating conditions and controls have a dynamic influence on the indoor conditions pnd heat
balanee’in a building zone (see L.6, including Figure 1.2).

— ~Anincreased accuracy by a more detailed model is not the goal. The main goal of using hofirly time
intervals is to be able to take into account the influence of hnnrly and dai]y variations inlweather,
operation (solar blinds, thermostats, heating and cooling needs, occupation, accumulation, heat
recovery, free ventilation cooling, etc.) and their dynamic interactions in a transparent way. In the
monthly method these influences are taken into account by monthly correlation factors, such as the
utilization factors for heating and for cooling.

— For low energy buildings and buildings with dynamically (inter-)acting technologies, the monthly
method is no longer the simple transparent method thatitused to be for more conventional buildings
and technologies, in buildings with high energy losses. Due to the necessity to introduce several
correction or adjustment factors, the original transparency and robustness of the monthly method
has been lost.
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— The more of the above mentioned dynamic technologies and processes are included in the monthly
calculation method, the less transparent the monthly calculation method becomes, and the more an
hourly method becomes transparent.

— The input data are kept the same as for a monthly calculation method.

— The output from the hourly calculation method will also contain the key monthly values, to maintain
the same transparency and clarity in checking the output as in case of a monthly method, with the
possibility of additional illustrative output, such as the hourly values of the main parameters during
a typical week per season and the “energy signature” (e.g. heating and cooling needs per week as

fund

1.6 Examples of relevant dynamic technologies or processes

— n

— V

(%]

wn

— 1
— j|

— dir handling unit for precooling/preheating.

Most of

tion of external temperature). kxamples of such Kind of output are given in Annex L.

octurnal set back and operation (internal gains, ventilation, shutters/blinds);
Feekend set back and operation (internal gains, ventilation);

plar shading (cooling needs);

plar shading (lighting needs);

octurnal ventilation (free cooling);

eat recovery unit (ventilation), bypass;

hermal zoning and exchange, e.g. with VRF and/or reom wise local heat pumps;
mited cooling capacity (Comfort cooling);

hermal Active Building Systems; and

to the c
mixed),

Whethei| control options are or should be differentiated in the standard calculation procedures depends

on whet

EXAMPLE

valve wil
thermal d

hese technologies are characterized by the fact that they require assumptions with respeft
ntrol: hourly, and/or daily and/or seasonally. The control can be manual, or automated (¢r
cal or central (or mixed (e.g. BACS), with or without feedback (e.g. from room conditions).

er they are robust, verifiable and are expected to lead to real energy saving.

If common practice is to keep radiator valves in a bed room closed, then a thermostatic radiatpr
not lead to energy) saving, but probably to more energy use (more than compensated for by higher
omfort).
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Z
nother drawback of the monthly method is th@\t%iqowing:

brformed: N~
W
Calculation of the heating ne€ds, with assumptions for the heating mode (e.g. on the usg
blinds, ventilation, etc.) «_ -

2) Calculation of the c needs, with assumptions for the cooling mode (e.g. on the usg
blinds, ventilation,-etc:

&3]

vidently this is a%mo?f)lification for the dynamic alternations during the month.

Y

{7 Pro d cons of the hourly method compared to monthly method in
24@-1

P

$05

—3

S standard are prpcpn‘rpd in the form of the fnllnwing di;l]ngup-

Figure 1.2 — Illustration that the use of monthly m%n values can be problematic, in particular
in case of hourly patterns that have a domiQ}nt influence on the thermal balancé¢

Al

Because there are possibly months with -@%1 heating and cooling needs, and because this cannot
be predicted without doing the actual @culation, for each month two independent calculations are
p
1

of solar

of solar

h {%}XE pros and cons for the hourly method in ISO 52016-1 compared to the monthly methpd in the

— Pro hourly: With the hourly method the designer’s choice for e.g. applying external movable solar

shading, or the quality of the heatrecovery unit, or the choice for aby-passin the heatrecover

y unit, or

for comfortcooling, is based on the impactin the specificsituation, because of the direct calculation
of the influence of (and interactions between) the specifically chosen processes/technologies and

the hourly varying environment and operational conditions.

— Pro hourly: The hourly method enables to take into account the influence of hourly and daily
variations in weather, operation (solar blinds, thermostats, heating and cooling needs, occupation,
accumulation, heat recovery, free ventilation cooling, etc.) and their dynamic interactions in a
direct, transparent way, without extra input for the user and without the correlation factors that
are needed in a monthly method to take into account such dynamic effects. The impact of certain
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