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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 m
electrotechnical standardization.

atters of

The procedures used to develop this document and those intended for its further mainten
dpscribed in the ISO/IEC Directives, Part 1. In particular the different approval criterianeedé
djfferent types of ISO documents should be noted. This document was drafted in accordance
eflitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ttention is drawn to the possibility that some of the elements of this documént may be the s
htent rights. ISO shall not be held responsible for identifying any or all suchpatent rights. I

o LT >

h the [SO list of patent declarations received (see www.iso.org/patents).

Ay trade name used in this document is information given for the.convenience of users and
cpnstitute an endorsement.

Fpr an explanation on the voluntary nature of standards,/the meaning of ISO specific te
ekpressions related to conformity assessment, as welkas information about ISO's adheren

L: www.iso.org/iso/foreword.html.

—3

his document was prepared by Technical Comtnittee ISO/TC 163, Thermal performance and e
N the built environment.

~

Ance are
d for the
with the

ubject of
etails of

hy patent rights identified during the development of the document will be'in the Introduction and/or

does not

rms and
e to the

orld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following

hergy use
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Introduction

This document provides guidance to users in the application of ISO 17772-1 and gives additional
background information. This document also describes and recommends additional topics related
to the evaluation of the indoor environmental quality and new possibilities to improve the indoor
environmental quality and reduce energy use of buildings like personalized systems, air cleaning

technolo

gies, consideration of adapted persons, etc.

This document explains how design criteria can be established and used for dimensioning of systems.

It explai
calculati
phase ai

NS how to establish and define the main parameters to be used as input for bullding energ
pn and long-term evaluation of the indoor environment. This document also describes how g:
" cleaning in the future can improve the indoor air quality and partly substitute for outside a

Finally, it identifies parameters to be used for monitoring and displaying of the indoor environmen

Differenf
climate

environi
criteria 4
The desi

categories of criteria can be used depending on type of building, type of occuparits, type
hnd national differences. This document explains how these different categories of indo
hent can be individually selected as national criteria, be used in project agreement for desig
nd for displaying the yearly building performance in relation to indoor eavironmental qualif]
bner can also define other categories using the principles from ISO 177721 and this documen

y
S

]

< 5=

Vi
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Energy performance of buildings — Overall energy
performance assessment procedures —

Part 2:

Guideline for usine ind : i

parameters for the design and assessment of energy
performance of buildings

pd

Scope

—3

1ality, lighting and acoustic. It explains how to use ISO 17772-1 for specifying indoor envirg
put parameters for building system design and energy performance ealculations.

5.0

This document:

- specifies methods for long-term evaluation of the indoor environment obtained as a
calculations or measurements;

inspection;

— identifies parameters to be used by monjtoring and displaying the indoor environment in
buildings.

This document is applicable where the criteria for indoor environment are set by human occup
where the production or process do€snot have a major impact on indoor environment. It expl
djfferent categories of criteria for\the indoor environment can be used.

2 Normative references

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

uhdated references; the latest edition of the referenced document (including any amendments]

[§0 13731, Evgonomics of the thermal environment — Vocabulary and symbols

190 177%2-1, Energy performance of buildings — Indoor environmental quality — Part ]
ehvirenmental input parameters for the design and assessment of energy performance of building

his document deals with the indoor environmental parameters for thefural environment, indoor air

nmental

result of

— specifies criteria for measurements which can bé used if required to measure compliance by

existing

hncy and
hins how

content

pnstitutes requirements of this document. For dated references, only the edition cited applies. For

applies.

: Indoor

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13731 and ISO 17772-1 apply.

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 https://www.iso.org/obp

© ISO 2018 - All rights reserved
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4 Symbols and abbreviated terms

4.1 Symbols

For the purposes of this document, the symbols given in ISO 52000-1:2017, Annex C, and the
following apply.

Symbol Quantity Unit
0o indoor operative temperature °C

Oe outdoor temperature °C

Om running mean outdoor air temperature °C
Ocd-i daily mean outdoor temperature °C

O, operative temperature, design and energy calculations |°C
Orm-i running mean outdoor temperature °C

Va air speed (average/maximum) m/s

O floor surface temperature °C
ACO3 concentration ppm
AOpr radiant temperature asymmetry K

AO, vertical air temperature difference K

a constant for running mean calculations

Qrot total ventilation rate /s

qB ventilation rate for building materials 1/s (m2)
dp ventilation rate for persons 1/s (per person)
Qrot total ventilation rate in occupied zone 1/s (m2),1/s (person)
n number of persons

qh ventilation rate required fordilution of pollutant L/s

Gh generation of a pollutant ug/s
Ch, guideline value of a polutant pg/L
Ch,i guideline value of the substance pg /ms3
Ch,o supply concentration of a pollutant at air intake pg/L
&y ventilation\effectiveness —

A floor area m?2
Lpa A-weighed sound pressure level dB(A)
Leg, nT,A equivalent continuous sound pressure level dB(A)
D daylight factor

DCqj daylight quotient of the Calculated area j

Em average maintained illuminance 1x

M activity level met

I assumed clothing level winter/summer clo

4.2 Abbreviated terms

ACH air changers per hour

DR draught rate, %

DSNA daylight quotient sunscreen not activated

[EQ indoor environmental quality

IEQcat indoor environmental quality category for design

2 © ISO 2018 - All rights reserved
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LPB1-3 low polluting building class

PD percentage dissatisfied for local thermal discomfort
PMV predicted mean vote

PPD predicted percentage of dissatisfied, %

RH relative humidity

5 Interactions with other standards and use of categories

This document interacts mainly with ISO 17772-1. This document explains how, thg
ehvironmental criteria in ISO 17772-1 can be used for the design of building and HVA(C syst
thermal criteria (design indoor temperature in winter, design indoor temperature in sunmer)
5 input for heating and cooling load calculations and sizing of the installed systems. Ventilat

o8]

'fect of indoor environment and to give advice in respect of improvement of the energy effi

a
of day lighting. The design values for sizing the building services are needed t6 avoid possible
e
ekisting buildings as well as of the heating and cooling of buildings.

This document explains how values for the indoor environment (temperature, ventilation,

are used as input to the calculation of the energy demand (buildirig energy demand). Out
nmleasured indoor environmental parameters in existing buildings (temperature, CO2, ventilati
illumination levels) will enable the evaluation of overall annual performance and can be used t
e indoor environmental factors together with data for the‘energy performance.

e =

tput from room temperature calculations and yedsly dynamic building simulations wi
aluation of the annual performance of buildings atthe design stage.

¢}

his document describes methods for measurement of the indoor environment and for
easured data related to the inspection of HVAC systems.

his document provides a method for categorization of indoor environment (Clause 10). This
in be used to integrate complex indgerenvironment information to simple classification for a
ndoor environment certificate.

o3 3 -

—

N

How to establish design input criteria for dimensioning of buildings, hes
poling, ventilation and lighting systems

(o]

1 General

htegories.camn be used in different ways. First and foremost, they can be used to establish
dvels of criteria for the design of buildings and building services. Different countries can sta
he category for design. The consultant and client of a building project can use the categories
h @ specific design level. The intention is not that a building should be operated strictly in

6
Recommended’input values are given for each of the different categories as shown in Table
C
1

»  indoor
bms. The
are used
ion rates

re used for sizing ventilation systems, and lighting levels for design of lighting syStem includinlg the use

negative
ciency of

lighting)
but from
on rates,
b display

I enable
treating

method
possible

ating,

1. These
different
ndardize
to agree
bne class

\- A 3 a d a ead e aYera a n_he d o-d he a alaYa

performance of a building by showing the distribution of the parameters in the different cate
can then, on the national level or in a design/operation contract, be specified how much of the
categories can be exceeded. This is shown in this document with some examples.

© ISO 2018 - All rights reserved
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Table 1 — Categories of indoor environmental quality

Category | Level of expectation Explanation
IEQ High Should be selected for occupants with
special needs (children, elderly, handi-
capped).
IEQq1 Medium The normal level used for design and
operation.
IEQn Moderate Will still provide an acceptable environ-

rart-Saoraa ol of oo dos daarfaoios oo
e oo C T o O T COatCtpeTToTHIatce

of the occupants.

IEQrv Low Should only be used for a short time of
the year or in spaces with very short
time of occupancy.

Even if 4 building is designed for category IlI, it can still be operated at a greater part of the year |n
category| I or II. When the outdoor conditions are less severe (warmer in winter, 'eolder in summef)
than the|design day, the capacity of the heating/cooling system will be large enough to keep the indo¢r
environthent within a narrower range.

It can bg argued that selecting a higher category can increase the energy consumption. The energy
requirement is, however, regulated by national building codes and cannot be exceeded. The challenge
is then for the designer/operator of the building to obtain a high levé€l of indoor environmental quality
within the required energy criteria.

For design of buildings and dimensioning of room conditioning'systems, the thermal comfort criterja
(minimujm room operative temperature in winter, maximum room operative temperature in summey)
will be uped as input for heating load and cooling load caletilations. The design ventilation rates that are
used for pizing the equipment are also used for energy calculations. The criteria are used as input valugs
for the s]zing and dimensioning of the systems as well as for design of buildings (facades, orientatiop,
solar shqding, etc.). Using a higher category will result in systems with a higher capacity; but dependirg
on how the system is operated, the energy use issnot necessarily higher. In the design a design external
temperature for heating and a design day (including solar load) for cooling will normally be used.

To protdct the designer/installer against complaint for not meeting the design intend, it is very
important that the basis for design (boundary conditions, occupant density, etc.) are documented in the
design dpcuments. This will avoid(discussions when these boundary conditions are changed during the
lifetime ¢f the building and the performance criteria cannot be met.

6.2 Thermal environinent

6.2.1 General

Field styidies in>office buildings have shown that people’s expectations regarding the thermpl
environrpent ¢an be different for buildings with installed mechanical cooling and buildings where the
occupant 6nly have the possibility to open windows to influence the thermal environment. Thereforg,
the desigm criteria are different for the two types of office buitdingsT mechanical hieated and cooted
buildings and buildings without mechanical cooling (see the definition in ISO 17772-1). The decision on
which approach to use is taken by the client together with his consultant. It is possible for the consultant
to show the difference between the two methods (acceptable indoor temperatures, energy use, etc.).

6.2.2 Mechanically heated and/or cooled buildings

Criteria for the thermal environment in heated and/or cooled buildings, in ISO 17772-1 are based on
the thermal comfort indices Predicted Mean Vote-Predicted Percentage of Dissatisfied (PMV-PPD)
with assumed typical levels of activity and typical values of thermal insulation for clothing (winter and
summer) as described in detail in ISO 7730. Assuming different criteria for the PPD, different categories
of the indoor environment are established. The PMV-PPD index considers the influence of all six thermal

4 © ISO 2018 - All rights reserved
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parameters (clothing, activity, air temperature, mean radiant temperature, air velocity and humidity)
and can be directly used as a criteria.

With a specified combination of activity and clothing, an assumed 50 % relative humidity and low air
velocities (<0,1 m/s), the criteria can also be expressed as operative temperature as shown in Annex B.
For other air velocities and humilities, the corresponding operative temperature will be different. Some
examples of recommended design indoor operative temperatures for heating and cooling, derived
according to this principle, are presented in Table B.2. This presents design values for the indoor
operative temperature in buildings that have active heating systems in operation during winter season
and active cooling systems during summer season, assumed clothing level for winter (1,0 clo) and
siimmer (0,5 clo) and activity level (sedentary, 1,2 met). Note that the operative temperatulre limits
should be adjusted when clothing levels and/or activity levels are different from the values.mentioned
1] the table.

—e

I some types of room, there can be a mixed type of occupants (sedentary-standing/walkipg) with
djfferent type of clothing (visitor to department store in outdoor clothing and shop assiqtance in
ndoor clothing). In these cases, a compromise should be found for the design,friteria and the Qoundary
bnditions; this should be documented in the design documents and agreed, by the client.

a o=

The temperatures in ISO 17772-1:2017, Table H.2) are operative temperatures (ISO 7726) with design
lIqads at the design weather conditions which are specified nationally according to ISO 159P7-4 and
I§0 15927-5.

I most cases, the average room air temperature can be used-asdefining the design indoor temperature,
blit if temperatures of large room surfaces differ signifieantly from the air temperature (windows in
winter and summer) or in situations where building occupants are often exposed to direct|sun, the
operative temperature should be used. Further inféirmation on clothing and activity can be found
1} ISO 9920 and ISO 8996. The value of design teniperature can vary from the values showr, to take
ccount of, for example, local custom (clothing) ora desire for energy saving so long as the within-day
hriation from the design temperature is within'the given range, and the occupants are given fime and
bportunity to adapt to the modified design\temperature.

o < O =

The design criteria in this subclause are*both for design of buildings (dimensioning of windos, solar
shading, building mass, etc.) and for.design HVAC systems.

(=)

2.2.1 Local thermal discomfort

@)

Fiteria for local thermpal~discomfort (see ISO 17772-1), such as draught, radiant temperature
fymmetry, vertical air, temperature differences and floor surface temperatures, will also[have an
nfluence on the desigiof buildings and systems, and should be taken account of.

— )

6{2.2.2 Personalized systems

Ipdividual preferences regarding the indoor environment can be very different. Therefore, there is
ah incréasing interest in using personalized systems for providing thermal comfort at individual
workplaces. With personalized systems, it can be possible to satisfy all occupants. Recommended
[iteria for these types of systems are included in Annex L. I‘T

(@]

6.2.3 Buildings without mechanical cooling

During the summer season and during the between-seasons (spring and autumn), the so-called adaptive
criteria (upper and lower temperature limits that change with the running mean outside temperature)
can be applied (see the category I, Il and IIl upper and lower limits in ISO 17772-1:2017, Figure H.2).
During the winter season, the same temperature limits should be applied as presented for buildings
with mechanical cooling systems.

The adaptive criteria are based on data for office buildings, but could possibly be used for other
buildings of similar type used mainly for human occupancy with mainly sedentary activities, where
there is easy access to operable windows and occupants can freely adapt their clothing to the indoor

© IS0 2018 - All rights reserved 5
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and/or external thermal conditions. This method only applies to spaces where occupants during the
majority of their time have metabolic rates ranging from 1,0 met to 1,3 met. It is also important that
strict clothing policies inside the building are avoided and that building occupants are free to adapt
their clothing to indoor and/or external thermal conditions within a range of at least 0,4 clo to 1,0 clo.

The upper and lower limits presented in ISO 17772-1:2017, Figure H.2 only apply when the running
mean external temperature is between 10 °C and 30 °C.

The temperature limits for the summer and the in-between-seasons only apply when the thermal
conditions in the spaces at hand are regulated (during those seasons) primarily by the occupants
through [opening and closing of windows. Several field studies have shown that occupants” thermhl
responsgs in such spaces depend in part on the external climate, and differ from the thermal respounsis
of occuppnts in buildings with mechanical cooling systems, mainly because of differences in-thermpl
experierce, presence of adaptive opportunities, differences in perceived control and shifts in@cetpantfs’
expectatjions.

For this jpptional adaptive method to apply, the spaces in question should be equipped with operable
windowg§ or comparable facade components which open to the externals and which can be readily
opened &nd adjusted by the occupants of the spaces. These operable windows(facade componentp)
should b designed and positioned in such a way that on warmer days they allow occupants to fine tune
the (winfl pressure driven) air speeds inside.

There should be no mechanical cooling in operation in the space’)Mechanical ventilation with
uncondifioned air (in summer) can be utilized, but opening and-¢€losing of windows should be pf
primary|importance as a means of regulating thermal condition$ in the space. In addition, occupants
can havg additional options for personal control over the inddor' environment such as solar shading,
fans, shutters, night ventilation, etc.

The spades can be provided by a heating system, but this eptional method does not apply during timegs
of the yehr when the heating system is in operation.

In residgntial buildings, the opportunities for. (behavioural) adaptation are relatively wide: one
is relatiyely free to adjust metabolism and, ¢lothing insulation according to outside weather ard
momentary indoor temperatures. With an-exception for bedrooms where the lower limit should
be lowel than in other rooms, studies have shown that operative temperature in bedrooms have|a
significapt impact on sleep quality and general health.

Note thalt the field studies on the temperature limits shown in ISO 17772-1:2017, Annex H do not take
work performance effects into aecount.

In lands¢aped (open plan).offices most occupants have only limited access to operable windows ard
therefore typically reduced personal control over natural ventilation, e.g. if there are workplaces placgd
in the mjddle of the room, away from direct access to operable windows. Therefore, the temperatute
limits esfablished bysthis method will not always apply in such situations.

ISO 17772-1:2017 Figure H.1 includes three categories of temperature limits for use as outlined |n
the intrqduction and in ISO 17772-1:2017, Clause 5. The allowable indoor operative temperatures pf
Figure H|T-are plotted against the running mean external temperature 0,,.

The following approximate Formula (1) can be used where records of daily mean external temperature
are available:

_ (@ed—l +0'8@ed—2 +O,68€d_3 +0'5@ed—4 +0'4@ed—5 +0’3@ed—6 +0’2@ed—7)
- 3,8

(O]

(M

rm

The temperature limits presented in [SO 17772-1:2017, Figure H.1 should be used for the dimensioning
of passive means to prevent overheating in summer conditions. Some examples are: dimensioning
and orientation of windows, dimensioning of solar shading systems and of the thermal capacity of the
building. Where the adaptive temperature limits presented in ISO 17772-1:2017, Figure H.1 (upper
limits) cannot be guaranteed by passive means, then mechanical cooling should be used. In such

6 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=a0b812627440c6d519e8f656207178a1

ISO/TR 17772-2:2018(E)

cases, the design criteria for buildings with mechanical cooling should be used (see summer limits in
1SO 17772-1:2017, H.1).

Note that ISO 17772-1:2017, Figure H.1 already accounts for people’s clothing adaptation, therefore,
it is not necessary to estimate the clothing values when using the adaptive method presented in
[SO 17772-1:2017, H.1. Also, it is normally not required that the following parameters be separately
evaluated: local thermal discomfort, clothing insulation, metabolic rate, humidity and air speed.

6.2.4 Increased air velocity

Upder summer comfort conditions with indoor operative temperatures >25 °C, increased aiif velocity
cqin be used to compensate for increased air temperatures. Where there are fans (that cap-be controlled
djrectly by occupants) or other means for personal air speed adjustment (e.g. personal vgntilation
systems, or personally operable windows), the upper limits presented in ISO 17772-1:2017, Table H.2
nd Figure H.1 can be increased by 2 K to 3 K. The exact temperature correctiondéeépends updn the air
speed and can be derived from Table B.3 and ISO 17772-1:2017, Table H.2 and Figure H.1. Thig method
in also be used to overcome excessive temperatures in buildings if the localmethod for contrplling air
ovement (fan, etc.) is available.

job)

C

|

Cpnsidering the latter: if building occupants have access to fan§,)personal ventilation [systems,
personally operable windows, etc. that provide them with precise-and step less control over dir speed,
the upper ISO 17772-1:2017, Table H.4 can be relaxed. The airspeed - temperature offset] relation
resented in the table is based upon heat transfer from the skin calculations.

p

The temperature correction by increased air velocity is assumed to be included in the adaptive¢ method
far free running buildings, as a prerequisite for this method is that occupants have access to joperable
indows under their personal control.

W
Fpr buildings designed using the PMV-PPD approach, the temperature correction can be appligd also if
ofcupants have access to operable windows, and not only if the air velocity is provided from fans, etc.

o)

.3 Design for indoor air quality (ventilation rates)

(=)

3.1 General

3.1.1 Overview

r intakes and filtration and air cleaning technologies contribute to improve the indoor air quality.
he source controlystrategy is very important since air pollutants often are generated indpors. For
r¢sidential buildings, indoor sources will often be the predominant source of air pollutants.

6
The source control strategy together with ventilation (natural, mechanical and hybrid), placement of
a
T

6/3.1.2 .Source control

Spur€efcontrol should as often as possible be the primary strategy for controlling the level of air
syibstances. In many cases, the sources will not be known, or little information about emissfion from
building materials and furnishing are known or sources are brought into the space by occupants after
the construction of the building. There are several national certification methods for materials that can
be used for source control. A local exhaust of a high emitting source (kitchen hood, toilet exhaust, etc.)
is also a type of source control.

6.3.1.3 Ventilation

The pollution remaining after source control is dealt with by dilution or displacement with appropriate
ventilation air flow rates.
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Time periods used for determining air flow rates

The methods described in this clause assume that pollutants emissions are constant in each time period
considered and lead to a constant design ventilation air flow rate for each time period, therefore it can
be a need to look at different time periods with constant values.

6.3.1.5

Building
warm s

Building damage

damage can occur both at high indoor temperatures (very high room temperatures during
mmer days or if cooling is turned off) or too low temperature due to risk of condensation and

resulting
outside t

6.3.1.6

The design documents are very important to protect both the designer and the owner. During the

lifetime
criteria ¢

6.3.2 Methods

6.3.2.1

6.3.2.1.1

IS0 1777
result in
preferen|
method

6.3.2.2

The perd
will con

furnishing, Formula (2) is recommended:

Aot

As we ad

about the people component is relatively well-established[12][13][22][23], while the contribution from

other so
indoor nj

Studiesl4
emission

mould growth. Therefore, some heating, cooling and/or ventilation could also be needgd
he time of occupancy.

Design documentation

pf a building the use and loads can change. It is therefore essential that the original design
re documented.

General

Overview

2-1 includes three methods for estimating the design‘air flow rates, which not necessarily will
the same indoor air quality. The reason for including many methods is to be open for nationpl
ces in choice of method. Again, it should be/clearly stated in the design documents which
vas used and why the method was chosen.

Method 1 based on perceived air.quality

eived air quality is basically the@doeur level in the space perceived by the occupants. As odours
5ist of emission from occupants (bio effluents) and emission from building materials ard

=n-q, +Ag -qp (2)

d the odours from*people we also have to add the odour from other sources. The knowledge

irces is less,well-documented. Because of differences in the building component (selection pf
aterialsgetc.), the method includes three different building types (see Annex D).

5](26)\hiave shown that people adapt to the odour from bio effluents, but very little to the
frem building materials and furnishing (reference). This does not mean that adapted persons

are not

Ubject t0 fatigue, IMmpaired CONCENtration, etc. that could follow after eXpOSUre to EXCESSive

concentration of bioeffluents in air over a longer time. However, the required minimum ventilation of

4 1/s per

person apply also for adapted persons. In ISO 17772-1 the perceived air quality levels are set

for non-adapted persons. If in special cases the design will be based on adapted persons information is

included

in C.1.
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6.3.2.3 Method 2 using criteria for individual substances

The ventilation rate required to dilute an individual substance (formaldehyde, other VOCs) can be
calculated by a simple steady-state mass balance according to Formula (3):

Qp=a-n 1 3

Chi—Cho &y

NOTE Different units can be used in the formula (see ISO 17772-1). The ventilation effectiveness can be
found from EN 16798-3 and EN 16798-4.

3]

brmula (3) applies to steady-state conditions and the method requires that the externalP’pollutant
bncentration is lower than the indoor. As indicator for human bioeffluents, the CO2 cencenfration is
'ten used. C.3 shows examples calculations using COz as an indicator.

o O

3.2.4 Method 3 based on pre-defined ventilation air flow rates

entilation air flow rate estimated to meet requirement for perceived<air quality and health in the

6

Al indirect method of expressing intended indoor air quality is to determine a certain minimum
\%

ofcupied zone.

The pre-defined ventilation air flow rates can be expressed by<a combination of one or mofe of the
fqllowing components: total design ventilation for people and building components (qtot); design
ventilation per unit floor area (gm?); design ventilation perpérson (qp); design air change rat¢s (ACH);
dpsign opening areas (Atot). Default values are presented i Ahnex C.

6(3.3 Non-residential buildings

6/3.3.1 Applicable methods

Determining the design ventilation rate is.the first step in the process of designing a ventilation system.
The design ventilation air flow rates are-used for designing any type of ventilation system, including
mlechanical, natural, hybrid ventilatien*systems.

(=)

3.3.2 Ventilation air flow,rates during unoccupied periods

—

b avoid building damage-(condensation, mould growth) and too high a level of pollutant conceptrations

the start of the occupied-hours, it can be necessary to have basic ventilation during unoccupi¢d hours.
t{is appropriate to use-a ventilation rate corresponding to the building component (pollution ffrom the
pnstruction materials). Alternatively, full ventilation can be started at a given time before oc¢upation,
5 described in Antex C.

QO =L

6{3.4 Reésidential buildings

6/3.4:1' General

In residential buildings, the occupants can, in most cases, be considered as adapted to the perceived air
quality as they occupy the house for a longer time. Unlike other types of buildings, there is no need to
maintain a situation where the indoor air quality is perceived as fresh by non-adapted persons entering
the building, as this is an unusual situation for everyday use of the residential building. It is, of course,
also possible to design the ventilation rate in residential buildings for non-adapted people. The main
priority in residential buildings is to ensure a healthy indoor environment, and a secondary priority is
to prevent damages to the building from excess of moisture.
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6.3.4.2 Applicable methods

When dealing with ventilation rates, it should be taken into consideration that dwellings have scenarios,
patterns of use and characteristics different from non-residential buildings (offices, schools, cinemas,
bars or restaurants, etc.).

Concerning the scenarios, it is easy to realize that occupation is completely different from non-
residential buildings, in fact:

— occupancy of a dwelling can be strongly variable during the different moments of the day;

— actiyities can be much different from one another: sleeping, cooking, having a shower, cleaning,
wat¢hing television, etc.

— in rgsidential buildings, the concept of “adapted” people has a great importance: in fact, a.dwellinjg
is, fgr the largest part of the time, a private space where the adaptation is practically generg
diffdrently e.g. from shops, restaurants and similar, where the first impact on inoming people fis
esseptial.

-

In resid¢ntial buildings, ventilation systems should consider flexibility of dse*of different roomis:
typically} e.g. bedrooms are scarcely occupied during daytime and occupied duping night time, contrayy
to livingfrooms.

ISO 17772-1:2017, 1.2 provides methods and details for a suitablesdesign of ventilation systems |n
residentjal buildings. C.2 explains further, with some examples, howte implement the methods proposgd
in ISO 17772-1 and how they impact on some types of ventilation‘systems available on the market.

6.3.4.3 | Ventilation air flow rates during non-occupied periods

If the vdntilation rate is lowered or stopped during .unoccupied hours, it is recommended that the
ventilatipn system starts before the building is occtipied again or airing by window opening is done
(see C.4)

6.3.5 Access to operable windows

To allow the building occupants to air their rooms and to provide contact to the outside, it s
recommended to include operable windows. This applies to bedrooms and living rooms in dwellings
and othgr buildings with rooms.‘intended for sleeping, e.g. elderly homes. It also applies in office
schools gnd child care facilities.

«

6.3.6 Filtration and air-cleaning

To limit fhe indoor_cencentration and ingress of outdoor air pollutants, one or more of the following
methodg should be\considered:

— placementof air intakes in less polluted areas of the building (e.g. towards courtyards instead pf
towards roads);

— filtration;
— air cleaning.

Design guidelines on air cleaning (filtration and gas phase) are given in ISO 17772-1 and ISO 16814.
How to substitute outside air by air cleaning is described in Annex M.

In order to choose appropriate air filtration and air cleaning solutions, ambient air quality at building
location can be considered. When the building is in an area where the national standard or WHO
guideline values for PM1g or PM3 5 are exceeded, particle fine filters (plus a pre-filter when appropriate)
evaluated according to EN 16798-3, or air cleaning devices can be provided to clean the external air at
any location prior to its introduction to occupied spaces. It can also be possible for a limited time to
close the outside air intakes and use recirculation combined with appropriate air cleaning.
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When the building is in an area where the national standard/WHO guideline value for one or more
gaseous contaminants is exceeded, such as ozone, NOx, SOx, PAH (poly aromatic hydrocarbons), gaseous
filtration can be implemented as such or in combination with particle air filtration.

EN 16798-3 provides guidelines for filters performance and filters stage design according to the
external air particles levels and the expected indoor air quality.

Air filters and air cleaning devices are selected and installed to protect ventilation system components
and ducts from dust fouling as well. Dust fouling can reduce energy performance of heat exchanges of
heating/cooling batteries and heat recovery systems. Note that humidity and temperature conditions
cpmbined with dust accumulation can Jead to additional Toad by harmful substances o] organic
bntaminants (microorganism’s proliferation and their metabolites).

(@)

—

ff is important to avoid that air filters themselves do not become a source of harmfal or{odorous
syibstances. Regular maintenance, inspections and air filters change minimize” the cprryover
of microorganism and keep supply air clean. EN 16798-3 and inspectigh\ standards| provide
¢commendations and good practices for air filters maintenance and inspection.

-

L4 Humidity

he humidity criteria depend partly on the requirements for thermal-comfort and indoor air qulality and
hrtly on the physical requirements of the building (condensation, mould, etc.). For special buildings
mmuseums, historical buildings, churches), special humidity requirements will exist. For buildings with

b other humidity requirements than human occupancy (e.g- offices, schools and residential blildings),
imidification is usually not needed and dehumidificatiofhds usually only needed in geographigal areas

ith high outside humidity levels. Short-term exposureto very low or high values can be accepted.

s oS5, T 4 o

o)}

.5 Lighting

6/5.1 General

Windows are strongly favoured in buildinngs for the daylight they deliver and for the visual confact they
provide with the outside environmeht. However, it is also important to ensure windows do not cause
v]sual or thermal discomfort, or dloss of privacy.

Light is a necessary part to_peaple’s health and well-being. Light affects the mood, emotion and mental
alertness of people. It can_also support and adjust the circadian rhythms and influence|people’s
physiological and psycholegical state.
F

br reasons of comfort and energy, in most cases, the use of daylight is preferred.

5.2 Non-residential buildings

he degree/of visibility and comfort is wide ranging, and governed by activity type and dufration of
pquired-lighting criteria for workplaces as specified in EN 12464-1 and for sports lighting in E[N 12193.
br-some visual tasks in buildings and spaces, examples of required lighting criteria are pregented in
bIIA L 1

OOTC L X

(a3 3 o

According to EN 12464-1:2011, 4.1, the main lighting requirements are determined by the satisfaction
of three basic human needs: visual comfort, visual performance and visual safety.

To meet the illumination required in the rooms, buildings should have access to daylight to provide all or
some of the illumination and during absence of daylight adequate amount of electric lighting should be
installed to provide the required illumination. EN 15193-1 provides details about the effect of daylight
on the lighting energy demand (monthly and annual basis) and daylight availability classification as a
function of the daylight factor.

Too small windows might provide too little daylight, while too big unprotected windows might lead to
overheating.
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6.5.3 Residential buildings

Daylight in residential buildings can enter the space by facade and roof light openings or a combination
of both. The contribution of daylight will vary in level, direction and spectral composition with time
and provides variable modelling and luminance patterns, which is perceived as being beneficial for
people in indoor environments. Good daylight provision depends on the size of the area lit by daylight
compared to an area, which is not illuminated, by daylight.

6.6 Noise

The Equjivalent Continuous Sound Level (Leq,a) is the preferred single value parameter to descrilye
noise. It fis the constant sound pressure level which would produce the same sound energy, at a~givgn
point, ovier the same period of time 7, as the considered variable sound pressure level.

Leg,a is g very good descriptor of noise due to sources active under operating conditiongs in-a medium-
long time span. It is widely used as descriptor of equipment noise in continuous’\operation (e.g.
ventilatipn, air conditioning, etc.) in most of the regulations and national standards.

To adequately assess a noise with respect to requirements, it is necessary to nérmalize the equivalent
continudus level with respect to reverberation time (Leq,nT,4) to take into account the sound absorptiqn
of the ropm. Leq nT,A is defined in ISO 16032 and ISO 10052.

ISO 17772-1 is provided for design and assessment of energy efficieney of buildings, therefore, with
respect fo noise, only HVAC systems are fully relevant. Nevertheless; these systems are usually strict]y
connectgd to plumbing, and the contribution of these has to be{corisidered to better achieve comfoft
conditiops. Moreover, other sources of noise are important for’a.comfortable use of the buildings sugh
as lifts anhd motorized systems for opening doors, gates and similar and should be taken into account |n
the design of buildings. The use of Lyax (FAST) instead of lyidx (SLOW) allow to better include the effeft
of impulgive phenomena and description of discontinuous noise source functioning (see ISO 16032).
Some values of acceptable noise from the most cominon service equipment in buildings are given |n
Annex L

7 Indpor environment parametersfor energy calculation

7.1 Gdneral

The inpyt values for energy calculations are based on the same concepts as the criteria for design. The
criteria presented in [SO 1777231 are then also reflected in the occupant schedules.

7.2 Thermal environment

7.2.1 General

<

As the erjergy ealculations can be performed on seasonal, monthly of hourly basis (dynamic simulatior])
the indoprlenvironment is specified accordingly.

7.2.2 Seasonal and monthly calculations

During the between-seasons (with Opy between around 10 °C and 15 °C), adjusted upper and lower
temperature limits that lie in between the winter and summer values mentioned in Table B.2 can be used.

7.2.3 Hourly calculations or dynamic building simulation

The indoor temperatures can be calculated by dynamic building simulations. Recommended
values for the acceptable range of the indoor temperature for heating and cooling are presented in
[SO 17772-1:2017, Annex H. The midpoint of the temperature range should be used as a target value but
the indoor temperature can fluctuate within the range according to the energy saving features or control
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algorithm. If the cooling power is limited (mixed mode buildings), the excess indoor temperatures can
be estimated using one of the methods described in Clause 8.

Assumptions related to allowable exceedance is described in Clause 8.
7.3 Indoor air quality and ventilation

7.3.1 General

A rallal 1 of Filots 3 3 d i Lol A | £ial 2| 1l Fial o 21 4 h
At CCPTaUTC TV CT UT VETTICITAa IO TS T UIT C U TIT O UTIT TTOTT T CSTUCTIC AT aTTU T CSTACTICTI AT OUTTUTITES SC D acnieve

gpod indoor air quality.

~

3.2 Non-residential buildings

—3

he recommended ventilation rates for energy calculations are basically the same\a$s used for flesign of
ystems. In systems with variable air flow control and demand controlled ventilation, the ventilation
ate can vary between maximum, for full occupancy, and minimum, when“the considered|space is
uhoccupied. In case of COz-controlled ventilation, the CO2-concentration'walues in ISO 1777R-1:2017,
Annex I can be used. Further recommended values for the excess of COg concentration above putdoors
CP2 concentration are listed in Annex C.

= W

N

3.3 Residential buildings

—3

he concept of design ventilation rates and the use of denfand controlled ventilation are sjmilar to
fices (see 7.3.2).

@]

~

L4 Humidity

—3

he same criteria used for design are also usegd for energy calculations.

b |

.5 Lighting

—3

he same criteria used for designare also used for energy calculations.

g Evaluation of the indoor environment and long-term indicators

o2}

1 General

Ak the loads of any-building vary from place to place and from time to time, the designed syst¢m might
bt be able to‘tulfil the design intent in all rooms during all hours. There is a need to evaluate the long-
térm performance of building in respect of indoor environment. This clause presents indicatorg for such
aluatioh'and their use. The evaluation of indoor environment of a building is done by evalupting the
jdoor\énvironment of typical rooms representing different zones in the building. Evaluation|is based
h the'following activities: design (8.2), calculations (8.3), measurements (8.4), or questionnaifes (8.5).

o= =

8.2 Design indicators

Evaluation of the category of indoor environment of a building is based on the categories of the following
indoor environmental factors:

a) thermal criteria for winter: specified design values for indoor temperature during heating are
in 6.2.2;

b) thermal criteria for summer: specified design values for indoor temperatures during cooling are in
6.2.2 and 6.2.3;
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c) air quality and ventilation criteria: design values for ventilation are in 6.3.3 for non-residential
buildings, and in 6.3.4 for residential buildings;

d) humidity criteria: design values for humidity are in 6.4;

e) lighting criteria: design values for lighting are in 6.5;

f) noise criteria: design values for noise are given in 6.6.

8.3 Calculated indicators of indoor environment

Building| simulation is a cost-effective way to analyse the expected performance of buildings: The
computer programs used can be validated according to EN 15265 and EN 15255. Various indicators
of indoof environment can be calculated for different purposes. In the following four methdds are
presentegd for the thermal evaluation.

8.3.1 $imple indicator

=

To evaluate the performance of the whole building, representative rooms or spacés-have to be simulate
The buildling meets the criteria of a specific category if the rooms representing95 % of building volume
meet thq criteria of the selected category.

8.3.2 HMourly criteria

Performance of the buildings or rooms with different mechanical'er electrical systems can be evaluatgd
by calculating the number of actual hours or the percentage of time when the criteria is met or not.

This profedure is described with an example in Annex H.

8.3.3 Degree hours criteria

In respe¢tt of the thermal environment, the degree hours outside the upper or lower boundary can hje
used as 4 performance indicator of building for-warm or cold season.

This profedure is described with an example in Annex H.

8.3.4 OQverall thermal comfort(cpiteria (weighted PMV criteria)

This profedure is described with an example in Annex H.
8.4 Measured indicators

8.4.1 General

Deviatiohs from the selected criteria should be allowed. Some national criteria express “acceptable

deviatiops”as an acceptable number of hours or percentage of occupancy time outside the criteria basqd
on a yeat\y‘m@ﬁ%ﬂﬁﬁmmmﬁ%ﬁw . T 0 'y

time). This can also be given as weighted hours, where the level of deviation is also taken into account.

If no national criteria for deviations are available, the recommended criteria in Annex I can be used.
These criteria can be given on a weekly, monthly and yearly basis.

The weather data file used in the building simulation to design the performance of the ventilation system
might differ from the actual weather data. A heat wave might influence on the actual performance of the
building and cause, for example, overheating. In this matter, a longer period of time where the building
is outside the designed category can occur.
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8.4.2 Thermal environment

The measurements should be taken in representative rooms at different zones, orientations, with
different loads during representative operation periods. The evaluation of the category of indoor
environment is based on temporal and spatial distribution of the room temperature. Measurements
points and instruments should fulfil the requirements in ISO 7726.

8.4.3 Indoor air quality and ventilation

83— Gemerat

Ifdoor air quality and ventilation of building is evaluated with representative samplés, taken from
djfferent zones of the building.

8{4.3.2 Ventilation method

VEntilation of buildings can be evaluated by measuring air flows in ducts or by tracer gas measurements
of by using, for example, CO7 as an indicator.

4.3.3 Air quality method

8

Alir quality of building can be evaluated in buildings where people are the main pollution spurce by
mleasuring the average CO, concentration in the building, whén building is fully occupied. Thjs can be
dpne either with representative samples of room air or by meéasuring the concentration at the exhaust air.

4.4 Lighting

h walls and ceiling. [lluminance uniformity should be greater or equal than the recommendgd values
¢ported in EN 12464-1 for each kind of surface. The verification procedure in of EN 12464-1:2011,
ause 6 can be followed.

8
Ljghting quality is evaluated by measurements of itluminances on task areas, on surrounding qreas and
0
r

C
The main parameters determining:the luminous environment with respect to electric light and
dpylight are:

— luminance distribution;
— illuminance;

—+ uniformity of iluminance;
— glare;

—+ daylight factor;

—+ directionality of light;

Pt .
IS T CrrC e IioT o pots;

— variability of light (levels and colour of light);
— colour rendering and colour appearance of the light;

— flicker.

8.4.5 Noise

Noise is evaluated with a representative sample from rooms and spaces served by different air handling
systems, zones, windows and orientation. Normally, the criteria for noise do not influence the energy
performance of buildings. It could, however, occur in naturally ventilated buildings that the required
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amount of outside air cannot be obtained by opening of windows because noise from outside service
equipment would violate the noise criteria (unless special measures are taken, e.g. intelligent placement
or sound attenuation of air intakes) or the user control of the system. Also in the case of mechanical
ventilation and cooling, providing the required amount of air could result in unacceptable noise levels
from fans.

If adequate ventilation depends on the opening of the windows, the equivalent sound pressure level
(including the periods the windows are open and room is exposed to the external noise from outside
service equipment) should be used to evaluate the noise. The criteria for noise are given in Annex F.

This stafement of ISO 17772-T assumes knowledge in the design phase of the actual Tevel of externhl
noise. THese data are often not available or can be influenced by the presence of the building itself. It eqn
be difficplt to fix design values when the noise level is dependent not only on the operating conditions
of the equipment. Many national regulations define criteria for the evaluation of externalneise and
depend qn considerations related to the local use.

8.5 Supbjective evaluations

The dirdct subjective reaction of the occupants can be used for overall evaluation of the indo¢r
environthent. Daily, weekly, monthly evaluations using questionnaires for @eneral acceptance of the
indoor epvironment, thermal sensation, perceived air quality can be usedZIn Annex ], recommenddd
procedures and questionnaires are given for the systematic registration of subjective reactions pf
building|occupants.

9 Inspections and measurement of the indoor environment in existing building;

i

It is oft¢n necessary to perform measurements of the ndoor environment of the building during
inspectidn to be able to give advice regarding heating leads and system size and operation.

Requirements for inspection can be found at“national level or in the standards; see aljo
EN 15378:2017, 6.2.

If the ingpection requires measurement of:the'indoor environment the following procedures should he
followed|

9.1 Measurements

9.1.1 eneral

In existing buildings, measurements should be used to check whether the performance of the buildinjg
and its Building service/systems (ventilation system, heating and cooling devices, artificial lightin
meets the design réguirements. 9.1.2 and 9.1.3 indicate how such measurements can be conducted for
each indpor envitenmental quality parameter.

A
N

9.1.2 hermal environment

The measurement instrumentation used for evaluation of the thermal environment should meet the
requirements given in ISO 7726.

The recommendations given in ISO 7726 should be followed as far as the location of measurement
instrumentation within the spaces is concerned.

Measurements should be made where occupants are known to spend most of their time and under
representative weather conditions of the cold and warm season; for the winter (heating season),
measurements at or below mean outside temperatures for the three coldest months of the year, and for
the summer (cooling season), measurements at or above statistic average outside temperatures for the
three warmest months of the year with clear sky.
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The measurement period for all measured parameters should be long enough to be representative: for
example, 10 days.

Air temperature in a room can be used in long-term measurements and corrected for large hot or cold
surfaces to estimate the operative temperature of the room (ISO 7726).

9.1.3 Indoor air quality

Indoor air quality measurements are usually based on the indirect approach of measuring ventilation
rates. However, indoor air quality depends as well on the presence of specific indoor pollutants that can
degrade occupants’ perception of indoor air quality or impair occupants’ health (e.g. smell, sicklbuilding
symptoms) or both. Ventilation measurements should show that the requirements for fresh ajr supply
e met. In addition, investigation and measurements of specific pollutants (e.g. formialdehyfe, other
DC, fine dust PM1g or PMj3 5) will be needed to identify levels, potential sources (indoor or putdoor)
nd strategies to be implemented for remediation such as:

L o<W

— indoor air pollutant source emission control and reduction;
— ventilation to dilute air pollutant concentrations;

— outdoor air filtration at mechanical ventilation inlets;

— additional pollutant specific air cleaning.

Alnnex [ provides as reference WHO guidelines values for indoor and outdoor air pollutants.

ow this should be done is outside the scope of this docliment.

exception is the measurement of COz: in buildings where people are the main pollution|sources,
the ventilation rates (per person or per m2) can‘be estimated using CO2 measurement. The|decay of
CP2 when people are leaving a building can/be used to measure the ventilation rate. Measyrements
should be made where occupants are known\to spend most of their time, preferably at head levgel during
ypical high load conditions.

(4

D> measurements should preferably.be made under winter conditions, as normally fresh air supply is
west during the colder months (limited use of operable windows, partly closed facade shutters due to
Faught risk). In some cases, momentary measurements at “worst case times” (e.g. end of the|morning
- end of the afternoon in fer,example an office or school) might be sufficient.

[ )

@]

I larger buildings, not all rooms need to be evaluated and measurements in representatiye rooms
njight be enough.

[

fl the design isdbased on specified amount of outside air supply, this amount should be conffrmed by
easurementatroom level. A direct measurement in the supply duct or at the supply grill is offen more
Factical and/precise than the measurement of CO2 concentrations.

br-m< value. Also in a (representatively selected) sample of rooms the fresh air supply ‘at ropm level’
' i 2 fresh air

0
p
Flrst, thetotal fresh air supply for the whole building should be measured and translated into ar average
p
s

supply per person value, considering actual occupancy levels and design occupancy levels.

Measurements should be made under 'semi-worst case weather conditions’ which normally are the
winter months. In many mechanically ventilated buildings in winter recirculation is used. Obviously, the
air supply at room level values should be corrected for recirculation during periods when recirculation
is used. When constant volume mechanical ventilation systems are used, instantaneous measurements
are sufficient.

In buildings or spaces with variable volume systems the air supply (at room level) should be measured
in both minimum and maximum position.

© ISO 2018 - All rights reserved 17
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9.1.4 Indoor light quality measurements based on illuminance

[lluminances should be measured both on task areas and on surrounding areas to conform to values
recommended in EN 12464-1 at all operational times. Other parameters as UGR, Ra, etc. can be checked,

accordin

g to EN 12464-1.

[lluminance levels measurements of artificial lighting are carried out without the presence of daylight.

Preferab

ly measurements of daylight should be carried out during an average cloudy day.

The maintained illuminance values should be measured on the horizontal plane in the occupational zone

at appro;

Measure

10 Clas

10.1 Ge
The info

classifics
complex
quality d

Due to the many parameters and insufficient knowledge on:sthe combined influence of the indo

environi
environr

10.2 D¢

The evaluation of the indoor environment includes (1) thermal criteria for winter, (2) thermal criter

for sumi
Classific
calculati
tempera
specified

10.3 Re

For the @
and inddg
environi
(L, 11, 1,

gitratety ;8 T for regutaroccupied spaces and at ;I mrimcircutatiom areas amd sports atts:

ment should be carried out in compliance with EN 13032.

ssification and certification of the indoor environment

neral

indoor environment information into a simple overall indi€ator of indoor environment
f the building.

hental parameters, it is recommended to make an ovepall classification only based on therm
hent and indoor air quality.

tailed classification and certification

mer, (3) air quality and ventilation criteria, (4) lighting criteria, and (5) acoustic criteri
htion of indoor environment can be-based on showing the design criteria for each paramete
pns or measurements over a time_period (week, month, year) of relevant parameters like roo
fure, ventilation rates, humidity and CO; concentrations. The basis of evaluation has to &
in the classification and gettification. An example is shown in Annex K.

commended overall evaluation of the indoor environment and certification

or air quality) cenditions separately. This can be shown as the percentage of time the indo
hent (temperatures, ventilation rates or CO2 concentrations) are within the different categorig
hnd [V):Examples are included in Annex K.

Fmation of indoor environment of the building should be included withthe energy certificat
of the biiilding, so that the total performance of building can be evaluated~For this certificate, tH
ition of indoor environment is necessary. For the certification, it canl be necessary to integrat

verall evaluation;it is recommended that a comfort “footprint” is given for thermal conditimls

SRS

r
LS
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Annex A
(informative)

Information about national annexes

The intention of Annexes A to Gisdescribed clearlvin ISQ 17772-1 On anational level it can be decided

if|different categories should be used or only one category for the indoor environment is dés
igrecommended to define one category for design and energy calculation. Then more categori
uped to describe the yearly quality of the indoor environment.

This annex provides a reminder that ISO 17772-1:2017, Annexes A to G give empty tables su
nptional implementation of that document, if values different from those shown in ISO 1777
Annexes H to N are considered more appropriate.
E
Al

kplanations and discussions on the relevant items of ISO 17772-1:20%%, Annexes A to G are
nnexes A to G.

Annex A can be used to provide additional national comments to ISO 17772-1:2017, Annexes A

cribed. It
bs can be

table for
2-1:2017,

given in

to G.

© ISO 2018 - All rights reserved

19


https://standardsiso.com/api/?name=a0b812627440c6d519e8f656207178a1

ISO/TR

17772-2:2018(E)

Annex B
(informative)

Recommended criteria for the thermal environment

B.1 R
buildin

The follo

Table H

Table ]

commended categories for design of mechanically heated and cooled
gs
wing paragraphs give some more explanations to the recommended criteria in ISQ 17772-1.
.1 — Examples of recommended categories for design of mechanical hedted and cooled
buildings
Category | Thermal state of the body as a whole
PPD Predicted
% Mean vote
I <6 -0,2 <PMV < +042
11 <10 -0,5 <PMV <40)5
11 <15 -0,7 < PMV <+0,7
I\% <25 -1,0 < PMV < +1,0

B.2 — Examples of recommended design valués of the indoor operative temperature in
winter and summer for buildings with mechanical cooling systems

Type of building/space Category Operative temperature, °C
Minimum for heating Maximum for cooling
(winter season), (summer season),
approximately 1,0 clo approximately 0,5 clo
Residentjal buildings: living spaces I 21,0 25,5
]E?tiii?‘l(;meséc%raWing rooms, 10 20,0 26,0
. I11 18,0 27,0
Sedentaily approximately 1,2 met v 16 28
Single office (cellular office) I 21,0 25,5
Sedentaily approximatély 1,2 met I 20,0 26,0
111 19,0 27,0
v 17 28
Landsca]fed office (open plan office) I 21,0 25,5
Sedentary approximately 1,2 met 11 20,0 26,0
I11 19,0 27,0
Conference room I 21,0 25,5
Sedentary approximately 1,2 met II 20,0 26,0
I11 19,0 27,0
v 17 28

NOTE During the between seasons (with Oy, between 10 °C and 15 °C), temperature limits that lie in between the winter
and summer values can be used.

20
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Table B.2 (continued)

Type of building/space Category Operative temperature, °C
Minimum for heating Maximum for cooling
(winter season), (summer season),
approximately 1,0 clo approximately 0,5 clo

Auditorium [ 21,0 25,5
Sedentary approximately 1,2 met 11 20,0 26,0

[11 19,0 27,0
(lafeteria/restaurant [ 21,0 25,5
Yedentary approximately 1,2 met 11 20,0 26,0

[11 19,0 27,0

v 17 28
(lassroom I 21,0 25,0
Yedentary approximately 1,2 met 11 20,0 26,0

I11 19,0 27,0

v 17 28
Hindergarten I 21,0 25,0
Jeated-standing approximately 11 20,0 26,0
1,2 met 111 19,0 27,0

1\% Not recommended
[Jepartment store I 17,5 24,0
Standing-walking approximately 1,6 met Il 16,0 25,0

[11 15,0 26,0

IV.
NOTE During the between seasons (with @y, between 10 °C and 15 °C), temperature limits that lie in between the winter
and summer values can be used.
Ifcan be difficult to set recommended values for kindergartens and department stores. In both{building
types, there stay occupants with different clothing and activity level. So, one set of criteria wfll not be
applicable to all occupants.
Lpcal thermal discomfort
The maximum allowable mean air velocity is a function of local air temperature and turbulence
intensity. The turbulence intensity can vary between 30 % and 60 % in spaces with mixed|flow air

djstribution. In;spaces with displacement ventilation or without mechanical ventilation, the tufrbulence
intensity can.be lower. Draught problems could be due to high air velocities from opening of Windows,
ventilatiofl and air conditioning systems, but it can also be due to cold down draught from cold vertical
stirfaces:

aught is an unwanted local cooling of the body caused by air movement. The discomfort due to

g g y
rating (DR) can be calculated by the following F ormula (B.1) (model of draught):
DR = (34-t41) (va, - 0,05) 0-62 (0,37- v, 1+ Ty+3,14) (B.1)

For v4 < 0,05 ms-1insert vy = 0,05 ms-1

For DR > 100 % use DR =100 %
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is the draught rating, i.e. the percentage of people dissatisfied due to draught;
is local air temperature, in degrees Celsius, 20 °C to 26 °C;

is the local mean air velocity in meters per second, <0,5 ms-1;

is the local turbulence intensity (%) defined as the ratio of the standard deviation of the local

air velocity to the local mean air velocity, 10 % to 60 %.

The mod
body clo
overestil
sedentar

Vertical

A high ve¢
are impd

Warm a

If the fla
For peor
the floon
for elect
surface 1
water te

For spac
Radiant

Radiant
by warm

B.2 Ag
cooling

ISO 177
building
running

A few re

— in W

el applies to people at light, mainly sedentary activity with a thermal sensation for the whe
e to neutral and for prediction of draught at the neck. At arms and feet level, the medel cg
mate the predicted draught rating. The sensation of draught is lower at activities highér tha
y (>1,2 met) and for people feeling warmer than neutral.

air temperature difference

rtant when designing displacement ventilation system.
nd cool floors

or is too warm or too cool, the occupants will feel uncomfortable due to warm or cool fee
le wearing light indoor shoes, it is the temperature of thi€)floor rather than the material
covering which is important for the comfort. For longeroccupancy, the criteria are not val
rically heated floors. By electrical heating, a certain heat input is provided independent of th
emperature. A water-based heating system will not produce temperatures higher than th
mperature.

es which people occupy with bare feet, see ISQ/TS 13732-2.
asymmetry

hsymmetry can also cause discomfgrt. People are most sensitive to radiant asymmetry cause
ceilings or cool walls (windows).

ceptable indoor teniperatures for design of buildings without mechanical
I systems

(2-1:2017, Figure H-1 recommended indoor operative temperatures (@g) are presented fi
b without mechianical cooling systems, according to the definition and calculation of extern
mean tempetature (Orm) as described in ISO 17772-1:2017, 6.2.2.

marks related to Figure H.1:

inter ‘with external running mean temperatures below 10 °C the standard heating seasd

brtical air temperature difference between head and ankles can cause diséemfort. These limit

o

d

e

critd

ria/as presented in Table H.1, should be used;

— the operative temperature limits as presented in the figure only apply when 10 °C < Oy, < 30 °C
above Oy = 25 °C the limits are based on limited field data;

— there is no mechanical cooling system installed: mechanical ventilation with unconditioned air (in
summer) can be utilized, but opening and closing of windows should be of primary importance as
a means of regulating thermal conditions in the space. In addition, occupants can have additional
options for personal control over the indoor environment such as solar shading, fans, shutters, night

vent

ilation, etc.

How to use the adaptive criteria in practice?
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Like with the non-adaptive criteria described in B.1, the adaptive criteria can be used during the (re)
design stage [of buildings (building facades) and their HVAC systems], or when deciding about building
operation (set-points) or when evaluating the indoor climate in existing buildings. For standard
buildings, normally category II limits are recommended to be used as design criteria. Only there were
sensitive individuals are expected to be positioned (think e.g. of seating positions for the elderly) the
stricter category I limits can be used.

When the adaptive criteria are used as part of a design standard for naturally conditioned spaces, it is
recommended to use a building simulation tool with an ‘adaptive module’ to predict what the indoor
conditions will be. The output of that simulation (e.g. hourly operational temperature values) then can be
cpmpared with the maximum operative temperatures allowed under the adaptive approachrin order to
decide whether conditions will be acceptable or not. Simulation outcomes should be presented|in terms
of percentage of operating time (e.g. weekdays from 8,00 h to 18,00 h) that the operativé tempdrature is
within the category I limits, between the category I and the category Il limits, betwéen'the category Il
ahd the category IlI limits and outside the category III limits. When the simulatiomshews that dperative
tq

b

\

mperatures are a substantial amount of time above the adaptive comfort limits that were|selected
bforehand than design modifications (e.g. of the facade or the thermal mass) should be made. After
hich, the simulation process is repeated. When the design modifications.are not sufficienf to meet
tl‘:e adaptive criteria, one might consider introducing an active cooling systems. Which implies that one
should switch to the non-adaptive upper limits for the operative temperature as described in B.1.

The adaptive comfort criteria too can be used in the context of building and building servicg system
operation. For example, when determining set-points for automated facade systems (with joperable
phrts) or when fine tuning summer night cooling settings of mechanical ventilation systems.
M

Althird way to use the adaptive criteria is in the context.of building performance checks. This ¢an be on
regular basis in the context of general contract reqiirements or as part of an indoor climate survey

1ildings without active cooling systems (and, with operable windows) can be evaluated with the
Haptive criteria as reference. In older buildings; the category Il temperature limits should be psed as a
hseline, in newer buildings (less than 10 years old) in most cases, the category Il limits should be used.
easurement outcomes should be presehted in terms of percentage of operating time (e.g. weekdays
flom 8,00 h to 18,00 h) that the operative temperature is within the category I limits, betyveen the
caitegory I and the category Il limjts, between the category Il and the category III limits and outside the
cftegory III limits. Measurement duration is at least a week, preferably around 3 weeks. Measyrements
should be done both under (typical) summer and under typical (winter) conditions.

p—

fl operative temperaturésyare above 25 °C and special equipment (e.g. table fans, ceiling fans or
ersonal ventilation systems with a boost function) is installed that allows building occupants fo create
evated air speeds.attheir work stations, it can be permitted to increase the upper temperatyre limits
b presented in [SO17772-1:2017, Figure H.1 with a delta T, as presented in Table B.3.

[Cge]

jo5)

Table B.3 — Indoor operative temperature correction (A8,)

Average air speed (v) Average air speed (v3) Average air speed (},)
0,6 m/s 09 m/s 1,2m/s
1.2 K 1,8K 22K
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Table B.4 — Temperature ranges for hourly calculation of cooling and heating energy in three
categories of indoor environment

Temperature range for

Temperature range

Type of building or space Category heating, °C for cooling, °C
Clothing ~ 1,0 clo Clothing ~ 0,5 clo
Residential buildings, living spaces (bed- I 21,0 to 25,0 23,5to0 25,5
rooms liyre-reemstitehensetesd
5 J 11 20,0 to 25,0 23,0 to 26,0
Sedentayly activity ~1,2 met 111 18,0 to 25,0 22,0 to 27,0
v 17,0 to 25,0 21,0 to 28,0
Offices ahd spaces with similar activity I 21,0 to 23,0 23,5t 25,5
(single o fi(?es, open plan offices, conference 10 20,0 to 24,0 23.0 {0 26,0
rooms, apiditorium, cafeteria, restaurants,
classroofns) 111 19,0 to 25,0 22,0t0 27,0
Sedentaily activity ~1,2 met v 17,0 to 26,0 21,0t0 28,0
Kindergdrten I 21,0 to 23,0 23,5to0 25,5
Seated-sfanding- activity ~1,2 met 11 20,0 to 24,0 23,0 to 26,0
111 19,0 to 25,0 22,0t0 27,0
Departmlent store I 17,5 t0'20,5 22,0 to 24,0
Standing-walking activity ~1,6 met 11 16,00 22,0 21,0 to 25,0
111 15,0 to 23,0 20,0 to 26,0

As noted
e.g. loca
tempera
the mod

fied design temperature.

| in B.1, the mean design temperature can vagy. from the values shown to take account
custom or a desire for energy saving so long as the within-day variation from the desig
fure is within the given range, and the occupants are given time and opportunity to adapt 1

24
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Annex C
(informative)

Basis for the criteria for indoor air quality and ventilation rates

.1 Default design ventilation air flow rates for non-residential buildings

Cl1.1 General

There does not exist a common standard index for the indoor air quality. Thetindoor air quality is
therefore expressed as the required level of ventilation or CO; concentrationg:’It is generally pccepted
that the indoor air quality is influenced by emission from people and their activities (bio ¢ffluents,
pboking), from building and furnishing and from the HVAC system its€lf~The two last soyrces are
brmally called the building components. The required ventilation is based on health and| comfort
[iteria. In most cases, the health criteria will also be met by the ‘required ventilation for| comfort
perceived air quality). Health effects can be attributed to specific.eomponents of emission gnd if the
bncentration of one source is reduced the concentration of others will also be reduced. Comfort is
ore related to the perceived air quality (odour, irritation). In‘these cases, different sources of pmission
hin have an odour component that adds to the odour levely There is however no general agre¢ment on
bw different sources of emission should be added together. In the present standard, the criterjia will in
lhe following be expressed in different ways:

SOz oMo s 0

(=

- method based on perceived air quality;

- method using limit values of gas concentration;

- method based on predefined ventilation flow rates.

Fpr CO7 and temperature controlled\systems, the ventilation requirement is fulfilled if the limits for
CP2 and temperature are fulfilled.

Igfiltration can be calculatedias'a part of the ventilation air flow rate.

()]

1.2 Method 1: Method based on perceived air quality

—3

he calculated desigiTventilation rate is from two components:

— values fremIS0 17772-1;2017, Table 1.1 concerning ventilation for pollution from the occuppnts (bio
effluents);

— values from ISO 17772-1;2017, Table 1.2 concerning ventilation for the pollution from the|building
and systems.

The ventilation for each category is the sum of these two components as illustrated with Formula (1).

The ventilation rates for occupants can be based on either adapted or non-adapted building occupants.
It can be a reasonable approach to design specific room types for adapted persons, e.g. auditoriums,
cinemas, classrooms. To use design for adapted persons in these types of rooms will require an airing
or strong ventilation between sessions. It is also reasonable to use adapted persons in residential
buildings. People only adapt to the bio effluents (odour) and the corresponding values for non-adapted
and adapted occupants (qp) are listed in Table C.1. With these lower ventilation rates, the occupants
could still feel an acceptable perceived air quality, but it can decrease the performance or learning
efficiency of the occupants (schools, auditoriums).

© IS0 2018 - All rights reserved 25


https://standardsiso.com/api/?name=a0b812627440c6d519e8f656207178a1

ISO/TR 17772-2:2018(E)

Table C.1 — Basic ventilation rates for diluting emissions (bio effluents) from people for
different categories

The ven
Table 1.2

Total vey

Example]
values, d
in Table
based o
zone). Ve
distribut

The tota

A building is, by default, a low-polluting building unless ‘prior activity has resulted in pollution of tk

Expected Airflow per non- Airflow per
Category percentage of adapted person adapted person
dissatisfied 1/s/person 1/s/person

[ 15 10 3,5

I1 20 7 2,5

II1 30 4 1,5

IV 40 2,5 1,0
ISO 17772-1 recommends a minimum of 4 1/s per person of total ventilation. The value is
based on a European study Ventilation and Health and was recommended where the major
contributor to the emission would be people.

ilation rates (gg) for the building emissions are calculated according to ISQ"17772-1:201

tilation rate for a room is calculated from ISO 17772-1:2017, Formula (L)

s of the total ventilation rates for non-industrial and non-residentjal buildings based on the
alculated using 1SO 17772-1:2017, Formula (I.1) with default ocetpancy densities, are give
C.2 (for non-adapted persons) and Table C.3 (for adapted persons). The values in the table a1
complete mixing in the room (concentration of pollutants i§-equal in exhaust and in occupisg
ntilation rates can be adjusted according to the ventilatien efficiency if the performance of ajir
ion differs from complete mixing, and can be reliably proven (see ISO 17772-1).

9

ventilation rate can either be given as 1/(s m2) or as I/s/person as shown in Tables C.2 and C.|

building|(e.g. smoking). In this case, the building is pegarded as non-low polluting. The category veyy
low-polliiting requires that the majority of building materials used for finishing the interior surfacgs
meet the national or international criteria of verjzlow-polluting materials. An example of how to defije
very lowppolluting building materials is giveirin Annex D.

Table C.2 — Non-adapted persons — Examples of recommended ventilation rates for non-
residential buildings with default.occupancy density for three categories of pollution from th¢
buildings itself

dp | dp
Floor Minimum 4B qtot aB Gtot qB qtot
Typeof | | c... | area ventilation rate
building gory mZ/. 1/ 1/ I/s,m2 | 1/s,m2 [l/s,pers|l/s,m2 | 1/s, m2 1/s,pers /s, 1/s,m2 | 1/s,per
or space pex (S m2) pers. ’ 4 g ’ ’ , m2 ) ’
¥) For occupancy For very l_ow_-polluted For low-polluted building For non-l_ow_ polluted
only building building
Single office| A 10 1 10 0,5 1,5 15 1 2,0 20,0 2 3,0 30
1 10 07 0,35 11 11 0,7 14 14,0 14 2,1 21
11 10 0,4 4 0,2 0,6 0,4 0,8 8,0 0,8 1,2 12
v 10 0,25 2,5 0,15 0,4 4 0,3 0,6 55 0,6 09 9
Landscaped| I 15 0,7 10 0,5 1,2 18 1 1,7 25,0 2 2,7 40
office mo| 15 0,5 0,35 0,8 12 | 07 1,2 175 | 14| 19 28
11 15 0,3 4 0,2 0,5 7 0,4 0,7 10,0 0,8 11 16
WY 15 0,2 2,5 0,15 0,3 5 0,3 0,5 7,0 0,6 0,8 12
NOTE Italics is for situations where the calculated ventilation rate is lower than 4 1/s per person required for health.
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dp | dp
Floor Minimum qB qtot qB qtot qB qtot
'Iy_pe_of Cate. | ar€d ventilation rate
building gory mZ/- I/ /s 1/s,m2 | 1/s,m2 |[l/s,pers|l/s,m2| 1/s, m2 1/s,pers /s, 1/s,m2 | 1/s,pers
or space per (s m2) pers. , ) ) ) ) m2
son For occupancy For very l_ow_-polluted For low-polluted building For non-l_ow_ polluted
only building building
Conference I 2 5 10 0,5 5,5 11 1 6,0 12,0 2 7,0 14
pes T 2 35 7 0,35 39 8 0,7 72 84 T2 49, ]| 10
m | 2 2 4 0,2 2,2 4 | o4 2,4 4,8 08 | 28"
v 2 1,25 2,5 015 | (1418 | (3)4 | 03 | (16)2 314 |06 q/\t),‘)
Auditorium | 1 075 | 13,3 10 0,5 13,8 10 1 14,3 10,8 Azi b* 15,3 12
n | 075 9,3 0,35 9,7 7 0,7 10,0 7,5 AA: n| 107 8
m | 075 | 53 4 0,2 5,5 4 0,4 5,7 48\ Mo | 61 5
v | 075 3,3 2,5 015 | (3547 | (334 | 03 | (36)53 /{2,'7)4 06 | 3947 34
Restaurant I 1,5 6,7 10 0,5 7,2 11 1 7,7 \/Q<T1,5 2 8,7 13
1l 1,5 4,7 0,35 5,0 8 0,7 ;AO 8,1 1,4 6,1 9
1 1,5 2,7 4 0,2 2,9 4 04 |, \‘{.1) 4,6 0,8 3,5 5
v 1,5 1,7 2,5 015 | (1.8)24 | (3)4 | 03 32,0) 27| 04 |06 | (2324 (34
dassroom | 1 2 5 10 0,5 5,5 1 | 4| 60 12,0 2 7,0 14
1 2 3,5 0,35 3,9 8 Q‘Oﬁ 4,2 8,4 1,4 4,9 10
1 2 2 4 0,2 22 | AN o4 2,4 48 08| 28
v 2 1,25 2,5 015 | @918 34| 03 | ez | By+ |os| 19 4
Hindergar-| 1 2 5 10 0,5 5,500 11 1 6,0 12,0 2 7,0 14
m 11 2 3,5 035 | 39 8 0,7 4.2 8,4 14 | 49 10
1 2 2 4 0,2 A\“é,z 4 0,4 2,4 4,8 0,8 2,8
v 2 1,25 2,5 045D | 1418 | (34 | 03 | (16)2 314 |06 1,9 4
Department| 1 7 1,4 10 | N4 - 2,4 17 2 3,4 24 3 4,4 31
store 11 7 1,0 7~ 07 1,7 12 | 14 2,4 168 | 21| 31 22
11 7 06 |, «4.\" 0,4 1,0 5 0,8 1,4 9,6 1,2 1,8 12
v 7 04_$2,5 0,3 0,7 7 0,6 10 6,7 09 | 13 9
OTE Italics is for situations where t??%-l(ulated ventilation rate is lower than 4 1/s per person required for health.
N
lable C.3 — Adap\%;)persons. Examples of recommended ventilation rates for non-residential
buildings wi?@ ault occupant density for three categories of pollution from building itself
S
@ Adaptt_,’d qp qB Qtot qB qtot qB ot
] Floor according to
Typ OY,\ Cate- arga Table B
£ i e e e o e e o e e
son
ol;(c);- For veli)yuli(;cvlvigngolluted For low-polluted building For no:)ll-lli(;:igglluted
pancy
Confer- I 2 1,75 3,5 0,5 2,25 4,5 1 2,75 5,5 2 3,75 7,5
enceroomy 2 1,25 2,5 035 | 160 | (324 | 07 195 | 394 | 14 2,65 5,3
11 2 0,75 1,5 0,3 1,05 | (21)4 0,4 115 | 234 | 08 1,55 | (31)4
v 2 0,50 1 0,25 075 | (154 | 03 0,80 | (1,6)4 | 06 110 | (2,2)4

The values are expressed per m2 floor area even if the emitting surfaces can be floor, wall, etc.

NOTE Values in italics indicate situations where the calculated ventilation rate is lower than the minimum value of 41/s per person required for health.

© ISO 2018 - All rights reserved

27


https://standardsiso.com/api/?name=a0b812627440c6d519e8f656207178a1

ISO/TR 17772-2:2018(E)

Table C.3 (continued)

dp
Floor a“(l:‘cigl{’;‘igggqgo qB qtot qB qtot qB qtot
Typeof | . .. | area Table B
2:1513;25 gory 1/s, m2 /s, 1/s,m2 | 1/s,m2 I/s, 1/s,m2 | 1/s,m2 /s, 1/s,m2 | 1/s,m2 /s,
person person person person
oi(c):- For veli)y low-polluted | low-polluted building For non-low polluted
pancy uilding building
Auditori- I 4,67 3,5 0,5 517 (3,9)4 1 5,67 4,3 2 6,67 50
um 11 3,33 2,5 0,35 3,68 (2,8)4 0,7 4,03 (3,0)4 1,4 4,73 (36)4
111 2,00 1,5 0,3 2,30 (1,7)4 0,4 2,40 (1,8)4 0,8 2,80 (2,1)4
v 1,33 1 0,25 1,58 (1,2)4 0,3 1,63 (1,2)4 0,6 1,93 (1,5)4
Classroom I 1,75 3,5 0,5 2,25 4,5 1 2,75 5,5 2 3,75 7,5
II 1,25 2,5 0,35 1,60 (3,.2)4 0,7 1,95 (3,9)4 1,4 2,65 53
111 0,75 1,5 0,3 1,05 (2,1)4 0,4 115 (2,3)4 0,8 1,55 (3,1)4
v 0,50 1 0,25 0,75 (1,5)4 0,3 0,80 (1,6)4 0,6 110 (2,2)4
NOTE Valueg in italics indicate situations where the calculated ventilation rate is lower than the minimum value of4¥/sper person required for health.
The values afre expressed per m2 floor area even if the emitting surfaces can be floor, wall, etc.

According Tables C.2 and C.3 is possible to calculate, as example,<values for a classroom of 50 m{.
Assumirnlg a floor area of 2 m2 per person, it is possible to find thestumber of persons in the room: 25.

The air

Table C.4. They do not change with reference to person adaptation.

Table C.4 — Building component of ventilation air.flow rate for different types and categories o¢f

Flow rates referring to the building component, for, the considered room, gg, are shown In

buildings
qs (total for the classroom of 50 m2)
Very low polluted buildings Low polluted buildings Non low polluted buildings
Categdries 1/s m3/h 1/s m3/h 1/s m3/h
I 25 90 50 180 100 360
11 17,5 63 35 126 70 252
I11 10 36 20 72 40 144
I\ 7,5 27 15 54 30 108

Then, the calculation Cepsists in finding gy, first for non-adapted persons and then for adapted one
Results gre included.ih Table C.5.

Table C.5:= Persons component of ventilation air flow rate for adapted and non-adapted

persons and different categories of buildings

N

qp (total for 25 persons)
Non adapted Adapted
Categories 1/s m3/h 1/s m3/h
I 250 900 87,5 315
Il 175 630 62,5 225
11 100 360 37,5 135
v 62,5 225 25 90

After that, the air flow for persons has to be summed to the airflow for building surface. The results are
reported as an example in Table C.6 considering the case of “low polluted buildings”.
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Table C.6 — Total ventilation air flow rate for the case of low polluted building and different

categories
qtot (qp+qs for all students and classroom surface)
qB Non adapted Adapted
Categories m3/h q3p qtot 1/s per ap qtot 1/s per
m3/h m3/h person m3/h m3/h person
[ 180 900 1080 12 315 495 5,5
I1 126 630 756 8,4 225 351 3,9*
[11 72 360 432 4,8 135 207 2,3*
v 54 225 279 3,1* 90 144 1,6*
The values marked with * are below the minimum of 4 1/s per person and, therefore, they have to be increased to guarantee
41/s per person.
The values in Table C.2 can be recalculated to corresponding CO3 values in the room. This is yseful for
CP3 controlled ventilation systems. The recalculated values are given in Table-C.7.
Table C.7 — Example of equivalent increase in CO3 levels indoor-above outdoor for the total
ventilation rates specified in Table€:2
Type of building Category Occupancy ACO2 [ppm]
or space person/m? Very low-polluting Low-polluting Not low-p¢lluting
Single office [ 0,1 370 278 184
I1 0,1 529 397 264
I11 0,1 926 694 463
v 0,1 1389 1010 654
Landscaped | 0,07 317 222 139
office Il 0,07 454 317 194
[11 0,07 741 556 347%
I\% 0,07 1235 794 483
(onference room I 0,5 505 463 397
I1 0,5 722 661 567
I11 0,5 1263 1157 993
1V 0,5 1462 1389 1502
Auditorium I 1,33 535 517 483
II 1,33 765 738 69
II1 1,33 1347 1300 1208
v 1,33 1576 1398 1576
Restaurant I 0,67 517 483 427
I1 0,67 738 690 611
I11 0,67 1277 1195 1068
A% 0,67 1543 1372 1543
Classroom [ 0,5 505 463 397
I1 0,5 722 661 567
I11 0,5 1263 1157 992
A% 0,5 1543 1389 1502

NOTE In this table, CO, emission value is 20 1/h per person for sedentary, 23,3 1/h per person for kindergarten and (26,6 1/h
per person for department store). Values in italics indicate situations where the calculated ventilation rate is lower than
the minimum required 4 1/s per person.
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Table C.7 (continued)
Type of building Category Occupancy . ACO; [ppm-] .
or space person/m?2 Very low-polluting Low-polluting Not low-polluting
Kindergarten I 0,5 588 539 462
II 0,5 841 771 660
I11 0,5 1471 1348 1156
I\Y% 0,5 1798 1618 1749
Depargrent t 6,14 435 368 238
stqre 11 0,14 621 440 341
I11 0,14 1087 770 596
v 0,14 1606 1103 840
NOTE In this table, CO2 emission value is 20 1/h per person for sedentary, 23,3 1/h per person for kindergarten‘and (26,6 I/h
per persopn for department store). Values in italics indicate situations where the calculated ventilatipn rate is lower thap
the mininjum required 4 1/s per person.

C.1.3 NMethod 2: Method using limit values of substance concentration

If ventildtion is controlled automatically (DCV), the maximum design ventilation rate has to corresporid
to the calculated maximum concentration of pollutant. The ventilatien rate can vary between the
maximumn and minimum ventilation rates specified, however, at leastthe specified minimum ventilatign
rate shoulld be provided during occupancy.

Table C.8 — Default design CO2 concentrations abovéeutdoor concentration assuming a
standard CO2 emission of 20/L/(h/person)

Corresponding CO2 concentration
Category aboveoutdoors in PPM for
non-adapted persons
I 550 (10)
II 800 (7)
111 1350 (4)
v 1350 (4)
NOTE The abqgve values correspond to the equilibrium concentration
when theairflow rate is 10, 7 and 4 1/s per person for cat. I, II, and II],
IV, respectively, and the CO; emission is 20 1/h per person.

Default qutside concentration average can be assumed 400 ppm (350 ppm to 500 ppm).

C.1.4 Nethod 3:'Method based on predefined ventilation flow rates

The reqyired total ventilation is here expressed as 1/s per person or 1/s m2. The rate per person includés
the contfibation from the building and the rate per m2 include the contribution from the people.

C.2 Default design ventilation air flow rates for residential buildings

As specified in ISO 17772-1:2017, 1.2, different methods can be used to determine the supply and exhaust
ventilation rates. They are present because at international level different countries have different
regulations and standards. Designers can therefore choose the method most adequate to any context.

ISO 17772-1 assumes complete mixing in the room (i.e. the concentration of pollutants is equal in
exhaust and in occupied zone).

In ISO 17772-1:2017, Table 1.6, three procedures based on design supply air flow rates, and in
ISO 17772-1:2017, Tables 1.8 and 1.9, two procedures based on extract air flow rates. They have to be

30 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=a0b812627440c6d519e8f656207178a1

ISO/TR 17772-2:2018(E)

used as alternative to each another. The result deriving from one method has not to be added to any
other result coming out from another procedure.

According to all methodologies, residential ventilation design needs that all main rooms have to be
provided with supply devices. It should not be possible to exclude bedrooms from air supply.

During usage of wet rooms or kitchen hoods, there can be some higher airflow period (boost) due to
peaks of pollution (for example, ventilation rate is increased for half an hour).

Parameters on noise and draught risk have to be respected because, very often, users shut-off or alter
verrtitati ) ) . o . ) ot . isy).

VEntilation rates can be achieved by different ventilation systems: mechanical, natural orchybrid (which
cpmbines mechanical and natural principles).

=

echanical ventilation

echanical residential ventilation systems mostly consist of self-contained equipmgnt with
ementary air ducts if needed. There is a wide range of devices and related EN standards covering the
naracteristics, the evaluation of performance and the classification offesidential ventilation|systems
N 13142 and EN 13141-1 to EN 13141-11). A brief description is givefi below.

o

O

a] Mechanical exhaust ventilation systems

Fresh air enters the main-rooms through suitable inlet.devices, transits through doors|or other
openings toward the wet-rooms and then is exhaustéd by one or more fans. The inlet apd outlet
devices can be equipped with flow rate controls, e.g. self-regulating, to maintain consflant flow
rate, or based on humidity, CO2 concentration, ptesence, to adjust the flow rate to the [effective
requirement (DCV). Inlet devices are usually.located in the external walls or on the windows;
the air ducts are limited to connect the extract devices with the fan(s) and from the fan(s) to the
exterior (exhaust).

b) Mechanical supply ventilation systems

Fresh air is supplied by one or morte fans to the main-rooms at constant or variable (DCV) flow rate
through a suitable air duct nétwork and inlet devices, transits through doors or other ppenings
toward the wet-rooms and then is exhausted possibly by one or more fans. In this last case/fans can
be operated according te:different schedule: upon request (with or without switch-off dglay after
use), manually or autematically. Inlet and outlet devices can be as in case a). They are not{common
because exhaust systems are more used across Europe. Their use has to be carefully gvaluated
since a good exhatist of pollution from wet rooms has to occur as for exhaust systems.

c] Mechanicalbalanced ventilation systems

In thesé systems, supply and exhaust air flow rates are introduced in main-rooms, transfer to
wet rooms through doors passage or specific devices and extracted from these wet roomp. This is
achieved through suitable air duct networks and inlet or outlet devices by means of separate fans.
Usually, energy recovery from the exhaust air is performed by a heat exchanger or a hept pump.
Different strategies of air flow control (DCV and/or boost airflow) can be used.

d) Mechanical un-ducted units for single room systems

Air flow is supplied to each main room by a specific device equipped with a fan. Some types are
equipped also with an extraction fan and recovery heat exchanger. Air from wet rooms is extracted
by specific fans which can be operated according to different schedule according to national
rules or design purposes: upon request (with or without switch-off delay after use), manually or
automatically.

In all cases, when multispeed exhaust devices are used, the peak value should be operated when needed
(i.e. during the creation of pollution induced by the use of room, as the cooking time for the kitchen,
etc.) and for a suitable time after the use to allow to decrease the pollution concentration properly. For
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instance, it is not enough to ventilate a bathroom during the bath period, a time control or humidity
control is needed to continue ventilation as long as needed after occupation.

Natural ventilation

Residential natural ventilation systems use stack effect and wind pressure to drive the ventilation
airflow through the building. Typical inlet components are facade grilles, window grilles, roof window
ventilation flaps and air inlet. Typical extract components include extract stack ducts. The system is
typically designed to allow air entry in living rooms and bedrooms, and to extract air from kitchens,
toilets and bathrooms. The operation of the ventilation system can be based on always-open ventilation
openings
operatio
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, which provides acceptable 1ndoor air quality on weekly, monthly and annual level. 1}
h can also be automated, based on sensors of, for example, humidity or CO5.

ing is the air change by manually operating windows or other openings, it has to be observg

a[[mot be considered a ventilation system.

esign supply air flow rates

wing examples are based on ISO 17772-1:2017, Table 1.6, according.to which, it is possible 1
hree different design possibilities:

ria based on air changes per hour;

ria based on supply air flow per person;

ly air flow based on perceived 1AQ for adapted persois.
e criteria are hereafter described.

ria based on air changes per hour

rding to this method, the supply air flow'rate, in m3/h, is calculated as the product of the tot
e of the dwelling (or the room) and the coefficient of ISO 17772-1:2017, Table 1.6 expressed
por different internal heights, to take into account the different volume of the rooms.

Table C.9 — Examples of equivalent values of air change rate for different room heights

Critd

Internal height 2,5m 2,7 m 3m
0,5h-1 0,47 h-1 0,41 h-1
Corresponding values 1 1 1
oFACH 0,6 h 0,56 h 0,5h
0,7 h-1 0,65 h-1 0,58 h-1

ria based on supply air flow per person

Accd

rdifigito this method, the supply air flow rate, in l/s, is calculated as the product of the desig

&

d

numfpepof persons in the dwelling (or in the room) and the coefficient of ISO 17772-1:2017, Table I

expressed in I/s per person.

Results obtained with this method are not depending by the internal height.

Criteria based on supply air flow based on perceived air quality for adapted persons

ISO 17772-1 introduces the concept of binomial calculation similarly to the case of non-residential
ventilation: a part of the supply air is intended compensate the emission from persons and a part the
emissions from the building components. ISO 17772-1:2017, Formula (1) applies with a difference:
AR is the total dwelling main room’s floor area.

With this method, the total air flow for the whole dwelling is therefore calculated according to
ISO 17772-1:2017, Table 1.6, where the related values of gp and gp are given in column (3).
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The method takes into account that the persons should be considered once.
Results obtained with this method are not depending by the internal height.

Examples of air flow rate calculation

Some examples of application of the three methodologies are hereafter presented for different dwelling

sizes. It has to be noticed that all the examples propose only one of the several possible soluti
examples concerns only the case of constant air flow rate.

a one-bedroom dwelling;

a two-bedroom dwelling;
a three-bedroom dwelling.
The air flow for each room is attributed by the designer.

All main rooms have to be provided with supply air inlet devices. Exhausts occur from
bpthrooms and toilets: all of them have to be provided with exhaust.devices.

ons. The

kitchen,

The dimensioning of the system concerns its maximum capacity. During the operation time, the air flow
rates can be different (as for example when persons are outsideg, the air flow rate can be reduc¢d).

Ekample 1) Design example of a one-bedroom dwelling

The following example refers to a small dwelling with*one bedroom (Figure C.1). The arrows

show in

hich rooms supply and exhaust occur. Near the arfows a dimensioning example is proposed pased on

the calculation developed below according to category II, ACH method.

Figure C.1 — Dwelling plan

=3

hé-characteristics of the considered dwelling are shown in Table C.10.

Table C.10 — One-bedroom dwelling dimensions

Example of
Room | Name | Surface (%) | (cormilheight: 25 m) | ACH caleulation,
category II
Kitchen 8,6 21,5 Exhaust
Living room 15,4 38,5 Supply: 40 m3/h
Bathroom 5,4 13,5 Exhaust
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Table C.10 (continued)

Example of
Room | Name | Surface () | (ol heght 25 m) | ACH caleulation,
category Il
Bedroom 16 40 Supply: 27 m3/h
5 Corridor 2,3 5,75 Transit
Total 477 119,25

Column

hasto b

1) of ISO 17772-1:2017, Table 1.6 is the reference for this calculation. The total dwélling volun
e multiplied by the corresponding ACH value for each category as shown in Zable C.11. On

determined the air flow rate, it is possible to calculate the corresponding 1/s per persen present in tk

dwelling

Taple C.11 — Calculation of air flow rates for the one-bedroom dwelling based on ach

As an ex

In order
by the ai

This val
living ro
ventilati

. Total flow rates Correspondingl/s per person
Categories ACH 3
m3/h (1 person) (2 persons)
I 0,7 77,51 23,25 11,65
I1 0,6 66,78 20 10,00
I11 0,5 56,05 16,81 8,40
IV 0,4 477 14,30 7,15

hmple, a complete calculation procedure is:shiown for category II.

to find the supply air flow rate, the dwelling volume, which is 119,25 m3, has to be multiplie
' change value of ISO 17772-1:2017, Table 1.6, for category II, which is 0,6: the result is 67 m3/

e represents the reference totallamount of air flow that has to be supplied partially in tk
om and partially in the bedtoom. Several possibilities to share the amount of the calculatg
bn air flow among the twoymain rooms (living room and bedroom) exist; the supply criter

is chosen by the designer according to different reasons as for example the dwelling dimensions, t}

ventilati

bn system (centralizéd)or decentralized, exhaust, supply or balanced) and the air flow contr

(constanit flow or DCV).

In this cgse, it is interesting to notice that 66,78 m3/h is a relatively low value by itself and the mark

does not
required

Icul

Column

offer many-possible sizes of supply and exhaust devices to be combined in order to achieve tk
flow raté (some approximation can be tolerated).
i 1

irfl I n air fl I I person

e

Pt
le

N6fI1SO0 1777212017 Tahla I Aictho rofaranco forthic caleculation In ardorta find tho cinn
oo a oA aBie oS tReFerereRee oS et avo - oraerto-Hi -

oS>

Ply

air flow rates the design number of persons has to be multiplied by the corresponding 1/s/person value
for each category as shown in Table C.12. Once determined the flow rate, it is possible to calculate the
corresponding values in m3/h or ACH.
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Table C.12 — Calculation of air flow rates for the one-bedroom dwelling based on 1/s/person

1 person 2 persons
Categories s Corresponding values s Corresponding values
m3/h ach m3/h ach
I 10 36 0,30 20 72 0,60
11 7 25,2 0,21 14 50,4 0,42
11 4 14,4 0,12 8 28,8 0,24

s an example, a complete calculation procedure is performed for category II.

erson value of category Il which is 7 1/s: the result is 14 1/s which correspond to 50,4)m3/h. T
kpressed in m3/h is useful in order to choose the components’ size, normally identified by
pbmmercial catalogues. For further evaluations, it is possible also to calculatel\the correspot
nanges per hour, dividing the total air flow rate expressed in m3/h by the dwelling volum
eans: 50,4 m3/h divided by 119,25 m3, that is 0,42 ACH.

Ch

|

Cplumn (3) of ISO 17772-1:2017, Table 1.6 is the reference for this cdalculation, which has to b{
three steps. First, the design number of persons has to be multiplied by the corresponding 1/
vhalue; second the main rooms’ surface has to be multipliedby the corresponding 1/s/m?2 vj

inally the two obtained values have to be summed for eaCh*category as shown in Table C.13.
tgtal air flow rate is determined, it is possible to calculate.the corresponding values in m3/h oy

Al
The number of persons in the dwelling, two in this case, has to be multiplied by the conrespon
p
e
c

o

ding 1/s/
he result
m3/h in
nding air
e, which

b done in
5/person
alue and
Once the
ACH.

Table C.13 — Calculation of air flow rates forthe one-bedroom dwelling based on 1/s/person

=

s/person value éfgategory Il which is 2,5 1/s: the result is 5 1/s which correspond to 18 m3/h

Then, the mainfooms total surface, 31,4 mZ2 in this case, has to be to be multiplied by the correg
1/s/mZ2 valae'of category Il which is 0,15 1/s: the result is 4,71 /s which corresponds to 16,96 m

The third step consists in summing the two previous results (51/s + 4,71 1/s) to find the total s

1 person 2 persons
Categories Y Corresponding values y Corresponding values
S S
m3/h ach m3/h dch

I 11,35 40,86 0,34 7,42 53,46 0|45

11 7,21 25,95 0,22 4,85 34,96 0[29

111 4,64 16,70 0,14 3,07(4) | 22,10 (28,8) 0,19((0,22)

Ak an example, a complete calculation procedure is performed for category II.

he first step is to multiply the person’s number in the dwelling, two in this case, by the corresponding

ponding
3/h.

upply air

fllow that is 9,71 1/s, corresponding to 34,96 m3/h.

For further evaluations, it is possible also to calculate the corresponding air changers per hour,

dividing

the total air flow rate expressed in m3/h by the dwelling volume, which means: 34,96 m3/h divided by

119,25 m3, thatis 0,29 ACH.
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Example 2) Design example of two-bedrooms dwelling

The following example refers to a medium dwelling with two bedrooms (Figure C.2). The arrows show
in which rooms supply and exhaust occur. Near the arrows, a dimensioning example is proposed based
on the calculation developed below according to category II, ACH method and 3 persons.

25 mf/h

35 m*/h

40 m3/h

Figure C.{U\Bwelling plan
N~

The charjacteristics of the considered dw@ﬁ% are shown in Table C.14.

Table C.%@ 'i‘wo-bedroom dwelling dimensions

© Volume E
. xample of
O (m3) . npe
Room ~% Name Surface (internal dimensioning for
(;)\ (m2) height: ACH calculation,
Q“ sh: category II.
PO 2,5m)
<\?~‘1 Kitchen 11,2 28 Exhaust
%‘/ 2 Living room 14,8 37 Supply: 40 m3/h
/\?“ 3 Bathroom 5 12,5 Exhaust
O) 4 Toilet 3,20 8 Exhaust
5 Bedroom 1 12 30 Supply: 25 m3/h
6 Bedroom 2 16 40 Supply: 35 m3/h
7 Corridor 5,2 13 transit
Total 67,4 168,5

For this example, the calculation is done only considering the ACH method for all the categories. In
order to apply the other two methodologies, the designer can refer to the same procedures described in
example one.

Column (1) of ISO 17772-1:2017, Table 1.6 is the reference for this calculation and the results obtained
are shown in Table C.15.
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Table C.15 — Calculation of air flow rates for the two-bedroom dwelling based on ACH

) Total flow Total flow rates Corresponding 1/s per person
Categories ACH rates 1
m3/h /s (2 person) (3 persons)
[ 0,7 117,95 32,76 16,38 10,92
I1 0,6 101,1 28,08 14,04 9,36
[11 0,5 84,25 23,40 11,70 7,80
Y 0,4 67,4 18,72 9,36 6,24
Exkample 3) Design example of three-bedroom dwelling Q'\(b
The following example refers to a large dwelling with three bedrooms (Figure C.3). prts' rows$ show in
posed pased on

hich rooms supply and exhaust occur. Near the arrows, a dimensioning example 1;1/[)
the calculation developed below according to category II, ACH method and 5 per;,

K\
N <&

é@?‘ Figure C.3 — Dwelling plan
v

—3

h@haracteristics of the considered dwelling are shown in Table C.16.

o)
= M
i 1
iETA :
s > S~
> ]

50 m?/ |

Table C.16 — Three-bedroom dwelling dimensions

Room | Name | Surface () | (ionmiheght 35m) | ACH calculation categoey Il
1 Kitchen 11,2 28 Exhaust
2 Living room 14,8 37 Supply: 50 m3/h
3 Toilet 1 4,50 11,25 Exhaust
4 Bathroom 6,70 16,75 Exhaust
5 Bedroom 1 16 40 Supply: 35 m3/h
6 Bedroom 2 12 30 Supply: 25 m3/h
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Table C.16 (continued)

Room Name Surface (m2) _ Volum_e (m3) Example of di_mensioning for
(internal height: 2,5 m) ACH calculation, category II
7 Toilet 2 3 7,5 Exhaust
8 Bedroom 3 9 22,5 Supply: 20 m3/h
9 Corridor 7,50 18,75 transit
Total 84,7 211,75
For this gxample, The calcutation 15 done onily considering the ACH method for ait the categories, |n

order to
example

Column
are show|

Table C.17 — Calculation of air flow rates for the three-bedroom dwelling based on ACH

hpply the other two methodologies, the designer can refer to the same procedures describe@d’in
one.

(1) of ISO 17772-1:2017, Table 1.6 is the reference for this calculation and the results/obtaingd
n in Table C.17.

. Total flow rates Corresponding 1/s per person
Categdries ACH 3 ’
m3/h (3 person) (4 persons) (5 persons)
I 0,7 148,23 13,72 10,29 8,23
11 0,6 127,05 11,76 8,82 7,06
I1 0,5 105,88 9,80 7,35 5,88
IV 0,4 84,70 7,84 5,88 4,71

C.2.2 Tesign extract air flow rates

This me
of the s
Accordin
dwelling]

The follg
Exampl¢

In exam
dimensi

In this e
Table 1.8
the kitch
respecti

Because

hod consists in dimensioning the exhaust aigflow rates which establish the maximum capacity
Fstem. Then, the inlet devices are dimensioned as a consequence, to balance the syster
g1S0 17772-1:2017, Table 1.8, the first step consists in identifying how many main rooms in the
are present. In the next step, the totalextract air flow rate is calculated.

=

wing examples consider the same/dwelling size of C.2.1.
e 1: One-bedroom dwelling

ble 1, a one-bedroom-dwelling is taken into consideration. Its plan is in Figure C.4 and its
nal characteristicsare summarized in Table C.18.

kample, there are-two main rooms: living room and bedroom. According to ISO 17772-1:2017,
when two 4iain rooms are present, the extract air flow rates are respectively: 25 1/s for
en and 10,1/s for all the other wet rooms. So, in this example, the extract air flow rates are
rely, 25.1/sfor the kitchen and 10 1/s for the only one bathroom present, as shown in Table C.1B.

in-this example category Il is chosen as the reference, the air flow rates above calculated haye

to be mt

Itiplied according to the coefficient of ISO 17772-1:2017, Table 1.9 which is 1. So the previous

results do not change.
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Table C.18 — Calculation of extract air flow rates for the one-bedroom dwelling

EXAMPLE 1 Design extract air flow rates in1/s
main rooms number Toilets
in the dwelling: Bathroom or
Kitchen shower with or | Other wetroom Single in Multiple (2 or
— bed . ; g p
onebedroom without toilets dwelling more in dwelling)
— one living room
2 25 10 N N N
(90 m3/h) (36.m3/h) ot present ot present ot present
Fpr this dwelling, a total of 35 1/s, which correspond to 126 m3/h, defines the maximum Q%lty of the
system (boost level). The same airflow rate value is used to dimension the supply net. Figure (.4 shows

hpw exhausts occur in a small dwelling with two main rooms.

90 m*/h

AV
(\’\

36 m3/h

Figure C.4 — Dwelling plan

Example 2: Two-bedroom dwelling

In example 2, a two-bedroom dwelling is taken into consideration. Its plan is in Figure C.2 and its
dimensions are summarized in Table C.14. Calculations are done with reference to category Il. And are
summarized in Table C.19. In order to find a calculation step by step, reference to example 1).
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Table C.19 — Calculation of extract air flow rates for the two-bedroom dwelling

EXAMPLE 2

Design extract air flow rates in1/s

main rooms number Toilets
in the dwelling: Bathroom or
Kitchen | shower with or Other wet room Single in Multiple (2 or
— two bed . . g p
o bedrooms without toilets dwelling more in dwelling)
— one living room
3 30 15 Not present Not present Not present

Thereforle, for this dwelling, a total of 45 1/s, which correspond to 162 m3/h, defines the maxinmum
of the system (boost level).

capacity

Exampleé¢ 3: three-bedroom dwelling

In exam
dimensi

example|1).

ple 3, a three-bedroom dwelling is taken into consideration. Its plan is in Figuke C.3 and ifs
nal characteristics are summarized in Table C.16. Calculations are dore, with referenge
to category Il and are summarized in Table C.20. In order to find a calculation step by step, refer to

Table C.20 — Calculation of extract air flow rates for the three-bedroom dwelling

EXAMPIE 3

main rogms number in

Design extract air flow rates in 1/s

Toilets

the dwelling: Bathroom or
Kitchen shower with or Other wetroom Single in Multiple (2 or
— three|bedrooms without toilets dwelling | more in dwelling)
— one liying room
3 35 15 10 10 Not present

Thereforfe, for this dwelling, a total of 70 1/s, which corresponds to 252 m3/h, defines the maximum
of the system (boost level).

capacity

C.2.3

This metlhod is mostly used in systemsbased on passive grilles and stack ducts. Inlet grilles are typically
positiong¢d in each bedroom and.living room, while exhaust stack ducts are positioned in bathrooms

and Kkitclen.

Figure C]5 (Table C.16) showSithe design principle of a natural ventilation system based on extract stac
supply grilles.oP similar openings. Exhaust stack ducts from kitchen and bathrooms shou
roof ridge,as there will be suction (under pressure) at this location of the roof independent
nd directidm-"The example is based on a supply grille area of 60 cm?2 or 25 m2 floor area, ar
extract-duct area.

ducts ar;E
end at t

of the w
100 cm?2

esign opening area for natural ventilation
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N

Dwelling plan

Figure C.@—

Ny

(.3 Recommended criteria foq;a?mensioning of humidification and de-
llumidification C)‘\\(’

i used, the values in th 17772-1:2017, Table 1.11 are recommended as design valu
dpsign conditions. Usually, hiumidification or dehumidification is needed only in special build
museums, some healt]@are facilities, process control, paper industry, etc.).

On’\%

G4 Reco ded ventilation during non-occupied hours

Ip places where humidity cri;fia are set by human occupancy, if humidification or dehumig

During urqmpied periods, it is possible to reduce the ventilation rate and also fully stop the v¢
ystem. void unacceptable air quality when occupied again, it is necessary to include a

o wn

ification
bs under
ings (e.g.

ntilation
constant

asi& ilation or increased ventilation before occupancy.
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Annex D
(informative)

Example on how to define low and very low polluting buildings

potential to deteriorate indoor air quality. Ventilation can flush out these emitted pollutants. Operatit
a building at low ventilation (as specified in this document,) increases the risk of air pollution by-thes
emitted pubstances and requires designing a building with low polluted interior spaces. This [is dof]
by selecting low emitting materials, especially for the large surfaces (walls, floors, ceilings).A simp
way is td identify and select materials that are labelled to show conformity with legislative or voluntat
specificgtions of low VOC emissions. The building is low or very low polluted if at l¢ast 80 % of t}k
interior jnaterials are low or very low emitting.

Low or yery low emitting materials are stone, glass, ceramics and certain nofi*treated metals, whig

are known to show no emissions into indoor air, and materials that show_low or very low emissions

(see Table D.1) when tested. Emissions properties are evaluated by testingthe material after 28 day
storage in a ventilated test chamber, in line with CEN/TS 16516 in combination with ISO 16000-11, or 4
specified in ISO 16000-3/1SO 16000-6/1SO 16000-9/ISO 16000-11. The emission rates obtained by th
experiment are then transformed into air concentrations in the European Reference Room as specifie
in CEN/TS 16516, see Table D.2.

In countries with compulsory legal requirements, these are assumed to provide the minimu
requirements (low emitting materials), while voluntary labels set the benchmark for very low emittix
materialp, see Table D.1. This holds true even for the French VOC regulation with different VOC emissio
classes: pven the most stringent legal VOC emissiofis class (A+) has less stringent requirements fi
most inyolved substances (except formaldehyde)~than the voluntary labels specified. This allows
classificdtion of VOC emissions on three levels (et low emitting, low emitting or very low emitting).

Thereforle, low emitting products for dow~ polluted buildings are those that comply with leg
requirenments as, for example, in:

— Belgfium;
— Frarjce (VOC emissions classB or better) - with the exception of R value which is not specified;
— Gerthany (AgBB/DIBt).

The limits for very law-emitting products for very low polluted buildings are based on a survey of t}k
specificgtions of popular eco labels for very low emitting products, such as:

— Blue]Angel;

O< ® ® ®0a O

h

S
is
d

m
g
S
r
a

— EMICODE EC1;

— GUT;

— Indoor Air Comfort.

Some other labels are also included in this approach, but they include even lower limit values:
— EMICODE EC1PLUS;

— Indoor Air Comfort Gold;

— M1.
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The approach is that it would not serve the purpose of this standard to refer only to the labels with the
lowest limit values, but also to include labels with reasonably low limit values.

Any emission is expressed as room concentration under conventional conditions (see Table D.1), after
calculation with the parameters of the European Reference Room (see Table D.2). Such tests correspond
to emissions four weeks after finalizing a building. These are assumed to be an indicator of the long-
term emissions in a building.

Table D.1 — Limit values after 28 days’ storage in a ventilated test chamber

Low emitting products for | Very low emitting products for Unit
low polluted buildings very low polluted buildings

Total VOCs (TVOC) 3
(hs in CEN/TS 16516) 1000 300 g/m
Hormaldehyde 100 30 g /m3
Any C1A or C1B classified carcino- 3
gdenic VOC ** > > 1g/m
H value (as in CEN/TS 16516) 1,0 10 —
K

VOC = Volatile organic compounds, as defined in CEN/TS 16516.

*¥  Some requirements go for a limit of 1 pg/m3, sometimes with the extension “asfar as technically feasible”. A§ such low
emissions cannot be determined in a reliable manner for most VOCs, a limit of\5 ug/m3 for any VOC is on the safd side for a
reliable determination of emissions.

The air concentrations in Table D.1 refer to the Etropean Reference Room (as spefified in
CEN/TS 16516:2013) which has the following parameters:

Table D.2 — European Reference Room

Hloor 3mx4m Air change rate 0,5h-1 (15 m3/h)

Height 2,5m Temperature 23°C

VYolume 30 m3 Relative humidity 50 %

Window 1 window of 2 m2 Door 1 door of 1,6 m2 (0,8 m x 2,0/m)

The emissions are calculatedwfor each product using the conventional loading factors pregented in
Thble D.3 (as specified in CENATS 16516:2013).

Table D.3 — Product loading factors

Intended use on Loa(ririlrzl/g nt;a;ctor Area Sl:r‘le??/lfrllg }allir flow
Walls 1,0 0,5
Hloor or ceiling 0,4 1,25
9malt surfaces (e.g. a door) (1,6 ,2 to 2 m?2) 0,05 10
Verysmall surfaces (e.g. sealants) 0,007 72

Conformance can be shown in the following two ways:

— presenting a test report, issued by a testing laboratory with an ISO 17025 accreditation that covers
this type of test;

— showing a valid attestation of compliance with any regulation or voluntary label that includes the
above (or more stringent) limit values (see Table D.1) after 28 days’ storage in a ventilated test
chamber (or earlier).
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An estimation of the air pollution of a real room will suffer from the facts that, even though this is
possible as mathematical calculation, the once determined emissions will vary significantly in real life
in this possible way:

— over time, with high decrease of emission during the first days and weeks (the testing after 28 days’
storage in a ventilated test chamber is assumed to indicate somehow stable long-term emissions);

— over production batches;

— with differences and variations in temperature and relative humidity during installation of the
productamtduringoperatiomrof the buitding:

Thereforle, the selection of low emitting or very low emitting products only helps to achieve gooddndogr
air quality by avoiding higher emitting products. Designing air quality precisely based on emissiois
data are| not a realistic option for the above mentioned reasons. Nevertheless, if such estimation fs
foreseen| then the calculation follows cross-multiplication (“rule of three”):

CB = ¢R % LAB/LAR x ACR/ACB (D.1)

where

CB is the mass concentration of compound a in the air of the actual building, in pg/ms3;
cr | isthe mass concentration of compound a in the air of theréference room, in pg/ms3;

Lap | istheloading factor in the actual building, in square:metre sample per cubic meter refer-
ence room;

Lar | istheloading factor in the reference room, in §quare metre sample per cubic meter refer-
ence room;

ACR| isthe hourly air change rate in the reference room, in h-1;
ACg| is the hourly air change rate in the actual building, in h-1.
Formulal|(D.1) can be applied:
— to thHe maximum expected aironcentrations, as given by the limit values, if these are respected;

— totheactually detected emissions in the air of the reference room, if the above mentioned limitations
of sych calculations are€-taken into account.
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Examples of criteria for lighting

Table E.T— Examples of criteria for some bulldings and spaces according to EN 1246441:2011
Clause Type of area, task or activity Em Specific requirements
reference ’ Ix
5.26.2 Offices — Writing, typing, reading, data 500 DSE-work, see 4.9
processing
5.26.5 Offices — Conference and meetingrooms | 500 |Lighting should be controllablg.
5.36.1 Educational buildings — Classrooms, 500 |Lightingshould be controllabl¢.
tutorial rooms
5.36.2 Educational buildings — Classroom for 500 |Lighting should be controllablg.
evening classes and adult’s education
5.36.3 Educational buildings — Auditorium, 500 ()Lighting should be controllablq to
lecture halls accommodate various A/V neefls.
5.39.1 Health care premises — Wards, materni- 100
ty wards — General lighting
5.39.3 Health care premises — Wards, materni- 300
ty wards — Simple examinations
5.40.1 Health care premises — Examindtion 500 [4000K<Tcps5000K
rooms (general) — General lighting
5.40.2 Health care premises — Examination 1000
rooms (general) — Exanination and
treatment
5.29.3 Places of public assembly — Restaurants — The lighting should be designed
and hotels —Réstaurant, dining room, to create the appropriate at-
function room mosphere.
5.36.24 Educatiohal’'premises — Educational 300 |See EN 12193 for training con
buildings™— Sports halls, gymnasiums, ditions.
swinmming pools
5.27.1 Retail premises — Sales area 300
5.27.2 Retail premises — Till area 500
51.1 Traffic zones inside buildings — Circula- 100 |— Illuminance at floor level.
tion areas and corridors — Raand UGR similar to adja-
cent areas;
— 150 Ixif vehicles on the route;
— The lighting of exits and en-
trances will provide a transition
zone to avoid sudden changes in
illuminance between inside and
outside by day or night.
Care should be taken to avoid
glare to drivers and pedestrians.
5.1.2 Traffic zones inside buildings — Stairs, 100 |Requires enhanced contrast on
escalators, travellators the steps.

© ISO 2018 - All rights reserved
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Indoor system noise criteria of some spaces and buildings

F.1 Noise from continuous sources

The values of equivalent sound pressure levels given in ISO 17772-1:2017, Table L.1 are the basis for
the design of the relevant equipment. To achieve the proposed results, suitable reliable values,of sourld
power lgvel Ly, should be used adequately documented by official tests such as those'decording to
EN 1314[l-1 to EN 13141-11 for residential applications and EN 13053 for non-residential application|s.
From soind power level, the resulting sound pressure level can be derived, taking into account the
dimensig¢ns and the acoustic characteristics of the considered room, by resorfing to the following
relationghip (Formula F.1) between sound power and sound pressure level:

L :LW+1010g{ Qz+i} (ED)
4mr- R

Ly s the sound pressure level, dB (re 20 pPa);

Ly 1s the sound power level, dB (re 10-12 W);

Q s the directivity of sound source, dimensiaoiiless;
r s the distance from source, m;

R ]sthe room constant, dimensionless.

and A:0,161L

1-= To
St

A |s the total eguivalent acoustic absorption, m?2;
St |s the totalyinner surface of the room, m2;

V s the'volume, m3;

T £hao o rlhapmots 43
0 STt eveTrotrat ot ime—S:

The reverberation time Ty can be assumed 0,5 s for room volume up to 150 m3, otherwise it can be
calculated according to dimensions and characteristics of the room or to specific regulations, if any.

Example of use of Formula (F.1)

In the following example, a ventilation device has to be installed in a room with these dimensions: floor
surface of 4 m x 4 m, height of 2,5 m and volume of 40 m3. The device has to be installed on a wall:
therefore, the directivity factor can be assumed to be Q = 2; let’s assume a sound power level Ly, = 35 dB.
In this case, a suitable reference position for the design calculation process can be the centre of the
room: let the distance from this point and the device be 2 m.
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The first step is to calculate the total inner surface of the room, which is:

St=16 + 16 +4 x 10 = 72 m?

The second step, considering the reverberation time as 0,5 s, is to calculate A and R as follows:

A=0,161x40/0,5=12,88m2and R=12,88/(1-12,88/72) = 15,68 m2

The third step is to use Formula (F.1) to predict the pressure level in the room deriving from the

agsumed power level as follows:

Lp =40 + 10 log [2/(4 Tt r2) + 4/ 15,68] =40 - 5,30 = 34,70 dB

The calculation can be repeated for any relevant band of frequency (e.g. 125 Hzto4 000 Hz]
r¢sulting A-weighted sound pressure level can be derived and compared with,the selected va
130 17772-1:2017, Table L.1.

I the post-operation assessment, the measured values should be normalized to the reverbera
ajsumed at design stage, by adding the following term:

10 log (T/To)
where

T isthe reverberation time at measurement conditions;

To isthe design reverberation time.

FH2 Noise from service equipmentin buildings

With reference to 6.6, some design valtes of Laormax, nT are given in Table F.1.

. Sound level, Lormax, nt, [dB(A)]
Building

I II III
Residenees <32 <36 <40
HotelToboms <30 <34 <38
Heospital patient <30 <34 <38
room
Offices <32 <36 <40

© ISO 2018 - All rights reserved
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Table F.1 — Examples of design sound level, LAFmax, nT, [dB(A)] for non-continuous soyirces
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Occupants schedules for energy calculations

Therefoy
The follo

Heat em
tempera
Indoor ¢
effect lea

Body su
significa
activity.
The bodj
height of

Apy
where

Apuy
w
H

In buildi
day care

adults (detached houses, apartmentbuildings, office buildings, departmental stores, hotels, restaurant

e, ISO 17772-1 includes several default schedules that can be used for a standard calculatie
wing shows how the dry and total heat loss from the human body is calculated.

ssion from human body depends on many factors such as room temperature, méan: radial
fure, relative humidity, air velocity, body surface area, metabolic rate, clothing insulation, et
limate in winter and summer, following the specification of this standard, therefore has 3
ding to different seasonal values of heat emission.

face area is a unique parameter and it depends on individual height and ‘weight. It is the mo
ht parameter and it shows large variation among occupants with sifitilar amount of musculd
[n addition, heat loss by skin diffusion, radiation and convection depend on body surface are
 surface area is calculated with the Du Bois formula which congiders 50 percentile weight ar
corresponding age and sex[4].

= 0,202x W 0425 x 0,725 (G.

is the body surface area;
is the weight, kg;
is the height, m.

hg categories under interest, the highest variation of body surface area of occupants occurs
centres, kindergartens andsschools compared to other building categories mainly occupied |

1pant schedules have a verv Qignifir‘:m‘r influence on the calculate energy pprfnrmnnr‘ i

Nt

L

y

sport halls and hospitals). Table &1 shows the body surface area based on weight and height.
Tabl¢ G.1 — Body surface area of occupants in day care centre, kindergarten and schooll3]
Girl/Female Boy/Male
Age w H Apy 14 H Apy
1b kg inch m m?2 1b kg inch m m?2
Day care|centre 2 26,5 12,0 33,5 0,9 0,5 27,5 12,5 34,2 0,9 0,5
3 315 %3 370 0,9 0,6 31,0 %t 375 10 0,6
34,0 15,5 39,5 1,0 0,6 36,0 16,4 40,3 1,0 0,7
Kindergarten 5 39,5 18,0 42,5 1,1 0,7 40,5 18,4 43,0 1,1 0,7
6 44,0 20,0 45,5 1,2 0,8 45,5 20,7 45,5 1,2 0,8
School
G-1 49,5 22,5 47,7 1,2 0,9 50,5 23,0 48,0 1,2 0,9
G-2 57,0 259 50,5 1,3 1,0 56,5 25,7 50,4 1,3 1,0
G-3 62,0 28,2 52,5 1,3 1,0 63,0 28,6 52,5 1,3 1,0
G-4 10 70,5 32,0 54,5 1,4 1,1 70,5 32,0 54,5 1,4 1,1
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Table G.3 — Metabolic rates of studied building categories[61[71[8][9]

Table G.1 (continued)
Girl/Female Boy/Male
Age w H Apu H Apu
1b kg inch m m?2 1b kg inch m m?2
G-5 11 81,5 37,0 56,7 1,4 1,2 78,5 35,7 56,5 1,4 1,2
G-6 12 91,5 41,6 59,0 1,5 1,3 88,0 40,0 58,7 1,5 1,3
G-7 13 101,0 459 61,7 1,6 1,4 100,0 45,5 61,5 1,6 1,4
G5 +4 165;6 477 625 +6 +5 126 569 6475 +6 1,5
G-9 15 115,0 52,3 62,9 1,6 1,5 123,5 56,1 67,0 1% 1,6
¢-10 16 118,0 53,6 64,0 1,6 1,6 134,0 60,9 68,3 1,7 1,7
¢G-11 17 120,0 54,5 64,0 1,6 1,6 142,0 64,5 69,0 1,8 1,8
G-12 18 125,0 56,8 64,2 1,6 1,6 147,0 66,8 69,2 1,8 1,8
Bpsed on the data in Table G.1, the average body surface areas shown in Tahle G.2 were selected for
ofcupant’s heat emission calculation.
Table G.2 — Average body surface area used in the calculatiohs-of occupant’s heat emjssion
Building type Ap()(m?2)
Detached house 1,70
Apartment building 1,70
Office building 1,70
Department store 1,70
Hotel 1,70
Restaurant 1,70
Sport, terminal, theatre 1,70
School 1,68
Day care-centre 0,66
(2 yearsold to 4 years old)
Kindérgarten 0,77
(5 years old to 6 years old)
Hospital 1,70
Meeting room 1,70
Classroom 1,70
Computer classroom 1,70
The heat emission of the body depends on the metabolic rate, and the energy release from the
nmletabolism dependent on the muscular activity. Metabolism is measured in met units; [l met is
e

juivalent to 58,15 W/m2 per body surface area. To determine dry and total heat losses of occlipants in
studied buildi . Doli ] ] in Tahle G.3 ] ’l

Institution Met
Day care centre |Children 2 years old to 4 years old 1,0
Professional Adult people 1,91
Kindergarten Children 5 years old to 6 years old 1,39
School Grade 1to 6 7 years old to 12 years old 1,2
Grade 7 to 12 13 years old to 18 years old 1,2

Teacher Adult people 1,46t1,72

ISO 2018 - All rights reserved
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Table G.3 (continued)

The set point of indoor air temperature, mean radiant temperature, relative air velocity, andcclething
insulatign depends on season. Thus, the heat emission from the body are also varied. Table Gi4-reports
the range of interest of different parameters and the values used for summer and wirnter seasqn
calculatipn.

T

The tota
heat losq

loss fronp occupant. All formulas shown below are from Reference [10].

Institution Met

Department store Adult worker 1,6

Office, meeting room Adult office worker 1,2
(sedentary)

Detached house, apartment building Adult people 1,2

Hotel, restaurant, hospital Adult people 1,2
(sedentary)

Sport, terminal, theatre Adult people 1,6

le G.4 — Input parameters values for summer and winter occupant’heat emission
calculation
Range Summer Winter
Temperature, °C 18 to 27 24,5 22,0
Mean radiant temperature, °C 18 to 27 24,5 22,0
Operative temperature, °C 18 to 27 24,5 22,0
Relative humidity, % 20 to 80 60,0 30,0
Clothing insulation, I 0,3to 1,4 0,6 1,0
Air velocity, m/s 0,05 to 0,2 0,15 0,1

heat loss from the occupant body is the sum‘of convection heat loss, radiation heat loss, vapour
, sweat heat loss whereas dry heat lossqs the sum of convection heat loss, and radiation heat

Qconpection :|:fclhc (tcl _top ):|:0'001 4'M<34'_top) (G.2)
-9 4 4
QRradiation =39,6-107" Apy f4 {(tCl +273)" —(t, +273) } (G.3)
Quagr = Ay | 3,05:1057{5733-6,99(M—W)~P,, }+1,72:10° M(5 867-P,,, ) G4
Vaplor DU | ’ pw , pw .
tsk Tta _8 4 4 i
> I—C=3,96-10 fa [(td+273) —(t, +273) }rfdhc(td—ta) (G.5)
d
5 a8t =t )% for238(r,—r \"* 2121 v _
he = 0,25 ) (G-6)
12,1V, for 2,38(ty —t,) '~ <12,1V,,
{ 1,041,291,  for I <0,078 m?°C/W )
cd =~ .
1,05+06451q  for 14 <0,078 m?°C/W
ty =35,7-0,028(M W) (G.8)
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77,345 0+0,005 7T—L35
e T

P - (G.9)
WS T8'2
RH
Py =——x100 (G.10)
Pws
Qtotal =Apu - M (G.11)
Qsweat = QTotal — QConvection ~ QRadiation — QVapour (G.12)
where

Qconvection is convection heat loss, W;
QRadiation is radiation heat loss, W;
Qvapour  is vapour heat loss, W;
QTotal is total heat loss, W;

Qsweat is heat loss through sweating, W;

Apu is body surface area, m?;
M is metabolic rate, met;
w is external work, W;
tq is air temperature, °C;
tr is mean radiant temperature, °C;
top is operative temperature, °C;
tal is clothing sunface temperature, °C;
tsk is mearn skin temperature, °C;
I . o . . : . mf-°C
is ¢lothing insulation. It is an average including uncovered parts of the body, 1 ;
fa is clothing area factor
he is convective heat transfer coefficient, w ;
m=°C
Pws is water vapour saturation pressure, Pa;
Ppw is partial water vapour pressure, Pa;
Var

is relative mean air velocity, —;
s
RH is relative humidity, %.

Input parameters values in Table G.4 are used to determine the heat loss from occupants during summer
and winter. Components of heat emission from occupants during summer and winter are shown in
Table G.5 and Table G.6, respectively.
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Table G.5 — Occupancy heat loss components during summer

Building type Qconvection | @Radiation Qvapour Qsweat Qpry QTotal
w w w w Ay w

Detached house 44,1 38,7 259 9,7 82,8 118,3
Apartment building 441 38,7 259 9,7 82,8 118,3
Office building 44,1 38,7 259 9,7 82,8 118,3
Department store 41,7 36,0 27,8 52,4 77,6 157,8
Hotet 447t 3857 2579 7 8258 1853
Reptaurant 44,1 38,7 259 9,7 82,8 118,3
Spprt terminal, theatre 41,7 36,0 27,8 52,4 77,6 157,8
School 39,6 32,7 25,2 19,4 72,3 116,9

Daly care centre

(2o 4 years old) 16,1 13,4 9,5 0,0 29,5 38,3
Ié: Eg‘gf}zgtresnol n 17,6 14,4 11,9 18,1 32,4 62,1
Hdspital 44,1 38,7 259 9,7 82,8 118,3
Mgeting room 44,1 38,7 259 9,7 82,8 118,3
Classroom 441 38,7 259 9,7 82,8 118,3
Computer classroom 441 38,7 259 9,7 82,8 118,3

Table G.6 — Occupancy heat loss components during winter

Building type Qconvection QRadiation Qvapoup Qsweat Qpry QTotal
w W W w w \"\

Detached house 38,3 39,5 33,4 71 77,8 118,3
Apartment building 38,3 39,5 33,4 71 77,8 118,3
Office building 38,3 39,5 33,4 7,1 77,8 118,3
Departmlent store 36,9 373 35,9 47,6 74,2 157,8
Hotel 38,3 39;5 33,4 7,1 77,8 118,3
Restaurgnt 38,3 39,5 33,4 71 77,8 118,3
Sport, tefminal, 36,9 37,3 35,9 47,6 74,2 157,8
theatre
School 37,8 38,9 32,9 7,2 76,7 116,9
Day care|centre
(2 to 4 ydars old) 15,1 15,8 12,5 0,0 30,9 38,3
Kindergdrten
(5 to 6 ydars old) 171 17,4 15,7 11,9 34,5 62,1
Hospital 38,3 39,5 33,4 7,1 77,8 118,3
Meeting koo 383 39,5 334 7+ F5=S H38;3
Classroom 38,3 39,5 33,4 71 77,8 118,3
Computer classroom 38,3 39,5 33,4 71 77,8 118,3

The simplification form of Table G.5 and G.6 are shown in Table G.7. It shows the average dry and total
heat loss from occupants.
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Table G.7 — Summary of dry and total heat loss from occupant body

Metabolic | Body surface Summer Winter Average
. A
Building type rate, M area, Aoy QDry QTotal QDry QTotal QDry QTotal
met m2 C w w w w w

Detached house 1,2 1,70 82,8 118,3 77,8 118,3 80,3 118,3
Apartment 1,2 1,70 82,8 118,3 77,8 118,3 80,3 118,3
building
Office building 1,2 1,70 82,8 118,3 77,8 118,3 80,3 118,3
Departmental 1,6 1,70 77,6 157,8 74,2 157,8 759 157,8
skore
Hotel 1,2 1,70 82,8 118,3 77,8 118,3 80)3 118,3
Hestaurant 1,2 1,70 82,8 118,3 77,8 118,3 80,3 118,3
E“;{l‘“i“al' sport 1,6 1,70 77,6 157,8 74,2 157,8 75,9 157,8
School 1,2 1,68 72,3 116,9 76,7 1169 74,5 116,9
Day care centre
(b to 4 years old) 1,0 0,66 29,5 38,3 30,9 38,3 30,2 38,3
Hindergarten 1,39 0,77 32,0 62,1 3455 62,1 33,2 62,1
(p to 6 years old)
Hospital 1,2 1,70 82,8 118,3 77,8 118,3 80,3 118,3
Meeting room 1,2 1,70 82,8 118,3 77,8 118,3 80,3 118,3
dlassroom 1,2 1,70 82,8 118,3 77,8 118,3 80,3 118,3
fg(‘)“rg“ter'dass' 1,2 1,70 82,8 118,3 77,8 118,3 80,3 118,3

A
C

L Wn

mong all parameters, metabolic rate and body\surface area are the most significant ones. In specific
hses default values of metabolic rate can be misleading. For instance, the metabolic rate of occupants in a
port hall can vary from 1,5 met to 10,0 metf9l. Thus, in such cases, it is important to specify the pccupant
Ctivity in respective buildings before determining the dry and total heat loss from occupant bofly.
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Annex H
(informative)

Long-term evaluation of the general thermal comfort conditions

methodsd, which can be used for that purpose.

Method |A — Percentage outside the range:

Calculat¢ the number or % of occupied hours (those during which the building is occupied) when the
PMV or the operative temperature is outside a specified range.

Method B — Degree hours’ criteria:

The timg¢ during which the actual operative temperature exceeds the specified range during the
occupied hours is weighted by a factor which is a function depending on.by how many degrees, the
range hals been exceeded.

a) The weighing factor, Wf, equals O for:
Qo,limit,lower <0p < Qo,limit,upper
where O Jimit is the lower or upper limit of the comfort range specified (e.g. 23,0 °C < 8, < 26,0 4C
corresponding to -0,5 < PMV < 0,5 as specified in;Ahnex B for single offices, category II, summer)

b) The weighing factor, wf, is calculated as

wf=10, - @o,limit

whep 6, < Oo,limit,lower OF Qo,limit,upper <6,

c) For & characteristic period during a year, the product of the weighting factor and time is summef.
The pummation of the preduct has the unit of hours.

Warpm period:

2 wff- time for O > O limit,upper

Cold|period:

T wf|- time for Oy < O limit,lower
Method C—PPD weighted criteria:

The time during which the actual PMV exceeds the comfort boundaries is weighted by a factor which is
a function of the PPD. Starting from a PMV-distribution on a yearly basis and the relation between PMV
and PPD the following is calculated:

a) The weighing factor, wf, equals 0 for:
PMViimitlower £ PMV < PMV{imit,upper
where PMV it is determined by the comfort range specified according to Annex B.

b) The weighting factor, wf, is calculated as:
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_ PPDactualPMV
PPDppMylimit

where

PMV < PMV]]m]t‘lower or PMV]]m]t‘upper < PM\/, in Wthh:

PPDgyctualpmy is the PPD corresponding to the actual PMV;

DD PP ictha PPN corracnanding +o0 DAY,
O PMVHTI TS tHe T - cor eSS p ot SO v it

during a year. The summation of the product has the unit of:

Warm period:

2 wf - time for PMV > PMViimit,upper
Cold period:
2 wf - time for PMV < PMVimit, lower

o

—-

weighting factor will result in a higher number of hours: The values can be used for the eval
ldng-term comfort conditions.

mechanically heated or cooled buildings following the assumptions shown in the t
Temperature;°C Weighting factors
wf (°C) wf (PPD)
20 3 4,7
Cool 21 2 3,1
22 1 1,9
23 0 0
Neutral 24 0
25 0 0
26 0 0
27 1 1,9
Warm 28 2 3,1
29 3 4,7

c] The product of the weighing factor and the time is summed for a characteristic werking period

hble H.1 illustrates this concept of method B and C. The weighting factors are based on temperature
fference wf (°C) and PPD; wf (PPD) is shown for a comfort£ange of 23 °C to 26 °C, correspgnding to
¢dentary work (1,2 met) and light summer clothing (0,5-€l0). For temperatures above or b¢low this
nterval, the number of hours will be multiplied with these factors. It will be seen that using the PPD

nation of

Table H.1 — Examples of weighting factors based on temperature difference or PPD for

bxt
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Annex I
(informative)

Recommended criteria for acceptable deviations

1.1 Indoor environmental quality category

To requi
large bu

deviatiof part of the year should be accepted. The length and/or level of such an exceedance shou

be listed
category

The sele
also be u

Example]

1.2 Ld
Table 1.1

Table

This alldg
velocity
above th
during a
and wee

By using
criteria

e that the conditions are within a given category 100 % of the time will often resultin ta
lding systems, which most of the year will operate at a low efficiency. Thereforé,|a’ certa

in the design documents. This could be specified as an allowable length of time in a low{
than the design category.

Ction of a category is mainly important for the input values to the design. The categories c3
sed to show the yearly performance of a space or building.

s of methods to evaluate long-term performance of building are given in Annex D.

ngth of deviation

show examples which correspond to a % deviation based on working hours.

[.1 — Examples of length of deviations corresponding to a certain % of occupied hours

Weekly Monthly Yearly
x% / y% of period hours hours hours

20% 50% 12% 25% 3% 6 %

Working time 8 20 21 44 63 126
Total hours 40 175 2100

Total time 33 58 86 180 259 518
Total hours 166 720 8 640

and noise will bé-accepted. For example, it is allowed on the 6 % level to have temperaturé
e criteria for 426 h during a year but not more than 20 h during a working week and 44
working motith. There should be a reasonable relation between deviations on annual, month
kly basist

more“than one criteria (e.g. both annually and weekly), it is possible to e.g. set an indire

ws for short timecdeviations, e.g. when opening windows, where short time increased alir

d
T

S
h
y

Ct
A

for-how long consecutive periods of increased or reduced temperatures can be accepted.

strict w

1-1 : . 1l 4] 4o 11 LA | £ 1 b | 1. 41
CRIy I'CUUITTIITIIU WIIT HHITdIT tITIdU WETRKR IV PTIIUUS Ul UVETTICAUILS U UITUCTT LOULLITS CAITTIUT

e

accepted, while a little overheating or undercooling is acceptable if it is evenly distributed over the year.

Example of relation between annual, monthly and weekly evaluation

The example is based on hourly measurements of temperature of a residential building in France with
natural ventilation and ventilative cooling.

By applying 6 % criteria for the annual exceedance, the annual category is then category II, as at least
94 % of the hours are within category II (only 78 % of the hours are in category I, so it is clearly not a
category I building).
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