INTERNATIONAL ISO
STANDARD 19454

First edition
2019-08

Building environment design —
Indoor environment —Daylight
opening design for sustainability
principles in visualienvironmentt

Conception des batiments = Espace intérieur — Conceptipn des prises
du jour pour les principesde durabilité dans I'environnemient visuel

Reference number
1SO 19454:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=5b248b9f74cc52d03984ff5cd30f01fb

ISO 19454:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=5b248b9f74cc52d03984ff5cd30f01fb

ISO 19454:2019(E)

Contents Page
FFOT@WOIM ..........ooooooeoeeeee oo es s 858 s \%
IIMEIOAUCTION. ......oooooi sk vi
1 S0P ... 1
2 Normative references

3 Terms and definitions

4 Fundamentals

4.1 General
4.2 General principles of sustainability

4.3 Project iINformation ...l oy
4.4  Framework of generation and verification ... o 5
4.5 Framework of documentation at approval
4.6 Harmonization of architectural and daylight opening design....» 7o 6
5 Design elements of daylight openings............m S 6
5.1 (7<) 41 = O 6
5.2 Matrix of aspects of daylight opening design w7
53 Daylight opening ratio to the wall area.......... .8
5.4 Daylight opening ratio to the floor area ...l e 8
55 Levels of indoor daylight and the extent of sunlight ... 8
5.6 Quality of views t0 eXterior. ... 3D 8
5.7  Daylight control systems in the building 9
6 Design process of daylight OPenings.......... Ao | 9
6.1 L T=) 4 ) = OO OSSOSO AR 9
6.2 Stage | — Formulation of project-definition ... 9
6.2.1  Project definition

6.2.2  Output — DOCUMERET ..oooooiiiiisiee et
6.2.3  EvAlUATION L. e
6.2.4  Output — Approval of document I

6.2.5  Tteration c e

6.3 Stage II - Schem@tic design......ccuvciciane
6.3.1  General......ine
6.3.2  INPUE .
6.3.3 S QUEPUE et
6.3. 4 “EVAIUALION L1
6.3.5-¥ Approval of document II
6.4 Stage 11l - Detailed design.........coocciinn
6.4.1 General...
6.4.2
6.4.3
6.4.4
6.4.5
6.4.6
6.4.7  Approval of documents I11a and I ... 13
6.4.8  Iteration into detail deSIZIN ... 13
6.5 Stage IV - Final design
6.5.1  General ...
6.5.2  CommiSSIONING AOCUIMEIITS ..ot 14
6.5.3  COSt @STIMATION .o 14
6.5.4  Output: the final dOCUMENTS ... 14
Annex A (normative) Flow diagram of the design ProcCess.............eseeeo 16
Annex B (informative) Basic architectural forms of the daylight opening................ci 17
Annex C (informative) Matrix of aspects of daylight opening design ... 19

© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=5b248b9f74cc52d03984ff5cd30f01fb

ISO 19454:2019(E)

Annex D (informative) Matrix of output required to satisfy daylight opening design

BIDIHOGTAPIY ...t

iv © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=5b248b9f74cc52d03984ff5cd30f01fb

ISO 19454:2019(E)

Foreword

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

The preecedures—tsed—to—developth CHERE—S ptended—for-tts—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria ‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documentmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh“patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Commniittee ISO/TC 205, Building environment defign.

Any feedback or questions on this documentshould be directed to the user’s national standpards body. A
complete listing of these bodies can be feund at www.iso.org/members.html.
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Introduction

ISO 16813 provides general principles for the design of the indoor environment for buildings. The
design process for the indoor visual environment is provided by ISO 16817 to ensure required visual
comfort, good physiological effects of light and building energy performance and sustainability.

This document provides design team members with a design process for daylight openings under the
umbrella of ISO 16813 and ISO 16817. Receiving daylight is a fundamental human need. It is essential
to ensure favourable daylight environments in buildings. Daylight opening design is an indispensable
element of building design. This document is targeted at habitable rooms in all buildings to ensure

sufficient, q

For this doc
the daylight

salbit doclaohbs
PrarTey Cray ITgIres

iment, both windows and rooflights are deemed daylight openings. The size and position of
openings affect the amount of daylight entering a room as well as the view from'the daylight

opening. An appropriate sizing of the daylight opening ensures a necessary level of daylight and an

impression
terms of vis

This docum

bnt:

bf spaciousness. However, large daylight openings can require more contrel of daylight in
lal and thermal environments. Qualities of daylight admitted through the‘daylight ope¢ning
vary depending on the direction in which the daylight opening faces.

— provides a framework for taking into consideration various paraieters and criteria in daylight

opening design;

— is interlded for use by design teams (architects and engineers), building clients, contragtors,

governtpent officials and academics;

— is aimed at assisting these groups in designing daylight openings in the process of building de

— incorpo

Vi

Irates sustainability considerations into the.design of indoor visual environments.

5ign;
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Building environment design — Indoor environment —
Daylight opening design for sustainability principles in
visual environment

1 Scope

This|document provides a design process for daylight openings in order to ensure the |principle of
sustainability in the indoor visual environment. The design process for daylight openings [includes the
cons]deration of:

— gunshine duration in the building interiors;

— (dlaylight opening ratio to the wall area of a habitable room;
Iaylight opening ratio to the floor area of a habitable room;

dppropriate levels of indoor daylight based on human visual sieeds and the extent of sunlight;

— daylight control systems in the building;

— thermal comfort, thermal gains and energy efficiency.

This|document is applicable to building environment design for new buildings and the retrofit of

existiing buildings.

2 Normative references

The following documents are referred-to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 8995-1, Lighting of workplaces — Part 1: Indoor
ISO 16817:2017, Building)environment design — Indoor environment — Design process far the visual
envinonment

3 Terms and definitions

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

ISO anddEC maintain fnrminn]ngir:\] databases foruse in standardization at the Fn]]nmn'ng dddresses:

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

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

31

commissioning

sequence of events that ensure the building and the technical building systems (3.16) are functioning in
accordance with the design parameters for the building lifetime

[SOURCE: ISO 16813:2006, 3.7 modified — The word “HVAC” has been replaced with “technical
building”.]

© IS0 2019 - All rights reserved 1
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3.2
daylight

:2019(E)

part of global solar radiation capable of causing a visual sensation

[SOURCE: CI

3.3
daylight op
area, glazed

E S 017/E:2011, 17-278]

ening
or unglazed, that is capable of admitting daylight (3.2) to an interior

Note 1 to entry: Basic architectural forms of the daylight opening are illustrated in Annex B.

[SOURCE: CIE S 017/E:2011, 17-284, modified — Note 1 to entry has been added.]

3.4

daylight opening ratio
daylight oplening ratio to the floor area

daylight op,
ratio of the

Note 1 to ent
wall area” in

3.5
design tear
group of ped

Note 1 to ent
designer, eng
and construc

3.6

direct solai
part of extr
selective att

Note 1 to ent

[SOURCE: I§
to Note 1 to

3.7
habitable r
room that i
thereto

[SOURCE: IS

ning ratio to the wall area of a habitable room
laylight opening area to the corresponding floor or wall area of a habitable room

ry: “Window-to-wall ratio (WWR)” is defined as “ratio of the fenestration-darea to the gross ex
[SO 16818:2008, 3.249(2],

n
ple who are responsible for building design

y: The design team can consist of an architect, an interior designer, a lighting designer, a land

ineers in electrical engineering, illuminating engineéring, HVAC systems, structural engine
tion management and other specialists.

" radiation
h-terrestrial solar radiation which, @s a collimated beam, reaches the earth's surface
enuation by the atmosphere

Fy: The quantity measured is the'direct solar irradiance, expressed in W-m~2.

0 18523-2:2018, 3.1.7]

erior

scape
ering

after

milar

0 9846:1993, 3.6, modified — The last sentence in the original definition has been changed
entry.]

pom

5 continuodsly used for living, working, meeting, amusement and other purposes sij

3.8

possible sunshine duration
possible sunshine duration at a particular location
sum of the time intervals within a given time period during which the sun is above the real horizon

Note 1 to entry: The possible sunshine duration can be obscured by mountains, buildings, trees, etc.

[SOURCE: CIE S 017/E:2011, 17-972, modified — The last sentence in the original definition has been
changed to Note 1 to entry.]

39

relative sunshine duration
ratio of sunshine duration (3.14) to possible sunshine duration (3.8) within the same time period

Note 1 to entry: The unitis 1.

2
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[SOURCE: CIE S 017/E:2011, 17-1086]

3.10

rooflight

skylight, US

daylight opening (3.3) in a flat roof or low-pitched roof, intended primarily for lighting and consisting of
a frame and glazing

Note 1 to entry: In the US, there is a homograph for the term “skylight”. See 3.11.

[SOURCE: ISO 6707-1:2017, 3.3.3.13, modified — The words "construction for closing an" have been
deleted and “daylight” has heen added ]

3.11
roofwindow
skylight, US

daylight opening (3.3) in the plane of a pitched roof, which admits light and whichcan providg ventilation

Note |l to entry: In the US, there is a homograph for the term “skylight”. See 3.10,

[SOURCE: ISO 6707-1:2017, 3.3.3.14, modified — The words "construction for closing anl' have been
deletled and “daylight” has been added.]

3.12
spaciousness
spatifal largeness and extensiveness, especially inside a building

3.13
sunljght
partjof direct solar radiation (3.6) capable of causing a visual sensation

[SOURCE: CIE S 017/E:2011, 17-1281]

3.14
sunshine duration
sum pftime intervals within a given time period (hour, day, month, year) during which the irrgdiance from
direct solar radiation (3.6) on a plane normal to the sun direction is equal to or greater than 120 W-m2

[SOURCE: CIE S 017/E:2011, 17-1282]

3.15
sustainability
mairftenance of €éeSystem components and functions for future generations, to addre$s economic
efficlency, sociakissues and environmental preservation

[SOURCE: 450 16813:2006, 3.27]

3.16
technical building system

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

Note 1 to entry: A technical building system can refer to one or to several building services (e.g., heating, cooling,
lighting and domestic hot water).

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

[SOURCE: ISO 52000-1:2017, 3.3.13, modified — The word “lighting” has been added in Note 1 to entry.]
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3.17

:2019(E)

visual comfort
occupant satisfaction which the indoor visual environment, described in terms of illumination level,
glare, visibility, reflection, quality view and psychological and physiological content with natural and
artificial illumination

[SOURCE: IS

3.18
window

0 16813:2006, 3.29, modified — The words “quality view” have been added.]

daylight opening (3.3) on a vertical or nearly vertical area of a room envelope

[SOURCE: C]

4 Fundamentals

4.1 Gene

Daylight op4

a building. It shall be appropriately included in the integrated design procéss provided by ISO 1

in order to
visual envir
multidiscipl
The integra

and perfornmance level of safety, health, comfort and energy effictency in buildings. ISO 16813 pro

a flow diagr
as shown in
Daylight ca
changing th
contribute t
provide exp
However, w
glazing mat

Exposure tg
to human |
their functi
workplaces,
overheating]

A certain ld
Regional ch
the relative
radiation in

E S 017/E:2011, 17-1436]

ral

ning design is a part of designing the indoor visual environment itt-the process of desig

Achieve the quality indoor visual environment. Daylight openings influence not onl
onment but also the thermal, acoustical and air environments in buildings. An integ}
inary approach by a design team has important implications for daylight opening d¢g
fed design process ensures an efficient and effective.design to obtain the specified qy

hm of the design process. The design process for:daylight openings shall follow this prd
Annex A. Daylight opening design shall be started at the initial stage of building deg
h provide large quantities of light indoox§) with great spectral quality and varia
bugh the day and seasons. Windows proyide a view and information about the outsidg
b the psychological wellbeing of occupants. Windows, rooflights and roof windows car
osure to sunlight indoors, which. is important in e.g. dwellings, hospitals and nurs
indows can give rise to glare. €areful consideration should be given to window scr
prials and the reflectance of interior surfaces.

sunlight is an important)criterion because sufficient exposure to sunlight contril
ealth and a sense of wéllbeing; but some rooms have to avoid receiving sunligh

Adequate sunlight-eontrols should be provided to avoid visual discomfort as well §
problem.

vel of thetsunshine duration should be ensured in a habitable room for wellbein

sunshine duration. In high-latitude regions, it is difficult to receive sufficient direct
winter. In equatorial regions, south- and north-facing facades receive less direct

ning
6817
y the
rated
sign.
ality
Vides
cess,
sign.
hility
b and
also
bries.
eens,

butes
t for

bnality. Besides, sunlight often causes glare directly or indirectly. It is of consequenice in

IS an

p(3.4],

hracteristi¢s of direct solar radiation are expressed by the possible sunshine duration and

solar
solar

radiation, W

tThereas east- and west-facing facades receive more during a day. Direct solar radi

htion

incident on the building exterior should be considered at the early stages of design. Incorrect decisions
about the geometrical shape of the building can prevent the admission of sunlight into rooms.

The performance of daylight openings is influenced by site characteristics. Large obstructions can
have an impact both on the amount of light reaching daylight openings and on the daylight distribution
within rooms, and subsequently on the indoor visual environment. The building shall be planned so that
building interiors will be illuminated by daylight in accordance with need for satisfactory performance
of visual tasks. One or more habitable rooms should receive sunlight except where unavoidable
circumstances are produced by the surrounding conditions of the site.

© ISO 2019 - All rights reserved
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General principles of sustainability

ISO 16817 provides nine general principles of sustainability (NGPS) in designing the indoor visual
environment following ISO 15392I5]. Daylight opening design shall follow these principles. The NGPS are:

continual improvement;
equity;
global thinking;

holistic approach;

The

with
envil
perfy
of all

The
enco
socig
actin
cycld
and

involvement of interested parties;

ng-term consideration;
recaution and risk management;
esponsibility;
ransparency.

NGPS are based on the concept of sustainable development/that meets the needs of
but compromising the ability of future generations to~meet their own needs froy
onmental and social aspects[l. Sustainable developmerit of buildings brings about {
rmance and functionality with minimum adverse environmental impact. It includes c
components of the building from a single product to technical building systems for th

continual improvement is recurring activity_te enhance all aspects of sustainability]
mpasses balanced and objective consider@ation of intergenerational, interregional
tal ethics. The global thinking encompasses consideration of regional and global cong
g locally. The holistic approach encompasses inclusion of all aspects of sustainability
of the building. The involvement ofinterested parties encompasses consideration of c
Fequirements of interested parnties relative to their respective areas of responsibi

timing of their involvement. The long-term consideration encompasses short-, medium- ar

impl
and

trans
unde

The
build
cons

cations in decision-making:-The precaution and risk management encompass avoida3
infavourable impacts. The responsibility encompasses the moral responsibility for

rstandable, and traceable with verifiable credibility.

daylight opening-and accompanying daylight control systems are important compo
ing. ISO 16817 specifies that building designers should define goals based on the re
fraints and\actual conditions, considering the owning and operating costs during the g

The glesign team should appropriately define goals for the daylight opening design.

4.3

Project information

the present
n economic,
he required
nsideration
b life cycle.

The equity

and intra-
equences of
over the life
bntributions
ity and the
d long-term
nce of risks
hctions. The

parency encompasses, presentation of the information in a manner that is open, conjprehensive,

nents of the
quirements,
esign stage.

ISO 16817 specifies that the available project information which influences the development of design
concepts, together with constraints and all requirements, shall be documented at the beginning of a
project. The project information also influences design concepts of daylight openings. A description of
the intended use (and related requirements) of the building and end users’ needs shall be included. The
information on the local climate is fundamental to designing daylight openings as well as the building.
When assumptions are made in lieu of necessary information related to the standards or regulations
for the daylight opening design, these assumptions shall be documented.

4.4 Framework of generation and verification

Daylight opening design is a part of architectural design and building system design, which are goal-
driven activities. In designing the building environment, the routes necessary to achieve the end result
are not straightforward and shall be flexible. In some instances, the assumptions are made under

© IS0 2019 - All rights reserved 5
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uncertain conditions. The design choices shall be focused on the limitation of adverse environmental
impacts. Hence, the design process involves the iteration of generation, verification and validation of
the design decisions. Daylight opening design shall be included in the iterative design at each stage of
the design process.

When a decision is to be made, the design team shall make a systematic review of the potential effects
of that decision on thermal, acoustic and visual comfort. The generation process is a sub-process where
a design solution is found by synthesizing different requirements and constraints, while the verification
process is another sub-process in which the design solution is rated against different design criteria.
The expected performance of the daylight openings shall be achieved during the above processes. When

the targets are not met, the design team shall determine the acceptability and act accordingly.

4.5 Fran'Jework of documentation at approval

The evaluat
the other fa
by the projd
achieved. E¥
are actually
Essential pl
according td

The docum
questions:

Is the d

Isthe d

Is the sy
constra

Isthe d

4.6 Harni

Architectur
visual envir
The genera
architectura

on and approval processes shall be documented for the daylight opening design as w
‘tors in the project. The documentation process shall explicitly state whatis'to be proy
ct. The evaluation and approval process shall demonstrate that the stated goals cz
ery document provided shall describe the characteristics planned and verify whether
achieved. Transparent decision-making and communication processes shall be establi
ins for maintenance of the daylight openings and the control systems shall be documg
the expected service life of the building. Approval should be obtained at each design g

ents issued during the design process for daylight openings shall cover the follo

hylight opening design in compliance with regulation and standard requirements?
ylight opening design for the quality visual enyironment feasible?

ecified daylight opening design expectedto'satisfy the environmental, economic and §
nts and requirements?

ylight opening design capable of previding the performance required?

jonization of architectural.and daylight opening design

hl design and the building system design influence the design and construction of the in
onment. The daylight opening design is directly connected with the architectural dg

principles of building environment design for visual comfort should support cre
1l design. The principles do not pre-define the order or precedence of individual tas

bl as
rided
n be
they
shed.
nted
tage.

wing

ocial

door
sign.
ative
ks in

both the ardhitectural apd daylight opening designs.

5 Design elements of daylight openings

al

5.1 Gene

In order to design a high-performance and high-quality visual environment, an integrated architectural
approach is recommended. The daylight opening design shall be a part of this integrated approach that
addresses the critical interactions among the building envelope (that admits heat and light), building
interior and all light sources such as daylight (skylight and/or sunlight) and electric light. This approach
also shares appropriate decisions across the owner and the design team throughout the design process.

ISO 16817 defines the design process to ensure the quality of the indoor visual environment. In
designing daylight openings, the following elements should be taken into consideration at each stage of
the design process:

daylight opening ratio to the wall area of a habitable room;

— daylight opening ratio to the floor area of a habitable room;

6 © IS0 2019 - All rights reserved
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levels of indoor daylight based on human visual needs and the extent of sunlight;
quality of views to exterior;

control of glare caused by daylight;

daylight control systems in the building.

Designing daylight openings does not consider daylight alone. Other visual, thermal, acoustic, privacy
and security issues need to be addressed. During the design process, the glare control and thermal
comfort especially should be considered along with the above elements. Achieving a balance between
luminous and thermal environments is of primary importance in sustainable building design. Thermally,

glazd
lose
prefe

Desig

outd

In vé

sunlight should be covered in the relevant national standards. The design team shall careft

the d
pene|
Hem
the s

As td
or fa

on situations, whereas those near windows facing\the opposite direction feel cold in the

It wd
aften
zone
offic

Anot
used
met3

including WiFi signals and obstruct cellular phones and wireless network communicatio

is re
tran
glazi

Glazi
clear
perfy
and

d openings are a sensitive point in the building envelope. They admit more heat in,3
more heat in winter than the solid part. Sunlight penetration permits solar heat gain.
rable heating effects or unwanted overheated spots even in winter depending én€irct

rning daylight openings requires local and vernacular considerations. LogaDclimates
bor daylight conditions are fundamental existing conditions.

ry-high-latitude regions with very low solar altitudes in winter\the design issue

ummer and
It can cause
Imstances.

and related

5 related to
[1ly consider

lare problem from the sun shining close to the horizontal. The sunlight from the 1
trates deep inside the room. It requires blinds or curtains on‘south-facing windows in t

plar heat gain is inevitably reduced.

the heating effect, in cold winters, people near wipdows facing south in the Northern
cing north in the Southern Hemisphere could fegél'the excessive heat from the sunligh

uld be an operational issue for sunlight centrol or heating. Overheating is likely to
noon depending on the window orientation in winter even in middle-latitude region
5 with glazed curtain walls are sometimes planned as a circulation or meeting space i
S,

her indirect consequence of the difficult heating/cooling design constraints is the mg
to create a selective barriersto IR-transmission through the window glazing. How
llic films of Low-E double(glazing, having a low surface resistance, are liable to reflect

quired when this kind)of glazing is used together with exterior and/or insulating m
mit less radio waves. The design team should keep this in mind in the use of the

ng.

w altitudes
he Northern

sphere or for north-facing windows in the Southern Hemisphere to be closed all day lopg. However,

Hemisphere
t depending
same room.
bccur in the
5. Perimeter
h large open

tallic layers
bver, special
radio waves

in. Attention

hterials that
IR-selective

hickness, in

ng materidls-affect the indoor environment. They are available in a wide range of t

rmanee of glass types are visible transmittance, thermal transmittance, solar heat gai

bmissivity. In general the glazing spec1f1cat10n requlred is high Vlslble transmitta
a a d 1 . O

or tinted\form, in single or multiple glazed configurations. The most important paramg

ters for the
coefficient
ce and low
loads. Light

reflectance to the out51de should be evaluated when c0n51der1ng the aesthetlcs of the bulldlng and the
risk of glare reflected to the surrounding space and to the other buildings. Concave glass facades shall
be carefully designed, as the reflected sunlight would be focused somewhere and cause an overheating
problem.

5.2 Matrix of aspects of daylight opening design

The design of daylight openings has a direct impact on the sustainability of a building. Since their role
is more than just lighting in the building, the sustainability requirements shall be addressed from
various aspects of daylight opening design at each stage of building design. Table C.1 in Annex C shows
links between the aspects of daylight opening design and sustainability requirements enumerated in
[SO 16817. Table D.1 in Annex D shows output required to satisfy daylight opening design.
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5.3 Daylight opening ratio to the wall area

The daylight opening ratio to the wall area should be determined in the project information. It is
related to the visual comfort, thermal comfort, acoustics comfort, air quality, energy performance
and sustainability of the building. The daylight and thermal conditions are often in conflict with one
another. However, the minimum daylight opening ratio should be secured for the health management of
the building environment. It can be subject to national or regional regulations.

5.4 Daylight opening ratio to the floor area

The daylight opening ratio to the floor area should be determined in the project information. It is
related to the visual comfort, thermal comfort, acoustics comfort, air quality, energy perfornlance
and sustainpbility of the building. The daylight and thermal conditions are often in conflict with one
another. Hoyvever, the minimum daylight opening ratio should be secured for the health mangagemeént of
the building environment. It can be subject to national or regional regulations.

It should be|noted that the minimum daylight opening ratio to the floor area alone is’not enough to get
an acceptable indoor visual environment, as the minimum daylight opening ratio means that a gmall
room should have only a small daylight opening. The quality of views to exterjior-is indispensable|even
for the acceptable indoor visual environment.

5.5 Levels of indoor daylight and the extent of sunlight

The amountof outdoor daylight varies throughout the day depending on sky conditions, and the inldoor
daylight avalilability varies accordingly. The amount of daylight irtinteriors first depends on the pogition
and size of the daylight openings, obstructions, and skylight ané’sunlight conditions. The level of indoor
daylight shall follow the illumination levels at the task area and its surroundings in indoor workpllaces
specified in[[SO 8995-1.

The extent |of sunlight into the habitable rooms, should be determined in the project informgtion.
Sunlight is pindesirable from the viewpoint of glare, excessive luminance contrast and overhegting.
However, it|can create pleasing patterns of light and shadows on surfaces in interiors and makg the
space vivid pnd cheerful. Exposure to sunlight in the morning is essential to maintain good circgdian
rhythms.

The extent pf sunlight in a room depends on that received by the facade. Site layout is an impoftant
factor affecting sunlight onto fagadés. In an urban environment, the building is often design¢d to
completely ¢ccupy the site. If thiebtilding is in a densely-built urban area, the amount of sunlight can be
limited due fo other buildings-blocking the sunlight.

It is the dufation of sunlight in an interior, rather than its intensity or the size of the sunny patch,
which corre]ates bestta the occupants' satisfactionl3]. Actual sunshine duration can be expected bl the
relative sunshine duration. The possible sunshine duration at equinox (vernal or autumnal) should be
included in the project information.

For a dayligl

purpose, daylig oUrS 3 S . aylight
hours are the total number of hours between sunrise and sunset.

5.6 Quality of views to exterior

The views to exterior are defined as the views out of windows and/or rooflights. They should be
considered in the project information. It is essential to get openness and quality views to ensure
occupants' visual comfort and connection to the exterior through daylight openings. However, some
spaces need to avoid visual transparency between the inside and outside due to their use. In that case,
looking in a room from the outside is often avoided by some sort of interrupting means.

A view to the exterior provides not only an outdoor scene but also information on the outside, for
example, the weather and time. It provides a key to finding a way inside the building. Ideally daylight
openings provide a sky view and a view of the surrounding scenery. However, the quality of a view
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is determined by the site conditions. The neighbouring outdoor environment shall be analysed at the
stage of project definition. Views to the exterior are influenced by the climate. In regions with snowfall,
snow covering the windows and rooflights reduces the view to the exterior. Even a limited view to the
exterior can be valuable under these circumstances. If an external view cannot be provided, an internal
view, for example, into an atrium can substitute for the external view to some extentl3],

5.7 Daylight control systems in the building

The larger the daylight opening is, the more important glazing selection and shading effectiveness are
to control glare and heat gain by users. The requirements for the daylight control systems should be
determined in the project information.

In high-latitude regions, the shading control shall be easy to adjust on a daily basis, or*ha\fe automatic
adjugtment, so that it provides both shading sunlight from low altitudes and a view to-the ¢xterior. The
shadjng needs to be adjusted according to the sun movement during the day. Alterhatively, for example,
openf-plan offices need to have multiple shading elements so that both sun shading and a|line of sight
can le provided simultaneously. Ideally, the shading would be individual for;évery worker.

6 Design process of daylight openings

6.1 | General

The fesign team is responsible for addressing human and:technical issues on the projecft. Designing
daylight openings involves balancing benefits and disadvantages in the indoor envirpnment and
energy performance. One is the need to access sufficient skylight and sunlight as well as|good views
throgigh the daylight openings, and the other is the'vieed to control its adverse or unwanted effects.
The ¢lesign team need to work together to achieve this balance. The daylight opening desigh dominates
the huilding design including the architectural style, structure and materials. Though the structure
of the design team depends on the scale of.projects, an integrated multidisciplinary apprdach shall be
adoptted throughout the design process by

— identifying the necessary professional skills needed;
— gharing information on theif:tasks and issues;

— facilitating integrated werking.
6.2 | Stage I — Formulation of project definition

6.2.1 Projectidefinition

The projectidefinition process is defined in ISO 16817. It is the basis to make decisions on [the daylight
openling‘désign. The design team shall consider the following aspects in the project definitipn:

T works and

end-users needs;

— provision of safe and resistant construction works during exceptional events;
— provision of accessibility for all;

— functional flexibility;

— security;

— contribution to social equity and improvement in the social climate;

— neighbouring outdoor environment;
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number and type of spaces (serviceability);

constraints (see ISO 16817:2017, Tables 1, 2 and 3);

of human values;

identification, characterisation and involvement of the future end-users and their needs;
identification and involvement of other interested parties;

satisfaction of users and other affected parties.

6.2.2 Out

Document I
description
some projed
team. For of
preliminary

6.2.3 Eva

Once the pr
to evaluate

put — Document I

shall be issued as an output product of the project definition process and asyan ex

of the project definition, i.e. the constraints, the requirements and the asstumptions.

ts, this can be nothing more than an oral presentation of the facts as defined’by the d
her projects, this can be a brief report that includes programmatic statements and a
criteria statement or a complete design statement.

uation I

pject definition has been completed, feedback from the design team is necessary in
interactions between the measures against the constraints and the requirements

aspects of the design.

6.2.4 Out

Once the ev4
as the secor
validated to
and the assy

Stage Il canj

6.2.5 Iter

If document
definition. If
in documen
requiremen

6.3 Stage

6.3.1 Gen

put — Approval of document I

lluation [ process has been successfully compléeted, an approval of document I shall be i
d output in order to be validated. The approval of document I should indicate how if

plicit
For
bsign
very

rder
bf all

sued
was

oether with the results of the evaluatien)It shall contain the constraints, the requirements

mptions.

not be started unless document kis approved.

ation

[ is not approved, it should be revised by iterating the steps beginning with the pr
there is any contradiction in the compilation of the requirements and constraints desc
L [, some of therequirements should be revised and the iteration started with the re}
[S.

II - Schematic design

eral

oject
ribed
yised

Upon the completion of the programming phase, the design team is prepared to undertake schematic
design: developing preliminary ideas or schemes for daylight openings in the project. Schematic design
typically results in an understanding and agreement among the design team members about visual
environment criteria, the penetration of skylight and sunlight, and the visual relationship between the
inside and the outside. The architectural schematic design including daylight openings shall follow an
iterative process.

6.3.2 Input

Since document I becomes available at stage I, the design team is in a position to develop a daylight
opening scheme. The design team shall consider the site characteristics and the sunshine condition
for the building in order to satisfy the requirements. Main concerns at this stage are the penetration of
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daylight and the visual relationship between the inside and outside of the building. Site characteristics
shall be defined.

6.3.3 Output

At this stage, the design team shall write a document to inform the client on how the schematic design
satisfies the various requirements identified in the project definition (with respect to the human values,
functional flexibility, etc.). A visual environment scheme is available for all areas or spaces of the project
at this stage. Consequently, a complementary daylight-opening scheme shall be developed. However, the
visual environment scheme at this stage is an overview or a road map of the targeted indoor visual

environment. Details are not yet an issue and should not be addressed during the schematic design.

The
relat
a sitd
The
topo

6.3.4

The
desig
of th
desig

At th
sche

6.3.5

Onceq
The |
desig

6.4

6.4.1

Stagd

openfings and daylight control systems shall be performed at this stage. The detailed design|

the 1
stage
phys

jonship between the inside and outside of the building. At this stage, the design/team §
plan with orientation, dimensions, a building shape and gross simulation thatinc¢ludes
Calculation should include other factors such as surrounding buildings and/or obstr
braphy that affect the daylight design.

Evaluation II

consistency of the framework described in document II shall.be verified with refe}
n criteria for the daylight openings, expected performange.and document I. The appj
e program and the diagrams shall be verified. The majot_cohcern is whether the daylj
n is headed in the right direction in the context of the targeted visual environment de

is stage, a rough initial cost shall be evaluated ivestimating the total cost of the b
matic design shall be evaluated in terms of the cost estimate.

Approval of document II

feedback is received and addressed;the’design scheme for the daylight openings shall
preliminary architectural plan shallinclude the design scheme for the daylight openin
n scheme is advanced for client review and approved, the stage is set for the detailed d

Stage III - Detailed désjgn
General
e [11 is the maimphase of the visual environment design process. A detailed design of
articulap-specifications of the building components. All system designs shall be inc

[1I. Detailed predictions and analyses through computer simulations and/or measur
jcalmpdels should be performed during this stage.

butput of the daylight-opening scheme shall describe the penetration of daylight anli the visual

hall provide
calculation.
Lictions, and

'ence to the
opriateness
ght opening
sign.

uilding. The

be finalized.
ps. After the
esign stage.

the daylight
shall define
uded in the
bments with

6.4.

mput

Document II, that is to be approved by the design team and clients, includes preliminary architectural
plans, design descriptions, lighting plans and specifications illustrating the scope and strategies to
create the required visual environment.

The design team shall take into consideration:

© ISO

value over time;
adaptability for different uses;
energy resources consumption;

reduction of greenhouse gas (GHG) emissions;
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— use of resources (material);

— recovery of materials for reuse and recycling potential.

6.4.3 Output - Document Illa

Document Illa is the explicit description of the daylighting systems. It consists of the drawing and
lighting specification, including the relationship with the building design. At this stage, the output shall
contain the architectural design including the daylighting design and the design of the lighting control

systems.

In designing
sunlight to

for task illu
overhangs, §
glasses. Sky]
by the size 4
consistent t
attention sh

At this stage
— animpd
a justifi
a justifi
calculaf]
a list of

At this stag
satisfies the
functional f

6.4.4 Ana

The analysi

of the coordlination with the\building design, the requirements for the visual environment an

energy perf
certainty of

daylight
daylighf

the ceiling. Use of skylights and externally reflected diffused light should be maxi
mination. Sunlight is controlled by building orientation and architectural devices su
wwnings, light shelves, exterior and interior louvers and baffles, solar shades.and dyn
lights should be assessed with typical sky conditions at the site. Skylight§-are contn
ind position of daylight openings and glass transmittance. Reflected diffused light is

han the direct component and is less significant than sunlight and skylight. Neverth
ould be paid when the reflectance of the relevant surfaces is high.

, the design team shall provide the following documents:

ct evaluation of alternative designs;

Cation of the daylight opening design from a long-term perspective;
Cation of the daylight opening design for different uses of the rooms;
ions and/or simulations;

reused or recycled daylight control systems.

e, the design team shall write a docdment to inform the client of how the detailed d
various requirements identified.inithe project definition (with respect to the human va
exibility, etc.).

lysis
5 of the daylight opénings shall be conducted during the detailed design stage in t

prmance of thebuilding. The design team shall quantitatively and qualitatively evaluat]
the followingleléments:

opening.ratio to the wall area of a habitable room;

opéning ratio to the floor area of a habitable room;

more

bless,

Psign
lues,

erms
1 the
e the

levels o

. A | 1 A . S 1 4l b 4 £ ) . S
HIUUUT UdyIIgIit dIIU LHE TXLTIIU U1 SUIIITSIIL,

quality of views to the exterior;

daylight control systems in the building.

Many computer simulation programs are available to conduct detailed analyses. An advanced computer
tool will provide the designer with not only numerical data but also rendered images. The design team
can construct scale models or mock-ups for photometric measurements and visual inspections.

6.4.5 Output - Document IIIb

Document IIIb is the explicit complementary description of the daylight control systems. The plan of
the daylight control systems indicates the types and locations of the control devices for all daylight

12
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openings within the scope of work. The system specifications and schematic circuit diagrams are also
shown in plans.

Drawings should show mounting details, building sections and elevations, and supplemental
information related to the indoor visual environment. Document IIIb includes catalogue numbers of
the control devices and their specifications to outline general requirements for the daylight control
systems.

6.4.6 Evaluation III

Once a detailed design has been established, feedback from the entire design team is necessary in order

to eV
the d

The

requ
to th
coloy

At th
be ey
with
atter

aluate it with respect to the requirements of all aspects of design. The design team sk
istribution of daylight on the room surfaces and the specifications of the daylight con{]

lluminance levels obtained from the analysis procedure shall be closely eyaluated
red levels. In addition, the evaluation should be done on the contribution gf-the daylig
e energy efficiency of the electric lighting system. For a qualitative evaluation, comput
red images can be used for judgement by the design team, clients and users.

is stage, initial and operating costs shall be roughly estimated. The current detailed
raluated from a standpoint of the budget. It shall be evaluated-that the estimated co
n the budget. If the estimated costs are unacceptable, the desigh detail shall be recong
hpt to achieve the cost acceptability. Changes to the perfofmance criteria shall be con

jall evaluate
rol systems.

against the
ht openings
er-rendered

design shall
sts are kept
idered in an
sidered only

when changes to design details cannot achieve the cost acceptability or the benefits canng
extrg costs.

t justify the

6.4.7
Whil
docul?n

6.4.9

Approval of documents Illa and I1Ib

evaluation III is under process, documetits Illa and IIIb shall be approved. The |approval of

ents I1la and I1Ib shall include how documents I1la and I1Ib were evaluated.

Iteration into detail design

1 alternative
made.

If the
desig

If do
prov
desig

current building design concept does not meet the contents described in document I, aj
n shall be provided. At thisistage, only minor changes requested by the clients shall be

cuments llla and lllb_shew that the quality and performance described in document II are not
ded by the building\design, the current design shall be modified without changing the overall
n concept.

6.5 | Stage IV~ Final design

6.5.1 General

Stag¢e TV is the final phase of the daylight opening design process where construction| documents
are generated. The final construction documents of the daylight opening design shall be delivered
to contractors. The construction documents shall include final design drawings, specifications of
glazing and the daylight control systems. Shadow diagrams and simulations on daylight levels should
be attached to the final construction documents as reference documents. The final design drawings
shall include detailed plans, sections and elevations with accurate dimensions. Those drawings shall
show the exact location and dimensions of the daylight openings, installing details of the sun-shading
devices such as curtains, blinds and screens. The construction documents shall also include written
specifications outlining the expected duties of the contractor and, if necessary, indicating specific
hardware components of the daylighting and/or control systems. Applicable industry standards and
code references shall be cited in the specifications. In this phase, a detailed commissioning plan shall be
developed. Cost estimations shall also be conducted.

Daylighting specifications are written documents containing specific and detailed descriptions of the
work to be completed with characteristics given by manufacturers. Since the specifications, along with
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drawings, are legal documents, the design team should prepare them very carefully and review them.
They are released to the contractors to be used as a resource during bidding, shop drawing review and
construction processes.

6.5.2 Commissioning documents

A commissioning plan shall be developed to ensure that the daylighting systems properly function
after the installation and before the occupancy of the building. The commissioning plan shall involve
systematically testing all daylight controls and adjustable shading devices in the building to ensure
they provide the specified performance. Commissioning shall be planned after the interior is completed
and the furniture is in the building, budgeted and implemented as part of the design and construction
process.

The commigsioning plan shall cover the daylighting systems in conjunction with electric lighting
systems and other sub-systems to:

— clarify gbility in operation and maintenance;
— ensure fletailed commissioning programs for services and systems;

— ensure [that design intentions and objectives, and operation and maintehance requirements are
understood by stakeholders;

— ensure fhat the operation and maintenance staff (internal and/orvexternal) have, as appropriate,
skills n¢cessary to meet the requirements and achieve the objectives; if needed, by developing a
training plan;

— provide| a user-friendly document such as a manual and logbook for operation and mainterjance
processes, procedures and reporting; disseminate it to'the operation and maintenance staff;

— ensure fontinual training of the operation and maintenance staff especially after a control syjstem
softwarle update.

The commigsioning should verify each piece of the equipment to be in the right place, installed corrgctly,
and calibrated to meet design specifications. The commissioning tests shall be carried out in order to:

— verify a]l the sensors are properly placed;

— verify epch piece of the equipment is correctly controlled;

— testintgractions betweeh-equipment pieces;

— test system-wide operation under different anticipated scenarios;

— verify ifteractiohs and bi-directional communication with base building control systems.

6.5.3 Cost estimation

Cost estimation shall be done for construction and installation of the daylight openings and daylight
control systems, their operation and maintenance. The estimates shall be documented and evaluated
for acceptability in terms of overall project requirements.

6.5.4 Output: the final documents

The final documents from this phase shall include detailed drawings of the daylight opening design,
glazing specifications, specifications of the daylight control systems, simulations, operating manuals,
and commissioning and maintenance documents including the maintenance schedule, and estimated
costs for installation, operation and maintenance. The design team can include a document to conduct
post-occupancy evaluations (POEs) after the building is occupied.
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All of these documents generated by the design team in this phase shall be validated by the client and
issued as part of their respective contract documentation to contractors for pricing and/or bidding.

At this stage the design team shall write a document to inform the client on how the final design

satisfies the various requirements identified in the project definition (with respect to the human values,
functional flexibility, etc.).
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Annex A
(normative)

Flow diagram of the design process

ISO 16813 provides a flow diagram of the design process for achieving the quality and heathy indoor

environment and sustainability of the building. See Figure A.1.
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Figure A.1 — Flow diagram of the design process from ISO 16813
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Basic architectural forms of the daylight opening

B.1 Side lighting

Side Jlighting has various architectural forms(Z-2l. Windows permit the lateral penetratiorL of daylight
and Jolar radiation. A high window tends to permit deep penetration of daylight in the'\roon}. Overhangs
or egves can be used to reduce sunlight penetration in latitude where the sun is high'in th¢ skylZl. The
daylight distribution by unilateral lighting is non-uniform from the windowywall to thg inner wall.
Bilatpral daylighting balances the admission of daylight.

A roof monitor is a raised section of the roof, including the ridge, with\vertical openingg. Clerestory
is a Vertical or titled opening constructed on the roof. It can help, toevercome the limited daylight
penefration by the unilateral window. A sawtooth roof consists of a'series of successive pajrallel slopes
with|vertical or tilted linear openings, which often face north in‘the Northern Hemisphere¢ or south in
the Southern Hemisphere. A scoop-shaped roof can be used inpla¢e of the slanted roof. See Figure B.1[7].

A

B S

AW

Key
unilateral lighting

unilateral lighting (high sidelight)
bilateral lighting

roof monitor lighting

clerestory lighting

N U1 A W N

sawtooth lighting

Figure B.1 — Examples of side lighting
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B.2 Top lighting

Top lighting has various architectural forms[Z10l, Rooflights (or skylights) permit the zenithal
penetration of daylight and solar radiation. A rooflight is an opening situated in a horizontal or tilted
roof. There are many variations in the design of rooflights and a variety of products. Operable rooflights
can provide ventilation and cooling by discharging air warmed indoors. An atrium is a space enclosed
laterally by the walls of a building and covered with transparent or translucent material. A lantern is an
elevated part of the roof, often at the highest point. It has vertical openings but can be included in top
lighting. Vertical light ducts which have a highly-reflective mirror on the inner surface are also included
in top lighting. See Figure B.2[7l.

1 2 3
s\
4 5
Key
1  rooflightf/skylight
2 rooflightf/skylight
3 roof winflow
4 atrium
5 lantern l{ghting

Figure B.2 — Examples of top lighting
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Annex C
(informative)

Matrix of aspects of daylight opening design

Table C.1 shows aspects and viewpoints in daylight opening design to address the considerations
enumerated in ISO 16817.
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