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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 wark 1SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International [Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by [the technical committees are circulated to the member bodies for voting:{Publication 3s an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 16817 Was prepared by Technical Committee ISO/TC 205, Building €nvifonment design.

iv © 1SO 2012 — All rights reserved
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Introduction

ISO/TC 205 provides general principles for the design of building indoor environment. These principles are
defined in ISO 16813 and help the main participants in the design process to ensure an indoor environment of
the quality required for users.

The |

urpose of this International Standard is to prnvidp dpqign team members with g dpqign pr

ocess for the

indog
perfo
envir
and {

The
need

r visual environment to ensure required visual comfort, physiological effects of light

bnment for executing a task. For example, a window has two functions: to facilitate‘the’ ent
D provide a view.

jesign of an indoor visual environment of the required quality for users mustitake into ac
5 that include elements linked to task performance, visual comfort, health, safety and

refergnce with the work of ISO/TC 159 Ergonomics. With respect to illuminating engineering

fixtur
stand
and (

This

bs, the work requires close consultation with CIE (International Commission on Illumination)
ards of CIE and CEN will be used and any new work will be performed in close coordina
CEN.

nternational Standard:

rovides a framework for taking into consideration Various parameters and criteria that
uality of the indoor visual environment;

5 prepared for design teams (architects and’ engineers), as well as building clients,
overnment officials, and academic staff;

5 aimed at assisting these groups .inapplying an effective design process in the pursuit
isual environment of the required quality for the users;

ncorporates sustainability censiderations;
5 prepared on the basis of the following fundamental ideas:

it addresses ¢he' standardization of a design process elaborated through a systemic
system of tasks that are structured together;

it is_a guideline which invites designers to follow an iterative and progressive approg
choices and take compromise solutions according to the goals of the client, to the constr
opportunities linked to the building site, in relation to the main areas of work covered by

and energy

rmance and sustainability of buildings. Visual comfort implies more than providing a cemfontable lighting

ry of daylight

count human
well-being in
and lighting
The existing
tion with CIE

nfluence the

contractors,

of an indoor

approach, a

ch, to make
aints and the
SO/TC 205;
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INTERNATIONAL STANDARD ISO 16817:2012(E)

Building environment design — Indoor environment — Design
process for visual environment

1 cope

This International Standard provides an integrated design process for high-quality indoor jvisual|environment
includling architectural and engineering aspects of daylighting and artificial lighting for’user satidfaction, well-
beind and productivity as well as the energy performance and sustainability of buildings.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references; the latest edition of th¢ referenced
document (including any amendments) applies.

ISO 15686-5:2008, Buildings and constructed assets — Service-life planning — Part 5: Life-cycle|costing

IEC §0050-845/CIE 017.4:1987, International Electrotechnical Vocabulary. Lighting

3 Terms and definitions

For the purposes of this document, thejterms and definitions given in IEC 60050-845/CIE 017.4 and the
following apply.

31
aperfure
open|ng that defines the aré€a)over which average optical emission is measured

3.2
artificial lighting
lighting that is notprovided by sunlight sources

3.3
circadian.rhythm
characteristic periodic change in a living organism or life-related process

NOTE 1 A circadian rhythm is an approximate daily periodicity, a roughly 24-hour cycle in the biochemical,
physiological or behavioural processes of living beings.

NOTE 2  Circadian rhythms may be influenced by optical radiation.
3.4
clear sky

cloudless sky

NOTE The relative luminance distribution is described in ISO 15469:2004/CIE S 011:2003.

© 1SO 2012 — All rights reserved 1
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3.5

colour rendering index
measure of the degree to which the psychophysical colour of an object illuminated by the test illuminant
conforms to that of the same object illuminated by the reference illuminant, suitable allowance having been

made for the

state of chromatic adaptation

aphy,

3.6

colour temperature

K

temperature of a black body (Planckian radiator) whose radiation has the same chromaticity as that of a given
stimulus

NOTE Colour temperature is a characteristic of visible light that has important applications in lighting, photog
videography, [publishing, and other fields. The colour temperature of a light source is determined by-~com

its chromaticit
heated black-

 with that of an ideal black-body radiator. The temperature (usually measured in kelvins, K)|at whi
pbody radiator matches the colour of the light source is that source's colour temperature;“for<a black

source, it is difectly related to Planck's law and Wien's displacement law.

3.7
contrast

quantity (in the physical sense) intended to correlate with the perceived brightness contrast, usually defin

one of a numn

EXAMPLE

3.8

daylighting
practice of p|
provides effe]

q

NOTE P
comfort or to
from passive s

3.9
diffuse refle
reflection of |

NOTE Th

3.10
directionalit|
direction of i

3.1
disability gl
glare that im

3.12

$

ber of formulae which involve the luminances of the stimuli considered

AL/L near the luminance threshold, or L,/L, for much higher lumjnances.

acing windows, or other openings, and reflective ‘surfaces so that, during the day, natura
ctive internal illumination

rticular attention is given to daylighting while-designing a building when the aim is to maximize
reduce energy use. Energy savings can be ‘achieved either from the reduced use of artificial lighti
olar heating or cooling.

cted light
ght from an uneven surface
e incident ray is reflected at a number of angles.

y
coming radiation determined by the direct part of it

re

baring
h the
body

ed by

light

visual
hg, or

airs the vision of objects without necessarily causing discomfort

discomfort glare
glare that causes discomfort without necessarily impairing the vision of objects

3.13

energy performance
(of a building) calculated or measured amount of weighted net delivered energy actually used or estimated to
meet different needs associated with a standardized use of a building

NOTE

This may include energy used for heating, cooling, ventilation, domestic hot water and lighting.

© 1SO 2012 — All rights reserved
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inance

(at a point of a surface) quotient of the luminous flux d @, incident on an element of the surface containing the
point, divided by the area dA of that element

NOTE This is expressed in lux, 1 Ix=1 Im-m~=.

3.15

2

life cycle cost
cost of an asset or its parts throughout its life cycle, while fulfilling the performance requirements

[1ISO

3.16

19686-5:2000, definition 5.1.7]

life of a lamp

total
to sp

3.17
light
phot

ime for which a lamp has been operated before it becomes useless, or is considered to be
bcified criteria

pollution
ppollution

luminous pollution

exce

NOTH
sky gl

3.18
light
unwd

3.19
lamp)
ratio
unde

NOTH

Esive or obtrusive artificial light
The International Dark-Sky Association defines light pollution as: Any adverse effect of artificial

ow, glare, light trespass, light clutter, decreased visibility at night, and energy waste.

trespassing
nted impingement of light from external light-sources such as nearby building and street ligh

lumen maintenance factor
of the luminous flux of a lamp at a‘given time in its life to its initial luminous flux, the lamp bg
I specified conditions

Lumen depreciation is typically expressed as lumen maintenance, the percentage of initial lum|

after @ specified period of time;

3.20

luminance

LV
(ina

piven direction, at a given point of a real or imaginary surface) quantity defined by the followi

d?o,

so according

light including

ing operated

ens remaining

ng equation:

VT d4.cosd.d0

where
d @, is the luminous flux transmitted by an elementary beam passing through the given point and
propagating in the solid angle, d£2, containing the given direction;
d4 is the area of a section of that beam containing the given point;
o is the angle between the normal to that section and the direction of the beam
NOTE This is expressed in candela per square metre, 1 cd-m2 =1 Im-m—2-sr 1.
© 1SO 2012 — Al rights reserved 3
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3.21
luminous efficacy
quotient of the luminous flux emitted by the power consumed by the source

3.22

luminous flux

quantity derived from the radiant flux by evaluating the radiation according to its action upon the CIE standard
photometric observer

NOTE This is expressed in lumen Im.
3.23

luminous intensity distribution
distribution of luminous intensity having an axis of symmetry or at least one plane of symmetry

3.24
outdoor obsgtructions
anything outside a building which prevents the direct view of part of the sky

3.25
overcast sky
completely oyercast sky for which the ratio of its luminance L, in the direction- at-an angle y above the hqrizon
to its luminarjce L, at the zenith is given by the following equation:

L,=L, ([ +2siny)/3

3.26
partly cloudy sky
sky having between 30 % and 70 % cloud cover (in daylighting)

3.27
reflectance
ratio of the reflected radiant or luminous flux to the\icident flux in the given conditions

3.28
silhouette phenomenon
phenomenor] in which a visual target I06oks dark when the background is too bright

3.29
sky luminance
luminance of{a sky element

NOTE This is expressed in cd-m—2.

3.30
skylight

visible part of diffusesky radiation

3.31
sunlight
visible part of direct solar radiation

3.32

thermal radiation

process of emission in which the radiant energy originates in the thermal agitation of the particles of matter
such as atoms, molecules, ions

4 © 1SO 2012 — All rights reserved
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transmittance
ratio of the transmitted radiant or luminous flux to the incident flux in the given conditions

3.34

transparency
capacity to transmit radiative energy without altering its incoming direction

3.35

visual nuisances

subje

ctive visual discomfort caused by unwanted views

3.36

visual target

someg

3.37
wind
dayli

4 |

4.1

Geng
qualif

The ¢
spec
sustg
shou
integ

4.2

thing to be seen and recognized by human eyes

W
ht opening on a vertical or nearly vertical area of a room envelope

Fundamentals

General

ral principles of indoor environment design allow thé’clients and design teams to provide
y of indoor environment in a sustainable building according to the fundamentals of the desig

lesign process aims to ensure, by visual comfeft, an efficient environmental building design
fied quality and performance level involiing safety, health, comfort, and energy use]
inability, the philosophy, ethics, and assumptions taken by the people concerned. Buildi
d define the goals based on the_requirements, constraints, and actual conditions to
rating the owning and operating costs*during the design stage.

Project information

The available project information that influences the development of visual comfort design conc

with
inforr

constraints and all requirements shall be documented. When assumptions are made in lieu
hation related to the'standards or regulations for building environment visual comfort design

to the indoor environment, these assumptions shall be documented. The project information prg

userg
build

4.3

of this Intemational Standard that influences the programming, development, and/or t
ng compenents and the building service systems, shall also be documented.

Framework of generation and verification

b the desired
N process.

providing the
as well as
hg designers
be achieved,

bpts together
of necessary
with respect
vided by the
he design of

Architectural design and building system design are goal-driven activities. The routes necessary to achieve
the end result are not straightforward, and must be flexible. In some instances, the assumptions are made
under uncertain conditions. Hence, the design process involves the iteration of generation and verification.
The generation process is a sub-process where a design solution is synthesized, while the verification process
is another sub-process in which the design solution depends on different visual comfort design criteria.

4.4

Framework of documentation at approval

The evaluation and approval processes shall be documented. The documentation process shall explicitly state
what is to be provided by the project. The evaluation and approval process shall demonstrate that the stated
goals can be achieved. Every document provided shall describe the characteristics planned and verify
whether they are actually achieved. Approval should be obtained at each design stage.

© IS0

2012 — All rights reserved


https://standardsiso.com/api/?name=7e2da6b52ca1a723e81bdc6948ef56a6

ISO 16817:2012(E)

The documents issued during this design process shall cover the following questions:

4.5 Harm

Since archite
environment
architectural

The genera
architectural
architectural

Is the stated definition adequate and feasible?
Is the environmental design for visual comfort feasible?
Is the specified structure expected to satisfy the constraints and requirements?

Is the building capable of providing the visual comfort quality and performance required?

onization of architectural and system design for visual comfort

ctural design as well as the building system design contributes to the realization of-the"i
and system design for visual comfort.
principles of building environment for visual comfort design should ynGt restrict cre

design. The principles do not predefine the order or precedence of individual tasks in bot
and building system design for visual comfort.

5 Design process
5.1 Stage|l — Formulation of project definition
5.1.1 Geng€ral

A high-perfoimance and high-quality visual environment is\@fe that:

meets d
maximiz
minimiz4
maximiz
yields a
In order to

approach is

facade (whid

sunlight) and
team through

bsign objectives of visual environment;

es occupant visual comfort, well-b&ing and productivity;

bs occupant complaints;

es building values to the,owner;

ifetime of energy@erformance of a building and reduces operating costs.

design a high-performance and high-quality visual environment, an integrated archite
recommended. The integrated approach addresses the critical interactions between the bu
h admits=heat and light), building interior and all light sources such as daylight (skylight 3

artificial light. This approach also shares appropriate decisions across the owner and the d
oUt,the design process.

ndoor

the general principles of building environment design should be used to harmoniz¢ the

ative
h the

ctural
ilding
nd/or
esign

5.1.2 Project definition (requirements)

The phases of visual environment design typically comprise parallel architectural design work and might
include programming, schematic (or preliminary) design, design development, contract documents, and

construction

Before begin

administration.

ning programming, items 5.1.2.1 through 5.1.2.6 shall be well understood.

© 1SO 2012 — All rights reserved
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5.1.21  Area of the visual environment design project

The area of the visual environment design project is important. This will offer some sense of the likely variety
of space types and clues to the depth of problem solving involved. Larger projects

— tend to require larger design teams and require greater number of meetings to review design options and
integration issues,

— challenge the design team on minimizing the number and types of lamps, luminaires, ballasts, and
lighting control devices,

— hallenge the desigher on prepdaring specitication and maintenance standards.

5.1.2|12 Neighbouring outdoor environment

The neighbouring outdoor external environment shall be analysed in order to enhance the characteristics of
the sjte.

5.1.213 Number and types of spaces

The pumber and types of spaces will give the designer an early sense‘of the diversity of the o¢cupants and
taskq that will need to be accommodated.

5.1.2/14 Schedule for visual environment design

The schedule for the visual environment design will affectthe timing and the degree of performance by the
designer for the various stages of the design effort.

5.1.2{5 Client or users
Unddrstanding the client or users and havipg-access to the client influences the success of designing a high-

qualify visual environment. Asking mere>pointed questions of the client and more carefully addressing
progfamming is necessary to better understand and address user's needs.

5.1.216 Design team
The ¢esign team is responsible for addressing human and technical issues on the project. A [team should

typically consist of an architect, an electrical engineer, an interior designer, a mechanical (HVAQ) engineer, a
landgcape architect, aStructural engineer, and a construction manager.

5.1.3| Constraints

Befo e proceeding to the schematic design phase constraints of existing spaces shall be identified. Taking
>ubsequently
entory of the
constraints of eX|st|ng spaces on a prOJect ThIS can be gathered from a variety of sources. Some of the
information is a matter of observation and measurement taking. Some information, however, requires
interaction with users.

© 1SO 2012 - All rights reserved 7
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Table 1 — Inventorying existing constraints

Parameter Existing constraints
External conditions e  Sky conditions
— clear
— overcast
— partly cloudy
e Albedo

e Site altitude
e Site cardinal orientation
e  External obstruction

Py Naotiral conditianc
oo CoOToTtoTs

— direct sunlight

— reflected light

— continuous/occasional
e Atrtificial conditions

— light pollution
— light trespassing
Spacg dimensions e Length
e Width
e Height
Spatial form e Rectilinear

e  Curvilinear
e Long/narrow and tall/short
e  Short/wide and tall/shont

Spacg activities e  Primary (may be séveral)

e Secondary (may.be several)
Visua| tasks e  Prioritize bysimportance

e Prioritize \by time spent on each
Occupants' ages (by group) e 0toylQyears old

e 10lyears old to 20 years old
o -\20 years old to 40 years old
e 40 years old to 60 years old
e 60 years or more
Furnighings e Low and open

e Low and closed

e High and open

e High and closed

e Solid and void

Surfage finishes e Degree of gloss

e Colours

o Reflectances (percentage)
e Transparency

Lighting e llluminance

e Luminances

e Lamp and luminaire types and layouts
e Daylighting (view/no view)

Users' feedback e  Prior complaints about environment or work
e On-site feedback
Owner's feedback e Presentimage

e Perceived quality of existing environment

e Present operating costs

e Relationship between indoor and outdoor environment
Designers' impressions e  Monument to prior design team

e  Monument to owner

e Improvement to human condition

8 © 1SO 2012 — Al rights reserved
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Obtaining user feedback on existing conditions requires the design team to survey the users and/or to review
any file of previous complaints about the workplace. Table 2 suggests some user survey questions.

Table 2 — Survey questions for existing constraints

Parameter Questions

Space-related activities How is this space used?
What do you consider the primary tasks to be carried out here?

Are there any secondary tasks?

Visual tasks VVhat is the most Important task?

Are there any other tasks of similar importance?
What are the visual aspects of your work?

How much time do you spend in this room each day?

How much time do you spend on each task-or activity?

User feedback The indoor visual environment is comfortable. [agree/disagree]
The room is too bright. [agree/disagree]

The room is too dim. [agre€/disagree]

The task area is too bright/[agree/disagree]

The task area is too.dim. [agree/disagree]

The lighting causes distracting shadows. [agree/disagree]

The lighting is-easy to control. [agree/disagree]

© 1SO 2012 - All rights reserved 9
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After identifying the existing constraints, constraints for the new project that may significantly influence visual
environment design, or alternatively that the designer should influence, should be listed and identified. Table 3
summarizes the constraints that can arise regarding the planned spaces.

Table 3 — Constraints on planned project

Parameter Constraints on planned project
Space dimensions Length
Width
: Height
Spatiel:l form Rectilinear
Curvilinear

Long/narrow and tall/short
Short/wide and tall/short

Spaceg-related activities Primary activities

Secondary activities

Visua| tasks Prioritize by importance

Prioritize by time spent.on each

Userd ages (by group) 0 to 10 years old

10 years old to 20'years old
20 years oldito 40 years old
40 years old to 60 years old

60 years or more

Furnighing and interior partition walls Low and transparent
Low and opaque
High and transparent

High and opaque

Surfage finishes Texture (glossy or matte)
Colours

Reflectances (percentage)

Daylighting Sunlight
Skylight
Reflected light

View or no view

Owner's expectations Image
Perceived quality of planned visual environment

Initial costs and planned operating costs

The programming phase consists of inventorying conditions of existing spaces, inventorying givens for the
planned spaces, establishing design goals, defining and prioritizing design criteria, and preparing
programming statement.

10 © 1SO 2012 — Al rights reserved
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5.1.4 Requirements

With a clear understanding of the users' existing and planned constraints, it is possible to develop specific
design requirements for the visual environment. Table 4 provides a comprehensive list of design requirements
categorized by architectural factors, psychological and physiological factors, and task factors.

The design requirements for the visual environment listed in Table 4 should serve as a checklist. It is
recommended that the design team review the checklist, and establish which design requirements are
appropriate to the specific project. For important or essential criteria, specific data should be recorded in the
checklist or in report format. This allows easy future reference and helps with presentation of the various
criteria to the users and/or client. Sharing such a checklist with other team members can help solidify a design.

Thls ~hanllicot Ann Alan~ Ihaln IAANER S, A~ Ao
PHCORTTSTCararsOTCrp1aC Ty pPrormtc ot

Table 4 — Design requirements for visual environment

Category Design requirements

Architectural factors Visual environment (pleasantness)
Spatial definition

Spatial order (transitions and adaptations)
Circulation

Flexibility

Controls

Acoustics

HVAC : Heating, ventilation, air conditioning
Ceiling systems

Codes and ordinances

Sustainability

Surface reflectances

Surface transmittances

Psychological and physiological factors Sensory responses

Visual hierarchies and focal centres
Visual attraction

Subjective impressions

Circadian rhythm

Health

Task'factors Visual tasks

llluminances

Luminances

Visual relation between indoor and outdoor |View
environment
Weather

Time

Moon

© 1SO 2012 — Al rights reserved 11
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5.1.5 Assumptions

Any issue that cannot be fully identified in the course of the design shall be assumed and the design team
shall take these into account in the final design decision. For example, if the design team has no specific sky
conditions for the project site, then the design team may assume that the planned building is operated under
the CIE standard for overcast sky and clear sky.

5.1.6 Philosophy, ethics and theories

A building is evaluated on various aspects. The clients and the design team should decide which aspects they
consider to be most important or less important on the basis of their own philosophy and ethics. The design of

an indoor vifual environment of the required quality for users must take into account human needg that
include elenlents linked to task performance and productivity, visual comfort, physiological effects. of{light,
health, safety, well-being, and energy performance and sustainability of a building.

5.1.7 Output — Document |

Document | ghall be issued as an output product of the project definition process and as an explicit descrjption
of the projedt definition, i.e. the constraints, the requirements and the assumptions.-For some project§ this
may be noth|ng more than an oral presentation of the facts as defined by the design-team. For other projects,
this may be|a brief report that includes programmatic statements and a very_preliminary guidance cfiteria
statement or[a complete design statement.

5.1.8 Evalyation |

Once the prpject definition has been completed, feedback from(he design team is necessary in order to
evaluate thelinteractions between the responses to the constraints and the requirements of all aspects ¢f the
design.

5.1.9 Output — Approval of document |

Once the evaluation | process has been successfully completed, an approval of document | shall be issugd as
a second oytput in order to be validated. Appfoval of document | should indicate how it was evalyated
together with the results of the evaluation.- It shall contain the constraints, the requirements and the
assumptions

Stage Il cannjot be started unless document | is approved.

5.1.10 Iteration

If document | was not approved, it should be revised by iterating the steps beginning with the project defipition.
If there is any contradiction in the compilation of the requirements and constraints described in documient |,
some of the fequirements should be revised and iteration started with the revised requirements.

5.2 Stagelll— Schematic design

5.21 General

Upon the completion of the programming phase, the design team is prepared to undertake schematic design:
developing preliminary ideas or schemes for the visual environment of a particular project. Schematic design
typically results in an understanding and agreement among the team members about visual environment
criteria, penetration of daylight, general lighting approaches, styling of luminaries and the visual relationship
between the inside and the outside. The work between the architectural schematic design and visual
environment schematic design shall be iterative.
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5.2.2 Input

As design concept material becomes available at stage |, the design team is in a position to develop a visual
environment scheme while also addressing the programming. Assessing the architectural design elements
must go beyond simply absorbing whatever schematic information the design team provides. This is an
opportunity to interact within the design team by asking questions directly related to the visual environment.

5.2.3 Output

The visual environment, while ultimately ubiquitous on every project, starts as bits and pieces of ideas
considered for various sizes of areas or spaces. The areas or spaces first addressed might be those

cons
envir
visua
integ
desid
firmlyf
discu

5.2.4
The

envir
be vsg

5.2.5

Oncse
This

dered most important or those for which an architectural concept is already associat
bnment scheme should address all areas or spaces of a project. This is an overview or roaq
| environment might be used to meet the various programme requirements while it-also e
rates with the architecture. Details are not yet an issue, and should not be addressed duri
n. Completeness is not necessary at this point — this makes it appear that the_gther desigr

resolved and that the visual environment problem is solved with no remainhing questio
ssions necessary. The general direction of the project, though, is important.

Evaluation Il
consistency of the framework described in document Il shalf«be verified in reference

bnment design criteria and document |. The appropriateness,of the programme and the di
rified. The major concern is whether or not the visual enviconment design is headed in the ri

Output — Approval of document Il

feedback has been received and addressed, the'design scheme for the visual environmer
yields preliminary architectural and lighting\plans illustrating the scope and strategies

ed. A visual
map of how
nhances and
g schematic
aspects are
ns or further

o the visual
agrams shall
ght direction.

t is finalized.
to create a

comfprtable and energy-efficient visual environment. As the scheme is advanced for clienf review and
approved, the stage is set for the detail design stage.

5.2.6| Iteration from conceptual design and schematic design

If the] predicted initial visual envirenment design concept of a building established during the design process

does

not meet the requirements-and constraints described in document |, then an alternative

concept and

scheme shall be presented~Minor changes are possible in some instances; however, major [changes are
necegsary in others.

5.2.7| Iteration from project definition

If no thange in the visual environment design concept and scheme is found necessary, the visuallenvironment
design may ‘proceed to stage lll. If changes in the requirements are made to provide improved s¢lutions, then
the visual environment design project definition shall be revised.

If modification of the project definifion does not improve the ISSue, then the project parame
reconsidered.

5.3

5.3.1

Stage Ill — Detail design

General

ers shall be

Stage Ill is the main phase of the visual environment design process and is where a detailed design is
performed. Detailed design should express design elements of the visual environment such as lamp types and
luminaires for artificial lighting, geometric and photometric characteristics of fenestration and sunlight control
schemes for daylighting, colours and reflectances of interior surfaces, and types of controls to reduce electric
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lighting energy. All system designs shall be included in stage lll. Light reflecting and light transmitting devices
are both important design elements in this stage.

Detailed predictions and analyses through computer simulations and/or measurements with physical models

should be pe

5.3.2 Input

rformed during this stage.

— Background

Document Il which is approved by the design team and the client includes preliminary architectural plans,
design descriptions and specifications, particularly lighting plans, illustrating the scope and strategies to create
a comfortable visual environment with high energy performance of buildings.

The design t
lighting syste
an impact on|

5.3.3 Outp

Document Il

the drawing and lighting specification, including the relationship with building design.-At this stage, output

contain arch
design. See

5.3.4 Analy

The analysig

eam should further develop the design with more detailed data and specifications of the_ari
m and daylighting system and components. In addition, spatial form and dimensions.also
visual comfort and therefore should be fully taken into account.

ut — Document llla
a is the explicit description of the artificial lighting system and daylighting’ system. It consi

tectural design, daylight design, lamp selection, luminaires design/selection, and lighting ¢
Annex B for further information.

ysis

of the visual environment shall be conducted during the detailed design process arn

ificial
have

5ts of
shall
bntrol

d be

expressed both in terms of coordination with the building design,*energy performance of the building and the
lighting requirements of the building. At this stage, both:quantitative and qualitative aspects shou|d be
analysed.

llluminance
should be ¢
qualitative ag

Daylighting ¢
reflected ligh

Artificial ligh
daylight.

Many compu

tool will prov
scale models

5.3.5 Outp

evels on work plans should be carefully-analysed. For the qualitative aspect, glare pot
osely analysed based on the luminance distributions viewed from various viewpoints.
pects include colour rendering and directionality of light.

esign should be analysed based on three different components of daylight: sunlight, sky
t. Daylight performances at'different hours and seasons should be analysed.

ing design should be-analysed with the consideration of control scenarios with and w

ter simulationprograms are available to conduct such detailed analyses. An advanced com
de the designer with not only numerical data but rendered images. The designer may con
or mock=ups for photometric measurements and visual inspections as well.

ut — Document lllb

ential
Dther

light,

thout

puter
struct

The artificial lighting plan (usually a modified reflected-ceiling plan) indicates the locations and luminaire types
for all lighting within the scope of work. Control locations and circuits are also shown on the lighting plan.

Drawings should show mounting details, building section and elevations, custom luminaire details, and other
supplemental information related to the visual environment. Document lllb also includes luminaire attributes
and catalogue numbers and lighting specifications to outline general requirements for the lighting system,
such as ballasting, artificial requirements, applicable codes and standards, approved manufacturers, mounting
restrictions, and custom fixture requirements.

Dimming and control specifications and schedule should be included.
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5.3.6 Evaluation lli

Once a detailed design has been established, feedback from the entire team is necessary in order to evaluate
the indoor visual environment of the building. The design team shall evaluate the lighting system under design
so that uncomfortable or distracting glare is minimized for the user. This involves knowing the location of the
user, the angles of view, and the distribution of light on the room surfaces as well as familiarity with the
specified lighting products.

The illuminance levels obtained from the analysis procedure shall be closely evaluated against the required
levels. In addition, energy efficiency of the artificial lighting system should be evaluated in terms of power
density values.

For g qualitative evaluation, colourful computer-rendered images can be used for judgement|hy the design
team| occupants and clients.

5.3.7| Output — Approval of documents llla and lllb

Whilg evaluation Il is under process, documents llla and Illb shall be approved.“Approval of dgcuments llla
and IJIb shall include how documents Illa and IlIb were evaluated.

5.3.8| Iteration into detail design

If the|current building design concept does not meet the contents described in document Il, then an alternative
design shall be provided. At this stage, only minor changes requested by the clients shall be made.

If doguments llla and lllb show that the quality and performance described in document Il is noj provided by
the blilding design, then the current design shall be modified without changing the overall design |concept.

5.4 | Stage IV — Final design

5.4.1| General

Stage IV is the final phase of the visual environment design process where construction documents are
genefated. Balancing natural daylight design with adaptable and modular artificial lighting is crucial.

The {
The

wind
surfa
refled
writtg

inal construction documénts of the indoor visual environment design shall be delivered tg
Hocuments shall include, the location and dimensions of windows, the level of illuminance
bws and other types-of openings in the fagade or roof, the characteristics of the glass, the
Ces, the lighting (design drawings containing lighting systems graphically expressed as
ted ceiling plans, elevations, and sections with accurate dimensions. The documents shal
n specifications outlining the expected duties of the contractor and indicating speci

contractors.
provided by
colour of the
architectural
also include
fic hardware

compgonents such as lamp, ballast, transformer, and luminaire. Applicable industry standargs and code
refergnces shall be cited in the specifications. In this phase a detailed commissioning plan shall e developed
and gostestimations shall be conducted as well.

5.4.2 Commissioning documents

5.4.21 Design drawings

Lighting reflected ceiling plans shall include locations of ceiling-mounted lighting installations, spacings and
aiming directions drawn on the architectural floor plans. If luminaires are to be installed on the wall or hidden
from the interior surfaces, architectural elevation and section drawings shall be used. The lighting installations
such as luminaires, controllers and switches/dimmers are expressed by symbols adopted as national industry
standards or more diverse and realistic representations of luminaires in order to make drawings more
meaningful to contractors. Final drawings shall include exact detail dimensions. The design drawings shall
include location and dimensions of windows, and characteristics of the glass.
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5.4.2.2

Specifications

Daylighting and artificial lighting specifications are written documents containing specific and detailed
descriptions of the work to be completed with characteristics given by manufacturers. Since the specification,
along with drawings, is a legal document, it must be prepared very carefully and reviewed by the design team.
It is then released to the contractors to be used as a resource during bidding, shop drawing review, and
construction processes.

A good specification can be prepared only after a well-organized and prudent design has been achieved.
During a specific and detailed design process, a large amount of detailed information can be obtained
regarding daylighting and artificial lighting installation requirements necessary to meet project criteria. All the

information s

hall ba doe olaarhs Aand 1n AAtail b tha oA~ h tha contrant~ro
o actan— ot

stand

what equipm

In addition, d
specification
work effort w|

543 Com

A commissig
intent as pos
systematicall
interact prop

Hmantad o 1ontian o aln IRT=Ya P
T T OoTOTrmeTro U orcarny o T opPTUmMCaotoUT (O TTICTPo— e CoUmattoTro— o tacr

ent needs to be purchased and installed.

aylighting and artificial lighting-related architectural integration details shall be documented
An effective integration of artificial lighting and daylighting can be achieved by, a collabo
thin the design team.

missioning plan

ning plan shall be developed to ensure that all lighting systems funetion as close to the d
Sible after installation and before occupancy of the building. Thecommissioning plan shall in
y testing all lighting controls in the building to ensure they. provide the specified perform
erly as a whole system, and fulfil both the design intent*and owner's needs related to

satisfaction @and, if applicable, energy savings. Commissioning shall be planned after the interior has

completed a
process. Th
activities, e.g

5.44 Cost

Daylighting 3
control over
Initial cost in
Operation ar
maintenance)

In many cas|
make the be

maintenance)
money is corf

5.4.5 Outp

The final doq

nd the furniture is in the building, budgeted and executed as part of the design and constry
b lighting commissioning plan should be coordinated with other subsystem commissi
. mechanical systems.

estimation

nd artificial lighting design is often constrained by the designated budget. The design tean
both the initial construction and pperating and predictive maintenance of the lighting sy
cludes all design fees, lighting equipment purchasing costs, labour cost of the installation
d predictive maintenance casts. include annual power, all lamp and ballast replacement ¢
and repairs, etc.

es, it can be beneficial t6 compare the life cycle costs of different lighting systems in ord
st choice. The life.cycle cost for a given lighting system includes initial costs, operatior

costs, predictiveZconsumption of resources and conservation measures. The time val
sidered.

ut — Final.document

uments from this phase shall include lighting design drawings, lighting specifications, ope

manuals, cor

n the
rative

esign
volve
ance,

user
been
ction
bning

h has
5tem.
, etc.
osts,

er to
and
e of

ating

missioning and maintenance documents and estimated cost for installation and maintenan

e.

All of these documents generated by the design team in this phase shall then be validated by the client and
issued as part of their respective contract documentation to contractors for pricing and/or bidding.
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End of design

General

The design phase is followed by bidding and construction administration phases. During these phases, the

desig

r

n team shall perform the following services:

bid assistance;

eview and approval of shop drawings;

q

q

5.5.2

Once
from
answ

5.5.3

The
subm
dime
insta
the e

5.5.4

After
durin
may
such
and 4

As th

effec
insta

5.5.5

onstruction assistance and assessment of installation progress;

ommissioning of the installed lighting systems.

Lighting bid assistance

the project has been issued to a contractor or contractors for pricing and/or bidding, questio
bidding contractors, electrical distributors, or lighting equipment manufacturers. The desid

Review of shop drawings

Ehop drawings are detailed drawings of daylighting systems and components, and luming
itted through the contractor for the design team's\teview. The shop drawings typically s
nsional and material characteristics of the daylighting systems and components, and art
lations. By reviewing the shop drawings, the. design team shall confirm that the contractor
Huipment as specified to meet the design goals:

Construction assistance and assessment

bidding is completed and the project has been awarded to a contractor, additional questio
g the material procurement andfor actual construction processes. During the construction p

as structural members, mecthanical and/or electrical systems. The design team shall assess
ddress the problems_ as they develop and propose solutions.

e project approaches the final phase, the design team shall review the project site to asses

s and the visual aesthetical aspect of the daylighting systems and components and art
lations.

Commissioning

ns may arise
n team shall

er or clarify those questions. All the questions and answers shallkbe officially documented for future
refergnce.

ires and are
how detailed
ficial lighting
has ordered

ns may arise
rocess, there

be interferences between _daylighting systems and components, lighting installations and other systems,

the situation

s the lighting
ficial lighting

Com

missioning is a first run of the daylighting systems and compaonents and artificial lighting d

ystem. Final

calibration on the lighting system shall be made at this stage. If occupancy sensors, photocell-based
controllers, timers, and other control mechanisms are installed, the hardware systems shall be calibrated in
terms of their respective sensitivity settings and input/output settings.

The design team shall also provide instructions to the client's authorized personnel on their operation and
programming. The building cannot be expected to operate properly if the personnel in charge of operating and
maintaining the daylighting systems and components and artificial lighting systems are unfamiliar with how to
service the equipment and do not fully understand how and why the systems operate the way they do.
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During commissioning, each piece of the equipment should be verified to be in the right place, installed
correctly, and calibrated to meet the design specifications. The commissioning test shall be carried out in

order to:

verify that all sensors have been properly placed;
verify local control of each piece of the equipment;
test interactions between equipment pieces;

test system-wide operation under different anticipated scenarios.

6 Develd

The design d
evaluation of
above shall 4
or regional o

7 Develd

)pment of design criteria

riteria for the visual environment and energy performance of a building shall beyreferred to
the proposed design at each stage of the design process. The different desigh criteria indi
e included in the documentation and shall make reference to the related International Stand
national standards.

)pment of design aids

n the
cated
ards,

The design aids on the indoor visual environment for design teams should be developed together with the

design criteri

8 Coste

8.1 Estim

A qualitative
This qualitati

Since sufficid

necessarily b
arrangement

8.2 Evalu
client

There are se|

basic co

valuation

tion of primary costs

a for an efficient design process.

comparison of the initial and ope€rating cost characteristics of the initial design is encour:
ve approach may be based on experience or by methods approved by the industry.

ased on the actual project; equipment or energy data. Unless otherwise specified by contra
5, one approach is to-praceed from the initial stage based on 8.2.

veral levels of complexity in the cost analysis:

5tCof the initial construction;

ation of the visual environment design benefits versus costs as required by the

hged.

ent design details are not.nermally available at the initial design stage, cost comparisons afe not

ctual

a)

b)

costs), which can include building, plant and safety insurance costs;

life cycle cost as in a) and b) plus predictive consumption of resources and conservation measures;

plus whole life cycle costs, including external environmental costs and demolition costs;

cost including operation and predictive maintenance of systems and components (owning and operating

plus the benefits to productivity in the workplace, by improving the indoor and visual environment quality.

Cost estimates at one of these five levels of detail in the selected design for the aspects of the visual
environment in the design team's preview should be developed. These estimates should be based on the
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