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Visual & Non-Visual User Requirements

Collected Scientific Evidence & Emerging Insights

Objective g

To identify and address visual and non-visual requirements JEOPCCRLLLLLE
based on the latest knowledge related to decarbonisation R ‘
goals. 5
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Visual & Non-Visual User Requirements

Collected Scientific Evidence & Emerging Insights

3

CONTROL STRATEGY

O

Are such requirements aligned with decarbonisation goals?

> Various research directions are needed
to better understand visual and non-visual Measuremetns at personal el
user requirements and thresholds to be

considered for the design and operation of

buildings.

» Emerging Insights: 5 Balancing Relationships

1 Personal Exposure
2 Indoor Conditions

O

SSISSSS SIS S

3 Control Strategies 7
SHC 4 System, e.g., Fagade Technology 1
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Visual & Non-Visual User Requirements
Emerging Insights

LEGEND lies to all five balanci lati

P Primary (direct) effect

=== Context-dependent / indirect effect
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Balancing Relationship 1 OF 5

Visual Non-Visual Requirement

How does the strategy influence building Operations?

(Visual/non-Visual/thermal/behavioural/ energy

How this translates to
Operational Carbon?

Operational Carbon Outcome

~

Daylight & view access
vs. overheating

More daylight and view
improve wellbeing and
performance, but can
increase solar gains,
overheating risk and glare.

Includes view quality:
v Psychological restoration
v/ Cognitive benefits

v Occupant tolerance of
higher luminance when

view is present

>

-
{

VISUAL PATHWAYS
* T Daylight = | electric lighting energy

* T View quality —» psychological restoration,
cognitive performance, wellbeing

* May increase glare risk — visual discomfort

» Occupants may tolerate higher luminance
or discomfort when view is present

T
]

Net operational carbon impact
depends on:

Y
il
J
T

@ NON-VISUAL (CIRCADIAN) PATHWAYS

« 1 Daylight (especially morning) — higher
melanopic exposure — circadian entrainment,
alertness, sleep quality, wellbeing

* View access supports mood, satisfaction
and reduces eyestrain

Climate & orientation

v

- PP BRI ST COmee=/

\l B4
L A 4

Glazing & shading design

v

e

Daylight availability

v

THERMAL PATHWAYS
« T Solar gains through windows — 1 cooling energy

« May increase peak cooling demand

+ Shading improves thermal performance
and reduces overheating risk
but — | daylight —+ 1 lighting energy

o % =
=
&

(site, time, sky)

——————————— e}

Building form & fagade
performance

. S ——

—
} s B N i
_;__....___.r_-_-_\ =

v

> >
) I

}

\ 4

Internal loads & schedules

BEHAVIOURAL PATHWAYS

+ Occupants adjust blinds/shades, windows
and lighting based on comfort and preferences

« Behavioural adaptation can reduce or increase
energy use

+ View presence influences acceptance of
higher brightness or discomfort

De it

Occupancy & behaviour

N —————

e

Grid carbon intensity
(time-varying)

8 B0 HS

&£ GRID-RELATED PATHWAYS
2N o Electric lighting and cooling draw from the grid
« Carbon intensity varies by time of day
« Timing of increased cooling or lighting demand
affects operational carbon

Outcome can be:

Decrease
(savings from
daylight > extra
cooling/lighting)

Increase
(cooling/glare
outweigh
lighting savings)
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Visual & Non-Visual User Requirements
Emerging Insights

hal

LEGEND lies to all five

Balancing Relationship 2 OF 5

P Primary (direct) effect

=== Context-dependent / indirect effect
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How does the strategy influence building Operations? How this translates to .
i Vi i . ) . ’ : Operational Carbon Outcome
Visual Non-Visual Requirement (Visual/non-Visual/thermal/behavioural/ energy Operational Carbon? P
£r
e @ VISUAL PATHWAYS
> * Glare reduced — visual comfortimproved Y [TTT77° \
-
Glare control -+ less eye strain, higher satisfaction i < .
) R g e W | Net operational carbon impact
Vs dayhght availability + Daylight availability reduced — less daylight e Gacaridscne
: —+ lower view clarity / brightness of space ! E i 3
Glare protection improves * Increased reliance on electric lighting Q T - 2‘ Outcome can be:
comfort and reduces cooling \_ B i aegt dabaina oo in E P * Climate & orientation
]
loads, but decreases daylight % — — -
R ¢ NON-VISUAL (CIRCADIAN) PATHWAYS q
availability and increases @ Sl bis (bR e U ¢ poe » % Glazing & shading design Decrease
i ic lighti = T (a; s g .
reliance on electric lighting. ‘ vediiced =+  lower nelanopic expotire ' : : (type, control, reflectance) (coo|.|ng savmgs'
) ‘ — weaker circadian entrainment, alertness, [ ] i ) dominate reduction
sleep quality; wellbeing - F=-' , Daylight availability in lighting energy)
Key glare control strategies » View access may be reduced — lower @ ¢ e g @ (site, time, sky condition)
satisfaction and restorative benefit : i
(solar-control measures) Y e
'
: ¥ N i Building form & fagade
* External shading (blinds, @ THERMAL PATHWAYS i' i ‘ @ pe,foniance ;
; : ; ! % Increase
screens, overhangs) > . Shadlng/bllmds block solar gains — ope gy N (depth, WWR, layout) v
« Internal blinds / shades lower.cooling loads ;K J o (lighting penalty
+ May reduce peak cooling demand | : dominates coolin
* Low-transmittance glazing + Reduced daylight may slightly lower & ‘l, [ : ‘ # 4 ::tehr:al loads & :che«':it:les i g
) ) e et g R Pl ighting power density,
¢ Dynamic / automated shading Ireiscnaliaes geiosfiom Yohtg (wivor) : E operation hours)
* Light shelves (glare control mode) ‘/ Viou N ! : ‘
: BEHAVIOURAL PATHWAYS Py { T I| o0 D ki
\_’J' + Occupants more comfortable (less glare) ar | oo--c- 5 .‘ (preferences, overrides
-+ higher acceptance of space and controls | . e .
« Reduced daylight/view may lead to use of Q T { | Bl Position) 4
electric lighting even when not needed i
+ Occupants may override or adjust blinds —-.—o- t i Grid carbon intensity
depending on preference — variability G ) | (time-varying)
ey oads s - e . | i
GRID-RELATED PATHWAYS J
) * More electric lighting demand — draws from grid 'T‘ vvvvvvv ;
+ Timing of lighting use varies by time of day 'I -+ "
« Carbon intensity varies — operational carbon b \l,
depends on when lighting is used l I I l Il
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Visual & Non-Visual User Requirements
Emerging Insights

Glare(Visual Stress) vs Daylight Availability

How this translates to
Operational Carbon?

How does the strategy influence building Operations?
(Visual/non-Visual/thermal/behavioural/ energy

' ‘ ( VISUAL PATHWAYS )
T e * Higher vertical illuminance at the task T ______

Visual Non-Visual Requirement Operational Carbon Outcome

¥ N f_> 77
/ \ . . - -+ better visual performance, reduced eye strain
/ Visual-task lighting : ; s @ Net operational carbon impact
e ffective liahti * Longer duration or wider coverage desands ons Qutcome can be:
| vs. circadian-effective lighting — more consistent task lighting i ' P 4
\\ ) Standards target horizontal * Spectral tuning may- ?ptlmlse visual acuity nmlﬂ_ i )
" / - 7 : or contrast for specific tasks g) 1 Climate & orlentation Likely to INCREASE
illuminance for visual tasks, ! operational carbon
. 4 N i )
but non-visual responses NON-VISUAL (CIRCADIAN) PATHWAYS '\ especially when
require vertical eye-level * Circadian-effective lighting often requires @ T ,_L_ Glazing & shading design electric lighting is
. = higher vertical melanopic illuminance T (type, control, reflectance)
exposure, appropriate spectra, > il used to meet
timing and duration * Longer duration or wider coverage improves a 1‘ ! ; d
. S : circadian targets in
M) circadian signalling foatin! Daylight availability 9
* Appropriate spectrum and timing promote @ T . i (site, time, sky condition) deep-plan/poorly
3 alertness, sleep quality and wellbeing ) Pl daylit spaces.
- — — — — —_— | I
p ) i
; ) ‘ THERMAL PATHWAYS ‘L f Building form & fagade I '
Key considerations: * More lighting — internal heat gains 151 performance
[ — increases cooling demand & SR '_'I WW
* Vertical vs. horizontal illuminance . . s 9 . T r 1 (depth, Ry layout)
* Higher lighting power density e B
i
« Spectral power distribution (SPD) » more heat output :’I‘: kY
« Circadian-effective lighting (e.g., blue-enriched) T I # & Internal loads & schedules
* Eye-level exposure at the eye may increase alertness —+ more active occupants g‘ 1‘ Tl (lighting power density,
3 + more equipment use — more heat ) E i operation hours)
* Room depth & window proximity 4 i : May DECREASE
P! 3
«  Prior light history @ BEHAVIOL.JRAL PATHWAYS. . . a T i 00 Occupancy & behaviour operational carbon
LEGEND (applies to all five balancing relationships) * Better visual comfort —+ :“19"}:' satisfaction Lt BR  (preferences, overrides, if daylight and
e = greataracoeptance of ighting ] blind position! efficient lightin
———> Primary (direct) effect * Circadian support — improved mood, © T i i g 9
-==-> Context-dependent / indirect effect productivity and sleep — reduced sick leave = strategies meet
,,,,,,,,, 5 i ek s s « Poor timing/intensity — glare, discomfort == \L Grid carbon intensity both visual and
G . \____ ~— blinds use, lights off or overrides _ S ) ! (time-varying) non-visual needs
—> ] .
4 | Increase / decrease &N, GRID-RELATED PATHWAYS 4 1 ‘ L ) effectively.
L’ B | * More lighting or longer duration ,:
L ) - — higher electricity use @ ,r
= . * Peak demand may increase if schedules
7 misaligned -~ th grid conditions ﬁ "
m * Higher load —+ higher grid carbon intensity T
-~ el Al LD, B P ) ||I|II
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Visual & Non-Visual User Requirements
Emerging Insights

Balancing Relationship 4 OF 5

Visual Non-Visual Requirement

(Visual/non-Visual/thermal/behavioural/ energy

How does the strategy influence building Operations?

How this translates to
Operational Carbon?

Operational Carbon Outcome

Circadian timing &
spectrum vs.
operational carbon

Biologically effective exposure
must occur in the day (morning-
| early afternoon) with higher
melanopic levels, but timing

is constrained by grid carbon
dynamics.

Key considerations:
| * Timing of exposure (morning ramp)
| * Melanopic (circadian) effectiveness

* Spectrum tuning (blue-enriched
vs. warm)

* Duration and daily dose

* Alignment with low-carbon periods

Flexibility to shift exposures

m
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-
‘ @ VISUAL PATHWAYS
—P

* Adequate visual conditions — better task performance
and comfort
‘ + Higher vertical illuminance — improved visibility
* Better uniformity and reduced glare — less visual fatigue

@ NON-VISUAL (CIRCADIAN) PATHWAYS

@ THERMAL PATHWAYS
— * Higher daytime lighting levels may add small heat gains

—+ increased cooling demand (context-dependent)

* Morning exposure reduces need for evening lighting
— potential cooling and lighting savings

|/ a
+ Daytime melanopic-rich light (morning-early afternoon) n-,

B —+ stronger circadian stimulus ®

W | + Improves alertness, mood, sleep quality e
+ Stable timing — stronger circadian entrainment

Htoe ©| O % e

e
]

« « -

Net operational carbon impact

depends on:

Climate & orientation

Glazing & shading design

Daylight availability
(site, time, sky)

Building form & facade
performance

Internal loads & schedules
(lighting power density,
operation hours)

Outcome can be:

May INCREASE
operational carbon
if exposures occur
during high-carbon
periods or require
higher energy.

Q BEHAVIOURAL PATHWAYS 2 @@  Occupancy & behaviour May DECREASE
— + Better circadian support — improved wellbeing, il ‘ =\ (p.referen-c'es, overrides, operational carbon
satisfaction and productivity T -~ blind position) 2
4 ; if exposures are
* May reduce sick leave and presenteeism 2 :
* Preferences and control increase acceptance and use T Grid carbon intensity timed and delivered
g (time=varying) during low-carbon
GRID-RELATED PATHWAYS periods efficiently.
* Timing exposures in lower grid carbon periods IQ { 1 ‘L
(morning low ramp) —+ lower carbon intensity \l/ """" P 52
+ Shiftable lighting schedules/ac ion enable optimisation O
« Higher carbon if exposure delivered during high-carbon periods :a: /T\
THE BARTLETT, FACULTY OF THE BUILT ENVIRONMENT | INSTITUTE FOR ENVIRONMENTAL DESIGN AND ENGINEERING 7



Visual & Non-Visual User Requirements
Emerging Insights

Balancing Relationship 5 OF 5

How this translates to
Operational Carbon?

How does the strategy influence building Operations?

Visual Non-Visual Requirement (Visual/non-Visual/thermal/behavioural/ energy

Operational Carbon Outcome

o Era
= e @ VISUAL PATHWAYS ® 1
/ N * Personalised lighting levels — better visual comfort, @ 77777+ \ o e S ———
/ ) . S \":‘ ‘ Adaptive & reduced eyestrain E T | Net operational carbon impact
‘ ot 8| . . . * Task tuning (brightness, distribution) — improved e ‘.l I depends on:
\ @R == responsive lighting ke 2 1 ||
"»\ /‘ VS. occupant comfort ¢ Dynamic scenes / colour tuning — support visual tasks )\ ! - B @ Climate & orientation
—— |
& control s N
@ NON-VISUAL (CIRCADIAN) PATHWAYS o L @ Glazing & shading design
Personalised control and + Occupants adjust lighting to support alertness, | (type, control, reflectance)
S 5 A — mood, and wellbeing baws
responsive lighting increase
™\ + Personal control — sense of agency, reduced stress

B Daylight availability
@ (site, time, sky condition)

% Building form & facade
&

occupant comfort, satisfaction
* Alignment (when guided) — better sleep, recovery
and agency, but may lead to

higher energy use and greater ‘ @ THERMAL PATHWAYS

variability in operational carbon. performance

« Higher lighting levels may increase internal heat gains

Outcome can be:

May INCREASE
operational carbon

if high levels, frequent
overrides or poor
alignment with low-
carbon periods.

------ -~ A depth, WWR, layout
] — more cooling demand ¥ idop yout)
‘ * Lower I'evels or adaptive dimming — reduced & # Internal foads & schedules
heat gains 4 g aaizs 2
- . (lighting power density,
Key considerations: * Occupant use of blinds / shading (via controls) — i | 2
3 : i operation hours)
affects solar gains and cooling 1
* Level of user control & override i
freedom & "\‘ i . o0 Occupancy & behaviour
e BEHAVIOURAL PATHWAYS ! [=)2] (preferences, overrides,
) ) i . 4 9 Y ~ * Personal control — higher satisfaction, comfort, | SR T blind position)
LEGEND (applies to all five bal | and appropriateness =P

P Primary (direct) effect

=== Context-dependent / indirect effect

Defaults and design guidance
Occupant behaviour and

perceived productivity
+ Overrides may lead to higher energy use
* Behaviour varies across users and time —
energy use variability increases

O W % = |Obde;

e

Grid carbon intensity
(time-varying)

May DECREASE
operational carbon
if responsive systems
are well designed,
guided and aligned
with low-carbon

""""" iactack oo engagement periods.
«—> Infl /i i b System integration and interoperability GRID-RELATED PATHWAYS Q Q J,
P | Increase / decrease * Responsive systems reduce demand when energy/carbon [
intensity is high (D \L
+ Aligning use with low-carbon periods — lower carbon
i * Increased variability may licate demand resp M T "
SOLAR HEATING & COOLING PROGRAMME I I I I I I
INTERNATIONAL ENERGY AGENCY
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Visual & Non-Visual User Requirements

Emerging Insights

Overall conclusion

>

Lighting and daylight strategies can both reduce and increase operational carbon depending on how
visual and non-visual requirements are delivered. The operational carbon impact of occupant-centred
lighting is therefore not determined solely by lighting energy demand, but by the interaction between
daylight availability, facade design, glare control, circadian timing, occupant behaviour, personalisation,
and the temporal dynamics of the energy system.

Circadian-effective lighting introduces additional spatial, spectral, and temporal constraints because
biologically meaningful exposure must occur at specific times and often requires higher vertical
melanopic illuminance. Consequently, strategies intended to support health and wellbeing may conflict
with decarbonisation or demand-flexibility goals in some contexts.

At the same time, integrated daylighting, fagcade, lighting-control, and personalisation strategies
may provide opportunities to simultaneously support wellbeing and operational carbon reduction if
designed holistically. Future progress depends on interdisciplinary approaches that integrate human
health, behavioural adaptation, building performance, and time-varying operational carbon within
unified frameworks.

SHAC
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Visual & Non-Visual User Requirements

Collected Scientific Evidence & Emerging Insights

Subtask B

Visual and Non-Visual
User Requirements
TASK 70

Low Carbon, High Comfort
Integrated Lighting

This book presents a comprehensive framework
for understanding user requirements in the
design and evaluation of integrated lighting
solutions that support low carbon and

high comfort environments.

It addresses both visual and non-visual needs,
providing essential guidance for creating
lighting that enhances well-being,
productivity, and sustainability.

OLXsvL | Sjuswainbay JasM [ENSIA-UON PUE [ensiA g seiqns

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY

May-2026 UCL | Dr. M.Khanie

Subtask B

How we are imagin

Contents
Part 1. Visual Stress & Mitigation

Improved understanding of the visual environment for
humans

Part 2. Window View

Window view
Relationship between window view and urban
morphology

Part 3. Non-Visual Effects

New developments in non-visual aspects
Measurement and assessment methods of non-visual
aspects

Part 4. Digital Tools

Digital tools and emerging technologies

Part 5. Case Study

Applied case studies and practical implementation
Part 6. Carbon Footprint

ing it Carbon footprint and sustainability considerations
I
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Visual & Non-Visual User Requirements

Collected Scientific Evidence and Emerging Insights

1. Improved understanding of the visual environment for humans

UeL”: I
] “

0° ANGLE 35° ANGLE

Characterization of View through Solar Control Systems

. Khanie, Mandana Sarey, and Rune Korsholm Andersen, UCL, DTU
S. Altomonte M. Maskarenj [l UCLouvain ! y !

sm Discomfort glare: the effect of light spectrum and time of day "
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Visual & Non-Visual User Requirements

Collected Scientific Evidence and Emerging Insights

2 View preferences/descriptors for rooms with different visual stimuli and activities

® NTNU

Norwegian University of
Science and Technology

’f,

GDANSK UNIVERSITY lE
OF TECHNOLOGY

B Matusiak, A Diakite-Kortlever, N Sokol, M Khanie,et. al.
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Visual & Non-Visual User Requirements

o
o
Collected Scientific Evidence and Emerging Insights 2
&
B.3 Relation between the window view and urban morphology ol
S
Koga Y., KYUSHU Uni -
Designing Building envelop from a moving eye z
[
=
o]
S
=
I sky MOVEMENT

I GROUND I URBAN LANDMARK
VEGETATION [ ART

Sabet P., Jamil M., Giovanni C., Scorpio M., Sibilio S.
The University of Campania Luigi Vanvitelli (V:)
Multi-element evaluation of view content

] poa aa
Universita
[ ] degli Studi
@ dellaCampania I I I I ll
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SUBTASK B

Visual & Non-Visual User Requirement

B.4 New developments for non-visual aspects

UNIVERSITA pecu STuD!
ot NaroL Feperico 1l

%
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SUBTASK B

Visual & Non-Visual User Requirement

B.5 Measurements and assessment methods of non-visual aspects

Universita

L degli Studi

@ dellaCampania
Lugi Vanvitelli

Salamone F. et al.

LYS Technologies LTD

Nanolambda

/\‘,
&

Light-dosimeter

Daysimeter

SHC i

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY

May-2026  UCL | Dr. M.Khanie THE BARTLETT, FACULTY OF THE BUILT ENVIRONMENT | INSTITUTE FOR ENVIRONMENTAL DESIGN AND ENGINEERING



i

(At
T
et
N
s

: e
o .
y\?vl\. ,\\\‘, \\\\(
U

R
L"".‘\\\",ll‘\'“'1‘5‘\\5‘"‘ AR

R"J@\},!&‘Q’vx 0

AN

i
’y!%'x
i

)
i
SHIRSEY
ey
e

If

j
;

:

X
\
\

W\

|”\
(T
L
\‘.«’.h‘w’.\‘l‘m,

i
/r/f/”/ iz
‘I”// fif I‘!”/

NI

\lly\lkﬂl'
Hitl
Wil

lm'l'llm [T
A
il A

I /
T

Il

s

i

i

Ml

i
e
HATH ST
RIS
i

{
e
|}:':'||
i
il ':H:'. i

[
i

ik
i
H:{}- il
i
(e
i

it
it

) Hi
i
i
il
{
{
lI

Q!
[t
i3

':l‘xl |
i

flehi
e
i

il
il
(IO
i

D At

;*i'!’LM

il

ARG

 r

0
ikl n“\'\‘\“'\':‘
0
L
&

i
.

i}

RIS
R
; |:l$::':'l|”'.':l“l
NIRRT (b
s ;::‘.;5!:;-

Aol ol
R

i
L
i

Y '(l'bI: i

i

il IR
f ST
e
/

it
il
I
|‘;'l1| | q’fﬁ’ffr")r’"}l :)l l'n‘ ‘vxx‘lw"\l.' “l‘ I|‘ "1"‘1”’\‘,‘ :.' ‘Iv!;“«
TR
i .,’\;'h't,"hih('t'(l'l?u T
s
i |,|I‘llt |
Il

| il
f i
i f f
! A
ittt




SUBTASK B

Visual & Non-Visual User Requirement
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