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Groningen/Assen district
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Noord-Brabant province
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Enough daylight?
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Sufficient & Daylighting in
healthy daylight urban areas




Sufficient & Daylighting in
healthy daylight urban areas




electromagnetic waves from the sun
that can be perceived by the human eye

daylight

Electromagnetic spectrum

Wavelength 30 mm 10 nm 0.01 nm
(approximate)
Visible light

700 nm 600 Nnm 500 nm 400 nm

Khan Academy (n.d.)
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Colour blue

(clear sky)
:é
(o)
= | |
E n e rg y 2 meter
Light source measured
Wavelength [nm]|
. Infrared
Ultra-violet
(heat)
(Sunbum) (WaveformLighting, n.d.)
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What is sufficient visual daylight?

Dutch building code 144 Ix

Recommended 300 Ix
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What is sufficient visual daylight?

Dutch building code 144 Ix

Recommended 300 Ix —\

Can we achieve
Does this result in a this 1n urban areas?

healthy residence?
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Daylight assessment: the EN 17037

Static simulation

e Introduced in NL 2024

e Static stmulation: stress test | \

* Dynamic simulation: climate-based

Dynamic (climate-based) simulation

 More realism, more accurate
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sensor grid dynamic
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daylight factor (DF)
% of 1lluminance compared to outside
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daylight autonomy (DA)

% of time a sensor point exceeds an 1lluminance value
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compared to outside
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daylight autonomy (DA)

% of time a sensor point

exceeds an 1llum
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daylight autonomy



_ Static _

Dutch building code @~ DF =50 DA , > 50

Recommended DF >50 DA. >50

2.1 — 300 —

20



Daylight assessment: the EN 17037

e DF & DA metrics

2



Daylight assessment: the EN 17037

e DF & DA metrics

e Context not included

How much 1s
daylighting
decreased due to
urban context?

22



main research question

What are the design consequences in Dutch urban areas
when context is integrated 1n current daylighting evaluation methods,

regarding visual and non-visual levels of daylight?




Daylighting in
urban areas
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Floor-space index (FSI)
How large are the buildings?

Ground_ Sp ace iﬂdeX (GSI) FSI = total floor area / total surface area GSI = footprint area / total surface area
How much ground is built on? < g

>
<

Open-space ratio (OSR)
How much space 1s left?

OSR = total unbuilt area / total floor area L = footprint area / total floor area

20



the Spacemate
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the Spacemate

* Suburban: low density

e Urban: medium density
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the Spacemate

e Six locations

* Higher density, lower
daylighting performance
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sky view factor
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Daylighting performance
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-
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e Dynamic simulation more
optimistic

static/dynamic Q EU_ minimum
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@), :
© :
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@ 80 :
e :
O E
Q. 70 :
* No residence fulfils the T
. . . E Theoretical maximum
Stath ‘StI'GSS tGSt’ Slmlﬂatl()ﬂ o EUreq_1 minimum i

30 90 100

DA. . percentage [%]

300
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Daylighting performance
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What is sufficient visual daylight? non-visual daylight

N/A

Dutch building code 144 Ix

Recommended 300 Ix 250 M-EDI

M-EDI = melanopic-equivalent daylight illuminance
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photopic 1lluminance:

melanopic 1lluminance: what we see
how we feel

A .
0.0169 g ~_ photopic [ 1
N N\ H(4) >
- melanopic \*" - '. =
OB 1 w
8 E SmCI(A) g.) =
c S O
s 5
o £ ¥ ©
£=2 5
S
7))

i D65 daylight ;
0 10

400 450 500 550 600 ©50 700

(O

=
o
—
o)

o All colours

* Mostly ‘blue’ light
* M-EDI

e | ux

Weighted irradiance
(W.m™.nm")

......

400 450 500 550 600 650 700

Wavelength (nm)

Brown et al. (2022).
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non-visual stimulus

* Type B residence
e Rotterdam Maritime context

e from 08:00 to 18:00
» Sunny day around Solstices
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non-visual stimulus

©

332
V.

1920

Melanopic autonomy

2080

0S0¢

¢lc

Melanopic 1sotropy

BBL/ EU residences

Eye position (vertical)

|
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MA = 82.7%

0/61

24 out of 29 sensor points fulfil
the recommendation.

F AN ANEAN

ML, = 31.0%

36 out of 116 vectors fulfil the
recommendation.

00l

004¢
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Melanopic autonomy

c. Autumn equinox™ (29-09, DA
100% A A—— 4} A A A

1\
50% \

0%

300)

MA_ ., percentage [%)]

A
s

07:00 08:00 09:00 10:00 1100 12:00 13:00 14:00 15:00 16:00 17:00
—A—N ——8FE S —A—W

MA, ., percentage [%]

| BBL requirement
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/‘\\“\‘/\/ \
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Melanopic autonomy

| BBL requirement

144

c. Autumn equmox (29-09, DA:,)OO c Autumn equmox (29-09, DA144
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sufficient MA
insufficient MA

insufficient MA
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Melanopic 1sotropy

| BBL requirement

144
. c. Autumn equinox* (29-09, DA, ) c. Autumn equinox *(29-09, DA144)
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ML, percentage [%]

Melanopic 1sotropy

c. Autumn equinox™ (29-09, DASOO
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Are the residences healthy?

non-visual stimulus

M

Healthy
(with no obstr.)

Dutch building code 144 1x Always selective

Recommended 300 Ix

Healthy not selective




Are the residences healthy?

non-visual stimulus

M

Healthy
(with no obstr.)

Dutch building code 144 1x Always selective

Recommended 300 Ix

Healthy not selective

Artificial lighting in wintertime




Daylighting performance VS.

uroan density




* Mean normalised performance

e 100% = performance without
urban context
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* Mean normalised performance

e 100% = performance without
urban context

» Average decrease: 29%

e Worst case decrease: 80%

What causes this?
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* Mean normalised
performance

* 100% = pertormance
without urban context

Mean TAIl per sensor point (normalised) [%]
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* Mean normalised
performance

—
-
-

O
-

* 100% = pertormance
without urban context

30
/70
60
50

» Average decrease: 43%

40

Mean TAIl per sensor point (normalised) [%]

30

20

e Worst case decrease: 80% .

0

What do ‘bad’ sitmulations =«
have 1n common?

3 4 5 6 7/ 3 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
—aA— Rotterdam Maritime Eindhoven = —e— Control Building floor [-]
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e FSI, GSI, OSR on ranks

e performance metric

Is the mean performance afiected by urban density?

[s the distribution of performance affected by urban density?
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e FSI, GSI, OSR on ranks

e performance metric

Is the mean performance afiected by urban density?

[s the distribution of performance affected by urban density?

IN short... yes
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* Null-hypothesis: Results are
not significantly different.

* Yes, results are different &
not a coincidence

building floors <= 10

Independent-
samples median
test

FSI
GSI
OSR

Independent-
samples Kruskal-
Wallis test

FSI
GSI
OSR

DF,,q (NnOrm.)

reject (.000)
reject (.000)
reject (.000)

DF,,q (NnOrm.)

reject (.000)
reject (.000)
reject (.000)

TAI (horm.)
reject (.000)

reject (.000)
reject (.000)

TAI (horm.)
reject (.000)

reject (.000)
reject (.000)

00



e Sample size n=6: no
regression analysis

* FSI/OSR suggest
a regression

g (Normalised) [%]
S
-

DF

—
-
-

TAl (normalised) [%]

i Grand Median = 44,598
:
1T 2 4 S5 6
FSI rank
I ' + Grand Median = 44.328
:
O

FSI rank

g (normalised) [%]
S
-

DF

—
-
-

TAI (normalised) [%]

Recommendation based on urban density

i Grand Median = 44.598

|

3 4 5 ©

GSI rank

' Grand Median = 44.328

3 4 5 ©
GSI rank

g (Normalised) [%]
S
-

DF

—
-
-

TAl (normalised) [%]

Grand Median = 44.598

OSR rank

Grand Median = 44 .328

4 5 6
OSR rank



Daylighting performance

building floor
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at least 75%

* Not normally distributed? .

* Chebychev’s theorem (1867)

o >75% of the results 1n +/- 2 SD

2SD Mean +2SD
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Recommendation based on building floor

high density medium density

acceptable > 5
normal 1 <4
high 0

unacceptable

of



Daylighting performance

sky view factor

08



SVF =0.15
135

(7aq X 0-5) % 2

\\* 1W = max. 0.75
T Gl

ground

How much of the sky can you see”

Single-oriented facade: SVEF_~ =0.5

X

Double-oriented facade: SVFma = (.75

X
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sky view factor
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e Binning SVF: mean, SD
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sky view factor

DA, ., percentage [%)]
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type A ¢
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Recommendation based on sky view factor

___static
single. single

acceptable > 61
normal 46 <50 56 <60
high 36<45 42<55
unacceptable <35 <4] 05350 0<Z75
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Mitigation

strategies
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interior reflectance

e. 10th floor, dynamic simulation

30%

TAI (normalised) [%]

Low standard High
(EN 17037) (thesis) (EN 17037)

» White plaster surfaces
 Light flooring, smooth

(normalised) [%]

avg

DF

glass transmission

b. 10th floor, static simulation

200%
180%
160%
140%

78%

120%

100%

80%
43% 53% 66% 1%

* Double glass
e No sun shading / coating
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only

in dynami®

interior reflectance

e. 10th floor, dynamic simulation

30%

TAI (normalised) [%]

Low standard High
(EN 17037) (thesis) (EN 17037)

» White plaster surfaces
 Light flooring, smooth

YO

h methods

(normalised) [%]

avg

DF

glass transmission

b. 10th floor, static simulation

N)
o
O
R

180%

=
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140%
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120%
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80%
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* Double glass
e No sun shading / coating
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building reflectance

e. 10th floor, dynamic simulation

TAl (normalised) [%]
2

320%¢

10%  30% 50% 70% 90%

* White/beige materials
e [ ess concrete/stone

ground reflectance

e. 10th floor, dynamic simulation

N
N
o
X
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180%
160%

140%
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120% (10%) -
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Research il Simulation

Sufficient & Daylighting 1n
healthy daylight urban areas
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recommendations

include urban
context 1n
daylight
simulation
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recommendations

SVE &

building floor
as daylighting
indicators

include urban
context 1n
daylight
simulation
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recommendations

include urban SVF & use dynamic
context 1n building floor simulation for

daylight as daylighting assessment in
simulation indicators urban areas
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recommendations

IMprove
transmission
& reflectance

to Increase
performance

include urban SVF & use dynamic
context 1n building floor simulation for

daylight as daylighting assessment in
simulation indicators urban areas
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What if we apply the
recommendations to
Rotterdam Maritime
context?
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What if we apply the risk level
recommendations to
Rotterdam Maritime
context?

high unacceptable

03 52
accordance 90.2% 100%

expected
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What 1f we apply the risk level high unacceptable

recommendations to
Rotterdam Maritime
context?

expected 93 >2
accordance 90.2% 100%

s -

= 122 of 190 residences
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of which 68% could have

been improved/avoided
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What are the design consequences 1in Dutch urban areas when context 1s integrated 1n
current daylighting evaluation methods, regarding visual and non-visual levels of daylight?

Which daylighting metrics are currently used to evaluate daylighting performance,
esedrcC and what 1s sufficient performance for buildings in a Dutch urban setting?
What 1s the relation between daylighting performance and urban density in Dutch
Resea rc h 2 context, and how do density indicators correlate with performance?
M What is the impact of varying reflectance values on daylighting performance,
regarding interior and exterior faces?
m What 1s the status quo of the health and wellbeing of humans in urban context,

regarding non-visual light exposure 1n a standard residence?

How can we ensure daylighting performance in urban residences with diflerent
design strategies, both on urban scale and on building scale?




Change In regulations

BBL 2024
NEN-EN 17037:2018

; — — —

DF = 1
50% of grid

 From NEN 2057 to EN 17037 current NEN 2057
Equivalent .

ARvaR Daylight factor A= 15 m
daylighting — .

Daylight autonomy

surface area
Surface areca == Positioning A, = 10% of room ares
S.tatic | S‘tatic or CBDM
simulation simulation
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Sufficient daylighting Is:

Visual light

Non-visual light

Recommendation 300 Ix (DF, .) 250 M-EDI .

Lawful minimum 144 Ix (DF. ) -

% of area 50
% of time 50

038 -18
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Melanopic assessment

*Solstices and equinoxes
*08:00 to 18:00 a

orientation floor level

*Type B residence N "
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requirement

SKky view factor
48.5
47.5
38.0
38.3

A... | BBL requirement

SKy view factor

38.6
32.0
22.7
31.2

DA ;00 percentage

50.4
50.4
45.8
52.8

DA ,,4 percentage

56.2
70.8
50.0
62.3

DF , ;, percentage

25.9
23.2
21.7
21.3

DF ; percentage
30.5
41.0
17 .1
33.6
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Design consequences
in Dutch urban areas

Iéﬁ

Medium density High density
BF <4
Significant Single Double
risk oriented oriented
All BF BF <11 BF > 12

Significant  Significant
risk risk
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overview of all
building typologies

calculate building
reflectance (RVO)

Research

import PBL / SDBAG / read attributes in
BGT data datasets

filter blocks based on research on GSI| / FSI
urban density [ OSR /L

select uniform urban
locations

Modelling

filter buildings in

radius < 150m

filter ground surfaces O === research ground
in radius < 150m reflectance values

export urban context document urban density
to Rhino & reflectance values

set urban parameters

save Rhino/HB model

set interior
reflectance values

set exterior ‘

reflectance values

create honeybee %
rooms & model

gl
)
g
(

define sensor grid |

set Radiance

parameters

static or
dynamic

simulation?

static dynamic

set CIE overcast sky import EPW data

set global illuminance set analysis period

ndinn H |
run static daylight run dynamic daylight
simulation simulation

3.

gather results

. . . X
combine simulation 3
& urban data

3,
document results

HiK

import EPW data

P
=
n
-
)
©
-
qe)
O
S
>

. IR
overwrite sky ‘¢
illuminance conditions

: 3
overwrite CIED65 SPD

properties

create 9-channel
simulation

photopic performance

select BBL/EU )a C

residences

. . [
set interior spectral '®
reflectance values

run melanopic
simulation

'é
set urban parameters

AN
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gather results

define sensor grid

set Radiance
parameters

document results

. X . X
calculate melanopic 3. calculate melanopic 3.
autonomy metric isotrophy metric

AN
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