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‘A room is not a room without natural light.”
- Louls Kahn

“Without light, architecture is nothing.”
- Alberto Campo Baeza



DAYLIGHTING =

‘a space that is primarily lit with natural
light and that combines high occupant
satistaction with the visual and thermal
environment with low overall energy
use for lighting, heating and cooling”

- Christoph F. Reinhart & Jan Wienold

Source: The daylight dashboard — A simulation-based design analysis for daylit spaces, (2011)
Building and Environment 46 p.386-396



MAIN PURPOSE OF WINDOWS
choose one

PROTECT US FROM THE OUTSIDE
LET IN LIGHT

LET IN VIEWS

SAVE ENERGY

CHANGE FACADE DESIGN

ELSE



WHY DO WE NEED DAYLIGHT?



WHY DO WE NEED DAYLIGHT?

STRONGLY DEPENDS ON THE CULTURE

SCANDINAVIANS LOVE DAYLIGHT
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House in Savo 1840. Source: www.rakennusperinto.fi (Museovirasto)
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“..by cutting off the light from this
empty space they imparted to the
world of shadows that formed there
a quality of mystery and depth su-
perior to that of any wall painting or

ornament.”
-Jun’ichiro Tanizaki



WHY DO WE NEED DAYLIGHT?

STRONGLY DEPENDS ON THE CULTURE

RESULTS FROM STUDIES ON DAYLIGHTING PREFERENCES
CONDUCTED IN A CERTAIN LOCATION AND CULTURE
ARE USED AS GLOBAL REFERENCES FOR STANDARDS AND

RECOMMENDATIONS



LIGHTING CONSUMES

10 %

OF THE ELECTRICITY IN FINLAND

- IN OFFICES OR HOSPITALS CAN BE OVER 30 %

- THE ELECTRICITY DEMAND OF LIGHTING IN APARTMENTS HAS
DECREASED 37 % 2011-2019

Lahde: Tilastokeskus. Asumisen energiakulutus 2019,
Motiva Oy



DAYLIGHTING IS HEALTHY



DAYLIGHTING IS HEALTHY

THE NON-VISUAL EFFECTS OF LIGHT ARE
BEING STUDIED ALL OVER THE WORLD
RIGHT NOW. THIS WILL LEAD TO CHANGES
IN THE WAY WE PLAN BUILDINGS.

&

Uuden lastensairaalan potilashuone. Kuva: S
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Daylighting.

Nakoaisti reagoi paivanvalon nakyvaan spektriin
(380-780 nm) ja vahvimmin vihredan valoon (n.
555 nm)

Vuorokausirytmi reagoi valoon, joka on nakyvan
spektrin sinisessa paassa (446-488 nm)

Aivojen limbinen jarjestelma reagoi punaiseen
valoon (n. 630 nm)

DAYLIGHTING IS HEALTHY

PEOPLE SPEND A LOT OF TIME INDOORS
(NORDIC COUNTRIES 90 %)

NEW PHOTORECEPTOR ipRGCs FOUND IN THE EYE
- HAS AN IMPACT ON CIRCADIAN RYTHM, HORMONES ETC.

- SLEEPING DISORDERS, CANCER, PSYCHOLOGICAL DISORDERS
HEART DESEASES, DIABETES...

- REACTS TO TIMING, EFFECT, DURATION, WAVE LENGHT AND
HISTORY OF EXPOSURE

1anna VIKDerg engbom / lalrlechn



WHY DO WE NEED DAYLIGHT?
ARCHITECTURAL IMPACT OF DAYLIGHT

21.MARCH SUNNY WEATHER

TIME 8 12 14 17.15

OVERCAST (CLOUDY) WEATHER



“For me, light is the most ecstatic
architectural experience there is,
and in many ways the best archi-
tecture Is a preparation for the
experience of light,”

- Juhani Pallasmaa

Kurssin Valoisa asuintila opiskelijatoita



DAYLIGHT IS DELIGHTFUL

o

Lahde:

M. Knoop, O. Stefani, B. Bueno, B. Matusiak, R. Hobday, A. Wirz-Justice, K. Martiny, T. Kantermann, M. P. Aarts, N. Zenmouri, S. Appelt and B.
Norton, “Daylight: what makes the difference?,” Light. Res. Technol., 2019.

Wilson, M.;& Brotas, L. (2001). Daylight and Domestic Buildings. Xlth national conference on lighting Bulgaria 13-15 June 2001, Light'2001
Galasiu, A. D.;& Veitch, J. A. (2006). Occupant preferences and satisfaction with the luminous environment and control systems in daylit offices:
a literature review. Energy and Buildings 38

Borisuit, A, Linhart, F.;Scartezzini, J-L.,& Munch, M. (2015). Effects of realistic office daylighting and electric lighting conditions on visual comfort,
alertness and mood. Lighting Research Technology 47
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FUROPEAN STANDARD
DAYLIGHT IN BUILDINGS
ENT/037:2018



EUROPEAN STANDARD ENT7037:2018

- DAYLIGHT PROVISION

- VIEW OUT

- EXPOSURE TO SUNLIGHT

- PROTECTION FROM GLARE

- MINIMUM
- MEDIUM
- HIGH
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EUROPEAN STANDARD ENT7037:2018

DAYLIGHT PROVISION
50 % OF AREA 50 9% DAYLIGHT HOURS

MINIMIMUM THRESHOLD VALUE 95 % F AREA 50 % DAYLIGHT
HOURS
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EUROPEAN STANDARD ENT7037:2018

DAYLIGHT PROVISION
2 WAYS TO CALCULATE

[ ILLUMINATION ON REFERENCE PLANE

USING CLIMATE DATA



Daylighting.

EUROPEAN STANDARD ENT17037:2018

DAYLIGHT PROVISION
2 WAYS TO CALCULATE

2. DAYLIGHT FACTOR

- HELSINKI
RECOMMENDATION (50 % ):
MINIMUM 2,2 %

MEDIUM 3,7 %

HIGH 56 %

MINIMUM (95 %):
0.7 %

(not to be shared without permission) Hanna  Vikberg
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Selvitys Helsingin Jatkasaareen tulevista asunnoista. Keskimaaraista
paivanvalosuhdetta voi verrata standardin 95% tarkastelutason
SUOSItUksiin, vaikka eivat ole ihan sama asia.
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EUROPEAN STANDARD ENT7037:2018

Horisontaalinen
nakymakulma

VIEW OUT
Suosituksen  taso | Horisontaalinen Nakyman Tasojen madra
nakymalle ndkymakulma ulkopuolinen ndhtynd vahintdan
etdisyys 75 % kayttoalasta
Minimi >14° 26,0m Sisdltaa vdhintaan
maisematason
Medium > 28 220,0m Sisdltdda maisema-
ja toisen tason
samassa aukossa
Korkea >54° >50,0 m Kaikki tasot

sisdltyvat samaan
aukkoon

Barragan House, Luls Barragan

Kuva: www.cabbageroseblog.com

Nakyman ulkopuolinen etdisyys

Taivastaso

Maisemataso

+ Maanpintataso +
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EUROPEAN STANDARD ENT7037:2018

EXPOSURE TO SUNLIGHT

I. FEBRUARY - 21. MARCH

MINIMUM 1,5 h

MEDIUM 3 h
HIGH 4h
- HOSPITAL ROOMS

- PLAYROOMS IN DAYCARE
- ONE INHABITED SPACE OF THE APARTMENT

[engbom
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EUROPEAN STANDARD ENT17037:2018

EXPOSURE TO SUNLIGHT

I. FEBRUARY - 21. MARCH

MINIMUM 1,5 h

Kalasatama, Helsinki 2 1. maaliskuuta
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EUROPEAN STANDARD ENT7037:2018

GLARE

DAYLIGHT GLARE PROBABILITY (DGP)

- ESTIMATES AMOUNT OF UNSATISFIED PEOPLE




Research on visual comfort

Daylight provision Glare View out

Daylight assessment




REGULATIONS IN THE NORDIC




WINDOW - FLOOR RATIO

WINDOW SIZE >10 % OF THE FLOOR AREA IN'A ROOM

- DOES NOT CONSIDER EXTERNAL OBSTACLES, REFLECTIVITY,
DIRECTION, GLACING...
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WINDOW - FLOOR RATIO

SWEDEN:
- WINDOW SIZE >10 % OF THE FLOOR AREA IN'A ROOM
- SHOULD NOT BE USED WHEN:

- OBSTACLE ANGLE > 30 DEGREES

- ROOM DEPTH OVER 6 M

- WINDOW GLASS IS NOT CLEAR

- WINDOWS ARE PLACED ASSYMMETRICALLY

DENMARK:
- THE CORRECTED AREA OF ALL WINDOWS > 10 % OF THE
FLOOR AREA IN A ROOM

- CORRECTED AREA WITH COEFFICIENTS FOR:

- LIGHT TRANSMITTANCE OF GLASS
- WALL THICKNESS

- SHADING BY THE ENVIRONMENT

- SHADING BY THE BUILDING ITSELF
- FIXED SHADING

- OPENING TOWARDS ATRIUM

- ROOM DEPTH

- SKY LIGHT
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DIRECT SUNLIGHT
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DIRECT SUNLIGHT

SWEDEN:
- 1 ROOM IN AN APARTMENT SHOULD HAVE
ACCESS TO DIRECT SUNLIGHT

NORWAY:

- THE YARDS OF APARTMENTS 5 H OF DIRECT
SUNLIGHT DURING VERNAL / AUTUMNAL
EQUINOX

Daylighting. 1 (not to be shared without permission) Hanna  Vikberg Tengbom /  TalTech 22.8.2023



DAYLIGHT FACTOR

NORWAY AND DENMARK:

- 2% AVERAGE DF

DF = E;/ Eq Perustuu Baker 2002, s.60



DAYLIGHT FACTOR

SWEDEN:

- WHEN 10 % RULE CANNOT BE USED
DF >1 9% IN A CERTAIN SPOT IN THE ROOM
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UTOKNING AV BALKONG

Vikberg
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Resultat Dagsljusfaktor
Samtliga rum klarar kravet i BBR pd& en
dagsljusfaktor > 1%

DF=1.9

PLAN |LGH Rum Dagsljusfaktor (%)

11 Kok 1.4

1 Vardagsrum 3.6

1 Sovrum 2 4.2

1 Sovrum 1 21

1 Sovrum 1 31

1 Sovrum 2 19

1 Kok 3.1

n Vardagsrum 1.9

n orange | Vardagsrum 4.2

n orange | Kok 1.0

n orange | Sovrum 2 1.6

n orange | Sovrum 1 2.5

il Sovrum 1 2.3

1 Sovrum 2 19

1 Vardagsrum 5.0

Kok 1.3
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CLIMATE-BASED DAYLIGHT MODELLING (CBDM|

- CALCULATES THE TIME (DURING A YEAR), WHEN THE LEVEL OF ILLUMINANCE (LUX) IS
REACHED IN A CERTAIN DESIGN, IN A CERTAIN LOCATION

- BASED ON STANDARDISED CLIMATE DATA

- CALCULATIONS DONE HOURLY > REQUIERS VALIDATED DYNAMIC DAYLIGHT
SIMULATION SOFTWARES



CLIMATE-BASED DAYLIGHT MODELLING (CBDM)

- IMPORTANT TO SET THRESHOLD VALUES (LUX / AREA / TIME)
- THRESHOLD VALUES ARE NOW BASED ON USER PREFERENCES

- USES CBDM:
- UK EDUCATION FUNDIN AGENCY (PRIORITY SCHOOL PROGRAM)

DAYLIGHT AUTONOMY (DA)

- AMERICAN LEED
-EN-STANDARD

USEFULL DAYLIGHT ILLUMINANCE (UDI)

SPATIAL DAYLIGHT AUTONOMY 300/ 50 % (SDA,, ;0.
DENMARK: OPTIONAL CALCULATION METHOD
SDA s > 50 %

300/50%

% m?



HUMAN-CENTRIC MEASURES

- PHOTORECEPTOR ipRGCs

- THRESHOLD VALUES OF CBDM DO NOT REFLECT VALUES USEFUL FOR HUMAN
HEALTH, THEY DO NOT CONSIDER TIMING, THEY ARE MEASURED ON HORISONTAL

LEVELS WHILE LIGHT IMPACTING HEALTH SHOULD BE MEASURED VERTICALY ON EYE
HEIGHT

- SOME COMMERCIAL STANDARDS INVOLVE HUMAN-CENTRIC MEASURES (E.G. WELL)



ARCHITECTONIC VALUE

CAN IT BE MEASURED?
DO WE NEED TO MEASURE?



HOW ARCHITECTS WORK
WITH DAYLIGHT
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HOW ARCHITECTS WORK WITH DAYLIGHT

LAND USE AND URBAN PLANNING

Estetty kulma kuvastaa kuinka suuressa kulmassa ndkymd taivaalle on estetty.

(not to be shared without permission)
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Estetty kuima Julkisivuista (%)

alle 25 astetta 78%

(tavalisella kkunasuunnittelulla mahdollista luoda
hyvin valaistut tilat)

25 astetta tai enemman 16%
(vaaditaan suuremmat ikkunat tai muutoksia
pohijiin, jotta saavutetaan hyvin valaistu tila)

45 astetta tai enemman 4%
(vaikea saavuttaa hyvin valaistut tilat)

65 astetta tai enemman 2%

(yleens& mahdotonta saavuttaa hyvin valaistut
filat)

Vikberg

Aurinkotuntien maard kesalla 21.6 klo 9-17.

Pdivénvalo ja auringonpaiste

Suomessa pdivanvalon térkein Iahde hajavalo, jota
ennakoi parhaiten ndkymd taivaalle. Ndkymad
voidaan arvioida laskemclla kuinka suuressa kulmassa
ndkymd& on estetty.

Suunnittelualueella on erinomaiset mahdollisuudet
lvoda vdloisia  asuntojo, silld 78 %  julkisivuista
saavuttaa alle 25 % asteen esteen.

Korttelit ovat suunniteltu niin, ettd jokaisen pihalta
16ytyy oleskeluun soveltuva alue, joka saa yi nelja
tuntic auringonvaloa pdivantasauksien aikaan kello
9-17 valila (RT 103216 limasfotietoinen suunnittelu.
Maankdyta). Kesélia pihoja suojaa sdilyneet puut ja
muu kasvusto (ei huomicitu aurinkotuntisimuloinnissa).

Tengbom /  TalTech
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HOW ARCHITECTS WORK WITH DAYLIGHT

BUILDING DESIGN / FAC
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HOW ARCHITECTS WORK WITH DAYLIGHT

BUILDING DESIGN / FACADE DESIGN

iy 090"
40 085
20 0.80
0 0.7;
-20 0.7]
-40 0.6
-80 0.
Sort by Angle A v O

INPUT PARAMETERS

DEPTH

ANGLE

DISTANCE

TRANSPARENCY

SVL (Wikvm) DF median Cum SVL T<10C

10~ 204

1004 184
16-

"l ,
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OuUTPUT

SOLAR PEAK LOAK (SOLVARMELAST)

DAYLIGHT FACTOR (DAGSLJUS FAKTOR)

CUMULATIVE SOLAR HEAT GAINS
OUTDOOR TEMPERATURE < 10°C

PERCENTAGE OF TIME SVL>22W/kvm

% Time SVL>22 Panel area (kvm)
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HOW ARCHITECTS WORK WITH DAYLIGHT

BUILDING DESIGN / INTERIOR DESIGN

Gulan, Tengbom Oy
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HOW ARCHITECTS WORK WITH DAYLIGHT

BUILDING DESIGN / INTERIOR DESIGN

REFLECTIVITY OF WHITE PLASTER REFLECTIVITY OF RED BRICK

80% 25%
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HOW ARCHITECTS WORK WITH DAYLIGHT

BUILDING DESIGN / DETAILS AND PRODUCTS

KAAVIOT ULKOPUOLELTA KATSOTTIUMA

ja lasien laatimaa Ral 101001

Kalkki teraspeofiilirakenteiset metalli-kxunat on esitetty tyypeitain iteraltuing arkkitehdin pohjaplirustuksissa

Ennen tyn alolttamista urakoitslja tarkistaa valmistenavien ikdunolden lukumadrar
mitat 2 kabsyys Metall 1242-001 mukazn
TYYPILLISESTA IKKUNARAKENTEESTA ON ESITETTAWA JA HYVAKSYTETTAVA MALLI TILAAJALLA JA
N ARKKITEHDILLA ENNEN TILATUN KOKONAISULIDEN VALMISTUKSEN ALOITTAMISTA
* P
IKKUNATYYPIT
; i ik
~ T i-kkuna sisaanpain auksaval
B
~ BAKENNE
Kaikki terasprofillirakenteisel metalli-kkunal kootaan Schilca Jansen Vi csistaja
b ksavioiden ja mukasn
-
“~ Kalkkien profillien ja pintalistojen leveys 50mm, Lybntilistat valitazn lasipaksuuden muukaan siten, etta ne asatuvat profiilin
(% kanssa tasan
. A Osa terasprofilirakentessisia metalli-kkunoista toimii savunpoisto- i kuina, ka. Metall 1242001
[ n,
g .
=
E “ =i
Tyyppimerkinta 108(66}-15Ar-4cl- 15A-SNS
~
\ - Uloin lasi kirkas varitiin selektiivilasi 10 mm, esim. Pilkington Suncool Brilisnt 66/33. Selektiivipinnoite valitlasn
X - vlitla 15 mm, RST-lista, Argan. %
3 - Keskimmainen laci 4 mm kirkas variton rakennusfioat
4 - vlitila 15 mm, RST-lista. Argon
= o - Sigin fasi kirkas varitan selektivilasi 8 mm, esim. Pikington Optitherm SN. Selektivipinnoits vélitiaan
- £
4 » Lugnnonvalon [apdisymaard (LT = 55 %
= Luonnonvalon beijastus ulospdin (LR): <16 %
4l # Aurinkoenergian kokonaislipgisy (TST): < 31 %
- - Lasikakonaisuuden U-arvo. < 0,6 WilmK)
- Koka ikkunan L-arva: < 0.8 Wim?K) **
; 4 ** Kaikkien ikkunoiden U arflisen mukaan,
/ Pintakisittaly
, Kaikki ikkunoiden metalliosat pollomaaiataan tehtaalia arkkitendin maritelemadn sivyyn
7 Tilvisteat
7 Kalkkian tiivisteidan viri on musta
-
: P —
p 4 Sivu- ja vesipallit arkkitehdin detaljipinsstustan mukaan
b5 2
Helal vaimislajan vakio, , saloojen ja miiind ja sijoitus RT 4110947 mukaisesti
koe ilolaite, joka aukipican 50°
o liduna- - Karmin . Aukon " . Ranen- Palo- "
1D Maara LU Karmimitat (SRR Katisyys D0 Lasityyppi oS00 Vari Huomio Muutos
02_KRS ua vastaan (Rw+Clr} 35 dB varmistelaan siten elld standardissa
FO2 1 MEK 690x2 B40 230 0 L1z RAL 7022 Umbragrau c warimmat salliut kesk taimisto- ja neuvotialuhuoneils et
Foz 4 MEK _ 1490<2840 230 0 L2 RAL 7022 Umbragrau c
FOZSP___ 1 MSESP__ 690%2840 230 O 01 RAL 7022 Umbragrau ko G
FO2SP 1 MSESP  690%2B40 230 W 0 LM RAL 7022 Umbragrau ko C
7
03_KRS
Foz 12 MEK 690=2840 230 0 LTz RAL 7022 Umbragrau C
F02 3 MEK 690x1900 230 940 LT2 RAL 7022 Umbragrau c
FOz 8 MEK  1480%2840 230 0 LTz RAL 7022 Umbragrau [
FOz 1 MEK _ 1490%1800 230 940 L2 RAL 7022 Umbragrau C
FOZSP 2 MSESP  680=2B40 230 O 0 L1 RAL 7022 Umbragrau kor C
FO2SP__ 2 MSESP_ 600%2840 200V 0 LT RAL 7022 Umbragrau_ Savunpoiston korvausiimalkkuna 3
FO2SP 1 MSESP  690%1800 230 O 940 M RAL 7022 Urnbras i i C
( EsirayAl wadEA I SErARiectA \ Nera TenAbAm
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Daylighting and lighting

UNDER A NORDIC SKY READING RECOMMENDATION

& Studentlitteratur
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