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Abstract	
	

This	Master	 thesis	 was	 aimed	 at	 investigating	 common	 daylight	 evaluation	
methods	related	to	Swedish	building	codes	versus	human	perception	of	daylight	 in	
residential	 spaces.	 Field	 (interview)	and	 simulation-based	 study	were	 conducted	 in	
one	of	the	typical	20th	century	residential,	closed	courtyard	buildings	in	Stockholm.	

	
12	 residents	 of	 Kv.	 Väktaren	 16	 were	 interviewed	 and	 simulation	 models	

were	prepared	for	the	apartments	occupied	by	the	participants.	
	

Resident	perception	of	light	was	mostly	contrary	to	daylight	assessing	values	
and	methods	 of	 daylight	 factor	 –	 DF	 in	 a	 point	 (CIE	 overcast	 sky)	 and	 alternative	
method	 of	 window	 to	 floor	 area	 ratio	 –	 AF	 that	 are	 stated	 in	 Swedish	 standard	
(Boverkets	byggregler	BFS	2016:6).		

	
Attractive	and	 interesting	view,	access	 to	direct	 sunlight	and	visual	 comfort	

played	 important	 role	 in	 overall	 occupant	 satisfaction	 level,	 this	 suggests	 that	
daylight	 metrics	 should	 include	 perception-based	 factors,	 which	 positively	 impact	
our	health	and	well-being.	
	
Keywords:	 Inner	 yard	 buildings,	 Stockholm,	 daylight	 factor,	 window	 to	 floor	 area	
ratio,	human	perception,	view,	direct	sunlight,	overcast	sky,	light	and	health,	human	
well-being,	 quantitative	 and	 qualitative	 study,	 computer	 simulations,	 visual	 and	
physical	theory.	
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1. Introduction	
	

The	 purpose	 of	 this	 study	 was	 to	 compare	 human	 perception	 of	 lighting	
conditions	with	numerical	values	from	daylight	computer	simulations	in	a	residential	
building.	
	
	 The	 author	 of	 this	 report	 aimed	 to	 contribute	 to	 the	 overall	 research	 on	
daylight	 metrics	 and	 raise	 the	 awareness	 of	 daylight	 evaluation	 methods	 used	 to	
establish	 acceptance	with	building	 codes	 and	 certifications	 in	 Sweden.	 In	 addition,	
contribute	 to	 the	 further	 investigation	 and	 set	 parameters	 for	metrics	 that	would	
describe	and	evaluate	daylight	in	residential	buildings	better.	
	

The	scope	of	this	work	was	limited	to	two	daylight	metrics	recommended	in	
BBR’s	 (Swedish	 building	 regulations	 -	 Boverkets	 byggregler	 BFS	 2016:6)	 “general	
advice”	for	DF	–	daylight	factor	and	AF	–	window	to	floor	area	ratio.	The	field	study	
was	limited	to	an	examination	of	one	case	study	building	in	Kungsholmen,	Stockholm	
with	interviews	carried	out	from	March	19	till	May	25	of	2018.	
	

This	master	 thesis	was	 a	 part	 of	Architectural	 Lighting	Design	program	and	
consisted	 of	 field	 study,	 theoretical	 research	 and	 computer	 simulations.	 It	 was	
carried	out	in	collaboration	with	BAU	architects,	tutor	Paul	Rogers	(Arkitekt	M.Arch,	
BREEAM	and	Miljöbyggnad	certified	assessor	at	BAU	architects)	and	Anton	Hendrix	
(Environmental	 Engineer,	 Daylight	 specialist,	 BAU)	 who	 provided	 with	 all	 the	
necessary	computer	simulations.	
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2. Background	/	Literature	review	

2.1. Short	history	of	inner	yard	buildings	
	

Courtyard/inner	 yard	 building	 design	 has	 already	 been	 practiced	 for	 many	
years	 in	different	regions.	Courtyard	design	typically	provided	safety,	privacy	and	a	
gathering	place	or	used	a	climate	controller	(sun,	cold,	ventilation)	both	in	warm	and	
cold	 climates	and	paid	a	major	 role	 in	health	and	 town	planning	 legislation	 in	19th	
century	 shaping	 Europe’s	 perimeter	 blocks	 as	 we	 know	 them	 today	 (Edwards	 B.,	
Hakmi	M.	Land	P.	and	Sibley	M.,	2006).	
	

Courtyard	buildings	are	a	major	part	of	Stockholm’s	scenery	and	construction	
of	 them	grew	 rapidly	at	 the	beginning	of	19th	 century	because	of	 industrialization.	
Subsequently,	 the	 population	 in	 urban	 areas	 grew	 at	 a	 fast	 pace,	 requiring	 quick	
extension,	where	city	planning	and	economical	aspects	were	prioritized	over	human	
needs	(Gejvall	B.,	1988).	
	 	

Swedish	 architects	 did	 not	 have	 any	 local	 tradition	 to	 match	 such	 a	 large	
need	for	dwellings,	thus	they	looked	for	solutions	in	other	countries	and	found	their	
inspiration	 in	 Paris	 and	 so	 multi-apartment	 block	 buildings	 began	 to	 develop	 in	
Stockholm	 and	 other	 major	 Swedish	 cities.	 These	 new	 types	 of	 apartment	 block	
buildings	with	inner	courtyards	could	fulfill	demands	of	the	time	-	insulation	against	
cold,	 closed	 private	 yard	 that	 was	 used	 for	 different	 purposes	 and	 accommodate	
many	families	(Gejvall	B.,	1988).	
	

Later,	 in	 20th	 century	 these	blocks	were	 slightly	 reorganized,	 following	new	
architecture	 style	 (functionalism)	 and	 demands	 for	 health,	 which	 also	 slightly	
improved	 lighting	 conditions	 in	 these	 buildings.	 Nevertheless,	 because	 of	 urban	
expansion,	development	of	traffic	and	economic	factors	were	major	concern	at	the	
time,	it	was	decided	to	focus	on	urban	instead	of	building	design;	street	layout	still	
played	a	 significant	 role	and	outer	 layouts	of	buildings	were	mainly	kept	 the	same	
enhancing	urban	design	(Asplund	G.	et	al.,	2008)	and	(Caldenby	C.	et	al.,	1998).	
	

2.2. Definition	and	short	history	of	metrics	used	in	Sweden	
	

Daylight,	although	an	 important	part	of	design	and	architecture	 in	Sweden,	
did	not	have	specific	legislated	requirements	until	1975	when	Svensk	Byggnorm	was	
published	and	daylight	factor	of	1	%	in	a	point	0.8	m	above	the	floor,	1	m	from	the	
wall	 on	 the	 darkest	 side	 and	 at	 the	 half	 of	 the	 room	 depth	 was	 introduced,	 see	
Appendix	A.	Swedish	researchers	were	inspired	by	the	work	of	James	Longmore	and	
other	daylight	assessment	methods	established	in	UK.	In	1970,	Fritzell	B.	and	Löfberg	
H.	 A.	 published	 “Dagsljus	 inomhus”	 that	was	 based	 on	 English	 version	 adapted	 to	
Swedish	 conditions.	 According	 to	 them,	 DF	 was	 hand	 calculated	 with	 help	 of	 a	
daylight	protractor	(Figure	1	to	3),	but	since	 it	was	perceived	as	a	complicated	and	
time-consuming	method	it	was	rarely	used	(Rogers	P.	et	al.,	2015).	
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Figure	1	to	3:	Daylight	factor	protractor	and	calculation	examples	with	protractor	method	(Fritzell	B.	
and	Löfberg	H.	A.,	1970).	

	
Daylight	factor	was	first	proposed	in	UK	in	1895	by	Alexander	Pelham	Trotter,	

although	 Percy	 J.	 Waldram	 was	 the	 one	 who	 helped	 to	 incorporate	 it	 in	 British	
standard	 in	1949.	A	hand	calculated	protractor	method	was	used	 in	UK	until	 1975	
when	James	Longmore	suggested	that	average	daylight	factor	would	be	a	better	and	
more	 comprehensive	 assessment	 of	 internal	 daylight	 levels.	 In	 1992,	 British	
standards	were	accordingly	revised	and	average	DF	is	the	method	used	for	daylight	
evaluation	also	today		(Lewis	A.,	2017).	
	

Although	Swedish	building	 regulation	 foundation	was	based	on	UK	daylight	
analysis	method,	its	development	did	not	follow	their	newly	discovered	average	DF	
method,	but	continued	to	improve	their	old	method	of	DF	in	a	point	(See	Chart	1).	
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Chart	 1:	 History	 of	 daylight	 metrics	 in	 Sweden.	 For	 more	 detailed	 information	 on	 some	 of	 the	
standards	and	demands	see	Appendix	A.	
	

Since	 the	 first	 establishment	 of	 daylight	 metrics	 in	 Sweden,	 there	 has	 not	
been	a	significant	change	 in	daylight	assessment	methods	and	threshold	values	for	
acceptable	daylight.	To	identify	lighting	condition	in	residential	buildings,	DF	of	1	%	
in	a	point	and	alternative	method,	first	introduced	in	Nybyggnadsregler	BFS	1988:18,	
of	floor	to	window	ratio	of	at	least	10	%	of	floor	area,	including	balcony,	and	angle	of	
obstruction	 greater	 than	 20	 0,	 are	 the	 recommended	 methods	 as	 described	 in	
Boverkets	byggregler	BFS	2016:6	and	earlier	 regulations	 (Boverkets	byggregler	BFS	
2011:6,	 Boverkets	 byggregler	 BFS	 2014:3)	 and	 consequently	 interpreted	 by	
Miljöbyggnad	Manual	2.1	120101	–	for	new	buildings	(Described	in	Appendix	A)	and	
Svensk	Standard	SS	914291.	

	
DF	is	a	static	metric	that	measures	the	amount	of	diffused	daylight	delivered	

to	a	point	 in	a	space	under	CIE	S003	(1996)	defined	overcast	day	lit	conditions	and	
do	not	 take	 into	consideration	climate,	date,	 time	or	orientation.	 It	neglects	visual	
discomfort	 risks	 and	 intensity	 of	 light,	 distribution	 and	 perception	 of	
enclosure/openness	(Rogers	P.	et	al.,	2015).	Calculation	principle	is	shown	in	Figure	4	
to	5,	explanation	of	CIE	standard	see	in	Appendix	A	and	assessment	of	DF	values	in	
Table	1.	
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Table	1:	Assessment	of	DF	values	(Tregenza	P.	and	Wilson	M.,	2011).	
DF	of	5%	 Translates	 into	well-lit	 space	with	almost	no	use	of	artificial	 lighting,	but	glare	and	

overheating	are	of	concern	
DF	of	2%-5	 Is	regarded	as	adequately	lit	space	with	occasional	use	of	artificial	lighting	
DF	of	1-2%	 Is	considered	a	satisfactory	lit	space	with	an	additional	use	of	artificial	lighting	
DF	 of	 less	
than	1%	

Translates	into	dark	space	with	a	constant	use	of	artificial	lighting	

	

	 	
Figure	4	and	5:	DF	method:	Plan	and	section	views	(BAU	architects	and	Ritningsarkiv).	DF	=	(Ei/Eo)	x	
100	%	(Ei	–	illuminance	at	a	point	1	meter	from	the	wall	on	darkest	side	and	at	the	half	of	the	depth	of	
the	room	on	the	indoor	plane	at	0.8	m	height	above	the	floor,	Eo	–	simultaneous	outdoor	illuminance	
on	a	horizontal	plane	from	a	CIE	overcast	sky	(Boverkets	byggregler	BFS	2016:6)).	

	
AF	 is	 a	 prescriptive	 method	 that	 is	 very	 dependent	 on	 specific	 room	 sizes	

(room	depth	2-6	m,	width	2.5-6	m),	depth	relation	to	width,	window	glass	properties	
and	number	of	 layers,	window	dimensions	(h	(height)	=	0.6-1.4	m,	w	(width)	=	0.9-
1.5	 m),	 placement	 and	 obstruction	 angles	 as	 stated	 in	 the	 Svensk	 standard	 SS	
914291.	As	a	result,	in	practice,	it	cannot	be	applied	in	most	cases,	because	of	more	
complicated	room	geometries	that	are	common	in	today’s	architecture	(Rogers	P.	et	
al.,	2015).	The	basic	principle	is	presented	in	Figure	6	to	8.		
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Figure	6	and	7:	AF	method:	Plan	and	section	views	(Ritningsarkiv).	AF	=	(Awindow/Afloor)	x	100	%	(Awindow	
–	glass	area	of	window,	m2,	Afloor	–	floor	area	of	room,	m2	(Miljöbyggnad	Manual	2.1	120101)).	
	

	
Figure	8:	AF	method:	Angle	of	obstruction	(Miljöbyggnad	Manual	2.1	120101).	
	

The	static	methods	of	hand	calculated	DF	 in	a	point	and	AF	are	still	used	 in	
Sweden	 as	 recommended	 by	 Boverkets	 byggregler	 BFS	 2016:6,	 despite	 other	
countries	using	more	advanced	method	of	average	DF,	 increased	 threshold	values,	
major	 development	 of	 digital	 devices	 and	 simulation	 tools	 that	 allow	 to	 calculate	
daylight	related	measures	(Rogers	P.	et	al.,	2015)	 in	addition	to	new	researches	on	
dynamic	 daylight	 metrics	 that	 prove	 to	 be	 a	 better	 assessment	 for	 human	 needs	
(Mardaljevic	 J.,	 et	 al.,	 2012),	 (Mandana	S.	K.,	 et	 al.,	 2017)	and	 (European	 standard	
draft	prEN	17230,	2016).	
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2.3. Perception	/	Light	and	health	
	

To	understand	how	we	perceive	environment	it	is	important	to	comprehend	
our	 vision	 (how	we	 see),	 the	 phenomena	 of	 visual	 perception	 (what	 we	 see)	 and	
what	we	desire	to	see	(the	nature	of	luminous	environment),	(Lam	W.M.C.,	1986).	

	
Human	vision	is	a	complex	process	that	involves	simultaneous	interaction	of	

brain	and	eyes,	and	connecting	receptors,	neurons	and	cells,	seen	in	Figure	9.	
	

	
Figure	9:	Structure	of	the	eye	(Hesman	Saey	T.,	2015).	

	
Human	eye	can	process	a	wide	range	of	brightness	(12	orders	of	magnitude:	

starlight	 -	 0.000001	 cdm-2,	 sunlit	 day	 –	 100.000	 cdm-2),	 which	was	 a	 fundamental	
need	to	our	ancestors	to	orient	them	in	natural	environment	(Reinhart	C.,	2014).	

	
We	are	biologically	programmed	 that	daylight	provides	us	with	 information	

on	orientation	and	security;	 it	 is	dynamic	and	changes	in	regard	to	time,	space	and	
weather	(Tregenza	P.	and	Wilson	M.,	2011).	

	
Today,	when	 living	 in	 buildings,	we	 are	 exposed	 to	 significantly	 lower	 light	

levels	comparing	to	outside	environment	our	ancestors	were	accustomed,	however,	
the	light	conditions	that	we	are	experiencing	are	changing	more	rapidly	(Reinhart	C.,	
2014).		

	
Nevertheless,	healthy	adult	human	eye	can	adapt	to	light	level	change	in	less	

than	a	second	if	exposed	to	two	orders	of	magnitude	at	any	given	time.	When	eye	is	
exposed	 to	 greater	 changes	 it	 can	 take	 longer	 time	 to	 adapt	 which	 can	 result	 in	
experiencing	 visual	 discomfort	 due	 to	 glare.	 Adaption	 for	 elderly	 persons	 usually	
takes	 more	 time	 and	 lesser	 difference	 in	 brightness	 levels	 to	 experience	 visual	
discomfort	since	they	are	more	sensitive	to	light	(Reinhart	C.,	2014).	
	

Human’s	perception	of	brightness	 is	very	 flat	and	 logarithmic	 in	nature.	We	
do	not	notice	large	variation	of	the	luminous	flux	levels	(quantity	of	light)	in	a	space	
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or	over	a	time.	We	perceive	brightness	and	color	contrasts	and	because	of	that	we	
have	a	very	positive	attitude	towards	clear	skies	(perceived	as	non	uniform),	we	find	
overcast,	partly	cloudy	skies	as	interesting	and	have	a	very	negative	attitude	towards	
solid	overcast	skies	(perceived	as	“dull”).	As	a	result	we	want	contrasts	in	our	interior	
spaces	and	as	long	as	they	are	not	sharp	(small	opening	in	the	middle	of	a	dark	wall)	
we	prefer	such	spaces	in	comparison	to	uniformly	lit	(Lam	W.M.C.,	1986).	
	

Our	vision	is	expectation	(biological	aspect,	overall	experience,	preferences),	
context	 and	 activity	 dependent	 and	we	 perceive	 space	 around	 us	 based	 on	 these	
aspects	(Lam	W.M.C.,	1986)	and	(Tregenza	P.	and	Wilson	M.,	2011).		

	
Human	 perception	 of	 the	 surroundings	 is	 an	 active	 information-seeking	

action	 that	 detects	 signals	 of	 interest	 and	 refines	 distracting	 phenomena	 called	
visual	noise		(Egan	M.	D.	and	Olgyay	V.,	2002).	
	

Our	perception	of	view	is	a	vision	system	response	to	daylight	that	happens	
at	the	moment	when	light	reaches	the	eye.	From	outside,	we	perceive	different	light	
types	 (directed,	 reflected)	 different	 intensities,	 directions	 and	 colors	 that	 create	
picture	of	the	world.	It	is	an	important	aspect	for	humans	because	of	our	biological	
need;	we	rather	choose	to	have	an	unsatisfying	view	from	window	than	none	at	all,	
as	we	can	receive,	for	us,	the	so	necessary	information	on	changes	in	weather,	time,	
orientation,	etc.	(Tregenza	P.	and	Wilson	M.,	2011).	
		

However,	it	is	preferable	to	have	an	attractive	and	interesting	view	as	it	has	a	
therapeutic	effect;	 it	 can	enhance	working	and	well-being	 (Tregenza	P.	and	Wilson	
M.,	2011).	

	
For	some	time,	daylight,	especially	direct	sunlight,	in	moderate	amounts	have	

been	known	 for	having	a	positive	 influence	on	human	health	 (vitamin	D	synthesis)	
and	our	24-hour	cycle,	also	known	as	circadian	rhythm	which	responsible	for	sleep,	
hunger,	 alertness,	 hormone	 production	 and	 body	 temperature	 (Tregenza	 P.	 and	
Wilson	M.,	2011).	 There	 is	 a	 steady	growth	 in	 the	number	of	 researchers	who	are	
convinced	on	positive	effects	of	daylight	on	human	health	and	well-being.	They	have	
investigated	how	to	use	daylight	to	improve	these	aspects;	especially	during	winter	
months	 in	Northern	countries	where	seasonal	affective	disorder	 is	a	very	common	
illness	 (Figueiro	 M.	 G.	 et	 al.,	 2008	 and	 2017).	 The	 health	 effects	 of	 daylight	 in	
Swedish	 context	 are	 summarized	 in	 Swedish	 Health	 Authorities	 recently	 released	
report	(Folkhälsomyndigheten,	21.12.2017).	
	

Current	metrics	that	are	used	to	assess	daylight	in	residential	spaces	today	do	
not	 fully	 account	 for	 the	 benefit	 of	 aspects	 of	 direct	 sunlight,	 view	 and	 visual	
discomfort	 that	are	 required	 to	 contribute	 to	 the	health	and	general	well-being	of	
occupants.	
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3. Methodology	
		

In	order	to	fulfill	the	aim	and	goal	of	this	study,	qualitative	and	quantitative	
approach	was	used,	as	seen	in	Chart	2.	
	
	

	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
Chart	2:	The	approach	of	the	study.	
	

3.1. Qualitative	approach:	Interviews	
	
A	 set	 of	 numerous	 questions	 was	 developed	 with	 a	 assistance	 from	 Paul	

Rogers,	 incorporating	 the	 fundamentals	 of	 Anders	 Liljefors	 “Lighting	 Visually	 and	
Physically”	theory	and	findings	of	Chalmers	research	“Daylight	in	Existing	Buildings		–	
A	 Comparative	 Study	 of	 Calculated	 Indicators	 for	 Daylight”	 and	 literature	 study	 of	
“Bostad	 och	 sol”	 (Lennart	 Holm	 et	 al.,	 1964)	 and	 interviews	 conducted	 with	
occupants	of	the	field	case	building.	
	

The	interviews	were	conducted	in	one	of	Väktaren	block	buildings	–	BRF	(The	
Building	Board)	Väktaren	16,	building	was	located	on	Kungsholmen	(59.333332	0	N,	
18.0333332	0	E),	Sweden,	Sankt	Eriksgatan	31.	The	building	was	erected	in	1937	and	
contained	38	apartments,	presented	in	Figures	10	and	11.	More	detailed	geometry,	
pictures	 and	 3D	 visualizations	 of	 the	 building	 are	 shown	 in	 Appendix	 B.	 Balconies	
were	not	a	part	of	the	original	construction,	but	were	added	later	and	also	included	
in	simulations.	
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Figure	10	and	11:	Site	plan	of	Väktaren	block	with	marked	location	of	field	study	building	–	Väktaren	
16	(Ritningsarkiv)	and	photo	of	street	façade	facing	SE.	
	

The	 case	 study	 consisted	 of	 two	 apartment	wings	 (“A”	 and	 “B”).	Windows	
were	facing	3	different	areas	of	the	neighborhood,	presented	in	Figure	12	and	13.	
	

	 	
Figure	12	and	13:	Apartment	wings	and	window	location	of	Väktaren	16	apartments	(Ritningsarkiv).	
Building	geometry	was	made	as	five	levels	at	“B”	wing	and	six	levels	at	“A”,	bottom	floor	of	“A”	wing	
being	occupied	by	stores.	Windows	were	located	both	on	SE	and	NW	side	of	“A”	and	“B”	wing	and	NE	
side	façade	of	small,	local	inner	yard,	which	are	located	between	“A”	and	“B”	wings.		
	

Interviews	 were	 conducted	 from	 12.04.2018	 and	 continued	 up	 until	
27.04.2018.	

	
Survey	 was	 organized	 in	 a	 way,	 that	 participants	 had	 three	 different	

possibilities	to	engage,	by	filling	in	an	online	survey:	https://s.surveyplanet.com,	by	
answering	 previously	 distributed	 questionnaire	 beforehand	 and	 by	 on	 spot	
interviews,	personally	engaging	with	interviewer,	the	author	of	this	work.		

	
Questions	 of	 survey	 adressed	 daylight	 (direct	 sunlight	 and	 diffused	 sky),	

visual	 discomfort	 and	 view	 aspects.	 They	 were	 focused	 on	 both,	 preferences	 of	
participants	(amount	of	light,	distribution,	presence	of	daylight,	view)	and	evaluation	
(spatial	distribution	of	 light,	accessibility	of	daylight,	usage	of	shading	devices,	etc.)	
of	their	apartments;	see	interview	questions	and	answers	in	detail	in	Appendix	C.	
	

06.04.2018	
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3.2. Quantitative	approach:	Simulations	
	

Simulations	 were	 executed	 in	 order	 to	 obtain	 information	 of	 DF	 and	 AF	
quantitative	values	in	interviewee	apartments	and	provide	the	author	of	this	thesis	
with	comparative	aspect	for	further	daylight	analysis.	

	
The	model	 for	 the	simulations	of	examined	field	case	building	was	received	

from	 ACC	 glass	 consulting	 company.	 Setting	 of	 input	 parameters	 and	 simulations	
running	 were	 carried	 out	 with	 assistance	 from	 BAU	 architects.	 Simulations	 were	
conducted	 using	 Diva4	 daylight	 software	 for	 Rhinoceros	 platform	 with	 high-value	
settings	of	radiance	that	are	 in	detail	explained	 in	Appendix	E.	Default	reflectances	
were	used	 in	most	 instances;	 however,	 in	 some	 instances	 reflectances	were	 those	
currently	existing	in	the	apartments,	at	the	time	of	visit	(Table	2).	
	
Table	2:	Reflectance	values	for	different	surfaces	(BAU).	
Layer	 Reflectance	 	

Facade	 0.30	 Default	

Inner	walls	white	 0.80	 Default	
Inner	walls	dark	 0.40	 	

Inner	walls	yellow	 0.55	 	
Floor	 0.30	 Default	

Floor	light	parquet	 0.50	 	
Floor	dark	 0.20	 	

Ground	 0.20	 Default	

Surrounding	buildings	 0.30	 Default	
Ceiling	 0.85	 Default	

Window	frame	 0.30	 Default	
Balcony	floor	 0.30	 Default	

Balcony	underside	 0.70	 Default	

Roof	 0.10	 Default	
Glass	LT	 0.70	 Default	

	
Simulations	 were	 run	 with	 generic	 settings	 for	 illuminance	 (Lux)	 levels,	

outside	 (Eo-10	 000	 Lux)	 and	 inside	 (Ei-point	 measured	 inside,	 Lux).	 They	 were	
calculated	 for	 1st	 floor,	 the	 worst-case	 scenario,	 and	 applying	 individual	 surface	
reflectance	 settings	 in	 each	 interviewee’s	 apartment,	 to	 simulate	 the	 illuminance	
levels	in	apartments,	drawings	and	tables	of	DF	and	AF	made	by	BAU	architects	are	
seen	in	Appendix	D.	
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4. Results	

4.1. Sun	analysis	
	

To	 assess	 factors	 that	 influenced	 tenants	 perception	 of	 daylight	 in	 their	
apartments	more	qualitatively,	analysis	of	sun	path	was	made,	see	Figures	14	to	16	
and	visualizations	of	affecting	facades	in	Appendix	C.	

	

	
Figure	14:	Site	plan	and	sun	path	diagram	(SunEarthTools.com,	2013)	of	Summer	solstice	at	12	AM,	
including	correction	for	daylight	savings	time,	for	Väktaren	16	site	and	neighbourhood.	Entirely	sunlit	
SE	façade	of	“A”	wing	and	larger	part	of	SE	façade	of	“B”	wing,	shaded	NW	side	of	“A”	and	“B”	wings	
and	NE	side	 facade	of	small	 inner	yard	of	Väktaren	16.	The	 large	 inner	courtyard	of	Väktaren	block	
and	Sankt	Eriksgatan	was	sunlit.		
	

	
Figure	15:	Site	plan	and	sun	path	diagram	(SunEarthTools.com,	2013)	of	Equinox	at	12	AM	for	 field	
study	 site	 and	 surrounding	 buildings,	 less	 intensively	 sunlit	 SE	 façade	 of	 “A”	 wing,	 partially	 lit	 SE	
façade	of	“B”	wing	and	shaded	NW	facades	of	both	“A”	and	“B”	wings	and	NE	facades	of	small,	local	
inner	courtyard.	Sankt	Eriksgatan	was	sunlit,	but	large	inner	courtyard	of	Väktaren	block	–	partially	lit.	
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Figure	 16:	 Site	 plan	 and	 sun	 path	 diagram	 (SunEarthTools.com,	 2013)	 of	Winter	 solstice	 at	 12	 AM	
showed	that	SE	side	façade	of	“A”	wings	was	lit	in	low	intensity.	All	facades	of	small,	local	inner	yard	
of	 Väktaren	 16	 and	 NW	 façade	 of	 “B”	 wing	 was	 entirely	 shaded.	 Both	 large	 inner	 courtyard	 of	
Väktaren	block	and	Sankt	Eriksgatan	was	shaded.	

	

4.2. Interviews	and	simulations	
	
Interviews	 were	 carried	 out	 during	 weeks	 15,	 16	 and	 17	 (12.04	 –	 27.04).	

Survey	 responses	were	 collected	 from	12	participants	 and	 interviewee	apartments	
were	accordingly	simulated	in	a	week	17	(23.04	–	27.04).	

	
There	 were	 eight	 male	 and	 four	 female	 interviewees,	 majority	 in	 two	 age	

groups	 between	 25-35	 and	 55-65	 years.	 All	 residents	 had	 experienced	 all	 seasons	
while	 living	 in	 their	 apartments,	 42	 %	 (five	 participants)	 of	 interviewed	 were	
spending	more	than	12	h	per	day	in	their	apartment,	presented	in	Table	3.	

	
Three	of	 interviewees	had	 two	bedroom,	seven	–	one	bedroom	and	two	of	

tenants	had	studio	apartments	with	majority	of	dwelling	windows	facing	local	inner	
yard	of	Väktaren	16	(SE	side	of	“B”	wind	and	NW	side	of	“A”	wing),	see	Table	3.	
	
Table	3:	Background	information	on	interviewed	participants	and	their	apartments.	
Occ
upa
nts	

Gender	 Age	 Floor	 Years	
in	
apartm
ent	

Average	
time	per	
day	in	
apartment	
	

Window	
position	

Colors	 Surfaces	

P1	 Female	 25-35	 1	 2-5	yrs	 0-6	hrs	 SE	façade	of	“B”	
wing		

Light	 Mostly	
matt	

P2	 Female	 15-25	 2	 2-5	yrs	 6-8	hrs	 SE	façade	of	“B”	
wing	

Very	light-
kitchen,	
light-living	
room	

Matt	in	
kitchen	
and	
mostly	
matt-
living	
room	
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P3	 Female	 25-35	 3	 2-5	yrs	 12-more	
hrs	

SE	and	NW	
facade	of	“A”	
wing	

Very	light-
living	room	
and	
kitchen,	
Light	in	
bedroom	
	

Mostly	
matt	

P4	 Female	 65-
more	

5	 20-
more	
yrs	

8-10	hrs	 NW	facade	of	
“A”	wing	

Very	light-
kitchen	
and	
bedroom,	
mix	(light	
and	dark)-
living	room	
	

Mixed	
(matt	and	
glossy)	

P5	 Male	 35-45	 2	 2-5	yrs	 12-more	
hrs	

NW	façade	of	
“B”	wing	

Mixed	
(light	and	
dark)	

Mixed	
(matt	and	
glossy)	
	

P6	 Male	 45-55	 2	 20-
more	
yrs	

12-more	
hrs	

SE	and	NW	
facade	of	“B”	
wing	

Light-living	
room	and	
kitchen,	
dark	in	
bedroom	
	

Mostly	
matt	

P7	 Male	 55-65	 2	 1-2	yrs	 12-more	
hrs	

SE	facade	of	“A”	
wing	
	

Very	light	 Matt	

P8	 Male	 25-35	 3	 2-5	yrs	 10-12	hrs	 NW	facade	of	
“A”	wing	
	

Very	light	 Matt	

P9	 Male	 35-45	 3	 2-5	yrs	 0-6	hrs	 SE	facade	of	“B”	
wing	

Light	 Matt	in	
living	
room,	
mostly	
matt	in	
kitchen	
and	
glossy	in	
bedroom	
	

P10	 Male	 55-65	 3	 20-
more	
yrs	

12-more	
hrs	

SE	and	NW	
facade	of	“B”	
wing	

Light-living	
room	and	
kitchen,	
dark	in	
bedroom	
	

Matt	

P11	 Male	 55-65	 4	 2-5	yrs	 0-6	hrs	 NW	façade	of	
“A”	wing	

Very	light	 Mostly	
matt,	but	
glossy	in	
kitchen	
	

P12	 Male	 65-
more	

4	 20-
more	
yrs	

8-10	hrs	 SE	and	NW	
facade	of	“B”	
wing	

Mostly	
light	

Mostly	
matt	
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More	 detailed	 description	 of	 apartment	 characteristics	 (size	 of	 rooms,	
window	 sizes,	 view	quality,	 furniture,	 surface	 reflectance,	 as	well	 as	 results	 for	DF	
and	AF)	are	reported	in	Appendix	D,	Table	4.	
	

As	 observed	 during	 interviews	 and	 stated	 by	 participants,	 most	 of	 the	
apartments	 had	 light	 colors	 (white,	 light	 yellow	 and	 light	 grey)	 and	matt	 (plaster,	
parquet,	wood)	materials,	with	 few	 exceptions	 for	 bedrooms	 and	 kitchens,	where	
different	 colors	 or	 surface	 finishes	 were	 used,	 exemplary	 visualizations	 of	 four	
apartment	 interiors	are	described	and	presented	 in	Figures	17	to	20.	Visualizations	
represent	surface	finishes,	colors	and	light	distribution	in	interviewee	apartments	at	
the	moment	of	visit.	However,	they	do	not	represent	exact	materials,	elements	and	
furniture	 used	 in	 apartments,	 but	 has	 a	 close	 resemblance	 of	 shapes,	 colors	 and	
room	layout.	

	

	
Figure	17:	Visualization	of	living	room	in	resident	–	P6	apartment	that	was	visited	on	12th	of	April	at	
around	1	PM.	Apartment	was	located	on	2nd	floor	of	“B”	wing	and	apartment	windows	were	located	
on	both	SE	and	NW	side	of	wing.	Living	room	of	17.9	m2	and	attached	balcony	(3.9	m2)	were	located	
on	SE	side	,	while	bedroom	(19.1	m2)	and	kitchen	of	13	m2	were	accomodated	on	NW	side.	
	

One	of	case	study	rooms	(living	room),	presented	in	Figure	17,		had	a	window	
and	balcony	doors	of	2.3	m2	combined.	They	revealed	a	view	of	the	buildings	on	the	
opposite	side	of	large	yard	of	Väktaren	block	(around	40	m	distance)	and	partial	sky	
view	when	moving	closer	to	the	window,	but	it	had	a	clear	sky	view	from	balcony.	It	
was	 fully	 furnished	 with	 light,	 matt	 furniture	 (light	 wood	 and	 textile).	 Finishes	 of	
room	surfaces	were	white	painted	plaster	ceiling	with	assigned	reflectance	of	(0.85),	
white	painted	plaster	walls	 (0.80)	and	 light	parquet	 floor	 (0.50).	 Simulated	DF	 in	a	
point	was	1.4	%	and	AF	–	10	%.	At	the	moment	of	the	visit	living	room	had	a	uniform	
light	distribution.	
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Figure	18:	Visualization	of	 living	room	in	tenant	–	P8	apartment,	visited	on	12th	of	April	at	around	5	
PM.	Apartment	was	 located	on	3nd	 floor	of	 “A”	wing	and	apartment	windows	were	 located	on	NW	
side	of	wing.	Living	room	of	17.4	m2	had	attached	balcony	(2.2	m2),	apartment	included	bedroom	of	
15	m2	and	kitchen	–	9.3	m2.	
	

Living	 room,	which	 is	 shown	 in	Figure	18,	had	a	window	and	balcony	doors	
with	 total	 area	 of	 2.2	m2	 that	 revealed	 a	 view	of	 building	 on	 the	 opposite	 side	 of	
local	yard	(around	12	m	distance)	and	sky	view	only	from	balcony.	Living	room	was	
sparsely	 furnished	 with	 dark,	 matt	 furniture	 (wood	 and	 textile).	 Room	 surface	
finishes	 were	 white	 painted	 plaster	 ceiling	 with	 given	 reflectance	 of	 (0.85),	 white	
painted	plaster	walls	 (0.80)	 and	dark	parquet	 floor	 (0.20).	 Simulated	DF	 in	 a	point	
was	1.1	%	and	AF	of	10	%.	At	the	moment	of	visit,	living	room	had	beams	of	light	that	
reached	half	of	the	room	depth.	
	

	
Figure	19:	Visualization	of	living	room	in	resident	–	P9	apartment,	which	was	visited	on	17th	of	April	at	
around	6	PM.	Apartment	was	located	on	3nd	floor	of	“B”	wing	and	apartment	windows	were	located	
on	SE	side	of	wing.	Apartment	had	a	living	room	of	20.1	m2,	a	bedroom	of	10.7	m2	and	a	kitchen	of	4.7	
m2.	
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The	 room	 illustrated	 in	 Figure	 19	 had	 a	 window	 of	 2.2	m2	 with	 a	 view	 of	
building	on	the	opposite	side	of	local	yard	(around	12	m	distance)	and	no	sky	view.	It	
was	fully	furnished	with	light,	matt	furniture	(light	wood-plastic	and	textile).	Finishes	
of	 room	 surfaces	 were	 white	 painted	 plaster	 ceiling	 with	 assigned	 reflectance	 of	
(0.85),	white	painted	plaster	walls	(0.80)	and	light	parquet	floor	(0.50).	Simulated	DF	
in	a	point	was	0.5	%	and	AF	was	not	applicable.	At	the	moment	of	visit,	living	room	
had	a	very	uniform	light	distribution.	

	

	
Figure	20:	Visualization	of	living	room	in	occupant	–	P3	apartment	that	was	visited	on	12th	of	April	at	
around	11	AM.	Apartment	was	located	on	3nd	floor	of	“A”	wing	and	apartment	windows	were	located	
on	both	SE	and	NW	side	of	wing.	Living	room	of	29.9	m2	was	located	on	SE	side,	meanwhile	bedroom	
of	(11.7	m2)	with	attached	balcony	of	2.2	m2	and	kitchen	of	11.6	m2	were	located	on	NW	side.	

	
Visited	 living	 room,	see	Figure	20,	had	a	window	of	2.7	m2	 that	 revelaled	a	

view	 of	 buildings	 on	 the	 opposite	 side	 of	 the	 street	 (around	 40	m	 distance)	 and	
partial	sky	view	close	to	the	window.	The	room	was	fully	furnished	with	mostly	light,	
matt	 furniture	 (wood-plastic	 and	 textile).	 Finishes	 of	 room	 surfaces	 were	 white	
painted	plaster	 ceiling	with	given	 reflectance	of	 (0.85),	white	painted	plaster	walls	
(0.80)	and	parquet	 floor	 (0.30).	Simulated	DF	 in	a	point	was	0.5	%	and	AF	was	not	
applicable	due	to	room	geometry.	At	the	moment	of	the	visit	living	room	had	beams	
of	light	that	affected	area	close	to	the	window.		
	

Data	 of	 received	 interview	 answers	 that	 described	 daylight	 (direct	 sunlight	
and	 overcast	 sky),	 view	 and	 usage	 of	 shadings	 and	 artificial	 light	 can	 be	 seen	 in	
graphs	1	to	14	and	in	Appendix	C.		

	
The	 following	 graphs	 show	 that	 collected	 and	 aggregated	 answers,	 of	

residents	 who	 participated	 in	 interviews,	 generally	 resulted	 in	 satisfactory	
perception	of	daylight	quality	 in	terms	of	amount	of	 light,	distribution,	accessibility	
of	direct	sunlight,	usage	of	artificial	light,	usage	of	shading	devices	and	attractiveness	
of	existing	view	in	living	rooms	and	all	aspects	failing	in	kitchens.	
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Graph	1:	Evaluation	of	availability	of	daylight	in	interviewee	apartments.	
	

(Graph1)	Majority	of	tenants	stated	that	the	overall	accessibility	of	daylight	in	
their	 apartments	 range	 from	 sufficient	 to	 very	 good	 which	 follows	 the	 trend	 of	
daylight	 accessibility	 in	 living	 rooms.	 For	 the	 kitchen	 responses	were	 split	with	 an	
equal	number	of	occupants	perceiving	daylight	levels	as	bad	or	good.	
	

	
Graph	2:	Preferable	amount	of	daylight.	
	

The	 graph	 above	 shows	 that	 generally	more	 light	was	 desired	 in	 all	 rooms	
and	especially	in	kitchen,	where	eight	respondents	felt	need	for	increased	amount	of	
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daylight,	 while	 bedroom,	 although	 perceived	 as	 dark,	 was	 considered	 to	 have	
satisfactory	conditions.	

	

	
Graph	3:	Evaluation	of	spatial	distribution	of	brightness	according	to	occupants.	
	

In	 graph	 3	 presented	 overall	 spatial	 distribution	 of	 brightness	 in	 the	
apartments	 was	 considered	 adequate	 or	 good	 with	 only	 two	 tenants	 feeling	
dramatic	and	contrasting	brightness.	
	

	
Graph	4:	Preference	for	daylight	importance	in	different	rooms.	
	

Graph	4	allows	 to	 identify	 that	daylight	was	perceived	as	very	 important	 in	
living	room	by	11	out	of	12	residents,	and	less	important	in	bedroom	by	9	out	of	12	
occupants.	
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Graph	5:	Evaluation	for	need	to	use	artificial	light	during	daytime	according	to	tenants.	
	

The	graph	above	shows	that	eight	of	interviewees	did	not	feel	a	need	to	use	
artificial	 lighting	 in	 living	 room,	 but	 equal	 amount	 (six	 and	 six)	 had	 an	 opposite	
opinion	about	usage	of	artificial	light	in	kitchen.	
	

	
Graph	6:	Evaluation	of	accessibility	of	direct	sunlight	in	resident	apartments.	
	

Graphs	6	present	that	predominance	felt	there	was	an	accessibility	to	direct	
sunlight	from	at	least	one	of	the	apartment	rooms.	
	

	
Graph	7:	Evaluation	of	sunlight	appearance	time	according	to	respondents.	
	

In	 graph	 above	most	 of	 interview	 answers	 state	 that	 sunlight	 in	 all	 rooms	
appeared	at	 the	 right	 time.	Only	 few	of	 the	 respondents	experienced	early	or	 late	
sunlight.	
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Graph	8:	Types	of	shading	systems	in	apartments.		
	

(Graph	 8)	 All	 apartments	 had	 mid-pane	 blinds	 incorporated	 in	 windows.	
Apartments	 of	 the	 “A”	 wing	 had	 exterior	 shading	 devices	 on	 the	 upper	 floors.	
Additionally,	 some	 of	 tenants	 used	 curtains	 and	 two	 of	 tenants	 did	 not	 have	 a	
window	in	their	kitchens	and	therefore	did	not	use	any	shading	devices.	

	

	
Graph	9:	Evaluation	for	usage	of	shading	systems	in	interviewee	apartments	during	daytime.	
	
	 Many	of	residents	felt	a	need	to	use	shading	systems	in	 living	rooms	during	
daytime,	while	only	few	used	shades	in	kitchen,	as	can	be	seen	in	Graph	9.	
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Graph	10:	Evaluation	for	reason	for	using	shading	systems	according	to	tenants.	
	

It	 is	 visible	 in	 this	 graph	 that	 the	main	 reason	 for	 using	 shading	 systems	 in	
living	 rooms	and	during	daytime	was	due	 to	 lack	of	privacy	 (50	%),	but	22	%	 used	
them	to	reduce	overheating.	
	

	
Graph	11:	Preference	by	rooms	of	having	attractive	and	interesting	view.	
	

(Graph	11)	10	of	tenants	considered	that	it	was	most	important	for	them	to	
have	attractive	and	interesting	view	from	living	room,	while	the	view	from	bedroom	
had	significantly	lesser	importance.	
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Graph	12:	Preference	of	view.	
	

Most	 preferable	 view	 according	 to	 residents	was	 one	 that	 revealed	 nature	
(greenery),	 water	 and	 skies,	 while	 street	 and	 buildings	 were	 least	 preferred,	 as	
presented	in	Graph	12.	
	

	
Graph	13:	Evaluation	of	attractiveness	and	interest	in	existing	view	in	tenant’s	apartments.	
	
	 When	 occupants	were	 asked	whether	 they	 considered	 the	 view	 from	 their	
apartments	 to	 be	 attractive	 and	 interesting,	 it	 was	 convincing	 majority	 that	
considered	that	the	existing	view	from	living	room	is	attractive	and	interesting,	see	
Graph	13.	
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Graph	14:	Evaluation	of	contributing	feelings	of	existing	view.	
	

(Graph	 14)	 Most	 compelling	 majority	 (69	 %)	 of	 all	 interviewees	 felt	 that	
existing	views	contributed	 to	positive	 feelings.	28	%	 had	negative	associations	and	
one	of	 participant	 (3	%)	 felt	 that,	 although	 the	 view	outside	was	 not	 attractive	 or	
interesting,	 the	neighbor	building	was	distant	 enough	 to	 create	 feeling	of	 airiness,	
which	was	the	deciding	factor	to	have	overall	satisfaction	with	the	view.	
	

Overall,	 residents	who	have	 lived	 in	 their	apartment	 from	two	to	 five	years	
and	ones	that	spent	6	h	per	day	or	less	in	their	apartments	considered	daylight	to	be	
good,	with	few	exceptions	for	kitchen	and	bedroom.		

	
Generally,	 more	 daylight	 was	 desired,	 even	 though	 it	 was	 considered	 that	

existing	conditions	were	satisfying.	
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Those	who	have	lived	in	their	apartment	for	more	than	20	years	were	more	
specific	 in	 their	 observations	 and	wishes.	 They	were	 either	 satisfied	 or	 unsatisfied	
with	conditions	in	kitchen	and	therefore	desired	more	daylight	in	this	space.	

	
Occupants	 who	 resided	 in	 2nd	 and	 3rd	 floor	 were	 content	 with	 daylight	

conditions,	although	they	were	generally	less	satisfied	than	others.		
	
Tenants	 that	were	 65	 and	 older	were	 generally	 very	 satisfied	with	 daylight	

conditions	and	did	not	want	any	changes.	
	
Despite	 respondents	 being	 content	 with	 daylight	 in	 their	 apartments,	 two	

thirds	of	dwellings	entirely	or	partly	 (one	or	 two	 rooms	 in	every	apartment)	 failed	
Boverkets	byggregler	BFS	2016:6	numerical	demand	of	1	%	 for	DF	and	10	%	 for	AF	
metrics.	
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5. Discussion	
	

The	daylight	factor	(DF)	in	a	point	and	window	to	floor	area	ratio	(AF)	metrics	
have	been	used	as	the	recommended	means	of	proving	compliance	of	building	codes	
and	certifications	in	Sweden	for	many	years.	Nevertheless,	author	of	this	work	would	
like	to	agree	with	a	statement	of	those	researchers,	who	describe	DF	as	a	one-sided,	
static	metric	 that	 focuses	on	 the	amount	of	 light	only	 in	CIE	overcast	 sky	 situation	
and	does	not	 take	 into	consideration	dynamic	 factors	of	daylight.	 It	 can	be	argued	
that	daylight	 is	more	than	 just	a	fulfillment	of	numerical	values;	human	perception	
and	 visual	 needs	 (intensity	 of	 light,	 distribution,	 view,	 a	 perception	 of	
enclosure/openness)	 had	 a	 significant	 effect	 on	 the	 overall	 satisfaction	 with	
ambience	of	the	space,	as	presented	in	Chapter	4.	
	

Chapter	2	described	that	AF	is	a	prescriptive	method	that	is	very	dependent	
on	 specific	 room	 sizes,	 window	 glass	 properties,	 dimensions,	 placement,	 shielding	
angles	 and	 etc.	 It	 was	 observed	 that	 although	 AF	 fulfilled	 demand	 for	 passing	
daylight	requirement	theoretically,	in	some	cases,	was	not	applicable	in	practice	due	
to	 complex	 space	 geometries,	 window	 sizes	 and	 large	 obstruction	 angle	 values	 of	
Väktaren	16	building.	Therefore,	number	of	rooms	that	failed	the	standard	(Svensk	
standard	SS	914291)	exceeded	the	number	shown	in	simulations	performed	by	BAU	
architects,	 making	 AF	 an	 unreliable	 parameter	 and	 such	 it	 was	 not	 further	
considered	to	be	a	part	of	comparative	factor.		

	
Commonly	used	assessment	of	DF	 values	 from	Chapter	2,	 table	1	 in	 reality	

showed	different	results.	Rooms	that	had	DF	of	 less	than	1	%,	 in	many	cases,	were	
still	perceived	as	satisfactory	 lit	 spaces,	and	occupants	rarely	used	artificial	 lighting	
to	 increase	the	 light	 intensity.	Occupant	satisfaction	could	be	explained	with	a	 fact	
that	 they	used	 light	 colors	 in	 interior,	were	pleased	with	 the	view;	 residents	 could	
see	a	lot	of	daylight	outside	and	occasionally	receive	sunlight.	
	

It	was	common	and	expected	that	residents	whose	apartments	or	rooms	had	
DF	of	less	than	1	%	were	very	unsatisfied	with	their	lighting	conditions,	mostly	those	
who	had	all	of	their	apartment	windows	facing	local	inner	yard	of	Väktaren	16.	These	
residents	often	had	a	feeling	that	the	use	of	artificial	light	is	almost	needed	on	every	
day	basis,	 from	use	of	 shading	devices	 for	 increased	privacy	 feeling	due	 to	 lack	of	
distance	(12	m)	to	neighbor	windows.	
	

Less	 pronounced	 was	 the	 case	 when	 occupants	 were	 unsatisfied	 with	 the	
lighting	conditions	 if	DF	was	1-2	%.	However,	there	were	still	a	few	occupants	who	
felt	 there	 was	 not	 enough	 daylight	 in	 the	 space,	 which	 could	 be	 a	 result	 of	 dark	
interior	colors	and	the	fact	that	they	spent	more	time	in	their	apartments	than	those	
who	 felt	 satisfied.	 Positive	 aspect	 was	 that,	 although	 tenants	 perceived	 space	 as	
quite	dark,	they	did	not	feel	the	need	to	use	artificial	lighting	very	often.	
	

Others	 who	 were	 unsatisfied	 with	 lighting	 condition	 despite	 having,	 by	
Swedish	 standard	 defined,	 DF	 of	 minimum	 1	%	 felt	 they	 are	 receiving	 too	 much	
direct	 sunlight	 due	 to	 high	 altitude	 of	 sun	 position,	 during	 spring,	 autumn	 and	
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summer	 seasons.	 Subsequently,	 they	 felt	 a	 need	 to	 use	 shading	 devices	 to	 avoid	
overheating	and	which	 in	turn	 lead	to	occasional	use	of	artificial	 light	 for	sufficient	
lighting	conditions	in	space.	Nevertheless,	predominance	felt	there	was	satisfactory	
accessibility	to	direct	sunlight	from	at	least	one	of	the	apartment	rooms,	as	the	sun	
appeared	at	the	right	time.	
	

The	perception	of	overall	daylight	accessibility	in	the	apartments	was	mainly	
neutral	 or	 positive	 which	 follows	 the	 trend	 of	 living	 room.	 Even	 though	 tenants	
generally	felt	that	daylighting	conditions	in	living	room	are	good,	they	desired	even	
more	light.	This	can	be	explained	by	a	fact	that	occupants	tend	to	spend	more	time	
in	living	room	than	in	any	other	room.	As	a	result,	it	can	be	argued	that	living	room	is	
the	biggest	 contributor	 to	 the	overall	 feel	of	 light	 in	apartment,	which	also	 falls	 in	
line	with	tenant	responses	that	daylight	is	more	important	in	living	room	than	in	any	
other	space.	Although	bedrooms	were	perceived	as	dark,	 it	was	considered	to	be	a	
satisfactory	aspect,	because	of	better	night	sleep.		
	

It	was	found	that	almost	all	respondents	would	like	to	have	more	daylight	in	
kitchen,	 although	 the	 opinion	on	daylight	 accessibility	 in	 the	 respective	 space	was	
equal	 split.	 In	addition,	artificial	 lighting	was	used	often.	One	might	 speculate	 that	
this	was	due	to	desire	for	larger	windows	in	described	space.	

	
Tenants,	 who	 had	 short	 daily	 occupancy	 times	 or	 have	 not	 stayed	 in	 the	

apartment	 for	many	 years,	were	more	 general	 in	 their	 observations	 comparing	 to	
those	 tenants	 who	 have	 lived	 in	 an	 apartment	 for	 more	 than	 20	 years.	 Long	
occupancy	 residents	had	a	 tendency	 to	be	more	 specific	 in	 their	 observations	 and	
wishes.	 They	 were	 either	 satisfied	 or	 dissatisfied	 with	 conditions	 in	 only	 specific	
spaces	 where	 they	 wanted	more	 daylight.	 One	might	 speculate	 that	 the	 wish	 for	
more	light	in	the	whole	space,	for	short	occupancy	time	tenants,	could	be	related	to	
human	expectation	and	adaptation	aspects,	as	well	as	phenomena	of	perception	as	
the	 active	 information-seeking	 action	 that	 detects	 signals	 of	 interest	 and	 refines	
distracting	phenomena	called	visual	noise.	Those	who	have	not	lived	in	the	building	a	
long	 time	 or	 did	 not	 spend	 as	 much	 time	 in	 their	 apartments	 could	 still	 have	 a	
reference	 to	 space	 they	have	 lived	 in	previously	or	other	 spaces,	 like	work,	where	
they	 spent	 most	 of	 their	 day.	 Respectively	 those	 that	 spend	 a	 lot	 of	 time	 in	 the	
apartments	have	adapted	to	overall	daylight	quality	of	the	apartment	and	therefore	
were	able	to	distinguish	specific	spaces	of	distraction	better.	

	
The	responses	obtained	showed	general	satisfaction	and	no	wish	to	change	

things	from	elderly	occupants,	which	is	most	likely	due	to	the	fact	that	older	people	
are	more	sensitive	to	light	exposure.	

	
The	privacy	was	a	very	important	factor	for	half	of	the	interviewed	residents,	

therefore,	 some	 of	 them	 were	 ready	 to	 compromise	 their	 daylight	 availability	 by	
using	 shading	 devices	 and	 artificial	 light,	 which	 could	 be	 explained	 by	 the	 human	
need	for	security	and	safety	in	a	sense	of	solitude.	
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Close	relation	was	observed	between	exposure	to	direct	sunlight	and	usage	
of	artificial	light;	artificial	lighting	was	not	used	so	often	in	rooms	that	had	access	to	
direct	sunlight	in	comparison	to	those	that	lacked	sunlight.	This	shows	that	the	use	
of	DF	for	building	codes	is	faulty.	DF	measures	amount	of	diffused	daylight	delivered	
to	 a	point	 in	 a	 space	under	CIE	overcast	day	 lit	 conditions.	However,	 even	 though	
simulated	 DF	 values	 were	mostly	 below	 1	%,	 which	 is	 considered	 as	 bad	 daylight	
conditions,	 some	 of	 resident	 were	 content	 with	 their	 conditions	 of	 daylight	
availability.	 It	could	be	explained	with	availability	of	direct	sunlight	and	little	use	of	
artificial	lighting.	

	
Swedish	standard	(Boverkets	byggregler	BFS	2016:6)	states	there	must	be	a	

view	and	access	to	daylight,	but	does	not	have	parametric	requirements	for	sunlight	
and	categorization	for	views.	It	was	very	important	for	all	the	participants	to	have	an	
attractive	and	 interesting	view	outside	their	apartments,	mostly	 in	 living	room	and	
kitchen,	which	can	be	explained	by	residents	typically	spending	more	time	in	these	
spaces.	 In	 fact,	 majority	 considered	 that	 the	 existing	 view	 was	 satisfactory,	 even	
though	many	of	apartments	did	not	have	a	view	of	skies,	however,	it	can	be	argued	
that	the	gained	information	about	changes	in	weather,	time,	orientation,	etc.	where	
enough	to	fulfill	their	biological	needs,	which	in	return	accounted	for	lack	of	view.	
	

This	study	showed	that	 there	was	a	connection	between	sunlight,	view	and	
overall	 satisfaction	with	daylighting	conditions	 (availability,	amount	of	 light,	 spatial	
distribution,	usage	of	artificial	 light,	etc.).	Also,	it	was	found	that	tenants	were	very	
concerned	not	only	with	 accessibility	 to	 sunlight	 and	having	a	 view,	but	were	also	
interested	in	its	quality	(sunlight	appearance	at	right	time,	usage	of	shading	devices,	
attractiveness	and	 layers	of	view,	etc.).	This	observation	complies	with	the	new	EU	
standard	draft	prEN	17230,	2016,	which	suggests	that	habitable	rooms	in	dwellings,	
mostly	during	winter	season,	should	fulfill	a	minimum	of	specific	hours	(dependent	
on	location)	during	which	a	room	should	receive	solar	radiation	for	a	reference	day	
in	a	year	and	a	good	view	that	contains	at	 least	 two	 layers	 (sky,	city	or	 landscape)	
and	 provides	 with	 information	 about	 the	 conditions	 outside	 -	 location,	 time,	
weather,	nature	and	the	presence	of	people.	
	

In	 order	 to	 objectively	 evaluate	 the	 perception	 of	 all	 12	 tenant	 residential	
areas	lesser	questions	would	have	allowed	to	perform	a	more	detailed	examination	
due	to	fewer	impact	factors	and	variations.	In	addition,	study	of	more	buildings	and	
tenants	 would	 allow	 drawing	 more	 objective	 conclusions	 on	 general	 dwellers	
impression	on	their	living	spaces.		
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6. Conclusion	
	

The	DF	and	alternative	AF	metrics	have	been	used	 for	 showing	 compliance	
with	 building	 codes	 and	 certifications	 in	 Sweden	 for	 many	 years.	 It	 is	 stated	 in	
research	works	of	other	 countries	 and	was	also	 found	by	 the	author	of	 this	 thesis	
that	 despite	 of	 them	 being	 easily	 applicable,	 DF	 and	 AF	 do	 not	 take	 into	
consideration	 location,	 position,	 region,	 etc.	 that	 was	 a	 major	 contributor	 to	 the	
resident	satisfaction	level.	This	study	was	focusing	on	human	perception	factor	that	
are	neglected	by	this	commonly	used	method	of	daylight	assessment.	

	
Occupant	 perception	 of	 daylighting	 rarely	 reflected	 the	 results	 from	

calculated	daylight	metrics.	For	example,	a	DF	of	1-2	%	 is	commonly	considered	to	
represent	a	satisfactory	lit	space.	However,	some	artificial	light	may	occasionally	be	
needed	at	these	daylight	levels.	DF	below	1	%	is	generally	considered	to	represent	a	
dark	 space	 with	 a	 constant	 need	 of	 artificial	 light.	 Both	 positive	 and	 negative	
opinions	 were	 expressed	 despite,	 in	 some	 cases,	 meeting	 the	 required	 numerical	
values	 in	 Swedish	 standard	 (Boverkets	 byggregler	 BFS	 2016:6).	 It	 should	 be	 noted	
that	attractive	and	interesting	view	and	access	to	direct	sunlight	paid	a	major	role	in	
overall	occupant	satisfaction.		
	

This	master	thesis	gave	an	understanding	that	new	daylight	metrics	used	 in	
Sweden	 should	 include	 perception-based	 factors,	 such	 as	 direct	 sunlight,	 in	
moderate	 amount,	 that	 contributes	 to	 our	 visual	 need	 of	 contrasts	 and	 view	 that	
positively	impacts	our	well-being.	
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Appendix	A	

Daylight	demands	and	standards	
	
Daylight	demands	according	to	Nybyggnadsregler	BFS	1988:18	
	

 
	Figure	21:	Lighting	demands	according	to	Svensk	Byggnorm	SBN1975	(1975).	
 

  

 
	
	
	
	
	
	
	
	
	



Inner	yard	building	occupant’s	perception	versus	the	computer	simulated	metrics	of	daylight,	KTH	

	 37	

Daylight	demands	according	to	Svensk	standard	SS	914201,	1988	
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Daylight	demands	according	to	BFS	2011:6	
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Daylight	demands	according	to	BFS	2014:3	
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Daylight	demands	according	to	BFS	2016:6	
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Daylight	demands	according	to	Miljöbyggnad	(Certifierad/Sverige)	Manual	2.1	
120101	–	for	new	buildings	
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CIE	standard	for	general	sky	(Tregenza	P.	and	Wilson	M.,	2011)	
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Appendix	B	

Väktaren	16	drawings	of	plans	and	sections	
	

	
Figure	22:	1st	floor	plan	of	Väktaren	16	(Ritningsarkiv).	Numbers	on	plan	represent	photos	taken	on	site	in	perspective;	for	better	understanding	of	building	see	
this	plan	together	with	photos	in	Appendix	A	–	Photos	of	Väktaren	16	site.	
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4.	
3.	
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Figure	23:	2nd	and	3rd	floor	plan	of	Väktaren	16	building	(Ritningsarkiv).	
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Figure	24:	4th	floor	plan	of	field	study	building	(Ritningsarkiv).	
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Figure	25:	4th	floor	mansard	plan	of	Väktaren	16	(Ritningsarkiv).	
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Figure	26:	5th	floor	plan	of	field	study	building	–	Väktaren	16	(Ritningsarkiv).	
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Figure	27	and	28:	Longitudinal	and	cross	sections	of	Väktaren	16	(Ritningsarkiv).	
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Photos	of	Väktaren	16	site	
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		Figure	29	to	43:	Interior	and	exterior	photos	of	Väktaren	16	building.	
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3D	visualizations	of	Väktaren	16	and	surrounding	buildings	

 
 

 

	
Figure	44,	 45	 and	46:	 3D	 visualizations	of	Väktaren	16	 site	made	 in	Rhinoceros	 computer	 software	
(BAU).	
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Appendix	C	

Väktaren	16	sun	analysis	

		 	
	

	 	
Figure	47	to	50:	Visualizations	reflecting	lighting	conditions	of	Väktaren	16	during	Summer	solstice	(12	
AM)	from	three	different	perspectives.	
	

			 	
	

	 	
Figure	51	 to	54:	Visualizations	 reflecting	 lighting	 conditions	of	Väktaren	16	during	Equinox	 (12	AM)	
from	three	different	perspectives.	
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Figure	55	to	58:	Visualizations	reflecting	 lighting	conditions	of	Väktaren	16	during	Winter	solstice	at	
12	AM	from	three	different	perspectives.	
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Interview	questions	and	answers	
	
Master	 thesis	 project	 “Inner	 yard	 building	 occupant’s	 perceptions	 versus	 the	
computer	simulated	metrics	of	daylight”	 (Rate	accordingly	 to	scale,	 choose	 from	
possible	examples	or	add	comments)	
	
1.	Apartment	and	occupants	(background	information):	
1.1	Time/Date/Weather	when	survey	was	taken:	(Write	a	comment)	See	answers	in	Chapter	
4,	table	3	
	
1.2	Gender	of	participant:	(Choose	from	examples)	See	answers	in	Chapter	4,	table	3	
Female	 Male	 Other	
	
1.3	Age	of	participant:	(Choose	from	examples)	See	answers	in	Chapter	4,	table	3	
0-15	 15-25	 25-35	 35-45	 45-55	 55-65	 65-more	
	
1.4	Years	living	in	apartment:	(Choose	from	examples)	See	answers	in	Chapter	4,	table	3	
0-1	 1-2	 2-5	 5-10	 10-15	 15-20	 20	-	more	
	
1.5	 Average	 time	 per	 day	 spent	 in	 apartment:	 (Choose	 from	 examples)	 See	 answers	 in	
Chapter	4,	table	3	
0-6	hrs	 6-8	hrs	 8-10	hrs	 10-12	hrs	 12-more	hrs	
	
1.6	Seasons	experienced	while	living	in	apartment:	(Choose	from	examples)	See	answers	in	
Chapter	4,	table	3	
Winter	 Spring	 Summer	 Autumn	 All	
	
1.7.1	Orientation	of	windows:	(Choose	from	examples	-	Multiple	answers	are	possible)	See	
answers	in	Chapter	4,	table	3	
Small	Inner	yard	facade	

	

Inner	yard	facade

	

Street	facade

	
	
1.7.2	Floor	of	apartment:	(Write	a	comment)	See	answers	in	Chapter	4,	table	3	
	
1.8	Colors	used	in	the	following	rooms:	(Choose	a	number)	See	answers	in	Chapter	4,	table	
3	
Kitchen		 Very	light	 1	 2	 3	 4	 5	 Very	dark	
Living	room		 Very	light	 1	 2	 3	 4	 5	 Very	dark	
Bedroom	1		 Very	light	 1	 2	 3	 4	 5	 Very	dark	
Bedroom	2	 Very	light	 1	 2	 3	 4	 5	 Very	dark	
	
1.9	Materials	used	 in	 the	 following	 rooms:	 (Choose	a	number)	See	 answers	 in	 Chapter	 4,	
table	3	
Kitchen	 Matt	 1	 2	 3	 4	 5	 Glossy	
Living	room	 Matt	 1	 2	 3	 4	 5	 Glossy	
Bedroom	1	 Matt	 1	 2	 3	 4	 5	 Glossy	
Bedroom	2	 Matt	 1	 2	 3	 4	 5	 Glossy	
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2.	Occupant’s	perception	of	daylight:	
2.1	Availability	of	daylight:	(Choose	a	number)	
Rating:	 Very	good	 1	 2	 3	 4	 5	 Very	bad	

Answers:	
Kitchen	 	 4	 1	 2	 4	 1	 	

Living	room	 	 5	 4	 2	 1	 	
	

Bedroom	1	 	 2	 4	 1	 2	 1	 	

Bedroom	2	 	 2	 1	 	 	 	
	

Whole	apartment	 	 2	 2	 7	 1	 	 	

	
2.2	Would	 it	 be	 preferable	 to	 have	more	 or	 less	 daylight	 in	 any	 of	 the	 following	 rooms?	
(Choose	a	number)	
Rating:	 More	light	 1	 2	 3	 4	 5	 Less	light	

Answers:	
Kitchen	 	 6	 2	 4	 	 	 	

Living	room	 	 6	 	 6	 	 	 	
Bedroom	1	 	 5	 	 5	 	 	 	

Bedroom	2	 	 1	 	 2	 	 	 	

	
	

2.3	 Spatial	 distribution	 of	 brightness	 -	 the	way	 daylight	 spreads	 over	 and	 area:	 (Choose	 a	
number)	
Rating:	 Uniform	 1	 2	 3	 4	 5	 Very	dramatic,	contrasts	
Answers:	

Kitchen	 	 3	 4	 3	 1	 1	 	

Living	room	 	 5	 3	 4	 	 	 	
Bedroom	1	 	 3	 2	 4	 	 1	 	

Bedroom	2	 	 2	 	 1	 	 	 	

	
	

2.4	Importance	of	the	daylight	in	the	following	rooms:	(Rank	rooms	by	importance,	where	1	
is	the	most	important	and	3	the	least	important)	
Ranking:	 Most	important	 1	 2	 3	 Least	important	
Answers:	

Kitchen	 	 2	 8	 2	 	
Living	room	 	 11	 1	 	 	

Bedroom(s)	 	 	 3	 9	 	

	
2.5	Do	you	often	need	to	use	artificial	lighting	during	the	daytime?	(Choose	from	examples)	
Examples:	 Yes	 No	
Answers:	

Kitchen	 6	 6	
Living	room	 4	 8	
Bedroom	1	 4	 6	
Bedroom	2	 	 3	
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3.	Direct	sunlight:	
3.1	Is	there	an	access	to	direct	sunlight	in	the	following	rooms?	(Choose	from	examples)	
Examples:	 Yes	 No	

Answers:	
Kitchen	 9	 3	
Living	room	 9	 3	
Bedroom	1	 7	 3	
Bedroom	2	 2	 1	

	
3.2	Shadows:	
Rating:	 Very	soft	 1	 2	 3	 4	 5	 Very	noticeable	
Answers:	

Kitchen	 	 4	 2	 6	 	 	
	

Living	room	 	 1	 3	 6	 2	
	

	

Bedroom	1	 	 2	 2	 5	 1	 	
	

Bedroom	2	 	
	 	

2	 1	
	

	

	
3.3	Reflections:	
Rating:	 None	 1	 2	 3	 4	 5	 Very	marked,	noticeable	

Answers:	
Kitchen	 	 4	 1	 7	 	 	 	

Living	room	 	 2	 3	 5	 1	 1	 	
Bedroom	1	 	 3	 1	 5	 1	 	 	

Bedroom	2	 	 1	 	 1	 1	 	 	

	
3.4	 Consideration	 for	 sunlight	 to	 appear	 at	 right	 time,	 too	 early	 or	 too	 late	 (Choose	 from	
examples)	
Examples:	 Right	time	 Too	early	 Too	late	
Answers:	

Kitchen	 7	 3	 2	
Living	room	 8	 2	 2	
Bedroom	1	 6	 2	 2	
Bedroom	2	 2	 1	 	

	
3.5	What	kind	of	shading	system	is	available	in	the	following	rooms?	(Choose	from	examples	
-	Multiple	answers	are	possible)	
Examples:	 Curtains	 Blinds	 Exterior	shading	 None	

Answers:	
Kitchen	 	 10	 1	 2	
Living	room	 	 12	 1	 	
Bedroom	1	 3	 10	 	 	
Bedroom	2	 	 3	 	 	

	
	
	



Inner	yard	building	occupant’s	perception	versus	the	computer	simulated	metrics	of	daylight,	KTH	

	 60	

3.6	Do	you	often	need	to	use	curtains,	blinds	or	other	sun	shading	devices	in	the	following	
rooms	during	the	daytime?	(Choose	from	examples)	
Examples:	 Yes	 No	

Answers:	
Kitchen	 4	 8	
Living	room	 8	 4	
Bedroom	1	 5	 5	
Bedroom	2	 2	 1	

	
3.7	 Reason	 for	 using	 shading	 systems:	 (Choose	 from	 examples	 -	 Multiple	 answers	 are	
possible)	
Examples:		 Privacy	 Overheating	 Glare	 Other	

Answers:	

	 7	 3	 2	 2	
	
4.	View:	
4.1	 Is	 it	 important	 for	you	 to	have	an	attractive	and	 interesting	view	 from	windows	 in	 the	
following	rooms?	(Choose	a	number)	
Rating:	 Yes	 1	 2	 3	 4	 5	 No	

Answers:	
Kitchen	 	 7	 1	 2	 1	 1	 	

Living	room	 	 10	 2	 	 	 	
	

Bedroom(s)	 	 4	 1	 2	 1	 4	 	

	
4.2	Do	you	consider	the	view	from	your	apartment	to	be	attractive	and	interesting	and	enjoy	
looking	outside	the	window?	(Choose	from	examples)	
Examples:	 Yes	 No	

Answers:	
Kitchen	 7	 5	
Living	room	 8	 4	
Bedroom	1	 6	 4	
Bedroom	2	 2	 1	

	
4.3	 Does	 the	 view	 outside	 contribute	 to	 the	 below	 mentioned	 feelings?	 (Choose	 from	
examples	-	Multiple	answers	are	possible)	
Examples:		 Privacy	 Lack	of	

privacy	
Safety,	
security	

Exposure	 Relaxation	

Answers:	
	 4	 6	 2	 2	 4	

	
Examples:	 Stress	 Openness	 Enclosure	 Well-being	 Other	
Answers:	
	 	 6	 	 4	 1	
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4.4	View	preference	(Choose	from	examples	-	Multiple	answers	are	possible)	
Examples:	 Nature	 Street	 Water	 Sky	
Answers:	
	 5	 1	 5	 8	

	
	 Buildings	 Activity	 Doesn’t	

matter	
Other	

Answers:	
	 2	 3	 	 	
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Appendix	D	

Table	of	simulation	results	and	background	information	on	interviewee	apartments	
	
Table	4:	Background	information	on	interviewed	tenants	apartments	and	results	of	DF	and	AF	values.	
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P1	 Not	visited	
inside	
26.04.2018,	
20:00	
	

1	 Studio-14.7	m2	
Kitchen-5.8	m2	

1.4x1.4	m	
0.7x1.4	m	

Windows	on	SE	side	of	“B”	
wing.	View	of	building	on	
the	opposite	side	of	local	
yard.	No	sky	view.	

Fully	furnished	 Default	inner	walls	white	(0.80)	
Default	floor	(0.30)	
Default	ceiling	(0.85)	

0.2	%	
	
0.2	%	

Not	
applicable	
due	to	
obstructio
n	angle	
and	
window	
size	

P2	 Visited	
inside	
17.04.2018,	
19:20	
	

2	 Studio-14.7	m2	
Kitchen-3.1	m2	

1.4x1.4	m	
0.7x1.4	m	

Windows	on	SE	side	of	“B”	
wing.	View	of	building	on	
the	opposite	side	of	local	
yard.	No	sky	view.	

Fully	furnished	
–	mostly	light	
colors	

Light	yellow	inner	walls	(0.55)-
studio	
Light	parquet	floor	(0.50)	-
studio	
Default	ceiling	(0.85)-studio	and	
kitchen	
Default	inner	walls	white	(0.80)-	
kitchen	
Default	floor	(0.30)-	kitchen	

0.2	%	
	
0.3	%	

Not	
applicable	
due	to	
obstructio
n	angle	
and	
window	
size	

P3	 Visited	
inside	
12.02.2018,	
11:00	
	

3	 Livingroom-29.9	
m2	
Kitchen-11.6	m2		
	
Bedroom-11.7	m2	

	
Balcony-2.2	m2	

2.6x1.4	m	
	
1.4x1.4	m	
0.4x1.4	m	
1.4x1.4	m	
0.7x2.1	m	

Windows	on	SE	and	NW	
side	of	“A”	wing.	From	
living	room	view	of	
building	on	the	opposite	
side	of	street	and	partial	
sky	view	closer	to	the	
window.	From	bedroom	
and	kitchen	view	of	
building	on	the	opposite	
side	of	local	yard,	sky	view	
from	balcony.	

Fully	furnished	
–	mostly	light	
colors	

Medium	light	parquet	floor	
(0.30)-living	room	
Default	ceiling	(0.85)-whole	
apartment	
Default	inner	walls	white	(0.80)-	
whole	apartment	
Default	floor	(0.30)-	kitchen	and	
bedroom	
	

0.5	%	
	
0.9	%	
	
1.7	%	

10	%	in	
bedroom,	
but	not	
applicable	
in	kitchen	
and	living	
room	due	
to	room	
geometry	

P4	 Online	
12.04.2018,	
11:00	

5	 Livingroom-22.3	
m2	
	
	
Kitchen-3.9	m2	
Bedroom-9.3	m2	
Balcony-5.2	m2	

2x(1.4x1.4	
m)	
0.4x1.4	m	
0.7x2.1	m	
0.7x1.4	m	
1.4x1.4	m	

Windows	on	NW	side	of	
“A”	wing.	View	of	building	
on	the	opposite	side	of	
local	yard	and	to	skies.	

Fully	furnished	 Default	inner	walls	white	(0.80)	
Default	floor	(0.30)	
Default	ceiling	(0.85)	

1.5	%	
	
	
	
1.4	%	
1.4	%	

10	%	in	
kitchen,	
but	not	
applicable	
in	living	
room	and	
bedroom	
due	to	
room	
geometry	

P5	 Online	
12.04.2018,	
10:00	

2	 Livingroom-18.2	
m2	
Kitchen-5.1	m2	
Bedroom-6.1	m2	
Balcony-3.9	m2	

2.1x1.4	m	
	
0.7x1.4	m	
1.4x1.4	m	

Windows	on	NW	side	of	
“B”	wing.	View	of	building	
on	the	opposite	side	of	
large	yard	of	Väktaren	
block,	partial	sky	view	
closer	to	window,	but	
clear	sky	view	from	
balcony.	

Fully	furnished	 Default	inner	walls	white	(0.80)	
Default	floor	(0.30)	
Default	ceiling	(0.85)	

1.5	%	
	
1.0	%	
2.9	%	

10	%	

P6	 Visited	
inside	
12.02.2018,	
13:00	
	

2	 Livingroom-17.9	
m2	
Kitchen-13.0	m2	
Bedroom-19.1	m2	
Balcony-3.9	m2	

1.4x1.4	m	
0.7x2.1	m	
2.1x1.4	m	
2.1x1.4	m	
	

Windows	on	SE	and	NW	
side	of	“B”	wing.	From	
living	room	view	of	
buildings	on	the	opposite	
side	of	large	yard	of	
Väktaren	block	and	partial	
sky	view	closer	to	window,	
but	clear	sky	view	from	
balcony.	From	bedroom	
and	kitchen	view	of	
building	on	the	opposite	
side	of	local	yard,	no	sky	
view.	

Fully	furnished	 Light	parquet	floor	(0.50)-Living	
room	
Default	inner	walls	white	(0.80)-
whole	apartment	
Default	ceiling	(0.85)-	whole	
apartment	
Default	floor	(0.30)-kitchen	and	
bedroom	

1.4	%	
	
0.5	%	
0.4	%	

10	%	in	
living	
room,	but	
not	
applicable	
in	kitchen	
and	
bedroom	
due	to	
angle	of	
obstructio
n	

P7	 Online	
12.04.2018,	
10:30	

2	 Livingroom-23.2	
m2	
Kitchen-5.2	m2	
Bedroom	1-4.4	m2	

2.6x1.4	m	
	
None	
1.8x1.4	m	

Windows	on	SE	side	of	“A”	
wing.	View	of	buildings	on	
the	opposite	side	of	street	
and	partial	sky	view	closer	

Fully	furnished	 Default	inner	walls	white	(0.80)	
Default	floor	(0.30)	
Default	ceiling	(0.85)	

0.7	%	
	
0.4	%	
4.3	%	

11.8	%	in	
living	room	
and	
bedroom	
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Bedroom	2-14.3	
m2	

1.8x1.4	m	 to	the	window.	 1.0	%	 due	to	
obstructio
n	angle	
larger	than	
20	0.	AF	
not	
applicable	
in	kitchen	
–	no	
exterior	
window	

P8	 Visited	
inside	
12.04.2018,	
17:00	

3	 Livingroom-17.4	
m2	
Kitchen-9.3	m2		
	
Bedroom-15.0	m2	
Balcony-2.2	m2	

1.4x1.4	m	
0.7x2.1	m	
1.4x1.4	m	
0.4x1.4	m	
1.4x1.4	m	
	

Windows	on	NW	side	of	
“A”	wing.	View	of	building	
on	the	opposite	side	of	
local	yard,	sky	view	from	
balcony.	
	

Sparsely	
furnished	

Dark	parquet	floor	(0.20)-living	
room	
Default	inner	walls	white	(0.80)-
whole	apartment	
Default	ceiling	(0.85)	-whole	
apartment	
Default	floor	(0.30)-kitchen	and	
bedroom	
	

1.1	%	
	
1.2	%	
	
1.2	%	

10	%	in	
living	
room,	but	
not	
applicable	
in	kitchen	
and	
bedroom	
due	to	
room	
geometry	

P9	 Visited	
inside	
17.04.2018,	
18:00	

3	 Livingroom-20.1	
m2	
Kitchen-4.7	m2	
Bedroom-10.7	m2	
	

2.1x1.4	m	
	
None	
2.1x1.4	m	

Windows	on	SE	side	of	“B”	
wing.	View	of	building	on	
the	opposite	side	of	local	
yard.	No	sky	view.	
	

Fully	furnished	 Light	parquet	floor	(0.50)-Living	
room	
Default	inner	walls	white	(0.80)-
whole	apartment	
Default	ceiling	(0.85)-whole	
apartment	
Default	floor	(0.30)-kitchen	and	
bedroom	
	

0.5	%	
	
0.1	%	
	
1.9	%	

13.5	%	in	
bedroom	
due	to	
obstructio
n	angle	
larger	than	
20	0.	AF	
not	
applicable	
in	kitchen	
(no	
exterior	
window)	
and	living	
room	due	
to	angle	of	
obstructio
n	

P10	 Visited	
inside	
12.04.2018,	
12:00	
	

3	 Livingroom-17.9	
m2	
Kitchen-6.0	m2	
Bedroom	1-7.0	m2	
Balcony-3.9	m2	

1.4x1.4	m	
0.7x2.1	
0.7x1.4	m	
1.2x1.4	m	

Windows	on	SE	and	NW	
side	of	“B”	wing.	From	
living	room	view	of	
building	on	the	opposite	
side	of	large	yard	of	
Väktaren	block	and	partial	
sky	view	closer	to	window,	
but	clear	sky	view	from	
balcony.	From	bedroom	
and	kitchen	view	of	
building	on	the	opposite	
side	of	local	yard,	no	sky	
view.	

Fully	furnished	 Default	inner	walls	white	(0.80)	
Dark	floor	(0.20)	
Default	ceiling	(0.85)	
Dark	inner	walls	of	bedroom	
(0.40)	

1.6	%	
	
0.5	%	
1.0	%	

10	%	in	
living	room	
and	13	%	
in	rest	of	
rooms	due	
to	
obstructio
n	angle	
larger	than	
20	0	

P11	 Online	
12.04.2018,	
18:15	

4	 Livingroom-17.4	
m2	
Kitchen-5.0	m2	
Bedroom	1-4.3	m2	
Bedroom	2-18.0	
m2	

1.4x1.4	m	
	
Non	
1.4x1.4	m	
1.4x1.4	m	

Windows	on	NW	side	of	
“A”	wing.	View	of	building	
on	the	opposite	side	of	
local	yard.	Partial	sky	view.	

Fully	furnished	 Default	inner	walls	white	(0.80)	
Default	floor	(0.30)	
Default	ceiling	(0.85)	

1.4	%	
	
1.4	%	
1.4	%	
1.4	%	

10	%	in	
living	
room,	but	
not	
applicable	
in	kitchen	
–	no	
exterior	
window	

P12	 Not	visited	
inside	
16.04.2018,	
18:30	

4	 Livingroom-56.6	
m2	
Kitchen-23.7	m2	
Bedroom	1-17.9	
m2	
Bedroom	2-22.5	
m2	

Terrace-15.0	m2	

1.1x1.4	m	
2.1x1.4	m	
1.2x2.1	m	
1.1x1.4	m	
	
2.1x1.4	m	

Windows	on	SE	and	NW	
side	of	“B”	wing.	From	
living	room,	one	bedroom	
and	kitchen	terrace	view	
of	building	on	the	opposite	
side	of	large	yard	of	
Väktaren	block.	From	
other	bedroom	view	of	
building	on	the	opposite	
side	of	local	yard.	Sky	view	
for	whole	apartment.	

Fully	furnished	 Default	inner	walls	white	(0.80)	
Default	floor	(0.30)	
Default	ceiling	(0.85)	

0.5	%	
	
0.2	%	
0.5	%	
1.3	%	

10	%	in	
bedroom	
2,	but	not	
applicable	
in	rest	of	
apartment	
due	to	
room	
geometry	
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Plans	and	tables	with	simulation	results	from	BAU	architects	

	
Figure	66:	DF	and	AF	results	of	1st	floor	(BAU).	
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Figure	67:	DF	and	AF	results	of	2nd	floor	(BAU).	
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Figure	68:	DF	and	AF	results	of	3rd	floor	(BAU).	
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Figure	69:	DF	and	AF	results	of	4th	floor	(BAU).	
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Figure	70:	DF	and	AF	results	of	4th	floor	mansard	(BAU).	
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Figure	71:	DF	and	AF	results	of	5th	floor	(BAU).	
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Table	5:	DF	and	AF	results	(BAU).	
Floor	 Room	

No.	
Description	 Afloor	

(m²)	
Abalcony	
(m²)	

Awindow	
(m²)	

Afloor+Abalc.	

(m²)	
Angle	of	
obstruction	(°)	

Demand	to	
pass	AF	(%)	

AF	
(%)	

DF	
(%)	

DFmedian	 Grading	

1	 1	 Living	room	 18.1	 0.0	 2.3	 18.1	 19.0	 10.0	 12.7	 1.4	 1.2	 Approved	

1	 2	 Bedroom	 7.6	 0.0	 1.5	 7.6	 19.0	 10.0	 19.2	 1.7	 1.3	 Approved	
1	 3	 Kitchen	 5.4	 0.0	 0.8	 5.4	 19.0	 10.0	 14.4	 1.0	 0.6	 Approved	
1	 4	 Kitchen	 5.1	 0.0	 0.8	 5.1	 20.0	 10.0	 15.3	 1.0	 0.6	 Approved	
1	 5	 Living	

room/Bedroom	
14.7	 0.0	 1.5	 14.7	 48.0	 17.0	 10.6	 0.2	 0.2	 Not	

approved	

1	 6	 Bedroom	 6.1	 0.0	 1.5	 6.1	 20.0	 10.0	 24.1	 2.6	 1.8	 Approved	
1	 7	 Kitchen	 5.8	 0.0	 0.8	 5.8	 50.0	 17.5	 13.6	 0.2	 0.2	 Not	

approved	

1	 8	 Dinning	area	 5.9	 0.0	 1.3	 5.9	 50.0	 17.5	 21.4	 0.4	 0.4	 Approved	

1	 9	 Living	
room/Kitchen	

39.0	 3.9	 5.4	 42.9	 13.8	 10.0	 12.6	 0.7	 0.5	 Approved	

1	 10	 Living	room	 18.2	 0.0	 2.3	 18.2	 20.0	 10.0	 12.6	 1.3	 1.1	 Approved	

1	 11	 Bedroom	 19.1	 0.0	 2.2	 19.1	 48.6	 17.2	 11.6	 0.3	 0.3	 Not	
approved	

1	 12	 Living	room	 17.9	 3.9	 2.3	 21.8	 20.0	 10.0	 10.5	 1.1	 1.0	 Approved	

1	 13	 Dinning	area	 3.1	 0.0	 0.6	 3.1	 12.0	 10.0	 18.4	 0.1	 0.1	 Approved	

1	 14	 Bedroom	 7.0	 0.0	 1.3	 7.0	 48.0	 17.0	 18.1	 0.4	 0.4	 Approved	
1	 15	 Kitchen	 6.0	 0.0	 0.8	 6.0	 48.0	 17.0	 13.0	 0.2	 0.2	 Not	

approved	

1	 16	 Kitchen	 2.0	 0.0	 0.6	 2.0	 36.0	 14.0	 28.7	 0.4	 0.1	 Approved	
1	 17	 Living	

room/Bedroom	
17.4	 2.2	 2.2	 19.6	 37.2	 14.3	 11.2	 0.4	 0.3	 Not	

approved	

1	 18	 Kitchen	 7.5	 0.0	 1.4	 7.5	 36.0	 14.0	 18.5	 0.5	 0.3	 Approved	
1	 19	 Bedroom	 9.2	 2.2	 1.5	 11.4	 36.0	 14.0	 13.4	 0.5	 0.4	 Not	

approved	

1	 20	 Living	room	 29.9	 0.0	 2.7	 29.9	 32.0	 13.0	 9.0	 0.4	 0.4	 Not	
approved	

2	 21	 Kitchen	 5.1	 0.0	 0.8	 5.1	 17.0	 10.0	 15.3	 1.0	 0.7	 Approved	
2	 22	 Living	

room/Bedroom	
14.7	 0.0	 1.5	 14.7	 41.0	 15.2	 10.6	 0.2	 0.3	 Not	

approved	

2	 23	 Bedroom	 6.1	 0.0	 1.5	 6.1	 17.0	 10.0	 24.1	 2.9	 2.1	 Approved	
2	 24	 Kitchen	 5.8	 0.0	 0.8	 5.8	 43.0	 15.8	 13.6	 0.3	 0.2	 Not	

approved	

2	 25	 Dinning	area	 5.9	 0.0	 1.3	 5.9	 43.0	 15.8	 21.4	 0.6	 0.5	 Approved	

2	 26	 Living	room	 18.2	 3.9	 2.3	 22.1	 17.0	 10.0	 10.4	 1.5	 1.3	 Approved	

2	 27	 Bedroom	 19.1	 0.0	 2.2	 19.1	 41.6	 15.4	 11.6	 0.4	 0.4	 Not	
approved	

2	 28	 Living	room	 17.9	 3.9	 2.3	 21.8	 17.0	 10.0	 10.5	 1.4	 1.3	 Approved	

2	 29	 Bedroom	 7.0	 0.0	 1.3	 7.0	 41.0	 15.2	 18.1	 0.5	 0.5	 Approved	
2	 30	 Kitchen	 6.0	 0.0	 0.8	 6.0	 41.0	 15.2	 13.0	 0.3	 0.3	 Not	

approved	

2	 31	 Kitchen	 5.2	 0.0	 0.0	 5.2	 90.0	 -	 -	 0.4	 0.3	 Not	
approved	

2	 32	 Living	room	 23.2	 0.0	 2.8	 23.2	 27.0	 11.8	 12.1	 0.7	 0.8	 Approved	

2	 33	 Bedroom	 4.4	 0.0	 1.8	 4.4	 27.0	 11.8	 39.8	 4.3	 3.2	 Approved	
2	 34	 Bedroom	 14.3	 0.0	 1.8	 14.3	 27.0	 11.8	 12.3	 1.0	 0.8	 Approved	
3	 35	 Bedroom	 5.8	 0.0	 0.8	 5.8	 34.0	 13.5	 13.6	 0.6	 0.4	 Approved	
3	 36	 Kitchen	 4.7	 0.0	 0.0	 4.7	 90.0	 -	 -	 0.1	 0.1	 Not	

approved	

3	 37	 Bedroom	 4.9	 0.0	 1.3	 4.9	 34.0	 13.5	 26.1	 1.9	 1.4	 Approved	
3	 38	 Living	room	 20.1	 0.0	 2.2	 20.1	 32.6	 13.2	 11.0	 0.5	 0.5	 Not	

approved	

3	 39	 Living	room	 17.9	 0.0	 2.3	 17.9	 14.0	 10.0	 12.8	 1.6	 1.5	 Approved	

3	 40	 Bedroom	 7.0	 0.0	 1.3	 7.0	 32.0	 13.0	 18.1	 1.0	 0.8	 Approved	



Inner	yard	building	occupant’s	perception	versus	the	computer	simulated	metrics	of	daylight,	KTH	

	 71	

3	 41	 Kitchen	 6.0	 0.0	 0.8	 6.0	 32.0	 13.0	 13.0	 0.5	 0.4	 Approved	
3	 42	 Bedroom	 9.3	 2.2	 1.8	 11.5	 29.5	 -	 15.9	 1.2	 0.8	 Approved	
3	 43	 Living	room	 17.4	 0.0	 2.2	 17.4	 18.9	 10.0	 12.7	 1.1	 0.9	 Approved	

3	 44	 Dinning	area	 11.6	 2.2	 1.8	 13.8	 18.0	 -	 13.2	 0.9	 0.8	 Not	
approved	

3	 45	 Bedroom	 11.7	 0.0	 2.2	 11.7	 18.9	 10.0	 18.8	 1.7	 1.5	 Approved	
3	 46	 Living	room	 29.9	 0.0	 2.7	 29.9	 22.0	 10.5	 9.0	 0.5	 0.5	 Not	

approved	

4	 47	 Kitchen	 23.7	 0.0	 1.4	 23.7	 29.0	 12.2	 5.7	 0.2	 0.4	 Not	
approved	

4	 48	 Living	room	 56.6	 0.0	 4.0	 56.6	 19.3	 -	 7.1	 0.5	 0.6	 Not	
approved	

4	 49	 Bedroom	 22.5	 0.0	 2.7	 22.5	 13.0	 10.0	 11.8	 1.3	 1.2	 Approved	
4	 50	 Bedroom	 17.9	 0.0	 1.4	 17.9	 20.0	 10.0	 7.6	 0.5	 0.4	 Not	

approved	

4	 51	 Kitchen	 9.3	 2.2	 1.8	 11.5	 22.0	 -	 15.9	 1.4	 1.1	 Approved	

4	 52	 Living	room	 17.4	 0.0	 2.2	 17.4	 14.0	 10.0	 12.7	 1.4	 1.2	 Approved	

5	 53	 Kitchen	 3.9	 0.0	 0.6	 3.9	 5.0	 10.0	 14.5	 1.4	 1.2	 Approved	
5	 54	 Living	

room/Bedroom	
22.3	 0.0	 2.9	 22.3	 6.0	 -	 13.0	 1.5	 1.5	 Approved	

	
Table	6:	Summary	of	simulation	results	(BAU).	
DF	Fail	 30	
DF	<=	0.5	%	 25	
AF	Fail	(and	not	applicable)	 22	
AF	<	10	%	(<9.5	%)	 5	
Total	Fail	 19	
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Appendix	E	

Explanation	of	Radiance	software	values	and	parameters	
By	radsite.lbl.gov	(2005)	Setting	Rendering	Options	
(http://radsite.lbl.gov/radiance/refer/Notes/rpict_options.html)	(retrieved:	
17.05.2018)	
	
Values	for	Radiance	parameters	used	by	BAU	architects:	(-aa	0.1	-ab	8	-ad	2048	-ar	
2048	-as	1024	-dr	0	-ds	0.01	-lr	12	-lw	0.001	-dc	1	-dp	32	-dt	0.05	-ms	0.063	-lr	8	-st	
0.01	-dj	0.65).		
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Appendix	F	

Terminology		
By	Egan	M.	D.	and	Olgyay	V.	(2002)	Architectural	lighting,	New	York:	McGraw	–	Hill	
Companies,	p.	386-400.	
	
Angle	 of	 obstruction	 (α)	 –	 angle	 at	 which	 light	 ray	 strikes	 surface,	 measured	
between	ray	and	line	perpendicular	to	surface.		
Brightness	 –	 subjective	 impression	of	 light	 reaching	 the	 eye,	 Subjective	 brightness	
does	not	vary	directly	with	measured	brightness.	
Candela	(cd)	–	unit	of	luminous	intensity	equal	to	1	candelpower.	To	convert	lumen	
to	candela,	divide	by	12.57.	
Candela	 per	 square	 foot	 (cd/ft2)	 –	 quantity	 of	 light	 reflected	 from	or	 transmitted	
through	an	object.	(Metric	unit	of	measure	is	cd/ft2	or	nit.)	
Clear	 sky	–	sky	with	 less	 than	30	percent	cloud	cover.	Relative	brightness	 for	clear	
sky	conditions	are	represented	by	number	on	sky	vault	sketch.	
Cloudy	sky	–	sky	with	greater	than	70	percent	cloud	cover.	
Color	contrast	–	relationship	between	the	color	of	an	object	or	area	of	interest	and	
that	of	its	immediate	surrounding.	
Cones	–	 cone	shaped	cells	of	 retina	which	 function	 in	bright	 light,	perceiving	color	
and	detail.		
Contrast	 –	 relationship	 between	 brightness	 (or	 color)	 of	 an	 object	 and	 that	 of	 its	
immediate	surrounding.	
Diffuse	–	having	the	property	of	scattering	incident	light	over	a	wide	range	of	angles	
(e.g.	materials	such	as	plaster,	wood,	bricks	have	diffuse	surface).	
Direct	glare	–	glare	caused	by	bright	sources	directly	in	field	of	view.	
Disability	glare	–	glare,	which	reduces	ability	to	perceive	visual	information	needed	
for	task	performance;	too	much	light	becomes	scattered	inside	the	eye.	
Discomfort	glare	–	glare,	which	is	distracting,	annoying	or	uncomfortable,	but	does	
not	significantly	reduce	the	ability	to	perform	visual	task.		
Fovea	–	small	depression	at	the	center	of	retina,	which	contains	only	cones.	Site	of	
the	most	distinct	vision	and	best	color	response.	
Footcandle	 (fc)	 –	 quantity	 of	 light	 on	 1	 fc2	 of	 surface	 are	 1	 foot	 away	 from	 light	
source	 of	 1	 cd.	 (Metric	measure	 is	 lux;	 to	 convert	 footcandles	 to	 lux,	 multiply	 by	
10.76.	
Footlamber	(fL)	–	quantity	of	light	reflected	from	or	transmitted	through	an	object.	
(Metric	unit	of	measure	is	cd/ft2	or	nit.)	
Glare	–	harsh,	uncomfortably	bright	light	source	or	reflection,	which	interferes	with	
visual	 perception.	 Light	 from	 the	 wrong	 place	 at	 greater	 brightness	 that	 that	 to,	
which	eye	are	adapted.	
Glossy	 –	 having	 the	 reflective	 properties	 of	 mirror.	 Example	 finishes	 are	 marble,	
polished	aluminum	and	enamel	paint.	
Illuminance	 E	 =	 Illumination	 level	 E	–	 quantity	 of	 light	 (fc	 or	 lx),	which	 reaches	 a	
surface.	To	convert	lux	to	footcandles,	multiply	by	0.09.	
Incident	light	–	light,	which	falls	onto	a	surface	or	an	object.	
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Indirect	 lighting	 –	 lighting	 achieved	 by	 reflection,	 usually	 from	 wall	 to	 ceiling	
surfaces.	
Light	adaption	–	process	by	which	retina	adapts	to	luminance	greater	than	about	1	
fL.	Complete	light	adaptation	takes	about	1	min.	
Lumen	lm	–	unit	of	light	energy	used	to	specify	light	output	of	sources.	It	is	the	rate	
at	which	light	falls	1	ft2	of	surface	area	1	ft	from	a	source	or	1	cd.	
Luminance	 L	 =	 Measured	 brightness	 –	 luminous	 intensity	 of	 a	 surface	 or	 object,	
often	referred	to	as	luminance.	Objectively	measure	light	(cd/ft2	or	fL)	reflected	from	
or	transmitted	through	an	object.	To	convert	fL	to	cd/ft2,	multiply	by	0.32.	
Luminous	 intensity	 I	 =	 candlepower	 (CP)	 –	 intensity	 of	 light	 produced	 by	 light	
source,	measured	in	candelas.	
Lux	(lx)	–	metric	unit	of	quantity	of	light	on	1	m2	of	surface	area	1	m	away	from	light	
source	of	1	cd	(1	lx	is	equal	to	0.09	fc)	
Matte	–	having	the	property	of	scattering	incident	 light.	Example	mate	finishes	are	
flat	paint,	plaster	and	limestone.	
Nit	 (nt)	–	metric	unit	of	quantity	of	 light	 reflected	 from	or	 transmitted	 through	an	
object.	To	convert	nits	to	footlamberts	multiply	by	0.29.	
Overcast	sky	–	sky	with	100	percent	cloud	cover,	completely	occluding	view	of	sun.	
Relative	brightness	 for	overcast	 sky	conditions	are	 represented	by	numbers	on	sky	
vault	sketch	in	margin.	
Partly	cloudy	sky	–	constantly	changing	sky	with	30	to	70	percent	cloud	cover.	
Reflectance	 (ρ)	 –	 percentage	 of	 indirect	 light	 on	 surface,	 which	 is	 reradiated.	 It	
depends	on	angle	of	obstruction	and	other	factors.	
Retina	 –	 lining	 at	back	of	 inside	of	 eye,	which	 consists	of	 cones	 and	 rods	 that	 are	
sensitive	to	color	and	light	and	nerve	cells	that	transmit	signals	to	the	optic	nerve.	
Rods	–	rod-shaped	cells	of	the	retina,	which	are	sensitive	at	low	levels	of	light.	Rod	
vision	is	achromatic	(i.e.,	shades	of	gray)	
Sky	vault	–	hemispherical	shape	of	sky	as	viewed	from	earth.	
Task	 light	–	 light	on	a	seeing	task,	which	has	visual	 information	that	an	observer	 is	
attempting	to	see	and	comprehend.	
Transmittance	(τ)	–	ratio	(in	percent)	of	transmitted	light	to	incident	light.	It	depends	
on	angle	of	incidence,	measurement	method	and	other	factors.	
Visual	field	–	extent	of	space	where	objects	can	be	seen	when	the	head	and	eyes	are	
stationary.	
Visual	 noise	–	undesirable	or	distracting	visual	 stimuli,	which	 interfere	or	compete	
with	desired	signals.	
Visual	 task	 –	 details	 and	 objects	 that	 must	 be	 seen	 for	 performance	 of	 a	 given	
activity,	including	immediate	background	of	details	or	objects.	
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