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Abstract:	At	present,	the	availability	of	dedicated	daylight	research	in	residential	projects	is	reduced,	especially	
for	locations	near	to	the	equator.	In	the	same	way,	even	when	Climate-Based	Daylight	Modelling	(CBDM)	was	
introduced	more	 than	 25	 years	 ago,	 only	 a	 few	 green-building	 standards	 and	 building	 regulations	 consider	
climate	and/or	location.	This	study	assesses	daylighting	in	a	social	housing	project	located	in	the	Colombian	Aw	
climatic	 region	 using	 RadianceIES	 to	 perform	 CBDM	 calculations.	 The	 results	 showed	 that	 the	 building	was	
underlit,	hence	two	light-shelf	options	were	tested.	It	was	concluded	that	light-shelves	above	head	height	are	
unsuitable,	while	light-shelves	at	window	sill	height	demonstrated	daylight	improvements.	The	study	evidenced	
that	the	Useful	Daylight	Index	(UDI)	metric	gave	reliable	results	to	validate	daylighting	in	this	climatic	region.	
This	research	is	an	opportunity	to	set	a	starting	point	for	daylight	research	in	the	region	and	the	country.	
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 Introduction	
Whether	as	space	is	defined	as	well-lit	can	be	the	result	of	virtual	simulations,	field	measures,	
or	satisfaction	survey.	Besides	allowing	end-users	to	perform	tasks	properly	without	the	need	
of	artificial	lighting,	a	space’s	daylighting	will	depend	on	the	context	of	the	project	(Reinhart,	
2014),	by	considering	geography,	climate,	and	culture.	Succeed	in	addressing	these	aspects	
will	 result	 in	 reductions	 in	energy	 consumption	heat	gains	while	 improving	visual	 comfort	
(Roulet,	2001),	effects	that	have	been	widely	studied	and	validated	for	around	half	a	century.	

 Literature	Review	
Tropical	locations	are	known	for	receiving	a	more	direct	solar	incidence.	This	results	in	higher	
external	illuminances	and	solar	heat	gains	as	the	rays	are	less	scattered	when	crossing	the	
atmosphere	(Reinhart,	2014)	due	to	the	fairly	high	annual	solar	angles.	Moreover,	the	solar	
incidence	has	minor	differences	between	the	north	and	south	facades	in	buildings	(Reinhart,	
2014),	determining	also	the	daylighting	strategies	(Figure	1).	However,	the	impact	that	the	
local	 climate	 has	 in	 sky	 variations	 and	 thus	 the	 effect	 of	 these	 on	 daylighting	 it	 is	 often	
overlooked.	For	 instance,	Colombia	has	a	tropical	 location,	yet	 it	has	six	different	climates	
(Kottek,	et	al.,	2006),	from	which	Barranquilla	(Atlántico	department),	is	in	the	‘Aw’	category.	
It	is	characterised	for	having	between	6-8	sunshine	hours,	while	the	months	with	low	solar	
incidence	corresponds	with	the	periods	of	high	precipitation	(Figure	2).		



	
Among	the	green-rated	buildings	in	the	country,	the	residential	projects	have	a	small	

share.	 In	 Barranquilla,	 the	 buildings	 Viverdi	 84	 and	 Viverdi	 85	 (Consejo	 Colombiano	 de	
Construcción	 Sostenible,	 2016)	 obtained	 the	 LEED-Gold	 award,	 however	 no	 daylighting	
credits	were	achieved	 (USGBC,	c2019).	While	Colombian	building	codes	have	not	 included	
daylighting	requirements,	the	new	green-building	standard	CASA	Colombia	have	approached	
the	 topic	 to	an	extent.	The	stated	thresholds	 refer	 to	 the	UK	Code	 for	Sustainable	Homes	
(CCCS,	 2016).	 The	metrics	 are	 established	 as	 daylight	 factors,	which	 has	 been	 extensively	
demonstrated	 to	 be	 unreliable	 (Nabil	 &	 Mardaljevic,	 2005;	 Tregenza	 &	 Wilson,	 2011;	
Tregenza	&	Mardaljevic,	2018).	Besides,	 the	standard	disregards	the	climate	variety	 in	 the	
country	for	daylighting	compliance.		

Likewise,	daylighting	 in	 the	 country,	 and	especially	 in	VIS	projects	 -Colombian	 social	
housing	scheme-	is	a	topic	often	forgotten.	Some	studies	(Pérez-Pérez,	2016;	Osma-Pinto,	et	
al.,	2015)	have	included	it	vaguely,	while	others	(Díaz	Reyes,	2011;	Rengifo	Espinosa,	2011)	
have	omitted	it	completely.	Hence,	it	is	necessary	to	draw	attention	to	the	matter.		

 Methodology	
The	project	Puerto	Conga	(Constructora	Bolívar,	2019)	was	selected	as	a	case	study	(Yin,	2014)	
with	similar	criteria	as	Moustafa	&	Hegazy	(2013)	as	VIS	projects	have	a	similar	layout.	The	
project	was	also	chosen	as	it	was	the	closest	VIS	project	(3.24km)	to	the	Barranquilla	airport	
weather	 station	 located	 at	 10.89oN,	 74.78oW,	 and	 30masl.	 The	 spaces	 analysed	 in	 each	
apartment	will	be	the	bedrooms	and	social	area	as	these	have	been	found	being	the	most	
enjoyable	 and	 comfortable	 (Pérez-Pérez,	 2011).	 Their	 daylighting	 will	 be	 studied	 using	
RadianceIES	to	run	CBDM	calculations,	as	later	the	outputs	can	be	analysed	as	graphics	and	
statistics	(Tregenza	&	Mardaljevic,	2018).		

Figure	1:	Barranquilla's	sunpath	(left)	Colombian	Koppen-Geiger	climate	classification	(right)	

Figure	2:	Monthly	averages	sunshine	hours	(left)	(IDEAM,	2015)	and	precipitation	(right)	(IDEAM,	2015)	per	
departments		



	

	
Within	the	Puerto	Conga	project,	the	type	A	apartment	was	selected	as	it	is	present	in	

most	of	VIS	buildings	(Figure	3).	The	project	was	virtually	modelled	in	IES-VE,	and	the	room	
tags	were	given	as	follows:	BR1	(master	bedroom),	BR2	(second	bedroom),	and	the	SA	–social	
area-	(studio,	living,	dining,	kitchen,	and	laundry)	as	these	are	not	fully	enclosed	(Figure	3).	
The	 internal	 reflectances	were	 defined	 as	 in	 Table	 1.	 The	walls	 and	 floor	 slabs	 had	 0.1m	
thickness	and	the	windows	were	defined	with	single	clear	4mm	glass.	The	simulation	was	run	
for	each	hour	from	08:00	to	17:00	annually	with	a	grid	of	0.5m	x	0.5m.	The	UDI	thresholds	
were	defined	as	the	latest	accepted	ranges	(The	Society	of	Light	and	Lighting,	2014):	UDI-f	
[<300	lux],	UDI-a	[300-3000	lux],	and	UDI-e	[>3000	lux].	Then,	for	compliance,	the	threshold	
was	defined	as	50%	UDI-a	due	to	the	flexibility	 that	residential	project	has	–in	contrast	 to	
educational	requirements	(Educational	Funding	Agency,	2014).		

 Results	

4.1 Scenario:	Existing	
The	results	of	the	advanced	daylight	simulation	(Figure	4)	showed	that	rooms	on	the	ground	
floor	have	a	lower	daylight	availability	than	those	in	the	4th	floor,	while	only	one	space	(02	
BR2	 in	 4th	 floor)	 could	 be	 considered	 well-lit	 (UDI-a>50%).	 If	 the	 daylight	 behaviour	 is	
compared	within	each	apartment,	it	could	be	noted	that	BR2	rooms	have	the	highest	UDI-a	
percentages	while	BR1	have	the	lowest	(independent	of	orientation	and	elevation).	Regarding	
the	 orientation,	 the	 northwest-oriented	 rooms	 presented	 higher	 UDI-a	 values	 than	 those	
facing	southeast.	This	may	be	due	to	the	cast	shadows	that	apartments	03	and	04	receive	
during	 the	 morning	 hours.	 On	 the	 contrary,	 apartments	 01	 and	 02	 have	 fewer	 daylight	
obstacles.	This	could	be	a	minor	issue	if	the	external	reflectances	from	surrounding	buildings	

Figure	3:	Puerto	Conga	urban	plan	(left),	A	type	apartment	(middle	top),	floor	distribution	(right	top),	building	
northwest	façade	(middle	bottom),	building	southeast	façade	(right	bottom)	

Table	1:	Surfaces'	reflectances	



were	higher.	SA	rooms	shall	be	analysed	independently	as	those	with	similar	orientation	share	
even	UDI-a	percentages.	In	general,	the	need	to	increase	the	UDI-a	percentages	is	evident.			
	

4.2 Scenario:	Variation	1	

	
As	this	study	will	not	modify	in	the	existing	elements,	the	daylighting	will	be	improved	through	
a	daylight	optimisation	device:	a	light-shelf	located	0.5m	below	the	ceiling	level	in	windows	
facing	the	exterior	of	the	building	(Figure	5),	and	with	a	reflectance	of	80%.	In	general,	the	
light-shelves	reduced	the	UDI-e	percentages,	yet	only	20%	of	the	rooms	presented	daylight	
improvements.	For	instance,	BR2	rooms	only	had	improvements	in	apartments	02,	especially	
on	the	ground	floor	(+18%).	However,	increases	in	BR1	rooms	did	not	reach	6%.	Meanwhile,	
only	one	SA	room	improved	its	daylighting.	On	the	other	hand,	the	‘brightest	room’	in	the	
existing	scenario	(03	BR2	4th	floor)	decreased	from	60.2%	to	24.7%.	While	the	‘darkest	room’	
(04	BR1	ground	floor)	remained	as	it.	Then	main	difference	from	the	reference	study	(Lim,	
2014)	 was	 that,	 the	 implementation	 of	 CBDM	 included	 more	 variables	 (e.g.	 external	
reflectances,	and	cast	shadows,	different	sky	types)	which	influenced	the	results.		

Figure	4:	UDI	values	for	existing	scenario.	Northwest-oriented	apartments	(left)	and	Southeast-oriented	
apartments	(right)	

Figure	5:	Lim's	light	shelf	Option	1	(2014,	p.1767);	Variation	1	adaptation	(middle);	Isolated	perspective	view	
4th	floor	Variation	1	(right)	



	

4.3 Scenario:	Variation	2	

In	this	second	variation,	the	light-shelves	were	aligned	with	the	windows’	sill,	while	keeping	
the	same	reflectance.	The	results	from	this	scenario	demonstrated	that	12	out	of	24	rooms	
increased	 their	 UDI-a	 percentages.	 Such	 improvements	 ranged	 between	 0.5%	 and	 20.2%.	
Similar	to	the	previous	scenario,	the	light-shelf	reduced	14.2%	the	UDI-a	in	the	room	03	BR2	
(4th	floor).	In	terms	of	orientation,	half	of	the	northwest-facing	rooms	increased	their	UDI-a	
up	to	20.2%,	while	southeast-facing	rooms	had	decreases	of	6.2%.	The	major	improvements	
were	in	rooms	02	BR2	in	both	levels.	Oppositely,	rooms	01	SA	and	04	SA	–both	ground	floor-	
increased	less	than	1%.	Meanwhile,	the	room	04	BR1	(ground	floor)	increased	alarmingly	its	
UDI-f	to	98.9%.	
	

Figure	6:	UDI	comparison	between	Existing	(top)	and	Variation	1	(bottom)	according	to	orientation	

Figure	8:	UDI	comparison	between	Existing	(top)	and	Variation	2	(bottom)	according	to	orientation	

Figure	7:	LS	Variation	2:	Bedrooms	and	studio	(left);	living	room	(middle);	Isolated	perspective	view	4th	floor	
Variation	2	(right)	



 Conclusion	
The	present	study	demonstrated	that	the	visual	comfort	of	a	room	must	not	rely	on	common	
rules	of	thumbs	and	designers’	intuition.	The	analysed	VIS	project	was	found	underlit	-despite	
its	sunny	location-	through	CBDM	as	daylight	calculation	method.	Consequently,	similar	VIS	
projects	-in	terms	of	location	and	climate-	might	be	underlit	as	well.	The	study	found	that	the	
relation	between	the	impact	of	light-shelves	-positive	or	negative-	and	the	internal	room	area	
is	 inversely	 linear.	Hence	BR2	rooms	had	greater	variations	 in	each	scenario.	Yet	the	most	
interesting	 finding	 is	 that	 light-shelves	 as	 deep	window	 sills	 could	 signify	 a	 cost-effective	
strategy	to	improve	the	daylighting	in	a	room.	Thus,	this	should	be	tested	further.	
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