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Abstract:	This	paper	focused	on	the	relationship	between	indoor	environmental	quality	and	energy	efficiency	
indicators	 in	 an	 office	 building	 considering	 internal	 shading	 devices	 operations.	 Roller	 shades,	 curtains	 and	
venetian	blinds	were	considered,	configured	in	two	proprieties	sets,	according	to	transmittance	and	reflectance	
values.	Through	annual	building	simulation	(climate-based)	it	was	possible	to	obtain	hourly	values	of	daylight	
glare	probability,	daylight	availability,	excessive	sunlight	exposure	and	energy	cooling	demand.	Annual	analyses	
allowed	to	identify	combinations	that	promoted	better	overall	performance,	such	as	clear	roller	shades	always	
100%	closed	and	controlled	by	occupant	reaction	to	daylight	glare.	These	cases,	in	addition	to	adjusting	exposure	
to	 daylight	 glare	 and	direct	 sunlight,	 increased	 the	 temporal	 daylighting	 availability	 up	 to	 40%	and	 reduced	
cooling	energy	demand	up	to	12%.	
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1. Introduction		
The	building’s	energy	efficiency	is	compromised	when	indoor	environment	quality	does	not	
meet	 the	 occupants'	 expectations.	 Thus,	 user	 behaviour	 can	 drastically	 alter	 building	
performance	inferred	from	the	design	stage.	In	this	context,	the	daylight	availability	and	the	
occupant	protection	against	glare	and	direct	sunlight	are	issues	involved	in	promoting	indoor	
environmental	quality	(IEQ).	

The	daylighting	availability	has	been	considered	according	 to	 the	annual	variation	of	
horizontal	illuminances,	involving	the	site	daylight	variability	and	changing	sky	conditions.	As	
verifying	annual-hourly	values	in	real	spaces	is	a	difficult	task,	the	daylighting	simulation	in	
buildings	has	gained	reliability	and	improvement.	The	“Daylight	Autonomy”	(DA300lx)	(Reinhart	
and	 Walkenhorst,	 2001)	 based	 the	 sDA300lx/50%	 considered	 in	 “Lighting-Measurement-83”	
(IESNA,	2012).	Useful	daylight	 illuminances	evaluations	(Nabil	and	Mardaljevic,	2005)	were	
recommended	considering	an	interval,	as	from	100	lx	to	2000	lx	(UDI100-2000lx)	or	from	300	lx	
to	3000	lx	(UDI300-3000lx)	(Brembilla,	2016).	

The	 luminous	 excess	 evaluation	 has	 also	 been	 done	 through	 direct	 horizontal	
illuminance.	The	ASE	principle	(IESNA,	2012)	is	based	on	1000	lx	direct	illuminance	exposure	
time	(ASE[h]),	over	a	number	of	occupied	hours,	such	as	ASE1000lx/250h.year.	The	committed	time	
has	been	discussed	(Nezamdoost	and	Mardaljevic,	2017)	to	establish	tolerances	(5%	~	10%).	

Daylight	glare	is	another	crucial	factor	in	the	building's	luminous	performance,	mainly	
in	offices.	This	phenomenon	is	guided	by	the	luminance	content	(cd/m2)	in	the	field-of-view	
(FOV)	and	the	vertical	illuminance	reaching	the	eyes.	For	a	decade,	Daylight	Glare	Probability	
(DGP)	has	a	stronger	correlation	than	other	indicators	(Wienold	and	Christoffersen,	2006;	Suk	
et	al,	2017).	The	DGP	is	obtained	through	HDR	(High	Dynamic	Range)	images	captured	in	real	
spaces	or	generated	through	rendering,	such	as	RADIANCE	program	(McNeil	and	Lee,	2013).	



Luminous	performance	assessments	involving	the	cited	indicators	have	also	considered	
internal	 shading	 devices	 uses	 to	 mitigate	 glare	 and	 their	 possible	 consequences	 on	 the	
thermal	environment.	Consequences	such	as	the	increases	 in	the	heat	gains	and	in	energy	
consumption	(Wienold,	2007).	The	application	of	internal	shading	devices,	such	as	venetian	
blinds	 and	 roller	 shades,	 can	 promote	 energy	 efficiency.	 However,	 their	 operations	must	
ensure	that	goal,	mainly	avoiding	increases	in	energy	demand	for	cooling	and	electric	lighting.	

2. Methodology	
The	 steps	 comprised	 the	 determination	 of	 building	 and	 occupant’s	 characteristics,	 the	
simulation	process	and	the	data	analysis.	The	adopted	model	(Reinhart,	Jakubiec	and	Ibarra,	
2013)	has	dimensions	as	presented	in	Figure	1.	The	area	is	29.52	m2,	window-to-wall	ratio	is	
45%	and	window-to-floor	 ratio	 is	15.24%.	The	optical	properties	are	 listed	 in	Table	1.	The	
occupant	was	considered	performing	office	tasks,	sitting	at	1.5	m	from	the	window	with	a	
frontal	view	and	a	10h	daily	occupancy	(8	am	to	6	pm).	The	building	was	considered	oriented	
to	North,	South,	East	and	West.	The	adopted	location	was	from	Florianopolis	weather	file,	
Brazilian	subtropical	and	coastal	city,	Latitude	-27.66°	and	Longitude	-48.55°	(DOE,	2019).	
	

	 	
Figure	1.	The	model	adopted,	his	site	location	and	occupant’s	characteristics.	

Table	1.	Optical	and	thermal	proprieties	considered	in	the	model.	

	 	

Envelope Proprieties
Glazing_SinglePane:	tvis	=	88%

	SGHC=	0,82	;	U-Value=5,8W/m2K

Internal	walls difuse	reflectance:	50%

External	
façade difuse	reflectance:	35%

Ceiling difuse	reflectance:	80%

Floor difuse	reflectance:	20%

Ground	floor difuse	reflectance:	20%

Glazing	Single	
Pane	6mm

Walls thickness	
(cm)

Rugosity
Thermal	

conductivity		
(W/mK)

Density	
(Kg/m³)

Specific	
heat	

(J/Kg.K)
Solid	brick 10,0 Rough 0,9 2900 920

Plaster 2,5	(x2) Rough 1,15 2500 1000

Walls

Brick	+	Plaster

Glazing	Clear SGHF	[%] U-Value	[W/m2K]
Single	pane	6mm 0,82 5,82

Thermal	mass	(kJ/m²K)

168

U-Value	(W/m²K)

2,28



For	solar	control	were	considered	roller	shades,	fabric	curtains	and	venetian	blinds,	as	
exemplified	in	Figure	2.	Two	optical	and	thermal	set	properties	were	considered,	one	clearer	
and	another	darker	according	to	the	transmittance	and	reflectance	values.	Unlike	the	roller	
shades	and	curtains,	horizontal	blinds	are	opaque	and	were	considered	in	two	slat	angles,	0°	
(horizontal)	and	50°.	The	considered	devices	controls	were	two	static	modes	(always	100%	
and	50%	closed)	and	two	daily	controls,	one	based	on	DGPintolerable	 (>0.45)	and	another	on	
direct	sunlight	(>50	W/m2),	(Reinhart,	2004).	In	daily	controls,	devices	are	activated	when	the	
triggers	occur	and	reopen	in	the	next	occupancy	beginning.	

	

	
Figure	2.	Internal	shading	devices	adopted	and	their	basics	proprieties.	

	
The	 data	 acquisition	 process	 began	 with	 the	 modelling	 on	 Rhinoceros	 3D	 5.0.	 The	

Grasshopper	v0.9	plug-in	was	used	to	connect	modelling	to	the	simulation	engines	used	in	
DIVA	and	EnergyPlus	tools.	In	DIVA	tools	were	inserted	occupant,	occupancy,	and	envelope	
properties	settings,	 including	shading	device	properties	and	controls.	The	horizontal	plane	
with	0.80	m	height	from	the	floor	and	0.50	m	spacing	was	established	for	the	“Annual	Daylight”	
and	“Radiation	Map”	simulations	functions.	The	“Point-in-time-Glare”	function	was	used	to	
compose	an	annual	DGP	simulation	algorithm,	as	shown	in	Figure	3.	The	“Ambient	bounces”	
(-ab)	was	 the	 only	RADIANCE	 parameter	 changed	 from	 the	 default	 values.	 This	 has	 been	
changed	from	2	to	5	to	better	represent	the	indoor	reflections.	

	

	
Figure	3.	Algorithm	(script)	used	to	perform	annual	daylight	glare	probability	simulation	in	Grasshopper.	



The	 simulations	 to	 obtain	 the	 hourly	 energy	 cooling	 demand	 were	 performed	 by	
EnergyPlus	8.4	(DOE,	2019).	To	highlight	fenestration	influence,	the	floor,	ceiling	and	internal	
walls	 were	 considered	 adiabatic.	 It	 was	 set	 the	 mechanical	 ventilation	 of	 27	 m3/h,	 the	
infiltration	rate	of	0.5	ach,	the	internal	load	of	147	W	and	the	artificial	lighting	of	10.76	W/m2.	
The	cooling	set-point	was	26	°C.	The	devices	properties	and	controls	were	entered	through	
the	"Window	Shade	Materials"	and	"Window	Shade	Control"	objects.	

The	 data	 analysis	 comprised	 the	 variation	 comparatives	 of	 the	 annual	 DGPintolerable	
frequencies,	compromised	time	with	direct	sunlight	greater	than	50	W/m2	at	the	occupied	
position,	 daylighting	 availability	 and	 annual	 solar	 exposure	 criteria	 at	 occupied	 position	
(UDI300-3000lx	and	ASE[h])	and	at	the	horizontal	plane	(sUDI300-3000/50%	and	ASE1000lx/250h.year)	and	
the	annual	energy	cooling	demand	per	unit	area	(kWh/m2.year).	

Through	comparisons	of	each	aspect	and	overall	analysis,	it	was	possible	to	identify	the	
combinations	that	promoted	the	daylighting	availability	ensuring	energy	cooling	saving	and	
occupant	protection	against	daylight	glare	and	direct	sunlight.	

3. Results	and	discussion	
The	values	reached	through	daily	users	were	connected	to	the	triggers	occurrences	 in	 the	
uncontrolled	condition.	Following	the	DGPintolerable	(>0.45),	the	devices	remained	active	for	83%	
at	North	façade,	49%	at	South,	96%	at	East	and	62%	at	West.	Controlled	by	occupant	reaction	
to	direct	sunlight	(>50	W/m2),	the	devices	remained	active	for	32%	at	North	façade,	0%	at	
South,	69%	at	East	and	23%	at	West.	

As	shown	in	Table	2,	clear	roller	shades	promoted	better	performance	combinations.	
These	 in	“always	100%	closed”	mode	increased	UDI300-3000lx	 (up	to	40%),	decreased	energy	
cooling	 demand	 (up	 to	 12%)	 and	mitigated	DGPintolerable,	 ASE[h],	 ASE1000lx/250h.year	 and	 direct	
sunlight	frequencies.	However,	at	West	façade,	DGPintolerable	frequency	(7%)	was	above	the	5%	
recommendation	according	to	EN:	17.037	(CEN,	2017).	Clear	roller	shades	did	not	increase	
the	well-lit	area	(sUDI300-3000lx/50%).	That	has	been	reduced	up	to	27%	(South).	Using	clear	roller	
shades,	the	DGPintolerable	daily	user	just	did	not	perform	well	on	the	West	façade.		

Table	2.	Results	of	the	dark	and	clear	roller	shades.	

	
	

UDI	300-
3000LX

sUDI		300-
3000LX/50%

Frequency	
DGPint

Cool ing	

kWh/m2.year
UDI	300-
3000LX

sUDI		300-
3000LX/50%

Frequency	
DGPint

Cool ing	

kWh/m2.year
ASE[h]

ASE	1000lx/	
250h.year

Freq.	Direct	
sunl ight

Always	Open 40% 56% 65% 71.7 40% 56% 65% 71.7 20% 25% 19%
Always	100%	closed -40% -56% -65% 36% 40% -14% -64% -4% -20% -25% -19%
Always	50%	closed 33% -20% -45% 15% 21% -11% -29% 2% -6% -6% -10%
Daily	DGPintolerable -30% -47% -65% 30% 34% -12% -64% -3% -17% -21% -18%
Daily	Direct	sunlight -7% -18% -26% 11% 10% -5% -24% -1% -6% -8% -19%
Always	Open 85% 56% 30% 65.0 85% 56% 30% 65.0 0% 0% 0%
Always	100%	closed -85% -56% -30% 23% 3% -27% -30% -2% 0% 0% 0%
Always	50%	closed 11% -20% -30% 6% 11% -13% -27% -2% 0% 0% 0%
Daily	DGPintolerable -39% -28% -30% 11% 6% -13% -30% -1% 0% 0% 0%
Daily	Direct	sunlight 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Always	Open 59% 55% 54% 83.2 59% 55% 54% 83.2 16% 22% 11%
Always	100%	closed -59% -55% -54% 27% 20% -20% -52% -6% -16% -22% -11%
Always	50%	closed 19% -16% -39% 12% 13% -11% -28% 1% -6% -8% -5%
Daily	DGPintolerable -57% -53% -54% 25% 19% -19% -52% -6% -15% -21% -11%
Daily	Direct	sunlight -41% -38% -40% 18% 13% -13% -38% -4% -11% -15% -11%
Always	Open 51% 58% 59% 87.8 51% 58% 59% 87.8 21% 24% 16%
Always	100%	closed -51% -58% -59% 20% 35% -22% -52% -12% -21% -24% -16%
Always	50%	closed 19% -18% -31% 5% 14% -16% -21% -6% -6% -5% -6%
Daily	DGPintolerable -17% -36% -59% 12% 34% -14% -52% -7% -13% -15% -16%
Daily	Direct	sunlight -3% -13% -22% 4% 11% -5% -15% -3% -5% -5% -16%

Daylight	and	energy	
criteria

Dark	roller	shades	(τvis=0.10) Clear	roller	shades	(τvis=0.50) Both	clear	and	dark
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The	 clear	 curtains	 achieved	 performance	 close	 to	 the	 clear	 roller	 shades,	 although	
slightly	lower.	Unlike	clear	roller	shades,	clear	curtains	indicated	an	increase	in	energy	cooling	
demand	by	up	to	14%	(North).	However,	dark	roller	shades	indicated	a	36%	increase	in	cooling	
demand	while	dark	curtains	indicated	up	to	24%	(North	-	Always	100%	closed).	

The	 clear	 and	 dark	 blinds	 0°	 promoted	 the	 combinations	 that	 achieved	 the	 worst	
performances,	even	reducing	less	the	well-lit	area	and	increasing	UDI300-3000lx.	There	was	no	
protection	 against	 daylight	 glare	 as	 well	 as	 no	 adequate	 mitigation	 of	 excessive	 sunlight	
exposure	and	direct	sunlight.	The	highest	increase	in	energy	cooling	demand	was	achieved	
(52%	-	North)	using	the	dark	blinds	0°	by	“always	100%	closed”	mode.	

Clear	blinds	50°	reduced	further	the	well-lit	area	(up	to	45%)	compared	to	clear	curtains	
and	clear	roller	shades,	as	shown	in	Table	3.	In	addition,	they	also	contributed	to	increasing	
cooling	demand,	like	21%	at	North	façade	and	14%	at	South	and	East	façades	(always	100%	
closed).	Clear	blinds	50°	reduced	sUDI300-3000lx/50%	up	to	twice	less	than	dark	blinds	50°	(North),	
demonstrating	 that	 the	 configured	 clearer	 properties	 allowed	more	 daylight	 depth.	 Dark	
blinds	50°	showed	the	second-largest	increase	in	energy	cooling	demand	(45%	-	North).	

Table	3.	Results	of	the	dark	and	clear	blinds	50°.	

	
	
Because	 they	are	opaque,	 the	blinds	50°	by	“always	100%	closed”	mode	completely	

eliminated	 DGPintolerable	 frequencies,	 excessive	 sunlight	 exposure	 (position	 and	 plane)	 and	
direct	sunlight	on	the	occupant.	The	DGPintolerable	daily	user	applying	the	blinds	50°	just	did	not	
mitigate	the	ASE	and	the	direct	sunlight	frequency	in	the	West	façade.	This	demonstrates	that	
not	always	when	1000	lx	direct	illuminance	incidence	occurs,	DGPintolerable	also	occurs.	

4. Conclusions	
This	work	was	 based	 on	 the	 concern	 to	 better	 represent	 occupants	 in	 building	 design	 to	
promote	 comfort	 and	 energy	 efficiency.	 In	 this	 context,	 internal	 shading	 devices	 use	 has	
performed	 an	 efficient	measure,	when	well	 designed	 and	 controlled.	 The	 annual	 building	
simulation	 (climate-based)	was	used	 to	evaluate	 indicators	 related	 to	occupant	protection	
against	direct	sunlight	and	daylight	glare,	daylighting	availability	and	energy	cooling	saving.	

UDI	300-
3000LX

sUDI		300-
3000LX/50%

Frequency	
DGPint

Cool ing	

kWh/m2.year
UDI	300-
3000LX

sUDI		300-
3000LX/50%

Frequency	
DGPint

Cool ing	

kWh/m2.year
ASE[h]

ASE	1000lx/	
250h.year

Freq.	Direct	
sunl ight

Always	Open 40% 56% 65% 71.7 40% 56% 65% 71.7 20% 25% 19%
Always	100%	closed -2% -54% -65% 45% 35% -27% -65% 21% -20% -25% -19%
Always	50%	closed 32% -17% -41% 18% 28% -15% -38% 11% -6% -6% -10%
Daily	DGPintolerable 6% -45% -65% 37% 33% -22% -65% 17% -17% -21% -18%
Daily	Direct	sunlight 7% -17% -26% 14% 18% -9% -26% 7% -6% -8% -19%
Always	Open 85% 56% 30% 65.0 85% 56% 30% 65.0 0% 0% 0%
Always	100%	closed -66% -56% -30% 22% -37% -45% -30% 14% 0% 0% 0%
Always	50%	closed 11% -16% -30% 6% 11% -14% -29% 3% 0% 0% 0%
Daily	DGPintolerable -23% -28% -30% 11% -6% -22% -30% 7% 0% 0% 0%
Daily	Direct	sunlight 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Always	Open 59% 55% 54% 83.2 59% 55% 54% 83.2 16% 22% 11%
Always	100%	closed -32% -55% -54% 32% 1% -32% -54% 14% -16% -22% -11%
Always	50%	closed 18% -15% -37% 15% 16% -13% -35% 8% -6% -8% -4%
Daily	DGPintolerable -30% -53% -54% 30% 2% -31% -54% 13% -15% -21% -11%
Daily	Direct	sunlight -16% -38% -40% 22% 5% -22% -40% 10% -11% -15% -11%
Always	Open 51% 58% 59% 87.8 51% 58% 59% 87.8 21% 24% 16%
Always	100%	closed -21% -58% -58% 26% 18% -35% -58% 8% -20% -24% -15%
Always	50%	closed 19% -18% -29% 7% 17% -16% -27% 1% -4% -4% -5%
Daily	DGPintolerable 10% -36% -58% 16% 35% -22% -58% 5% -13% -15% -15%
Daily	Direct	sunlight 5% -13% -22% 6% 16% -8% -22% 2% -5% -5% -15%
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Daylight	and	energy	
criteria

Dark	blinds	50° (ρvis=0.10) Clear	blinds	50°	(ρvis=0.50)



A	previously	proposed	model	was	used	considering	roller	shades,	curtains	and	venetian	
blinds	(0°	and	50°)	according	to	four	uses,	two	static	(100%	and	50%	closed)	and	two	daily	
users	 (DGPintolerable	 and	 direct	 sunlight).	 Two	 sets	 of	 properties	were	 considered	 based	 on	
reflectance	 and	 transmittance	 values	 (ρvis=	 0.1	 e	 0.5	 τvis=	 0.1	 e	 0.5).	 Luminous	 and	 heat	
balance	simulations	(DIVA	and	EnergyPlus)	were	done	at	a	subtropical	Brazilian	city.		

Clear	roller	shades	operated	by	the	“always	100%	closed”	mode	and	DGPintolerable	daily	
user	 promoted	 better	 overall	 performance.	 These	 combinations	 increased	 the	 daylighting	
availability	at	position	(1.5m),	adequately	reduced	the	DGPintolerable	frequencies,	adjusted	the	
excessive	 sunlight	 exposure	 (position	 and	 total	 plane)	 and	 the	 direct	 sunlight	 frequency.	
Beyond	that,	also	indicated	energy	cooling	demand	reductions	(up	to	12%).	Unlike	the	“always	
100%	closed”	mode,	DGPintolerable	daily	user	allowed	less	impact	on	sUDI300-3000lx/50%	and	view	
to	outside,	however,	did	not	adequately	mitigate	ASE[h]	and	ASE1000lx/250h.year	at	West	façade.	

The	daily	user	based	on	direct	sunlight	(>50	W/m2)	and	the	“always	50%	closed”	mode	
achieved	low	performance.	The	“Direct	sunlight”	daily	user	did	not	adequately	mitigate	ASE[h]	
and	ASE1000lx/250h.year.	It	is	needed	a	better	correlation	between	these	used	values.	

Even	 impacting	 less	 on	 the	 sUDI300-3000lx/50%,	 the	 blinds	 0°	 achieved	 the	 worst	
performance,	regardless	of	the	control	employed.	This	device	increased	the	energy	cooling	
demand	by	up	to	52%.	However,	the	blinds	50°	protected	against	daylight	glare	and	direct	
sunlight,	but	indicated	increases	in	cooling	demand	close	to	those	reached	by	the	blinds	0°.	
In	addition,	clear	blinds	50°	reduced	more	the	well-lit	area	than	clear	translucent	devices.		

In	 future	 research,	 the	 properties	 to	 find	 a	 device	 more	 efficient	 may	 start	 from	
optimizing	the	values	assigned	to	roller	shades.	Static	control	with	an	obstruction	within	100%	
to	50%	can	be	tested	to	reach	better	performance.	Others	direct	sunlight	values	can	be	tested.	
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