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Abstract:	Light	shelves	are	proposed	to	improve	the	interior	daylight	distribution	and	to	reduce	glare	risks.	In	
this	paper,	the	performances	of	light	shelves	in	educational	buildings	in	Sheffield	are	evaluated,	using	Climate-
Based	Daylight	Modelling	method.	Three	types	of	light	shelves	were	compared	with	a	none-light-shelves	case.	
This	paper	also	explored	the	impacts	of	different	window	shapes,	facade	orientations,	and	modelling	details	on	
the	performances	of	light	shelves.	Results	show	that	light	shelves	in	the	UK	do	not	have	a	significant	impact	on	
daylight	distribution.	Wide	windows	provide	better	daylight	compared	to	full	height	windows	with	the	same	
Window-to-Wall	Ratio.	The	impacts	of	the	details	of	simulation	models	are	negligible	in	initial	daylighting	design	
phases.	External	light	shelves	perform	better	on	the	South-West	orientation	than	on	the	South	orientation.	
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1. Introduction	
Over	the	last	decades,	environmental	issues	have	led	to	an	increasing	emphasis	on	building	
sustainability.	 The	 exploitation	 of	 natural	 lighting	 is	 an	 effective	 strategy	 to	 maintain	 a	
comfortable	indoor	environment	and	to	reduce	the	energy	consumption	of	artificial	lighting.	
Previous	studies	 suggest	 that	 light	 shelves	may	be	one	of	 the	most	effective	and	simplest	
daylighting	 systems	 (Kontadakis	et	al.,	 2017).	 Light	 shelves	 are	 simple	daylight	 redirecting	
devices	typically	placed	above	eye	level	to	block	direct	sunlight	from	the	area	closed	to	the	
window	and	to	reflect	daylight	deeper	into	space.	

Traditional	 approaches	 to	daylighting	analysis	 in	 the	UK	usually	use	Daylight	 Factors	
(DFs)	to	determine	the	light	performance	in	terms	of	a	numerical	approach.	This	approach	is	
based	on	a	simple	overcast	sky	model.	Climate-Based	Daylight	Modelling	(CBDM)	has	been	
made	as	a	mandatory	requirement	by	the	UK	Education	Funding	Agency	(EFA)	to	evaluate	
school	buildings’	daylight	designs,	when	submitted	for	Priority	Schools	Building	Programme	
(PSBP)	(Mardaljevic,	2015).	A	lack	of	study	on	the	matter	of	how	light	shelves	perform	under	
a	realistic	sun	and	sky	condition	throughout	the	year	is	a	fact.	The	development	of	daylighting	
simulation	software	provides	new	opportunities	for	studying	annual	daylight	performance	by	
CBDM	 with	 better	 accuracy,	 reliability	 and	 simulation	 time	 efficiency.	 This	 research	
investigated	the	effectiveness	of	light	shelves	by	CBDM	simulation	under	a	realistic	UK	sun	
and	sky	condition.	

2. Methodology	
Interior	 daylight	 quality	 can	 be	 affected	 by	 many	 factors.	 The	 influencing	 factors	 can	 be	
categorized	into	three	groups.	First,	architectural	features,	such	as	dimensions,	orientation,	
and	 surfaces’	 reflectance.	 Second,	 facade	 configurations,	 such	 as	 window	 area,	 window	
geometry,	 glazing	 type,	 fenestration	 placement	 (window	 sill,	 head	 height,	 and	 shading	



devices).	Third,	site	environments,	such	as	latitude,	solar	azimuth,	weather	and	sky	condition,	
and	the	simulation	time	span	(Berardi	and	Anaraki,	2015).	

In	this	paper,	the	study	of	light	shelves	was	mainly	focused	on	the	influence	of	facade	
configuration	 details.	 This	 research	was	 based	 on	 CBDM	which	 predicted	 the	whole	 year	
spanned	daylight	performance	using	real	weather	data.	The	model	was	built	in	Revit	and	the	
simulation	 was	 completed	 in	 a	 Revit	 plug-in,	 Licaso.	 An	 educational	 space	 (Figure	 1)	 in	
Sheffield	was	 simulated	 to	 analyse	 the	 role	 light	 shelves	 play	 in	 daylight	 distribution.	 The	
simulation	 parameters	 were	 shown	 in	 Table	 1.	 Four	 light	 shelves	 design	 strategies	 were	
compared	in	variable	levels	of	detail.	The	first	one	is	a	room	without	light	shelves.	The	other	
three	rooms	are	respectively	with	internal	light	shelves,	external	light	shelves,	and	combined	
light	shelves	(Figure	2).	The	above	four	rooms	were	built	as	a	reference	case.	Then	a	series	of	
cases	with	different	features	were	built	to	be	compared	with	the	reference	case	in	order	to	
study	to	what	extent	these	features	affect	the	performance	of	light	shelves.	
	

	
Figure	1.	Room	dimensions	(left)	and	geometry	of	the	light	shelf	(right).	

	

	
Figure	2.	Light	shelves	in	the	four	rooms	(From	left	to	right:	no	light	shelf,	internal	light	shelf,	combined	light	

shelf,	external	light	shelf).	
	

	 	 	 	
Figure	3.	Different	window	shapes	with	40%	WWR	(left:	wide	window	in	reference	case,	right:	full	height	

window	in	the	comparative	case).	
	 	



Table	1.	Summary	of	the	main	simulation	parameters.	
Location	 Sheffield,	(weather	file	

from	Finningley)	
Light	shelf	
dimension	

1.0m	depth	
5.6m	width	(wide	window)	
3.6m	width	(full	height	window)	

Simulation	sky	
condition	

Perez	All-Weather	sky	 Light	shelf	height	 2.0m	above	floor	

Simulation	time	 Hourly	from	8:30	to	16:00	
annually	

Light	shelf	surface	
reflectance	

0.8	

Room	dimension	 9m*9m*2.8m	 Work	plane	height	 0.85m	
Interior	reflectance	 Ceiling	0.8,	

Wall	0.6,	
Floor	0.2	

Illuminance	grid	
dimension	

0.5m*0.5m	with	0.5m	gap	area	
between	work	plane	and	
perimeter	wall	

Window	dimension	 Wide	window:	5.6m*1.8m	
(sill	height	0.85m)	
Full	height	window:	
3.6m*2.8m	

Orientation	 South	
	
South-West	
(in	Section	5)	

Glazing	transmittance	 0.76	 WWR	 40%	
	

Furthermore,	four	different	factors	were	compared	in	this	thesis	to	further	investigate	
the	effectiveness	of	the	light	shelves	under	the	UK	sky.	All	other	parameters	were	kept	the	
same	except	 for	 the	variable	 factors.	A	comparative	case	was	built	 to	study	 the	 impact	of	
window	shape	on	the	light	shelves	using	the	same	WWR	but	full	height	windows	(Figure	3).	
Then	two	cases	compared	the	impact	of	different	levels	of	model	details	in	simulation	on	the	
performance	of	 light	 shelves.	Detailed	windows	with	mullions	were	simulated	 to	compare	
with	 the	 simple	 plain	 windows	 in	 the	 reference	 case.	 Thicker	 walls	 of	 0.425m	 thickness	
combined	with	light	shelves	were	conducted	compared	with	0.225m	wall	in	the	references	
case	as	well.	Although	numerous	existing	studies	(Berardi	and	Anaraki,	2018)	(Kontadakis	et	
al.,	2017)	have	shown	that	light	shelves	only	represent	a	notable	impact	on	the	South	facade	
in	the	Northern	hemisphere,	a	thesis	from	2016	in	the	University	of	Sheffield	suggested	that	
light	 shelves	 probably	 have	 some	 impact	 on	 the	 South-West	 facade	 under	 some	
circumstances	(Englezou	and	Hoggard,	2016).	In	order	to	complete	the	study,	orientations	of	
the	South-West	were	assessed	as	well.	

3. Result	and	Analysis	

3.1 The	results	of	DA	and	UDI	performance	
From	Figure	5,	in	all	circumstances,	light	shelves	are	effective	in	reducing	the	UDI-e	level.	The	
external	light	shelf	seems	to	perform	the	best,	reducing	4%	of	UDI-e.	However,	it	increases	
the	UDI-s	by	5%.	The	internal	light	shelf	improves	daylighting	quality	in	all	aspects.	It	improves	
both	UDI-a	value	and	the	spatial	percentage	and	it	reduces	both	UDI-s	and	UDI-e.	However,	
the	improvement	is	not	significant.	Considering	the	overall	performance,	light	shelves	do	not	
seem	to	be	effective	in	improving	daylight	distribution.	

Looking	at	UDI	and	DA	in	all	cases,	light	shelves	seem	ineffective	in	improving	daylight.	
Figure	6	shows	that	in	all	five	cases,	proportions	of	UDI-a,	UDI-s,	and	UDI-e	seem	to	stay	in	a	
similar	distribution.	Light	shelves	do	not	change	much	on	UDI-e	level	within	each	case.	On	the	
contrary,	it	may	bring	a	risk	of	resulting	in	insufficient	daylight.	Figure	7	shows	that	internal	
light	 shelves	 and	 combined	 shelves	 sometimes	 slightly	 improve	DA.	 However,	 the	 overall	
improvement	 is	small.	 It	 is	 interesting	to	note	that	the	shape	of	the	window	has	the	most	
impact	on	DA	level.	Wide	windows	receive	more	UDI	and	the	DA	level	is	higher	than	full	height	
windows.	



																																																																																																							 	
	 Without	light	shelves	 With	internal	light	

shelves	
With	combined	light	
shelves	

With	external	light	
shelves	

DA	 Average	DA:	52%	 Average	DA:	53%	 Average	DA:	46%	 Average	DA:	43%	
UDI	

	
UDI-a	for	occupant	
time	8:30	to	16:00:	
65%	
Spatial:	36%	

	
UDI-a	for	occupant	
time	8:30	to	16:00:	
67%	
Spatial:	39%	

	
UDI-a	for	occupant	
time	8:30	to	16:00:	
67%	
Spatial:	34%	

	
UDI-a	for	occupant	
time	8:30	to	16:00:	
64%	
Spatial:	32%	

UDI-s	for	occupant	
time	8:30	to	16:00:	
24%	

UDI-s	for	occupant	
time	8:30	to	16:00:	
23%	

UDI-s	for	occupant	
time	8:30	to	16:00:	
25%	

UDI-s	for	occupant	
time	8:30	to	16:00:	
29%	

UDI-e	for	occupant	
time	8:30	to	16:00:	
11%	

UDI-e	for	occupant	
time	8:30	to	16:00:	
10%	

UDI-e	for	occupant	
time	8:30	to	16:00:	
8%	

UDI-e	for	occupant	
time	8:30	to	16:00:	
7%	

Figure	5.	DA	and	UDI	result	in	the	reference	case.	
	

	
Figure	6.	UDI	in	all	cases.	

	

	
Figure	7.	DA	in	all	cases.	
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Distance	from	the	facade	
Figure	8	shows	the	UDI-a	as	a	function	of	the	distance	from	the	windows.	Due	to	the	similarity	
of	the	results	and	the	limitation	of	the	length	in	this	paper,	other	figures	are	not	shown.	Figure	
8	shows	that	applying	light	shelves	improve	the	UDI-a	in	the	front	of	the	room	yet	reduce	the	
illuminance	level	in	the	back	of	the	room.	The	trend	lines	of	the	two	cases	almost	keep	the	
same.	This	 indicates	 that	details	of	 the	model	do	not	have	a	 significant	 impact	on	overall	
daylight	simulation.	In	addition,	compared	with	the	reference	case,	detailed	models	show	a	
slight	 fluctuation	 at	 the	 back	 of	 the	 room.	 The	 result	 is	 likely	 caused	 by	 the	 reflection	 of	
daylight	during	specific	times	and	the	shadow	of	the	details.	Since	this	does	not	change	the	
overall	trend,	and	the	fluctuation	may	confuse	the	decision	of	the	design.	This	impact	can	be	
ignored	in	the	initial	design	phase.		
	

	
Figure	8.	UDI-a	with	the	points	at	equal	distance	from	the	facade	(0.425m	thick	wall)	compared	with	the	

reference	case	(0.225m	thick	wall).	

3.2 Spatial	percentage	
	
Table	2.	Spatial	percentage	of	the	room	within	different	UDI	intervals	for	different	light	shelves	on	South-West	

orientation	compared	with	South	orientation.	
	 No	light	shelves	 Internal	light	

shelves	
Combined	light	

shelves	
External	light	

shelves	
South	 South-

West	
South	 South-

West	
South	 South-

West	
South	 South-

West	
Good		
daylighting	

>75%	 48%	 45%	 49%	 46%	 46%	 43%	 43%	 43%	
50%	–	75%	 27%	 30%	 28%	 29%	 32%	 29%	 29%	 32%	
Total	 75%	 75%	 77%	 75%	 78%	 72%	 72%	 75%	

	 	 	 	 	 	
Poor		
daylighting	

25%	–	50%	 17%	 19%	 17%	 20%	 20%	 21%	 21%	 19%	
<25%	 8%	 6%	 6%	 5%	 2%	 7%	 7%	 6%	
Total	 25%	 25%	 23%	 25%	 22%	 28%	 28%	 25%	

	
Dividing	the	UDI	interval	into	good	daylight	and	poor	daylight	(Table	2),	comparing	the	South-
West	orientation	and	the	South	orientation,	the	spatial	percentage	of	good	daylight	area	stays	
the	same.	Only	external	light	shelves	improve	the	area	of	good	daylight	from	72%	to	75%	and	
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reduce	the	area	of	poor	daylight	from	28%	to	25%.	Both	internal	light	shelves	and	combined	
light	 shelves	 perform	 oppositely.	 This	 indicates	 a	 fact	 that	 external	 light	 shelves	 perform	
better	 on	 South-West	 orientation	 since	 they	 probably	 have	 more	 potential	 to	 block	 the	
sunlight	incident	from	a	lower	angle.	

4. Conclusion	
From	the	above	study	and	the	results,	the	following	key	conclusions	were	obtained:	
• Mounting	light	shelves	on	educational	building	in	Sheffield	does	not	have	a	significant	

impact	on	DA	and	UDI	levels.	
Light	shelves	increase	the	UDI	levels	in	the	area	closed	to	the	window	but	have	an	opposite	
effect	in	the	middle	and	the	back	of	the	room.	The	improvement	is	negligible	considering	the	
overall	impact.	
• When	keeping	the	same	WWR,	wide	windows	receives	more	UDI	and	the	DA	level	 is	

higher	than	for	full	height	windows.	
• Details	of	 the	model	 such	as	mullion,	 thickness	of	 the	wall	do	not	have	a	 significant	

impact	on	the	modelling	result	and	in	addition	they	cause	some	illuminance	fluctuations	
in	the	back	area	of	the	room.	

• External	light	shelves	perform	better	to	increase	the	percentage	of	area	within	better	
daylighting	range	on	the	South-West	orientation	than	on	the	South	orientation.	
This	paper	only	explored	the	diffused	surface	of	light	shelves	due	to	the	limitation	of	

the	algorithm.	The	development	of	software	may	provide	potential	in	simulating	the	
detailed	material	properties	which	can	be	future	areas	of	study.	The	above	findings	also	
suggest	that	light	shelves	perform	varied	under	different	conditions	and	metrics.	The	
effectiveness	of	dynamic	light	shelves	seems	to	be	a	potential	future	study	direction.	Other	
topics	such	as	energy	saving	and	solar	gain	remain	as	areas	for	further	investigation.	
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