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For	example…	
NRCA-tested	iniCal	solar	reflecCvity	values	
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EPDM	membrane	(black)			
SR	=	0.08	

TPO	membrane	(white)			
SR	=	0.78	

ReflecLve	roof		≈		“Cool”	roof		

4	



Cool and Green Roofs 

December 2-4,  2015 UW-Madison--Low Slope Roofing Systems 

3 

Benefits	of	cool	roofs	
•  Energy	savings	
•  Improved	occupant	comfort	
•  ReducCon	of	urban	heat	islands	effect	
and	smog	

•  Global	warming	miCgaCon	
•  Comply	with	codes	and	green	building	
programs	
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What	is	a	cool	roof?	

A	cool	roof’s	surface	reflects	and	emits	the	
sun’s	heat	back	to	the	sky	instead	of	
transferring	it	to	the	building	below.	
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Courtesy	of	the	Cool	Roofs	RaCng	Council	

What	is	cool…?	

“Coolness”	is	measured	by	two	properCes:	
•  Solar	reflecCvity	
•  Thermal	emi[ance	
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DefiniLons	

Solar	reflectance:		The	fracCon	of	solar	flux	
reflected	by	a	surface	expressed	within	the	range	
of	0.00	and	1.00.	

	
Thermal	emiQance:		The	raCo	of	radiant	heat	flux	
emi[ed	by	a	surface	to	that	emi[ed	by	a	black	
body	radiator	at	the	same	temperature	expressed	
within	a	range	of	0.00	to	1.00.		
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DefiniLons	–	cont.	

Solar	reflectance	index	(SRI):	The	relaCve	steady-
state	surface	temperature	of	a	surface	with	
respect	to	the	standard	white	(SRI	=	100)	and	
standard	black	(SRI	=	0)	under	standard	solar	and	
ambient	condiCons.	
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--ASTM	E	1980	
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“Cool”	recogniLon	programs	

•  Energy	Star®	roof	products	program	
•  Cool	Roofs	RaCng	Council	(CRRC)	
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Energy	Star®	roof	products	program	
www.energystar.gov	
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U.S.	Environmental	ProtecCon	Agency	(EPA)	
U.S.	Department	of	Energy	(DOE)	
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Program	criteria	
Version	3.0	

		

13	

Program	criteria	
Version	3.0	
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Products	complying	with	the	Energy	Star®	
criteria	are	eligible	to	use	the	

Energy	Star	®	logo	

Energy	Star®	roof	products	program	
www.energystar.gov/producdinder	
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Cool	Roof	RaLng	Council	(CRRC)	
www.coolroofs.org	
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CRRC	documents	
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CRRC	documents	
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Cool	Roofs	RaLng	Council	
www.coolroofs.org	

Products	complying	with	CRRC’s	criteria	are	
eligible	to	use	their	label	
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CRRC-rated	products	directory	
www.coolroofs.org/	
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Code	requirements	for	cool	roofs	

Energy	code:	
•  Commercial	(non-
ResidenCal)	buildings	

•  Climate	Zones	1-3	
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IECC	2015,	Fig.	C301.1-Climate	zones	
Fig.	R301.1	(residenCal	climate	zones)	is	similar	
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Ch.	4[CE]-Commercial	energy	efficiency	
C402.3	Roof	solar	reflectance	and	thermal	emiQance.	Low-
sloped	roofs	directly	above	cooled	condiConed	spaces	in	Climate	
Zones	1,	2	and	3	shall	comply	with	one	or	more	of	the	opCons	in	
Table	C402.3.	
ExcepLons:	[next	slide]	

24	

TABLE	C402.3	
MINIMUM	ROOF	REFLECTANCE	AND	EMITTNCE	OPTIONS	

Three-year	solar	reflectance	of	0.55	and		
3-year	aged	thermal	emi[ance	of	0.75	

Three-year-aged	solar	reflectance	index	of	64	
[Footnotes	omi[ed	for	clarity]	
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Ch.	4[CE]-Commercial	energy	efficiency	
ExcepLons:	The	following	roofs	and	porCons	of	roofs	are	exempt	
from	the	requirements	of	Table	C402.3:	
1.	PorCons	of	the	roof	that	include	or	are	covered	by	the	following:	
1.1.	Photovoltaic	systems	or	components.	
1.2.	Solar	air	or	water-heaCng	systems	or	components.	
1.3.	Roof	gardens	or	landscaped	roofs.	
1.4.	Above-roof	decks	or	walkways.	
1.5.	Skylights.	
1.6.	HVAC	systems	and	components,	and	other	opaque	objects	

mounted	above	the	roof.	
2.	PorCons	of	the	roof	shaded	during	the	peak	sun	angle	on	the	
summer	solsCce	by	permanent	features	of	the	building	or	by	
permanent	features	of	adjacent	buildings.	[ConCnued…]	
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Ch.	4[CE]-Commercial	energy	efficiency	
3.	PorCons	of	roofs	that	are	ballasted	with	a	minimum	stone	
ballast	of	17	pounds	per	square	foot	[74	kg/m2]	or	23	psf	[117	
kg/m2]	pavers.	

4.	Roofs	where	not	less	than	75	percent	of	the	roof	area	complies	
with	one	or	more	of	the	excepCons	to	this	secCon.	

C402.3.1	Aged	roof	solar	reflectance.	Where	an	aged	solar	
reflectance	required	by	SecCon	C402.3	is	not	available,	it	shall	be	
determined	in	accordance	with	EquaCon	4-3.	

Raged		=	[0.2+0.7(Rini(al	-	0.2)] 	 	 		(EquaLon	4-3)	
where:	
Raged		=	The	aged	solar	reflectance.	
Rini(al	=	The	iniCal	solar	reflectance	determined	in	accordance	

with	CRRC-1.	

26	
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Some	cool	roofs	research	
•  ASHRAE	Cool	Roofs	Conference	
•  SIUE	roopop	thermal	comparison	study	
•  ASTM	Symposium/Chicago	5-year	study	

27	

ASHRAE	cool	roofs	conference	
May	13,	2005	–	Atlanta,	GA	
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SIUE	roofop	thermal	comparison	study	
2008-09	–	Edwardsville,	IL	
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Chicago	roof	reflecLvity	study	
•  Funded	by	the	Roofing	Industry	Alliance	for	
Progress	

•  Conducted	by	NRCA	with	assistance	from	the	
Chicago	Roofing	Contractors	AssociaCon	(CRCA)	

•  Annual	reflecCvity	measurements	on	34	roofs	
over	a	five	year	period	
–  36	other	roofs	with	parCal	measurement	histories	

•  Report	to	be	presented	as	a	peer-reviewed	
paper	at	an	ASTM	Commi[ee	D08	symposium	
(STP	1590)		

30	
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VegetaLve	Roof	Systems	
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SomeCmes	called	“green	roofs”	

DefiniLon	
The	NRCA	Vegeta(ve	Roof	Systems	Manual,	Second	Edi(on	

VegetaLve	roof	system:		A	roof	area	of	
planCng/landscaping	installed	above	a	
waterproofed	substrate	at	any	building	
level	that	is	over	habitable	space.			
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35 
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Benefits	of	vegetaLve	roofs	
•  AestheCc	improvement	
•  Storm	water	management	
•  MiCgaCon	of	heat	island	effect	
•  Energy	efficiency	
•  Air	quality	improvement	
•  Noise	reducCon	
•  Increased	roof	system	durability	
•  LEED®	credit	
•  Rebates	and	other	incenCves	
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Basic	configuraLons	

• Modular	systems	
•  Built-in-place	systems	

  

40 
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Built-in-place System 
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ConstrucLon	Details	
for	VegetaLve	Roof	Systems	
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45 
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Membrane	Integrity	TesLng	

•  Flood	test	
•  Flowing	water	test	
•  Electronic	field	vector	mapping	

  

Vegetative roof systems 
require regular maintenance  

50	
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Deign	standards	--	ANSI/SPRI	VF-1	
www.spri.org	
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Design	standards	--	ANSI/SPRI	RP-14	
www.spri.org	
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IBC	2015:	
Ch.	15:	Roofing	
•  Sec.	1511:	Reroofing	
Ch.	13:	Energy	efficiency	
•  References	IECC	2015	
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Code	requirements	for	vegetaLve	roofs 

Code	requirements	
Interna(onal	Building	Code,	2015	Edi(on	

1507.16	VegetaLve	roofs,	roof	gardens	and	landscaped	
roofs.	Vegeta(ve	roofs,	roof	gardens	and	landscaped	roofs	
shall	comply	with	the	requirements	of	this	chapter,	SecCons	
1607.12.3	and	1607.12.3.1	and	the	Interna(onal	Fire	Code.	
[BF]	1507.16.1	Structural	fire	resistance.	The	structural	
frame	and	roof	construcCon	supporCng	the	load	imposed	
upon	the	roof	by	the	vegeta(ve	roof,	roof	gardens	or	landscaped	
roofs	shall	comply	with	the	requirements	of	Table	601.	

54	



Cool and Green Roofs 

December 2-4,  2015 UW-Madison--Low Slope Roofing Systems 

28 

Code	requirements	
Interna(onal	Building	Code,	2015	Edi(on	

Sec.	202-DefiniLons	
VEGETATIVE	ROOF.	An	assembly	of	interacCng	components	
designed	to	waterproof	and	normally	insulate	a	building’s	top	
surface	that	includes,	by	design,	vegetaCon	and	related	landscape	
elements.	

55	

Code	requirements	
Interna(onal	Building	Code,	2015	Edi(on	

Sec.	1505-Fire	ClassificaLon	
1505.10	Roof	gardens	and	landscaped	roofs.	Roof	gardens	and	
landscaped	roofs	shall	comply	with	[IBC	2018:	SecLon	1505.1,]	
SecCon	1507.16	and	shall	be	installed	in	accordance	with	ANSI/
SPRI	VF-1.	
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Code	requirements	
Interna(onal	Building	Code,	2015	Edi(on	

1607.12.3	Occupiable	roofs.	Areas	of	roofs	that	are	occupiable,	
such	as	vegeta(ve	roofs,	roof	gardens	or	for	assembly	or	other	
similar	purposes,	and	marquees	are	permi[ed	to	have	their	
uniformly	distributed	live	loads	reduced	in	accordance	with	
SecCon	1607.10.	
1607.12.3.1	VegetaLve	and	landscaped	roofs.	The	weight	of	all	
landscaping	materials	shall	be	considered	as	dead	load	and	shall	
be	computed	on	the	basis	of	saturaCon	of	the	soil	as	determined	
in	accordance	with	ASTM	E	2397.	The	uniform	design	live	load	in	
unoccupied	landscaped	areas	on	roofs	shall	be	20	psf	(0.958	
kN/m2).	The	uniform	design	live	load	for	occupied	landscaped	
areas	on	roofs	shall	be	determined	in	accordance	with	Table	
1607.1.	
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Code	requirements	
Interna(onal	Building	Code,	2015	Edi(on	

1607.12.3	Occupiable	roofs.	Areas	of	roofs	that	are	occupiable,	
such	as	vegeta(ve	roofs,	roof	gardens	or	for	assembly	or	other	
similar	purposes,	and	marquees	are	permi[ed	to	have	their	
uniformly	distributed	live	loads	reduced	in	accordance	with	
SecCon	1607.10.	
1607.12.3.1	VegetaLve	and	landscaped	roofs.	The	weight	of	all	
landscaping	materials	shall	be	considered	as	dead	load	and	shall	
be	computed	on	the	basis	of	saturaCon	of	the	soil	as	determined	
in	accordance	with	ASTM	E	2397.	The	uniform	design	live	load	in	
unoccupied	landscaped	areas	on	roofs	shall	be	20	psf	(0.958	
kN/m2).	The	uniform	design	live	load	for	occupied	landscaped	
areas	on	roofs	shall	be	determined	in	accordance	with	Table	
1607.1.	
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Code	requirements	
Interna(onal	Building	Code,	2015	Edi(on	

Excerpts	from	TABLE	1607.1	
MINIMUM	UNIFORMLY	DISTRIBUTED	LOADS,	Lo,	
AND	MINIMUM	CONCENTRATED	LIVE	LOADSg	

59	

OCCUPANCY	OR	USE	 UNIFORM	
(psf)	

CONCENTRATED	
(psf)	

26.		Roofs	
[some	text	omi[ed	for	clarity]	
Ordinary	flat,	pitched,	and	curved	
roofs	(that	are	not	occupiable)	
[some	text	omi[ed	for	clarity]	
Occupiable	roofs:	
Roof	gardens	
Assembly	areas	
All	other	similar	areas	
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100 
100m 

Note 1 

 
 
 
 
 
 
 
 

Note 1 
[Footnotes	omi[ed	for	clarity]	

Code	compliance	for	vegeta(ve	roof	systems	
is	a	challenge	

60	

--Mark	Graham	
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Some	useful	references...	
VegetaCve	roof	systems		
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FLL, “Guidelines for the Planning, 
Execution and Upkeep of Green-roof sites” 
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The NRCA Vegetative Roof Systems Manual, 
Second Edition 

Green Roof Plants 
Authors:  Edmund C. Snodgrass & Lucie L. Snodgrass 
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Green Roof Construction and Maintenance 
Author:  Kelly Luckett 
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www.greenroofs.com 
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IncenLve	programs	
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www.dsireusa.org	
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