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For example...

NRCA-tested initial solar reflectivity values

EPDM membrane (black)

SR =0.08
*==--zniﬁl-'!—_;.-.".%.. a7 .
= ; TPO membrane (white)
: SR=0.78

Reflective roof = “Cool” roof
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@ WischRsi

Benefits of cool roofs

e Energy savings
e Improved occupant comfort

e Reduction of urban heat islands effect
and smog

¢ Global warming mitigation

e Comply with codes and green building
programs

@ WISCONSIN

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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the fraction of solor
energy that is
reflected by the roof

Thermal Emittance:
the relotive obility of
the roof surfoce to
rodiate obsorbed heot

/”\{Tf\ Solar Reflectance:
|

Some heot is absorbed by the roof
ond transferred to the building beow

Courtesy of the Cool Roofs Rating Council

@ i vpersi
WISCONSIN

What is cool...?

“Coolness” is measured by two properties:
e Solar reflectivity
e Thermal emittance
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Definitions

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

Thermal emittance: The ratio of radiant heat flux
emitted by a surface to that emitted by a black
body radiator at the same temperature expressed
within a range of 0.00 to 1.00.

@v&.‘s‘eaggm ,

Definitions — cont.

Solar reflectance index (SRI): The relative 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 conditions.

--ASTM E 1980

@ WISCONSIN

10
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[{1 ”» e e
Cool” recognition programs

* Energy Star® roof products program
e Cool Roofs Rating Council (CRRC)

Energy Star® roof products program

www.energystar.gov

ENERGY STAR

U.S. Environmental Protection Agency (EPA)
U.S. Department of Energy (DOE)

rs g
ENERGY STAR
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Program criteria

Version 3.0

ENERGY STAR® Program Requirements
for Roof Products

Partner Commitments

Following are the terms of the ENERGY STAR Partnership Agreement as ft pertains to the manufacture
and labeiing of ENERGY STAR qualified products. The ENERGY STAR Partner must adhers to the
following partner commitments:

Table 1 — Specifications for Low-Slope Roof Products

Characteristic

Performance Specification

Solar Reflectance

Initial Solar Reflectance

Greater than or equal to 0.65.

Maintenance of Solar Reflectance

Greater than or equal to 0.50 three years after installation under
normal conditions.

Reliability

Manufacturer wamranty for defects
in materals and manufacturing

Each company's warranty for ENERGY STAR qualified roof products
shall be equal in all material respects to the product warranty offered
by the same company for comparable non-ENERGY STAR qualified
roof products. A company that sells only ENERGY STAR qualifisd
roof products shall offer a warranty that is equal in all material
respects to the standard industry warranty for comparable non-
ENERGY STAR qualified roof products.

Veritying Ongoing Product Qualification

6. Paricipatein {ough a Certfcaton for oot
procucts, uwmm Tl cooperaion and fmely responscs. EPADOE may also, af s disersion.
o oo ke o o8 EXERCY STAR QU Tress 2 produts may be
o o o et Partner.

Provide unit shipment data or other market Indicators o EPA annually fo assist With creation of
ENERGY STAR market penstration estimates, as folows:

ENERGY STAR Program Requirsments for Roof Producis - Partner Commitments '

Program criteria

Version 3.0

ENERGY STAR® Program Requirements
for Roof Products

ENERGY STAI Partner Commitments

Following ar the tems of the ENERGY STAR Partnership Agreement as f pertains to the manufacture
and labeling of ENERGY S The ENERGY STAR
following partner commiments:

Table 2 — Specifications for Steep-Slope Roof Products

Characteristic

[ Performance Specification

Energy Efficiency Levels

Initial Solar Reflectance

Greater than or equal to 0.25.

Maintenance of Solar Reflectance

Greater than or equal to 0.15 three years after installation under
normal conditions.

Reliability

Manufacturer warranty for defects
in materals and manufacturing

shall be equal in all material respects to the product wamranty offered
by the same company for comparable non-ENERGY STAR qualified
roof membrane products. A company that sells only ENERGY
STAR qualified roof products shall offer a warranty that is equal in all
material respects to the standard industry warranty for comparable
non-ENERGY STAR qualified roof products.

Each company’s warranty for ENERGY STAR qualified roof products

@*w SNSIN

Verifying Ongoing Product Qualification

Paricipate in
products, providing fl EPAIDOE may also,
conduet ot o pocuct it s rfered i s ENERGY STAR et oot prots ey be
obtained on the open market, or

trough a Certfeson B for roof

Provide unit shipment data or other market indicafors o EPA annually fo assist with creafion of
ENERGY STAR market penetration estimates, as folows:

ENERGY STAR Program Requirsmants or Roof Progucts - Pariner Commiments 1

14
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WISCONSI!

Products complying with the Energy Star®
criteria are eligible to use the
Energy Star ® logo

Membeane for Roofing Systems as to.
R A na Title 24 State of
Directory Ci i

a0 oty Florida
S A
precs

WP Product Approvad

APPROVED

15

Energy Star® roof products program

www.energystar.gov/productfinder

ENERGY STAR Certified
Visit the Roof Products page for usage s CHANGE
Roof Products sumsaieine SHANCE
Although there are inherent benefits in the use of reflective roofing, before selecting a roofing product based on expected energy savings consumers
should explore the expected calculated results that can be found on the Department of Energy's "Roof Savings Calculator” website at
Please remember the Energy Savings that can be achieved with reflective roofing is highly dependent on facility design, insulation used, climatic conditions,
building location, and building envelope efficiency.
Sontby
Filter Your Results 5193 Records Found al Solar Reflectance V|
Qfilter by rd
National Coatings Corporation: AcryShield - A590 [ compare
Costing - Low Siope.
ENERGY STAR Partner@ R —
[ Ace Coating Company e “
Incorporated (1)
[ ACI Buildings Systems (19)
[ Acrylux Paint Manufacturing Acrylux Paint Manufacturing Co. Inc.: Acrylux - Roof Gloss RG5 [ compare
Co. Inc (3)
[ Acrymax Technologies, Inc. (1) el E SR D
[ Advanced Coating Systems, w00 bk 2 i s 00
Inc. (6)
(] AEP-SPAN (22)
[ Aista Coat's De AL MI (1) GAF: Topcoat - EnergyCote Elastomeric Coating (white) [ compare
Shuw e Coating - Low Slope.
ntalSolar Reflectance: 0.91 Inital Emissivty: 087
Brand Name®
[1100% Acrylc Roof Coating (2)
1 5v Crimp /Mllenmium -V (5) GACO Western: GACOFLEX - A 3800 HH £ compare
[ 670 Karna-sil (1) Coating - Low Slope.
[J aci 2000 (8) initial Solar Reflecta 09 Initial Emissiy 09
[0 Aci 3000 10)
[ Acron 60 (1)
[ Acry-Tek 4200 (1 -
& © The Garland Company, Inc.: Solex - White [ compare
¥ Show more
Costing - Low Siope / Steep Slope
nitial Sola Reflectance: 0.9 Initsl Emissivty: 09
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Cool Roof Rating Council (CRRC)

www.coolroofs.org

COOL ROOF
RATING COUNCIL ®

CRRC documents

CRRC

COOL ROOF
RATING COUNCIL ®

ANSI/CRRC $100
Standard Test Methods for Determining
Radiative Properties of Materials

(formerly CRRC-1 Standard)*
© 2008 Cool Roof Rating Couneil. Inc. Al Rights Reserved

Cool Roof Rating Council
449 15th Strest, Suite 400
Oakland, CA 94612

Voice (866) 465-2523
Fax (510) 4824421
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CRRC documents

COOL ROOF
RATING COUNCIL ®

PRODUCT RATING PROGRAM
CRRC-1
2015 Col Roof Rating Col, Ine. All Rights Reserved.

Fax(510) 482481

CRAC-1 Frogram Mamai e 19, 2015 Version

Cool Roofs Rating Council

www.coolroofs.org

Products complying with CRRC’ s criteria are

eligible to use their label

Initial  Weathered

A’ > Solar Reflectance  0.85 Pending
Thermal Emittance 0.80 Pending
c R c Rated Product ID 0676-0005
Licensed Manufacturer ID 0676

COOL ROOF
RATING COUNCIL
Classification Production Ling

Cool Roof Rating Council ratings are determined for a fixed set of conditions,aad sy, o
for determining seasonal energy performanceyThe aFtyal dffact-pF 36| selidcant & ity
on building performance mTVirk

ppropriate
s iittahce

4 < of pli ehthay (W& elrarings Were determined'ift accordance with the applicable
Gopl Rrlof Rafirtg! uinica hddebdures”

20
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CRRC-rated products directory

www.coolroofs.org/

HOME  ABOUTCRRC  RESOURCES  MEMBERS  PRODUCTRATING [EEISISTINWVSETIeivY

R DT Color  Minimum Radiative Properties

Manufacturer:

Al

Al

Product Market:
Al

2608 SEARCH RESULTS
Selected filters

rating,

siope: @A @ Low @ sieep

T ————

Clear filters - show all products

“CRRC Rapid Ratings: These are interim laboratory-aged values that simulate weathered values. These values will be replaced with the measured three-year
aged values upon completion of the weathering process. SRI values calculated using Rapid Ratings may change once the aged rating replaces the interim

[ R e—

Resutsperpage @10 @20 @ 50

mes oo

CRRCPROD.ID  MANUFACTURER: BRAND PRODUCT TYPE somREETANE  THERALEMTTANG s ) woRe
4 mover 4 4 wro

il 4 Syew 4 el § Syer 4 w4 Sy §
0986-0004  A-1 Grit Company: Arctic White Other Roof Products:  Bright White 073 0S6 092 050 91 & +

21

Code requirements for cool roofs

Code”

Code Family’

INTERNATIONAL
Energy Conservation

AMember of the International

/

INTERNATIONAL
CODE COUNCIL

Energy code:

e Commercial (non-
Residential) buildings

e Climate Zones 1-3

22
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IECC 2015, Fig. C301.1-Climate zones

Fig. R301.1 (residential climate zones) is similar

Dry (B) Na Moist (A)

Warm-Humid
Below White Line

All of Alaska in Zone 7
except for the following

Boroughs in Zone 8:

Bethel Northwest Arctic
Dellingham Southeast Fairbanks
Fairbanks N. Star ~ Wade Hampton
Nome Yukon-Koyukuk
North Slope

Zone 1 includes
gawan, Guam,
u

and the Virdin Islands

Ch. 4[CE]-Commercial energy efficiency

C402.3 Roof solar reflectance and thermal emittance. Low-
sloped roofs directly above cooled conditioned spaces in Climate
Zones 1, 2 and 3 shall comply with one or more of the options in
Table C402.3.

Exceptions: [next slide]

TABLE C402.3
MINIMUM ROOF REFLECTANCE AND EMITTNCE OPTIONS

Three-year solar reflectance of 0.55 and
3-year aged thermal emittance of 0.75

Three-year-aged solar reflectance index of 64
[Footnotes omitted for clarity]

24
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Ch. 4[CE]-Commercial energy efficiency

Exceptions: The following roofs and portions of roofs are exempt
from the requirements of Table C402.3:

1. Portions of the roof that include or are covered by the following:
1.1. Photovoltaic systems or components.
1.2. Solar air or water-heating 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. Portions of the roof shaded during the peak sun angle on the
summer solstice by permanent features of the building or by
permanent features of adjacent buildings. [Continued...]

@v&.‘s‘eaggm 2

Ch. 4[CE]-Commercial energy efficiency

3. Portions of roofs that are ballasted with a minimum stone
ballast of 17 pounds per square foot [74 kg/m?] or 23 psf [117
kg/m?] pavers.

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

C402.3.1 Aged roof solar reflectance. Where an aged solar

reflectance required by Section C402.3 is not available, it shall be

determined in accordance with Equation 4-3.

Ragea =1[0.240.7(R;,0- 0.2)] (Equation 4-3)
where:
Ragea = The aged solar reflectance.
R;.iias = The initial solar reflectance determined in accordance
with CRRC-1.
G vicas %
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@ WischRsi

Some cool roofs research

e ASHRAE Cool Roofs Conference
e SIUE rooftop thermal comparison study

e ASTM Symposium/Chicago 5-year study

27

ASHRAE cool roofs conference
May 13, 2005 — Atlanta, GA

Table 1: Solar Reflectance (SR) of Existing Chicago Roofs

Age (vears) Description SR (percentage

15 Aszprezate-sunfaced BUR. 25.3
22+ Azgrezate-sunfaced BUR w/ Heavy Ponding 15.3
22+ Azgrezate-sunfaced BUR w/ Blisters 15.5
10+ Azsresate-ninfaced BUE. 278
15+ Azgrezate sunfaced BUR 17.1
10-13 Azgrezate-sunfaced BUR 12.7
10-13 Azgrezate-sunfaced BUR 19.3
3 Months Smooth-surfaced APP — Fibrated AL 2:12 slope 577
13 Slate-swfaced APP 144

13 Slate-swfaced APP w! 30 percent mrammle loss 87

13 Slate-swfaced APP w' 90 percent mrammle loss 53

3 AL coated APP wid:12 slope 258

1 45-mul Reinforced EPDM 10.3

1 45-nul Renforced EPDM at dust m ponded areas 295
10 Ballasted EPDM 26.9
10 Beize concrete pavers 445
1 Week White-coated CSPE 72.6
1 White memmle-swfaced modified bitumen 30.5

4 Smooth-swfaced SBS — Fibrated AL coating 47

4 Smooth-swfaced SBS — Filwated thim AT coating 39.7
[ Smooth-swfaced APP — Non-fibrated AL coating 45.6

8 Smooth-swfaced APP — Tan gravules 3:12 slope 251

8 Smoocth-swfaced APP — Tan grapules at laps 16.2

* Messured by the D & 5 method known as ASTM C1549, “Standard Test Method for Determination of Solar
Feflectance MNear Ambient Tempersture Uking a Portsble Solsr Faflsctomster™

[ T

28
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SIUE rooftop thermal comparison study
2008-09 — Edwardsville, IL
—TPO —EPDM Solar Panel Ambient
170
o130 - I
§ 110 4
©
é- 90 4 f
(7] 70
s W WV RN NN Y
50
30
9/1/0912:00PM 9/4/09 12:00 PM 9/7/09 12:00 PM 9/10/09 12:00 PM 9/13/09 12:00 PM 9/16/09 12:00 PM
Time
wisgBieic ;

Chicago roof reflectivity study

e Funded by the Roofing Industry Alliance for
Progress

e Conducted by NRCA with assistance from the
Chicago Roofing Contractors Association (CRCA)

e Annual reflectivity measurements on 34 roofs
over a five year period

— 36 other roofs with partial measurement histories

e Report to be presented as a peer-reviewed
paper at an ASTM Committee DO8 symposium
(STP 1590)

m WISCONSIN

30
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Vegetative Roof Systems
Sometimes called “green roofs”

@ WischRsi
"

Definition

The NRCA Vegetative Roof Systems Manual, Second Edition

Vegetative roof system: A roof area of
planting/landscaping installed above a
waterproofed substrate at any building
level that is over habitable space.
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D NATIONAL
GEOGRAPHIC

Photograph by DiangCoskand Len Jens 5 N g % & CORYRIGHT NATIONAL GEOGRAPHIC SOCIETY. ALL RIGHTS RESERVT:
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SR |\ .
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19

Benefits of vegetative roofs

e Aesthetic improvement

e Storm water management

e Mitigation of heat island effect
e Energy efficiency

e Air quality improvement

¢ Noise reduction

¢ Increased roof system durability
e LEED® credit

e Rebates and other incentives

38

UW-Madison--Low Slope Roofing Systems

December 2-4, 2015



Cool and Green Roofs 20

Basic configurations

e Modular systems
e Built-in-place systems
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Built-in-place System

GROWTH MEDIUM WITH PLANTINGS

FILTER FABRIC

RESERVOIR LAYER WITH
OPTIONAL AGGREGATE

MOISTURE-RETENTION LAYER
AERATION LAYER
THERMAL INSULATION

DRAINAGE LAYER
ROOT BARRIER

PROTECTION BOARD
WATERPROOFING MEMBRANE
STRUCTURAL DECK

21
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Construction Details
for Vegetative Roof Systems
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Membrane Integrity Testing

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

@ WischRsi

Vegetative roof systems
require regular maintenance

UW-Madison--Low Slope Roofing Systems December 2-4, 2015
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Deign standards -- ANSI/SPRI VF-1

Www.spri.org

ANSI/SPRI VF-1

for Vegetative Roofs

External Fire Design Standard

Table of Contents

51

Design standards -- ANSI/SPRI RP-14

WWW.Spri.org

ANSI/SPRI RP-14
Wind Design Standard for
Vegetative Roofing Systems

Table of Contents

Approved 832010

Standard s prper and applcabe unde allcondons.

UW-Madison--Low Slope Roofing Systems
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Code requirements for vegetative roofs

—
1

2 015 INTERNATIONAL

,,,,, Building Code’

A Member o the International
Code Family"

INTERNATIONAL

=222 CODE COUNCIL

TR AL CODE 0N

@ WischRsi

IBC 2015:

Ch. 15: Roofing

e Sec. 1511: Reroofing
Ch. 13: Energy efficiency
e References IECC 2015

Code requirements

@ WISCONSIN

International Building Code, 2015 Edition

1507.16 Vegetative roofs, roof gardens and landscaped
roofs. Vegetative roofs, roof gardens and landscaped roofs
shall comply with the requirements of this chapter, Sections
1607.12.3 and 1607.12.3.1 and the International Fire Code.
[BF] 1507.16.1 Structural fire resistance. The structural
frame and roof construction supporting the load imposed

upon the roof by the vegetative roof, roof gardens or landscaped
roofs shall comply with the requirements of Table 601.

54

UW-Madison--Low Slope Roofing Systems

December 2-4, 2015



Cool and Green Roofs 28

Code requirements
International Building Code, 2015 Edition
Sec. 202-Definitions

VEGETATIVE ROOF. An assembly of interacting components
designed to waterproof and normally insulate a building’s top
surface that includes, by design, vegetation and related landscape
elements.

@ WischRsi

Code requirements

International Building Code, 2015 Edition

Sec. 1505-Fire Classification

1505.10 Roof gardens and landscaped roofs. Roof gardens and
landscaped roofs shall comply with [IBC 2018: Section 1505.1,]
Section 1507.16 and shall be installed in accordance with ANSI/
SPRI VF-1.
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Code requirements

International Building Code, 2015 Edition

1607.12.3 Occupiable roofs. Areas of roofs that are occupiable,

such as vegetative roofs, roof gardens or for assembly or other
similar purposes, and marquees are permitted to have their
uniformly distributed live loads reduced in accordance with
Section 1607.10.

1607.12.3.1 Vegetative and landscaped roofs. The weight of all

landscaping materials shall be considered as dead load and shall
be computed on the basis of saturation 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/m?2). The uniform design live load for occupied landscaped
areas on roofs shall be determined in accordance with Table
1607.1.

@ WISCONSIN
ISCONS o

Code requirements

International Building Code, 2015 Edition

1607.12.3 Occupiable roofs. Areas of roofs that are occupiable,

such as vegetative roofs, roof gardens or for assembly or other
similar purposes, and marquees are permitted to have their
uniformly distributed live loads reduced in accordance with
Section 1607.10.

1607.12.3.1 Vegetative and landscaped roofs. The weight of all

landscaping materials shall be considered as dead load and shall
be computed on the basis of saturation 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/m?2). The uniform design live load for occupied landscaped

areas on roofs shall be determined in accordance with Table
1607.1.

@ WISCONSIN
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Code requirements

International Building Code, 2015 Edition

Excerpts from TABLE 1607.1
MINIMUM UNIFORMLY DISTRIBUTED LOADS, L,
AND MINIMUM CONCENTRATED LIVE LOADS®

OCCUPANCY OR USE UNIFORM | CONCENTRATED
(psf) (psf)
26. Roofs

[some text omitted for clarity]
Ordinary flat, pitched, and curved
roofs (that are not occupiable)
[some text omitted for clarity] 20
Occupiable roofs:

Roof gardens 100

Assembly areas 100m

All other similar areas Note 1 Note 1

[Footnotes omitted for clarity]

@ WischRsi

Code compliance for vegetative roof systems
is a challenge

--Mark Graham

60
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Some useful references...

Vegetative roof systems

e 61

FLL, “Guidelines for the Planning,
Execution and Upkeep of Green-roof sites”

L

Guidelines for the
Planning, Execution
and Upkeep of
Green-roof sites
L
#
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The NRCA Vegetative Roof Systems Manual,

Second Edition

Authors

Green Roof Plants
: Edmund C. Snodgrass & Lucie L. Snodgrass

(Green Roof Plants

64
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Green Roof Construction and Maintenance
Author: Kelly Luckett

Kelly Luckett

65
www.green roofs.com
Greenroof & Greenwall Projects Database: 1,629 Projects = 35,044,419 ft2 (3,255,803 m2) Friday, November 20, 2015
| search | Select Language ¥ | Powered by Gocgle Translate
S~ The Proven HYBRID Green Roof System c L TRE”](DJ
N l Fi N: | 3 Time.
LIVeROOf atural Function. Natural Beauty. Every Time. Veadert
home | about us | contactus | sitemap Sustainable
Roofing
0 S’ cﬂm Teclogy
the\-.greenroof & greenwall - industry * resource * portal Advertise with Us
NEWS | BLOG | EVENTS | JOBS | MARKETPLACE | INDUSTRY | PROJECTS | TV | GREENROOFS101 | DIRECTORY | VIRTUAL
Greenroofs.com s Network:
'J' vED b=
66
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Incentive programs

e 67

www.dsireusa.org

SR 68
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State/Territory: Wisconsin X

Summary

Note: This tax deduction expired at the end of 2013. The Tax Increase Prevention Act of 2014 retroactively reinstated the tax credit for projects
completed in 2014.

The federal Energy Policy Act of 2005 established a tax deduction for energy-efficient commercial buildings applicable to qualifying systems and
buildings placed in service from January 1, 2006, through December 31, 2007. This deduction was subsequently extended through 2008, and then
again through 2013 by Section 303 of the federal Energy Improvement and Extension Act of 2008 (H.R. 1424, Division B), enacted in October 2008.

Atax deduction of $1.80 per square foot is available to owners of new or existing buildings who install (1) interior lighting; (2) building envelope,
or (3) heating, cooling, ventilation, or hot water systems that reduce the building’s total energy and power cost by 50% or more in comparison to a
building meeting minimum requirements set by ASHRAE Standard 90.1-2001. Energy savings must be calculated using qualified computer
software approved by the IRS. Click here for the list of approved software.

Deductions of $0.60 per square foot are available to owners of buildings in which individual lighting, building envelope, or heating and cooling
systems meet target levels that would reasonably contribute to an overall building savings of 50% if additional systems were installed.

The deductions are available primarily to building owners, although tenants may be eligible if they make construction expenditures. In the case of
energy efficient systems installed on or in government property, tax deductions will be awarded to the person primarily responsible for the
system's design. Deductions are taken in the year when construction is completed.

The IRS released interim guidance (IRS Notice 2006-52) in June 2006 to establish a process to allow taxpayers to obtain a certification that the
property satisfies the energy efficiency requirements contained in the statute. IRS Notice 2008-40 was issued in March of 2008 to further clarify
the rules. NREL published a report (NREL/TP-550-40228) in February 2007 which provides guidelines for the modeling and inspection of energy
savings required by the statute.

Click here for answers to frequently asked questions provided by the Commercial Building Tax Deduction Coalition. For more information on this
deduction, visit the Energy Star web site.

69

71 NRrCA

Mark S. Graham
Vice President, Technical Services
National Roofing Contractors Association
10255 West Higgins Road, 600
Rosemont, lllinois 60018-5607

(847) 299-9070
1-800-323-9545
FAX: (847) 299-1183

www.nrca.net
mgraham@nrca.net
Twitter: @MarkGrahamNRCA or www.twitter.com/MarkGrahamNRCA
Personal website: www.MarkGrahamNRCA.com
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