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Ae WAE 25 Prototype AAEollAe oy sfES AA A odlvA] 14
x2S 3] Atlanta, Chicago, Los Angeles, Dallas, Houston,
Miami/Fort Lauderdale, New Orleans, New York, Philadelphia, Phoenix,
Washington A9 F7], ARFA, 2wy, st W, o, A8Fds

WO WAbRo] FE We Mo ARt FrE] B oFeA Aoz
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33) CEC, 2000. California Energy Demand, 2000-2010. P200-00—02. California Energy
Commission, Sacramento, CA.

34) Hashem Akbari, Ronnen Levinson, Leo Rainer, Monitoring the energy-use effects of cool
roofs on California commercial buildings, Energy and Buildings 37 (2005) 1007 - 016

35) Paul Berdahl, Sarah E. Bretz, Preliminary survey of the solar reflectance of cool roofing
materials, Energy and Buildings 25 ( 1997 ) 149- 138

36) S. Hassid, M. Santamouris, N. Papanikolacu, A. Linardi, N. Klitsikas, C. Georgakis, D.N.
Assimakopoulos, The effect of the Athens heat island on air conditioning, Energy and
Buildings 32(2000).131 - 141

37) H. Akbari, S. Konopacki, M. Pomerantz, Cooling energy savings potential of reflective roofs
for residential and commercial buildings in the United States, Energy 24 (1999) 391-407
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WAl AAA e A5 Aol A vies W WAl SHE aste] g0
obd v& Mo Aee HFde= Aow yehd, ol& igldte] Ronnen
Levinson38)-5& Cool Roof & o] ofHA] AeldE& wHAbelE Cooler
tile-roofedell #ste] A5 AAIYTE WA vhFgk A xvol 7] 5o A
Cool Roof coating®] @&F= H7lsh7] 98] & 224 A8a 53 49
FEo] #3le] Scale modelS E3 FAH3R o, 1 A3 FHof Yoy A

Az d 3 g oll|A] A 240MWeF 63GWh/yr o= YERt) o] g
oAl defom Qs d 3k o] TR WEHy 9= A2 CO0 4%
35ton, NOy= 1.1ton, SO.= 0.86tonl. 2 YEFsT) T3 Cool tile coatingd
EH vzt A5 ZWHEo AAAAE Fofetr] As 671 A4,
a3, 34, AAd M (terracotta), =4, ZEFH A AnkAQl Mow Zgh 2529}
Cool Tile Coating 3+ A3} R FPKL)7|% 27C, FHATLARE 820W/m' & o,
ATE 24 0 14.47C, 95 0 2.3C, 34 0 5C, AZ&A @ 44T, 54 ¢
6.7C, 2FHA 1 6.7C). 2L 27 Cool tile coatings= 3+ A|5Ae] TH2EE

5~147C, 9 588 13~21% #4st= Aoz byttt

A%-e B9 olUA A7l Bel Fuke] ATEFe] wate] stekst A,
A4 ool AE A% el HF vk D G Aol ¥ AnE Aol
Hgete] o] WE ABY olUA A% B/ 2L ARAR AL, 24 A
@abstel #Asl Bl 1 B ATse] WAL, A4 AW Folrh

o3t AFEo] A%Hoz QA Folehs W WAT W B ATE 53
Ao A & 5 o)% w A8 A AH vl

38) Ronnen Levinson, Hashem Akbari, Joseph C. Reilly, Cooler tile-roofed buildings with
near-infrared-reflective non-white coatings, Building and Environment 42 (2007) 2591 - 2605
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3.1.1 ASHRAE Standard
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“Calculations in support of SSP0.1 for reflective roofs’’, ASHRAE Transactions, vol 104, no 1B,

pp934-9%

39) Akbari, H, S. Konopacki, D. Parker, B. Wilcox, C. Eley and M. Van Geem (1998)



AE ABo] o]&FE  ABY(shingle)® EY WAMEES dubdow
0.10~0.15 Atelol™, A 0.03~0.26 HHoltt, H2My 3o Az Zg
SASt vy ZHeR A ¥ of~FE. 3|A By ZHOR
Folxl ofaFESL T of~FE £ A FAR= 747 0.06, 0.23, 0.06% 0.269]
ATk Aa-d(shingle) A 52 Aol wz} 0.12~0.342]

d UL, oY HlTE AR d WAHES 0.8~0.9% e
doh 55 Aeel A5 =2 s (e 0.6014) = 7HAAL ey, v
d A0 A8 Ae U V7 HE7F WE 4G, ol FE Ho=
AR A e FHLRE Asadts 7Hd v

ol ~ZE UdFulF IHAE 0.3~0.619 W HF vAES 7L
AaL, A AHEA AL = 94 A A"Al= 0.6~0.859 Ek
AL S 7HA AL Sl BE AEE d4 AE Y ofABE F9 AFAs

BAatstd dwrA o AEe & FIEom Qs A LTAS} of~TE
o A5 1d o of 0.1~0.15 Ak Bj¢F REAREo] AZHE L, T1 o] fof=
Azel s o] AT Webd Cool RoofE S 7ZAF X8l 283 woli
Z7] B walgol 0.7 o1, A F ol WSS 0.55 o4 HojoF s,
A A 0.8 o4 slojof

@ Cool roof## 14

ASHRAE Standard 90.1-199940= Cool Roof¥} ##H3s}e] A3k FHd o=
Z7] BETARE 0.70 o, d WHAME 0.75 old o ghrh W3k ASHRAE
Standard 90.1-1999 (section 5.3.1.1)elA & *]%&°] Cool Roof A& Al

Agkshe ABel ARFEUS 0ol [4 311% B 28F & ok

U,

roof adj = Uroof proposed X F [}l]l 81]

40) ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning Engineers)
(1999) ASHRAE Standard 90.1-1999: Energy Standard for Buildings Except Low-Rise
Residential Buildings, SI Edition, American Society of Heating Refrigerating and
Air-Conditioning Engineers, Atlanta, GA



Uppopag= A Aee] AR ddFEE e Aol AMEE d3Faid
Usoof proposca st A& 87T AF £ (F<DE A-83te], Cool Roof A8 Al
A& ddFEas A8

Fe U2 <XE 3.1>% 7]5Fo2 3 259 d3dFS A4= ASHRAE Standard
90.1-2001(ASHRAE 2001)4Dojl 4= Cool Roofe] 573 ##sle] &
TS 28 1o, ASHRAE Standard 90.1-2004(ASHRAE 2004a)42)ol| M= v=r2-
7190 dE Fgate] daRg AlFE Askal e, 1w v (& 3.2)¢)
2ot

<# 31> Cool RoofE& & A& E&F&(U-factor) AT

%

HDD65a (HDD18)b R"Kfm{lii_pljiae‘;tor
0-900 (0-500) 0.77
901-1800 (501-1000) 0.83
1801-2700 (1001-1500) 0.8
2799-3600 (1501-2000) 0.86
> 3600 (>2000) 1.00

a. Heating—Degree—Days based on 65¢F
b. Heating—Degree—Days based on 18°C
(Table 53.1.1B of ASHRAE 90.1-1999)

<% 3.2> Cool RoofE& #3t A5-9 E&#FE&(U-factor) AT

Climate Zone Roof U-Factor Multiplier
1 0.77
2 0.83
3 0.85
4 -8 1

(Table 5531 of ASHRAE 90.1-2004)

4]1) ASHRAE (2001) ASHRAE Standard 90.1-2001: Energy Standard for Buildings Except
Low-Rise Residential Buildings, SI Edition, American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Atlanta, GA

42) ASHRAE (2004a) ASHRAE Standard 90.1-2004: Energy Standard for Buildings Except
Low-Rise Residential Buildings, SI Edition, American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Atlanta, GA
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ASHRAE Standard 90.1-2001 (ASHRAE, 2001)& Cool Roof9} #&#H3s}e]
Y3 FAS AL X8k 9, ASHRAE Standard 90.1-2004 (ASHRAE,
20042)¢F #HE3Z 779 A HEdE W U RTE uT 7)o wE

AAFE ANE 7122 dEurt EA

2) ASHRAE Standard 90.2

ASHRAE Standard 90.2% A% 748 AES gk dux] Aok AAVFEo R,
Cool Roof9} ##% W8S ASHRAE Standard 90.13 -f-A}aict.
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ASHRAE Standard 90.2%= o] Standard 90.19] A€ AE9] L&
EFS)S ol &3kl Wi W oy ARl A5o] B ¥HAREo] H=9
29719 Z1S el A oju gk F3Fs XAl el EofAFAS s 9l
A4 TS Ea A3t} Standard 90.2% T2E B AE U
CTheFst W4 FollA] Attic 37Fe] F-57F 23 H &9 oux] 4] A] HE 913
(atticelvt &2 337h), 9ES 4 Ad, Aeo HF vAE(0.10, 0.25, 0.504F
0.75)3 HFe] 9 AR 1, 11, 19, 30)0] AZo] ZHg&drt ASHRAE
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<X 3.3> A& Cool Roof A& Al A9 E&AFE(U-factor) AF

Climate Zone Ceilings with Attics Ceilings without Attics
1 15 1.3
2 1.25 1.3
3 1.2 1.2
4 1.15 1.2
5 1.1 1.1
6,7,8 1 1

(Table 5.5 of ASHRAE 90.2-2004)

o] 7152l €@z WAl ASHRAE Standard 90.2-2007 (ASHRAE 2007)43)<
Aol EAd% = E 98 Y3 Cool Roofd A% 7]7‘0 7}7<]J— Aot
Az e ddss WHA717] & 2" A5 4 & Ag Al
<E 34> 2 d ARps o] &3

<3# 34> ASHRAE Standard 90.2-2007° ¢J3+ =& € A&t  (ft2h’F/BTU)

Ceilings with Attics

Wood Frame Steel Frame
Climate | Conventional Cool Roof Conventional Cool Roof
Zone Roof Roof
1 30 20 30 20
2 30 24 30 24
3 30 27 30 27
4 38 38 38 38
5 43 43 43 43
6 49 49 49 49
7 49 49 49 49
8 52 52 52 52

Tables 5.2 and 5.6.1 of ASHRAE Standard 90.2-2007 (ASHRAE 2007).

43) ASHRAE (2007) ASHRAE Standard 90.2-2007: Energy-Efficient Design of Low-Rise
Residential Buildings, American Society of Heating, Refrigerating and Air-Conditioning
Engineers, Atlanta, GA
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(¥ 3.1) ASHRAEIA #4338 vl= 7]%0)

@ Cool-roof A5 715+

ASHRAE Standard 90.2-2004442] Cool Roof¢} ¥ 4 2 57|52
ASTM Standard E1980 (Standard Practice for Calculating Solar
Reflectance Index of Horizontal and Low-Sloped Opaque Surfaces
(ASTM, 1998))°ll °Jal]l 715 F%@2ms) FelolA (a)Z7] BlYF WAHE 0.65
o], & WA 0.75 o] (B BRAF A3E(SRD 750179 A5& 7HIth

o
SRIE= A@4Ql 7] o5 Age] 2ol d-ldh =l A x=, 7150%
o= ]
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¢

o
N

AL

e Aee] BHEE AR 0.05, € AR 0.9008 0°.® JrAskaL, 7j5e
A4 2B S v 0.80, & WARE 0.90)2 10022 JfAsh= Zlo&, &%7t
° o

= Al e A B SRIE 7R A7k 292 S SRIE 7RI

3.1.2 A x Yo} Title 24 Standard
Cool Roof¢} #=#E3 4L 20013 ZAg]EYo} Title 24 7]l F7}

H9lem, 2005d0= w2 A Aee 2= HlF718 =9 Cool Roof

44) ASHRAE (2004b) ASHRAE Standard 90.2-2004: Energy-Efficient Design of Low-Rise

Residential Buildings, American Society of Heating, Refrigerating and Air-Conditioning
Engineers, Atlanta, GA



AL A Q7EE A 715 vFEdnk =3 California Energy Commission(CEC)2
RE 259 AL Cool RoofE AE37] s AE9 &% Cool Roofd
71 AdeS vkd g

1) Cool Roof A% 715 (2001)
A Codes and Standards Enhancement(CASE):= 20004 A& E o}l A

A& A&l Cool Roof A& Al o= Aok g3t gdai, =2 3=
48 AR E 7hseithe 04?7:‘3’%% Pacific Gas & Electric 3ALE 3l
Z 45, ek 2001 1Y XYo}l = 7AE A5oll Cool Roof =%
Al Title 249 d5715< Uﬁ’dé}ﬂ%%ﬂ ASHRAE Standards 90.13} 90.2¢]
Cool Roof A& 75 L&), 1o whe} x|59 =7] B¢ vhALES 0.7

R

!

ol A, & WIALEES 0.750]4 2 & 3} Cool Roof €4 As7|+=S vdgla
geld oz el A5 %7] HYHAIES 0.40] o2 AT

Title 24+ #AEo] Ao Cool Roof A& Al &doz FAH3A &al,
AENA AUx] d5S 535171 98] Cool Roof AEE AHAH & H
B ok HEALS-S (0.55 o|Ate] AES A8 r= HHsH, Cool Roof7b of

Aws AL W Aee g TAHES H4 03082 AR

L o

2) HFAE A=Y 3 BAF ASS AT 78A L TAFH2005)

20024 Berkeley Lab Heat Island Group< H|FAE A& whe& HA}
Ao Cool Roof =% A] Title 249 74 & Q- FAFg e s AF+E A2
gt A WO 2= ASHRAE Standards 90.13F 90.2.9141 A% Cool Roof<]
A= A8 fal AR WHH FAFSEAl Cool RoofE &3 A1&=9
ofux] Aztekell #E FIAXAME Ed®E AA olUX] ARSI H]alstal,
Cool Roof®] o] &7t #A-ste] A ZAME AAsglen, AE5A=Z

4

45) Eilert, P. (20000 High Albedo (Cool) Roofs: Codes and Standards Enhancement (CASE) Study,
Pacific Gas & Electric report, www.energy.ca.gov/title24/2001standards/associated_documents/
2000-11-17_ PGE_CASEPDF

46) CEC (California Energy Commission) (2001) 2001 Energy Efficiency Standards for
Residential and Nonresidential Buildings, P400-01-024, California Energy Commission,
Sacramento, CA



gy 249 WSS HEIY. E3F Cool Roofe] 3744
Cool RoofE &3+ 9 4 #
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Cool Roof Azl =4S HEE AAZh @ AARe] A5e A A3
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California®l 1671 715 thelA oA af4 AlE#e]dQl DOE-2.1EE
AZ9] x| diAe AAs AF, California Title 249 Y2 AP Ago=
ojFofz HFALE AE Z2ZE E9el Cool Roof A& Al A At
3.2kWh/m'ée] ¥ oA dofer o= Qlar, HA7k= ARERS A%t 5.6 MI/m’
Az o, A= d8E AR duAY] 30 MI/m Az A

7= T A—
AE Q7HS HaHow 2.1W/mS A7 & 4 o) o83 HA ogx
A W AugR o) Alol= AR AEY] 27| FAW &S A3eka,

tEo] 159 +8A7FX(net present value-NPV)ZE HAH US$H1.90/m~$8.30/m*2]
2S5 A7 4 Aol 20054 California Title 24 Standardol]
California 29l F& AHA} xH oz o]Fojx H|F AL AL Cool RoofZ

32
Hgse AL WA aTAGow Aggk

U (2d 3.2)2 16712 724 Aexdoete] 7FdE UEd Ao=w,
Syt 715 ek FARE A9 Zone 144 16 ol

47) Levinson, R., H. Akbari, S. Konopacki and S. Bretz (2005a) “Inclusion of cool roofs in
nonresidential Title 24 prescriptive requirements’’, Energy Policy, vol 33, no 2, ppl51 - 170
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20054, Berkeley Lab Heat Island Group< 2008 Title 24 Standardsel
FAAAE R BIFAR A&, A4 Aed 18 dE W2 AA A8
& E§9 WE $E9 UE A% Cool RoofE #&3t7] $l3to]
A9 QTS AT HFAS AR Cool RoofE 48 24
g 44 dASE Jostr] 98 MICROPAS building energy simulation
tooli®) % ol §dtel, TRE Blel FAE AB} A& WFAG AB A7

4) FA A AFY HFAL AdE

Berkeley Lab w74AHZI&7] 5:120]%)) A&o® o]
Roof AlF(frelidf of~ZE F=, ZIYE ey} E29
T 2E] AEC AL 7t ouxA ApEeS AT a1 Ay
Ag) ol AA 1670 715 ol A ¥ ol |y A 7ol g 3 3
Fag Qs 7] AAHES AZstal, 30d £@A7H(net present value
-NPV)E US$2.8/m ~ US$24.4/m'2] ol =] Ab&eS A7Hgch. 5744 a0l
A& 7Fsgk Cool Roof Als GybA|aAlel AXH]E-S Hlugls uf T
US$0.0/m" ~ US$2.2/m'=, Cool RoofE Ao} AA 1671 7|5l & A
-4 84U 302 oddr.

5 92 A A G FAL AE
Berkeley Lab< 2005 Title 24 Standards& &=F3l= +48 A& T2&

BdS A4Sk, Cool Roof A& Al dl|A] ARG#S A7) el e

48) MICROPAS (2007) MICROPAS product website, http://micropas.com

49) Akbari, H, C. Wray, T. T. Xu and R. Levinson (2006) “Inclusion of solar reflectance and
thermal emittance prescriptive requirements for steep-sloped nonresidential roofs in Title 24”7,
http://energy.ca.gov/title24/2008standards/prerulemakingdocuments/2006-05-18_workshop/2006-
05-19_NONRESDNTL_STEEP-SLOPED_COOL_ROOFS.PDF

50) Wray, C, H. Akbari, T. T. Xu and R. Levinson (2006) Inclusion of Solar Reflectance and
Thermal Emittance Prescriptive Requirements for Residential Roofs in Title 24,
www.energy.ca.gov/title24/2008standards/prerulemaking/documents/2006-05-18_workshop/2006—-
05-17_RESIDENTIAL_ROOFS.PDF
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1) International Energy Conservation Code
2003 IECC; International Energy Conservation CodedlA+= 2

=
A&l Cool Roof #-&3 ##ste] AAxFgow 84 ¥, FH9E&
A& 29, 2003 IECCe ASHRAE Standard 90.19]4] Cool Roof A%
TAE AFsta, AFF7F olgfdt a7 AEE Fstes ghrh B3 2003
[ECCel= F48 =3 #& A&l Cool Roof &5 AAH Fgo=
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2006 IECCoIM= A9E HAES 913l ASHRAE Standard 90.19] Cool Roof
s 1AE FASIES stal, 748 AES 98 Cool Roofe] 71+ AH%5E

st} ool ule} 2006 IECCS2) A48 AE2] A& B vhALS:

Ol

rlo o

E

n =z} £ 2007y 39Y IECCY ASHRAE 7]+9 AL (18 3.4)9
AAe A8 A (2¥ 3.5)9 FAE AL 7R 2o

Commercial State Energy Code Status
As of May, 2007

HE

. Adopted code meets or exceeds 2006 IECC / ASHRAE 90.1-2004 or equivalent
[} Meets 2003 IECC / ASHRAE 90.1-2001 or equivalent
) Meets 2001 IECC / ASHRAE 90.1-1999 or equivalent (meets EPCA)

Precedes ASHRAE 90.1-1999 or equivalent (does not meet EPCA}

G 1to THEWIE coe R € A P
I} Hew code soon to be effective W&enp.mrgy_ors o

@) Significant adoptions in jurisdictions

Source: Building Codes Assistance Project {BCAP 2007)

(2" 34) "5 48 429 YA 14

51) ICC (International Code Council) (2003) 2003 International Energy Conservation Code,
www.iccsafe.org
52) ICC (2006) 2006 International Energy Conservation Code, www.iccsafe.org



Residential State Energy Code Status
As of May, 2007

B} Adopted code meets or exceeds 2006 IECC or equivalent
) Meets 2003 IECC or equivalent

J Meets 1998-2001 IECE or equivalent (meets EPCA)

I Precedes 1998 IECC or equivalent {does not meet EPCA]

o Mo statewide code Sourca: . )
Building Codes Assistance Project

’J Hew code soon to be effective wnw, beap-onergy.org

1 Sienificant adoptions in jurisdictions

Source: Building Codes Assistance Project (BCAP, 2007)

(2" 35) "l FA8 A YA 14

2) Chicago, Illinois(A]7}a, & x=0])

SAl A eskE S8 A7k R =o])= 2001 Energy Conservation
Code?] section 18-13-303°A4 & AAFzte] A5(2:129] 7]|&71E W©A
g HE)Y A9, A 27 HF vALE

oo B¥ "MES FAEtE e FHET T 71E71Y Ale
(211280 i 52K U S 22 Ve Agede 27 A At
3R BF R } o] 4 0.15 o] d

7147 RE 0.9 oo o WA fAEES gtk © A
| PVY B E, S B =E
g A5 ol

Energy Conservation Code?] Cool Roof¢} #&#¥ #A42 20013 o]i=
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53) Chicago (2001) ‘’Amendment of Title 18 of Municipal Code of Chicago Concerning Energy
Efficiency Requirements”’, Journal of the City Council of Chicago, 6 June, p60939
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3) Florida

Z 28t} = Building Code 2001 Verell 548 AE9] Cool Roof 28 A]
AR Ae7les AS ARbsta, AN F=AE AE A HY vARES
0.65 o, & WARE 0.80 olte® ARFSHL(FBC, 200154, sections
607.1.A.5 and 607.2.A.3.6). 3 =
Hlal Al sb4d7] Ao 2 RE 9= dollvA]9] 45% #Ag vhH F47)
FEHE AUATF 4.4% S7H3 Ao = e

2007 FAE AE A3 Cool Roofe] EAs w4S $1dl, lvA 14
X273 Ql Energy Gauge USA FlaRes 2007552 o]-&3}o]56) &Hol3t Ay}
BloF WHARES 0.25 °]Fe @ 20041 Cool Roof 74 €18l AH8H 0.159] ek
HRARERET B 2 kS 7RAAL AeEST)

20043 E=22vte] A5 A8 =9 Cool Roof s 7]5E AS
Standard 90.1-2004¢} Y3}, section 13.404.1.C.19] 1%
ArEs =2 7|5l A WS ARE-§HTE58)59)

Aeol AAE FAS A= 7IE1E
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4) &hetol
ahofole] FEERAE 20010 AF FAL A% AR A%e ool 74

A8 = HA 1714 o)A wrEs e WA e),

54) FBC (Florida Building Commission) (2001) 2001 Florida Building Code, Florida Building
Commission, Tallahassee, FL, www.floridabuilding.org

55) Energy Gauge (2007) EnergyGauge USA FlaRes2007 Energy and Economic Analysis
Software, www.energygauge.com

56) FBC (2007) Proposed Modification to the Florida Building Code: Chapter 11, Energy
Efficiency, www.dca.state.fl.us/FBC/thecode/Res_Chapter_11.rtf

57) Parker, D. (2007) Pers comm from Danny Parker, Florida Solar Energy Center, 13 August

58) FBC (2004) 2004 Florida Building Code, Florida Building Commission, Tallahassee, FL,
www.floridabuilding.org

59) Swami, M. (2007) Pers comm from Muthusamy Swami, Florida Solar Energy Commission,
Developer of FLA/COM performance compliance software, 14 June
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20054 PRe-ol(Maui) 7= TEEFO TAE EA A
SIAAUMCC, 2004), A S&EF vhpololA AfBHL = A& oy
Al Aol A= &l Cool Roof Ao & A5 %5 7I&S 7HAAL
sk 2001, 20029F 2005 ZF 7e] TEEF, Fhg-ofolet whg-o] FhEEl=
ASHRAE Standard 90.1-1999% 7|%= 3to] H|FAL AEH} 15 F7
AEE 98 Cool Roof d57ES vATEED) AFoA AREE= oU=] A}

23S A7E7] Y3 A&y (e.g. section 32-8 of ROH, 2004)61) A&
Hawaii Model Energy CodeZ%-E] =% Cool Roof] A5 7|5& Al&-3It}.62)
HFAE AES 98] ¥E9] Cool Roof?] AU Ae7lss AAsHA] &,
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thgt 2h.6

® Cool Roof? EBjUHIALIESL (0.7 o]A, GHALE 0.75 o|4+
n 5 8 kel R-119] E‘roéxﬂ(lftghT/BTU)
n 57 291%]9] A& oo

o

DESS 0.12 BTU/Mft?h°F o] 3

60) Wiig, H. (2007) Pers comm from Howard Wiig, Institutional Energy Analyst, Department of
Business, Economic Development and Tourism, Hawaii, 14 June

61) ROH (2004) Revised Ordinances of Honolulu, City and County of Honolulu

62) Eley Associates (2003b) Hawaii Commercial Building Guidelines for Energy Efficiency,
www.archenergy.conylibrary/general/hawaiig]

63) Eley Associates (2007) Guam Building Energy Code, http.//eley.com/guam



3.1.4 Cool Roof #& oA A} 23217

1) US EPA Energy Star Label

At o7 w= EPA Energy Star Labels $3 #Zoz oo A}
(2:125 sk & 71878 2be AR o]Fofxl Aeo %7 HY
WAbE I 394 I & B wRAE S 22 0.65¢9F 0.50 o] HEF 8T
ot FAA A 52012 o] =& 7]ev] HE AXE A3 Aede
HEAl 27] Y WS 39 ¥ B whabEo] 72 7 0.259 0.15
o] wojof ghr}.64)

Energy StarolA Cool Roof®] Q& AFsry #&EsE 271+ A2dLe A,
HAa d WAREOlY Bl WhALE S Aljlo] ApAE] Z]dH o YAl ol B
HIARS2 o1 d WAbS o] Yol E dux] Ade el 3¢S mAA
*ohs #5A%e& Cool Roofz 383t dnbxo= ASTM E19809]

Fefoll Al B WEARE 0.5¢F @ WALE 0.156% o] Fo3l w5

F WARE 0.59F & WS 0.8091 AHE BA gHo) of

o

E ¥ o1
12C A% =4 Yehy} S5A5 A mE 159 duyA] e S
71i8t7] o8, =4, F4AF A 5S 98 L7HE Al T, ofFE ga=E

Alelghet, et

HARES 0.30 o] Ato]o]

0.15, & ®AHE 0.80% 7F A& W L%+ B ¥vHARE 0.30,
Z A

WA 0.805 7H A

2) LEED Green Building Rating System
@ Cool Roof &74%
USGBC9] The Leadership in Energy and Environmental Design

(LEED) Green Building Rating System-& Sustainable Sites Credit 7.2
(Heat Island Effect, Roof)ol 5] Cool RoofE AE A& AHgsl= Ao

wa shtel 55 TAER AFstxm gk LEED HA 2.0 (2000 (a)

64) EPA (US Environmental Protection Agency) (2007) Roof Products Criteria for US EPA
Energy Star Program, www.energystar.gov/index.cfm?c=roof prods.pr_crit_roof _products
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LEED Version 2.1 (2002)& Cool Roof¢} ##Hsle] v}y e AsS
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® Energy Star #AS wWEw, A5 %W 75% o] AX 3 A%<
g WAES 0.9 o]
n A =3t Al A A4 e 50% OVE} A A
ool Roof¢ &4=3t 5% A& A F 7o A57t S§FEH A%
3%

Aol 75% o] AA((GBC, 2002).

N

O o

=<

Ver 2.0 2.1 H]aL Al 574 AH2:120]172] A v)E o] Fojzl A&
Qe HAa 7] Y WSS 0.652004 0.25% ﬂii‘iﬂ, 23437 ¥
A2 B MAFES 0.50014 0.15% 74k Ver 2.03% 2.1 25 A4 4

PAHEE 0.90% S flout, ol ARSI ke FHE YRR
FA

T @ WS 23 e AE AEES 0.80~0.95 ®fle] A WARES Ztu
Atk LEEDS] & WA} v 7] vv)ek 0.90 olsh ks Zkal Sl S14e]

5ENA ALleh= AEke] stk 2o wet o]2lgk A
sldstr] A Ed WAFE S Al me EFAAAE0.05) o8] E WA
ZA3%} Cool Roofe] ASHRAES} Title 24 7|50 2 H&d & WALE ke
0.75% LEED®} vlal A] @& AA5S 2k 9lo] dby oz 4 o WAkE
#tol 0.80 o]/l AEAE A &gt

LEED Ver 2.2(2005)+= 7535 A&t &= A&l duk A&
AHES Algkstr] 915ke] Cool Roofel &3] e wAL &3 4 whALS oAl
SRIE A3} AY Energy-Star?] 71+2&

65) GBC (US Green Building Council) (2001) Leadership in Energy and Environmental Design
Green Building Rating System for New Construction and Major Renovations (LEED-NC),
Version 2.0, US Green Building Council, www.usgbc.org
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49 B 9RALE 0.659F € AR 0.90 o, =2 HAKAES H Y HALES
0.28% & WAHE 0.90 o]%s WSt s stal ok

@ Cool Roof AF % 5

USGBC¥] Cool Roof9] 21#8% 322+ LEED for New Construction
and Major Renovations (LEEDNC) Version 2.2+ Sustainable Sites
Credit 7.2 Heat Island Effect : RoofollA] 1538k A¥%E 5w HiHo=
stth, LEED-NColA+= W2 HAF A&9 7% SRI(Solar Reflectance
Index)gte]l 78 o, |dAM] A9 45 SRI #kel 29 oY 45, A%
Aol me AE Asdh o W A% AEe] SRI 72 USGBCellA Als-dh=
ekl ALt FAE Tl B SNALEY d AME S JEd o R ALket

LEED for Existing Buildings (LEED-EB) Version 2.0 Sustainable
Sites Credit 6.2, Heat Island Reduction: Roof F-3i-°|A] Cool Roof #4-&¢j
g AE Alest™, LEED-EBe] A5 W] S A& AlFe 45
HEAl YAl ZEl A AlFshE B RRARER d BARE ko] A
0.90014<1 A BAFS d=oll A&l gt

LEED-ND¢| 4= Green Construction and Technology Credit 102] €4
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66) GBC (2005) Leadership in Energy and Environmental Design Green Building Rating System
for New Construction and Major Renovations (LEED-NC), Version 2.2, US Green Building
Council, www.usgbc.org



3) California Cool-Roof Rebate Programmes

2001014 20057k 7B sEokel 21 9] ofe] FellA= Aleo] 7] HY
HEALE 0.70 o1, & WARE 0.7591%<] Cool RoofE A% Aol Ax|gtel whe}
$0.10/ft* ~0.20/ft* o] Eela el Al FF}.

Title 24 Standards®™ @A(2005d) 1% WHitd W2 AAF A|5o2 o]F

2
2

H]578 =014 Cool Roofe] AAIE oF3slaL §laL, #* o]2fd Z2as2
TAE AE] 2H1E w9k 20061 1€ o]F, AAHE A Aujx|
(SMUD)= Bl ®EARE 0.75 o], @ WARE 0.7501% 2 F718 HA&l
A2 Al $0.20/ft* S AlFskar, 20079 39, SMUD Z&13e FAL
F718 Aeoll B whAbE 0.40 o4, & WARE 0.75017%] AA A A

w2 $0.10/ft%e] 91 AlFetar Y6 2007 19 e FYoke Pacific
Gas & Electric(PG&E)¥} Southern California Edison(SCE)+= ZAg] X 1o}
71% Wl A 7]& F8dl Cool Roof £ A $0.10/ft* ~ 0.20/ft*2] 15| e)S
X]]%’—@—E]—_68)69)

Mg Zzole] kel e 2 1Mo A Cool Roofd &7 AL <E 3.5>9
2t

<% 35> F#% Cool Roof &JA=Z=21e] B hALE T & WALE

ROOF | REBATE TIER | o majg o g | BAEUSHAD)
Lowa n/a > 07 > 0.75 0.2
Steepy Tier 1 0.25-0.39 > 0.75 0.1
Steepy Tier 2 > 04 > 0.75 0.2

Source: Pacific Gas & Electric (PG&E, 2007); Southern California Edison (SCE, 2007)
Notes: n/a = not applicable
a= le«l BAHEe] 2:12 o3t

A 5o ZAFEe] 2:12 o]

67) SMUD (Sacramento Municipal Utility District) (2007) Sacramento Municipal Utility District
Residential Cool-Roof Program, www.smud.org/rebates/cool%20roofs

68) PG&E (Pacific Gas & Electric) (2007) Pacific Gas & Electric Cool-Roof Rebate Program,
www.pge.cormymyhome/saveenergymoney/rebates/remodeling/coolroof

69) SCE (Southern California Edison) (2007) Southern California Edison Cool-Roof Rebate
Program, www.sce.com/RebatesandSavings/Residential/_Heating+and+Cooling/CoolRoof
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Felsty] gl AgE o, FAAR o] Fofl AFUF 11 HEFTAME
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0.20/ft*)2 Cool-Coloured® o] Fo17 A & () F-&
1)% Agshe A4S Ay, o]gs 23S 53] Cool-Coloured®
o AFCIFE 2)°] M AvjE FHAZITH

4) Green Globes

Green Globest™ 71& A5l Cool Roof A&& H&st7] fal 7| EHTE
gk = vE syt Y W 22O o g, v Green Globes
21 sty 7)uksl Ao]t}. The Green Globes V.1 Rating System=
AEX] grlo g o]Foljx a3y YU A" o g2 BE JHH g e dHAEFE=S
100001, “site” ZFe|arz]o] Cool Roof #A|#FS A& A& A 109
Bolgth, LEED Tz 1242, Cool Roofe] A%57]%& SRIE 7|Row 3,
e ARG 78, HAAF A 299 HAGES a9-%th o] wf A Fo

O %

Cool Roofing AAZ Holi= H]&o] 78, o B H4E 48 4 Utk

(K
mlo

_IZ

5) ASHRAE/USGBC/IESNA Proposed Standard 189.1P.
The American Society of Heating, Refrigerating, and Air—Conditioning

Engineers (ASHRAE), the U.S. Green Building Council, and the
[lluminating Engineers Society of North America (IESNA)+= 1A% 1HHHS
18+ 71521 Proposed Standard 189.1P2] F-&/IY ~EAMZ 345 I
Agg A& 2l stE A7) AE Vs Algetal A A9
A 'E, AFA AA S DY aEa AR NRE A

Cool Roof A& Al, A&2] AE7Ee W& AAAe] 49 SRI g 78¢]%
WA Aeel A9 SRIgE 29°]7%e]Ay, US. EPA’s ENERGY STAR
Reflective Roof Program Requirements®] <1 Al A-89] 7}&3it). o]# st
B dhAbE T ARARE 32 Cool Roof Rating Council CRRC-1 Product
Rating Program¥ o] Z7Fdo=z A3 52 @A AdS F3) 444
gkolojofrt &t} 70)



3.2 Cool Roof?] As 24 2 SAHAWY

T AoMs 2 B i E S At A ARE Fske] sl
AE FdTe] ek A 5 9= Cool Roofo] A5l F3ks mAlE 84t
ds

AA
=3 Wb 2 7k 18 Data BaseE #¢1&har

o I

S APEA B Cool Roof 24 Al oux Aass wAs7] 9%
=1

3.2.1 Cool Roof9] A% 2 SAUY
A Cool Roofe] AsS =431, =43 A& AsE9 A Data Base®
T3k Web Aol A AmE Al-&star = CRRC(Cool Roof Rating Council)i=
g

199890 248 mde v, ABAEe] B wAleT o At kel
g a7)9le Ateln A= 4

A
AFsa glek. CRRCE ARAFL PAllUA &8 S5 TH3a,

A 5s
AakabA Zgste] AlFeTh EH ARAES] Wy @ ER PSS
oA A8t dsled e ol AFen slek oleld A An

Aegeen AAG A57F A= A8 A AE Aeel dge 47 olsfsta,
Ao A8 Al vt H]Lé 7FeatAl @tk CRRCOA A& dss HE=
A= @ AR B iR 27 A 3949 - Ae(HEest 23
& S5t o SAYNLS e g

DAY B4 a7 H8AF

AE A= IS0 1702500 o8 15 olop afv, A9 Fiol= AAATE
59l 715l =& 2 Qlojof g

1. Hot/Humid
2. Cold/Temperate
3. Hot/Dry

70) Michelle van Tijen and Rebecca Cohen, “Features and Benefits of Cool Roofs: The Cool
Roof Rating Council Program”, Journal of Green Building, Volume 3, Number 2, 2008.02,
p.13719
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3) 4 A& (Thermal Emissivity)
A& Agel d WE AP ASTM C13719 o8] sy},
n FU8 WARE S47|E o83t AT AlEWH od WAME 54
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3.2.2 CRRC*9] Cool Roof Data Base
CRRC(Cool Roof Rating Council)= AES] X@o olyA] Azto] 7h53gh
ot A5E 270871 9138 Cool Roof AlE# &3kl Web Data Base’DE
T, O (L9 3.6)% Zo] AFF AAA T vgd A=A

A FskaL .

ol2]gk Web Data Baset AFF4 HAAEO
AEe] Bk Ao, AxdAet HA=

X
7bssttt. WA A% ARE Ad9etd AFAFe] 27 A " AL
H

N7, A R BRE F 1472 JrolAnk

71) http://www.coolroofs.org/products/search.php



3.2.3 Cool Roof Calculator

nl=r YA F(Department of Energy) Oak Ridge National Laboratory
(Version 1.2)°4] 7H¥t# Cool Roof Calculatori= HA|&o.& o]Fojx HE
of A2 Aol opd Cool Roof A& Al Ale& &3l A& WE FY=H= 4 o
UAIZT A7 7k W oy A ddstr] 98] g Aoth72)

Cool Roof Calculators RIS 71407 MXaA] ¢k, Web Aol
AA o]&o] 7heatH, = A3t FaFste] W glo] [M7E AH|ehE At
L SarEe] HAlAel Cool Roof A& Al dl|A Az&E A4kgitt. Cool
Roof Calculator® ™ He| AJAel] 2Agsto] ol|x] Azars detstr] 9
&A= 71 Cool Cale Peak versionol X Uil 245 B U] A7Es

S S I~
el o=

X

Xl

t}h& (18 3.2)F= Department of Energy's Oak Ridge National Laboratory
o| A A|&38= Cool Roof Calculatore]t}.

DOE Cool Roof Calculator

for Fist Rools with Mon-Black Surfaces

Estrmates Cooling anc Heating Savings

My State
My City

(¥ 3.7) Cool Roof Calculator

72) http://www.ornl.gov/sci/roofs+walls/facts/CoolCalcEnergy.htm
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m ENERGY STAR®®?] Cool Roof ut7te] A%

coliBE 23 ARA WY WAE

ERCIERE:

off

Solar
1 Inf T
Product Solar n.rared empfarature Reflectance | Reference
Reflectance | Emittance Rise
Index
Gray EPDM 0.23 0.87 38 T 21 FSEC 1
White EPDM 0.69 0.87 14 T 84 FSEC 1
Black EPDM 0.06 0.86 46 C -1 FSEC 1
Hypalon 0.76 0.91 10 C 95 FSEC 1
T-EPDM 0.81 0.92 7T 102 FSEC 1
Fire stone SBS o
. . 0.26 0.92 3BT 28 FSEC 1
Bitumen on White
Smooth Bitumen 0.06 0.86 46 C -1 FSEC 1
White Granular .
. 0.26 0.92 3BT 28 FSEC 1
Surface Bitumen
Carlisle Syntec . B
. 0.77 09 9T 96 ILBNL 1
System Brite-Ply
EcologyRoof 0.8 0.9 8T 100 LBNL 1
HypsamRoofing o -
0.75 09 11 C 93 ILBNL 1
Systems, Hyload
Sarnafil Beige 0.43 0.92 27 C 49 LBNL 4
Sarnafil Blue 0.61 0.92 18 C 73 LBNL 4
Sarnafil White 0.83 0.92 6 C 104 LBNL 4
StevensHi-TuffEP . .
. 0.78 09 9T 97 ILBNL 1
white
Trocal Roofing . .
. 0.77 09 9T 96 LBNL 1
Systems, White
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Solar
Sol Infrared |T tur
Product oar n.rare ernp.era ¢ Reflectance | Reference
Reflectance | Emittance Rise
Index
Trocal Roofing . B
. 0.83 09 6 C 104 LBNL 1
Systems, White
Dark gravel on
0.12 09 42 T 9 Reagan
BUR roof
Light gravel on .
B 0.34 09 32 TC 37 Reagan
BUR roof
White—coated .
0.65 09 16 C 79 Reagan
gravel on BUR
3 S ZHAY Y s 2 4 AT
Solar
Sol Infrared |T tur
Product oar n.rare emp.era ¢ Reflectance | Reference
Reflectance | Emittance Rise
Index
KoolSeal Elasto .
. . 0.71 0.91 12 C 88 FSEC 1
-metric on hingles
H ‘Whit
ey, e - 0.71 09 13 C 87 LBNL 2
Coating on Shingle
Aged Elasto—metric
0.73 0.86 12 T 89 FSEC 1
on plywood
Flex-tec Elasto—
. . 0.65 0.89 16 T 79 FSEC 1
metric on Shingles
New Insultec on wood,
W o 0.841 0.89 6 C 106 DSET 1
thickness 0.5mn
Insultec on metal .
0.78 09 9T 97 FSEC 1
swatch
Enerchron on .
0.77 091 9T 96 FSEC 1
metal swatch
White Coating . .
. 0.8 0.91 8 T 100 LBNL 2
(1coat,8mils)
White Coating (2 . .
. 0.85 0.91 5T 107 LBNL 2
coats, 20 mils)
Triangle Coatings, . B
0.85 0.91 5T 107 ILBNL 1
Toughkote
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Solar
Product Solar Inf.rared Temp.erature Reflectance | Reference
Reflectance | Emittance Rise
Index
Triangle Coatings, . B
L 0.83 0.91 6 C 104 LBNL 1
Trilastic
Triangle Coatings, . .
. 0.84 0.91 6 C 106 ILBNL 1
high reflectance 7
National Coatings, . .
. 0.83 0.91 6 C 104 IBNL 1
Acryshield
Utrecht acrylic, . B
L . 0.83 0.91 6 C 104 ILBNL 1
titanium white
Guard coat, white 0.74 0.91 11 T 92 LBNL 1
Koolseal . .
. 0.81 0.91 7T 102 ILBNL 1
elastomeric
MCI, elastomeric 0.8 0.91 8T 100 IBNL 1
Nexus/Visuron i . .
. 0.851 0.9 5T 107 LBNL 4
elastomeric
3 AG ZHAY FAd mE HYG WmAEET 2 d dAE T
Solar
Sol Infrared |T tur
Product oar n.rare emp.era © Reflectance | Reference
Reflectance | Emittance Rise
Index
White Coating 1
0.6 0.91 18 T 72 ORNL 1
(76.2 um)
White Coatingl .
0.72 0.91 12 C 89 ORNL 1
(191 um)
White Coatingl . .
_ 0.77 0.91 9T 96 ORNL 1
(356 um)
White Coatingl . .
0.79 0.91 8 C 99 ORNL 1
(660 um)
White Coating?2 . _
0.81 091 7T 102 ORNL 1
(381 um)
‘White Coating?2 . .
0.81 0.91 7T 102 ORNL 1
(889 um)
White Coating?2 . .
0.82 0.91 7T 103 ORNL 1
(1143um)
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Solar
Sol Infrared | T tur
Product oar n.rare ernp.era © Reflectance | Reference
Reflectance | Emittance Rise
Index
White Coating3
ke Loating 0.68 0.91 14T 8 ORNL 1
(152 um)
White Coating3
nite oatng 0.75 0.91 e 93 ORNL 1
(254 um)
White Coating3
¢ oatng 078 091 9 C 97 ORNL 1
(304 um)
White Coating3
¢ oatng 077 091 9 C 9% ORNL 1
(381 um)
White Coating3
¢ oatng 08 091 e 100 ORNL 1
(686 um)
White Coating3
¢ oatng 08 091 8 C 100 ORNL 1
(1143um)
White Coating4
¢ oatng 0.68 091 14 T 83 ORNL 1
(127 um)
White Coating4
¢ oatng 078 091 9 C 97 ORNL 1
(279 um)
White Coating4
vitte Toatng 038 0.91 8 T 100 ORNL 1
(508 um)
White Coating4
¢ oatng 08 091 8 C 100 ORNL 1
(1143 um)
2 (B FAEAY HE AT 2 E WA F
Solar Infrared |Temperature Solar
Product ) . pe Reflectance | Reference
Reflectance | Emittance Rise
Index
White Coating 08 0.91 8 T 100 LBNL 2
(1 coats, 8 mils)
White Coating _ . .
@ couts, 20 mils) 0.85 091 5C 107 LBNL 2
No pigment o -
(L coats, 18 mils) 0.36 091 31 C 40 LBNL 2
No pigment _ o .
2 coats, 36 mils) 054 091 21 C 64 LBNL 2
Raw Cotton 0.74 0.91 11c 92 LBNL 2
(lcoats,8 mils)
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Solar
Product Solar Inf.rared Temp.erature Reflectance | Reference
Reflectance | Emittance Rise
Index
Raw Cotton . .
(2 coats, 26 mils) 0.79 0.91 8 T 99 LBNL 2
Gray Goods 0.4 091 28 T 45 LBNL 2
(1coats,8 mils)
Gray Goods o - .
(2 coats, 18 mils) 04 0.91 28 T 45 LBNL 2
Desert Ridge .
(1 coats, 14 mils) 0.36 0.91 31°T 40 LBNL 2
Desert Ridge o .
(2 coats, 30 mils) 0.36 0.91 31T 40 LBNL 2
Red Pot .
(1 coats, 10 mils) 0.16 0.91 40 C 14 LBNL 2
Red Pot o .
(2 coats, 22 mils) 0.17 091 39 C 16 LBNL 2
Charcoal Blue .
(1 coats, 16 mils) 0.12 0.91 42 C 9 LBNL 2
White Stucco 0 .
(2 coats, 86 mils) 0.67 0.91 14 C 82 LBNL 2
cATEE A% ZEAY HF AT L d BAES
Sol Infrared | Temperatur Solar
Product olar n. are ernp.e ature Reflectance | Reference
Reflectance | Emittance Rise
Index
Aluminum 0.61 0.25 27 C 50 FSEC 1
Lomiton Shingle 0.54 0.42 28 T 46 FSEC 1
Premium o
. 0.56 0.41 271 C 48 ILBNL 1
nonfibered on black|
Premium nonfibered a B
0.55 0.42 28 C 47 IBNL 1
on a rough surface
Non-fibered on _ . .
0.52 0.44 29 C 43 ILBNL 1
black
Fibered on black 0.4 0.56 34 C 30 LBNL 1
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Solar
Product Solar Inf.rared Temp.erature Reflectance | Reference
Reflectance | Emittance Rise
Index
Premium fibered . -
0.37 0.58 36 T 26 LBNL 1
on a rough surface
Emulsion on a . .
0.3 0.67 38 T 21 LBNL 1
rough surface
cBE ABAY B RS 2 D P
Solar Infrared | Temperature Solar
Product . pe a Reflectance | Reference
Reflectance | Emittance Rise
Index
.
New, bare 0.61 0.04 30C 46 FSECI
galvanized steel
Aluminum 0.61 0.25 26T 56 FSEC1
MBCI Siliconized _ - .
Polyester White 0.59 0.8 20T 71 FSEC1
Atlanta Metal
Products Kynar 0.67 0.8 15C 82 FSEC1
Snow White
ol A2BE AFo FAO wE HY v T 2 4 YA
Sol
Solar Infrared |Temperature oat
Product _ . . Reflectance | Reference
Reflectance | Emittance Rise
Index
White 0.21 0.91 38 C 21 LBNL 1
ISP K-711 White 0.36 0.91 31 C 40 LBNL 2
ISP K-711 White 0.31 0.91 33T 34 FSEC 1
Shast White 0.26 0.91 36 T 27 FSEC 1
Generic White 0.25 0.91 36 C 26 FSEC 1
Generic Grey 0.22 0.91 37 T 22 FSEC 1
Antique Silver 0.2 0.91 38 T 19 IBNL 1
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Solar
Product Ret?:clf:nce Elriifzie Tem;)iesr:ture Reflectance | Reference
Index
Aspen Gray 0.18 0.91 39 T 17 FSEC 1
Ocean Gray 0.12 0.91 42 T 9 FSEC 1
Gray 0.08 0.91 44 C 4 LBNL 1
Beachwood Sand 0.2 091 38T 19 FSEC 1
Light Brown 0.19 0.91 39T 18 LBNL 1
Medium Lt. Brown 01 0.91 43 C 7 LBNL 1
Medium Brown 0.12 0.91 42 C 9 LBNL 1
Autumn Brown 0.1 0.91 43 C 7 FSEC 1
Dark Brown 0.08 0.91 4 C 4 LBNL 1
Green 0.19 0.91 39T 18 LBNL 1
Surf Green 0.16 0.91 40 C 14 FSEC 1
Onyx Black 0.03 091 46 C -2 FSEC 1
Island Brown 0.09 0.91 43 C 6 FSEC 1
Weathered Wood 0.08 0.91 4 C 4 FSEC 1
Coral 0.16 0.91 40 C 14 LBNL 1
Saddle Tan 0.16 091 40 C 14 LBNL 1
Desert Tan 0.12 0.91 42 C 9 FSEC 1
R R b A o S 2 A
Solar Infrared |Temperature Solar
Product Reflectance | Emittance Rise Reflectance | Reference
Index
red clay tile 0.33 09 58F 20 C FSEC 1
red concrete tile 0.18 091 71F 9T FSEC 1
unpainted cement 025 09 65F 14T | FSEC1
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Solar
Product SOl.ar Inf‘rared Tempferature Reflectance | Reference
Reflectance | Emittance Rise
Index

white concrete tile 0.73 0.9 21F 50 C FSEC 1
concrete tile, light 0.63 09 30F 2T LBNL 4
beige coating
concrete tile, light 0.42 0.9 50F 27 T LBNL 4
brown coating
concrete tile, pale
bluish purple 0.41 09 51F 26 C LBNL 4
(mauve)
concrete tile, pink 053 0.9 AOF 35 T LBNL 4
& gray coating
concrete tile, 0.74 09 20F 51 C LBNL 5
off-white coating ' ’
fiber cement, earth | ¢ 09 64F 15C | LBNL5
brown color
fiber cement, 0.25 09 65F 14T | LBNLS
pewter gray color
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[F F 2]

m A5 Cool Roof whF A&¢] % LCC
g =2 LCC
- o uk=] 5 Cool Roof =}l
1 15,503,255 15,642,181 138,926
2 22,893,441 22,147,825 745,615
3 30,172,260 28,505,433 -1,616,827
4 37,341,392 34,866,482 -2,474,910
5 45,885,512 42757 687 -3,127,825
6 52,840,202 48,879,962 -3,960,241
7 59,690,089 54,909,977 -4780,113
8 66,436,752 60,849,123 -5,087,630
9 73,081,747 66,698,769 -6,382,978
10 81,001,204 74,013,046 -6,988,158
11 87,447,435 79,687,719 7,759,716
12 93,796,525 85,276,878 -8,519,647
13 100,049,937 90,781,812 -9,268,126
14 106,209,115 96,203,789 -10,005,326
15 119,920,088 110,179,605 -9,740,484
16 125,895,034 115,439,401 -10,455,633
17 131,779,940 120,619,935 -11,160,005
18 137,576,164 125,722,401 -11,853,763
19 143,285,042 130,747,976 -12,537,066
20 150,088,842 137,031,851 -13,056,991
21 155,626,957 141,907,102 -13,719,855
22 161,081,616 146,708,886 14,372,731
23 166,454,077 151,438,309 -15,015,767
24 171,745,577 156,096,463 -15,649,114
25 178,051,950 161,920,923 -16,131,027
26 183,185,172 166,439,743 -16,745,429
27 188,241,040 170,890,467 -17,350,573
28 193,220,718 175,274,121 -17,946,597
29 198,125,355 179,591,716 -18,533,640
30 209,043,592 190,720,850 -18,322,742
31 213,801,523 194,909,298 -18,892,225
32 218,487,755 199,034,628 -19,453,126
33 223,103,367 203,097,792 -20,005,575
34 227,649,425 207,099,727 -20,549,699
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4 LCC

i

- U HA] 5 Cool Roof 2}l
35 233,067,385 212,103,663 -20,963,722
36 237,477,462 215,985,892 -21,491,570
37 241,821,082 219,809,618 -22,011,464
38 246,099,246 223,575,723 -22,523,523
39 250,312,941 221,285,075 -23,027,866
40 255,334,792 231,923,172 -23,411,620
41 259,422,447 235,521,571 -23,900,877
42 263,448,504 239,065,743 -24,382,761
43 267,413,890 242,556,507 -24,857,383
44 271,319,520 245,994,668 -25,324,853
45 280,013,862 254,856,950 -25,156,912
46 283,802,668 258,192,268 -25,610,400
47 287,534,379 261,477,326 -26,057,053
48 291,209,854 264,712,879 -26,496,975
49 294,829,943 267,899,674 -26,930,269
50 299,144,339 271,884,377 -27,259,961
51 302,656,144 274,975,850 -27,680,294
52 306,115,028 278,020,736 -28,094,292
53 309,521,789 281,019,737 -28,502,052
54 312,877,212 283,973,545 -28,903,667
55 316,876,181 287,666,925 -29,209,256
56 320,131,237 290,532,379 -29,598,858
57 323,337,241 293,354,653 -29,982,588
58 326,494,933 296,134,396 -30,360,537
59 329,605,040 298,872,250 -30,732,789
60 336,528,463 305,929,407 -30,599,056
61 339,545,541 308,585,367 -30,960,174
62 342,517,154 311,201,303 -31,315,850
63 345,443,986 313,777,819 -31,666,167
64 348,326,712 316,315,508 -32,011,204
65 351,762,324 319,488,582 -32,273,743
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ABSTRACT

A Study on the Performance Standards
and Design Guidelines of Cool Roof System

Ok Kim

Department of Architecture

The Graduate School of Chung—Ang University
Advised by Prof. Eon Ku Rhee, Ph.D.

Today, with the improvement in living standards and climate change,
the demand for cooling energy is rapidly increasing. Especially in case
of the top floor of a building, the cooling load will increase greatly due
to the excessive solar radiation on the roof compared to other floors.
Excessive cooling load of the top floor decreases the occupant's comfort
with an increase in energy consumption, and also it is a cause of
urban heat island phenomenon at the same time. Therefore, it is
essential to improve the thermal performance of the building roofs for
energy conservation, and we should study the methods for reducing
the cooling load of the top floor through the adjustment of insolation on
the roof surface and the improvement of the roof insulation performance.

In this study, I examined the theory and research trends regarding Cool
Roof that begins in earnest for the technology development and
dissemination in foreign countries, and investigated performance through model
experiments. In addition, through computer simulations, I conducted energy performance
simulations and economical efficiency analysis for the domestic application
and then I proposed performance standards and design guidelines by region.

1) Model testing for temperature changes of Cool Roof.

According to the results of identifying seasonal changes in temperature
by model experiments for the thermal performance of the roof finishing
materials, it showed that insolation was the most significant external
factor that affects temperature changes in summer and the architectural
factor was solar reflectance of the finishing material. And the most
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significant external factor in winter was sky conditions (amount of clouds)
and the architectural factor was solar reflectance of the finishing material,
respectively. Since Cool Roof having a higher solar reflectance reduces
the temperature of the roof surface (up to 23C difference compared to
the general roofs), it can have the effect of lowering the cooling load in
summer by reducing insolation thermal flows into the interior, but it can
increase the heating load in winter by this thermal performance.

2) Sensitivity analysis of the roof factors affecting the energy

efficiency of the building.

After selecting solar reflectance, thermal emittance and insulation
thickness as the thermal performance factors of the roof affecting the
energy efficiency of the top floor of the building, we conducted the
sensitivity analysis. The result showed that the most significant thermal
performance factors of the roof affecting the cooling load of the building
were in the order of solar reflectance, thermal emittance, and insulation
thickness. In addition, the result of conducting the sensitivity analysis on
the thermal performance factors of the roof affecting the heating load
showed that the factors were in the order of insulation thickness,
thermal emittance, and solar reflectance. For thermal emittance and solar
reflectance of the roof, their effects on the heating load of the top floor
were insignificant even with the changed variables.

Thus, in order to improve energy performance of the building roof
and reduce the heating and cooling loads of the top floor of a
building, we should consider solar reflectance, thermal emittance and
insulation performance together.

3) Economic evaluation of Cool Roof

In order to analyze the economic feasibility of energy savings by
applying Cool Roof, 1 examined the economical efficiency comparison
between the roof of general finishing materials and the roof finished with
Cool Roof. When applying Cool Roof, the initial investment increases by
13% compared to the general roof finishing materials, but you can reduce
the ongoing maintenance costs and energy costs by 10%, and reach the
break—-even point within two years after the installation of Cool Roof
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(refer to [Appendix 2]). According to the analysis result of comparing
the LCC between the general and Cool Roof finishing materials with the
life cycle of a building set to 65 years, it showed that it is possible to
save the cost about 9% by applying Cool Roof rather than general
domestic application of Cool Roof is

finishing materials. Therefore,

considered feasible in terms of economical efficiency.

4) Required performance standards of Cool Roof in Korea

Taking into account both the cooling and heating loads of the building
when applying Cool Roof on the office building roofs in Korea, I used
Energy Analysis Simulation for the analysis in order to provide optimal solar
reflectance, thermal emittance and insulation performance by region.

Accordingly, in order to provide optimal thermal performance of the roof by
each region, Platinum (1) ratings in which the building's energy-saving rate
is 40% were used based on the certification criteria of 'Eco-friendly buildings
in Seoul'. Assuming that the entire building's energy-saving is achieved by the
same rate for each amount of required energy, and the energy-saving rate
through the roof is set at 40%, I have proposed the criteria for optimal
thermal performance of the roof by region in Korea as follows.

Central Region

Southern Region

Jeju Region

Optimal K-value | K = 0.127W/'K | K = 0.159W/m’K K = 157TW/mK

Optimal = Solar Above 0.6 Above 0.7 Above 0.7
Reflectance

Optlma} Thermal Above 0.7 Above 0.7 Above 0.7
Emittance

Using these optimal thermal performance criteria of the roof, I think that

we will be able to reduce the loads generated from the building roofs.

5) Cool Roof Design Guidelines
By proposing the Cool Roof design guidelines for new buildings and

renovating buildings respectively,

we will be able to support the

designers in designing the building roofs and reducing the energy

usage through the building roofs.
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® Cool Roof design guideline for the new buildings

Set optimum heat transmission coefficient(K-value) each region
of the roof

Select the roof finishing material with the thermal emittance above 0.7
Select the roof finishing material with the solar reflectance above 0.6
for the central region, above 0.7 for the southern and Jesu region
Check the energy-saving efficiency due to the application of
Cool Roof by determining the difference of the building loads
between applying the general roof finishing material and applying
Cool Roof finishing material.

® Cool Roof design guidelines for the renovating buildings

In

Check if the heat transmission coefficient (K-value) of the renovating
building roof is to be changed.

If not to be changed, determine K-value similar to the target
building with reference to the performance criteria required
when applying Cool Roof in Korea sintered at 6.3 as the overall
heat transfer rate of the target building roof.

Select the roof finishing material with the optimal solar
reflectance and thermal emittance for the existing K-value.

If K-value of the roof to be changed, apply the optimal K-value by
region to the building roof in the same way as the new building.
Select the roof finishing material with the thermal emittance above 0.7
Select the roof finishing material with the solar reflectance above 0.6
for the central region, above 0.7 for the southern and Jesu region
Check the energy-saving efficiency due to the application of
Cool Roof by determining the difference of the building loads
between applying the existing roof and applying Cool Roof.

this study, I have proposed performance criteria and design

guidelines required for domestic application of Cool Roof as a way of

reducing the cooling energy consumption through the roof. In the future,

considering the research of this paper, I expect that the energy

reduction through the roofs will be improved by applying the optimal

solar reflectance, thermal emittance and proper insulation performance

of the roof finishing materials to the buildings in the region of Korea.
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