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Abstract

Highly reflective roofscansavebuilding air conditioningenergy mitigat theurban heat island,
andoffset CQ emissionsA laboratory aging methodology was developed to simalaéage in
thesolar reflectances of fieldpplied roof coatings induced by one yeanaturalexposure in
GuangzhoyChina) The approackhompaedthe changes in solar reflectance spectra observed in
the naturallyexposed materials with those obtained followirtgrae stagelaboratory procedure
conditioning, soilingand weatheringThe method was systematically modifiecer five trials

by adjusting the key variables in laboratory aging: composition of the soiling midapesition
massand conditions of soilingpplication.Tests were performed using a small number of
specimensSimulating exposure iGuangzhouequireda loading of soiling agentgeaterthan
thatused to simulate US citels the final trial, the reduction in solar reflectance was reproduced
to within an average of 0.02 for three of the six products, and to within an average of 0.06 for the
remaining three products.



1 Introduction

Energy savings and environmentaaeblkenéedbicusenat:
Hi ghly refclaegnetdiucve 1t hef nergy consunfeLde vhyn sowni |
et 28030Levi nson and Aetbh &alli,,doBA01i0butGaoto mitigat

heat (iRdsaaedf é®18.8 )odfdosi@e®e mi s { iAKmestr 28011L.2 )However,
t he p obteenretdfialso ol roof sr ecadc hhye uggEwggosiuy e i n
envir onShheenetma2adll.) The initially high albedo of
soiling angr wwead B8eg isrog |l i ng we refer to the
constituealt emesnutcad a a(bimlnmediugpiar t i ¢ | ecsh,e mMdsecgd ni ¢

i norghnsc ba tehdsboat b immg tt,istiwenntfs cant mi craecbi ol o
been obserhvwend d calsismoactieast ed with thandrowhkr o
mi croorWWaat sepnsbngsses compri saapnesygiloea i madred i @
assocwiatclredt acmo iwsittuhr e, ultrayvamdet e HfJ&/n a truardei
(S| eé maadl1.4,)

Changes associated with soiling aonfd cwenattihneua u
exposuUsual | 'y tlhepreer iiosd aonf irnaiptiida change duri ng
foll ofweeln by a sl ower rate of change that <cou

at mospheric deposition during a dr vy sHoawseovner ,o0
some materials continue to experiment signif.i
yeam t he andelmay nevertaté®&adlar aretkadiyance ch
documewtedt he initidlor3 ay enaridse pafa dagpep dGrs iwtrseedd | 1
St atU8§¢S| ei enta RaDlldnd Bertd2al0.8)Due to the sl ow na
processes, the CoOOICRR&GPHPdE tRmd i gy EBA nEndr gy St
establ iespoepgannogearfcsr3imeasuri ng-taged (dadlomagrs of
refl ectance andCRRE@r madlz2mi W abkRrl, 2017)

Theyedar agicmeg agersicdhhdi cal barrier for the deve
innovative, bettemapenftaimitn goridtogoilderingoyfa npgr o d L
from CRRE€ and/ or t he US EPA, but al so makes
manuf acevaeuat ot hen epwe rpfroor ia mygdady Lie dheavse lao p e d
| aboratory aywithlgatmen éwwldiod atges t he efwietcotisn of

few days. Thti Isr oaisg hd#ad migeev epdr oc e s s i n which a
conditioned through exposure to UV |light, hea
smaryed with a <cal i;barnadt etdhesnoi We atgh enmiexdt utr ler ou g h

exposure in the (Bé¢é¢azemM@DILlgT haep plaeatalh cudsol ogy has
as ASTM BraagmastTdM 20,15nd is currently impl eme
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i Rapi d sRabgnagwthiegdsr ti ci pating manufactaged s ob
ratinggeanekipeBed rati hGRRG@r.e2@¥a) | abl e

The aging met hodoNbgygppleives opreidy btyo LBr oduct s
mi xsbhad been cali breatleecttanocbes pa mamdghees t-hr ee C

specified aging sites of Phoenix (AZ, hot anc
( OH, a temperatwa t wWeanore pAhltototetdh asombkphegr en
cal i bbregptreodd tt b esa & lee rraegfel ect ancwhicchhanige t he quan
rating. Such calibratioonompeidaitdieed oawti nlgy ma
t he spraviong erpe@Pydmere sddr@ad spectaofalaredtieet an
roof proMmalsdei | i ng constituenltismataen, bwe fohnar
the spectra of aged materitdles coonplodilie ome prfod

Bl ack carbon and organic mapaeti alres mamiotrt ecdo
combustion of foBbatkfaoal tamdsegb a&ypo mhadrs@as 9 otnh e
entsalear ¢ [Ke ¢ tcrasnde tTtheart2d0Bly2r)c ont r ast , particul a
absorbsmesnlyghh the visilflAeedragi amdofGellkaesg
cont ai ns hi ghl y-l iploé y swetbhsaztepd aeddao miber onmnl yi n c ol
Mi nedruasl i s a rel ati(vikilyn ea®|@IB) a b b by psearldtoosr g@atn i ¢
contribute significantly to the reflectance s

constituents suspend in(@Watveetr tBlAThsmpo ematd ot
soil i ngprnasentsalt facesr arepmordtd , myi ssol uti on in
runof f

Mi crobi al g9 iogvrt ihf nccdanm Inh €ha tseosmet i mes even becor
soiling Moeosbobbiaéntsoislei nlgi cnmaeyn, c canhpgraie , fungi
colonies die over ti me, remaining mel anins an
of mi crobi al soiling due to their resistance

The compl epbsyotfaomd ccroombi al-spetbhi esandedsepéerd
ot he surface materi al y( Ghaeting2adIlL.I1,, and relative

Whil e the ©bF nlacdhbecoraagtconrgye met hodol o g yi sd esvped ipfeidc
t he USanuplpeg oaclapphnetheelaseawdhoeargeggood set o f n é
materials is available to perform wthereati pr
devel opingg pamcagiur e t o mrebBpuroadpuee (R irneii o we |
describe initialcadfifboratése | chdBrdNiLiag dbr gutagi ag pr a
materials to replicate changes in solar refle
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2 Exposure of specimens in Guangzhou (China)

2.1. Background

Soiling resul ts f radmo 4 pdeerrdicepolsat e ommaof er a
mi cr oor gMenait hmes .i ng of wniattelx pio & lws evoactcewrmad n g ht
tempecatwmBge h phenorereacairddihen uslidt eb e ¢ hxaproascitnegr i z
product speci mens, itodreatsu raanlego theenivdl ietcitoannsc es 0
materi alovechangne . I n Decembert h2e8dd anc€thaafngige n ¢
Standards and Nor nosf (URDSM) dfe vMil mipsntemy ( MOHU
natur al exposure trials otfhec opoar triesagihdit @ @sne nod
reseiamrthi 4 mufdii menosfmamau f a cTthier enrisn.e egspasumessti bés
maj or c | ii matCéhd BasbllamRi gl)r. e

Table 1. Research institutions testing materials in each climate zone.

City Province Responsible research institutions

Hot summer warm winter zone

Guangzhou Guangdong Province Guangdong Provincial Academy of Building Research
Group (GPABR)

Shenzhen Guangdong Province Shenzhen Institute of Building Research (Shenzhen IBF

Xiamen Fujian Province Xiamen Academy of Building Research (XABR)

Hot summer cold winter zone

Changzhou Jiangsu Province Jiangsu Research Institute of Building Science (JRIBS)

Shanghai Municipality Jiangsu Research Institute of Building Science (JRIBS)

Chengdu Sichuan Province Sichuan Institute of Building Research (Sichuan IBR)

Cold and severe cold zones

Beijing Municipality China Building Materials Test & Certification Group
(CTC)

Xi 6an Shaanxi Province Shaanxi Provincial Academy of Building Research
(SPABR)

Uruimaqi Xinjiang Province Xinjiang Research Institute of Building Science (XRIBS)
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Eight institutes

XRIBS

China Climate

Zones CTC

Severe Cold

SPABR

Severe Cold
Severe Cold

Temperate

JRIBS

Sichuan IBR

Hot Summer/
Cold Winter

Xiamen IBR

GPABR

n
Shenzhen IBR

Shenzhen IBR

3 Chinese, 2 multinational roofing manufacturers

AkzoNobel | HuarunCoating | Dow Chemical | Chengguang

Figurel. Research institutes, roofing manufacturers, and test sites in natural exposure study.

Figure2. Images of exposure racksfate of the nine exposure sites.
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2.2 Methodology

The natural iexpacherdd betdd d (e201lg04dBsoduct specin
are exposed in racks inclimcseodiaéhopr §@dd fowb s
or whaafe ncgp,atand i s applied to two substrates:
Each rack hasofl20acd(Repcsionbesntist ate¢ s i Eval yepeasr |
replicates Fatl2®n &psgdprpele nssee cswnelnlr ehe eeg e d

t hrmoentims yedrsanad every sdi-EThedtwhs rieffi |l gedamasnce
emittaanndceod|l emach retrmnrevenéd aspeednmnasmkecwetboded
coatings age in natur al conditions.

Exposure in Guangzhou 1is <carried out by the
Rese@GPABRYhes ponginkeil luidtei: e s

1. Pr epaproes,e ,exr etri eve and measure speci mens

2. Cali brate testing equi pment
3. Participate in data collection and anal ysi
Acompl ete description of instuseeénbgt GPABRBRNAda

founAppemndi x A of LedummasgkéanaspeO0nldphot omet
measure solar reflectance and a portable emis
Sol(&l; BAR500 nm) , (Wbt r@@d®l0emn m) (Viios) st 0 e
T700 nm),-i ahd@¥heéch r @ 02500 rrer)l esctvaenrcee cal cul at
weighting spectamlairrefhheass abcgAMwGlh dholrarzont a
(Levinson et al. 2010a, b) .

The productcod&@ s -ACaedDCand SWHTE®E © and
AS©are manufaastsargned aba@mdnlidd®Nndi cates col or s
yel |l ow, rSepsepcei cnteinvse lwer e prepared as foll ows:

T Before trmseke anigmen, t he cwadireadh d &iftkthenr sulwatsr .
no rusaf oal wumipnum all oy base board.

Coatwaagyg awpt hedol |l efl3o0L/smprayer, 12

T Appkekmri mer once, andmadoliamrs url eft li edtuiacvroeart ti meg
coati ng famrc adipriétiverdees.i)s t

1T Appktdhe coating again after 24 hours.

T St dfieni shed speci men idspearn memr | h4d odbay d,0ro
additional days in 40 AC oven.

f Appkd | ayers of @r@®@merwed DR mi | m
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T Can choose

A summary of

t o unocet

wd itlhu t1e0,% dro

coati nglTamBloeperti es

t2d0 % icll e an

i's presented

Table 2. Participating manufacturers and coating application guidelines, prepared by RISN.

Participating manufacturers (coded) (DC) (CG) (SC)
Color White White White
. Initial solar reflectance 0.83 0.85 0.80
Coating 1
Initial thermal emittance 0.85 0.86 -
Product code DC-a CGa SCa
Color Light yellow | Light yellow | Light yellow
. Initial Solar reflectance 0.65 0.60 0.60
Coating 2
Initial thermal emittance 0.75 0.86 -
Product number DC-b CGhb SGb
2.3. Progress and issues
As of September h®iran e exgerainmenhtal f

Nati onal
exposur e

Labor at or y 2nfoLnBtNiLs)
experi menTalkBhe asf wemhl Gaand hleotthxagosed
sol ar
specotnreal o fr etfH ee

(hDaegre @220t184) v tod

si.teThe variations with time of
a 2% ifrmaccliinm@r o usthPoiwgn8.Méne sol ar
coating prodBedar e

LIN from RISN reports that t he
i ssues. For exampl e, S 0me
prot,ocaonld had tombeheo©®studgdt he

Guangzhou,

After examining
exposed speci mens
researchers.

1. Alpr odsu cftr om one
trials began.

Beidhavge

pine | Cé e niyidgh
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2. Spectrophotometer calibration errors are e
per f dorymeGPABR, i &8s g8 hewn

3. Thelor of a set of wappphbaede yvehihidteelvaspeci m
manner that the coatingamanufacturer consi

1.0
measured by GPABR DC-a/Al --DC-a/C
DC-b/Al DC-b/C
Q0.9 —e— SC-a/Al --0--SC-a/C
3
3]
Q2
T 0.8
@
C_D -
[Vp] -
T 0.7 - .
D) L\ N, G —
et . N\
S i -
< T Nt
05 ] T T T T T T T T T T T !
& S 9 < < Ao &% Q * AN &
TP EL YV H 0L

Date of collection

Figure3. Variation with time of the solar reflectances of six specimens exposed in Guangzhou at a 2%
slopefacing southRefer toTable4 for an explanation of specimen nomenclature.
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1.0 uv vis nir

measured by GPAB

AJ

0.9
0.8
0.7
0.6
0.5

—DC-b/AI_GZ

Reflectance

0.4

—DC-b/AI_GZ

0.3

0.2 DC-b/Al_GZ9

0.1 —DC-b/Al_GZ1. )

OO \\%\\\\\ B L L L L L L L L L L L L L L
250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)

Figure4. Solar spectral reflectances of one of the produstposed in Guangzhau & D&t@ months3
months9Y 2y G KaX | YR MH Y2yiKad ¢KS LINRRdAzOG A&
applied to a soutHacing aluminun® & ! paneldilted 26from horizontal.
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1.0 uv vis nir 1.0 uv vi§T nir

] GPABR vs LBNL ] GPABR vs LBNL
0.9 - 0971 T
081 [T e NN 0.8 -
0.7 ] 071 V7 atvmaes
8 0.6 1 8061 |
[ ] C i
g ] S ] 7
8 05 ] 8 05 ]
T 0.4 - T 0.4 -
03 ——DC-b/AI_GZ0 (GPABR) 03 ] ——SC-a/Al_GZ0 (GPABR)
] -==-DC-b/AI_GZ0 (LBNL) ] -=-=-SC-a/Al_GZ0 (LBNL)
0.2 4 0.2 -
1 1 ——DC-b/AI_GZ12 (GPABR) 1 ——SC-a/Al_GZ12 (GPABR)
0.1 1 | 0.1 J
159 -==-DC-b/AI_GZ12 (LBNL) 13 -=---SC-a/Al_GZ12 (LBNL)
0.0i\\:\\\\\\““\“"\““\““\““\““\““ 0-07“‘\“‘\““\““\““\““\““\““\““
250 500 750 1000 1250 1500 1750 2000 2250 2500 250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm) Wavelength (nm)

Figureb. Comparison of GPABR and\LBeflectancemeasurements of the same specimens, illustrating spectral differethe¢snay result
from instrument calibration errors at GPABR (e.g., use of a soiled reflectance staodawig-registration ofwavelength). The two panels
illustrate this effect for two different productdNote that thediscontinuityat 860 nm in the LBNL measuremegistan artifact of detectorchange
at this wavelength

Pagel2of 53



Table 3. GPABR-reported initial and aged specimen solar reflectances and thermal emittances of specimens exposed in Guangzhou.
The set of data reported here encompasses 3, 6, and 9 months of exposure for specimens tilted at 2% and 20% from horizontal.

Product Qibstrate Solar reflectance Thermal emittance
Coating | Product (r:(c)JdL(jeC (aluminum | Initial 3 months 6 months 9 months Initial 3 months 6 months 9 months Notes
color code (alt) or (Dec (Mar-2015 (Jun2015H (Sep201H (Dec (Mar-2015 (Jun2015H (Sep2015H
: concretg 2014 2% | 20% | 2% | 20% | 2% | 20% | 20149 2% | 20% | 2% | 20% | 2% | 20%
Al 0.83 | 059| 057 | 0.64| 0.62| 0.71| 0.69| 086 | 0.87| 0.87| 0.85| 0.87 | 0.87 | 0.8g | Cracking observed
. with natural exposure
White | CGa -a Cracking observed
C 0.85 | 0.62| 0.62| 0.67| 0.67| 0.74| 0.72| 0.88 | 0.86| 0.86| 0.84 | 0.85| 0.86 | 0.88 . 9
with natural exposure
Al 0.78 | 055| 0.56 | 0.60 | 0.60 | 0.67| 0.66| 0.87 | 0.86| 0.86| 0.86 | 0.86 | 0.88 | 0.g7 | Cracking observed
with natural exposure
vellow | CGb b Cracking observed
C 0.80 | 0.60| 0.61| 0.64| 0.64| 0.70| 0.70| 0.86 | 0.86| 0.86| 0.86| 0.84 | 0.86 | 0.86 . 9
with natural exposure
Al 0.87 | 0.59| 0.58| 0.60| 0.57| 0.60| 0.58| 0.0 | 0.89| 0.88| 0.87 | 0.87 | 0.88| 0.87
White DGa Il-a
C 0.82 | 0.62| 0.61| 0.60| 0.58| 0.62| 0.63| 0.88 | 0.86| 0.88| 0.86 | 0.87 | 0.88 | 0.89
Al 0.79 | 055|053|055|055|058|056| 089 |089|0.89|0.87|0.88|0.89]| 0.88
Yellow DCb I-b
C 0.76 | 060| 059| 058| 056| 058|062 086 | 087|087|0.86| 0.87| 0.86| 0.88
Al 0.89 | 063|062| 065|064| 067|066 089 | 08| 0.88|0.87| 0.87| 0.89| 0.88
White SCGa ll-a
C 0.89 | 0.64| 0.63| 0.67| 0.65| 0.69| 0.68| 0.88 | 0.87| 0.87| 0.86| 0.86 | 0.86 | 0.88
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3 Aging of specimens in the laboratory

A | aboratory aging methodology was developed
a | imited number of coating samphesap@mppmpdacld \
comparable to our previous devel opment of a
CRRC sites (in Florida, Ari zoma 2ahldh)Odri ber, tam

refine thehsde telxgbdoosleodgeere s a imp a8t dal da bwirdafjteodr yr e s ul t
for each matteertaitailavlgsdrwedfrénaebde )e,d iAn whi ch the n
systemambdc ai ked by adjusting the key variabl es
soiling mixnuared odaunrditti onGomdi tsiodad s nws ead piln ce
modi fied in order to Iimprove the performance

3.1 Samples used for laboratory aging

Of the ten-eppodedt s nf iGamlachgz hou, ¢t kewmegriex utsheadt
i n Itahbeor at ex peaigmehgts csoemerbihsf a @tpg | i ed coati ngs
SG, whiat e yBGCGH ppp IDICedvODu b st r at ea naan awrhmentne)inl 6 ,

GPABR prepared a fresh batch of &©hebel6iegmpbyp
cmfor usag® I abboBAtodwn adhisgstercitalon we descri
batficoh n orddiesrt ithogui sdt G3BDetnh ef rsoemt  opfr esppaer ceidmeinns 2

and used in the GuangzHduifsielmpoexmpnsurnte e
from recommended procedur e; good experiment al
fiekxggosure mapnpdadgiab@rtatioal s to originate from

not enough speci mens had been prepared in b
| aboratory aging trials.

I n preparation for the | abor at ardy) Xagd nfgo lelxqveirr
material s:

1T Guangzhenpbseaelbtkesnnsea epr 8serdt,i Mg G@nd 12 mont

2% and 202 rémdpiecad dait teihdels @t stpeci mens ori g

batch GZ.
1T Unexposed s pedicre nLsi cfarSoensegach) .

Out arbaot ory agi ngo dfleovceulseepdmesmptt helranggs i n refl
observed i n thels2ze mnsamxt hpsrxgodiwsaftrise |adnt2%Eul aodpdet. h o u &
spectral measbeéemhBBAELtB00 nmpm@dSemimgd in this sec
at LBRO Wi ng &Il Mer kiLa mb-d eNsl RO 0s pleMt rometer out
150 mm Labsphere integrdtRingStamiarae gest AMEM

Absorptance, ReflectMateri ahd Usangmilint@mgeceat
2012) . Me asiud emtwinftibedaot h a product and condi
underscore. The naming TcaobdlgeeTatbbloens ar e summar
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Table 4. Naming convention used to identify the specimens used in field exposure and
laboratory aging experiments.

Specicomea Coatprnagd u Col or Substrat
SG/ Al S G whit e al umi nui
SG/ C S G whi t e concret
DCGa/ Al D Ca whit e al umi nui
DCa/ C D Ca whit e concret
DCb/ Al D Cb yell ow al umi nui
DCbh/ C D Cb yell ow concret

Table 5. Naming convention used to describe the condition of specimens used in field exposure
and laboratory aging experiments.

Condition code [Meaning

GZ0 Specimen prepared in 2014hexposedl available)
GZz12 Specimen prepared in 2Q1f#eld-exposed 12 monttia Guangzhou
LO Specimen prepared in 20hexposedl5 replicates available)
A0 Specimen prepared in 2016 and used in lab aging trial A, iodiaition
Al Specimen prepared in 2016 and used iralgibg trial A,afterstep 1
A2 Specimen prepared in 2016 and used in lab aging triatftéy,step 2
A3 Specimen prepared in 2016 and used in lab aging triaftér,step 3

Specimen prepared in 2016 and used in lab aging Bidirough E
X denot es cimtialdiiltoi: cctepfififiedro .af t er st ep
BX-Y through |Y identifies specimen replicate where applicable, arbitrarily designate 1

EX-Y ( A bpgecimerl ; é&geci men 2, )A30: speci men
Ex a mp | -8 oefefisEoZeplicate #3 of a trial E specimen at step 2 in the lab a
process
Soon after the | aboratory aging work began, i

batch GZ were not eeq uo bvsadirdvietadlr eWe mmg E ang b § , w
spectr al refl ectaatctefpleiet nwheecorse Aff@feexrdo $ @ linexpoc
bat&zh speasmdns n Gurarrdtgelitheesctr al sfdorf fearine s
S peciameen s tRa vgroitr her dFu @QBL r e
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Figure6. Solar spectral reflectances a@fie unexposed S@AI sample from batch L (LO) and batch GZ
(GZ0). Spectral reflectance difference {LGZ0) is plotted on the right axis.
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Figure7. Solar spectral reflectances ofie unexposed S@C sampldrom batch L (LO) and batch GZ
(GZ0). Sgetral reflectance difference (LWOGZO0) is plotted on the right axis.
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Figure8. Solar spectral reflectances ofie unexposedGhb/C samplgrom batch L (LO) and batch GZ
(GZ0). Spectral reflectance difference {LGBZ0) is pltted on the right axis.
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Table 6. Dry film thicknesses (pm) of coatings on unexposed specimens from batch GZ and
batch L. Values represent the average of 5 spot measurements on one GZ0 and one LO
specimen.

Product/ sub GZO LO
Sc/ Al 119 4 4
DGa/ Al 146 60
DGb/ Al 122 91
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Figure9. Reflectance spectra ohe unexposed D@/Al samplefrom batch L(LO) andbatch G4GZ0).
Also shown are thepectralreflectances of barealuminumand an opaque layer of white acryfiaint.
These curves show that the spectral differences between LO angs@f@mensre consistent with the
differences in coating thickness.
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FigurelO. Images obne unexposed sampl&om batch G4AGZ0) andbatch L(LO), showing differences
in surface textureThese photographs were taken in a dark roosing a singléamp as the light source,
with both the specimersand cameranounted in a fixegosition.A centimeter ruler is includeth each
photographfor scale.
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Table 7. Summary of differences between LO and GZ0 specimens.

thi (Izoatlng AM1GH SR Surface texture (subjective
Product| Color | Substate | thickness (pm)
GzZ0 LO GZ0 LO? GZ0 LO

SCGa | white | aluminum | 119 44 0.803 | 0.80:0.83 | slightly rough| smooth

. , smooth to
SCGa | white | concrete - - 0.810 | 0.80¢0.84 | slightly rough slightly rough
. . smooth to .
DGa | white | aluminum | 146 60 0.766 | 0.67¢0.74 slightly rough slightly rough
DCGa | white | concrete - - 0.743 | 0.74¢c0.76 rough slightly rough

DCGb | yellow | aluminum | 122 91 0.708 | 0.67¢0.69 smooth  |slightly rough

smoothto
slightly rough
aThis column reports a value range, representirgl0 samples randomly chosen from the set of 15. In contrast,
the GZ0 solar reflectance column represents measuremerjtssbl sample, since GPABR did not ship LBNL any
replicates.

DCGb | yellow | concrete - - 0.688 | 0.680.71 rough
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3.2 Data from field-exposed specimens

GPABR IsBEMbnepeci men per @Prhod wqgtr/agpdbd gsthioewnn. 1 n
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L}

GZ-C-8C-a-0/1-1412-3 GZ-C-SC-a-0-1601-2 |

di s esases e

Figurell. Images otoating product S@ applied over aluminum (Al) and concrete (C) substrates. From

left to right: batch LunexposedL0),batch GAinexposed GZ0)andbatch GZ exposed for 12 months in
Guangzhou (GZ)2
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Figurel2. Images of coating product BeCapplied over aluminum (Al) and concrete (C) substrates. From
left to right: batch LunexposedL0),batch GAinexposed GZ0)andbatch GZ exposed for 12 months in
Guangzhou (GZ)2
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Figurel3. Images of coating product BiCapplied over aluminum (Al) and concrete (C) substrates. From
left to right: batch LunexposedL0),batch GAinexposed GZ0)andbatchGZ exposed for 12 months in
Guangzhou (GZ)2
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Figurel4. Spectrareflectances oS5CGa/Al at t=0 (GZQ)exposed in Guangzhou &t12 months (GZ12),
and thecorresponding spectralifference(GZ0g GZ12)
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Fgure 15. Solar reflectanceof samples exposed in Guangzhou at t=0 (GZ0, initial) and t=12 months
(GZ12, agedNumbersnext to arrows reporabsolute differences (GZX2GZ0). Error bars represent
the standard deviation of théhree spot measurements.

Table 8. Summary of solar, visible, and near-infrared reflectances measured in samples
exposed in Guangzhou at t=0 (GZ0) and t=12 months (GZ12), and their corresponding absolute
differences.

AML1G|so( 300i2m5m0 | vi 6400770000 {ni ¢ 70072500 0
Specim Gzo|Gz2 GGZZLZ(') Gz ol Gz12 GGZézb Gz 0| Gz2 GGZEZE)
se/ Al |0.8/0.6/0.1/0.9/0.6/-0.2/0.7/0.6/-0.1
sa/c |o.8/0.6/-0.1/0.9/0.6/-0.2/0.8/0.6/-0.1
DGa/ Al |0.7|0.5/-0.2/0.8{0.5/-0.30.7/0.5/-0.1
DGa/C |0.7/0.5/-0.1/0.8{0.5/-0.2/0.7/0.5/-0.1
DGb/ Al |0.7|0.5/-0.1/0.7|0.4/-0.2[0.7/0.6/-0.1
DGb/C |0.6/0.5/-0.1/0.7/0.5/-0.1/0.7/0.5/-0.1
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Figurel6. Spectradifferencesobserved after 1 year of fieldxposure in Guangzhou for white products
SCGa and D&,

Figurel?. Spectradifferencesobserved after 1 year dield-exposure in Guangzhou for yellow product
DChb.
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