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SECTION 1:
ANTI-SOILING COATINGS
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Purpose and objective

H bR

Problem StatementfZ1E ) &R

e White cool roof coatings save AC, but soiling reduces
their performance (reflectance) H 4= %= Ge />
A, (EiGTEEIS TE IR (RSTE)

e Goal is to demonstrate that super-hydrophobic
powders can be added as anti-soiling agents to
environmentally friendly, acrylic-based cool roof
coating H 72 /B /K K AR BE 78 =4 b7 B A 5T 45
AN BRI IR R 1 Ae = TR 2

Project Objectives Iji H H R

* Maintain high reflectance and integrity over prolonged
exposures (> 10 years) 47 HA R 15 e 5 2880 58 B4
(KF104F)

* Double energy savings of acrylic cool roof coatings
over service life fEPIMER R T REE TR EN WREE
e

* Demonstrate these coatings in key buildings and
facilities in the US and China ¥#iX £k /Z iz H 2| — L&
Hh ] R S ] D 1) 4 AR A A e 3




Anti-Soiling Coating Development
(ORNL, Dow Chemical)
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Hydrophobicity can improve soiling resistance, coati@g;__fl.-i*fé

HIK TSRS R, DR

(1) Solar reflectance (SR) decreases over time due to soiling
and microbial growth

T Qe A A, KIERER I Z (SR)
it 25 I i) RS i /D
SR=0.82 SR=0.51 SR=0.31 (3) Increasing hydrophobicity can also
reduce water swelling and coating
permeability, improving roof coating

life
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(2) Increasing hydrophobicity improves “
resistance to soiling -
AT W] DR S i el B2 °:n i

i

Water Swelling (%)
>
]

7
A

o

50 100 150 200 250 300
Time (hours)

o
o




Additives can boost hydrophob|C|ty

I IFIEIRY N EE7

Solution to the coating soiling problem:
BRHE i Ia) R R R T V5

Superhydrophobic additives increase resistance to water,
soiling and microbial growth

K MRS I0FR S s BN 7K, 7 LB T A s 2
INEERIS

Vinylacetate
Conventional Acrylic

Lipacryl™

Olefin

Fluorine

4IO 6IO 8I0 1(I)O 120
Contact Angle
Acrylic chemistry can increase hydrophobicity but not
completely solve soiling and water permeation problems
PR ERRAL AR a] UG Ik v, (BARE S
R ORJBS P AN 7K 238 1 ) it

=il €

Dirt, dust and biological
organisms do not stick to
superhydrophobic surfaces
B, REMEVFHAE
T E T KR




ORNL provided superhydrophobic powders to Dow Chemical "
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Celtix diatomaceous earth
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Dispersing SH powders in latex

(EFLEH A SHEY

Celtix-CgH,F 5 fluorinated silane diatomaceous earth was successfully
dispersed at low levels into water-based roof coating using the dispersant
Tamol and high shear dispersator.

Celtix-CgH, F o # A ot ik 9 A FH 43 BT Tamo R 15y 5 49 i 28 J Rl D b 73
UM BKES R TR e

Celtix-C;gH;- alkyl silane DE was not easily dispersible. Grit and phase
separation was observed possibly due to the large, long chain hydrophobic
groups on the DE surface

ﬂ:j(El’J {t%ﬁWKﬁXTEDE%EJ:

Diafil fillers, both modified and unmodified, could be incorporated into the
roof coating formulation at levels up to 5% volume substitution.

P LR B BL IIDIaRIBE R 7, T DA DIk 2 590 4 2 31 R TR b i 7 o

The unmodified and fluoro-silane modified variants could be incorporated at
levels up to 25% volume substitution.

A DU 552 2 25% 1 AR 40 B PR gt A Joe 40 B I 32 4K



Fluoro-functionalized silica (SiO,) and diatomaceous earth (DE) were
incorporated in a standard latex formulation ) ReAt H) - %WCEJL_ -

(Si0,) FfEEE+ (DE) AN B — b o i I A 75

SiO, DE Control % il Sio, DE Control{z 1]

106° 107°  103°

e Silica particles well dispersed in latex Very slight increase in hydrophobicity with
coatings the silica incorporated coatings

RGBT MAE BRI R A BRI, R KR A
* No change in coating color with up to 2% HHEIREEA T

silica by weight * Silica particles did not penetrate the
IO T =ik 2 % ) A 5 ik B surface
BAHZAN “HENFREERET

To increase coating hydrophobicity, the silica particles must be exposed at the surface

NSETINTR IR I, S R RORE 20 2 5 5 A2 3R T



Coating performance

vR IR RE

Dirt resistance i 3575tk

» Dirt resistance of the EC1791 reference acrylic coating is unaffected by the presence of the
superhydrophobic silica particles

R B ISTR BFECLTOLA MR Kl 5 AN S A /K I — S AR ML A7 FE O S v

Film Strength 5%

» Elongation at break values were dependant on extender: Celtix > Celtix-CgH,F,5 > Celtix-
C18|_|37
W R 4F K R ARG T IE 7T 71): Celtix > Celtix-CgH,F 5 > Celtix-C gH,;

»  All samples showed elongation at break values of >100% and thus passed ASTM D6083
standard

FIr A R i s H R 22 K >100 %, AT i ASTM D083 i
Water Permeability &K 14

»  Water Induced Swelling: All films that contained unmodified Celtix or SH powders showed
higher water pickup @ 29 days than the 1791/ARM91-1 reference latex coating
IKGIBERK: 75529 R FT A MR AL & ARAZ UK Celtix S SHF HE 1791/ ARMOL-127%
FUR R EA B K IEE #

» The swelling ratios @ 29 days of three Celtix appeared to increase as the substitution level
increased

KON EBACFE RN, = ANCeltix 1A K R AE29 K 1 n
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SEM images of film surfaces

22 I HISEM B R

» The samples containing the CaCO;, control and the 5% Celtix are very similar

B A TR ES O RE 5 115 %% 1R Celtix B ity 3R 3 AH AL

The 25% Celtix coating has a considerably rougher surface than those containing less filler
25 % K Celtix i J= LU AR L2545 /b 2 Celtix U ¥ J2 6 5 A RE B 3R 1H]

In all cases the Celtix appears coated in resin and the surface functionality is not effective

fECeltixiR EM AR RIFTAE DL T, RIETHAEAR TSR
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Anti-Soiling Coating Testing
(LBNL)

oI5 g =
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LBNL will use its accelerated aging method...

LBNLYF FH H s A 7 e

Accelerated soiling J&E 5 Accelerated weathermg Dnﬁ%ﬂ.
(atmospheric deposition K ITTFRY)) (UV, heat, moisture 254h 4. #. )

]

Room Air Coong—,ﬁ/ \

UV Lamps
Test
f; Specimen

4; <4— Swing-Up
( A Door

A

Test Specimen

3
-
o
S [ v—
4 s 7
g_ mixture l:l'% g@ﬁ#j: Water Heater
2 Spraying vessel Coupon of aroofing product
PR 5

Sleiman et al. (2014) Solar Energy Materials and Solar Cells 13



...to evaluate reflectance and contact angle changes as SH;

coatings age VPl S %, i Bﬁ%’ﬂ/ﬂ:_:__:..._7__;_;1‘;__.;__;ﬁﬂzﬂc-'-

Conventional coating (not superhydrophobic)

EARE GREEMAKE

Simulated 3 years Simulated 5 years
Initial of exposure of exposure
GIL ﬁiﬂsﬁﬂiﬂﬁ ffﬁwsﬁﬂiﬂﬁ
v w bl SR Wf" e P

SR =0.85 SR 0 79

g ">

1cm

Superhydrophobic coating?... EB#I/KEFIGRE?
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LBNL ran preliminary tests on ORNL samples

LBNLX ORNLHAF: fm {6 I gzl

Epoxy coatings containing 10% and 20% superhydrophobic DE
EH10%M20% HIB K HEDEFR E ik

Water contact angle (°) /K2l £ &

170
e Average and SD for 6 droplets across test area
o GUHFEANIRLS A E AbRAE 2
160
150 + ? # %
Mean fractional loss of solar reflectance 140
after three years of exposure (%)
2 = RIHEN S, ORBH RO R AP TR L (%) 130
25 ® 10% SHDE
* Simulated through laboratory accelerated aging 120 ® 20% SHDE
* S0 =N ) " . "
20 Kt SN E AR Initial Conditioned conditioned conditioned
vIuG [yl + soiled + soiled +
fo/7+50  weathered
15 5 +15 0k
+2fb
10 | * . .re
Prototype resisted soiling
. and retained hydrophobicity
A\ [
P PRIMZK 1 B R B
0

10% SH 20% SH CRRC (n = 662) 15



LBNL is bwldmg an apparatus to evaluate self-cl .anmg

Carbon black particles deposited
on SH coating

DURATE B H 7K M TR = (1) R SR R

Video recorded at 480 fps.
PRA 3% 1] 480fps

16



Key Year 4 technical achievements (|/||_
Y B AR (A

Accomplishments 5

» Dow has found that the dispersability of ORNL SH Extenders into aqueous acrylic roof
coatings can be achieved using dispersants and high shear mixing at levels as high as
25% substitution of the CaCO,.
B IR 2 Tuﬁiﬁﬁ > HS TR AN T R VR 2 FEORNL SH Extendersis i 2]
PP PR I B e TR ek LA AX25 %% EI’JCaCO3

» This was one of the main challenges of the project — dispersing water
repellent powders in water based acrylic coatings

T H K E BB R 2 — - ERK R KA I 2K R IR ER R

X
th

» Dow has observed a significant improvement in dirt resistance, a surface property,
using fluorinated silane functionalization for the superhydrophobic particles embedded

In the acrylic coatings, but increased water permeability is a problem that needs to be
solved.

B’UEE%%EIJE", 1T BRAE PR R TR 2 AU AR S K RURE R 1 35 U b A
Fl, TS UStEA T R B G, EKTEE MR IR A B e ]
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Key Year 4 technical achievements (iifii)¢

FBE R AT BOR R ||)
Accomplishments 5

* ORNL has initiated anti biofouling studies using surface modified SH coatings that are
expected to have enhanced anti biofouling properties

PRI [ SR ST = CL 22 HH 0 i FH 3R 11 22 12 2 1 SHIR R S AE )75 Se I
7T, WTHREAA B R BT TS Ge e
« 2 invention disclosures submitted (232 25 . BA):

» J. Simpson and G. Polyzos, “Superhydrophobic Coatings using Double Silane treated Silica
Particles.”

» S. Allman, M. Cheng, A. Desjarlais and D. Graham, “Art and Method on Accelerating
Microbial Test of Materials.”

18



Schedule for completlon of Year 4 I\/Illestones

U B FE 18 B 8] e

e Schedule of completion for remaining (unmodified) Year 4 Milestones and Target Outcomes, percentage of

cumulative unspent DOE funds

SRR CRIBHED RIHAE BARMAT H br ORI TR, R TE RS S BEJR #8 ) 51 <5 LU ]

Tasks CY14 | CY14 | CY15 | CY15 | CY15 | CY15
Q3 Q4 Ql Q2 Q3 Q4

Complete first evaluation of acrylic formulation

S G B L T ) P

Complete anti-soiling coating development work =
6 R BT V5 TR BT & LA
Complete pigmented formulation development

o2 B R TR —_—— <

Complete accelerate microbial and soiling experiments

]
S8 RN A A AN 5 e s 56 <

Accelerated environmental coating tests complete EE—— <>
T F A PRER R X

<

B Scheduled task completion time J5 11| 5 A% i 1]
<> New scheduled completion time FITERI 5E Bl Ta)

*The new completion times dependent on the availability of CY14 and CY15 funding
*3B 56 B ] B T CY14 RICY 15 1) B 4> 19



Issues/risks and abatement plans (|/||)

i) 2L/ PR R S (1 /-2

Issues and Risks

 Incorporation of the silica powders in the formulations to increase anti-soiling
properties may change other desirable coating properties — e.g. durability,
bonding, optical properties and coating permeability

« Different functionalized silica powders may not disperse in the polymer matrix
as expected

 Incorporating a high loading of silica in the anti-soiling coating may adversely
effect the durability of the coatings

I A R

o LRI RS IR ) LR, T AR H BT
RREIPERE - BIITAPE, Ridr, Jb2EAER AR 0B

o ANFETHRER " EACRERY K ] BE A S AE I E VDI i an T ) AR
o BN AT R BEXT IR R BN AR A AN R R
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Issues/risks and abatement plans (||/||)

i) B3/ XU IR 2R (1 /M)

Abatement Plans
» Evaluate a range of different extenders with hydrophobic treatments

» Look at increased levels of hydrophobic treatment by modifying silica particle
surface functionality, particle size and concentration

» Assess routes to moving more of the silica particle extenders to the film surface

» Assess route to minimizing the resin coating of the silica particles already at the
film surface

» Perform accelerated and outdoor environmental evaluations of the proposed
coating formulations to assess coating stability

Xt IR

o PP IIKRCR I S0 v

o BB AR R ThRE, RSN DL SR ROR
o FRIFEE 2 1) A ARRURL A% 22 R R T A T VA

o FREE /MU CAE R I ) = A RORL I B4 i U 2 1 T V2%

o SEHURE R E IS LR RS e 1
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SECTION 2:
COOL ROOF INFRASTRUCTURE
e FRR Y ENTIE: 2 gD

P-B-B-T-6-54-3-210 1 23 ASHTHE
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Climate Modeling
(LBNL, CAS)
AR AL
(LBNL. H &%)




Cool roofs could significantly i increase average urban albedo in

Guangzhou (i/ii) ¥ RS Z 5 7T ML

X T A ﬂ'}i,m

albedo increase * Average roof albedp in
M2 Rz 1R 2R (g B g B Guangzhou could rise to

24°N —

23°N — L

22730'N —

T )
N I T | | | z_

112730'E 113°E 113°30°'E 114°E 114°30"E 115°E

Surface albedo (COOL-CTL) at 12:00 LST ()

oo 02 04 06 08 1 12 14 8 A8 2 22

0.55 from 0.12

);‘}IIW x @ﬁ““%
(S5T3%) ~FIE M
0.123%420.55

e This could increase the
average urban albedo in
downtown Guangzhou
by as much as 0.22

I IX Y 226 i

AP0 1 0.22

24



Cool roofs could significantly increase average urban albe.dp--'ih

Guangzhou (ii/ii) ¥ R TIL. 2 $ i 11 Hh X 9 R MR =

albedo increase

3R 2 8 2R p 18 m i LBNL — IAP Collaboration

1 . LBNL-5IAP ] H PR 1
— . ) Meichun CAOQ, a scientist from
the Institute of Atmospheric
Physics (IAP) of the Chinese
23°N — L
22°M —i‘
I ﬂl . ]., gl . ID VI 1 |=

Surface albedo (COOL-CTL) at 12:00 LST ()

oo 02 04 06 08 1 12 14 8 A8 2 22
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Cool roofs could reduce summer air temperaturesdn

Guangzhou by 1 °C ¥4 J& X 51 251 4 Ha [ BRI 1 °C

average temperature change e Long term analysis improves
yH b Aan .
IEFHE SR F 2 understanding of cool roof effects across

the cooling season
FEAEL 0 B AT IR B A v J TR A i
- AEHIHR

» 25 weeks modeled, sampled across the
summers of 2004 — 2008
2004-2008FKH Z (5~9H) & H %1
JA AT AU, SHEILAAN T 25

* Modeling included an additional 6 heat
wave events for comparison
TR T e MR A I

T BIVAR, AR TIRART R

T ] ] 36 BT B

-1-9-8-7-6-5-4-3-2-10 1 2 3 4 .5 6.7 891

24°N —

23°N —

22°30'M —

22°N —

Modeling work utilized the DOE’s NERSC supercomputers
T OB AL 96 350 2 7E DOE FINERSCHE L - & b 58 )i




Next steps

N TAE

AT during heat waves?

3T AR 5 A ST TR F B A 2

e Do cool roofs produce different effects
during heat waves compared to normal
summer weeks?

R T LE 4 B 05 R A T R
KA R R R R 7 AN 2

 Initial modeling of an historic July 2004 heat
wave indicates the possibility of larger
temperature reductions

XF2004457 H — IR T R K A AT 0 R
AR, ¥ = e 21 1) P A FH AR IR K

HBH[a] a8 & I (1.5°C temperatt{re r_eduction)
A R (1.5 °CH Ba it R )

27



What we expect to learn by end of Year 4?

SPAGEA, TRATHUYIAE S e

Expected products by end of CY 2014
20144 ) TR AR -

Assessments of potential changes to weather
induced by cool roofs in Guangzhou over the
entire cooling season and during heat waves
V2 N AT R BATR], 7 R IO TN
by DX T R A R

e Urban air temperature reductions

3§, T b TR AR A
* Precipitation and wind speed changes

P K5 XA

Reduction to net atmospheric radiative forcing
in Guangzhou (global cooling)

UM X - SR SR A (A BRBETRD

(1.5 °C temperature reduction)
(B 1 2 1.5 °C)
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Black, White, and Garden Roof

Experiment in Chongqing
(LBNL CU)
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Will measure annual energy savings from white
roof, garden roof )2 i 5 Fi 2 i A REMR

* Three adjacent rooms with
black, white, garden roofs
SR R AR e TP P S Y (TR = RN =X T
4 22 T "

* Each room has own split system
for heating, cooling 48 j5 [a] 34545 H b g 4344
A IR 25 U B A AR AL 4

e Measurements i Z%;:

e

 roof top, roof bottom, indoor air temperatures ZINN . AMEEHEEE, EANTSE
 roof top heat flow J& Tl #MNeE [H] #A 25 BF

e HVAC energy use T 28 FEHE

« garden roof evapotranspiration, soil moisture F{f & [ 28 MG 28 K &, +TIHEIEE

« weather S Z %

e Similar experiment planned for Guangzhou 7 X7 B AU 25



White roof, garden roof stay cooler save energy

EF@?’FH?FEPTE):@ ﬁ[ﬁzp/m’? HERX

|——black roof top (room 305) r | —blackroof top (room 305) i 500
0 |——white roof top (room 306) L g\ 350 3 ——white roof top (room 306) 400
~ ~ 70 -|——green roof top (room 304) L £ | 4 ——green roof top (room 304) L
O 8 e black - white [ 25 ; £ 300 E I black - white ; ~
< o black - green ~ 5 250 - black - green - 300 ,qg E
2 O~ Kz ’ CE - F=
mg | 3 ~0 RE - 200 o <
e 8 D |o 0l E L (&)
81 5 Sl | 100 &M
£ ) m g ®
@2 s g e
& 5 s B ', B
=g B S O el e
4 I - 4100
L T LA S S B B S S A - -200
0:00 6:00 12 00 18:00 0:00 0:00 6: 00 12 00 18:00 0:00
60 | ——black roof bottom (room 305) 16 0.6 1 ——room 305 AC (black roof) L 0.5
—~ |~ | ——white roof bottom (room 306) I 1 ——room 306 AC (white roof)
O O | —— green roof bottom (room 304) w14 T 05 - ——room 304 AC (green roof) i
A N | . black - white :..' .t = g . oo black - white - 0.4 —
~ | @ g o black - green 1o ~ | = { black - green _
= | 4 < ; i & NE
ﬁ’l’( E I 6 E < 04 i i g A
ﬂ]a (] | —~ o i - 0.3 < |
s o ) O n L L ; =
|-@ € o |2 N | S 1 x| X
w2 s Imly 03 - 9|
L 5 MY < * o2 2|4
K o = k| @ i o
s} —_ ﬂ]a e | > 0.2 - — | M)
I_El "5 a < | = . qﬂ_) Jm
— o Bﬂ'\‘ < I = up
4 |+ , B2 S01 ™
o /I_l S 0.1 - -
@ ] -2 M1 O i
,AC B -
0 =0 00 it —— Ao g0
0:00 6:00 12:00 18:00 0:00 0:00 6:00 12 00 18: 00 0:00
Local standard time, 21 July 2014 Local standard time, 21 July 2014
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Natural Exposure Testing in China
(IVIOHURD GPABR, LBNL)
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Natural exposure tests will assess soiling/weathering of roofing p-r;@dhcts

in China [ 48K - 5 F SR VP Ao (51 e S0 T bl 1
PREPARATION
exposure sites exposure racks EASUREMENT SHIPPING E';'(?TOUSTJAR'E
Measure Package and

Expose

radiative ship coupons coupons for
Develop - Prepare @ d properties of to exposure 3_5 ears
protocol resources clean coupons sites Y

Measure Package and Retrieve
radiative & coupons

properties of ig'g;g:;tzcs quarterly for
aged coupons Y measurements Analyze

| collected data

ANALYSIS

#E& TAE
IR (LR e 2
HESIE

Store & save
coupons

Bt v

] SRR 3-5 4F

Jo THI R i e B 5 PIUAFE

ST S 0 pe s o \ ﬁ I
I S e 4 D A 28 HE 2% v o @%%%Mﬁ
b4 75 R $R B ~
T B A S5y
B

IR B Al A i
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Project plan and time table

G . R R

 Completed preparation for testing protocol, coupons, and exposure racks

BAESE R B AREACIRLIN] | A i S BRI SR B H SR v % TAE

* Natural exposures start from September 1, 2014

¥ B 2RI 5 20144F9 H 1H AT

2017.9-2019.9

2014.9-2017.9 [ e Annual retrie‘val &‘test for 2 Years
o SEREEFRHEN . MAFEA; LM A

e Quarterly retrieval & test for 3 years
o REZEFTHRIL. MEFEA; FE M =5F

35



Natural exposure testing accompIishmer]_t-g__,:..

* MoHURD-RISN/GPABR - LBNL collaboration F&¥f#Hr

HEEB I | REEHBER I KB TH]
E X LR = =7 FAE1E

* RISN-coordinated, GPABR-led multi-institute testing

activities 1 22 bR 11 & U 78 B 1 D DA SEE LRI T W S
REWIBEIHN . Ja 2 5O SR = 55 e 2 il i RISN-LBNL-GPABR
e LBNL provides technical assistance, reviews, and advice on Protocol meeting

protocols, planning, design, and testing of coupons{H 7¢. Fl| =RV AR S T
E s =R Z TR TR S

e Two out of three RISN workshops held in Beijing and
Nanjing (May, July) ; the third workshop scheduled in late
August FF—. B IR TAES WAL RS H . ME7H
I B =R TAESWAES H AT

« Developed & distributed test protocol & 2B TiAF  Site visit & selection
B2 TT R I HETT &5 A R &N (Lin Changging of RIS

Yang Shichao of GPABR

* Selected testing sites, institutes, and industrial in Shanghai)
suppliers i E SN . AL, KMBRMER =K RIS 5L (B

36



Completed design of coupon racks

SRR AR A

 Completed coupon exposure rack designed for each site, similar to U.S. CRRC,
but different tilt angles

o TSR BRISR BT R IR A B YA T3 E FICRRC
o 2% tilt (~1°) for flat roof materials vs. CRRC tilt 5°
~F- 2 [H] 2960} 22 (100R} A1 £91.15°) T CRRC 1514 1 J95° ——
e 20% tilt (~11°) for sloped roofing materials vs. CRRC tilt 45° ‘ / o
39 22 THI 20985 A% 2 (1A% A1 £911.3°) T CRRCAARY} A1 Hy45e JIN

China: tilt 1°fi&l /A 1°

37



Have selected sites, institutes, industrial partners

CL T R . 2 5
10 exposure sites nine institutes

1071 A 97K 2 BAL

Xinjiang IBR 37 55 @i B

Sichuan IBR Y JI| ZE BT B

Hot Summer, , _ ‘ -
Cold Winter 4 Xiamen IBR J& "] @t F

* Xiamen IBR GPABR | ZR ZE B

Summe ] :
Warm Winter Shenzhenisr % & Shenzhen IBR JE I Z BT i

3 Chinese, 2 multinational industrial partners/suppliers wuuu/sssm. srrman. 2remman

AkzoNobel Huarun Coating | Dow Chemical | Chengguang Nanshizixing

Ewbws | EREERE | BRAEE | IHRGERE | PUETTE




Key Year 4 technical achievements

FAE RSB A R

Accomplishments AR KR

Natural exposure testing program launched by LBNL, MoHURD RISN, 9 Chinese building research
institutions, 3 Chinese/2 multinational roofing manufacturers initiates a Chinese roof rating program.

HILBNL. A3 i br i e BT 7 iy o [ S SR A0 TR | 2R A8 I T B S0 5 W Be . 35K
T EAF M Kz RS E AR Z 50 ERZANEITE , Koy E R e PP gaE
BIHRTT 7

Black/white/garden roof experiment underway in Chongging is the first four-season cool roof demonstration

in China. £ 55 JX Ffr i2EAT (10 78 €0 =2 T/ 1 €6 J22 TR R 22 T S 3, A2 18 401 v [ v Je T P 2 T 3
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Publication SCER K F

LBNL, CU, and GPABR have published the first comprehensive study of cool roof policies and benefits in
China:

LBNL. E K. J7REEM A E T (BRIFBCE) AR T ER RT3 EA =
MR
GaoY, Xu J, Yang S, Tang X, Zhou Q, Ge J, Xu T, Levinson R. 2014. Cool roofs in China:

Policy review, building simulations, and proof-of-concept experiments. Energy Policy,
doi:10.1016/j.enpol.2014.05.036, 25pp.
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Progress toward key Year 4 milestones (cool_ rof
infrastructure) ¢ /2 T 22 Aitt v i TN 15| 2R 49208 1)1

Milestones (highlighting 4 of 18) CY14 | CY14 | CY14 | CY14
BERE (B3 H 18T H (194 350) Q1 Q4
1R | 2FF | 3RE | 42F

Simulate urban and global cooling in Guangzhou

XF T P IX S B AR P TR R AT AR

Start four-season black/white/garden roof
demonstration in Chongging

106 8 € 22 T/ 1 €0 Jo T AL T Y SE B v

Launch natural exposure testing program
for roofing products in China

JEETTHb [ 2 A R B 2R A0 I H

Draft model language for cool surface credits/
requirements in Guangdong B A < kil /5K 2 R
1A 22 THI IR R UV SO (AR D

B Scheduled completion5g JilH [A] <> Actual completion=E R 52 K
Unspent fraction of (carryover + Y4 DOE funds) as of 2014-08: 45%
#)2014F8H N1k, AR HAF 5 E45%

Issues/Risks/Abatement: Unusually rainy weather this summer may require
extension of Chongging demonstration through summer 2015 {F#1E 7] &1 % fig

W BRSFERZ W R KRB 7RI H K 2201542 2 40
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Estimated CO, and energy savings'

Target Market and Audience
* Widespread acceptance of cool roofs (and possibly cool walls) in both

residential and commercial construction in China and the USA:

> About 50% of the population in both countries live in hot-summer
climates

> Could upgrade 3B m? of roofs by 2025 at no cost (end-of-service-life
replacement)

Impact of Project

The wide scale adoption of this technology in China by 2025 will save
120 TBTU/y source energy and 10 Mt/y CO,:

> Near term: Demonstrated anti-soiling properties of Dow fabricated
coatings

> Intermediate term: Demonstrated reduced cooling costs for cool roof
coated commercial and residential buildings

> Long term: Global market size for roof coatings is estimated to be
S800M/y with an annual growth rate of 3-5% (Dow estimate)
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Appendix 1:
ANTI-SOILING COATINGS



Proposal for project continuation

(anti-soiling coatings) =

Proposal Concept

* Initial attempts to fabricate acrylic based anti-soiling coatings look promising
but need to be studied further to both optimize the coating hydrophobicity
(anti-soiling properties) and minimize water permeability which will limit the

life of the coating

* Consequently we propose to continue to develop, optimize and test the
acrylic anti-soiling coatings
» Changes in silica surface functionalization to improve bonding and particle dispersion
* Changes in particle size and distribution to minimize water permeability

* Assess routes to moving the SHE extenders to the film surface
» Assess routes to minimizing the resin coating of the HE extenders already at the film surface

Budget
e ORNL-S150K, LBNL - S100K, Total = $250K, Dow - in kind = $250K

Outcomes
e Acrylic based anti-soiling coatings with demonstrated performance
advantages (increased soiling resistance over time) over existing cool roof

coatings
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Budget for project continuation

';-:"ﬁ

(anti-soiling coatings) = ¢

Annual U.S. and China (estimated) project budget, spending, and cost-share
by source (past, current, planned)

Project Budget: S350K (ORNL, CY13-CY14) + S150K (LBNL, CY13-CY14) - US only
Spending to Date: CY13 and CY14 cost to date = S240K (ORNL) + S70K (LBNL)

Additional Funding: Dow anti-soiling coating development work self funded

Budget History

CY2013 CY2014 CY2015
(past) (current) (planned)
Dow cost- DI
DOE <hare DOE cost- DOE Cost-share
share
S225K (ORNL) S125K (ORNL) S150K (ORNL)
S25K (LBNL) >250K S125K (LBNL) >250K S100K (LBNL) >250K
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Schedule for project continuation. 4

(anti-soiling coatings)

Tasks CY14 | CY15 | CY15 | CY15 | CY15
Q4 Q1 Q2 Q3 Q4

Q1: Complete first evaluation and optimization of acrylic
based formulations

Q2: Provide Dow with silica particles with improved surface o
functionalities and size distribution characteristics

Q3: Complete pigmented formulation development and
evaluation with optimized silica particles

Q4: Complete accelerated microbial growth, soiling and
environmental coating studies
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Appendix 2:
COOL ROOF INFRASTRUCTURE



Proposal for project continuation

(cool roof infrastructure)-=

Concept
Continue to develop Chinese cool roof infrastructure by

* Completing four-season black/white/garden roof experiment(s) that demonstrate
cool roof benefits

e Extending urban and global cooling modeling to other hot regions in China

e |Initiating Chinese cool roof rating system based on natural exposure testing
program

e Developing and promulgate cool roof credits for all hot-summer Chinese climates
e Designing large-scale cool surface experiment

Budget
e LBNL - $200K

Outcome

e Science-based cool roof credits and rating system accelerate deployment of cool
roofs in China—saving energy, cooling cities, and creating Chinese market for U.S.
cool roof manufacturers
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Budget for project continuation

(cool roof infrastructure) &

LBNL budget:

S595K (CY11-14) + S200K (CY15)
LBNL spending to date:

S360K (CY11-14) + $130K (CY14 to date) = S490K
China funding:

Unknown—but 13 Chinese partners are investing
substantial effort in demonstration, modeling, rating,
and code development for cool roofs
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Schedule for project continuation 4

(cool roof infrastructure)=-- &=

CY15 | CY15 | CY15 | CY15

Q1 Q2 Q4 CYle+

Complete, analyze, and publish four-season
black/white/garden roof experiment

Model urban and global cooling in hot-summer Chinese
climates other than Guangzhou

Develop Chinese cool roof credits

- ]
Develop Chinese cool roof rating system - - - - - - -
[

Design large-scale cool surface experiment in China
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a Latex Formulatioi

Replacement of % SHE on Celtix Celtix- Celtix- Diafil 525 Diafil Diafil
CaCoO, Dry Film No Silane CgH,F.3 C.sHs; No CisH3y CgH,F 3
Silane Silane Silane Silane Silane

2.5% 0.87% Y Y N
5.0% 1.74% Y Y N Y Y Y
7.5% 2.61% Y Y N
10% 3.47% Y Y N
25% Y Y
33% N

e Celtix-CgH,F,; fluorinated silane DE was successfully dispersed at low levels into water
based roof coating using Tamol dispersant and high shear dispersator

e Celtix-C,gH;; alkyl silane DE was not easily dispersible. Grit and phase separation was
observed possibly due to the large, long chain hydrophobic groups on the DE surface.

e Diafil fillers, both modified and unmodified, could be incorporated into the roof coating
formulation at levels up to 5% volume substitution. The unmodified and fluoro-silane
modified variants could be incorporated at levels up to 25% volume substitution.
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Superhydrophobic Powder/Acryllc

Coating Studies .2 >

100% & = * v +

- Dirt Pick-up Resistance (DPUR) with
8 Coating sect7otwivv UV Exposure
g™ whiteness -
9., *CeltxwiiUV- o Dirt resistance of EC1791 reference acrylic
s * Celtix-C8H4F 13 coating is unaffected by the presence of
> 20 wi UV the SH particles

0% T T T
0.0 25 5.0 7.5 10.0

Substitution level (%)

100% ; ; ; L Dirt Pick-up Resistance (DPUR) without UV
o 80% e Exposure to deactivate DPUR chemistry
2 | ’ ’
§ 60% /. : ' * The Y-reflectance, or whiteness of films with
5 Yo | | ®EC1791 wio UV : e .
2 o e o Celt wlo Uy any Celtix modification was substantially
g o higher than EC1791 in this test
> 20% : : | ® Celtix-C8H4F 13 wio UV
5 5 i » Y-Reflectance is highest with the fluorosilane
0% ' ' ' modification which is effective at low use

0.0 2.5 2.0 7.5 10.0

|
Substitution level (%) levels!
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Superhydrophobic Powder/Acryllc

Coating Studies - .= J#

300 | | | Film Elongation at Break Point
£ 550 P—  Elongation at break values were dependant on
gzoo { ! 2 : I e1791ARMI1-1  extender: Celtix > Celtix-CgH,F;5 > Celtix-CygH;
- ' ® Celtix
z >0 i mcur iy © Al samples showed elongation at break values of
'.Elzz T cecaians | >100% and thus passed ASTM D6083 standard
o
W

0.0 25 5.0 75 10.0 ]
Substitution level {v%) Water Induced Swelling:

Percent Water Pickup @ 29 Days

=
N

. 4 » Allfilms that contained unmodified Celtix or SH
’ s : ! 1 ®1791ARM91-1 powders showed higher water pickup @ 29 days
L4 | ® Celtix than 1791/ARM91-1

® Celtix-C18H37

* celtix-c8H4F13 o The swelling ratios @ 29 days of three Celtix
appeared to increase as the substitution level
increased

w
1

Swelling ratio @ 29 days (%)

0.0 25 5.0 7.5 10.0
Substitution level (%)
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Film Properties with 5% Diafil andCeIl;lx

c18H37 c18H37 c8H4F13 c8H4F13

Maximum stress (psi) 2101 239+ 2 262 +2 2732 249 +2 236 +1 236 t1
Elongation at break (%) 250C4 2263 250+20 210+40 180%x30 230x10 220%20
Water permeance (US Perms) 23.6 23.1 17.8 16.0 14.2 15.1 12.9
Maximum swelling ratio (%) 16.3 14.4 14.5 14.2 13.8 14.3 14.6
Swelling ratio @ 1 month (%) 6.5 7.4 7.4 7.4 7.5 7.6 8.0
Contact Angle (degrees) 102.6+2.1 106.9+2.3 104.9+1.6 105.2+1.5

 Unmodified Diafil, Diafil-C,gH5-, and Diafil-C4H,F,; Were included in the 1791 ARM91-1 formulation at 5.0 v %
substitution of CaCOs,

» The tensile and elongation properties of films with Diafil fell between 1791 and those with Celtix, in line with the
oil absorption trend.

» Water uptake was independent of the DE grades

 Films that contain Celtix or Diafil with the same surface functionality show very similar maximum water swelling
ratios and swelling ratios at 1 month.
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Film Properties with 25% D|af|I or Celt.ix

Unmodified Unmodified Diafil
Inorganic extenders CaCO, Celtix Diafil CgH,Fs

Maximum stress (psi) 184 +1 3016 268 £ 4 177 £2
Elongation at break (%) 249+ 1 1208 1376 166+ 9
Water permeance (US Perms) 23.6 78.6 52.5 10.4
Maximum swelling ratio (%) 18.0 13.9 11.9 17.9
Swelling ratio @ 1 month (%) 6.7 8.9 8.4 12.9
Contact Angle (degrees) 102.6+2.1 126.8+1.2 110.0+2.3

Atrial of 33 v % substitution by Diafil-C4H,F,; Was first carried out but was not successful even when the
PVC was lowered to 33% (VS was kept the same) as extensive grits were observed.

However, Diafil-CgH,F,; was successfully included at 25 v % while the PVC and VS were kept the same.
The wet coatings were homogeneous and the surface of dried films looked smooth.

Similar to previous results with Celtix-containing films, the elongation at break value was lower than those of
the films with 5% substitution, but still met the ASTM D-6083 standard. Although the permeance of the film
containing 25 v% of the Diafil-C4H,F,5 is reduced relative to the control, the water swelling ratios are either

the same or higher.
55



	Slide Number 1
	Slide Number 2
	Purpose and objective��目标
	Slide Number 4
	Hydrophobicity can improve soiling resistance, coating life �抑水性可提高耐污染度，以及涂层寿命
	Additives can boost hydrophobicity�添加剂可以大幅提高抑水性
	Slide Number 7
	Dispersing SH powders in latex�在乳胶中加入SH粉
	Slide Number 9
	Slide Number 10
	SEM images of film surfaces�膜表面的SEM图像
	Slide Number 12
	LBNL will use its accelerated aging method… �LBNL将用其加速老化方法…
	…to evaluate reflectance and contact angle changes as SH coatings age 来评估反射率，接触角度随常规涂层老化而变化
	LBNL ran preliminary tests on ORNL samples�LBNL对ORNL的样品做了初步测试
	LBNL is building an apparatus to evaluate self-cleaning behavior   LBNL正在搭建用于评估自洁性能的设备
	Key Year 4 technical achievements (i/ii)�关键的第4年的技术成果（I / II）
	Key Year 4 technical achievements (ii/ii)�关键的第4年的技术成果（II / II）
	Schedule for completion of Year 4 Milestones�第四年里程碑时间表
	Issues/risks and abatement plans (i/ii)��问题/风险和对策 (I / II)
	Issues/risks and abatement plans (ii/ii)��问题/风险和对策 (II / II)
	Slide Number 22
	Slide Number 23
	Cool roofs could significantly increase average urban albedo in Guangzhou (i/ii) 冷屋顶显著提高了广州地区的城市地表反照率
	Cool roofs could significantly increase average urban albedo in Guangzhou (ii/ii) 冷屋顶显著提高了广州地区的城市地表反照率
	Cool roofs could reduce summer air temperatures in Guangzhou by 1 °C 冷屋顶对夏季广州地区的降温可达1 oC
	Next steps �下一步工作
	What we expect to learn by end of Year 4?�到第4年末，我们预期能得到哪些成果？
	Slide Number 29
	Black/white/garden roof demonstration in Chongqing began this summer在重庆市黑色屋面、白屋面和种植屋面示范实验（始于今夏）
	Will measure annual energy savings from white roof, garden roof 白屋面与种植屋面全年节能测试
	White roof, garden roof stay cooler, save energy 白屋面和种植屋面-有降温与节能效果
	Slide Number 33
	Natural exposure tests will assess soiling/weathering of roofing products in China 自然老化测试 - 将用来评估中国建筑屋面材料的污蚀老化
	Project plan and time table�项目计划、进展时间段
	Natural exposure testing accomplishments�自然老化测试项目进展�
	Completed design of coupon racks�完成样品曝晒架设计搭建
	Have selected sites, institutes, industrial partners�已确定的测试地点、参加单位与工业伙伴
	Key Year 4 technical achievements �第4年的关键技术成果
	Progress toward key Year 4 milestones (cool roof infrastructure) 冷屋顶基础设施项目第4年进展情况
	Estimated CO2 and energy savings 
	 
	Proposal for project continuation�(anti-soiling coatings) 
	Budget for project continuation�(anti-soiling coatings) 
	Schedule for project continuation�(anti-soiling coatings) 
	 
	Proposal for project continuation�(cool roof infrastructure) 
	Budget for project continuation�(cool roof infrastructure)
	Schedule for project continuation�(cool roof infrastructure)
	 
	Dispersability of SH Powders in �a Latex Formulation
	Slide Number 52
	Slide Number 53
	Film Properties with 5% Diafil and Celtix
	Film Properties with 25% Diafil or Celtix

