From Local Cooling to Global Cooling:
Cool Roofs and Cool Pavements
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*For more detailed information, please contact Hashem Akbari:
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Temperature Trends
In Downtown Los Angeles
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White I1s ‘cool’ In Bermuda
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Cool Roof Technologies
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Cool Roof Programs around the World

U.S. %
Europe XK
Asia AEM

Middle East ' %
China "% B
India (Hyderabad demos;
see graph at right)

EVEE (FEHEE S LT 7ie
» WAKED

3
s
&S
S

ﬁﬁﬂdwmwémm—

19719

West (kWh/day) (/@) :

N W b O
o
o

(o) |
o o
o O

o
o

West Building vs East Building Daily AC Use
EREAMRTEANERT HHBEE

y =0.9699x + 78.438

R*=07308 a2~

o
o

= 0.966x + 32.713

+Pre || & fi
= Post|| ® J&

=0.8584

0 100 200 300 400 500 600 700

East (kWh/day) ZK¥# (B/R)

A
Frreeeer |||‘
ERK =]




Cool Colors Reflect Invisible
Near-Infrared Sunlight

REH] DL B A WK L5 H )6
A DG SIRAR A5
uv visiblel near-infrared

Solar Energy Distribution XPHEE S 7

5% ultraviolet (300-400 nm) © 5%k 4412k
m 43% visible (400-700 nm) W 43% 3K AT WG
52% near-infrared (700-2500 nm)
52%k HIT LI 40

=
O

o
00

<
!

HEREAT W
Normalized Solar Intensity
o
(®)]

o
I

O
N

250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nanometers) &K (49K N

rrererr

A
m‘




Cool and Standard Brown
Metal Roofing Panels
XTHG: PR IR AR
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« Solar reflectance ~ 0.2 higher
o KPFHEES RO ~0.2 BLE
« Afternoon surface temperature ~ 10°C lower
o FJERMIEE ~fkT10°C
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Designing Cool Colored Roofing
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Cool is Cool:
From Cool Color Roofs to Cool Color Cars and Cool Color Jackets
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Cool Paving Materials:
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Reflective Pavements are Cooler
RSB HIRE AR, B

 Fresh asphalt
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Albedo g & Z: 0.05
Temperature: 123°F =T ¥
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 Aged asphalt
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Temperature Effect on Rutting
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Simulated Meteorology and Air-quality
Impacts in LA
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Potential Savings in LA (1998)
Current costs have more than doubled*
*Source: Rosenfeld et al. Energy and Buildings (28), p51-62, 1998

WIZHLFIEAE T REES] (199845F)
H BT R A /1998 4F [ 2 £ *
*>k¥R: Rosenfeld et al. Energy and Buildings (28), p51-62, 1998

Savings for Los Angeles (1998) Buildings 5 J#
AL R S l

~ Direct, $100M/year H#4: 1MLFEIU/AE |

» Indirect, $70M/year #1544 : 7T J5 L I0/4F £ R | Direct

» Smog, $360M/year

W% 154 3146 J1 KT/
Estimate of national savings:
$5B/year
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Cool Surfaces also Cool the Globe
PRI WEE 1L S BRFER

« Cool roof standards are designed to reduce a/c demand, save money,
and save emissions. In Los Angeles they will eventually save
~$100,000 per hour

o RAEBIIARAE, R AT FRARAE PO IR K, BEA B AR, AR
AL, ¥R T 2 n] DL &E /D11 291007 2670

e Annual savings in the U.S. = $1-2B; ~ 7 M tons CO,,

- WRIHEARMERE T REHN: 10-2045870; 4700J71ECO,

« Annual savings in the world = $10-15B; ~ 100 M tons CO,

o ARIAEAE R IR T RSB 100-150{23578; A11ZMiCO,

« BUT higher albedo surfaces (roofs and pavements) directly cool the
world quite independent of avoided CO.,,.
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Solar Reflective Surfaces Also
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Cool the Globe

%
100 , 70
T J | ok
\ Sl
U // \ i 8
\ Zé\assos‘fo S o - ~
2\ %/ - 3 b,
\ R -\// P~ — \
1 ey - .
e G A - GREENHOUSE #\
s [ ] I/ CASES
: ! N B \/ \
' l 'm.«o‘z,rgmac ] I / / \
' prOCESSES | [T o :
\ - 1
\l \ = =] RADIATION
3| 245 \ 'R&%T‘D:“ !
N \ ABSORBED ] P
x 88
e J creenvouse §
o EFFECT
Iy AN B T . Lt 2 .' ;‘, ST
Source: IPCC‘" ey e — — ~ r---v\ o - ’,
o - -

A & H ki IPCC <E&ﬁ|ﬂwﬂx£%%ﬂ§ﬁ

rrererr

A
m‘




Effect of Solar Reflective Roofs and
Pavements in Cooling the Globe

A PH 6 S S o THURI % T %S R ek ) 4F

(Source: Akbari, Menon, Rosenfeld. Climatic Change, 2008)
CRJi:  Akbari, Menon, Rosenfeld. Climatic Change, 2008)

A Solar CO, Offset CO, Offset
Reflectivity by 100 m? Globally
AR FH B8 J 5% FE100m?2 K7 | RBRVE N AR
frJCO, fJCO,

White Roof EEENAADT 0.40 10 tons *

Average Roof ©* R I P-4 0.25 6.3 tons 24 Gt

Cool Pavement ¥4 0.15 4 tons 20 Gt

Total Potential  F A5 fiE 44 Gt

Value of 44 Gt CO, at $25/t ~ $1 Trillion

i RI2552 0 CO, T, 44GtIHICO, Hn4i8 A1 {2367t

* White Roof will be “diluted” by cool colored roofs of lower reflectivity, and roofs that can not be changed, because they
are long-lived tile, or perhaps they are already white.

AR T R SRS R A R BT pR” T, BT — A4y, RO KA n, sl g &
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Compare 10 tons W|th a famlly car WhICh emlts ~4 tons/year
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A Global Action Plan: The Big Picture
MRk REATENUHR

Develop an international to install cool roof/pavement in world’s100
largest cities
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This is a simple measure that we hope to organize the world to
implement AND
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WE'D BETTER BE SUCCESSFUL!
HATI 12 B S LI ARl BT |

We can gain practical experience in design of global measures to
combat climate change
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Now remember this i5i2 &
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100 m? of a white roof, replacing a dark roof, offset the emission of 10 tons of CO,
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