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1. Introduction

The urban heat island (UHI) effect, higher tempesatures in
urban areas compared to surrounding rural areas, is a well-known
phenomenen that has been documented in hundr
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What is Urban Heat Island?

Higher temperature in urban areas as compared to rural
surroundings

OF OC
92- ~

LATE AFTERNOON TEMPERATURE

Rural Suburban Commercial Downtown  Urban Park Suburban Rural
Residential Residential Residentiol  Farmland

Source: Heat island group, LBNL



Increasingly urbanized population

World Population: 1950-2050
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Source: U, S, Census Bureau, International Data Base, June 2011 Update,

Urbanization
1 900 2 out of every 10 people
lived in an urban area
1 990 4 out of every 10 people
lived in an urban area
201 0 5 out of every 10 people
lived in an urban area
6 out of every 10 people
will live in an urban area
7 out of every 10 people
5 will live in an urban area

Jefined by UN HABITAT as a city with a pogulabon of more than 10 millior



Urban heat island intensity
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Adverse effects of UHI

Worldwide Energy Consumption by Region,
1970 - 2030
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Reflective material

Reflectivity: the ratio of reflected radiation from the surface
to incident radiation upon it

Reflects 80%

” / Reflected
’ NI LS4 Sunlight

Warm Roof ] Cool Roof
e —

Source: Heat island group, LBNL



Scope of the study

1. The literature published since 1990

2.

Focus on major environmental impacts of reflective
materials

Studies that were exclusively conducted on reflective
materials

Include both reflective roof and reflective pavement

In total 179 references were reviewed
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Effect of reflective material

3.

4.

=

. Temperature (surface / air)

Building energy consumption
Regional hydroclimate
Thermal comfort and health risk

Air quality
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Effect of reflective material on surface temperature

Pros:
= Absorb less radiation and maintain a low daytime
surface temperature

Cons:

= Relatively ineffective during nighttime due to the
absence of solar radiation (other thermal properties
dominate)

= Reflected radiation from pavement can be absorbed by
surrounding surfaces and subsequently increases their
temperatures

= Effect on roofs depends on the urban geometry
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Surface cooling by reflective roofs
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Effect of reflective material at nighttime
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Synnefa et al. 2006. Solar Energy

» Field measurement of
18 different-coated
white concrete
pavement tiles (40 cm
x 40 cm)

» Monitoring at a 24-h
basis from August to
October 2004

» Emissivity determines
the nocturnal surface
temperature of
pavements
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Diurnal UHI intensity

Temperature (degC)
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Nichol and To. 2011. Hong Kong
Polytechnic University

» Nighttime UHI
intensity is more
larger than daytime
UHI intensity

» Reflective material
may not be a
effective strategy in
terms of nighttime
UHI mitigation
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Heating of surroundings by reflected radiation

Hui Li. 2012. University of California, Davis

» Two walls (1.2 m x
2.4 m) made of
same material, with
a albedo of 0.29

» 4 m by 4 m asphalt
(0.08) and concrete
(0.28) pavements on
ground

» Monitoring period:
2012 summer
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Heating of surroundings by reflected radiation

Hui Li. 2012. University of California, Davis

» Lower temperature on
concrete pavement,
with a higher wall
temperature

» Special attention should
be given to thermal
interaction

» The effect tends to be
more significant for
high-density urban area
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Cooling of air by reflective roofs
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Effect of reflective material on regional air
temperature

Summer Winter

Millstein and
Menon. 2011.
Environ. Res.
Lett.

-1 -0.8 -0.6 -0.4-0.2 -0.1-0.050.050.1 0.2 0.4 0.6 08 1

» Albedo increase: 0.25 for roof and 0.15 for pavement
» Cooling up to 0.53 °C in cities at 1 pm PST during summer

» Unintended consequence: heating up to 0.27 °C in rural area
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Effect of reflective material on building energy
consumption

Pros:
= Reduce cooling loads of buildings during hot periods

Cons:
" |ncrease heating loads during cold seasons

" |ncreased cooling loads of adjacent buildings by
reflected solar radiation from reflective surfaces
(mostly applicable to pavement)
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Effect of reflective material on cooling saving

new office annual cooling-energy saving

KWh /m’
.a - Migh 4.1

S Low:C.)

Levinson and Akbari. 2009. Energy Effic.

> Roof albedo
increased from 0.2
to 0.55

» Combine building
energy simulation,
local energy prices
building density

» Saving up to 4.1
kWh/m?
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Effect of reflective material on heating penalty

» Heating penalty up
to 0.104 therm/m?

new office annual heating-energy penalty
therm / m"

-Hw 0.10¢

B Low - 0.000

Levinson and Akbari. 2009. Energy Effic.
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Effect of reflective material on net energy-cost
saving

» Significant saving at
the south, and
slightly increased
net energy-cost at
the north

» Geographical and
meteorological
:\‘ :mlomeeamumenergyooostsavmg C On diti On S play a

I Hih 069 :
N.... crucial role

Levinson and Akbari. 2009. Energy Effic.

23



Effect of reflective material on adjacent
buildings

» 3D numerical
—— simulation (TUF-IOBES)

» 4-storey building at
Phoenix assuming
continuous HVAC
operation

Yaghoobian and Kleissl. 2012. Urban Clim. » Simulation period: July
15th
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Effect of reflective material on adjacent

bui
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» Building wall

temperature and
shortwave radiation
transmitted through
window increase with
pavement albedo

» Canyon aspect ratio

Yaghoobian and Kleissl. 2012. Urban Clim.

affects thermal
condition of buildings
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Discussion

» In-situ energy consumption data is mostly only available

In summers

» Impact of urban geometry and thermal interaction is

often neglected
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Effect of reflective material on regional

hydroclimate
- S 7T cneagordeen N S .
7 d ~ ¥ =741 ) Roof albedo increased
! "':"'.5 — » to 0.88
T s » Significant reduction
,A | jo=a in summer
s Q o precipitation at
" o | | southeastern U.S.
e - ‘ “'| » Limited amount of

135" W 130" 105° ~ 8 W 75"

Georgescu et al. 2014. Proc Natl Acad Sci USA

study on large scale
impact of reflective
material
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Effect of reflective material on thermal comfort
and health risk

Pros:
=  Enhance non-air-conditioned indoor thermal comfort

Cons:
= Reflected UV radiation is harmful to living cells
=  Upward reflected light cause light pollution
(efforts to develop reflective materials that absorb in
visible part of spectrum but exhibit high
reflection in the near infrared part)
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Effect of reflective material on indoor thermal

comfort

Cumulative distribution of the operative tomperature before and after the Cool Roof application [%]
Insulated bullding

S room 2 after
Wroom 3 befer
Broom 3 aft:

5 befo
room

J—

W room 2 befere

or
SHer —

Romeo and Zinzi. 2013. Energy Build.

» Non-air-conditioned
school building in
Trapani, ltaly

» Roof albedo increased
from 0.25 t0 0.82

» Cool roof notably
enhance indoor
thermal comfort

> Benefits are more
clear for higher

thermal levels
29



Effect of reflective material on outdoor thermal

e | /’/\O—H
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Reference Points

Santamouris et al. 2012. Build. Environ.

» Albedo increased from 0.48 to 0.6
» Cooling power comfort index: air temperature, wind speed

» Improvement is negligible at locations close to the sea
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Effect of reflective material on outdoor thermal
comfort
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» Increasing pavement albedo leads to increased shortwave and
reduced longwave radiation towards pedestrians

» The net effect results in aggravated thermal stress -



Effect of reflective material on Air quality

Pros:
=  Reduced air temperature slows the photochemical

production of pollutants
= Reduced energy consumption offsets emissions of

greenhouse gases and air pollutants from power
generation

Cons:
= Reduced vertical mixing depresses planetary boundary

layer height
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Effect of reflective material on Air quality
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Taha et al. 2008. Atmos. Environ.
» Albedo increase: 0.1, 0.25, 0.08 for roof, wall and ground

» Study area and time: Sacramento, summer of year 2000

» Ozone concentration is decreased for most of the study area
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Effect of reflective material on Air quality
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Song and Wang. 2014. Boundary-layer Meteoro.

» Planetary boundary
layer (PBL) height
decreases with roof
albedo across the day

» Maximum reduction
of PBL height is about
40% at 1900 MST

» Reduced height
indicates a higher
concentration of
pollutants in PBL
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Discussion

1. Scale effect
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Scale effect
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through windows
/

~
heat
<———> ventilation conduction P
ot he|:(>at indoor heat heating/air-
source conditioning
n JJ system
Building scale (10 — 102 m)
2ol = '4r’~.
City scale (10 — 10* m)

turbulent (Q Q direct
mixing radiation
o,

-~

21N\
e
anthropogenic heat

Neighborhood scale (102 — 103 m)

evapotranspiration

Y

radiative trapping

heat storage s

36



Discussion

2. Geographical and meteorological conditions
a) Calm wind condition vs. strong wind condition
b) Inland city vs. costal city
c) Low-latitude area vs. high-latitude area
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Discussion

3. Uncertainty and variability of models
a) Variability of model setup and assumption
b) Uncertainty in meteorological forcing from measurement and
prediction
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Discussion

4. Alternative strategies for UHI mitigation
a) Green roofs
b) Permeable pavements
c) Tree and shading
d) Phase-changing materials
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Concluding remarks

» Complex interactions of many urban environmental factors

» The need of further research efforts for field
Measurements

» City by city optimal strategy instead of “eone-solution-fts-
all”
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Question?
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