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TiO2 in construction materials 
• Building materials 

(pigments) 
 Roofs, Walls 

• Pavements 
• Coatings 

 Cars, Bridges, Blinds 

 

• Air purifier 
• Self cleanings 
• Catalyst 
• Anti-bacterial 
• Superhydrophilic 

 Anti-fog mirror 
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Aerial images of cities: 
Mostly roofs and pavements 
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Temperature rise of various 
materials in sunlight 
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White is ‘cool’ in Bermuda 
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and in Santorini, Greece 

Presenter
Presentation Notes
White roofs and white buildings are common in many cities in the world.



and in Hyderabad, India 
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Cool roofs save 10%-20% 
air-conditioning for area under the roof  
• U.S. 
• Japan 
• Europe 
• Asia 
• Middle East 
• China 
• India (Hyderabad 

demos; see graph 
at right) 
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Cool roof technologies 

flat, white 

pitched, white 

pitched, cool & colored 

Old New 
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Cool colors reflect invisible 
near-infrared sunlight 

Presenter
Presentation Notes
Cool colors look like standard colors, but reflect more sunlight and stay cooler.Over half of the energy in sunlight arrives at the Earth’s surface as near-infrared radiation.Cool-colored roofs reflect more of this invisible energy than do standard-colored roofs.
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Cool and standard brown 
metal roofing panels 

• Solar reflectance ~ 0.2 higher 
• Afternoon surface temperature ~ 10ºC lower 

Courtesy 
BASF 

Coatings 

Presenter
Presentation Notes
These two brown metal panels look alike, but the panel at left is coated with an infrared-reflecting paint that stays 16F cooler than the conventionally-coated panel at right.
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Cool black: Dioxazine purple 
over various undercoats 

• Two-layer system 
 top coat: thin layer of dioxazine purple (14-27 µm) 
 undercoat or substrate: 

 aluminum foil (~ 25 µm)  
 opaque white paint (~1000 µm) 
 non-opaque white paint (~ 25 µm) 
 opaque black paint (~ 25 µm) 

purple 
over 

aluminum 
foil 

purple 
over 

opaque 
white paint 

purple 
over 

non-opaque 
white paint 

purple 
over 

opaque 
black paint 
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Dioxazine purple reflectances 

over aluminum 
Rsolar = 0.41 

over opaque white 
Rsolar = 0.42 

over non-opaque white 
Rsolar = 0.30 

over opaque black 
Rsolar = 0.05 



Cool colored roofs are in market 

cool clay tile 
R ≥0.40 

 
Courtesy 

MCA Clay Tile 

cool metal 
R ≥0.30 

 
Courtesy 

BASF Industrial 
Coatings 

Courtesy 
American 
Rooftile 
Coatings 

+0.37 +0.29 +0.15 +0.23 +0.26 +0.29 

cool concrete tile 
        R ≥0.40 

standard concrete tile 
(same color) 

solar reflectance gain = 

cool fiberglass asphalt shingle 
R ≥0.25 
Courtesy 

Elk Corporation 
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Cool angle shingles 
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Incognito tiles 
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Pavements can be hot 
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Pavement is > 30 F hotter than vegetation 
 

Visible image 

Rio Verde, Arizona 

Infrared image 

Image: Larry Scofield - APCA 
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Pavement temperature 
vs. albedo 
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  San Ramon, 8/7/98 
  Berkeley, 9/13/96 



Cool paving materials: 
Needs more development 
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Energy and air quality analysis 
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Passive PCO (Photo-Catalytic 
Oxidation) — the promise 

• Can reduce local air 
pollutants by 20% to 
70%, depending on 
sunlight levels and 
wind 

• Marginally adds to the 
cost (e.g., ~20% to 
the cost of cement) 

• Covering 15% of the 
exposed surfaces of 
a city like Milan could 
cut pollution in half 

• As a bonus, TiO2 
helps buildings stay 
white by resisting the 
pollutants that stain 
building surfaces 
 

Presenter
Presentation Notes
Why is fraction of cement cost a useful metric?
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PCO of NO 
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Self-cleaning tent 

ordinary 
white 
tent 

photocatalytic 
white 
tent 



Self cleaning 
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Self-cleaning tiles by TOTO, Inc. 

Presenter
Presentation Notes
TOTO Inc. is the main producer of TiO2-based self cleaning tiles in Japan. Its self-cleaning tiles have beenapplied on more than 5000 buildings in Japan accordingto statistical data for 2003. Among these, the mostfamous building is the Maru building, which lies in the central business district of Tokyo. As shown in Fig. 8,the self-cleaning tiles are resistant to staining from water that runs off a roof. Generally, the common tile coveredbuilding has to be cleaned every 5 years. However,the self-cleaning tiles are predicted to stay cleanfor more than 20 years by TOTO Inc., and thus save much of the cost for maintenance. In addition, self cleaningtiles can decompose air pollutants such as nitrogen oxides (NOx), and reduce the amounts of detergents used; therefore, it is truly an environmentally benign construction material.
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Transparent stain-proof film 
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Superhydrophilic surface 

Presenter
Presentation Notes
How does exposure to UV light enter the picture?
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Hydrophilic mirror 
reflects clear images 
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Anti-bacterial effect 



Cool surfaces also cool the globe 
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• Cool roofs, cool pavements, and shade trees 
save energy, improve air quality, and improve 
comfort; we estimate savings of > $50B/year 

• Reflective roofs and pavements also directly 
cool the globe, independent of avoided CO2 
 

Geo-engineering 101 



Geo-engineering technologies 
• Solar radiation management  

 Atmospheric projects (Cloud seeding) 
 Terrestrial albedo modification 
 Land management / Bio-geoengineering 
 Space projects 

• Greenhouse gas remediation  
 Carbon sequestration 
 Biological processes 
 Physical processes 
 Chemical techniques 

 Other greenhouse gas remediation 
• Other schemes (black moon, white bubles) 
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CO2 offset: The Earth’s radiation 
budget 
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Source: Kiehl and Trenberth, 1997 



CO2 offset of cool roofs and 
pavements 
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• Low-sloped roofs 
 Δ albedo for aged white roofs = 0.40 
 Emitted CO2 offset for white roofs = -280 kg CO2/m2     
 It takes about 4 m2 of white roof to offset 1 T CO2 emitted 

• Sloped roofs 
 Δ albedo for typical residential and non-residential cool roofs = 0.25 
 Emitted CO2 offset for cool roofs = -170 kg CO2/m2 

• Pavements 
 Δ albedo for cool pavement = 0.15 
 Emitted CO2 offset for cool pavements = -100 kg CO2/m2  

 Source: Akbari et al, 2012 



World-wide CO2 offset of cool 
roofs and pavements 
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• Typical urban area is 25% roof and 35% paved surfaces 
• World-wide urban areas = 1.5x1012 m2 (1.5 M km2) 
• World-wide roof area = 3.8x1011 m2  (0.38 M km2) 
• World-wide paved area = 5.3x1011 m2 (0.53 M km2) 
• Emitted CO2 offset for cool roofs = 67 GT CO2  
• Emitted CO2 offset for cool pavements = 57 GT CO2 
• Total for cool roofs and cool pavements = 124 GT CO2

  
   



CO2 offset of cool roofs and pavements 
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• 124 GT CO2 is over 3 years of the world 2025 
emission of 37 GT CO2   

• At a growth rate of 1.5% in the world’s CO2 -
equivalent emission rate, 124 GT CO2 would 
offset the effect of the growth in CO2-equivalent 
emissions for over 20 years 

• Would offset emissions from all cars for over 50 
years     



Value of CO2 offset 
• CO2 emissions currently trade at ~$25/tonne 
• 124 GT worth $3200 B, for changing albedo 

of roofs and paved surfaces 
• Cooler roofs alone worth $1700B 
• Cooler roofs also save air conditioning (and 

provide comfort) and improve air quality worth 
over $5000B over the next 100 years 
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The white-roof revolution 
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• The idea of painting surfaces white to conserve energy is being actively pursued by the US. Earlier this 
month, Barack Obama's chief scientific adviser, John Holdren, received a scientific memorandum on the 
subject. 

• Scientists estimate that making roofs and pavements white or more light-coloured would counter global 
warming with "negative radiative forcing" – reflecting sunlight back into space. They said that retrofitting 
urban roofs and pavements in tropical and temperate regions with solar-reflective materials would offset 
about 44 billion tonnes of carbon dioxide. 

• The scientists said it would lower the cost of air conditioning, making buildings more comfortable and 
mitigate the "urban heat island" effect caused by the concentration of concrete surfaces in cities.  
 



A global action plan: The big picture 
• Develop an international program to install cool 

roof/pavement in world’s100 largest cities 

• This is a simple measure that we hope to 
organize the world to implement AND 

• WE’D BETTER BE SUCCESSFUL 

• We can gain practical experience in design of 
global measures to combat climate change 
 

 
38 

100 Cool Cities 



Global Cool Cities Alliance (GCCA) 
• Non-profit international cooperation launched 

in 2009 
• Mission: Advance policies and actions to 

increase solar reflectance of urban surfaces to 
 Cool buildings 
 Cool cities 
 Cool the world 

• Membership: Open to all cities in the world 
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“100 Cool Cities” initiative needs 
your help 

• Initial list of cities 
 NYC, Taipei, Tokyo, Osaka, Tallahassee, Rome, Milano, 

Athens, Sao Palo, Hyderabad, Delhi, Los Angeles, 
Toronto, Montreal, Philadelphia, Chicago, Singapore 

• Where are other cities (?) 
• Join me to contact city officials and recruit more 

cities 
• Industry needs to co-lead 
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Cool roofs in action 
• ASHRAE Standards 90.1 and 90.2 
• States’ energy efficiency codes (commercial 

and residential) 
• U.S. EPA ENERGY STAR™ Label 
• LEED Green Building Rating System 
• International Energy Conservation Code 
• Cool Roof Rating Council 
• European Union Cool Roof Council 
• India energy code for offices 
• White roofs in several other countries 
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White low-sloped roofs 
for AC buildings 

• Annual AC savings of ~ 0.5 - 1.0 $/m2; 5 -10 kWh/m2 

• Annual CO2 savings of 3.8 - 7.5 kg/m2 

• CO2 savings over 20 years life of roof 75-150 kg/m2 

• NPV of 20 years AC savings of ~ 7.5-15 $/m2 
• Maximum incremental cost for most roofs 2.5 $/m2 
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A no brainer  



Cool-colored steep-sloped roofs 
for AC buildings 

• Annual AC savings of ~ 0.3-0.5 $/m2; 3-5 kWh/m2 

• Annual CO2 savings of 2.3 - 3.8 kg/m2 

• CO2 savings over 20 years life of roof 45-75 kg/m2 

• NPV of 20 years AC savings of ~ 4.5-7.5 $/m2 
• Maximum incremental cost for most roofs 2.5 $/m2 
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Go for it 



White low-sloped roofs 
for non-AC buildings 

• Global cooling offset: 100 kg/m2 

• Current value of CO2 offset: 25 $/tonne 

• Global cooling value of white roofs: 2.5 $/m2 

• Incremental cost for most roofs: 0 - 2.5 $/m2 

• Give 1 $/m2 rebate every 10 years 
• Save the remainder 1.5 $/m2; see it grow to 2.5 $/m2 

in 10 years 
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Does it work?  



Cool pavements 
• Global cooling offset: 40 kg/m2 

• Current value of CO2 offset: 25 $/tonne 

• Global cooling value of cool pavements: 1 $/m2 

• Incremental cost of cool pavements: 0 - 2 $/m2 
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How can we make it work? 
Cool pavements last longer? 
  



100m2 of a white roof, replacing a dark 
roof, offset 25 tonnes of CO2 emissions 
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