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A summary of the status of Tasks and Deliverables as of September 30, 2005 is presented in 
Attachment 1. 

HIGHLIGHTS  
• We are working to complete deliverables for Tasks 2.5.3 “Accelerated 

Weathering.” 

• We have completed a draft report for deliverable 2.6.3 summarizing the field 
testing of clay and concrete tile roofs on the steep-slope assembly at ORNL. 

• George James, Leader of DOE’s Building America, has shown interest for a 
collaborative work between LBNL and ORNL to couple their new PIER 
initiatives with Building America’s goals. He wants the community of 
homes that Building America is establishing to have cool colored roofs.  

Tasks 
1.1 Attend Kick-Off Meeting 
 Task completed. 

1.2 Describe Synergistic Projects 
 Task completed. 
2.1 Establish the Project Advisory Committee (PAC) 

 Task completed.  
2.2 Software Standardization  
 (No activity.) 
2.3 PAC Meetings 

Task completed. 
2.4 Development of Cool Colored Coatings 
 
2.4.1 Identify and Characterize Pigments with High Solar Reflectance 
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Task completed.  
2.4.2 Develop a Computer Program for Optimal Design of Cool Coatings 

Task completed. 
2.4.3 Develop a Database of Cool-Colored Pigments 

Task completed. 
2.5 Development of Prototype Cool-Colored Roofing Materials 
 
2.5.1 Review of Roofing Materials Manufacturing Methods 

Task completed.  
2.5.2 Design Innovative Methods for Application of Cool Coatings to Roofing Materials 

Task completed.  
2.5.3 Accelerated Weathering Testing 

Work on the manuscript on accelerated weathering is continuing. An extensive 
bibliography was compiled earlier.  Recent newsletters by Atlas, Materials Testing 
Solutions have been identified as good sources on the current state of the art. These 
newsletters are proving helpful in identifying some of the best recent references out of 
the hundreds available. 
Often (for example, especially for polymers), ultraviolet radiation is a key weathering 
influence.  An emphasis of current research is ensuring a better match between natural 
UV spectra and those produced by accelerated test equipment. 
Some manufacturers of roofing materials have been harshly critical of accelerated 
weathering testing.  This just emphasizes the point that if the in-field degradation 
mechanisms are poorly understood, then accelerated weathering tests can be 
inappropriate and misleading. 
Concrete corrodes due to reaction with carbon dioxide in the air. Basically, calcium 
hydroxide is transformed into calcium carbonate and water. (This is essentially the 
inverse of the manufacturing process in which CaCO3 is heated to a high temperature, 
yielding CaO and CO2.) We located an interesting paper on the accelerated weathering of 
concrete by aging it in high concentrations of CO2 (5% vs. 0.3% in natural air).  

2.6 Field-Testing and Product Useful Life Testing 
Miller completed a draft report for deliverable 2.6.3 summarizing the field testing of clay 
and concrete tile roofs on the steep-slope assembly at ORNL. The field data for the 
residential demonstrations at Fair Oaks and Redding CA were presented at the Building 
America quarterly review meeting. 

2.6.1 Building Energy-Use Measurements at California Demonstration Sites 
Tile and Painted Metal Demonstrations: The Sacramento Municipal Utility District 
forwarded the summer revenue meter readings for the two pair of demonstration homes 
in Fair Oaks, CA (Table 1). The kWh use during the summer for the home with cool  
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color metal shakes was 26% less than that for the same home with conventional metal 
shakes. However, the cool tile used 56% more energy to comfort condition the home than 
did the home with standard tile. Solar reflectance of the cool tile is about 0.41 as 
compared to 0.08 for the standard tile and should therefore show some energy savings. 
However, a review of the data indicates that the homeowner with standard tile roof did 
not maintain the thermostat at 72°F until after August 19, 2005. The individual stated she 
spent part of July and August in Spain. After returning home and conditioning the house, 
the data for the last week of August showed the heat flux through the ceiling of the home 
with cool coated tile was 20% less than the heat penetrating into the conditioned space of 
the home with conventional tile. Occupancy habits are confounding the data. Efforts will 
be made to plot the daily HVAC power use against the daily average outside air-to-
indoor air temperature difference to see whether a correction can be applied to the 
difference in thermostat settings. Florida Solar Energy Center showed good correlation 
using the approach and successfully corrected discrepancies between thermostat set 
points for two different homes. 

2.6.2 Materials Testing at Weathering Farms in California 
All samples continue to be exposed in the seven weathering sites in California. 

2.6.3 Steep-slope Assembly Testing at ORNL 
Miller completed a draft report for deliverable 2.6.3 summarizing the field testing of clay 
and concrete tile roofs on the steep-slope assembly at ORNL. We are in the process of 
reviewing and editing the paper. 
Field data for the clay and concrete tile exposed on the steep-slope assembly were 
searched for summer days having the same solar irradiance and the same outdoor air 
temperature. Two days were found one with the ridge vent closed the other with the ridge 
vent open that had very similar outdoor air temperatures and solar irradiance. The soffitt 
vent was open for both summer days of field testing. 
Opening the ridge vent reduced the bulk air temperature within the inclined air channel 
for the slate tile (SR10E83) and also for the clay (SR54E90) tile. At solar noon, the bulk 
air temperature near the underside of the slate tile was 10°F cooler than observed for the 
same slate tile with the ridge vent closed the previous summer. The effect for the S-
Mission clay was about a 5°F drop in the bulk air temperature for the two different  
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Figure 1. Heat penetrating through the roof deck of the S-Mission clay tile and the 
 concrete slate tile with and without venting of the roof deck. 

 
summer days having very similar weather. Slate tile are laid one atop another and have 
little clearance for the seepage of air between overlapped tiles. The S-Mission tiles are 
designed porous for minimizing wind uplift forces. Therefore the clay tile allowed more 
leakage of air between overlapped tiles than observed for the slate tile system. As result, 
opening the ridge vent caused a more significant drop in heat flow crossing the roof deck 
for the slate tile roof as compared to the clay tile roof (Fig. 1). The results imply that 
opening the ridge caused more daytime heat to be exhausted out the ridges for both the S-
Mission clay and the slate tile systems. There is also another very interesting trend 
observed from 8 p.m. until about 4 a.m. Opening the ridge vent of both tile systems 
caused the bulk air temperature during the nighttime to be warmer than that observed for 
both systems with the ridge closed. Hence, the heat lost from the attic is reduced with the 
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ridge vent open (Fig. 1). The thermal mass of the tile keep them warm during the evening 
whether the ridge vent is open or closed. However, when colder and denser air overlays a 
warmer and less dense air convective roll waves begin to form that enhance heat transfer 
to the air on the underside of the tile. This is not the situation for the two different days of 
data – one with ridge venting the other without. The actual mechanism is not fully 
understood but is believed linked to the reason that venting alleviates ice damming in 
cold climates. 

2.6.4 Product Useful Life Testing 
Our review paper "Weathering of Roofing Materials-An Overview," by Berdahl, Akbari, 
Levinson, and Miller, was substantially completed earlier.  Each of the coauthors has 
now provided various suggestions for improvements (e.g., more figures, more discussion 
of the connections between weathering generally and cool roofing specifically, more data 
on long-term weathering of coated metal). We expect to submit this paper to the CEC and 
for peer review next month.  Construction and Building Materials is the prospective 
journal.  
The Shepherd Color Company and 3M Mineral continue to expose roof samples with and 
without cool colored pigments to accelerated fluorescent light and Xenon-arc irradiance. 
Shepherd has logged over 3000 hours of QUV exposure. 

2.7 Technology transfer and market plan  
 
2.7.1 Technology Transfer 

W. Miller presented results of the residential field demonstrations at the quarterly 
Building America meeting held at the Department of Energy headquarters in 
Washington, DC. Building America has targeted 30, 40 and 50% decreases in whole 
house energy for communities of homes by the dates set in Table 2. The savings are 
based on a benchmark that is generally consistent with mid-1990s standard practice (for 
specifics of the benchmark see http://www.nrel.gov/docs/fy05osti/36429.pdf ).   
 
Table 2. Building America Target Dates for Establishing Communities Showcasing 
 Energy savings. 
Savings Marine Hot Humid Hot/Dry/Humid Mixed Cold 

30% 2006 2007 2005 2006 2005 
40% 2008 2010 2007 2008 2009 
50% 2011 2015 2012 2013 2014 

 
George James, Leader of Building America, stated he wants the LBNL and ORNL team 
to couple their new PIER initiatives with Building America’s goals. He wants the 
community of homes that Building America is establishing to have cool pigmented roofs 
that will help meet the goals set in Table 2.  
On September 13, 2005, at the Build Green San Diego conference, Akbari gave a 
presentation on the topic of “Potentials of Urban Heat Island Mitigation to Reduce 
Energy Use and Improve Air Quality in Urban Areas.” 

2.7.2 Market Plan 
Task completed. 

2.7.3 Title 24 Code Revisions 
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Task completed. 

Management Issues  
• Since the project has been extended through December 2006 to accommodate additional 

testing (Tasks 2.6.1, 2.6.2, and 2.6.3), Akbari and Scruton agreed to submit quarterly 
progress report until the completion of the project. 

• We have not yet obtained the formal approval of the requested no-cost extension (through 
December 2006) for the project. Approval is critical for ORNL to continue work because 
as on October 3, 2005 all work orders are closed and no further charges incurred until a 
new stop date is issued by the CEC. 
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Appendix A 
Accelerated Fluorescent Light Test Data 

 
Shepherd Color Company is conducting the fluorescent light exposure testing 
according to ASTM G154-04 using a 340 nm lamp for daylight UV irradiance. 
Exposure conditions are 8 hours of UV light at 60°C black panel temperature followed 
by 4 hours of condensation at 50°C. Total color change is measured using a Hunter 
Labscan instrument. Solar reflectance is measured using the Device & Services 
reflectometer. Gloss is measured using a BYK Gardner Micro-TRI-gloss device.  
 

Table A1. Solar reflectance, Total Color Change and the Gloss of Roof Samples 
Exposed to Fluorescent Light at Shepherd Color Company. 

 

 
 

• American Society for Testing and Materials (ASTM). 2005. Designation G 154-04: Standard Practice 
for Operating Fluorescent Light Apparatus for UV Exposure of Nonmetallic Materials. West 
Conshohocken, Pa.: American Society for Testing and Materials.
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Appendix A 

Xenon-Arc Exposure Test Data 
 

Xenon-arc exposure testing is \being conducted according to ASTM G155-04a. A 
daylight filters is used to simulate daylight UV irradiance. The exposure conditions 
require 102 minutes of light at 63°C black panel temperature followed by 18 minutes 
of light with condensation. Panel temperature is not controlled during condensation. A 
radiometer monitors the irradiance and the measurement is used in a feed back control 
loop to control the radiant energy incident on the samples. Total color change is 
measured using a Hunter Labscan instrument. Solar reflectance is measured using the 
Device & Services reflectometer. Gloss is measured using a BYK Gardner Micro-TRI-
gloss device.  
 

Table A2. Solar Reflectance, Total Color Change And Gloss Of Roof Samples 
Exposed To Xenon-Arc Exposure At 3M Minerals Company. 

 

 
 

• American Society for Testing and Materials (ASTM). 2005. Designation G 155-04a: Standard 
Practice for Operating Xenon Arc Light Apparatus for Exposure of Nonmetallic Materials. West 
Conshohocken, Pa.: American Society for Testing and Materials. 


