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Problem Discussion



Problem Discussion

* CRRC-100 methodology returns an aged membrane reflectivity value
for generally set conditions

* Good for comparisons between manufacturers and products

* Field experience has shown a plethora of deleterious conditions can
produce highly variable in service reflectivity results

* Next photo contains
* 5 membranes (PVC, TPO and Modified Bitumen)
* Over a single building
» All installed within a week of each other (same age)






Problem Discussion

These deleterious conditions occur in every climate in the country in varying amounts
Examples include:

Manufacturing Issues
Biological

Place of Manufacture
Insulation amount
Air Handling Units
Overhanging Foliage
Haboob

Others...

* Climate zone

Drainage

Slope

Predominant Wind currents
Aerodynamics of Building
Occupancy

Local pollutants

Surface Condition
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Project Parameters

* Single Ply Membrane Reflectivity 2015
* In service roofs (TPO, PVC and White EPDM)
* Asked for roof 6 months to 5 years in age, with a target of 3 years.
* We did not specify a particular distribution of TPO, PVC or White EPDM



Project Parameters

* Single Ply Membrane Reflectivity 2015

* 30 roofs from each climate zone identified by CRRC
* Hot/Humid climate
e Cold/ Temperate climate
* Hot/Dry climate

* 90 roofs total in sample

* 30 random readings per roof

» Utilized Devices and Services Company - Solar Spectrum Reflectometer (SSR)
for primary readings

 Utilized the Surface Optics Corporation - 410-Solar portable reflectometer (410)
for companion readings



Project Parameters

* Single Ply Membrane Reflectivity 2015
* What Cities?

* Advisory note: Examples of regions of the United States that comply with
S.2.6 are, but are not limited to, the following:
e Hot/Humid climate: Miami, Florida.

» Cold/Dry climate: Chicago, Illinois; Cleveland, Ohio; Youngstown, Ohio; Pittsburgh,
Pennsylvania.

* Hot/Dry climate: Phoenix, AZ.



Project Parameters

Inventory
Chicago Miami Phoenix Totals
TPO 20 28 19 67
PVC 4 2 10 16
White EPDM 0 0 6
Other 0 0 1 1
Total 30 30 30 90




Project Parameters
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Reflectometer Comparison

Devices and Services
Company - Solar
Spectrum
Reflectometer (SSR)




Reflectometer Comparison

Surface Optics
Corporation -
410-Solar
portable
reflectometer
(410)




Reflectometer Comparison

* Both devices measure the same intrinsic surface property

* SSR has been in use for decades and upgraded generally in software only.
 Principal physics of the technique has been the same (20° incidence)

e ASTM C1549 Standard Test Method for Determination of Solar Reflectance Near
Ambient Temperature Using a Portable Solar Reflectometer.

* 4 wavelength detection bands (UV, Blue, Red, IR)

* 410 is the newest portable reflectometer available.
 Same 20° incidence
* No Current ASTM

e 7 wavelength detection bands (335-380, 400-540, 480-600, 590-720, 700-1100,
1000-1700 and 1700-2500nm)



Reflectometer Comparison

* Absolute value of Sample Average (Mean ) of one unit subtracted from another

SSR v. 410 (Absolute Difference)

Units : Reflectivity Percentage Points

Chicago 0.7
Miami 1.1
Phoenix 0.7
Average 0.8




Reflectometer Comparison

e Different Aperture Size
* SSR=1inch
410 = 0.5 inch




Reflectometer Comparison

* At first glance the previous table was not too objectionable given the
differences in apertures and variegated surfaces.

* 0.8% AVERAGE between readings

e But let us study the numbers a bit more and see if we can learn
anything...



Reflectometer Comparison

* Next level is compute confidence intervals for each instrument, on
each roof.

e Uses statistical measures to return an interval over which we are a%
confident we have captured the actual population mean (average) of
the roof.

* a=95% here (can be 99%, 90%...)
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Reflectometer Comparison

* We compare the 95% confidence interval returned for the SSR and
410 for each roof

* If they overlap we can hypothesize that they may have both captured the
population mean for the roof (actual averaged reflectivity for the entire roof)

* So do they overlap on every roof?

SSR

410



Reflectometer Comparison

SSR v. 410 (95% Confidence Interval)

Pass Fail Total Pass %
Chicago 17 0 17 100
Miami 27 4 31 37
Phoenix 26 4 30 87

Total 70 8 78

90




Reflectometer Comparison

* This meant that on 90% of our roofs, when using both instruments,
the confidence intervals overlapped and we could have detected the
population mean (whole roof) reflectivity with both instruments.

* But we can peel away another layer and compare

* Mssp ~ Mag0 = O VEIrsUS pgg — Hyyo # 0

* Again use statistical measures

* This time to compare if the sample means are in fact the same or not
* Again a =95%



Reflectometer Comparison

Pass Fail Total Pass %
Chicago 17 0 17 100
Miami 21 10 31 68
Phoenix 25 5 30 83
Total 63 15 78 81




Conclusions and Recommendations

* Large database collected

* SSR and 410 statistically gave identical results 81% of the time

* But this means 19% they didn’t
* Issue is the public, code officials and specifiers expect 100% identical

* These were companion readings (read the same area on the
membrane)
* Implies the units have a genuine difference in their output
 What about the different aperture?

* Even unexposed material gave a 1.5% difference

* 80.5% vs 79.0%
* Same spread of readings / standard deviation for both units



Conclusions and Recommendations

* In field use the 410 is the clear winner for ease of use, speed,
portability and maintainability

e Ultimately the question is accuracy
* High level technical question
* But one we all need to keep in mind as we discuss reflectivity
e Ultimately may come down to 4 bands (SSR) versus 7 bands (410) of detectors



Future Work

e 2017 ASHRAE Winter Conference
e Saturday, January 28, 2017-Wednesday, February 1, 2017 in Las Vegas, NV.

* Conference Paper

* “Field Measurements of Solar Reflectivity for in-Service Single Ply Roof
Membranes”



Questions???




