
THE CANADIAN SCIENCE FAIR JOURNAL ARTICLE

CSFJ | Volume 5 | Issue 1
© Menard 2023

1

Roofing for a Green Future
By: Sebastien Menard | Edited by: Tristan Montoya | Layout by: Ahmed Nadeem

Age: 13 | Kingston, ON 
Best of Fair - Gold Medal, Frontenac, Lennox and Addington Science Fair 2022; Gold medal - Com-

puter and Engineering (Junior), St. Lawrence College President’s Award, Queen’s University School of 
Environmental Studies Award, Invista - Innovation and Entrepreneurship Award, Excellence Award 

(Junior)- Silver Medal, Canada-Wide Science Fair 2022, Challenge Award - Environment and Climate 
Change (Junior), Canada-Wide Science Fair 2022

An urban area which is warmer than the surrounding rural areas is known as an urban heat island. Heat islands heat up the entire city, 
both surface temperature and air temperature. As the solar heat absorbed by dark surface areas and structures is released slowly at night, 
there is little relief from heat in the evenings. The urban temperature is estimated to be 1 °C to 3 °C warmer than surrounding areas. In 
the evening, the difference between urban and rural temperatures can be as high as 12 °C (Guilbault et al., 2016).

Urban heat islands have health, social, economic, and environmental impacts. Vulnerable community members are especially at 
risk. For example, people living in substandard housing may not have access to air conditioning and are more likely to live in built-up 
areas that trap more heat through the heat island effect. This can lead to health effects such as cramps, heat stroke, dehydration, and death 
(Toronto Medical Officer of Health, 2013). 
INTRODUCTION
Cool roofs can help lower indoor temperatures, particularly on the 
top floors of buildings. A cool roof is defined as a roof that stays 
cool in the sun by reflecting sunlight (to minimize solar absorption) 
and emitting thermal radiation (to help dissipate solar heat gain) 
(Glossary | Heat Island, n.d.). When used on several buildings with-
in a community, cool roofs can help reduce local air temperatures 
and lower peak electricity demand (Guilbault et al., 2016). 
My science fair project aims to figure out what colour and type of 
roofing materials absorb the least amount of heat. I chose this topic 
because urban heat islands are a real problem and I want to help 
get rid of them.
HYPOTHESIS
My hypothesis states that the white steel roofing material will ab-
sorb the least heat from the sun. I made this hypothesis because 
from what I learned, white reflects all visible light. The white steel 
shingle was the whitest sample on the board. My independent vari-
ables are the colour and material of roofing, and my dependent vari-
ables are the change in temperature of each roofing material over 
one hour, and the fraction of reflected light in the infrared range.
PROCEDURE
To complete my experiment, I created a wood board with different-
ly coloured types of roofing materials. Double-sided tape was used 
to secure the steel metal roofing samples, a staple gun was used to 
attach the asphalt shingles and lastly, a sample case of aluminum 
shingle samples was borrowed from a roofing company. 
Next, the sample roofing materials were exposed to direct sun. 

Temperature measurements were taken of each piece of roofing 
every 10 minutes, for one hour. The experiment was repeated on 
three different days with approximately the same conditions. 
To measure the temperature, black construction paper was 
wrapped around the end of the infrared thermometer, forming a 
cylinder. This allowed for a constant distance from the roofing 
materials and blocked any sunlight from affecting the infrared 
thermometer measurements.

In addition, a spectrometer was constructed out of wood. 
Plywood was cut to create a rectangular prism box, with a thin 
slit at the front. The inner surfaces were painted black. The in-
frared filter from a USB webcam was removed and a diffraction 
slide was glued to the webcam (How to Convert a Webcam to 
a Near-Infrared Camera, 2018). The webcam was attached to 
the back of the plywood box, and it was oriented at a 30-degree 
angle from the incoming light as shown in Figure 1. Theremino 
software (www.theremino.com) was utilized for analyzing the 
spectrometer raw data. The spectrometer was calibrated using a 
compact fluorescent lightbulb. The spectrometer was pointed at 
each roofing material exposed to direct sunlight to acquire the 
individual light spectra. The experiment was repeated over three 
separate days.
RESULTS
Figure 2 demonstrates that asphalt is the warmest material and 
aluminum is the coolest. The darkest colours (black and brown) 
are the warmest. Lighter colours (white and grey) are the coolest. 
Error bars represent standard deviation.

Figure 3 demonstrates that aluminum reflects the largest frac-
tion infrared  light in all colours, and asphalt reflects the smallest 
fraction infrared  light. These results show the    black aluminum 
is reflecting the most infrared light. Black aluminum is also one 
of the coolest roofing materials measured according to Figure 2. 
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Figure 1: Diagram of spectrometer

Figure 2: Average change in temperature over a period of 60 min for various shingle colours and materials
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Figure 3: Fraction of reflected spectrum in infrared frequencies (>700 nm) for various roofing material and colours

Figure 4: Reflected spectrum in daylight for black asphalt

Figure 5: Reflected spectrum in daylight for black aluminum
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Figures 4 and 5 show the analyzed spectrum from the Ther-
emino software, displaying relative light intensity at various fre-
quencies. Figure 4 shows that the reflected spectrum of the black 
asphalt contains little reflected infrared light. Figure 5 demon-
strates that the reflected spectrum of the black aluminum material 
contains proportionally more infrared light. Frequencies above 
700 nm were considered in the infrared spectrum.
DISCUSSION AND CONCLUSIONS 
Overall, my hypothesis is supported. White metal was measured 
to be the coolest. My experiment also  demonstrates non-visi-
ble light reflectance affects temperature, specifically for infrared 
light. The ability of paint to reflect infrared light can play an im-
portant role in reducing the heat of an object. For example, the 
black aluminum paint is cooler than all the asphalt colours, and 
this may be related to its high infrared reflectance. Aluminum 
shingles were not available in white or turquoise; however, these 
colours should be included for a complete data set.

There were sources of errors in my experiment. Firstly, my 
measurements had a large standard deviation , meaning the mea-
surements varied significantly between the three trials performed 
for each material and colour.  Increasing the number of experi-
ments could have  lowered the standard deviation. In addition, 
some environmental variables including cloudy patches and wind 
variability could not n’t be controlled. It took about one minute to 
take each temperature measurement, bringing in a time variabili-
ty. Lastly, we utilized an infrared thermometer, which could vary 
from the true surface temperature. 

This data could be used in daily life to make cooler cities by 
reducing the amount of heat emitted by roofs. Residential home-
owners and commercial building owners could use this informa-
tion when selecting roofing material and colour . Based on the 
results of my experiment, lighter coloured roofs are preferable to 
dark ones, and aluminum is preferable to steel or asphalt. These 
cooler roofs could reduce the effect of heat islands in communi-
ties.

For future studies, we could measure the temperature of 
various roofing materials on installed roofs, and over a longer 
amount of time. This information could be cross- referenced with 
a  housing unit’s electrical usage to measure possible energy sav-
ings.
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