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Abstract
Increasing number of buildings, destruction of green areas and
increase paved areas increase the temperatures of urban areas
3 oC more than the temperature of rural areas. Cooling loads of
buildings, shopping centers, and commercial buildings increase
during the summer season due to increase of temperature.
Therefore, demand for cooling also increases. Reducing the
energy demands especially the countries more focused on
energy savings, the cool roof system is the one the technologies
which applied. The use of cool roofs aﬀects cooling and heating
energy use in buildings and the urban climate. Cool roof are
gaining more attention because roof of the building are most
exposed to sunlight. Using cool roof system materials instead
of noncool roofing material in buildings decrease coolingelectricity use, cooling-power demand and save the energy
throughout the year 10% and 20% and reduction in cooling
energy costs in buildings between 10% and 40%.
In this paper, cool roofs impact on global warming and
energy saving were studied at 5 diﬀerent zones with ﬂat roof.
This study has demonstrated the eﬀectiveness of cool roof
technology as the urban areas temperature control on energy
savings and global warming.
Keywords: Cool roof; Urban heat island; Global Warming;
Energy savings.
1. Introduction
Over the recent decades the growth of the population in urban
areas has been one of the most signiﬁcant ever [1]. With
increasing industrialization the people living in urban areas

increase compare to the people living in rural areas [1]. Today
half of the world’s population lives in the cities while 100 years
ago only 14% and again in the 1950’s less than 30% of the
world’s population was urbanized [1]. According to estimation,
by 2040, 70 % of the world’s population will live in cities [2].
Increasing the population in urban areas creates the urban
heat island-UHI. The causes of the UHI eﬀect include increased
building density, the use of materials with inappropriate
optical and thermal properties and lack of green spaces,
increased anthropogenic heat and increased air pollution [3].
The urban heat island means that because of the buildings
the temperature in urban areas is more than the temperature
in rural areas. An important part of the phenomenon ‘’heat
islands’’ are the roofs and road surfaces that are heated
through solar radiation and reach very high temperatures. The
main reason why the temperature of urban areas is more than
rural areas is less green areas and more buildings. Another
reason why the urban heat island is high in urban areas because
buildings are close each other. The exhaust from the cars and
exhaust from HVAC systems create heat [5].These causes the
urban heat island too.
The UHI was ﬁrst monitored in London back to 19th century
[4], but many studies were performed during the past decades
[6-8]. Many measurement campaigns showed daytime average
temperature diﬀerence between 2 and 5 oC in cities respect to
close-by rural area [9]. The high temperature in urban areas
because of UHI aﬀect the quality of life, public healthy, and low
income level people adversely. A city level, the temperature of
air in the city centers is by several degrees higher compared to
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surrounding suburban and urban areas which are known as the
urban heat island. The sketch of an Urban Heat Proﬁle is shown
in Figure 1.

3. Cool Roof Systems
A cool roof is a rooﬁng system that delivers higher solar
reﬂectance and higher thermal emittance. During the day the
roof of the buildings take heat load from the sun. Cool roof
system kept this heat loads as low as possible. The material
used the roof of buildings and the material used for asphalt
has high absorption values. These materials make increase
temperature in urban areas. Energy balance on a roof and
properties of cool roof are explained as follows.
3.1. Energy Balance on a Roof
When a roof is exposed the sun, the following Figure 2 shows
the physical process take place and then the temperature of
roof is determined.

Figure 1. Sketch of an Urban Heat Island Proﬁle (Source:
Heat Island Group http://eetd.lbl.gov/HeatIsland) [10]
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The increase population in urban areas increase the energy
consumption all over the world. Increase buildings in urban
areas especially economically developed countries consume
more than 50 % electric overall. Global warming and the rise
in temperature with increasing cooling load and thus increase
the energy consumption will be inevitable. Increased energy
consumption in developed countries and urban areas of the
increase in temperature make the researches work on new
solution for energy savings. One of the research topics is cool
roof system.
2. Global Warming
Global warming is caused by the emission of greenhouse gases.
Global warming is the increase of Earth’s average surface
temperature due to eﬀect of greenhouse gases or deforestation.
The Earth surface is heated by the sun’s rays. The portion of
the rays is reﬂected back into the atmosphere and some rays
is held by water vapour, carbon dioxide and methane as a
natural blanket. As a result, Earth becomes warm enough. The
increase in consumption in society along with the increasing
population, the burning of fossil fuels, reduction of green areas
as a result of increasingly carbon dioxide-CO2, methane-CH4
and nitrous oxide-NOx as greenhouse gases in the atmosphere
rise is seen. Greenhouse gases aﬀect above the atmosphere as
blanket eﬀect and increases global warming [11].
Since the Industrial Revolution began around 1750, human
activities have contributed substantially to climate change by
adding other heat-trapping gases (greenhouse gases) to the
atmosphere. These greenhouses keep long wave rays from the
ground and signiﬁcant increase trend in ground temperature
[12].
CO2 is one of the most released greenhouses into air because
of human activities. The largest share in the ﬁeld of global
warming is the greenhouse eﬀect.

Figure 2. Energy balance of a roof (Source: http://garooﬁngandrepair.com/elastomeric-rooﬁng/) [13]
Solar radiation reaches on the roof and part of it is reﬂected and
part absorbed by the roof contributing to its heating [14]. The
roof emits the radiation in the far infrared part of the spectrum
as radiation exchange occurs two surfaces which are roof and
sky when one is warmer than the other and they ‘’view’’ each
other [14]. The roof exchanges energy by convection with the air
above the roof [14]. The heat is conducted through the layers
(insulation etc.) within the roof from the warmer side to the
cooler side [14]. The conduction induced heat ﬂow through the
roof- qin, and hence the energy needed for heating or cooling,
depends on the thermal resistance of the roof material and the
diﬀerence in temperature between the outer and inner surface
[14].

qin =

(Tc − Ts )
R

(1)

In this equation, R is overall thermal resistance of the roof
material (m2K/W). Ts is temperature of the outer surface of the
roof (K) and Tc is temperature of the inner surface of the roof (K).
The thermal balance of a horizontal surface (roof) exposed to
the sun is the following:
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(2)
SR: solar reﬂectance or albedo of the surface

to decrease the temperature of the ambient air as the heat
convection intensity from a cooler surface is lower. The
phenomenon is shown in Figure 3 and Figure 4.

I: insolation (W/m2)
Ɛ: emittance of the surface
σ: the Stefan-boltzmann constant ( 5.6685 x 10-8 W/m2K4)
h: convection coefﬁcient (W/m2K4)
Tsky: sky temperature (K)
Ta: air temperature (K)
If the roof is insulated underneath, the main factor aﬀecting the
thermal performance of the surface are the solar reﬂectance
and the infrared emittance [14]. During the day the dominant
factor is solar reﬂectance and emissivity has a lower eﬀect
on the surface [14]. However, during night-time the surface
temperature and the infrared emittance are strongly correlated
which means that emissivity becomes the most important
factor aﬀecting the thermal performance [15, 16].

Figure 3. Combined eﬀects of solar reﬂectance and emittance on roof temperature [18]

3.2. Properties of cool roof system [14]
The following two properties is a rooﬁng system characterized
by
1. High solar reﬂectance (SR): The high solar reﬂectance is a
measure of the ability of a surface material to reﬂect solar
radiation. The solar reﬂectance (SR) designates the total
reﬂectance of a surface, considering the hemispherical
reﬂectance of radiation, integrated over the solar spectrum,
including specular and diﬀuse reﬂectance. It is measured on
a scale of 0 to 1 (or 0-100%). For example, a surface that
reﬂects 60% of sunlight has a solar reﬂectance of 0.60. Most
dark roof materials reﬂect 5 to 20 % of incoming sunlight,
while light-colored materials typically reﬂect 55 to 90 %.
Solar reﬂectance has the biggest eﬀect on keeping the roof
cool in the sun.
2. High infrared emittance (Ɛ): The high emittance is a
measure of the ability of a surface to release, absorbed
heat. It speciﬁes how well a surface radiates energy away
from itself as compared with a black body operating at the
same temperature. Infrared emittance is measured on a
scale from 0 to 1 (or 0-100%) where a value 1 indicates a
perfectly eﬃcient emitter.
These two properties result in aﬀecting the temperature of a
surface [15, 17]. If a surface with high solar reﬂectance and
infrared emittance is exposed to solar radiation it will have a
lower surface temperature compared to a similar surface with
lower SR and Ɛ values.
If the cool surface is on the building envelope, this would
result in decreasing the heat penetrating into the building and
for a surface in the urban environment this would contribute
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Figure 4. Black roof and cool roof [19]
Comparing between standard roof and cool roof is shown in
Figure 5. Cool roof look like standard roof but have higher solar
reﬂectance (R).

Figure 5. Standard roof and cool roof (Image source:
American Rooﬅile Coatings and Lawrance Berkeley National Laboratory)
3.3. Properties of cool roof system [14]
Cool roof system analysis is based on calculating the ‘’solar
reﬂectance index’’ or SRI value. SRI is another metric for
comparing the ‘’coolness’’ of roof surfaces. The SRI is a value
that incorporates both the solar reﬂectance and emittance in a
single value to represent a material’s temperature in the sun.
This index tells us how hot a surface would get relative to a
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standard black and standard white surface. The SRI would be
a value between 0 (as hot as a black surface) and 100 (as cool
as a white surface) found from:

Table 2. Energy savings with cool roof at selected cities in
ﬁve diﬀerent climate zones in USA
Cooling savings

SRI = 100

(Tblack − Tsurface )
(Tblack − Twhite )

Climate Zones
Zone 1
Zone 2
Zone 3
Zone 4
Zone 5

(3)

City, States
Minneapolis, Minnesota
Chicago, Illionis
St.Louis, Missouri
San Diego, California
Miami, Florida

2

($/ft ) per year
0,081
0,092
0,152
0,115
0,28

Heating savings (heating
penalties if negatives)
2

($/ft per year)
-0,104
-0,094
-0,081
-0,023
-0,003

Net savings
2

($/ft per year) $/per year
-0,023
-32,2
-0,002
-2,8
0,071
99,4
0,092
128,8
0,277
387,8

4. Results and Discussion
4.1. Comparing the Temperatures Between Cool Roof and
Standard Roof
Solar reﬂectance and thermal emittance have noticeable
eﬀects on surface temperature. The calculation was done by
using the excel which was created by the Lawrence Berkeley
National Laboratory Heat Island Group. The temperatures of
standard and cool roof are shown in Table 1. ASTM E1980-11
standard used to calculate SRI values. Table 1 illustrates these
diﬀerences using roof materials which are in Figure 5. It is seen
from Table 1 that the temperature of cool roof is lower than the
temperature of standard roof.
Table1. Comparing the temperatures between cool roof and
standard roof.
Black Color Roof
Solar Reflectance
Thermal Reflectance
SRI

1024

Standard Roof Cool Roof
0,04
0,41
0,8
0,8
-7
42

Terracotta Roof
Solar Reflectance
Thermal Reflectance
SRI

Standard Roof Cool Roof
0,33
0,48
0,8
0,8
31
52

o
Roof Temperature (oC)
85,2
70,6
66,4 Roof Temperature ( C)
62,7
Blue Color Roof
Standard Roof Cool Roof Green Color Roof
Standard Roof Cool Roof
Solar Reflectance
0,18
0,44 Solar Reflectance
0,17
0,46
Thermal Reflectance
0,8
0,8 Thermal Reflectance
0,8
0,8
SRI
11
47 SRI
10
49
o
Roof Temperature (oC)
78,2
78,7
64,8 Roof Temperature ( C)
63,8
Gray Color Roof
Standard Roof Cool Roof Chocolate Color Roof Standard Roof Cool Roof
0,12
0,41
Solar Reflectance
0,21
0,44 Solar Reflectance
Thermal Reflectance
0,8
0,8 Thermal Reflectance
0,8
0,8
SRI
15
47 SRI
3
42

Roof Temperature (oC)

76,7

o
64,8 Roof Temperature ( C)

81,2

66,4

4.2. Energy Savings with Cool Roof
In USA, the Department of Energy has developed an energy
saving calculator (DOE Cool Roof Energy Calculator) that can
help the people determine the potential savings associated
with installing an energy saving roof or cool roof [20]. Five
diﬀerent cities within 5 diﬀerent climatic conditions are
selected. Table 2 shows energy savings cool roof at selected
cities in ﬁve diﬀerent climate zones by using DOE Cool Roof
Energy Calculator. During the calculation, ﬁve selected cities at
diﬀerent climate zones are considered in Figure 6. It assumed
that residential house average roof is 1400 ﬅ2 in USA. In Table
5 shows that Zone 5 is most energy savings area among all ﬁve
zones. Zone 1 is the worst energy savings zone. Zone 3, Zone
4, and Zone 5 are three zones that energy savings per year has
positive values. Zone 1 and Zone 2 has negative values that
heating savings values are more than cooling savings values.

Figure 6. Climate zones in USA [21]
4.3. Reduction of global warming with cool roof
Increasing the solar reﬂectance of urban surfaces reduces
their solar heat gain, lowers their temperatures, and avoids
transferring heat back into the atmosphere. The process of
‘’negative radiative forcing’’ counters global warming. In
a recent study to be published in Journal Climatic Change,
Akbari, Menon and Rosenfeld have calculated the CO2 oﬀset,
or equivalent reduction in CO2 emission, achieved by increasing
the solar reﬂectance of urban surfaces [22].
Most existing ﬂat roofs are dark and reﬂect only 10 to 20 % of
sunlight [23]. Resurfacing the roof with a white material that
has a long-term solar reﬂectance of 0.60 or more increases its
solar reﬂectance by at least 0.40 [23]. Akbari et al. estimate
that so retroﬁtting 100 m2 (1000 ﬅ2) of roof oﬀsets 10 tonnes
of CO2 emission [23]. Emitted CO2 is currently traded in Europe
about $25/tonne, making this 10- tonne oﬀset worth $250 [23].
Roofs and pavements cover from 50 % to 65 % of urban areas.
The researchers used a conservative assumption of increasing
the average albedo (solar reﬂectance) of all roofs by 0.25 and
of pavements by 0.15. Increasing the albedo of urban areas has
the potential to reduce the greenhouse eﬀect [24]. Akbari et al
estimate that on a global basis increasing the net albedo for
urban areas by about 0.1 [24]. In the world CO2 emission will
have 44GT less with increasing albedo of roofs and pavements
in urban area. Considering 1 ton CO2 is about $ 25, increasing
albedo values for only roofs and pavements saves $1,100
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billion [24]. If all standard roofs in the world change with cool
roofs, every year 1 billion ton less CO2 emission released and
then global warming will decrease.
5. Conclusion
In this paper, cool roofs impact on global warming and energy
saving were studied. The use of cool roofs brings many beneﬁts
which are lower energy use, reduced air pollution, heat islands
and greenhouse gas emissions and improved human health
and comfort. A cool roof transfer less heat to the building
below so the building stays cooler and uses less energy for
air conditioning. By lowering energy use, cool roof decrease
the production of associated air pollution and greenhouse gas
emissions (carbon dioxide (CO2), sulfur dioxide (SO2), nitrogen
oxide (NOx) and mercury (Hg)). The material used for the cool
roof system and cool paved system will help the increase of
the albedo value and then the global warming will decrease.
Cool roofs directly reduce the air conditioning use for buildings
by reducing heat gain in the building below, but they also
indirectly reduce air conditioning use in urban areas by helping
lower ambient air temperatures. Therefore, with cooler
daytime temperatures, buildings use less air conditioning and
save additional energy. In turn, this results in a reduction in the
CO2 emissions from electricity generating power plants [25].
Energy saving with cool roof at diﬀerent climates studies in
USA showed that if heating degree days is less than 5,499, net
savings is beneﬁcial for residential houses.
The high emittance material used for the cool roof system
does not allow energy radiation into the atmosphere.
Ceilings under roofs get cooler. Therefore, a cool roof can
reduce air temperatures inside buildings with and without air
conditionings.
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