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Energy consumption in the buildings sector is considered one of the most important
sources of energy consumption in Jordan, as the reason for this is due to the traditional
building pattern and the buildings’ lack of various energy saving and rationalization
systems. The development of the buildings sector in terms of the capacity of buildings
to save and produce energy is one of the most important reasons that lead to saving
energy consumption at the national level in Jordan. In this study, the effect of paint colors
on the roofs of buildings was studied by studying three different colors, which are blue,
white, and black, where it was confirmed that the best colors in energy conservation is
black, and white is the opposite of it, which is considered the worst in energy conservation.
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INTRODUCTION

Buildings of different types, residential and commercial, constitute a large part of the causes of energy
consumption for various purposes. Hence, interest in building technology has emerged so that
buildings are environmentally friendly so that they use the least amount of energy for various internal
purposes (Alrwashdeh, 2017; Alrwashdeh, 2018a; Al-Falahat et al., 2019; Al-Falahat et al., 2022a; Abu
Qadourah et al,, 2022; Al-Falahat et al., 2022b). Energy is used in buildings for many purposes,
including cooling, heating, and completing the basic operations of life, such as heating water,
cooking, etc. (Alrwashdeh, 2018b; Alrwashdeh, 2018¢; Alrwashdeh, 2018d; Alrwashdeh, 2018e; S.
Alrwashdeh, 2018; Alrwashdeh, 2018f; Alrwashdeh, 2018g). It is necessary to find the most
appropriate ways to try to rationalize energy consumption for those uses and trying to secure
what is possible from this need for energy from natural sources (Kong and He, 2021; Windapo et al.,
2021; Sandberg et al, 2021; Alrwashdeh, 2019a; S. Alrwashdeh, 2019; Alrwashdeh, 2019b;
Alrwashdeh, 2021; Alrwashdeh, 2022).

Numerous studies on buildings have been employed to study ways to save energy, and many
studies have emerged concerned with wall insulation technology, such as insulation by rock wool,
insulation by foam, insulation by polystyrene, and natural insulation with air (Cui and Overend,
2019; Favoino et al., 2017; Cuce, 2016; Alrwashdeh and Alsaraireh, 2018; S. Alrwashdeh et al., 2018;
Alrwashdeh and Ammari, 2019; Alrwashdeh et al., 2022; Alrwashdeh et al., 2017a). Other studies
have focused on developing building windows through the use of double and triple glazing, and some
studies have gone into window frames and the types of materials that can be used to manufacture
window frames, such as wood, aluminum, and other materials (Tsagarakis et al., 2012; Ammari et al.,
2015; Cuce and Riffat, 2015; Alrwashdeh et al., 2016a; Alrwashdeh et al., 2016b; Alrwashdeh et al.,
2017b; Alrwashdeh et al., 2017¢; Aburas et al., 2019; Altarawneh et al., 2022). Studies have also

Frontiers in Mechanical Engineering | www.frontiersin.org 1

June 2022 | Volume 8 | Article 897170


http://crossmark.crossref.org/dialog/?doi=10.3389/fmech.2022.897170&domain=pdf&date_stamp=2022-06-08
https://www.frontiersin.org/articles/10.3389/fmech.2022.897170/full
https://www.frontiersin.org/articles/10.3389/fmech.2022.897170/full
https://www.frontiersin.org/articles/10.3389/fmech.2022.897170/full
http://creativecommons.org/licenses/by/4.0/
mailto:saad.alrwashdeh@mutah.edu.jo
https://doi.org/10.3389/fmech.2022.897170
https://www.frontiersin.org/journals/mechanical-engineering
www.frontiersin.org
https://www.frontiersin.org/journals/mechanical-engineering#articles
https://www.frontiersin.org/journals/mechanical-engineering
https://www.frontiersin.org/journals/mechanical-engineering#editorial-board
https://doi.org/10.3389/fmech.2022.897170

Alrwashdeh et al.

emerged about the doors used in buildings, and today, there are
wooden and iron doors and others (Mahajan et al., 2015; Sun
et al., 2016; Saraireh et al., 2017; Sun et al., 2017; Gobel et al., 2018;
Ince et al., 2018; Markétter et al., 2019; Henman et al., 2021; Hsu
et al., 2021). In another framework, concerned with the different
uses of energy inside buildings, the use of energy-saving
technologies has emerged in recent times significantly. The
interest of researchers and scholars in the characteristics of
buildings exceeded the traditional thinking, but they are
thinking about the advanced technology and its use to save
energy in today’s buildings. Examples are multiple, such as the
use of nanotechnology and the use of renewable energy sources
(Hossain, 2018; Buttitta et al., 2021; Kardani et al., 2021; Sandberg
et al,, 2021; Taveres-Cachat et al., 2021).

Renewable energy is used for several purposes inside buildings,
including heating water, natural lighting, generating electrical
energy for various purposes in buildings, and other uses
(Alrwashdeh, 2018a; Alrwashdeh, 2018b; Alrwashdeh, 2018d;
Alrwashdeh, 2018e; S. Alrwashdeh, 2018; Alrwashdeh, 2018g;
Alrwashdeh, 2019a; S. Alrwashdeh, 2019; Alrwashdeh, 2019b;
Alrwashdeh and Alsaraireh, 2018). Photovoltaic cells are used for
the purposes of generating electrical energy directly from solar
energy for buildings, and this technology is today the most
popular technology for the energy security of buildings. From
here, buildings can be classified into several types according to
energy-saving self-reliance (Alrwashdeh, 2017; Alrwashdeh,
2018a; Alrwashdeh, 2018b; Alrwashdeh, 2018c; Alrwashdeh,
2018d; Alrwashdeh, 2018e; S. Alrwashdeh, 2018; Alrwashdeh,
2018g; Alrwashdeh, 2019a; S. Alrwashdeh, 2019; Alrwashdeh,
2019b; Alrwashdeh and Alsaraireh, 2018). Among these
classifications are low-carbon buildings, zero-energy buildings,
and energy-surplus buildings. One of the problems facing energy-
saving technology during construction is the high cost of
employing these technologies during construction. However,
the development of technology and its progress, and these
days the costs have become reasonable and acceptable, and
these technologies have begun to be widely used in
construction in various countries of the world (Lin et al,
2020; Hoffmann et al, 2021; Lu et al., 2021; Xiong and Hu,
2021; Yi et al.,, 2021; Zhang et al., 2021).

The use of technology was not limited to methods of
generating the energy required for buildings but went beyond
that to transforming buildings into smart buildings that respond
to various variables that lead to energy consumption. Energy
recycling systems and the use of large fractions of waste energy
have become today a widely used phenomenon and help in saving
energy very greatly (Aburas et al., 2019; Lin et al., 2020).

Paints can affect solar radiation absorption dynamically
depending on the colors: Reflecting more solar radiation by the
lighter color ranges, and on the other hand, absorping more
solar radiation by the dark color ranges. Therefore, the
studying of buildings colors can contribute to lowering both
cooling and heating loads of the buildings (Santamouris et al.,
2011). Several studies have addressed the effect of coloring
paints on buildings. Karlessi et al. developed dye-based
coatings in several colors and tested their properties. They
found that the reflectance of solar radiation increased by

Roof Color Effect

4%-43% from colored to colorless. Zhang et al. studied the
effects of the TiO, particle size on the spectrum reflection of
the paints. It is found that the larger TiO, particle size leads to
higher reflectivity and the maximum change in solar
reflectance can reach 0.22 (Zhang and Zhai, 2019). Several
simulation works have been conducted to investigate the
energy-saving potential by using different engineering
technology (Al-Falahat et al, 2019; Alrwashdeh, 2017;
Alrwashdeh, 2018a; Alrwashdeh, 2018b; Alrwashdeh, 2018¢;
Alrwashdeh, 2018d; Alrwashdeh, 2018e; S. Alrwashdeh, 2018;
Alrwashdeh, 2018f; Alrwashdeh, 2018g; Alrwashdeh, 2019a; S.
Alrwashdeh, 2019; Alrwashdeh, 2019b; Alrwashdeh and
Alsaraireh, 2018; S. Alrwashdeh et al., 2018; Alrwashdeh
and Ammari, 2019; Alrwashdeh et al., 2017a; Alrwashdeh
et al, 2017b; Alrwashdeh et al., 2017¢; Alrwashdeh et al,
2016a; Alrwashdeh et al., 2016b; Ammari et al., 2015; G6bel
et al., 2018; Ince et al.,, 2018; Markotter et al., 2019; Saraireh
et al.,, 2017; Sun et al.,, 2017; Sun et al., 2016). Zheng et al.
constructed a room as a model and simulated the performance
of energy by using yellow paint in some cities of China. The
results illustrate that for the cities with a wide range seasonal
climate differences, coatings perform better in reducing
building energy consumption (Zheng et al., 2015).

In this study, the focus was on the color of the external roof of
the buildings with the aim of studying the best colors that would
help in obtaining the largest possible amount of energy, which is
thus considered a way to help reduce the necessary loads of
energy for buildings where the use of white, black, and blue colors
was studied.

GEOGRAPHICAL AND METEOROLOGICAL
DATA

Amman is the capital of Jordan and is located in the center of
Jordan within a longitude and latitude 36° east and 32° to the
north, respectively. Amman is considered one of the sunniest
cities, where the number of hours of solar radiation in Amman is
about 3300 h/year, and this is one of the highest rates in the world,
as shown in Figure 1.

Figure 2 indicates the average temperature in the Jordanian
capital Amman throughout the year, with its upper and lower
limits, as it is noted that the highest temperatures were recorded
in the months June, July, August, and September, while the lowest
temperatures were recorded during the months January,
February, and December.

SOLAR CALCULATIONS

Solar radiation calculations are one of the complex engineering
calculations for the large number of factors involved in the
various calculations. In this paper, some calculations related to
solar radiation will be listed as a way to interpret the scientific
results of the research.

Solar radiation in Jordan is considered one of the highest in the
world, as the daily average solar radiation in Amman is about
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FIGURE 1 | The number of sunshine hours in the city of Amman, Jordan, throughout the year.
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FIGURE 2 | The average temperature in the Jordanian capital Amman throughout the year, with its upper and lower limits.

4-8 kWh/m?, and that represented annually with an amount of
1400-2300 kWh/m?. This makes solar energy the future hope in
order to provide a large part of the energy needs in Jordan. Based
on the intensity of solar radiation in Jordan, it has been divided
into five regions according to the strength of solar radiation,
which are the southern region, the eastern region, the central
region, the northern region, and finally the western region, with a
solar radiation rate of 6-7, 5.5-6, 4.5-5, 5.5, and below 4.5 kWh/
m?, respectively (Alrwashdeh and Saraireh, 2018).

The angular position of the sun at solar noon, with respect to
the plane of the equator with a value in degrees, is called the solar
declination. It is given through the the following formula:

284 + n)
365 /)’

§ =23.45 sin(Zn (1)

where n represents the day of the year. Thus, the first day of the
first month of the year is number one, and the days followed by

counting in series so that the last day of the year in the last month
is day number 365.

The sun angular displacement east or west related to the local
meridian, as negative in the morning and positive during the
afternoon are called the Solar Hour Angle (SHA), i.e., SHA is
0.0 at solar noon and changed by a value of 15" per solar
noon hour.

The symmetric solar hour angle with respect to the time
during the sunset is called the sunset hour angle wy. It is given
through the following formula:

2

cosw; = —tan g tan 4,

where § is the declination and ¢ is the latitude of the site.

Solar radiation outside the atmosphere is called extraterrestrial
radiation. The daily extraterrestrial solar radiation at the
horizontal surface can be calculated by using the the following
formula:
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FIGURE 3 | Scheme of three geometrically identical houses with different exterior surface colors.
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FIGURE 4 | Energy form of the three buildings (A) and energy loss rate of the three buildings during 10th of December (B).
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where Gsc is the solar constant and equal to 1367 W/m®.

It is important to know that not all the solar radiation coming
out of the sun reaches the atmosphere and not all the radiation
that reaches the atmosphere reaches the earth, and even the
radiation that reaches the earth arrives in different forms and
types due to the weather factors and conditions facing the rays.

RESULTS AND DISCUSSION

Solar radiation is the energy of radiation reaching the surface of
the earth, and it is measured in Wh/m?. Calculations related to
solar radiation are made based on the value of daily radiation in

relation to the month in which the calculations are to be made.
Figure 3 shows a scheme of three geometrically identical houses
that differ only in the paint color of their exterior surfaces, where
the colors white, blue, and black were used to study the effect of
paint color on the amount of energy gained, thus studying the
possibility of saving energy.

The tenth of December is the worst day in the solar radiation in
Jordan and in Amman, the capital of Jordan, where the number of
sunshine hours is only 6 h. Figure 4 shows the amount of energy loss
in the three houses used to study with the different colors of the
roofs, where Figure 4A shows the three buildings and the thermal
form of energy and Figure 4B shows the amount of energy wasted in
buildings with different colors, where it was found from these results
that the building with a black roof has energy losses at a rate of
-0.93 kWh, followed by the building with a blue roof color with
losses rate of —2.73 kWh, and the most energy-wasting was in the
building with white roof at a rate of —5.42 kWh.

Figure 5 shows the thermal diagram of the energy in the three
buildings studied with the different colors white, blue, and black.
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FIGURE 6 | Energy consumption for heating and cooling (A) and energy gain from the buildings’ roof with different colors (B).

The building has a black roof color and is located on the left of the  energy is the ability to absorb the sun rays falling on the roof

image; the building has a white roof color and is located to the  painted with black.

right of the image; and the building has a blue roof color and is Figure 6 shows the average energy consumption in the study
located in the middle. It appears from the figure that the building  buildings for heating and cooling purposes with an average
with the black roof color has the ability to gain energy from the  monthly rate of 1487 kWh, where it is clear from Figure 6A
sun more than all the buildings studied. Followed by the blue roof ~ that the energy consumption from June till October was for
color, the worst of them all is the building with the white roof ~ cooling purposes only and for the rest of the year between cooling
color. The idea behind the ability of the black color to gain more  and heating as for heating, the need for it appears within January,

Frontiers in Mechanical Engineering | www.frontiersin.org 5

June 2022 | Volume 8 | Article 897170


https://www.frontiersin.org/journals/mechanical-engineering
www.frontiersin.org
https://www.frontiersin.org/journals/mechanical-engineering#articles

Alrwashdeh et al.

February, and December completely and rest of the year, at
different rates. Figure 6B shows the rate of energy gain
throughout the year for the buildings, the purpose of the
study, with different surface colors of black, blue, and white, it
was found that the building with the color of the black roof was
the best buildings to gain energy at a rate of 3187 kWh per year,
followed by the building with the blue roof color at a rate of
1745 kWh, while the worst building in gaining energy was the
building with white roof color with a rate of —414 kWh.

CONCLUSION

The study was based on analyzing the climatic conditions of the
target area, which is the Jordanian capital—Amman. Jordan is one of
the solar belt countries, which enjoys a very high solar radiation rate,
making it one of the highest in the world in solar energy. The effect of
the different paint colors for the surface of the building chosen for
the study was studied, and the study colors were blue, white, and
black, as each case was studied separately and the effect of paint on
energy acquisition and conservation was studied. It was found that
the black color is the best in the process of energy conservation for its
high ability to absorb the rays falling on it. In contrast, it was found
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that the white color is the worst in energy conservation, and the blue
color came as an intermediate state between the two colors white
and black.

The study adopts the experimental approach, which aims to
highlight the energy problems and try to propose solutions to
bridge the energy deficit, especially since Jordan is one of the
countries that suffers from energy problems that dominate the
world greatly these days, and from here, it is recommended to
develop special building codes that help and encourage ways to
rationalize energy consumption and develop the idea of energy-
producing buildings.
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