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Abstract: | explore the effect that albedo has on the amount of solar energy collected as well as the
effectiveness of various building materials used in Jordan's varied construction industry. Albedo,
which is the reflection of incoming radiation by surfaces, is of crucial relevance in minimizing the
damage that solar radiation may do to building components like windows. The construction sector in
Jordan is a substantial contributor to the overall level of energy consumption in the country because
of the wide variety of building types, purposes and technologies found there. The findings of this
research show that substances with greater albedo values produce the best results in terms of energy
gains. These findings are supported by in-depth albedo value analyses and provide useful insights that
may be used to improve building design and construction methods in Jordan, which will eventually
lead to increased energy efficiency and sustainability within the construction sector.
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1. Introduction

The unregulated and unequal distribution of traditional energy sources constitutes a significant
development gap for all countries in the world, making energy the most pressing issue of our day.
Hence, the interest in two fundamental techniques to provide the energy required for all kinds of living
in all countries of the globe, the first of which is the rationalization of energy consumption through the
application of the most advanced technological means. Second, focusing on alternative energy sources,
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which are the optimal answer for meeting the energy needs of countries, such as solar and wind
energy [1].

Jordan is one of the least wealthy nations in the world in terms of conventional energy sources
because it imports a variety of traditional energy derivatives and depends on its neighbors for at least
90% of its entire energy needs. In order to address the different energy needs of Jordan, interest in
supplying innovative, contemporary and sustainable sources of energy evolved here. With Jordan
being one of the world's richest nations in renewable energy sources and being one of the sunbelt
nations with more than 320 days of sunshine per year at high average solar intensity rates, renewable
energy has emerged as one of the most crucial alternatives [2-4]. Jordan has wind speed rates that
position wind energy in second place for exploitation and meeting energy needs [5-7]. The sources
are not restricted to solar energy alone. It also contains geothermal energy and other sources, which
gives Jordan hope that its energy needs will be met. It should be noted that Jordan's strategic plans aim
to raise the proportion of renewable energy sources in the country's overall energy requirements, as
the percentage of renewable energy sources in those demands has now reached 30% and is steadily
rising [8-10].

Jordan's buildings use a lot of solar energy. Solar radiation affects building energy dynamics due
to the country's year-round sunlight. Solar radiation interacts with buildings' windows and other
surfaces, causing thermal gains and losses that affect heating, cooling and lighting energy
needs [11-13]. Jordanian buildings collect a lot of heat via their windows and outside surfaces during
the summer. Air conditioning systems must work harder to maintain pleasant indoor temperatures.
Solar heat gain can also cause pain, decreased productivity and health hazards for inhabitants. Thus,
buildings must have efficient solar radiation mitigation methods. Winter sun radiation can be used for
passive heating. Solar heat may be captured and retained by well-positioned windows and surfaces
with strong solar absorptance, lowering energy use and saving money [14-16]. Passive solar heating
and suitable shading may manage solar radiation entering the structure, optimizing energy efficiency
year-round. Building albedo also affects solar radiation. High-albedo surfaces reflect more solar
radiation back into the atmosphere, lowering building heat absorption. This reduces interior cooling
demand and energy use [17-19]. Light-colored or reflecting roof coatings and exterior finishes can
reduce solar radiation's negative effects, saving energy and improving building thermal comfort.
Jordan’s buildings need a holistic strategy to optimize energy use. This entails using passive solar
designs to take advantage of solar radiation in winter and shade in summer [20-22]. High-albedo
building materials optimize energy gain and decrease energy loss. Jordan may reduce its building
sector's energy consumption and greenhouse gas emissions by implementing these initiatives and
prioritizing energy-efficient building techniques [23-27].

Jordan's energy plan emphasizes renewable energy to improve energy security, reduce
greenhouse gas emissions and promote sustainable development [28-30]. Jordan has used renewable
energy technology to diversify its energy mix and minimize its dependence on imported energy. Jordan
relies heavily on solar electricity. Solar energy generation is possible due to the country's sunny
climate [31-33]. The government has promoted solar technology through rooftop photovoltaic (PV)
systems and large-scale concentrated solar power (CSP) facilities. These projects address the country's
electricity needs, create jobs and improve solar energy technology [34-36].
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Jordan's renewable energy landscape includes wind power. The country's deserts and coastlines
are ideal for wind power generation. Jordan has wind farms and supporting policies to attract
investments and use wind energy [37-39]. This enormous resource can diversify energy sources,
reduce greenhouse gas emissions and improve energy security. Jordan is also investigating various
renewable energy sources for its energy transformation. Biomass energy from biological waste and
agricultural leftovers may provide power and heat. Biomass can replace fossil fuels and solve waste
management issues. Geothermal energy, which taps into the Earth's inherent heat reserves, is a clean,
stable source of energy that Jordan may use. Jordan's energy industry benefits from renewable energy.
Diversifying the energy mix and lowering fossil fuel imports increases energy security [40-42]. This
reduces global fuel price and supply disruption vulnerability. Second, adopting renewable energy
technology reduces carbon emissions and mitigates climate change. Jordan can help fight climate
change by abandoning fossil fuels. Finally, renewable energy initiatives promote technical innovation,
job creation and economic prosperity. Local industry, R&D and clean energy exports benefit from
renewable energy [43-45].

Jordan's extensive renewable energy strategy and efforts demonstrate its commitment. Energy
security, carbon reduction, and sustainable economic growth are the country's goals in harnessing
solar, wind, biomass, and geothermal energy. Jordan can lead the area in renewable energy adoption
by promoting deployment and enacting supporting legislation [46].

Across the board, Jordan's building industry presents a formidable obstacle when it comes to
meeting energy demand, especially in the residential sector, which accounts for 40 percent of the
country's overall energy consumption and ranks among the highest in the world [47]. Several factors,
including consumption habits, conventional construction processes, the use of non-energy-saving
technologies and many more, have contributed to Jordan's rising building sector energy consumption.
The use of new and modern technological means to rationalize energy consumption and modern
methods of energy production has emerged in recent years, with the most notable relying on energy
production through reliance on renewable energy sources such as solar energy systems of various kinds
through direct or indirect production, wind energy and others [48].

The landscape surrounding the structures is one of the tools that plays a crucial role in the process
of harnessing the sun's natural energy. The extent of a building's connection with natural energy can
be determined by observing the location of the building's centre. There are a variety of designs
surrounding the structures, including green and desert cover, among others. It should be mentioned
that the degree of energy absorption, reflection and access to structures plays a crucial role in
determining the amount of energy required by buildings for cooling and heating reasons in particular.
Prior calculations were based on the examination of a fundamental factor known as Albedo, which
entailed examining the effect of the medium on the calculation of energy values.

Our main objectives of this research are to examine the effects of albedo on the quantity of solar
energy gathered and to evaluate the performance of various building materials in Jordan's diversified
construction sector. Both of these purposes will be accomplished via the use of this text. In the context
of limiting the possible damage caused by solar radiation to building components, notably windows,
albedo, which measures the reflection of incoming radiation by surfaces, is recognized as a significant
aspect in mitigating the risk. Our purpose of this study is to determine whether or not materials with
higher albedo values are more successful in terms of energy gains. This is important since the
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construction industry plays a large part in Jordan's overall energy consumption due to the country's
different building types and technologies. These findings, which are backed by extensive analyses of
albedo value, provide useful insights that may be used to improve building design and construction
methods in Jordan, eventually leading to increased energy efficiency and sustainability within the
construction industry.

2. Geographical and meteorological data

With 320 sunny days, a very long number of radiation hours and a very high radiation intensity,
Jordan is one of the world's greatest nations in abundance in solar energy and is considered one of the
most urbanized countries with access to renewable energy sources. Jordan's capital, Amman, is located
at 36° north latitude and 32° east longitude. In figure 1, there is a visual depiction of how many hours
of sunlight reach the city of Amman, Jordan [49].
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Figure 1. sunshine hours in Amman-Jordan around the year.

Figure 2 shows year-round temperature changes in Jordan's bustling capital, Amman. This chart
shows the city's maximum and minimum temperatures per the year. This graphic accurately depicts
Amman's seasonal temperature range. July, August and September are the city's hottest months. These
months represent the height of summer due to brilliant sunshine and warm, dry weather. Rising
temperatures affect agriculture, energy use and public health. A diverse climate emerges in January,
February and December in Amman. The coldest months have lower temperatures. Amman's winters
may be cold, with occasional rain and precipitation, especially at higher elevations. The cooler
temperatures in Amman affect everything from clothes to heating needs.
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Figure 2. Average Max and Min temperature at Amman-Jordan around the year.

3. Solar calculations

In Amman, the average yearly solar radiation is between 1400 and 2300 kWh/m?, with daily
averages ranging from 4 to 8 kWh/m2. As a result, solar power is Jordan's best bet for meeting its
energy demands in the future. Considering the amount of sunlight that Jordan receives. The southern
part of Jordan has a solar radiation rate of 6-7 kWh/m?, the eastern region 5.5-6 kWh/m?, the central

region 4.5-5.55 kWh/m? and the northern and western regions below 4.5 kWh/m?.

Table 1. Symbol and full version in the manuscript.

Symbol Full Version

1) Solar declination angle

Wg Sunset hour angle

® Latitude

H, Daily extraterrestrial radiation on horizontal surface

H Monthly average solar radiation on a horizontal surface
Kt Monthly average clearness index

Wg Sunset hour angle of a tilted surface

B Tilt Angle

Hyr Average daily beam radiation on the tilted surface

Hy, Average daily beam radiation on a horizontal surface
Hy Ratio of the diffuse component to the total monthly average radiation
Hy Monthly mean solar radiation on a tilted surface

p Albedo Ground Reflection
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The parameters listed below must be determined in order to have a true understanding of the solar
energy's potential benefits [29, 30].
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4. Results and discussion

The configuration of the research building, which is found in Amman, Jordan, is shown in Figure
3, which provides a thorough picture of the facility's layout. This architectural context will serve as the
canvas upon which the significant influence of albedo on a variety of features, including the building's
facade, roof, windows and several other components, will be painstakingly researched and evaluated.
This architectural setting also acts as the canvas upon which this study is conducted. The research
venture sets out on its scientific trip with a concentrated case study that is carried out on the tenth of
December. This day is known for its notoriety as being the most difficult day of the year. The selection
of this particular date is appropriate given its characteristics, which include having the greatest possible
amount of daylight hours and the most potent kind of solar radiation. This case study serves as an
important beginning point, providing essential insights into the direct consequences that albedo has.
In spite of this, given the significance of having a complete comprehension of the yearly dynamics,
the research has broadened its focus to encompass an exhaustive inquiry that spans the entirety of the
year.

This exhaustive examination requires the careful collecting of data, such as measurements of solar
radiation, fluctuations in surface temperature and patterns of energy consumption, in order to offer an
in-depth view of how Albedo behaves during the course of a full year. In addition, the analysis takes
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into account seasonal shifts, taking into account how the albedo affects energy efficiency and comfort
within the structure throughout various climatic circumstances, such as Jordan's sweltering summers
and freezing winters. | aim to contribute not only to the specific context of Jordan's built environment
but also to a broader understanding of how albedo can be harnessed as a valuable tool in enhancing
energy efficiency and sustainability in various global settings. This will be accomplished by delving
into a variety of aspects over a prolonged period of time.

Figure 3. Plan of the study house in Amman-Jordan.

Figure 4 provides an in-depth overview of the first stage of our inquiry, with a particular emphasis
on the most important characteristic of the soil medium, which was given a value of 0.17 for its albedo.
This essential piece of data will serve as the basis for our following investigations, which will provide
light on the ways in which the natural environment interacts with the constructed structure. The inquiry
is taken to a deeper level in Figure 4A, where a thermal diagram of the structure is shown for your
perusal. This graphic provides a visual depiction of how the heat is handled and dispersed throughout
the building. It demonstrates the dynamic interplay that occurs between the many thermal components
of the building and reveals the paths by which heat is transmitted, stored and discharged inside the
structure. Figure 4B, on the other hand, zeroes down on a particular facet of the thermal performance
of the building. Specifically, it examines the amount of heat gain that is associated with the windows
of the structure in a number of different orientations. By dissecting these gains, | am able to acquire
significant information about how the structure reacts to external environmental elements like as
sunshine and fluctuations in the surrounding temperature. This information is essential for maximizing
the building's potential in terms of both energy efficiency and comfort. The diagrams in Figures 4C
and 4D provide a more in-depth look at the complexities of energy transfer inside the structure. The
rate of energy acquisition from the four walls of the house is investigated in Figure 4C, taking into
account the orientations of the walls in relation to the cardinal directions. Because of this research, |
have a better understanding of how the structure interacts with its environment, either taking in or
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giving out energy depending on what is required to keep its thermal equilibrium. As I proceed with the
examination, Figure 4D directs our attention to the rate of energy acquisition that occurs within the
structure's lower floor and its higher ceiling. These regions are extremely important to the overall
thermal performance of the building, which in turn affects both the level of comfort and the amount of
energy used. Having an understanding of the energy dynamics at play here can lead to the development
of novel design and construction solutions that improve both the building's long-term viability and the
health of its occupants. Expanding on this analysis allows me to go further into other topics, such as
investigating the implications of these discoveries for the construction of energy-efficient buildings,
the environmental effect of varying albedo levels and the possible uses of this research in the fight
against climate change. In addition, | may talk about the procedures that were carried out throughout
the data gathering and analysis, which would provide light on the level of scientific rigor that
underpinned our investigation. With the help of this multidimensional approach, | am able to extract a
lot of knowledge from Figure 4 and the data that is linked with it, so paving the way for a built
environment that is more sustainable and resilient.
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Figure 4. The energy rate diagram (A), the windows energy gain(B), the wall energy gain
(C) and the foundation and roof of the building energy gain (D).

Figure 4 shows that the value of heat gain due to albedo is highest in the foundation, followed by
the windows, and then the remainder of the home components. This is considered a correct result
because the direct contact between the albedo and the foundation is as large as possible due to the
physical relationship that links the effect of the albedo with the reflection of the rays into the house
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and the ability of the reflection to reflect the greatest possible value of the rays falling on the level,
thereby assisting the house and its components under study to absorb the greatest amount of energy
reflected on it.

The instance of a concreate medium with an albedo value of 0.55 is seen in Figure 5. The thermal
diagram of the structure is depicted in Figure 5A. Figure 5B displays the values of heat gain from
various orientations of the building's windows. Figure 5 C and D represent the rate of energy gain from
the four walls of the residence in the four cardinal directions, as well as the rate of energy gain in the
floor and upper ceiling of the building.
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Figure 5. The energy rate diagram (A), the windows energy gain(B), the wall energy gain
(C) and the foundation and roof of the building energy gain (D).

The value of the energy acquired by the home for the purpose of the research grows as the albedo
value rises, as shown in figure 5. By transitioning from a soil medium to a concrete media, the value
of the obtained energy increases substantially. Keeping in mind that the biggest value of heat gain was
in the house's foundation, followed by the windows, and then the remainder of the house's components,
supports the physical connection between the albedo and the surrounding environment.

Figure. 6 depicts an instance of a snow medium with an albedo value of 0.9. Figure 6A illustrates
the structure's thermal diagram. Figure 6B illustrates the values of heat gain from different window
configurations. Figure 6 C and D depict the rate of energy gain from the residence's four walls in the
four cardinal directions, as well as the rate of energy gain from the residence’s floor and higher ceiling.
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Observations from the findings depicted in figures 4, 5 and 6 indicate that the rate of energy
acquisition rises with increasing albedo and lightening of the medium, reaching a maximum at white
color.
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Figure 6. The energy rate diagram (A), the windows energy gain(B), the wall energy gain
(C) and the foundation and roof of the building energy gain (D).

Figure 7 presents a detailed overview of the energy gain that occurs within the structure, with a
particular emphasis on the impact that varying albedo values have on the energy gain that occurs via
the building's windows. In Figure 7A, the energy gain potential of the windows under a particular set
of circumstances is seen, with the albedo of the soil medium set at 0.17. This illustration provides
insightful details into the ways in which windows contribute to energy gain, drawing attention to the
role of windows in the overall thermal efficiency of the structure. The situation depicted in Figure 7B,
in which the albedo of the surrounding concrete medium is 0.55, brings our attention to this new
setting. In this section, | investigate the changes in heat gain from the windows as a result of the
different climatic circumstances, with a particular focus on the dynamic link that exists between albedo
values and the acquisition of energy. The investigation is continued in Figure 7C, which focuses on a
snow-covered medium with an albedo of 0.9. This part of our investigation expands previously
presented findings. Because of this scenario, | have a better understanding of how the pace at which
energy is acquired via the windows is affected by the various environmental circumstances. The
fluctuating albedo values are a reflection of the conditions that exist in the actual world and highlight
how important it is to take into consideration elements like these when designing buildings and
managing energy. A discernible pattern may be seen developing when one looks more closely at Figure
7. The amount of heat gained through the windows proportionally increases whenever the albedo value
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is increased. The relevance of albedo as a significant factor of energy dynamics within the building
envelope is highlighted by this connection, which highlights its importance. This highlights the need
to make deliberate decisions about the construction materials and settings surrounding the structure in
order to maximize energy efficiency. Additionally, the impact that the direction has on the amount of
heat gained is made clear. The rate of heat uptake via the building's windows is greatest when those
windows are located on the building's southern facade. Their prolonged exposure to the brightly
refracted sunlight is likely to blame for the occurrence of this phenomena. After that, the windows on
the western and eastern sides of the building follow suit, but at a little slower rate than the windows
on the southern side of the structure. On the other hand, the rates of heat acquisition are largest for the
windows that are located on the northern face. Because this side of the building is exposed to the least
amount of direct and indirect solar energy, it has to rely more heavily on other aspects, such as the
albedo of its surroundings, in order to achieve the same level of heat uptake as the other sides of the
building. This has led to the observed result. Figure 7 demonstrates the complex relationship that exists
between the albedo values of a structure, the orientation of its windows and the amount of energy gain
that the building experiences. These findings have important repercussions for architects, engineers
and regulators who are attempting to design and operate energy-efficient buildings that successfully
adapt to a wide variety of environmental circumstances.
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Figure 7. energy gain from the windows of the building at albedo values of 0.17 (A), 0.55
(B) and 0.9 (C).

Based on the findings of the current study as well as those of the earlier research, it can be deduced
that the rate of heat gain in any house is affected by the nature of the medium on which it is built. This
effect is caused by the value of the albedo, which rises in the direction of lighter colors because lighter
colors reflect more of the incident rays that strike the medium. The influence of the albedo was
investigated in this study using three distinct media: Earthy, concrete and snowy media, each of which
had an albedo value of 0.17, 0.55 and 0.9, respectively. As a result, the value of the heat gain for the
snow albedo should be as high as possible, followed by the value of the heat gain for the concrete
medium, and then finally the value of the heat gains for the soil medium. It should be noted that the
heat gain rates increase with the increase in the increase in the amount of the albedo. It is also possible
to extract the effect of the direction of the windows on the value of heat gain, so that it is noted that
the windows located on the southern facade of the house have the highest value of heat gain, followed
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by the windows on the eastern and western facades, and the least windows on the northern facade due
to the lack of solar radiation falling on them. This is because the windows on the southern facade of
the house receive the most sunlight throughout the year. The solar potential that is able to reach the
building for a soil medium is 996 kWh, whereas the solar potential for concrete is 1277 kWh, and the
solar potential for snow is 1532 kWh. This study is important because it paves the way for researchers
to start qualitative studies on the impact of the surrounding environments on buildings on the quantities
of energy needed for buildings in a clear development of building technology and the study of the
interaction between the components of buildings and the surrounding environments. This opens the
horizons for researchers to start qualitative studies on the impact of the surrounding environments on
buildings on the quantities of energy needed for buildings.

5. Conclusions

The outcome of the research demonstrates that the albedo of the surroundings surrounding
buildings has a significant influence in determining the pace at which heat is gained inside the
structures. It is evident, based on previous research as well as the findings of this inquiry, that the
albedo value, which is closely related with the color and reflecting qualities of a surface, has a
significant impact on the thermal performance of a structure. These findings were obtained through
this analysis.

In this study, | focused on three separate environmental media: Earthy, concrete, and snowy, with
albedo values of 0.17, 0.55 and 0.9 for each one, respectively. Through the use of this selection, I was
able to identify a direct connection between albedo and heat gain. It is noteworthy that the rate of heat
uptake within the building rose in proportion to the albedo levels. Because of their greater reflectivity,
lighter-colored surfaces absorbed less solar energy, which led to a lower rate of heat gain. On the other
hand, darker surfaces absorbed more energy, which resulted in a higher rate of heat gain.

In addition, the results of the research demonstrated that the orientation of windows has a major
impact on the patterns of heat gain. The windows that were located on the building's southern facade
continuously displayed the maximum heat gain, followed by the windows that were located on the
building's eastern and western facades. Windows located on the northern fagade of the building, on the
other hand, showed the least amount of heat gain since they received the least amount of direct
sunshine. This directional mismatch is caused by the constant exposure that the southern fagade
receives to sunshine throughout the year. As a result, the southern facade is the most solar-intensive
component of the structure.

This research, in its core, provides a key insight into the delicate interplay that exists between the
architecture of buildings, environmental conditions and energy dynamics. It acts as a basic stepping
stone for the progression of building technology and it urges the incorporation of sustainable design
concepts that make use of albedo concerns in order to maximize energy efficiency. This study paves
the way for more qualitative investigations into the larger interaction between buildings and their
surrounds by identifying the substantial influence that surrounding environments have on buildings.
This, in turn, contributes to the creation of a built environment that is more environmentally friendly
and efficient in its use of energy.
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