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 :الممخص
نظرًا لتزايد عدد سكان العالم وارتفاع مستويات المعيشة، فمن المتوقع أن يستمر قطاع البناء في  اسيتيلاك كمييات كبيير  

الاسيييتمدام المليييل لمطاقييية الشمسيييية، بميييا فييي   ليييك الطاقييية الشمسيييية  توضيييي الدراسييية  هالغيييرن مييين ىييي مييين الطاقييية. 
الكيروضيييو ية والطاقييية الشمسيييية  حالليييوا  . الفيييرق التكنوليييوج  الر يسييي  بيييينالسيييمبالتصيييميم الشمسييي   الكيروضيييو ية و
طاريييات أو الكيروضييو ية تنييتق طاقيية كيربا ييية يمكيين اسييتمداميا عمييي الفييور أو تمزينيييا فيي  الب الالييواحالسييمبية ىييو أن 

تغي يتيا فيي  شييبكة الكيربيياء وتسييتمدم اللييواح الشمسييية المصيينوعة مين مييواد شييبو موصييمة لت ويييل ضييوء الشييمس مباشيير  
الطاقة الشمسية السمبية ىيكل المبني ومواده لجميع وتميزين  )تصميم( إلي كيرباء. ومن نا ية أمرى، تستمدم تكنولوجيا

، إليي جاني  الطيريقتينأولًا، سيتتم مناقشية فوا يد وعييو  كيلا نظمة ميكانيكيية. وتوزيع ال رار  الشمسية دون ال اجة إلي أ
. ولانيًيا، تييد  2010جيجاوات/سياعة في  عيام  15,830الم يطة باستيلاك الطاقية في  ليبييا، والي ي قبيدر بيي المشاكل 

ات التقنيية )مليل البيروفسيكايت وتيوفير الابتكيار  الكيروضيو ية الاليواح كفياء  إلي دراسة الجوان  الممتمفة الت  تؤلر عمي
 ات كفياء  . أمييرًا، تلبيت ىي ه الدراسية أن الليواح الكيروضيو ية وصلات( الت  يمكين أن تعيزز أدا يياوالملايا متعدد  ال

بسييب  إجمييال  الطاقيية المجمعيية يوميًييا كمصييدر انتيياة الكيربيياء ماصيية فيي   عالييية مقارنييو بالتصييميم الشمسيي  السييمب 
 ليبيا. شرق جنو منطقة 

 .الكفاء ،الاستيلاك ، الطاقة، السمب   التصميم الشمس، الالواح الكيروضو ية: الكممات الدالة
Abstract 

Because of the growing global population and rising standards of living, the building sector 
is expected to continue consuming large amounts of energy. The optimal utilization of solar 
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energy, including photovoltaic and passive solar energy, is the main topic of this study. The 
main technological difference between photovoltaic (PV) and passive solar energy is that PV 
energy produces electrical power that can be used instantly, stored in batteries, or fed into 
the power grid and it uses solar panels made of semiconductor materials to convert sunlight 
directly into electricity. On the other hand, passive solar energy technology uses a building's 
structure and materials to gather, store, and distribute solar heat without the need for 
mechanical systems. Firstly, the benefits and drawbacks of both approaches will be 
discussed in this study, along with the issues surrounding Libya's energy consumption, 
which was estimated to be 15,830 gigawatt-hours in 2019. Secondly, it aims to investigate 
the various aspects that impact photovoltaic (PV) efficiency and provide technical 
innovations (such as perovskite and multi-junction cells) that can enhance its performance. 
Finally, this study proves that, photovoltaic panels is useful as a strategic tool because of 
the total energy gathered daily as a source of electricity production especially in the East 
South Libya region.  
Keywords: Photovoltaic  Panels, Passive Solar, Energy, Consumption, Efficiency  

1. Introduction: 
Solar energy has emerged as one of the most promising and rapidly expanding 

alternative energy sources today. Its diverse applications include significant energy savings in 
buildings. Consequently, modern construction frequently employs two primary solar energy 
strategies to reduce power consumption: photovoltaic (PV) panels and passive solar design. 
Passive solar design involves architectural principles that optimize a building's energy efficiency 
by harnessing natural light and heat. In contrast, photovoltaic arrays use solar cells to convert 
sunlight into electricity. Both strategies have proven effective in saving energy, but they come 
with distinct pros and cons. Photovoltaic panels provide a direct source of renewable energy for 
heating and cooling. Despite their benefits, both passive solar and PV systems can be 
significantly influenced by weather conditions, such as cloud cover and seasonal changes in 
sunlight. Passive solar systems, on the other hand,  are eco-friendly since they use natural 
resources and do not emit harmful radiation. However, their performance can be highly 
dependent on the building’s design and location. 
2. Methodology  

This study used a literature review methodology. Theoretically, it analyzes available data in a 
certain field and weighs the advantages and disadvantages of installing PV panels and passive 
solar energy in homes.  It presents the factors and displays the panels efficiency calculations. 
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Moreover, it analyses  some factors that make passive solar energy less effective in saving 
energy.                 

3. Literature Review                                   
3.1 advantages of Photovoltaic Panels Use  
The installation of photovoltaic panels in a building has several advantages. First of all, PV 
panels are easily included into new construction designs, such as skyscrapers, to offset the 
costs of the roof and façade. They can also be added to existing structures or erected as a 
distinct structure to boost their efficacy in meeting power demands and even generate cash [6]. 
In addition, its technology has the advantage of being able to provide storable energy, which 
can be exploited when sunlight is unavailable, such as at night or in times of adverse weather. 
However, the current technology is still difficult because its necessary storage batteries are 
large, bulky and expensive [7 ]. [Using photovoltaic arrays to generate power and heat water 
instead of fossil fuels can help reduce greenhouse gas emissions. For instance, in Taiwan in 
2008, the energy output from photovoltaic panels represented 2.1 million tons of yearly CO2 
emissions reductions and 8.2% of the country's total CO2 emissions [5]. Consequently, solar 
panels can be integrated into entire structures to share and store energy output without 
releasing carbon dioxide and to lower construction costs.   
3.2 Disadvantages Of photovoltaic panels                                                                            
However, there are several drawbacks to solar panels as well, which could limit their application 
to buildings. The primary drawback of utilizing a photovoltaic technique is that its ability to 
generate electricity is dependent upon geographic location and local solar data. For instance, a 
1 kW solar system in Germany would produce 900–1000 kWh annually if the fixed surfaces of 
the PV array were slanted at an angle equal to the latitude minus 10°, and up to 1800–2000 
kWh annually in arid locations like South Africa or Arizona [1]. The high expense of purchasing 
the required equipment is another drawback of this energy source. For instance, photovoltaic 
systems cost 30% to 40% per kWh, which is much higher than the 4% to 5% per kWh cost of 
oil, coal, or gas [18]. However, The costs of photovoltaic systems are dropping quickly due to 
advancements in technology and increased production scale [3]. Additionally, one drawback is 
that the energy output of photovoltaic panels can be significantly reduced by low temperatures, 
potentially impacting their ability to meet energy demands [9]. In short, the primary 
disadvantages of utilizing photovoltaic panels include their susceptibility to local weather 
conditions, high initial costs, and their environmental impact on the climate. 
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Advantages of Passive Solar Energy  3.3  
Initially, passive solar architecture has great promise for cost savings, cozy interiors, and a 
decrease in emissions that contribute to climate change in residential structures. Firstly, 
because passive elements like walls, roofs, balconies, and glazed windows last as long as the 
structure itself, passive solar energy is a financially sensible choice. It has been suggested that 
passive design can reduce expenses by 25–40% when it comes to the amount of energy 
required to heat and cool residential buildings [4]. This amounts to a substantial monthly 
financial savings that could support families during difficult economic times. The effectiveness of 
passive solar design is more than sufficient in areas with moderate climates, which is another 
benefit. For instance, 88% of the colder half of the year can be heated by passive solar 
heating, so that no cooling is needed during the warmer half of the year [15]. This is a result of 
how buildings are oriented to maximize solar heat . Firstly, because passive elements like walls, 
roofs, balconies, and glazed windows last as long as the structure itself, passive solar energy is 
a financially sensible choice. It has been suggested that passive design can reduce expenses 
by 25–40% when it comes to the amount of energy required to heat and cool residential 
buildings [4].This amounts to a substantial monthly financial savings that could support families 
during difficult economic times. The effectiveness of passive solar design is more than sufficient 
in areas with moderate climates, which is another benefit. For instance, 88% of the colder half 
of the year can be heated by passive solar heating, so that no cooling is needed during the 
warmer half of the year [15]. The reason for this is the building's orientation, which effectively 
harnesses solar heat without the need for mechanical systems [5]. Utilizing passive solar 
energy is highly beneficial due to its lack of negative environmental impact: It produces no 
harmful fumes, pollutants, or emissions [17]. This is achieved through the use of traditional 
architectural elements, resulting in reduced reliance on technologies such as air conditioning 
and decreased use of fossil fuels for construction energy [8]. Clearly, opting for passive solar 
energy allows for cost savings and the creation of a comfortable living space without releasing 
harmful pollution into the atmosphere.     
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Figure (1)  Passive Solar Architecture  [21] 
 
3.4  Disadvantages of Passive Solar Energy  
The usage of passive solar energy in residential buildings may be limited by several drawbacks. 
One such drawback is its lack of reliability, as its effectiveness is dependent on the climate 
type. For instance, in colder regions, a passive solar design may only fulfill 7%–50% of power 
demands during the colder months [18]. Despite its limited effectiveness in cold weather for part 
of the year, passive solar energy can be complemented by active technologies like Photovoltaic 
panels to fulfil the building's complete energy requirements [5]. Another disadvantage is that 
passive solar energy is not easily applied to large and compact buildings, such as large office 
buildings or skyscrapers because of building shading and closed windows, which are 
characteristics of most tall buildings. However, passive solar design can be implemented 
successfully in these cases if buildings can be oriented relative to the sun and windows also 
can be opened for natural ventilation [6].  Finally, Passive solar techniques are often 
challenging to implement in older buildings due to the fact that they typically need to be 
integrated into the building design from the start, which can prolong the design process and 
raise costs. Nevertheless, building sustainability experts have emphasized that crucial decisions 
regarding sustainability can be made during the initial design phase by the building designer 
[14]. It is clear that this goal is best achieved in new constructions, which typically results in a 
3% to 5% increase in construction costs [12]. However, many proponents of passive solar 
systems argue that building codes and regulations should be changed to promote passive solar 
energy[6]. Briefly, the limited effectiveness of passive solar design in cold climate zones and the 
practical challenges associated with older, larger buildings have been the primary limitations of 
passive solar design [13].  
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3.5 Energy consumption situation in Libya  
In Libya, the residential sector is thought to be one of the biggest and most significant users of 
electricity. The sector's share of consumption came to almost 31% of all energy sold in 2010 
[12]. This energy is frequently used in homes and by electrical appliances. An estimated 
18.35% of the energy used in the industry is consumed by residential air conditioners [12]. This 
is comparatively significant and comes in second in terms of household usage after lighting. 
Given that air conditioners are found in the majority of Libyan houses, they are frequently used 
during the summer. Additionally, it is challenging to program the air conditioners low thermostat 
settings for automatic operation. Because of this, the compressor must run nonstop, which 
results in a high rate of energy consumption. Libya's final electrical energy consumption in 2019 
was projected to be 15,830 gigawatt-hours, the highest amount since 2014 with 10,890 
gigawatt-hours consumed, that year's consumption was the lowest. Overall, the final electricity 
consumption in Libya increased annually from 2014 to 2019 [22].                                                   

    
Figure 2:  Electricity consumption (2012)  [24] 

 
. Results and Discussions 4   
Based on the analysis of the pros and cons of photovoltaic panels and passive solar energy, it 
is clear that photovoltaic arrays are the better source of solar power. The photovoltaic array 
offers several benefits compared to passive solar energy. Due to the fluctuating weather 
conditions, photovoltaic panels are advantageous as they allow the captured energy during 
optimal conditions to be stored for use during unfavorable weather. Passive solar energy cannot 
accommodate this factor, possibly due to its instantaneous nature [1]. Additionally, the 
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photovoltaic array is highly versatile since it can be installed in a residence without the need to 
alter the house’s design or components. It can be positioned anywhere, allowing the energy to 
be readily available for use. The orientation of a building is important for passive energy use, 
taking into account both sunlight and wind [1]. Analysis of building orientation should be done at 
the design stage before construction, which can be challenging for older houses. As a result, 
photovoltaic panels are the preferred solar energy option for buildings.                                                                                                    
4.1  The efficiency of (PV) panels and passive solar energy  
The efficiency of photovoltaic (PV) panels and passive solar energy refers to different concepts 
in solar energy utilization.  
4.1.1  Photovoltaic (PV) Panels: 
PV panel efficiency can be defined as is the ratio of the electrical energy output to the solar 
energy input on the panel. It is expressed as a percentage. 
Typical Efficiency: Modern commercial PV generally achieve efficiencies between 15% and 
22%, indicating that they can convert 15-22% of the sunlight they receive into electricity . 
Factors Affecting Efficiency:  
 Material quality 
 Temperature,  
 Angle of installation 
 Shading  

4.1.2  Passive Solar Energy efficiency: 
It is harder to quantify as it include  the use of building design to capture, store, and distribute 
solar energy as heat without mechanical systems. Efficiency in this context is more about the 
effectiveness of design strategies in reducing the need for additional heating or cooling. Design 
Strategies: Orientation of the building, window placement, insulation, thermal mass (materials 
that store heat), and shading. 
Factors Affecting Efficiency: Climate, building materials, design and layout of the building, and 
user behaviour.  
In summary, PV panel efficiency is a specific measurable value representing how well a panel 
converts sunlight into electricity. In contrast, passive solar energy efficiency refers to the 
effectiveness of design strategies to harness solar energy for heating and lighting, which is 
more qualitative and context-dependent.                                                                                   
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4.2 Factors That Make It Harder for a Building to Use Passive Solar Energy to Save 
Energy                                                                                          
Because there is no battery to store the energy generated by passive solar technology, it is not 
possible to use it to provide services or store it for use in an emergency. Moreover, it is utilized 
for individual homes. In any case, the photovoltaic exhibit enjoys the benefit that the caught 
energy can without much of a stretch be shared by various individuals. In other words, if 
photovoltaic panels are installed on their own structure, they can use as many houses as 
possible by capturing as much sunlight as possible. Additionally, the system's energy can be 
utilized to run machinery. For instance, in medical clinics, when there is no power from the 
principal network line, photovoltaic can be utilized. This makes it unnecessary to look for fuel to 
run a generator. In addition, as outlined above, photovoltaic can easily be shared by more than 
one individual. This makes it conceivable to sell such energy, which can be a kind of revenue. 
The Photovoltaic boards are likewise convenient. One can without much of a stretch convey its 
boards and put up a framework anyplace together to gather the sun's energy. This makes it 
exceptionally helpful and demonstrates the way that it tends to be effectively rented to produce 
pay. However, passive solar energy cannot be transported. In short, photovoltaic array 
technology is superior to passive solar energy in terms of harnessing the sun's energy for 
emergency power needs. 
                                                                                 
 
 
 
 
 
 
 
 
 
 

Figure 3 : A solar panel generates power from sunlight  [22] 
4.3  PV Panels  Efficiency Calculation  
To determine the efficiency of photovoltaic panels, one might do the following five steps: 
Step 1: Determine the maximum power capacity of the module. 
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Step 2: Measure the module's dimensions (the solar panel's length and width). 
Step 3: Determine the solar module's power per unit area. 
Step 4: Ascertain the STC solar irradiance value 
Step 5: Calculate the efficiency of solar panels 
given that a solar cell is a semiconductor. Thus, it forms the basis of semiconductor equations. 
Five non-linear differential equations exist. These equations have been analytically solved with 
the appropriate boundary condition.  
These calculations required:  

1- The light generated current density for three part of cell ( emitter, base and depletion 
region) 
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2- Dark current density in emitter and base  
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3-Total current density  
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4-internal quantum efficiency (IQE) 
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5- internal spectral response (ISR) 
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5.  Recommendations for Libya's usage of PV panels 
Certainly, using photovoltaic (PV) panels in East - South Libya, where the climate is hot and 
sunny, is an excellent way to harness solar energy. There are some suggestions to maximize 
the efficiency and effectiveness of PV panels in such regions:                                                
1. Optimal Orientation and Tilt:  
Orientation: Position the PV panels to face true south to capture the maximum amount of 
sunlight throughout the year.                                                                        
Tilt Angle: adjust the tilt angle of the panels based on the latitude of your location. In Libya 
(approximately 25° to 33° north latitude), a tilt angle equal to the latitude or slightly less can 
maximize solar absorption.                                                        
2. Cooling Mechanisms: 
Natural Ventilation: ensure there is sufficient air circulation around the panels to help dissipate 
heat. elevated Mounting: Mount panels a few inches above the roof or ground to allow air to 
flow beneath them, which helps in cooling.    
3. Dust and Maintenance:  
Regular Cleaning: dust accumulation can significantly reduce the efficiency of PV panels. 
Schedule regular cleaning, especially after dust storms.    
Self-cleaning coatings: consider panels with hydrophobic or self-cleaning coatings to reduce 
the frequency of manual cleaning.    
4. High-Temperature Tolerance:  
Choose High-Temperature Tolerant Panels: select PV panels that are specifically designed to 
perform well at higher temperatures. Some modern panels have lower temperature coefficients, 
meaning their efficiency decreases less with rising temperatures.                               
5. Energy Storage: energy can be stored by using the following system: 
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Battery Systems: Integrate battery storage systems to store excess energy generated during the 
day for use at night or during cloudy periods.           
 Hybrid Systems: consider hybrid systems that combine PV panels with other renewable energy 
sources or backup generators to ensure a stable power supply.                                                                           
6. Solar Tracking Systems: 
Single-Axis or Dual-Axis Trackers: if budget allows, use solar tracking systems that follow the 
sun’s path to increase energy capture by up to 25-35% compared to fixed systems.                                               
7. Grid Connection and Inverters:  
efficient Inverters: use high-efficiency inverters to convert the DC power generated by the 
panels to AC power with minimal losses.                       
Grid-Tied Systems: If possible, connect to the local grid to sell excess electricity generated 
during peak times.                                              
8. Government Incentives and Regulations:  
Explore Incentives: investigate any local, national, or international incentives, subsidies, or 
grants for renewable energy projects in Libya. Compliance with Regulations: Ensure your 
installation complies with local building codes, safety standards, and grid-connection 
regulations.            
9. Shading and Placement:  
Avoid Shading: Ensure there are no obstructions (like trees or buildings) that could cast 
shadows on the panels, reducing their efficiency. Strategic Placement: Place panels in areas 
with the least shading throughout the day. Implementing these suggestions will help optimize 
the performance and longevity of PV panels in the hot and sunny climate of East and South 
Libya.                                                                                        
6. Conclusion   
It is evident that there are many benefits and drawbacks to both passive solar energy and 
photovoltaic panels. Nonetheless, the preferred method of using solar energy in all structures is 
the photovoltaic array. Its energy storage capacity, which allows for future use, may potentially 
have financial advantages. It reduces carbon dioxide emissions and is versatile. It might, 
however, be more costly and useful in some climates than others. The primary advantages of 
passive solar energy are its affordability, the fact that it requires no special equipment, its 24/7 
use, and its ability to shield the environment from damaging pollutants. However, its drawbacks 
include reliance on wind and building orientation, as well as the possibility that not all of its 
components will fit inside. 
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