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ABSTRACT. This paper examines contemporary methods for
enhancing the efficiency of solar photovoltaic panels, which currently
operate at 15-22% power conversion efficiency. The study analyzes key
factors affecting photovoltaic performance, including material quality,
thermal effects, angle of incidence, surface contamination, and light
spectrum characteristics. The paper reviews advanced technological
approaches such as next-generation materials (monocrystalline and
polycrystalline silicon, perouvskite and tandem cells, graphene-based
composites, and quantum dot technologies), nanostructured coatings
(photocatalytic materials, plasmonic nanoparticles, ultra-thin dielectric
layers, and metamaterials), and thermal management systems (passive
and liquid cooling, heat-reflective coatings). Additionally, the study
addresses installation optimization strategies, including optimal tilt
angles, south-facing orientation, shading avoidance, solar tracking
systems, and regular maintenance protocols. The findings demonstrate
that integrating advanced materials, nanotechnology, thermal control,
and automated tracking systems can significantly reduce energy losses
and improve overall conversion efficiency. The paper also highlights the

rapid development of solar energy infrastructure in Uzbekistan, with new
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solar power plants such as "Nur Navoi" and "Sherabad"” contributing to
the national renewable energy capacity.
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management, anti-reflective coatings, quantum dots, graphene, solar

tracking systems, energy conversion, Uzbekistan solar energy.

Ensuring stable energy supply and addressing environmental
challenges are key global priorities. Due to the limited nature and
environmental 1mpact of traditional energy sources, interest in
renewables is increasing. Solar energy is widely regarded as a clean,
inexhaustible, and sustainable source, with solar panels serving as a
primary technology for its conversion into electricity. Worldwide research
continues to improve solar panel efficiency through advanced materials,
nanotechnology, thermal management, and light optimization. In
Uzbekistan, solar energy use is also growing rapidly, particularly
through the construction of new solar power plants that strengthen the
national energy system.

Solar panels are a key clean and renewable energy source, but their
efficiency (15-22%) limits electricity production. Therefore, global
research focuses on improving their power conversion efficiency. Despite
wide use in modern energy systems, photovoltaic cells still face
challenges such as energy losses and low efficiency. With the depletion
and environmental impact of traditional energy sources, solar energy is
increasingly adopted as a sustainable and promising alternative.

Although solar panels are a clean and renewable source of energy,
their overall efficiency depends directly on a number of external and

internal factors. In particular, thermal effects caused by rising
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temperatures, the reflection of sunlight from the panel surface (reflection
phenomenon), the electrical conductivity of the materials, and the level
of development of energy storage and transmission technologies all
significantly influence the operational efficiency of solar panels.
Therefore, optimizing these factors plays an important role in improving
the overall energy production efficiency of solar panels.Due to the rapid
development of technologies, modern solar panels increasingly utilize
multilayer  photovoltaic  cells, anti-reflective coatings, and
nanostructured materials to ensure maximum light absorption. These
technological approaches help reduce optical losses of solar radiation and
improve energy conversion efficiency.

The efficiency (power conversion efficiency) of solar panels
depends directly on several important factors, which include:

Material quality — the type, purity, and physical properties of
semiconductor materials used in panel manufacturing play a decisive
role in overall efficiency [3];

High-temperature effects — an increase in temperature can
negatively affect photovoltaic processes, leading to a decrease in panel
efficiency

Angle of incidence — when solar radiation falls perpendicular to
the panel surface, energy absorption is maximized, thereby increasing
efficiency;

Contamination level — dust, sand particles, and bird droppings
can cover the panel surface, blocking light transmission and significantly
reducing efficiency. Studies indicate that such contamination can
decrease efficiency by 10—-25%. Therefore, it is recommended to clean the
panels at least once a month. In cold climates, snow and ice layers should

also be removed in a timely manner during the winter season,;
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Light spectrum — the wavelength and spectral composition of
solar radiation also significantly affect photovoltaic efficiency, as
different semiconductor materials absorb different parts of the light
spectrum.

Passive cooling systems improve solar panel efficiency by
preventing overheating, since high temperatures reduce photovoltaic
performance. Therefore, effective heat dissipation and thermal
management are essential.Liquid cooling systems are especially effective
in hot, dry climates, as they cool and clean the panel surface using water
or special fluids, lowering temperature and increasing electricity
generation.Thermal management coatings further enhance performance
by reducing surface heating, minimizing heat losses, and improving
overall energy conversion efficiency.

Improving solar panel efficiency is a key area of modern energy
research. Advanced materials and technologies play a crucial role, as
they enhance the conversion of solar radiation into electricity. In addition
to silicon-based panels, perovskite and tandem cells improve efficiency
by absorbing a wider spectrum of sunlight and converting it more
effectively [5]. Overall, photovoltaic efficiency depends on the physical
and electrical properties of the materials used; therefore, high-quality
materials increase energy conversion efficiency and reduce losses.

Methods for improving the efficiency of solar panels are as follows:

Monocrystalline silicon panels — These are made from high-
purity silicon and offer high efficiency ranging from 18-22%. They are
known for their long service life and stable performance; however, their
production cost is relatively high.

Polycrystalline silicon panels — These are more cost-effective to

manufacture, with efficiency levels around 15-18%. Although they are
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economically advantageous, their performance is slightly lower compared
to monocrystalline panels.

Perovskite solar panels — A new-generation photovoltaic
technology characterized by high conversion efficiency and low
production cost. These panels are expected to play a significant role in
the future of solar energy.

Tandem solar panels — These consist of multiple material layers
and are capable of capturing a broader range of the solar spectrum. As a
result, they can achieve higher efficiency compared to conventional
single-junction panels.

. Graphene-based materials, due to their lightweight structure and
high electrical conductivity, play an important role in improving the
energy efficiency of solar panels. Multilayer panels, on the other hand,
significantly enhance energy conversion by effectively capturing a
broader range of the solar spectrum.

Quantum dot technologies further improve photovoltaic performance
by converting light energy into electrical energy with higher efficiency.
This technology increases light absorption and improves the overall
conversion coefficient. For instance, the SunPower Maxeon 3 is one of the
most efficient panels on the market, offering approximately 22.6%
efficiency and 400 W power output. Such advanced technologies ensure
long-term stable and efficient operation of solar panels.

The use of temperature-resistant materials is also crucial, as it helps
maintain efficiency under high-temperature conditions. Heat-resistant
coatings and cooling systems extend the operational lifespan of solar
panels.

Nanotechnology plays a key role in maximizing solar light

absorption while reducing reflection losses [3]. Specialized
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nanostructured coatings reduce light reflection and increase energy
generation efficiency. Some types of nanomaterials include:

. Photocatalytic materials — enhance long-term efficiency by
enabling self-cleaning properties through the decomposition of dust
and contaminants.

« Plasmonic nanoparticles — improve photovoltaic efficiency by
directing and enhancing light absorption.

« Ultra-thin dielectric coatings — protect panels, reduce
reflection, and ensure long-term durability.

« Metamaterials — increase overall efficiency by maximizing light
trapping and optimizing absorption.

Thermal management techniques are also essential and include
water or air cooling systems, heat-reflective coatings, and advanced
thermal control technologies.Proper installation of solar panels
significantly improves efficiency. Optimizing the installation angle
ensures maximum solar radiation exposure. For example, in Uzbekistan,
the optimal tilt angle is approximately 30—40°. South-facing orientation
provides the best performance in the Northern Hemisphere.Avoiding
shading is also critical, as even a single shaded panel can reduce the
efficiency of the entire system.Solar tracking systems, including
automatic tracking mechanisms and concentrator lenses, help maximize
solar energy capture.Finally, regular cleaning and maintenance of solar
panel surfaces improve efficiency, while the use of self-cleaning materials
makes this process even more effective.

Improving solar panel efficiency relies on key modern approaches
such as next-generation materials, nanotechnology, thermal
management, and automated tracking systems, which help address

major performance challenges. Future research is expected to further
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enhance solar energy efficiency and system performance.Reducing
energy losses requires advanced materials, optical technologies,
intelligent control systems, and efficient energy storage, all of which
significantly increase overall energy conversion efficiency. With the
integration of AI, nanotechnology, and advanced solar panels, solar
energy is becoming more efficient and economically competitive.Global
research is actively developing high-efficiency solar panels, especially in
the United States, Europe, and China. In Uzbekistan, renewable energy
expansion is accelerating through new solar power plants, including “Nur

Navoi” and “Sherabad” (2023), which increased the country’s renewable

energy share.Overall efficiency depends on proper installation,

maintenance, advanced technologies, thermal control, and the use of
high-quality panels and modern inverters
REFERENCES

1. Green, M. A. (2017). "Solar cell efficiency tables." Progress in
Photovoltaics: Research and Applications.

2. Zhao, J., Wang, A., Green, M. A. (1998). "24% efficient silicon solar
cells." Applied Physics Letters.

3. Snaith, H. J. (2013). "Perovskites: The emergence of a new era for low-
cost, high-efficiency solar cells." Journal of Physical Chemistry
Letters.

4. Shockley, W., Queisser, H. J. (1961). "Detailed balance limit of
efficiency of p-n junction solar cells." Journal of Applied Physics.

5. Nurmetova, M., Qutliboyev, S., & Otamuratova, D. (2025).
Digitalization directions of the green economy. IITE Proceeding:

International Inovation Technology Proceeding, 3(1), 193-205.

42



INNOVATIVE DEVELOPMENT OF SCIENCE 2026 Boston, USA

6.

Olimhon, A., & Muyassar, N. (2025). Using digital technologies to
develop the green economy. IITE Proceeding: International Inovation

Technology Proceeding, 3(1), 49-61.

. Nurmetova, M. Swot analysis of the use of digital technologies in the

development of the green economy in Uzbekistan. Oxonomura, (5),
162-166.
Nurmetova, M., & Otamuratova, D. Yashil Iqtisodiyotni
Rivojlantirish Tajribalari. Green Economy and Development, 3(2),
666415.
Duschanova, N. (2025, December). The modern interpretation of

literary literacy and its pedagogical foundations. In International

Conference on Science & Technology (Vol. 1, No. 3, pp. 218-222).

10. Nurmetova, M. Issues OF Greening the Economy in Ensuring

Sustainable Economic Growth. Green Economy and

Development, 2(8), 664796.

43



