© May 2025 | JIRT | Volume 11 Issue 12 | ISSN: 2349-6002

Revolutionizing Solar Energy: The Role of
Nanotechnology in Enhancing Efficiency of Solar Cells

Yatin Sangwan?, Sumedh Kallapur?, Dr. S Narendra Kumar?
123 Dept. of Electronics and Communication, RV College of Engineering, Bengaluru, India

Abstract—Nanotechnology brings revolution in solar
energy by managing high costs, low efficiency and
material limits. This represents progress in integrating
nanomaterials into solar cells to increase research
performance. Copper oxide (CuO) and aluminum (al)
nanoparticles improve thermal conductivity and
evaporation rates, while quantum dots enable Table light
absorptions, significantly promoting efficiency. PCMs
dopy with nanoping, such as paraffin wax combined with
Cuo, shows resource capacity for permanent water
purification systems in limited areas. Integrated into
solar cells, these helps increase efficiency.

Recent studies on nanocrystal-based functional
materials, including silicone-based systems, reveal
significant improvements in power conversion capacity
(PCE), where some configurations take over 20%.
Innovations such as resonant metal nanoparticles and
up-transformation/down  congregation  Nanocristal
improved further light harvesting, charging transport
and stability. Despite these successes, the challenges
remain in production, ensure environmental protection
and reduce toxicity. Future efforts should focus on
adapting construction techniques and detection of long -
term durability. By taking advantage of nanotechnology,
solar cells can be more efficient, affordable and durable,
which paves the way for global renewable energy.

Index Terms—Nanotechnology, solar cells,
nanoparticles, localized surface plasmon resonance
(LSPR), phase change materials (PCMs), quantum dots,
light harvesting, charge transport, thermal conductivity,
efficiency enhancement, power conversion efficiency
(PCE), interfacial layers (IFLs), anti-reflection coatings
(ARCs), renewable energy.

l. INTRODUCTION

Global demand for renewable energy sources has
intensified the need for effective and durable solar
energy systems. Solar cells, such as the cornerstone of
renewable energy technology, have made significant
progress in recent decades. However, traditional solar
cell design faces frequent challenges, including high
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production costs, limited light absorption efficiency
and thermal management problems. These limitations
have inspired researchers to detect innovative
solutions, appearing as a transformative approach to
overcome these obstacles with nanotechnology.

Nano technology provides unique opportunities to
increase the performance of solar cells by integrating
advanced materials such as nanopathy, quantum dots
and nanostructure layers. These nanomaterials show
remarkable properties in nanoscale, which improves
better harvesting, charging transport and energy
conversion capacity. For example, located surface
plasmons (LSPR) from metal neuropathy such as
aluminum (AL) and copper oxide (CUO) are shown
for a significant increase in contents (PCM) correctly
corrects thermal conversion and heat transfer rates.
Such innovation not only addressed important
inability, but also lanes for new applications such as
solar -driven water purification systems in resource
limit areas.

Perovskite, organic and silicone -based solar cells lead
to the ability of nanotechnology to bring revolution in
the recent propulsion fields. Studies have shown that
incorporating nano crates in the form of charging
transport layers or interface studies can increase the
power converter capacity (PCE) and unit stability. In
addition, simulation and experimental results

Il. LITERATURE REVIEW

The integration of nanotechnology into solar cell
technology has proven to be a transformative approach
to overcome traditional solar cells, such as low
efficiency, high costs and thermal management
problems. Recent progress in nanomaterials, quantum
dots and nanostructure layers, has shown significant
capacity to increase light absorption, charge transport
and general unit performance. For example, metals
such as aluminum (AL) and copper oxide (CUO) have
been widely studied for their ability to improve the
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ability to the vast located surface plasmon Resonance
(LSPR). Study by Zhang et al. (2012) and Hu et al.
(2017) emphasizes that al -nanoparticle -Silicon can
significantly increase photon absorption in solar cells,
which can improve the power conversion capacity.
Similarly, Cuo-Nanops is shown to improve thermal
conductivity and heat transfer rates, when the phase
change is integrated into the material (PCMS), which
provides a new solution for solar-driven water
purification systems.

NanoCrystals (NCS) has also attracted considerable
attention to its versatility in increasing the
performance of the solar cell. NC is used not only as
various functional layers, but also to improve the
quality of the active layer, accelerate transport transfer
and to expand the spectral response boundaries.
Research indicates that the involvement of NCs in
perovskite, organic and silicone-based solar cells can
reduce the loss of recycling, increase charging
extraction and improve stability. For example,
perovskite films showed dopy with Mapbri2
Nanochestal Electron Hole regeneration and increased
charge mobility, as shown in time -run photo columins
(TRPL) studies. In addition, NCS has been used as a
whole transport layer (HTL), electron transport layers
(ETL -er) and interface (iFL -er) to accelerate charging
transport, to speed up charging transport and protect
the active layers from environmental decline. This
progress emphasizes NC's multicultural role in
modern solar cell designs.

The phase change material (PCM) dopy with
nanoplasks has also shown a promise in thermal
control applications, especially in passive solar paints.
Experimental setup using copper cylinders coated with
doped PCMs with nanoping, such as paraffin wax
combined with Cuo, has shown significant
improvements in heat transfer rates and productivity.
For example, in studies conducted in Shahdol, Madhya
Pradesh, a 40% increase in daily productivity was
detected compared to traditional systems, which is
responsible for the increased thermal conductivity of
the nanohana-dipped PCM. The simulation of final
world domains (FDD) further validated these
experimental conclusions, which provides insight into
heat transfer and light-material interaction. These
results highlight the ability of nanotechnology to
address thermal disabilities in solar energy systems.
Optical management strategies using nanomaterials
have also been shown to maximize mass light
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absorption and reduce the reflection deficit. Anti-rifles
coatings (ARC) and UP transformation/transformation
material are designed to achieve complete spectrum
absorption under low-cost conditions. For example,
the MN or Cu-doped Nanocrist with large Stokes
shifts has been proposed for closing applications due
to lack of self-absorption and simple synthesis.
Similarly, plasmonic nanoparticles, such as al and AG,
have been shown to increase the length of the
phenomenon and increase the length of the optical
path to increase the lighting in the thin film's solar
cells.

1. METHODOLOGY

The content and methods of this study focus on the
integration of neuropathy and phase change material
(PCM) to increase the performance of solar images
and solar cells. Copper oxide (CuO) nanoparticles
were mixed with petroleum jelly, a low price and
stable PCM, and their better thermal conductivity,
durability and non-forest properties were stored in the
copper cylinders. The thermal conductivity of the
PCM-nanopartic mixture was measured using a warm
disk TPS 500 thermal conductivity analyzer, with a
measuring range of 0.022 to 100 W/m-K and the
accuracy rate of 99%. In each experimental layout, 1.7
kg of pure PCM or PCM was used with 1 weight%
nanoparticle concentration. The practical system
included a solar cell that is still integrated with a
copper cylinder with a nanoparticle decorated PCM,
designed to absorb and store thermal energy in the
charging phase and leave it during the discharge phase.
To complement the practical findings, simulations
were made using Comsol Multi Fligics 5.6 to model
the behavior of phase transition materials and
nanopings in copper cylinders. The simulation results
closely match the practical data and validate the
efficiency of the proposed system. In addition,
aluminum (al) nanoplasks were studied for their
plasmonic activity and the ability to increase the
silicon solar cells. These nannoplashes were arranged
in periodic matrices on a silicon nitride (SI3N4) layer,
which included 3 NM AI203 oxide layer for natural
oxidation. The simulation of final surfaces (FDD) was
performed to adapt parameters such as nanoparticle
diameter, surface coverage and anti-reflection coating
(ARC) thickness.The word “data” is plural, not
singular.
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The methodology employed in this study combines
experimental investigations and computational
simulations to evaluate the impact of nanoparticles and
phase change materials (PCMs) on the performance of
solar stills and solar cells. The experimental setup,
material preparation, simulation techniques, and data
analysis methods are described below.

A) Material Preparation: Copper oxide (CuO)
nanoparticles were mixed with petroleum jelly, a
low-cost and stable PCM, to create a nanoparticle-
doped PCM (NPCM) system. The CuO
nanoparticles were dispersed at a concentration of
1 wit% to ensure uniform distribution and optimal
thermal conductivity enhancement. The mixture
was then stored in copper cylinders due to their
superior thermal conductivity, durability, and
non-corrosive properties. Copper cylinders were
chosen to maximize heat transfer rates and
maintain structural integrity during the charging
and discharging phases of the experiment.

B) Experimental Setup: The experimental system
consisted of a passive solar still integrated with
copper cylinders containing the NPCM. The
cylinders were positioned beneath the solar still to
absorb and store thermal energy during the
charging process and release it during the
discharge phase. A Hot Disk TPS 500 Thermal

C)

D)

Conductivity Analyser was used to measure the
thermal conductivity of the PCM-nanoparticle
mixtures, with a measurement range of 0.022 to
100 W/m-K and an accuracy rate of 99%. Each
experimental trial utilized 1.7 kg of either pure
PCM or PCM with 1 wt% nanoparticle
concentration. The experiments were conducted
under natural sunlight conditions in Shahdol,
Madhya Pradesh, to evaluate the thermal
performance and productivity of the system.

Simulation Techniques: Finite-difference time-
domain (FDTD) simulations were performed
using Ansys Lumerical FDTD software to model
the optical behavior of aluminum (Al)
nanoparticles arranged on a silicon nitride
(Si3N4) layer. The simulations aimed to optimize
parameters such as nanoparticle diameter, surface
coverage, oxide layer thickness, and anti-
reflection coating (ARC) thickness to maximize
light in-coupling into the solar cell. The
Broadband Fixed Angle Source Technique
(BFAST) was employed to simulate light
transmission at non-normal incidence angles,
enabling the evaluation of textured commercial
standard c-Si solar cells. The simulation region
incorporated periodic boundary conditions (BCs)
in the x and y directions and perfectly matched
layers (PML) in the z direction to accurately
model light-matter interactions.

Data Collection and Analysis: Experimental data
were collected to measure the heat transfer rate,
evaporation rate, and daily productivity of the
solar still system. The heat transfer rate was
calculated based on temperature measurements
recorded during the charging and discharging
phases, while the daily productivity was
determined by measuring the volume of distilled
water produced. Simulation results were analyzed
to quantify the enhancement in light transmission
and absorption due to the optimized nanoparticle
array configuration. The normalized number of
photons transmitted into the c-Si substrate was
used as a metric to evaluate the effectiveness of
the proposed design.
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Integration of nanoping and phase change material
(PCM) in solar systems demonstrated significant
improvements in thermal performance, productivity
and light absorption efficiency. Experimental and
simulation-based conclusions have shown that
incorporating copper oxide (CUO) nano citations in
petroleum jelly-based PCMs increased thermal
conductivity and heat transfer rates, leading to a
significant increase in daily productivity to passive
solar pain. In particular, the experimental setup held in
Shahdol, Madhya Pradesh, showed a 40%
improvement in productivity compared to traditional
systems without nanopartic dated PCM. This growth
was attributed to better thermal storage capacity and
rapid heat release during the discharge phase, which
was further validated by thermal conductivity using a
hot Disc 500 thermal conductivity analyzer. The final
world domain (FDD) simulation complemented these
experimental results, providing insight into the
underlying mechanism of heat transfer and light-
material interaction. The simulation indicated that the
custom nanoparticle array configuration increased the
light to 3.3%in the solar cell, including both particle-
like influences and thin-film convention events. These
conclusions corresponded to previous studies on the
local surface plasmoness (LSPR), where metal nanops
such as aluminum (AL) and copper oxide (CUQ)
greatly improved photon absorption and reduced
reflection deficit. For example, El -Nanoparticles are
arranged in periodic arrows on a silicon nitride
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(SI3N4) layer, showing strong LSPS effects,
especially on wavelengths corresponding to bipolar
resonance mode for nano cans

In addition to thermal and optical improvement, the
study discovered the role of nanoma patras in charging
transport and re -oppression of solar cells. Timely
measurements of Photoluminesans (TRPL) showed
that the perovskite films dopy with Mapbri2
Nanochestal reduced regeneration speeds for electron
holes, resulting in high-charged dynamics and better
power converting (PCE). Similarly, SNS Nanocristle,
used as a hole transport layer (HTL), demonstrated
excellent surface coverage and hole extraction
functions, contributing to high PCE values in
perovskite solar cells. These results outlined the
multicultural role of nanocrystal in increasing solar
performance through charging transport optimization
and interface technique.

Experimental data also highlighted the effect of anti-
reflection coating (ARC) and up
transformation/disconnecting materials on light
harvest efficiency. For example, MN or Cu-doped
nanocrystal with large Stokes shift was used for
closing applications, effectively converting high
energy photons to a low-energy photon that matched
the absorption spectrum of the active layer. This
approach reduced self -abusing losses and created the
spectral response area for solar cells. In addition, the
arches designed with ultrathin plasmonic metasurfaces
reflection deficit reduced and improved light
transmission in the active layer, which further
promoted the general efficiency.

Another important discovery was the increase in
stability through the integration of nanomaterials.
Perovskite included PBS Nanocrystal incorporated
solar cells, maintained about 100% of the first PCE
after 180 hours continuous temperature at 85 ° C in the
ambient air, which demonstrated remarkable thermal
and environmental stability. Similarly, Cugao2-based
solar cells maintained more than 85% of the efficiency
after being exposed to moist conditions without any
coanage, which emphasized the ability of
nanomaterials to reduce the risk of decline.

The results of the simulation further confirmed these
experimental conclusions, showing that the nanopartic
LSPR square mode helped to increase the transmission
spectrum in the UV area, while the thin-film
convention effect increased the profits to the visible
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spectral area. This double system with light and
dissolved not only improved the photon absorption,
but also reduced thermal damage, which made the
system more effective under separate environmental
conditions. Overall, these results show that
nanotechnology provides innovative solutions to
address the boundaries of traditional solar systems,
which pave the way for more efficient, cheap and
durable renewable energy technologies.
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