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ABSTRACT
This study presents an experimental investigation into the

impact of protective lens type and orientation on the I-V and
P-V curve characteristics of a photovoltaic cell using two
different types of protective lenses. The research aims to

compare how each lens material responds to direct light
exposure, analyzing changes in key PV parameters such as
open-circuit voltage (Voc), short-circuit current (1sc), fill factor
(FF), and maximum power output (Pn.x). The findings will
provide insights into the durability and performance of lens
materials under full-spectrum illumination, contributing to
the development of more efficient and long-lasting PV systems.
A reference cell is also used to calibrate the system in terms of
I-V curve to compare it with the two types of protective lenses.

Reference cells are crucial for calibrating solar simulators, validating experimental setups, and
benchmarking performance deviations in test modules. The results indicate that lens orientation has a
significant impact on PV performance, while properly aligned lenses show negligible effect compared to

an uncovered cell.
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1. INTRODUCTION

Libya benefits from abundant solar energy thanks to its position in the Sunbelt, an area
known for receiving some of the highest levels of sunlight on Earth. On average, coastal areas
experience 7.1 kWh/m?/day of solar radiation on a horizontal surface, while the southern
regions receive even more at 8.1 kWh/m2/day. Additionally, the country enjoys over 3,500
hours of sunshine per year, making it an ideal location for solar power generation. According
to solar atlas data, Libya's photovoltaic (PV) power generation potential shows significant
regional variation, with annual averages ranging from 1,753 kWh/kWp in some coastal zones
to 2,045 kWh/kWp in southern regions. This substantial difference highlights the country's
diverse solar energy potential across different geographical areas [1] [2]. Renewable energy
sources can fulfill global energy demands without causing environmental harm. Among these,
solar energy stands out as one of the most viable options. Photovoltaic (PV) cells, which are
primarily made of semiconductor materials like silicon, directly convert sunlight into
electricity. Depending on the technology used, solar energy can be transformed into either
electrical energy (via PV cells) or thermal energy (using solar thermal collectors) [3]. The
increasing need for high-performance photovoltaic (PV) modules—driven by applications like
bifacial systems, high-power-density installations, and perovskite-silicon tandem cells
demands more efficient solar cell technologies. In this regard, n-type silicon (n-Si) solar cells
are gaining attention as a promising solution to surpass the efficiency constraints of
conventional p-type cells. Compared to p-type silicon, n-Si cells offer key advantages, such as:
enhanced electronic properties and greater defect tolerance [4].

The efficiency and performance of photovoltaic (PV) cells are influenced by various
environmental factors, including ultraviolet (UV) radiation. Prolonged exposure to UV
radiation can cause material degradation in solar panels, affecting their current-voltage (1-V)
characteristics and overall energy output. To mitigate these effects, protective lenses are often
used to filter harmful UV wavelengths while maintaining optimal light transmission for energy
conversion [5].

This study presents an experimental investigation into the impact of protective lens type
and orientation on the I-V and P-V curve characteristics of a photovoltaic cell under full-
spectrum simulation. The research aims to compare how each lens material and its orientation
affects PV performance, analyzing changes in key PV parameters such as open-circuit voltage
(Voe), short-circuit current (Isc), fill factor (FF), and maximum power output (Pnax). The
findings will provide insights into the durability and performance of lens materials under full-
spectrum simulation, contributing to the development of more efficient and long-lasting PV
systems.
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The outcome of this study holds critical implications for the solar energy industry,
providing empirical data on material selection for protective PV encapsulation. By identifying
the lens material and orientation that best preserves PV performance under full-spectrum
illumination, this research contributes to the development of more durable and efficient solar
energy systems, ultimately supporting the global transition toward sustainable energy
solutions. This also addresses the critical issue of optical losses and improper installation,
which can lead to reduced efficiency in PV modules.

2. LITERATURE REVIEW

Fleury et al. (2023) investigates the development of electrochromic devices (ECDs) using
hierarchical metal mesh electrodes to achieve broad-spectrum transmittance modulation,
particularly in the visible (VIS) and near-infrared (NIR) ranges. The metal meshes
demonstrated superior optical transparency across the solar spectrum (200-2500 nm) and
higher electrical conductivity, with Ag meshes exhibiting the highest figure of merit (94.5 x
1073 Q™). Electrochromic layers of tungsten oxide (WO;, cathode) and tantalum-doped nickel
oxide (Ta:NiO, anode) were deposited via plasma sputtering. The WO;3/Ta:NiO ECDs with
metal mesh electrodes achieved remarkable optical modulation (AT = 36.1% for NIR, ATy =
35.6% for VIS), outperforming ITO-based devices (AT = 24.3%). The metal mesh design also
enabled faster switching times (18 s for coloration) and improved durability. The study
highlights the potential of hierarchical metal meshes for energy-efficient smart windows,
particularly in climates with seasonal temperature variations [6].

This study investigates the effects of ultraviolet (UV) radiation on various high-efficiency
crystalline silicon (c-Si) photovoltaic (PV) cell technologies, including bifacial silicon
heterojunction (HJ), interdigitated back contact (IBC), passivated emitter and rear contact
(PERC), and passivated emitter rear totally diffused (PERT) solar cells. The research highlights
that modern cell architectures are more susceptible to UV-induced degradation (UVID)
compared to conventional aluminum back surface field (Al-BSF) cells, with power losses
averaging —3.6% and reaching up to —11.8% in some cases. The degradation is primarily driven
by reductions in short-circuit current and open-circuit voltage. The research underscores the
need for improved UV stability in modern PV technologies to ensure long-term performance
and durability [5].

The study by Janisiewicz et al. (2021) investigates the efficacy of far ultraviolet (UV) light at
222 nm for managing fungal pathogens in strawberries, comparing it to conventional 254 nm
UV-C light. The research demonstrates that 222 nm UV light is significantly more effective,
requiring shorter exposure times (3-10 times less) to kill conidia of key pathogens such as
Botrytis cinerea, Penicillium expansum, and various Colletotrichum species. Unlike 254 nm
UV-C, the 222 nm treatment does not necessitate a dark period for enhanced efficacy, as it
primarily targets proteins rather than DNA, reducing the risk of pathogen repair. Additionally,
the study confirms that 222 nm UV light does not adversely affect strawberry plant health,
photosynthesis, pollen germination, or fruit set at pathogenicidal doses. The findings suggest
that 222 nm UV technology could revolutionize disease management in strawberry production
by enabling daytime applications, increasing treatment efficiency, and reducing reliance on
synthetic fungicides [7].

This study investigates the solarization effects on commercial low-iron cerium-doped glass
(CG) used in photovoltaic (PV) modules. The research focused on changes in optical
transmission and fluorescence spectra under accelerated exposure conditions, ranging from 1
to over 1000 suns, simulating long-term outdoor exposure. Results showed a 2% decrease in
solar-weighted transmittance, primarily in the near-infrared region, and a slight yellowing due
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to the oxidation of cerous ions (Ce3*) to ceric ions (Ce*"). The process appeared self-limiting,
with minimal additional changes after equivalent long-term exposure. The study highlights
CG's potential to enhance UV protection for PV module encapsulants while maintaining high
visible light transmittance, though minor efficiency losses may occur. Further research is
recommended to assess variations in glass formulations. Solarization causes a 2%
transmittance loss, mostly above 800 nm. Ce3* to Ce** conversion increases UV absorption
(330-400 nm), offering slight additional UV protection. Fluorescence intensity declines with
exposure, stabilizing after ~5 years of equivalent outdoor exposure. The effects are self-
limiting, suggesting stable long-term performance of CG in PV applications [8].

This literature review examines the impact of ultraviolet (UV) radiation on photovoltaic
(PV) module degradation, focusing on encapsulant materials, IEC testing standards, and
alternative solutions. Key findings highlight that UV exposure accelerates encapsulant
discoloration (e.g., EVA browning), delamination, and adhesion loss, while also causing
intrinsic degradation in crystalline silicon (c-Si) cells. The IEC UV preconditioning tests (15
kwh/m?2 UVA+UVB) simulate only 2-4 months of real-world exposure, insufficient for
lifetime predictions. Cerium-doped (Ce) glass and silicone encapsulants are identified as
effective mitigations, offering superior UV stability and optical transmission compared to
traditional EVA. The review underscores challenges in simulating outdoor UV conditions with
artificial light sources due to spectral inaccuracies and calls for improved testing methodologies
[9].

Allsopp et al. (2020) explore advancements in cover glass technology for photovoltaic (PV)
modules to enhance efficiency, durability, and cost-effectiveness. The study focuses on
optimizing the mechanical, chemical, and optical properties of soda-lime-silica (SLS) glass,
which constitutes a significant portion of PV module costs. The incorporation of dopants like
Bi3* and Gd3* shifts the UV absorption edge, protecting polymeric components (e.g., EVA
encapsulants) from degradation while re-emitting absorbed UV energy as visible light (down-
shifting), thereby boosting PV efficiency. The research underscores the feasibility of these
innovations within existing manufacturing frameworks, offering pathways to lower levelized
costs of electricity (LCOE) and extended service lifetimes for PV systems [10].

Patel et al. (2019) investigates the impact of UV radiation on the stability and performance
of organic photovoltaic (OPV) devices. The study systematically examines the degradation
mechanisms in multilayer OPV devices using spectral filtering to isolate the effects of different
UV components (UVB and UVA) in the AM1.5G solar spectrum. The study suggests that
replacing fullerene-based acceptors with more photostable alternatives and incorporating UV
filters could enhance OPV device longevity. Filtering both UVB and UVA light extended the
device's T90T90 lifetime (time to 90% initial performance) by 53%, highlighting the
detrimental role of UV light in device degradation [11].

The study by Perrakis et al. (2021) investigates the impact of ultraviolet (UV) radiation on
the efficiency and temperature of commercial crystalline silicon-based photovoltaics (PVs)
operating outdoors. Using a comprehensive thermal-electrical modeling approach, the authors
demonstrate that reflecting UV radiation (wavelengths 0.28-0.375 pm) reduces the operating
temperature of PVs by over 2 K and can enhance efficiency by up to 0.19%. This improvement
is attributed to reduced thermalization losses and minimized degradation of the ethylene-
vinyl-acetate (EVA) encapsulant, which is highly susceptible to UV-induced damage. The
study highlights the trade-off between UV reflection (reducing heat and degradation) and
photocurrent generation, proposing a photonic crystal-based reflector as an effective solution
to balance these effects. The findings suggest that UV reflection can prolong PV lifespan and
improve performance, offering a viable alternative to traditional UV-blocking methods [12].
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Sahlstrom et al. (2008) conducted a study to evaluate the durability of conformal coatings
for space photovoltaic (PV) devices under ultraviolet (UV) radiation, a critical environmental
stressor in space. The research, performed at the Air Force Research Laboratory (AFRL), aimed
to identify coatings that minimize optical transmissivity loss while protecting PV cells. The
study utilized the Ultraviolet Degradation Test Facility (UVDTF), which simulated space-like
UV conditions using a solar simulator filtered to wavelengths below 400 nm. The study
highlighted the UVDTF’s capability for accelerated UV testing and proposed future
improvements, such as in-situ monitoring and contamination analysis via energy dispersive X-
ray spectroscopy (EDS) [13].

The study by Tayyib et al. (2013) investigates the effects of ultraviolet-induced degradation
(UV-ID) on multicrystalline silicon solar cells made from two different materials: Elkem Solar
Silicon (ESS™) and standard polysilicon. The experiment involved exposing solar cells from
both materials to accelerated UV conditions (5 kWh/mz2, 300-400 nm wavelength) for 72 hours,
followed by measurements of IV parameters, quantum efficiency (IQE), and temperature
coefficients. ESS™ solar cells exhibited lower degradation in conversion efficiency (—1.16%)
compared to standard polysilicon cells (—1.64%). IQE measurements confirmed ESS™ cells'
superior stability, with less degradation (—1.72%) than polysilicon cells (-2.83%) [14].

Liao et al. (2021) presents a breakthrough in improving the stability of organic solar cells
(OSCs) by introducing a UV-resistant cathode interlayer (CIL) composed of (sulfobetaine-N,
Ndimethylamino) propyl naphthalene diimide (NDI-B). Despite achieving high power
conversion efficiencies (PCEs) exceeding 17%, OSCs have faced challenges in practical
applications due to their poor operational stability, primarily caused by UV-induced
degradation of organic materials. OSCs incorporating NDI-B achieved a PCE of 17.2% and an
exceptional operational stability, retaining 93% of their initial efficiency after 1800 hours under
continuous sunlight illumination (AM 1.5 G, 100 mW cm2). The study concludes that NDI-B
represents a significant advancement toward practical, high-efficiency, and stable OSCs,
addressing a critical bottleneck in organic photovoltaics [15].

3. EXPERIMENTAL SET-UP

3.1. Calibration Procedure

Solar simulators are critical tools in photovoltaic (PV) research, enabling controlled
laboratory conditions that replicate solar irradiance. Accurate calibration ensures reliable
performance measurements of solar cells and modules. The calibration procedure for the
WXS-155S-10 solar simulator (AM1.5G/AM1.0G) based on documentation from Bavaria
Engineering GmbH to Ensure the solar simulator operates within specified spectral and
irradiance standards (AM1.5G/AM1.0G), Validate system accuracy using a reference cell, and
establish a repeatable calibration protocol for consistent measurements. Figure 1 illustrates the
reference cell with one lens on the top of it. Figure 2 shows the solar simulator device to
complete the experimental work.

Solar Simulator System components and its specification is shown in table 1. Knowing that
these components are suggested by the manufacture. To do the procedure for this
experimental, pre-calibration checks must be considered such as lamp inspection to Verify no
discoloration or electrode degradation, Optics Cleaning to wipe mirrors/lenses with IPA to
remove dust, Baseline Measurement to record dark current/voltage (lamp OFF) to account for
noise, Reference Cell Validation to Expose AML-A cell to simulator beam and to Compare
measured Isc to NIST-certified value (e.g., 100 mA +1%) ,and Electrical Continuity Test to
ensure all connections are secure.
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Figure 2: shows the solar simulator device

Table 1. Solar Simulator System components

Component Specification
Model WXS-155S-10 (AM1.5G/AM1.0G)
Light Source Xenon arc lamp (500-1100 nm spectrum)
Beam Uniformity Class AAA (<2% non- uniformity)
Irradiance 1000 W/m? (adjustable)

Figure 3 shows the two lenses used in the experiment: the 201 LUXE, a premium all-purpose
lens for modern digital life, and the specialized Blue Cut Lens. The 201 LUXE offers advanced
protection with features like UV 420 protection to block harmful light beyond standard UV,
high-transition photochromic properties for seamless adaptation from indoors to outdoors, a
clear base for true color perception, a potential stylistic Color Gaze tint, and Grind E-M.
Cooling to mitigate heating from electromagnetic radiation, making it ideal for on-the-go
professionals. In contrast, the Blue Cut Lens is specifically engineered to combat digital eye
strain, filtering targeted blue light with features such as Blue Cut / Long Condition for extended
comfort, Low 220 for minimal reflectance and reduced glare, its own high-transition capability
and clear base, a likely contrast-enhancing Color Gaze, Blue E-M. Cooling to neutralize blue
light and electromagnetic emissions, and standard UV protection, making it suited for heavy
screen users like office workers and gamers.
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Figure 3. Blue and green lenses to cover the reference cell

3.2. Measurement Protocol

1. System Initialization: Power ON sequence: Main supply > Cooling > Kappa Power
Supply > DMMs, and Warm-up time: 15 minutes for lamp stabilization.

2. Reference Cell Alignment: Align AML-A cell perpendicular to the beam using a laser
alignment tool and Verify beam coverage via a beam profiler camera.

3. Data Sampling:
[J Sampling Rate: 10 Hz (10 readings/sec) for 30 seconds per measurement.
[] Metrics Recorded: Short-circuit current (Isc), Open-circuit voltage (Voc), and

Temperature (cell and lamp).

4. RESULTS AND DISCUSSIONS

Figure 4. displays the I-V and P-V curves for a reference PV cell, typically used as a
benchmark for comparison. The curves show well-defined (Isc), (Voc), and (Pmax) values,
representing standardized performance metrics. The reference cell's behavior serves as a
baseline to evaluate deviations in other configurations.

I-V Curve For Refrence cell
150 i T

T =
Blue Lense
Without Lense

50 —

Current (mA)

0 100 200 300 400 500 600 700

P-V Curve For Refrence cell
T T

Blue Lense
Without Lense

Power (mW)

| | | | | |
-20
0 100 200 300 400 500 600 700
Voltage (mV)

Figure 4: 1-V curve and P-V curve for reference cell
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Reference cell is calibrated under controlled conditions (e.g., STC: 1000 W/m2, 25°C, AM1.5
spectrum). Any deviations in test cells (e.g., upside-down, or experimental setups) can be
quantified by comparing their curves to the reference. The results of (Isc) and (Voc) match
manufacturer specifications or STC (Standard Test Conditions: 1000 W/m?2, 25°C, AM1.5
spectrum) values within £1% tolerance. The FF is near the theoretical limit, indicating minimal
electrical losses. The peak power is consistent with the cell’s rated efficiency.

Figure 5. presents the 1-V and P-V curves for a PV reference cell in its standard, correctly
oriented position. The 1-V curve shows higher (Isc) and (Voc) values, indicating efficient light
absorption and charge carrier collection (low (Rs), high (Rsh)). The P-V curve reaches a higher
(Pmax), reflecting optimal performance under standard test conditions (STC). The normal
orientation ensures maximum photon absorption, minimizing resistive and recombination
losses. The fill factor (FF) is closer to the ideal value, demonstrating efficient energy conversion.
The Short-Circuit Current (Isc) is maximized due to proper light absorption and minimal
shadowing. Open-Circuit Voltage (Voc) is at its expected value, reflecting efficient charge
separation and minimal recombination. The P-V curve reaches its theoretical maximum power
point (MPP). The Fill Factor (FF) is high typically 70-85% for silicon cells, demonstrating low
resistive losses. The normal positioning indicates stable thermal performance (heat dissipation
is optimized).
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Figure 5: I-V Curve and P-V Curve for normal position

Figure 6. shows the current-voltage (I-V) and power-voltage (P-V) curves for a photovoltaic
(PV) reference cell installed in an upside-down orientation. The 1-V curve likely displays a
reduced short-circuit current (Isc) and open-circuit voltage (Voc) compared to the normal
orientation due to improper light absorption caused by the inverted position. The Voc is also
reduced because fewer electron-hole pairs are generated, leading to a weaker built-in electric
field across the PN junction. The P-V curve demonstrates lower maximum power output
(Pmax), as the upside-down configuration disrupts the efficient generation and collection of
electron-hole pairs. It might also be higher resistive losses series resistance, (Rs) and
recombination losses. In an upside-down position, the PV cell's active layer may not receive
uniform light, leading to shadowing or reduced photon absorption.
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The fill factor (FF) might also decrease due to increased series resistance or recombination
losses under suboptimal conditions. FF typically drops from ~75% (normal) to ~60%
(inverted). Thermal Effects for revised reference cell may experience higher operating
temperatures if the back sheet obstructs heat dissipation, further reducing efficiency.

I-V Curve For Upside Down
150 \ T T \ T T
— —_— —Green Lense
= Blue Lense
<100~ _
£
- \
: \
o
£ \
F \ |
0 %0 \\
\
\
0 | \ | | \ | \
-100 0 100 200 300 400 500 600 700
P-V Curve For Upside Down
& T \ \ T
I —Green Lense
_— Blue Lense
60 [ _ //// —
- - \
; - \
_— N
3 — \
0 — \
o — \
0 \ -
_— \
0 | \ | | \ | ‘
-100 0 100 200 300 400 500 600 700
Voltage (mV)

Figure 6: 1-V curve and P-V curve for reversed (upside down) position

Figure 7 overlaps and compares the 1-V and P-V curves for all tested configurations reference,
normal, and upside-down. The normal and reference curves likely align closely to achieve
optimal performance, while the upside-down curve deviates significantly. Such analyses are
critical for PV system design, installation, and performance validation.
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Figure 7: 1-V curves and P-V curves for all options
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...... These figures jointly illustrate how PV cell orientation affects electrical output. Variations
in curves may also reflect temperature effects, shading, or material properties under non-ideal
conditions. This comparative analysis highlights the critical role of module orientation in real-
world installations. The impact of non-ideal conditions (e.g., shading, thermal gradients). The
necessity of reference measurements for quality control.

The I-V characteristics for each lens configuration were measured once. Because the ideal
solar cell (reference cell) was used for all testes. The primary sources of measurement
uncertainty were instrumental, environmental, and positional. Instrument uncertainty was
estimated from the manufacturer's specifications for the source meter, leading to a relative
uncertainty of approximately +0.5% in voltage and 2% in current measurements. These
uncertainties were propagated to determine the power uncertainty, which was found to be
+3%.

Figure 8: 1-V curves and P-V curves for reference cell with error Bars. The error bars
demonstrate excellent experimental control, with current measurement uncertainties of
approximately £2-3 mA and power uncertainties of £2- 4 mW across most of the operating
range.
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Figure 8: -V curves and P-V curves for reference cell with error Bars

The consistent error bar magnitude throughout the voltage sweep indicates stable
measurement conditions, while the slight widening of uncertainties near the open-circuit
voltage region reflects the expected increase in measurement sensitivity in high-impedance
operating conditions.

Environmental factors, such as temporal instability of the light source (+1%) and
temperature fluctuations, contributed additional systematic error. While the temperature was
not actively controlled, all measurements were completed within a short timeframe to
minimize drift.

The repeatability of the results is supported by the internal consistency of the dataset. For
instance, the observed reduction in short-circuit current for the lens-covered cells compared
to the bare reference cell is consistent with the expected optical absorption of the lenses.
Furthermore, the fill factors for all configurations ranged from 0.72 to 0.78, which is within the
expected range for a silicon solar cell, lending credibility to the measurement technique. The
main limitation of this study is the lack of statistical repetition; future work would benefit from
multiple trials to quantify random error.
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Figure 9: 1-V curves and P-V curves for all options. The P-V curve quantifies the energy
conversion impact, showing the green lens achieves a maximum power output of
approximately 71 mW compared to 66 mW for the blue lens—a 7.6% performance advantage.
The error bars, representing measurement uncertainties from instrument precision and
environmental factors, show excellent experimental control with current uncertainties of
approximately +2-3 mA and power uncertainties of £2-3 mW.
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Figure 9: -V curves and P-V curves for normal face with error Bars
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Figure 10: I-V curves and P-V curves for normal face with error Bars. The I-V and P-V
curves with error bars reveal that both the green and blue lenses perform nearly identically
when mounted upside down, with the blue lens showing only a marginal 1.5% advantage in
short-circuit current (~138 mA vs. ~136 mA) and both achieving an identical maximum power
output of approximately 71 mW. The substantial overlap of error bars across both curves
indicates this minor performance difference falls within the range of experimental uncertainty.
The consistent open-circuit voltage of ~651 mV for both configurations confirms that the
fundamental junction properties remain unaffected.
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Figure 10: 1-V curves and P-V curves for upside down with error Bars
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Figure 11: I-V curves and P-V curves for all options with error Bars. The comparative
analysis of 1-V and P-V curves with uncertainty bands reveals a clear performance hierarchy:
the bare reference cell performs best (Pa.x = 79.6 mW), followed by the green lens (Pyax = 71.1
mW), the blue lens (Pnax = 65.7 mW), and finally the reference cell with an added blue lens
(Pmax = 72.4 mW).
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Figure 11: I-V curves and P-V curves for all options with error Bars

-2000

This trend, consistent across both current and power outputs, indicates that the green lens
provides superior spectral matching to the solar cell's quantum efficiency, while the blue lens
introduces greater parasitic optical losses. The narrow and consistent uncertainty bands,
particularly in the current saturation region, confirm high measurement precision and lend
credibility to the observed performance differences. The nearly identical open-circuit voltages
across all configurations suggest the filters primarily affect photocurrent generation rather
than the electronic properties of the semiconductor junction.

Figure 12: 1-V curves and P-V curves for normal face and reference cell with uncertainty
bands. The comparative analysis of 1-V and P-V curves with uncertainty bands reveals a clear
performance hierarchy: the bare reference cell performs best (Pyax = 79.6 mW), followed by
the green lens (Pmax = 71.1 mW), the blue lens (Pyax = 65.7 mW), and finally the reference cell
with an added blue lens (Pnax = 72.4 mW). This trend, consistent across both current and
power outputs, indicates that the green lens provides superior spectral matching to the solar
cell's qguantum efficiency, while the blue lens introduces greater parasitic optical losses. The
narrow and consistent uncertainty bands, particularly in the current saturation region, confirm
high measurement precision and lend credibility to the observed performance differences. The
nearly identical open-circuit voltages across all configurations suggest the filters primarily
affect photocurrent generation rather than the electronic properties of the semiconductor
junction.

Figure 13: 1-V curves and P-V curves for upside down with uncertainty bands. The 1-V and
P-V curves with uncertainty bands reveal that the solar cells with green and blue lenses
mounted upside down exhibit nearly identical performance, with the blue lens producing a
marginally higher short-circuit current (~138 mA vs. ~136 mA) but both achieving an identical
maximum power output of approximately 71 mW.

213 Solar Energy and Sustainable Development, Volume (14) - No (2). December 2025



An Experimental Investigation into the Impact of Protective Lens Type and Orientation on the 1-V and PV Characteristics of a Photovoltaic Cell

IV Curves: Normal Faces (with Uncertainty Bands) P-V Curves: Normal Faces (with Uncertainty Bands)

150 2000
1000
= 100 =
H z
5 5 0
3 sof Green Lens E
Green Uncertainty 1000 | Green Lens
——Blue Lens - Green Uncerlainty
Blue Uncertainty Blue Lens
Blue Uncertainty
ok . . . . . . 4 2000 ; : . . . .
0 100 200 300 400 500 600 700 o 100 200 300 400 500 600 700
Voltage (mV) Voltage (mV)
IV Curves: Reference Cells (with Uncertainty Bands) P-V Curves: Reference Cells (with Uncertainty Bands)
150 F : I T ] 2000 T T : T . -
1000 [
< 100 B
£ z
& g ¢
3 = Ref + Blue Lens.
© sor Ref + Blue Uncertainty )l = = Ref + Blue Lens
e Ref Bare -1000 ¢ Ref + Blue Uncertainty
Ref Bare Uncertainly — 23 S“ Unceriny
are Uncertain|
0 . . . . . 2000 " : . . . .
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Voltage (mV) Voltage (mV)

Figure 12: 1-V curves and P-V curves for normal face and reference cell with uncertainty bands.
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Figure 13: I-V curves and P-V curves for upside down with uncertainty bands.

The narrow uncertainty bands, particularly in the current-saturation region, indicate high
measurement precision and suggest that the minimal performance difference is likely not
statistically significant. This performance equivalence implies that the specific spectral filtering
of the green and blue lenses has a negligible impact on power generation under these test
conditions, potentially due to the "upside down" mounting configuration compromising their
intended spectral selectivity or the solar cell's broad spectral response. Consequently, the data
demonstrates that both lens configurations are functionally equivalent for power generation in
this specific experimental setup.

5. CONCLUSIONS

In conclusion, this experimental investigation demonstrates that while the orientation of a
protective lens is a critical factor significantly impacting photovoltaic performance with a
reversed position causing substantial losses in short-circuit current and maximum power due
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to improper light absorption, a properly aligned lens has a negligible effect compared to an
uncovered cell. Furthermore, the specific lens material also plays a secondary role, as evidenced
by the superior performance of the 201 LUXE (green) lens over the Blue Cut (blue) lens, which
is credited to better spectral matching and lower dependent optical losses. The consistent open-
circuit voltage across all tests confirms that the performance variations are primarily visual in
nature, affecting photocurrent generation rather than the cell's electronic properties. These
findings provide critical guidance for the solar industry, underscoring that correct installation
and the selection of lenses with favorable transmission characteristics are principal for
developing efficient and durable PV systems without compromising their energy output. The
measured uncertainty was found to be approximately £0.5% in voltage and £2% in current.
Future work should focus on conducting spectral response analysis to precisely quantify the
wavelength-dependent losses of each lens, complemented by long-term accelerated UV testing
to evaluate their durability and protective efficacy over time.
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