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ARTICLE INFO ABSTRACT

Keywords: Luminescent and Plasmonic Luminescent Solar Concentrators (LSCs and PLSCs) represent significant advance-
Optical modelling ments in solar energy utilisation. This paper introduces and validates a novel, comprehensive two-stage
Electrical modelling integrated model for optimising and evaluating the performance of these solar concentrating devices. The first
Model validation

stage, termed ‘Plasmon’ is an optical model that systematically optimises the optical characteristics of LSCs and

i;?:igtl;r: PLSCs. Initially, the optical processes within LSCs were modelled and validated against laboratory—fabricated
Optimisation devices. This validation process was repeated for PLSC simulations ensuring congruence between the modelled
Characterisation and experimental results. Subsequently, the optical model was used to simulate various dye concentrations
Performance analysis within LSCs of dimensions 10x 10 x 0.5 cm of which the optimal outputs were fabricated in the lab and tested
Building integrated photovoltaics in both indoor and outdoor environments. The second stage is a novel electrical model developed to predict
and evaluate the outdoor performance of the LSC and PLSC devices. The electrical model incorporates the LSC
& PLSC optical parameters & dimensions, as well as the direct and diffuse components of the solar radiation
spectrum to simulate the devices electrical performance. The role of the electrical model is to predict key
performance metrics of power output and power conversion efficiency, thereby providing a comprehensive
evaluation of the devices. Comparative analysis shows that the model demonstrates a high degree of accuracy
(> 90%). This validated novel comprehensive model emerges as a powerful and versatile tool capable of
accurately simulating diverse LSC & PLSC device configurations, dye types, and concentrations across various
environmental and seasonal conditions. It offers significant material, time, and cost savings in the research
and development of these technologies.

1. Introduction reliance on fossil fuel resources. Research, development, and implemen-
tation of solar, hydro, and wind technologies for example will be crucial
Greenhouse gas (GHG) emissions, especially those of carbon dioxide to building a sustainable future [9-11]. Overall, renewable energy
(CO,) and methane (CH,), contribute significantly to global warming technologies emit between 400-1000 g of CO, equivalent per kWh
through the trapping of heat in the atmosphere [1-4]. The concen- less than their fossil fuel counterparts which lack carbon capture [12].
tration of CO, in the atmosphere is increasing at an alarming rate, This paper focuses on one such renewable energy technology: the
reaching 427 ppm in 2024 [5]. As of 2022, approximately 80% of the Luminescent Solar Concentrator (LSC), a solar radiation concentrating

world’s energy production relied on fossil fuels, primarily coal, oil, and device used to generate cleaner power.
gas and this heavy dependence on fossil fuels, coupled with emissions Luminescent solar concentrators (LSCs) are optical devices that can
from cement production, resulted in an output of 36.6 billion tonnes of fenhance the. per.formana.e of Photovoltaic (PY) cells by cogcentrat—
CO, into the atmosphere in just one year [6,7]. ing and redirecting the incoming solar radiation to the active area

of the photovolatic (PV) cells [13]. LSCs are essentially transparent
waveguides that are doped with luminescent materials, such as organic
dyes [14], quantum dots [15,16], or rare earth ions [17], which can ab-
sorb photons and re—emit them at longer wavelengths. The re-emitted
photons are then trapped within the waveguide via total internal
reflection (TIR), and are directed towards the edges of the waveguide

The building sector alone accounts for nearly one third of all global
energy consumption, with the built environment being responsible for
40% of Europe’s energy usage. This sector is also responsible for 36% of
Europe’s total greenhouse gas emissions, and 28% of GHGs globally [8].

One vital approach in our effort to reduce our GHG emissions is the
large-scale adoption of renewable energy technologies to combat our
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Fig. 1. Schematic diagram of the operating principles of an LSC [18].

where the PV material is located. This design and waveguiding process
is displayed diagrammatically in Fig. 1.

First proposed in the early 1970’s [19], the luminescent materials
used in the devices can have tailored absorption and emission spectra
which allows them to absorb a wide wavelength range, convert them
to lower-energy photons and efficiently transport them within the
waveguide. The thickness, surface area, and the refractive index of
the waveguide as well as the doping concentrations of the luminescent
particles are all critical parameters that affect the optical performance
of the LSC.

There have been constant efforts to improve LSC performance with
research being conducted on the quantum dot LSC (QDLSC) [20,21],
the rare earth doped LSC [22], and the plasmonic LSC (PLSC) [23,24]
with the hopes of enhancing the photon transfer to the PV cells. An LSC
becomes a PLSC whenever the waveguide is doped with a plasmonic
element like a metal nanoparticle (MNP) to enhance the optical effi-
ciency of the luminescent material species [18]. A metal nanoparticle
is, by definition, a particle of size within the 1-100 nm range and are of
interest due to their ability to collectively excite conductive band elec-
trons which exhibit extraordinary plasmonic optical properties [25].
These properties include the enhanced photon mode density through
the concentration of optical energy in the sub-wavelength range in a
phenomenon referred to as localised surface plasmon resonance (LSPR).
The plasmonic interactions between the enhanced photon mode density
and the luminescent materials can modify the optical properties of
these luminescent particles and as a result improve the optical perfor-
mance of the PLSC. The MNPs used in LSCs usually consist of gold (Ag)
and silver (Au) due to;

+ Their scattering and extinction peaks are within the desired wave-
length range (300-900) [26]

+ Their optical properties are tuneable via altering the particles
geometry [27]

» They are stable over long periods of time [28]

Gold—core, silver—shell MNPs are included in this study to induce
this LSPR phenomenon within the waveguide to further enhance the
layers ability to absorb and emit photons so that more energy reaches
the PV cells. It has been reported that LSPR can increase the devices’
outputs by a factor of 1.4-2.3 times when compared to an LSC [24].

The optimisation of the LSC & particularly the PLSC devices proves
to be challenging due to the complicated interplay between the opti-
cal and electrical processes. There have been various optical models
developed which assist with the optimisation of the LSC device param-
eters however no model so far has been able to combine the optical
simulations paired with plasmonics with an electrical model capable of
predicting LSC power output and power conversion efficiencies [14,29-
31]. This study aims to address this challenge by presenting a novel
comprehensive model that has the ability to accurately simulate all of
these processes within the devices. The outcome is a verified model
capable of simulating various device configurations and dimensions,
dye types and concentrations, as well as different metal nanoparticle
types and concentrations in real world conditions in terms of both their
optical characteristics as well as their outdoor electrical performance.

2. Materials & methods

This paper establishes and validates a comprehensive model for
LSCs in two stages. Initially, the optical model is tested and validated,
and subsequently used to optimise the LSC and PLSC devices for per-
formance analysis in both indoor and outdoor environments. Following
this, electrical performance simulations are conducted and compared
with the outdoor experimental recordings, using only the day-specific
solar radiation data, the configuration of the device and the external
photon efficiency taken from the optical model as inputs. External
photon efficiency and optical efficiency are used interchangeably in
this study to mean the ratio of photons from solar radiation entering
the LSC that reach the PV cells, accounting for both optical losses and
re-emission processes [32].

2.1. The model

The optical model developed by the Solar Energy Applications
Group (SEAG) at Trinity College Dublin and validated in this study
is an advanced approach designed to simulate the complex optical
and plasmonic interactions within LSC and PLSC layers [33]. Inte-
grating a ray tracing algorithm with an optimised three-dimensional
finite difference time domain (OFDTD) approach, the model offers
high precision in replicating photon-level behaviour across varying
material properties, dye concentrations, and device configurations. This
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Fig. 2. Monte Carlo ray tracing simulating the outcome of each incoming photon. Black asterisk’ denote the input source of the photon, green dots indicate the point at which
the photons first intersect with the layer, red dots depict photons lost through thermal mechanisms, cyan dots depict optical losses and yellow dots display photons that reach the

PV cell.

model aims to improve light-harvesting efficiency in customised LSC
designs by enabling accurate predictions of optical behaviour at both
macroscopic and microscopic scales.

Traditional ray-tracing approaches bring several significant advan-
tages:

» High-Resolution Modelling: Traditional ray-tracing offers pre-
cise, photon-level interactions based on physical principles, mod-
elling key phenomena which directly impact LSC efficiency.
Validation and Predictive Strength: Ray-tracing can be vali-
dated against experimental data to achieve predictive accuracy
in varying configurations, dye concentrations, and device di-
mensions. This is a significant advantage when working with
well-defined device parameters.

Adaptability to Complex Structures: Unlike methods that rely
on historical data, ray tracing can be applied to novel LSC ge-
ometries and luminescent materials, making it a valuable tool for
innovative device structures.

As a complementary or alternative approach, recent developments
in AI and machine learning offer faster processing speeds and gener-
alisation capabilities. However, these methods depend on high-quality
training data and lack transparency regarding photon-level interac-
tions, which may limit their precision in certain applications [34].

The Monte Carlo Ray Tracing (MCRT) algorithm, central to this
model, uses a probabilistic approach to track photon behaviours through
the LSC. It accurately simulates loss mechanisms including reflec-
tion, refraction, absorption, scattering, attenuation, wave-guiding, and
transmission, predicting the likelihood of photons reaching the PV
cells at the device edges. Fig. 2 visually demonstrates this ray tracing
process, where individual photon paths and interaction points are
traced to capture the overall light-harvesting efficiency of the device.

The simulation was conducted on LSCs made from a polydimethyl-
siloxane (PDMS) host matrix, positioned atop a glass substrate with
silicon PV cells positioned along all four edges. The algorithm generates
a number of rays limited to a maximum of approximately 200,000 rays
in this study due to the hardware limitations of the computer. Each of
these rays then undergo a series of possible optical events listed above
dependent on the weighted probability from the materials properties
and the characteristics of the incoming ray. The model uses a random
number generator associated with these respective probabilities to
determine which event occurs and which rays ultimately reach the
PV cells at the edges of the device. This study used a 4—edge PV cell
configuration with a reflective backplate on the device for each of
the simulations for comparative purposes. The reflector used in this

Fig. 3. Lab fabricated LSC.

study was a 3M™ Daylighting Film DF2000MA reflective film with a
luminous reflectivity of >99% implemented with an air gap to ensure
TIR.

Fig. 3 displays a lab fabricated LSC on which these simulations are
based. The fabrication technique can be found in previous work [35].
The silicon solar cells used in this study came from DMEGC, with an
efficiency of 22%. The standard operating parameters are a nominal
operating cell temperature (NOCT) of 42+3°C and temperature co-
efficient of —0.330%/°C. However, due to LSC panel fabrication and
electrical connection difficulties, only one bus bar from the front and
rear of the solar cell was used for the electrical connections, which
reduces the efficiency to 14%. The solar cells were cut to 100 X 10 mm
and 50 x 10 mm by SunWare GmbH. The silicon PV cells have been
modelled using a standard one-diode-model (ODM).

With regards to simulating the plasmonic effects within a PLSC, the
OFDTD model operates in 3 stages;

* Pre-processing —Inputs defined in Fig. 4 are applied, this in turn
designs the Yee grid, boundary conditions, simulation time inter-
vals, any constant variables and constitutive relations [36].

* Main Loop -Maxwell’s equations are solved using a leapfrog pro-
cess, in which the electrical field is solved at one instant and the
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Fig. 4. Inputs required for plasmonic model along with resulting outputs.
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Fig. 5. Graphical user interface of modelling software.

magnetic field updated and solved at the next time instant [37].
Conditional statements accounting for the probability of attenu-
ation, absorption, scattering and transmission are implemented
with the highest probability being prioritised. Curl terms are
integrated over the grid relative to the change in electric or
magnetic field.

« Post—processing —This stage reduces the required memory from the
PC as it bypasses any identical or repetitive calculations

These plasmonic simulations also take into consideration other pos-
sible energy loss mechanisms such as thermal re-absorption, energy
quenching, and host material attenuation losses which result in a
non-unity quantum yield (QY).

Fig. 4 details the inputs and outputs of the plasmonic model. The
graphical user interface (GUI) of the model is also included in Fig. 5.

The additional inputs required for PLSC simulations are as follows;

User Input Data

Number of PV Cells \

Excel Spreadsheet Containing:
« Total Irradiance in Column A
» Diffuse Irradiance in Column B
» Temperature in Column C

Optical Efficiency
Surface Area of Device

/

Electrical

» Metal Nanoparticle (MNP) Photon Density Enhancement Factor
Spectrum

+ MNP Extinction Spectrum

* MNP Extinction Peak

* MNP Concentration Factor

The third stage in the modelling process, the post-processing stage,
returns the enhancement, output emission spectra, energy conversion
efficiency parameters, total energy losses, and total thermal losses of
the device in an excel spreadsheet.

Fig. 6 presents a schematic of the inputs required for the electrical
model. This model requires information relating to the configuration
of the LSC, the optical efficiency from the optical model and the solar
radiation separated into total and diffuse components in order to make
predictions of the LSC power output and power conversion efficiency.

Fig. 7 is included as a flow chart to help clarify this validation
process for the comprehensive optical and electrical model.

2.2. Optical model validation

2.2.1. LSC optical modelling validation

Using the inputs in Fig. 5, the model was used to simulate the
outputs of an LSC of dimensions of 45 mm X 45 mm X 3 mm with
varying concentrations of the dye Lumogen F Red 305 ranging be-
tween 10-300 ppm. The wavelength range was 350-800 nm aligning
with the spectrum region for the dye & silicon PV cells used in this
study. These dimensions were selected as they could be compared
with layers that had previously been fabricated [38]. The aim was to
compare lab—fabricated layers with simulations to analyse the model’s
accuracy [39].

The layers were fabricated and their absorption and emission spec-
tra measured using a BLK—-C-SR-50 Concave Grating Spectrometer
(StellarNet) connected to a 6-inch integrating sphere (RT-060-Sf Lab-
sphere) illuminated by a DH-2000-BAL UV-VIS-NIR light source
(Ocean Optics) not only for comparison purposes but also to feed the
source data into the model. A conservative 95% quantum yield has

Output Data

-

Power Qutput

Model )
Power Conversion

Efficiency

o

Fig. 6. Inputs required for electrical model along with resulting outputs.
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been used in this study even though there is evidence published that
the Lumogen Red dye has a 97% quantum yield when mixed with
PMMA [37]. The dimensions were input to match the layer fabricated
in the lab, with a mirror reflectivity of 99% being included and the
amount of rays set to 203,000 as this was the upper limit of the
computers hardware capabilities.

2.2.2. PLSC optical modelling validation

This stage required additional input data specifically related to
the metal nanoparticles (MNPs). This validation was performed after
the simulations for LSC layers had been analysed and validated (see
Figs. 9 through 11). The MNPs used in this study were gold-core,
silver-shell nanocuboids synthesised in the lab [24,40,41]. The con-
centration of the dye was optimised at 70 ppm and as a result, the
doping of the MNPs was set at a saturated point optimised through an
iterative modelling and experimentation until a peak optical efficiency
was determined. This test meant that the MNP extinction spectrum and
peak had been obtained and that the only remaining variable to locate
was the photon density enhancement factor (PDEF). The PDEF was
obtained from an established dataset taken from a literature review that
was originally used in the development of the plasmon model [33,42].

2.3. Electrical model validation

2.3.1. Outdoor data collection

This study extends previous LSC modelling validation by simulating
the power output and power conversion efficiencies of the LSCs in
real-world conditions validated by outdoor experimental data. A novel
Visual Basic (VB) script was developed for collecting experimental
outdoor data recording from a setup containing a B2901A Source
Measurement Unit (SMU) and a 34980A Multifunction Switch/Measure
Unit as shown in Fig. 8. These devices are linked to a PC with Visual
Basic, Agilent’s IO Libraries Suite, Keysight Connection Expert and
Microsoft Office software installed. The visual basic scripts process a
standard commands for programmable instruments (SCPI) language

in order to synchronise the devices to take current and voltage mea-
surements of the different LSC, PLSC and reference devices. The solar
radiation data is recorded using a separate BF5 Sunshine Sensor device
which was also attached to the outdoor panel alongside the LSC devices.
This device is capable of measuring direct and diffuse solar radiation.

A secondary separate Visual Basic (VB) script then takes these exper-
imental readings and converts the data into power outputs and power
conversion efficiency readings in a time interval selected by the user.
VB scripts are capable of taking readings over a large range of voltages
and currents over a long period of time whilst also being adjustable to
taking quick measurements of different device configurations.

2.3.2. Electrical modelling validation

In order to comprehensively validate the model, the final stage
of the electrical performance of the simulations had to be verified
through comparisons with simulation and experimental results. The
electrical model has been developed using MATLAB software and as
discussed previously requires the information regarding number of
PV cells, solar radiation, surface area of the device, and the optical
efficiency (see Fig. 6). Simulations were performed using the solar
radiation data recorded experimentally and the optical efficiency from
the plasmon model. The results of the simulations were compared
with the experimentally recorded data and are included in the results
section.

3. Results & discussion
3.1. Optical model validation & the optimisation of the PLSC

Fig. 9 shows the change in the devices’ optical outputs when the
Lumogen Red 305 dye concentration is varied. Figs. 9(a) & 9(b) depict
the changing optical efficiency and solar concentration ratio as output
by the optical model whereas Fig. 9(c) displays the edge emission
recorded experimentally. Here, the optical model has simulated the
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Fig. 9. Comparison of model output with experimental output using the optical plasmon model.

optical efficiencies and the solar concentration ratios of an LSC layer
of dimensions 45 mm x 45 mm x 3 mm and the results of these
simulations are compared with the experimental outputs of the same
dimension layer measured in the lab. It is established from these results,
that whilst the output is in terms of emission for the experimental
results and optical efficiency for the simulations, the measurements are
studying the same overall effect and the results correlate with a peak
efficiency at approximately 70 ppm. This correlates with results found
in a separate Monte Carlo ray tracing model study where an optimal
Lumogen F Red 305 of 110 ppm has been observed in a different device
configuration using bifacial PV cells [43].

Following validation of the optical model, which demonstrated a
high degree of accuracy in replicating laboratory results, simulations
were conducted to optimise the configuration of the LSC device. Fig. 10
details the results of the simulations performed in order to calculate the
optimal lightguide thickness within a LSC device, thicknesses of 3, 5, 7
& 9 mm have been modelled. The use of an optimal dye concentration
of 70 ppm has remained constant throughout these simulations with
an observation that an increase of layer thickness leads to increased
optical efficiencies. This increase in thickness leads to lower solar
concentration ratios however as shown in the secondary Y-axis in
the same graph. Increasing the LSC thickness also introduces higher
thermal losses as detailed in Table 1, therefore 5 mm was used as it
had the best overall predicted outputs after all loss mechanisms were
considered.

Fig. 11 shows the results of simulations comparing surface area with
optical efficiency and solar concentration ratio. It is clear that increas-
ing the surface area of the LSC layer improves the solar concentration

Table 1
Thermal losses as thickness of LSC increases, all tested at a Lumogen Red 305 dye
concentration of 70 ppm.

Thickness (mm) Thermal losses (%)

3 7.6
5 8.4
7 9.4
9 10.2

ratio but worsens the optical efficiency of the device. An optimal layer
size of 100 cm? was selected for fabrication as it lies within the optimal
range of 100-120 cm? as indicated in Fig. 11 where the two variables
intersect as surface area varied. These dimensions are expected to allow
the maximum amount of solar radiation to reach the PV cells.

The following set of results detail the validation process of the
PLSC section of the optical model using the additional set of param-
eters required as discussed previously. Fig. 12(a) shows the experi-
mentally measured extinction spectrum of the gold—core, silver—shell
nanocuboids with Fig. 12(b) displaying the 10 ppm concentration spec-
trum used for fabrication. This graph represents the optimal finding, as
the spectra were subdivided to determine the optimal concentration of
MNPs after accounting for all variables. The photon density enhance-
ment factor (PDEF) was the final variable required to simulate PLSC
devices, it was taken from the literature [33] that was originally used
to develop this model (Fig. 13(a)). The finalised PDEF for the Gold—core
Silver-shell nanocuboids is shown in Fig. 13(b). The extinction spec-
trum was divided in order to find the optimal MNP concentration for
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use in the already optimised LSC layer containing 70 ppm Lumogen
Red 305 dye. The original measurement at 100 ppm was divided
into various subdivisions with simulations run for each result, this is
included in Fig. 14(a) where a concentration of 10 ppm was deemed op-
timal. Through comparisons with experimental measurements detailed
in Fig. 14(b), the optical Plasmon model was deemed validated due to
its accurate prediction of the results observed in the lab.

3.2. Outdoor data & electrical model validation

The validated optical model was used to optimise LSCs for fabrica-
tion & performance testing in real world conditions. The optimal layer
is a 100 mm x 100 mm X 5 mm layer doped with 70 ppm Lumogen
Red dye 305. For PLSC layers, an inclusion of a 10 ppm concentration
of gold-core, silver—shell nanocuboids has been determined.

Fig. 15 displays a finding observed using the optical Plasmon model
in which the LSC devices have been noted to perform more efficiently
in terms of their power outputs and power conversion efficiencies
when situated in highly diffuse solar irradiation environments. This
ratio of enhanced performance is 1.76 times enhancement as the dif-
fuse component becomes dominant. Interestingly, through analysis of
the experimental data, a value of 1.763 has been noted as an un-
der-estimation value for our model across multiple days of data when
averaged out. As a result of this finding, a factor of this value has been
built into the model for when the diffuse component is above 55% as
well as a value of 0.786 for when the diffuse component is below 5%.
These ‘coefficients’ have been applied equally to all data sets recorded
in order to ensure accuracy across various conditions.

The optimised layers according to the model have been fabri-
cated and tested in both indoor and outdoor conditions alongside the
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Fig. 14. The effect of MNP concentration on device output in simulations and in experimental measurement.

development and validation of the newly developed electrical model.
The results of the outdoor tests are included in Figs. 16 through 19.
They display the devices’ power output and power conversion efficien-
cies over four separate days of testing. As mentioned, when initially
comparing the outdoor data with the models’ predictions, it was noted
that the simulation predictions were underestimating the power output
and power conversion efficiencies when the environment was highly
diffuse (>50%) and overestimating these metrics when the environment
was highly direct (<5%). Data analysis found experimental coefficients

of 1.76288 and 0.78665 for the highly diffuse and highly direct
conditions respectively which is in line with a previous independent
prediction observed through simulations using the optical model before
validation as depicted in Fig. 15, where a factor of 1.76 is noted
again when the diffuse component of the solar radiation spectrum is
dominant. After correlating these findings, the factor has been built
into the model to adjust its predictions across all datasets equally.
Figs. 16 & 17 display the simulated and experimental results in
terms of electrical power outputs and power conversion efficiencies in
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quite overcast days in which the solar radiation reaches a maximum
of 300 W/m?2. Figs. 18 & 19 detail these same result types on other
days where the direct component of the solar radiation spectrum is
more dominant with the maximum solar radiation reaching almost
800 W/m?.

After analysing these datasets, the novel electrical part of the model
has also been deemed validated due to its high degree of accuracy in
predicting the performance of the LSC devices particularly in terms of
their power outputs under various solar radiation conditions outdoors.
The model predictions for the devices’ power outputs were over 90%
accurate in 3 out of 4 days, only on the 20th was it closer to 50%
accurate and this is largely due to the noise in the data likely caused by
a temporary obstruction to the pyranometer. The model is also accurate
at predicting the power conversion efficiencies of the devices’ but is let
down during the beginning and end of the days when solar radiation is
especially low. This finding correlates with another finding which states
that the four—probe connection struggles with solar radiation less than
120 W/m? [44]. The low overall accuracy of between 20%-45% here
is largely due to these differences at the start and ends of the graphs
as they reach accuracies between 70%-90% when these tail ends are
excluded. All of these congruence calculations have been performed
using regression analysis on RStudio software.

This study has therefore validated an all encompassing optical and
electrical model which can simulate the LSC & PLSC technologies and
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predict their outputs in various environments. The only specific exper-
imental data required for this prediction is the local solar radiation
spectrum separated into its direct and diffuse components and it will
predict the power output and power conversion efficiencies.

4. Conclusion

This study presents and validates a novel two-stage integrated
model capable of simulating both the optical and electrical outputs of
Luminescent Solar Concentrators (LSCs) and Plasmonic Luminescent
Solar Concentrators (PLSCs). The model’s accuracy was initially es-
tablished through comparisons between simulations and experimental
data obtained from LSCs fabricated in the laboratory. Subsequently,
the validation was extended to PLSCs by incorporating additional
data related to gold—core silver—shell nanocuboid metal nanoparticles
(MNPs). The high congruence between simulation and experimental
results in both indoor and outdoor environments confirmed the model’s
reliability.

Following the validation of the optical model, simulations were
utilised to enhance the performance of the LSC devices by determining
an optimal LSC dimension, PV cell configuration, and doping con-
centration for the dye to maximise the optical efficiency and solar
concentration ratio of the device. These optimised devices were fab-
ricated and tested in both indoor and outdoor environments. These
experimental results were then compared with the second —stage elec-
trical model’s predictions and the model was declared validated due to
its high degree of accuracy (>90%) at predicting the device outputs.

This comprehensive model is capable of simulating real-world per-
formance of LSC & PLSC devices using only the solar radiation data
of a specific location and the devices’ characteristics (dye absorption
& emission, host matrix material, device dimensions and refractive
index). The validated model has the ability to accurately simulate both
the optical and electrical processes within LSC and PLSC devices. This
model can be used with only manufacturers data on dye and MNPs
to predict real-world performance for various device configurations
using only solar radiation data and device configuration details. This
comprehensive model offers significant material, time, and cost savings
by reducing the need for repeated experimental testing.

In summary, this study has developed a powerful and versatile tool
for LSC and PLSC research and development. The outcome is a verified
model capable of simulating various device configurations, dimensions,
dye types and concentrations, as well as different metal nanoparticle
types and concentrations in area specific conditions in terms of both
their optical characteristics as well as their outdoor electrical perfor-
mance. The model’s capabilities promises to advance the efficiency
and practicality of solar concentrator technologies, contributing to the
broader goal of enhancing renewable energy solutions.
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Fig. 16. Experimental and Simulation results for the 13th of November, the congruence is 97.7% and 43.7% for the power output and power conversion efficiency predictions

respectively.
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Fig. 18. Experimental and Simulation results for the 20th of November, the congruence is 46.1% and 20.4% for the power output and power conversion efficiency predictions
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