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Plasmonic thin-film luminescent solar concentrators (PTLSCs) were prepared by coating polycarbonate
substrates with fluorescent PMMA films doped with coumarin dyes, nanogold and nanosilver molecules.
The study of the absorption and fluorescence spectra showed a highly efficient light harvesting
accompanied with metal enhanced fluorescence (MEF) of PTLSC films. The photostability measurements
showed a decrease of the dye photodegradation rates by increasing nanogold concentration. The indoor
testing of PTLSCs showed that the enhancement of the output power conversion efficiency was 53.2%,
33.4% and 25.8% obtained for a-Si and mc-Si and c-Si PV cells respectively. The field performance of
PTLSCs under diffused radiation was evaluated by outdoor testing in Riyadh city (KSA) during winter and
spring seasons, the study revealed that the maximum solar electrical conversion is well correlated to the
solar irradiance type at the location.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Solar energy has long been publicized as better for the envi-
ronment than fossil fuels since it reduces hazardous greenhouse
gases such as CO2 which affects the earth’s temperature [1]. Silicon
photovoltaic (PV) cells, solar-thermal-heating and concentrating
systems are some examples of promising candidates of solar
technology applications [2]. Among these examples thin film
luminescent solar concentrators (TLSCs) are currently experiencing
substantial investment and growth, driven by the aim of generating
low cost solar electricity. One approach is to reduce the amount of
semiconductor material utilized, which is facilitated by concen-
trating the solar power from a large aperture area to a smaller area
using inexpensive concentration techniques [3,4]. The basic idea of
TLSC is based on the absorption of incident sunlight by a lumi-
nescent film coated on a transparent plate with a high refractive
index, then the luminescence is emitted with high quantum effi-
ciency and finally be collected and guided by total internal reflec-
tion to the plate edgewhere small area PV cells are attached [5]. The
marketable applications of TLSCs have been hindered by three
major problems; many of fluorescent materials have poor
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absorption over the visible region of the solar spectrum, thus
limiting the amount of converted solar spectra. Also, many of
fluorescing materials photodegrade too quickly, limiting the life-
time of the device. Finally, the spectral overlap between the ab-
sorption and fluorescence spectra of the fluorophores causes the
re-absorption losses which increase as the size of the TLSC in-
creases [6]. As the light-harvesting area of the PV system is much
smaller than that of the TLSC system, the efficiency and reducing
the cost of solar cells are potentially improved [7]. TLSCs have
several advantages such as reducing of self-absorption and scat-
tering loss, utilizing full solar spectrum stacking plates which are
containing different types of luminescent species, reducing the
fabrication cost as less doped material required for thin film than
being doped in the bulk plate [8]. Recently, more research efforts
are in progress to improve cost effective employments of these
concentrators such as wedge-shaped geometry [9] and flexible
substrates [10]. The main disadvantage of TLSCs is that the solar
radiation is absorbed by a small volume of the thin film leading to a
decrease in the overall output of the device. This problem could be
solved using the plasmonic properties of noble metal nanoparticles
(MNPs) [11]. Metallic nanostructures have been introduced into
thin inorganic semiconductor solar cells (e.g., Si, GaAs solar cells)
for highly efficient light harvesting by expected light-scattering
behavior and a strong near-field by the plasmonic effect of
metallic nanostructures [12]. The fundamental interactions be-
tween surface plasmons and fluorescent molecules had gained
a great interest from researchers to improve the physical insight
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on the design rules for metallic nanoparticles tailored to plasmonic
thin film luminescent solar concentrators PTLSC applications
[13e15].

The main objective of the proposed work is to enhance the
power conversion efficiency of bilayer PTLSCs shown in Fig. 1, by
increasing the interplay phenomena between fluorescence and
localized surface Plasmon resonances of MNPs. PTLSC waveguides
were prepared by coating polycarbonate (PC, n ¼ 1.586) substrates
by two layers, the bottom layer consists of 50 mm fluorescent pol-
ymethylmethacrylate (PMMA) film doped with mixed coumarin
dyestuffs, silver and gold nanoparticles (AgNPs, AuNPs). The top
layer consists of 20 mm PMMA/0.5wt%SiO2 nanohybrid which acts
as a highly refractive index coating (n ¼ 1.585) [2]. This configu-
ration provides a broadband enhancement of light harvesting by
the luminescent centers in the primary layer which is sandwiched
between two high index regions due to: (1) the increase of the
effective absorption cross-section of luminescent centers leading to
a nearly full-spectrum absorption of solar photons, (2) enhance-
ment spontaneous emission by surface plasmons and Purcell effect,
and (3) improvement of the quantum efficiency of luminescent
centers [16].

2. Experimental

2.1. Materials

Polymethylmethacrylate (PMMA, 350k) was obtained from
Aldrich, USA. Coumarin dyestuffs MACROLEX Fluorescent Red G
and MACROLEX Fluorescent Yellow 10 GN were obtained from
Bayer, Germany. Spherical AgNPs and AuNPs with average particle
diameters 60 and 100 nm were obtained from Aldrich (USA). HPLC
grade Dichloromethane (CH2Cl2) was obtained from Aldrich (USA)
and used as high purity solvent for PMMA grains. Transparent
Polycarbonate (PC) sheets of 3 mm thickness were obtained from
Rohm (Germany).

2.2. Preparation of PTLSC films

PTLSC films were prepared from metal enhanced fluorescent
PMMA films by adding AuNPs with different concentrations
ranging from 5 to 25 ppm to PMMA/CH2Cl2 solution containing
(70 ppmMACROLEX Fluorescent Yellow 10 GN, 30 ppmMACROLEX
Fluorescent Red G, and 20 ppm AgNPs respectively). All the poly-
mer solutions were sonicated for 6 h before pouring on glass
Fig. 1. Plasmonic thin film luminescent solar concentrator (PTLSC).
substrates and spin coated in a centrifuge at 2000 rpm for 1 min to
obtain uniform film coverage [3,8], then they are left to dry in an
electric oven at 40 �C for 6 h. The film thicknesses were measured
using a profilometer (Talystep, Taylor Hobson, UK) on a scratch
made immediately after deposition of five independent measure-
ments on each sample, and found to be in the range of 50 � 10 mm
[17]. Fluorescence spectroscopymeasurements revealed that PTLSC
films are promising candidates for preparing efficient waveguides
and for harvesting and concentrating sunlight as presented by the
subject of another paper submitted by our group [18].

2.3. Preparation of PTLSC waveguides

Using the same procedure described before; bilayer PTLSC
waveguides were prepared by spin coating of PMMA/CH2Cl2 solu-
tion (prepared as described in the previous section) on PC rectan-
gular plates with dimensions of (20� 8� 0.3 cm3), the thickness of
this optically active layer was 50 mm. After that PC plates were
coated with a second 20 mm layer of PMMA/SiO2 nanohybrid which
is very important to increase the light-pipe trapping, scratch
resistant thermal and photostability of fluorescent molecules [2,3].
After each coating process the plates were left to be dry firstly at
room temperature and then in an electrical furnace at 50 �C for 3 h.
Fig. 2 illustrates the photographs of PTLSCs waveguides doped with
different AuNPs concentrations.

2.4. Characterization and measurements

The absorption spectra were recorded in the wavelength range
(190e900 nm) using a UVevis spectrophotometer (UNICAM, Helios
Co., Germany). The steady-state fluorescence spectrawere recorded
in the wavelength range (400e800 nm) using a spectrofluorimeter
(Perkin Elmer LS 50 B, UK). The effect of AUNPs concentration on
the photoresponse of the prepared PTLSC films toward simulated
sunlight was performed using a Xenon-arc lamp with the aid of the
photodegradation accelerator (SUNTEST XLSþ, Germany). The films
were irradiated by 1200 kJ m�2 h�1 continuously for 24 h to
eliminate the dark reactions whichmight occur under normal daye
night cycles. This period is equivalent to the global solar irradiance
for about one year exposure to natural sunlight and the apparatus
was regulated tomatch the climatic conditions of Riyadh city (KSA).

2.5. IeV characteristics of PTLSCs

PTLSCs prototypes were tested indoors by being illuminated by
AM1.5 artificial solar spectrum with the aid of 300 W solar
Fig. 2. PTLSCs waveguides containing different AuNPs concentrations.
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simulator (Lot-Oriel, Germany). In order to identify the conversion
power efficiency enhancement, three types of silicon PV cells were
attached to one narrow edge of each PTLSC shown in Fig. 2, while
the other edges were painted with a high quality diffused reflec-
tance paint (w98% Kodak, Japan). Commercial silicon PV cells were
used: single crystalline (c-Si), multicrystalline (mc-Si) and amor-
phous (a-Si), all obtained from (SILICON SOLAR Co., USA). The IeV
characteristics weremeasured for all PV cells before and after being
attached to PTLSCs using a digital multimeter (PeakTech, Germany).
Fig. 4. Effect of AuNPs concentration on the absorption spectra of PTLSC films
compared to normalized AM1.5 solar spectrum.
2.6. Outdoor testing of PTLSCs

The hourly outdoor testing of a prototype PTLSCwas done for six
months under clear sky conditions during winter and spring sea-
sons considering the day 21 as the reference day for each month.
The global solar radiation was measured hourly along with the
PTLSC testing at Riyadh city (37� N) on the roof of a building about
10 m height using an accurate solar power meter (SPM-1116 SD.,
Taiwan). For accurate detection for the light collected by PTLSC we
selected c-Si PV cells to be attached to PTLSC waveguide having
10 ppm AuNPs concentration.

The output short circuit current of the PV cell (IPTLSC) attached to
PTLSC was measured hourly along with that of the reference PV cell
(Iref) exposed directly to sunlight in order to calculate the optical
efficiency (hopt).
3. Results and discussion

3.1. Light harvesting and energy transfer of PTLSC films

Fig. 3 shows the absorption spectra of MACROLEX fluorescent
dyes, AgNPs and AuNPs in cases of being doped individually and
altogether in PMMA films. The absorption spectrum for each of
these dopants is characterized by a single broad peak, the indi-
vidual absorption maximawere found at 450, 460, 522 and 570 nm
for Yellow GN, AgNPs, Red G and AuNPs respectively. It is clear that
AgNPs have their maximum absorption at 460 nm in PMMAwhich
represents the wavelength having the lowest percentage of the
visible solar spectrum since it has the highest intensity at about
550 nm [2]. Therefore in order to enhance the absorption of PTLSCs
we intended to use AuNPs besides AgNPs due to their extended
absorption in the visible region, recommending a potential light
harvesting of the visible solar spectra. On the other hand, the profile
Fig. 3. Absorption spectra of MACROLEX Fluorescent dyes and noble metal nano-
particles doped in PMMA individually and as a mixture.
of the absorption spectra of the combined dopants is dependent on
the shape of the individual spectrum of each dopant [7] and found
to extend from 400 to 600 nmwith amaximum optical density 0.95
originated at 530 nm. Following this rational we incorporated
AuNPs to PTLSC films to enhance the light absorption and fluo-
rescence intensity [19]. Figs. 4 and 5 show the absorption and
fluorescence spectra of the prepared PTLSC films depicted together
with the solar spectrum at AM1.5, from this illustration it can be
clarified that the visible solar spectra are approximately covered by
the absorption and MEF spectra of PTLSCs.

The spectral sensitivity of commercial silicon PV cells is shown
in Fig. 6 and plotted along with normalized fluorescence spectra of
PTLSC films. In fact the spectral sensitivity of silicon is influenced by
its productionmethod [20], it is observed that the sensitivity ranges
for silicon PV cells are from 500 to 1125 nm for c-Si, from 375 to
1100 nm for mc-Si and from 410 to 775 nm for a-Si. It is noted that
the maximum overlap had occurred between the spectral response
of c-Si, mc-Si and a-Si PV cells and the fluorescence maxima of
PTLSC films doped with 10, 25, 20 ppm AuNPs. This standing for the
applicability of the prepared PTLSC films to overcome the poor
performance of silicon PV cells at short wavelengths since their
fluorescence maxima could be detected all the types silicon PV cells
[21].
Fig. 5. Metal enhanced fluorescence of PTLSC films at different AuNPs concentrations
(the data is normalized with AM1.5 solar spectrum).



Fig. 6. Spectral response of silicon PV cells compared to the fluorescence spectra of
PTLSCs.

Table 1
Effect of AuNPs concentration on the direct and indirect HOMOeLUMO interband
transitions for PLSC films.

Concentration (ppm) Eg (eV) Egi (eV)

0 4.92 3.80
5 4.94 3.84
10 4.93 3.83
15 4.86 3.82
20 4.87 3.81
25 4.97 3.82
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3.2. Interband HOMOeLUMO transitions in PTLSC films

The absorption edges of the prepared PTLSC filmswere analyzed
in order to know the electronic transitions from the highest occu-
pied molecular orbital(s) (HOMO) of the valence band to the lowest
unoccupied molecular orbital(s) of the conduction band (LUMO)
which are directly related to the matrix stability [22]. The funda-
mental absorption coefficient “a” of photon energy “E” is related to
interband transitions according to the type of transition through
the band gap [23], the usual method to determine the energy of the
band gap is to plot a graph between (aE)1/m versus “E” looking for
the value of “m” depending on the nature of transition. The allowed
direct and indirect interband transitions are given by the values of
“m” as 1/2 and 2 respectively [21]:

aE ¼ A
�
E � Egd

�1=2
(1)

aE ¼ B

" �
E � Egi þ Ep

�2
exp

�
Ep=kT

�� 1
þ

�
E � Egi � Ep

�2
1� exp

�� Ep=kT
�
#

(2)

where A and B are constants, k is Boltzmann constant, T is the ab-
solute temperature, Ep is the phonon energy, Egd and Egi are the
Fig. 7. Effect of AuNPs concentration on the direct gap interband transitions, Egd, in
PTLSC films.
energies of direct and indirect interband transitions respectively
[21]. According to equations (1) and (2), there will be a single
straight line for direct transitions and two linear portions for in-
direct transitions. Equations (1) and (2) were applied for all the
PTLSC films and the relation between (aE)2 against “E” is plotted in
Fig. 7. The values of direct interband transition, Egd, were estimated
from the intercept on the energy axis of the linear fit of the large
energy data of the plot and listed in Table 1.

Fig. 8 shows that plotting (aE)1/2 against “E” that resolved into
two distinct straight-line portions, the straight line obtained at
lower photon energies, corresponding to phonon-absorption pro-
cess, cuts the energy axis at Egi � Ep. The other line represents the
dependence in the high energy range corresponding to a phonon-
emission process and cuts the energy axis at Egi þ Ep, from the
energy intercept of the two straight line portions, the values of the
indirect HOMOeLUMO transition Egi could be estimated and listed
in Table 1. It is noted that the values of both transitions appeared
around one value as Egd w 4.9 eV and Egi w 3.8 eV, this behavior is
in a good agreement with the attained MEF in Fig. 4 since there is
considerable spectral shift in the fluorescence maxima. The larger
values of Egd can be attributed to the fact that AuNPs introduced
localized levels that form a continuumwhich act as trapping states
and consequently increase Egd [22]. In addition the indirect inter-
band transition energy Egi which can be attributed to the existence
different types of excitons [24], which is found to bewell correlated
behavior to the absorbance spectra shown in Fig. 4 since it showed
more than one maximum. The steadiness of the interband transi-
tion energies indicates the advantage of AuNPs in reducing the
probability of the dye interaction with the defects of PMMA and
consequently the stability of the HOMOeLUMO interband transi-
tions of PTLSCs [25].
Fig. 8. Effect of AuNPs concentration on the indirect gap interband transitions, Egi, in
PTLSC films.



Fig. 9. Effect of AuNPs concentration on the photodegradation curves of PTLSC films,
after indoor exposure to artificial sunlight from a Xenon arc lamp.

Fig. 10. Photovoltaic output of c-Si PV cell before and after being attached to PTLSCs.
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3.3. Indoor photostability test of PTLSC films

Testing under the conditions that approximate the intended
service environment requires months or years to obtain results;
hence test conditions that greatly accelerate the degradation had to
be used [26]. The percentage change in the absorption maxima of
the mixed dyes was monitored at different times during the irra-
diation period. The photodegradation at/ao, which is the percentage
change of optical density after irradiation is plotted versus the
exposure time as illustrated in Fig. 9. It was found that the behavior
obeys the exponential relation described by the 1st order expo-
nential decay function [26],

at=ao ¼ C1 expð�RtÞ þ C2 (3)

where C1 is a constant, R is the photodegradation rate constant of
dye molecules and C2 represents the percentage change of the
absorption after the irradiation period. The Photodegradation of
dye molecules occurs by two mechanisms [26], the first concerns
the dye molecules which may exist outside the core, and takes a
short time to photodecompose; the second mechanism concerns
the photodecomposition of the caged dye molecules inside the free
volume of crosslinked PMMA chains, the values of R and C2 were
calculated and listed in Table 2. It is obviously noted that the
photodegradation rate of the investigated dye mixture is decreased
to about 15.5% about of its initial value after the incorporation of
25 ppm AuNPs which acts as metallic nano-pigment [27]. Another
advantage was achieved by observing the values of C2, the dye
absorbance reaches about 99% of its initial value after adding
25 ppm AuNPs which is the period corresponding to the stability of
this matrix to one year exposure to natural sunlight in Riyadh city.
Table 2
Effect of AuNPs concentration on the photodegradation parameters of PLSC films.

Concentration (ppm) R (s�1) C2%

0 8.40 � 10�5 86
5 6.83 � 10�5 91
10 5.15 � 10�5 94
15 4.73 � 10�5 97
20 2.39 � 10�5 98
25 1.30 � 10�5 99
3.4. Indoor testing of PTLSC waveguides

Figs. 10e12 show typical IeV characteristics for c-Si, mc-Si and
a-Si PV cells before and after being attached to PTLSCs. It is clear
that the photovoltaic output is strongly dependent on the con-
centration of gold nanoparticles of each plate. The increase of
photovoltaic output of each cell was determined by monitoring the
change in the IeV curve for silicon PV cells before and after being
attached to PTLSCs.

Table 3 shows the percentage change of short-circuit current for
all the PV cells after and before being attached to PTLSCs (IPTLSC/IPV).
It is observed that the maximum values of Isc enhancement were
50%, 38% and 14% obtained for a-Si and mc-Si and c-Si PV cells
respectively. The considerable enhancement for a-Si and mc-Si
solar cells can be ascribed to the coincidence of their spectral
response at the fluorescence wavelength of PTLSCs doped with 20
and 25 ppm AuNPs [22], as previously mentioned in Fig. 6. On the
other hand the poor enhancement in c-Si PV cell can be attributed
Fig. 11. Photovoltaic output of mc-Si PV cell before and after being attached to PTLSCs.



Fig. 12. Photovoltaic output of a-Si PV cell before and after being attached to PTLSCs.

Fig. 13. The hourly distribution of the global solar energy radiation in Riyadh
(winter 2012).
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to the fact that a relatively low-energy gap (1.3 eV) which leads to
low photon harvesting in the visible regions [21].

The power conversion efficiency (h) of PV cells which is the
percentage of power converted from absorbed light to electrical
energy, can be calculated as the ratio of maximum output power
(Pout) divided by the input light power (Pin) under standard test
conditions [28]. The enhancement in the conversion power effi-
ciency (Dh%) can be calculated as follows,

Dh% ¼ ½ðhPTLSC%� hPV%Þ=hPV%� � 100 (4)

where hPTLSC% is the power conversion of the PV cell attached to
PTLSCs and hPV% is the efficiency of PV cell.

Table 4 shows the values of Dh% for silicon PV cells attached to
PTLSCs which reached the maximum values 53.24, 33.4 and 25.8%
for a-Si, mc-Si and c-Si PV cells attached to PTLSCs doped with 25,
20 and 10 ppm AuNPs. This enhancement can be ascribed to the
efficient energy transfer through the photon harvesting antenna
PTLSC systems that spectrally convert, concentrate and guide the
light toward the active layer of PV cells by metal enhanced fluo-
rescence. The energy transfer processes presented here are ex-
pected to overcome the problem of incomplete absorption of solar
spectra specially for low-efficiency solar cells [7]. To achieve the
Table 3
The effect of AuNPs concentration on the ratio (IPTLSC/IPV) for PTLSCs.

PV cell 5 ppm 10 ppm 15 ppm 20 ppm 25 ppm

a-Si 1.20 1.30 1.40 1.50 1.44
mc-Si 1.16 1.22 1.31 1.34 1.40
c-Si 1.10 1.14 1.06 1.03 1.02

Table 4
The effect of AuNPs concentration on the efficiency enhancement (Dh%) of silicon PV
cells attached to PTLSCs.

PV cell a-Si mc-Si c-Si

5 ppm 25.63 26.07 15.14
10 ppm 35.70 26.79 25.80
15 ppm 44.27 30.51 12.00
20 ppm 53.20 31.78 7.30
25 ppm 51.56 33.40 5.54
largest possible enhancement, one must create a structure where
the luminescent species are located in the range of optimum
enhanced localized electromagnetic field of the metal nano-
particles. This study is of great importance of the effective con-
centration ratio of PTLSCs given that the localized SPR phenomenon
of AuNPs is responsible for both increased absorption and excita-
tion rate of fluorescent dyes in PTLSC films [11].

3.5. Outdoor performance of PTLSC waveguides

Firstly, we measured the daily global solar radiation falling on a
horizontal surface, PG, was measured hourly for winter and spring
seasons at Riyadh city (KSA-2012), and plotted as shown in Figs. 13
and 14. It is noticed that the global solar radiation curves versus the
time of the day reaches its maximumvalue at the solar noon of each
month. The maximumvalue of PG was 1040W/m2 recorded in May,
so it is greatly revealed that Riyadh city is one of the world’s most
productive solar regions and qualified as a potential candidate for
solar energy utilization. In addition the observed decrease of the
seasonal average values of PG was attributed to the vagaries of the
weather and the spread of clouds in winter months and dust in
Fig. 14. The hourly distribution of the global solar energy radiation in Riyadh
(spring 2012).



Fig. 15. The hourly distribution of the optical efficiency, hopt, for winter and spring
seasons (Riyadh-2012).

Fig. 16. The area under the Jsc-solar time curves plotted in comparison with that of a
reference PV cell for all months.
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March and April months. From these plots one can be provided by
useful information about, the sunrise time, the sunset time, the
peak power at solar noon and subsequently determining the day
length on the basis of which the outcome of a solar conversion
system can be evaluated [29].

The outdoor testing of the optical efficiency, hopt, was performed
for horizontally mounted PTLSC plate doped with 10 ppm AuNPs,
the values of hopt were calculated hourly under day light illumi-
nation for winter and spring seasons at Riyadh city (KSA-2012)
using the following equation [26]

hopt ¼
�
Isc=Iref

�
ðB=GÞ (5)

where IPTLSC and Iref are the short circuit current values of the PV
cells attached to PTLSC edge and the reference PV cells directly
exposed to sunlight respectively, G is the geometric gain defined as
the ratio of the surface area to the edge area of the PTLSC plate and
B is the ratio of PV cell response at the fluorescence wavelength to
the corresponding response of solar spectra.

Fig. 15 demonstrates a plot of the hourly values of hopt for the
investigated PTLSC averaged over the winter and spring seasons,
besides the monthly average values of hopt listed in Table 5. For
winter season, it is clear that, the hourly average values of hopt
increase at the sunrise and sunset and decrease around the midday
in well agreement with our published work [26]. This behavior can
be ascribed due to the decrease of the direct light component near
the time of sunrise and sunset besides the overcast weather caused
by cloudy sky at this time of year (winter 2012). From the practical
point of view it is advantageous since the PTLSCs have a high effi-
ciency under both clear and cloudy sky conditions [30]. On the
other hand, this behavior observed is inverted in spring, which can
be explained by the fact that most of solar radiation in Riyadh is
direct according to its high altitude angle, in view of the fact that
the global solar radiation falling on a horizontal surface is given
by [31]
Table 5
The seasonal average values of hopt %.

Winter Spring

December 19.70 March 20.80
October 19.30 April 19.50
November 20.20 May 28.00
Average 19.70 Average 23.15
PG ¼ PD þ PB sin g (6)

where PD is the diffused solar radiation, PB is the direct (beam)
component and g is the solar altitude angle of the location. The
decrease of the spring average value of hopt near the sunset and
sunrise can be attributed to low amount of diffused radiation as a
result of the high clearness index KT in Riyadh [32] at most of the
year months according to the following equation [33,34]

PD=PG ¼ 1� 1:13KT (7)

Table 5 shows that the maximum average value of hopt is ob-
tained for May month (28%) due to the augmented global solar
irradiance in this month as a result of the increase of direct
component in the vicinity to the beginning of summer [35].

The area under the current density curve (Jsc) versus solar time
was calculated and plotted in comparison with that of a reference
PV cell for the months concerned in our study as shown in Fig. 16. It
is observed that the maximum solar electrical conversion was ob-
tained for May, these results showed awell correlation between the
solar energy conversion and the solar power input of each month
[26].
4. Conclusion

Bilayer PTLSC waveguides were prepared by spin coating of
fluorescent PMMA nanohybrid solution on PC substrates. Indoor
photostability measurements showed a remarkable decrease in the
photodegradation rate of coumarin dyestuffs by increasing the
concentration of AuNPs which acts as a metallic nano-pigment
providing long lifetime PTLSCs. Another advantage of AuNPs is
the role of reducing the probability of the dye interaction with the
film defects which resulted in the observed steadiness in the
photophysical processes occurred in the HOMOeLUMO interband
transitions of the optically active layer of PTLSCs. Laboratory studies
of the IeV characteristics of silicon PV cells attached to PTLSCs
proved a promising approach to improve solar energy harvesting
since the enhancement in the short circuit current values was 50%,
38% and 14% obtained for a-Si, mc-Si and c-Si PV cells respectively.

The outdoor testing of PTLSC prototype revealed that the best
light concentration be attained by using a spectrally adapted PV cell
specially in overcast weather. Finally, it is concluded that the
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development of plasmonic structures had opened the feasibilities
for plasmonic applications in the field of solar energy conversion.
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