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Abstract— The aim of this study is developing an efficient and
practical approach for utilization in buildings of windows and
facades for solar energy conversion without impeding vision
through glazing. For that purpose, the glazing is processed with a
luminescent coating allowing recovering of the high energy
photons from the Ultra Violet (UV) spectrum. By embedding
photovoltaic cells of monocrystalline silicon types into the frame
of window prototype, it is verified that solar energy conversion is
effective from glazing edges. The electricity generated from the
edges of the luminescent windows is valuated. The photocurrent
and power are increased by adding a tinting film on the backside
of luminescent glazing. Experimental tests and analysis of a
prototype in operation have been practiced.

Index Terms— Light Concentration, Luminescence,
Photovoltaics, Solar Energy, Sun Spectrum Downshift.

. INTRODUCTION

HE Photovoltaic (PV) panels are more and more used
for the production of green electrical energy in a
centralized approach as like in large power plants but also by a
distributed approach at the level of homes building or other
infrastructure in urban or rural areas [1, 2, 3]. The use of these
solar panels in the case of the distributed approach requires
their installation on roofs or facades of buildings according to
known technology of BIPV (Building Integrated Photovoltaic)
or BAPV (Building Added Photovoltaic) [4, 5, 6]. The BIPV
panels are quite expensive panels and do not allow a clear
view of the surrounding landscape through the glass as either
in the window or in opening roof (Sky Light) [7, 8, 9].
Furthermore, the orientation and tilt are critical to the
performance index of the system made with BIPV and BAPV
or Sky Light modules [10, 11, 12].

In this work, an interesting approach is demonstrated

This paper was submitted on 26 March 2017. This work was supported by
the General Directorate of Scientific Research and Technological
Development (DGRSDT) Affiliated to The Higher Education and Scientific
Research Ministry (MESRS) of Algeria.

Fathi M is a PhDs, Professor Habilitated in Electronics and Research
Director at Solar Equipment development Unit affiliated to Renewables
Research Center "CDER". He is a member of Scientific Council of CDER
Research Center and a Research Team Leader in Electronic systems and
Energy Storage, BP 386 Tipaza 42415 Algeria  (e-mail:
fathi.mohamed@udes.dz).

Abderrezek M. is a PhDs in Electronics and a Research Master at Solar
Equipment development Unit affiliated to Renewables Research Center
"CDER" Algeria.

Djahli F. is a Full Professor in Electronics, at Setif University Algeria.

according to the technology of Luminescent Solar
Concentrator (LSC) that allows producing energy from
luminescent glass. For that purpose, Fig. 1 shows the
difference between LSC and BIPV approach. A simplified
process of dip coating is investigated [13, 14, 15], in order to
facilitate the integration of the LSC technology in the
manufacturing process of glazing and windows.

The LSC device is based on the combining of luminescent
coatings on glass and the spectrum down shift phenomenon
that will transform the high energy photons into lower energy
photons in the visible wavelengths that get out from the edges
of glazing [16, 17, 18, 19]; where solar cells will be positioned
to make the photovoltaic conversion. This gives transparent
windows that allow visual comfort without the drawback of
obstructing the passage of light from PV cells comparatively
to BIPV devices where cells are incorporated in the backside
of the glass [20, 21]. By the application of LSC windows, the
integration into architecture and environment seems to be
more appropriate to be adapted to any orientation and low
radiation [22, 23, 24]. Because this kind of technology does
not require a specific tilt angle, it is increasingly sought for
areas with low radiation as like northern Europe [25, 26].
Through this work, Iluminescent glazing synthesis is
experimented by means of a simplified process of dip coating
that has been tested and developed at laboratory scale.
Achieving a first laboratory prototype permits the study of
feasibility and shows the proof of the concept for PV cells
monocrystalline silicon type imbedded in the frame borders of
the luminescent glass. The various optoelectronic analyses,
performed by spectrophotometry and by spectral radiation
analysis of light output from edges of the luminescent glazing,
helped to understand and highlight the operation of such
devices. Furthermore, with varying the light transmission level
by adding a tinting film on the backside of LSC window, the
conversion efficiency should be enhanced according to the
light trapping in the luminescent glazing windows.
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Fig. 1. Principle of Luminescent solar concentrator (LSC) for windows and
fagades. A - The principle, B- Difference between Luminescent solar
concentrator (LSC) for active windows and BIPV panel.

Il. EXPERIMENTATIONS

A. Simplified process for luminescent coating of glass plates

After performing various tests, a simplified process using an
orange fluorescent pigment component is developed according
to the following steps; when mixed with ethanol and distilled
water the orange fluorescent pigment is uniformly dissolved.
Firstly, one ethanol volume is mixed with one volume of
water. Then, was added a concentrated orange fluorescent
compound in the form of a cartridge of 10 ml (Staedtler©-
Fluorescent-Orange-92RE-14), to be diluted with the prepared
solution of 250 ml (water + ethanol: 1-1). The obtained
mixture is placed in a magnetic stirrer and mixed for 30
minutes.

Fig. 2. Glass windows dip coating in Luminescent orange
pigment solution

By using the deposition technique of thin films by dip-coating
process [27, 28], in the formed solution, the glass sample is
immersed and withdrawn slowly in order to grow a
luminescent thin layer on the glass plate. After removal of the
glass plate immersed in the solution for 5 minutes and drying
in ambient air for 20 minutes at inclined position, the glass
plate is put in an oven for soft baking at 60 °C during 30
minutes. This last step is necessary to allow total evaporation
of solvents and water from formed luminescent layer and
improve its adhesion on the glass plate. This produces a
luminescent orange glass as shown in Fig. 2 wherein it is
noticed the glowing edges by LSC effect.

Steps for implementation of the luminescent window test
prototype

After making the luminescent coating on a glass plate of 10 x
10 cm2, an experimental prototype is realized for
optoelectronics laboratory tests indoor and outdoor as shown
in figure 3.

PV Photocells are inserted in the frames of edges so as to be
aligned by covering the entire edge side; a frame in black
polyvinyl chloride (PVC) was used for this first laboratory
prototype (see pictures of Fig. 3). The output connections (+/-)
were taken by opposing sides of the frame and allow the
measurement of the photocurrent and other electrical
parameters of the photocell embedded in the frame. The main
steps are as follows:

- A self-adhesive film is deposited, on the rear side, for several
tinting and shading levels of light transmission.

- Frames made PVC are prepared and cut to the size of the
lateral edges to nest there.

- Preparation of a string of silicon solar cells in series for the
photo collection of concentrated light on the glass edging.

- Assembly of the PV cells string in the frame and welding of
output terminations (+/-).



Fig. 3. Assembly steps for LSC window prototype

I11. ESTIMATION OF SOLAR ELECTRICITY GENERATED BY
LUMINESCENT GLAZING IN BUILDING WINDOWS

A. Calculation of the optical yields

For this study, it was defined the optical yield (Y ) of the
LSC window face and edge by the ratio of light intensity
transmitted by the backside face (Ey) or the edge (Eegge) OF
LSC plate to intensity of light received on the front side (E;,).
These Yoy ratios are defined in equations (1) and (2). The
repartition of light intensities, for an outdoor measurement
example, is represented on Fig. 4. Thereby, it is has been
obtained an average value of 19.1% of the optical yield of
light escaping at the edges. It is to be noticed that the optical
yield output on the edge of a transparent plate LSC was
compared to a neutral plate window and it has been found to
be more than ten times bigger (X 10). This confirms the LSC
window interest and its efficiency for power energy
conversion from glazing edges. So to maximize the
performance of electric power production, it is well advised to
maximize the concentration of the output light intensity of
borders and thus increase its optical yield (Y gpt.cdge)- 88 in
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Fig. 4. Example of defining the optical yield (Yopt) of light intensity
distribution in the LSC window.

To calculate the optical yield (Yopt) of the LSC system
which performs in outdoor condition, the assemblies shown in
Fig.5 were realized in order to measure the irradiance
intensities values relative to the three positions (a), (b) and (c).
These positions corresponds to the irradiance received by the
front side of LSC plate (E;,), transmitted by the LSC glazing
(Eow) and by one of its four edges (Eeqe). Then, several
measurements with variable input irradiance has been done
and reported in Table 1. These results are reported on curves
of Fig. 6, where we notice an average optical edge yield
(Yopt-edge) of 20% when irradiance input (E;,) is superior to
200 W/m?. This result proves that the estimation of energy
potential production is possible for future sizing of LSC
windows integrated to buildings [29].

Fig. 5. Outdoor measurements of the optical yield (Y ) With the three
positions of the radiometer. a- Input light intensity (Ein), b- Output light
intensity from LSC plate backside (Eo.), c- Output light intensity by edging
(Eedge)-

TABLE 1: OUTDOOR MEASUREMENTS WITH CALCULATION OF THE OPTICAL

YIELDS.
Ein ON/ m 2) Eout Eedge Yopt-face Yopl-ed e
(W/m?) (W/m?) (W/m?) (W/m?)
176 128 51 72,73 28,98
250 138 59 55,20 23,60
258 153 63 59,30 24,42
317 182 67 57,41 21,14
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Fig. 6. Optical yields plotting for edge and face from outdoor
measurements of LSC window.

B. Electricity generation measurement from illuminated
luminescent window plates

Outdoor measurements were made at 250 W/m?, 138 W/m?
and 59 W/m?, respectively for light input irradiance (Ej,), light
output irradiance at backside (E,) and light output irradiance
at edge (Eeqge). A voltage of 4.111 volts and a current of 652
HA have been measured on mono-Si PV cell of 85 X 6 mm?.
Also, to proof the concept of energy production, the power
supply of a LED (from a cell integrated into the edge of the
light window) has been successfully demonstrated, as shown
on pictures of Fig. 7.

(@) (b)
Fig. 7. A LSC window as power supply of a LED : proof of the concept. a-
LED supply « On » from illuminated LSC window, b- LED supply « off »
when LSC window is masked.

This is the proof of the concept as shown in picture of Fig. 7.
The energy calculation shows that we can produce 1.07 W per
m? from the four edges of the LSC glass in these irradiation
input conditions (E;,) and up to 4.28 W per m?, in STC (1000
W / m?). According to the worst month in our locality
(Algiers), where 3.2 hours of STC by day are available, 13.7
Wh per m? of window can be produced per day. That is, for an
annual radiation of 2000 hours STC, a square meter of LSC
glass will produce 8.56 KWh per year. When assuming a
traditional house of F4 type (120 m? of floor area) with 20 m?
of glazed window, a quantity of 171 KWh is cumulative over
the year. However, with 20 m? of LSC glazing, we can
produce 272Wh/day, for the equivalent of F4 type house; this
could meet the lighting needs or power loading for USB
electronic devices (phone, camera, etc).

C. Application of luminescent windows in building integrated
lighting

This interesting result of power supplies from LSC window in
distributed energy production was firstly applied in assuring
standalone lighting and USB electronic devices loading. For
that, a new prototype concept have been developed and
realized in this work. As shown on Fig. 8, an LSC active
window (consisting of 3 assembled glazing plates of 10 X 10
cm?) has permitted to power supply of a string matrix of 6
LEDs (6 X 0.1 W) and a USB port plugged to a cell phone.

Halogen
Lamp

Cell Phone -

Fig. 8. Prototype of luminescent window for power supply of LEDs lighting
and USB port.

V. CONCLUSION

This study investigated on luminescent glazing application
for achievement of energy power conversion from solar
irradiation. For that purpose, PV cells of monocrystalline
silicon type are embedded into the frame of luminescent
glazing. This configuration allows better integration of
photovoltaic in building for energy generation, by assuring in
same time an open view through windows and facades.
Prototypes based on chemical dip coating process are made at
laboratory scale. These prototypes allowed measurements of
voltage and current outputs in order to estimate the power
supply potential of luminescent windows. The energy
calculation shows that we can produce 1.07 W/m? from the
four edges of the luminescent window at low irradiance input
(Ein) conditions of 250 W/m* and up to 4.28 W/m’ in
Standard Test Conditions (STC, Ej, = 1000 W/m?). The daily
solar electricity generation was estimated at an average of 450
Wh/day from 20 m? of luminescent glazing surface for typical
houses in a North African site (Algiers). This concept of a
luminescent glazing window was concretized by the
realization of a prototype at laboratory scale. Qutdoor testing



allowed validation of the solar energy conversion concept by
luminescent glazing to satisfy energy needs for lighting
(LEDs) and power supply devices (USB).
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