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Abstract

Different constructions of low concentration photovoltaic (LCPV) systems were designed and tested in our labo-
ratory. The bifacial PV panels were used. Results are presented in the article. The electric energy production was
increased by up to +167% in the case of pseudo parabolic concentration system in comparison with standard
fixed PV panels. In summer, the operating temperature of PV panels was round about +95°C. The polysiloxane
gel lamination technology was used to prevent degradation of the PV cells encapsulation and reliability troubles.
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INTRODUCTION

Although the price of PV panels was reduced many
times within last decade, the price of photovoltaic
energy remains still high. Advanced PV systems with
radiation concentrators are constructed. This is the
way how the price could be reduced. So we have de-
cided to design LCPV systems with bifacial PV pan-
els. Bifacial PV cells were manufactured by the Solar
Wind Company in Krasnodar, Russia. All systems use
polar axis tracking system (POULEK AND LIBRA,

1998). Flat plate glass/glass bifacial PV panels for
pseudo parabolic concentrator systems were laminated
by the polysiloxane gel technology (POULEK ET AL.,
2012). Three Low Concentration PV (LCPV) systems
using bifacial flat plate PV panels based on mono-
crystalline silicon were developed in cooperation of
the Czech university of Life Sciences Prague and
SOLEX-R, Ltd., (Ryazan, Russia). Basic parameters
of the LCPV systems are summarized in the Tab. 1.

Tab. 1. — Parameters of LCPV systems with bifacial PV panels

Concentrator | Number & | Bifacial cells | Operation | GCR | Bifacial Energy Lamination

power of size and lay- | temperature ratio of PV | gain

PV panels |out of PV pan- cells

els front/back
(%)

Ridge 14 x170 W | 125x125 mm? 55°C 15 100/50 +72% Glass/EVA/TPT
(TRAXLE) 6x12
Pseudo 4x170 W | 125x125 mm’ | 95°C 4.1 100/60 +167% | Glass/silicone
parabolic | 6x12 gel/Glass
(TRAXLE)
Pseudo 2x175 W | 125x62,5 mm? 96 °C 3.6 100/65 +114% Glass/silicone
parabolic Il 10x 14 gel/Glass
(SOLEX-R)

Ridge concentrators with bifacial PV panels

The ridge concentrator with Geometrical Concentra-
tion Ratio GCR=1.5 (POULEK AND LIBRA, 2000)
was developed to avoid troubles with V-trough con-
centrators (GCR=2). Fig. 1 shows scheme of the ridge
concentrator. There is high wind induced torque by V-
trough concentrators, which can destroy gearbox of
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the tracker. But there is low wind induced torque by
ridge concentrators, because external mirrors were
eliminated. Additionally the overheating of PV panels
is substantially reduced by ridge concentrators, in
comparison to V-trough concentrators (NANN, 1991;
ANDERSON, 2013; TANG AND LIU, 2011). While
summer operating temperatures of PV panels at ridge
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concentrators are below 70°C the temperature of pan-
els at V-trough concentrators are above 95°C. The
operating temperature +85°C is strict limit for all EVA
laminated PV panels. There is no warranty above the
operation temperature +85°C and lifetime of PV pan-
els is substantially reduced.
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Fig. 1. — Scheme of the tracking ridge concentrator

The ridge concentrator was further improved using
bifacial PV panels. The bifacial PV panels yield about
+7% higher energy harvest because of additional al-
bedo energy collected at the rear surface and because
of reduced temperature of the panels. The bifacial
panels are transparent for the infrared radiation above
the wavelength 1100 nm so the operating temperature
of bifacial panels is reduced by about 3+7°C in com-
parison with standard monofacial PV panels.

Several ridge concentrator systems with bifacial PV
panels were installed in the Czech Republic and Rus-
sia including the 0.5 MW, PV plant. The energy har-
vest of the ridge concentrator systems with bifacial PV
panels is enhanced by about +72% in comparison with
standard fixed PV systems.

Fig. 2 shows energy production of the tracking ridge
concentrator with bifacial PV panels in comparison
with energy production of standard fixed panels dur-
ing a sunny day. Fig. 3 shows our ridge concentrators
with bifacial PV panels (0.5 MW, PV power plant).
Pseudo parabolic PV concentrators with bifacial PV
panels

The energy gain of ridge concentrator +72% or V-
trough concentrator about +90% is not very high. So
we have developed pseudo parabolic PV concentrators
with bifacial PV panels with geometrical concentra-
tion ratio GCR= 3.6 and GCR= 4.1 respectively.
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The first variant of pseudo parabolic concentrator with
bifacial PV panels was developed in cooperation of
the Czech University of Life Sciences Prague (CULS)
and TRAXLE Solar Company.
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Fig. 2. — Time dependence of the power output of the
tracking ridge concentrator with bifacial PV panels in
comparison with standard fixed PV panels. The areas
below the respective curves represent energy gain of

the PV systems.

Fig. 3. —The tacking ridge concentrators with bifacial
PV panels (0.5 MW, PV power plant)

The bifacial PV panels were arranged parallel to the
tracking axle and perpendicular to the solar radiation.
Fig. 4 shows the scheme and Figs. 5+6 show the pho-
tograph of the tracking concentrator. Although the
bifacial PV panels transparent for infrared radiation
have been used the temperature of the PV panels have
been above +90°C during summer months at noon.
The design of PV panels was similar to standard flat
plate ones using 6x12 bifacial mono-Si PV cells sized
125x125 mm?’. But glass/glass design of the panel with
silicone gel lamination was wused instead of
glass/EVAJ/TPT design. The silicone gel encapsulant
will last many years at temperature +250°C. The ener-
gy gain +167% (in comparison with fixed standard PV



panels) was measured. No degradation like yellow-
ing/browning or delamination of the polysiloxane gel
encapsulant was observed.
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Fig. 4. — Scheme of the 1% variant of the pseudo
parabolic concentrator with bifacial PV panels
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Fig. 5. — Pseudo parabolic concentrator TRAXLE
with bifacial PV panels fixed to the building of CULS
in Prague

Fig. 6. — Detail of the concentrated solar radiation
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The second variant of pseudo parabolic concentrator
design with bifacial PV panels was developed at the
SOLEX-R Company in Ryazan, Russia (POULEK ET
AL., 2015). The bifacial PV panels were arranged
parallel to the tracking axle and parallel to the solar
radiation. The design of PV panels was similar to
standard flat plate ones using 10x14 bifacial mono-Si
PV cells sized 125x62.5 mm® Fig.7 shows the
scheme and Fig. 8 shows the photograph of the con-
centrator. The temperature of bifacial PV panels was
above +95°C in summer. So this design have to use
silicone gel lamination of glass/glass PV panels oth-
erwise the high temperature could cause reliability
troubles. The energy gain +114% (compared to fixed
standard PV panel) was measured.
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Fig. 7. — Scheme of the 2" variant of the tracking
pseudo parabolic concentrator with bifacial PV panels

yh
Fig. 8. — Photograph of the 2" variant of the tracking
pseudo parabolic concentrator with bifacial PV panels
in Ryazan
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CONCLUSIONS

Three variants of tracking PV concentrators have been
developed using bifacial solar panels. Silicone gel
laminated bifacial panels were successfully tested in
pseudo parabolic concentrator systems. Energy gain
up to +167% was measured. Further improvements of
the pseudo parabolic LCPV design are under devel-
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