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Abstract—The paper reports use of silicone oil as spectrum filter and heat absorber for photovoltaic thermal
systems. The terrestrial solar spectrum is in the wavelength range of 0.25 to 2.5 μm. The response range of
C-Si solar cell is 0.75 to 1.125 μm. In the current study, the feasibility of Silicone oil (Transformer oil) as spec-
trum filter cum heat absorber for C-Si solar cell is investigated. The spectroscopic analysis of 1 cm thick Sil-
icone oil sample with UV-VIS-NIR spectrophotometer is carried out. This analysis concludes that the Sili-
cone oil is transparent to the response range of C-Si solar cell. Also, it shows a significant absorption for UV
and IR part of the spectrum. A glass container with 1 cm thick Silicone oil layer is mounted on the C-Si PV
module. The performance of the system is analyzed using solar simulator at irradiance of 1000 W/m2, AM
1.5 G and in natural sunlight at Nagpur (21.10 N, 79.090 E). The experiments were performed for the entire
year for time period of one hour in the noon. With Silicone oil spectrum filter, the average electrical efficiency
of the PV module was found increase marginally. However, for 10 W module, 27 W average heat gain was
recorded. In this study, the surface area of PV module (30 × 35 cm = 0.105 m2) was very small. In actual prac-
tice, for large scale installations, significant heat gain is possible. The experimentation and significant out-
comes are discussed in this article.
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INTRODUCTION
The terrestrial solar radiations are in the wave-

length range of 0.25 to 2.5 μm [1]. This solar energy is
used separately in photovoltaics and in thermal sys-
tems. In photovoltaics, the photon with higher or
lower energy than the band gap of PV material remains
unused and causes losses in the PV systems. The
response range of C-Si solar cell is 0.75–1.125 μm
wavelength of the incident solar spectrum [2]. The
photons with higher energy than the materials’ band
gap, causes Thermalization losses in the solar cell. The
output voltage of the C-Si solar cell reduces by
2.3 mV/°C temperature rise of the solar cell [3]. Thus,
it is always desirable to keep the low operating tem-
perature of the PV cells in the module. To address this
issue, different techniques have been proposed in the
past. Many of these studies include combined photo-
voltaic thermal systems (PVT), where the PV module
is allowed to expose the entire solar spectrum, and
heat from the PV module is extracted by means of cir-
culating f luids, thereby improving the electrical per-
formance of the system. Also, the collected heat is
used in separate applications. Many researchers
explored the PVT systems with the use of air [4–6],

water [7–9], a combination of air and water [10–12].
The exhaustive review of such several techniques has
been reported in the literature [13–15]. Spectrum fil-
tration is another technique of PVT system. In this
technique the solar spectrum is filtered using optical
filters. The desirable part of the spectrum is allowed to
fall on the PV module and the undesirable part is col-
lected and used separately as heat. These systems are
referred as beam split PVT system (BSPVT) in the
subsequent text. This concept is suggested in 1955
[16]. The first experimental work of this concept is
reported in 1978 [17]. The comprehensive summary of
the experimental and theoretical work of such systems
carried out by many researchers is documented in the
recent review papers [18, 19]. The optically selective
liquids with good heat capacities can be used for
BSPVT. Since a decade, use of liquids for spectrum
filtration for PVT applications is being explored by
some researchers around the world. Use of nanofluids
[20], water [21–23], therminol and heat transfer oils
[24] for BSPVT systems are reported in the recent
past. The present research work is focused upon the
investigation of easily available and inexpensive liquid
for spectrum filtration suitable for BSPVT.1 The article is published in the original.
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Fig. 1. Actual photograph showing sample of Silicone oil
(TW: Tap Water, TO: Silicone oil).
EXPERIMENTAL
The following considerations are important for the

selection of liquid for BSPVT.
• It should be transparent to the response range of

solar cell material;
• It should be opaque for all other wavelengths (in

most of the cases UV and IR);
• Its thermo physical and the optical properties

must be stable at all the temperatures.
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It should be non volatile, should have low viscosity
and high heat capacity.

• It should be easily available and inexpensive.
For the above mentioned considerations, ‘water’ is

suggested as the best choice by many investigators
[21–23]. However, there are some liquids which show
better performance than water. The feasibility of sili-
cone oil, glycerin, and edible oils for BSPVT is
reported recently [25]. In the present study, use of ‘Sil-
icone oil’ as spectrum filter for BSPVT is explored.

SPECTROSCOPIC ANALYSIS

The absorption spectrum of (1cm thick) Silicone
oil sample was analyzed using UV-VIS-NIR spectro-
photometer for 200 to 2500 nm wavelength with scan-
ning rate of 600 nm/min and scanning interval of
1.0 nm. Figure 1 shows the actual photograph of sam-
ple of Silicone oil (TO in Fig. 1). The Silicone oil is
clear liquid like tap water (TW in Fig. 1) Fig. 2 shows
the absorption spectrum of the Silicone oil.

As shown in Fig. 2, the Silicone oil is transparent to
the response range of C-Si solar cell. In addition, it has
significant absorption of UV and IR.

PERFORMANCE ANALYSIS
USING SOLAR SIMULATOR

The electrical performance of the solar cell (A poly
crystalline Si solar cell, 2 V, 150 mA, 4 × 4 cm) was
investigated under the influence of Silicone oil spec-
trum filter using a solar simulator as shown in Fig. 3.
ctrum of silicone oil.
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Fig. 3. Experimental set up for solar simulator experiments.
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The artificial light source is fixed at 1000 W/m2,
and using an air mass filter, the input irradiation is
maintained equivalent to AM 1.5 throughout the tests.
A borosilicate glass case containing 1cm layer of Sili-
cone oil is placed above the solar cell attenuating the
beam of solar simulator. The solar cell is attached with
cooling fans at the bottom to maintain the constant
cell temperature.

As shown in Fig. 4, there is no significant effect on
the electrical performance of the solar cell with and
without Silicone oil spectrum filter. During this
experimentation, the temperature of the module was
kept constant. However, in natural sunlight, as the
irradiation increases, the temperature of the PV mod-
ule would increase. The Silicone oil spectrum filter
attenuates some of the undesired incoming solar radi-
ations, which helps to keep the PV module at lower
temperature as compared to the module temperature
without filter. This prediction proved true in the
experimentation in natural sunlight described in the
subsequent text.
APPLIED SOLAR ENERGY  Vol. 54  No. 1  2018
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Table 1. Instruments used for experimentation

No. Component Specification

1 PV modules Make: Waaree Solar India, 
Pmax = 10 W, Voc = 21 V,
Isc = 0.62 A, Temp. coefficient 
for power = –0.47%/k

2 Glass containers Glass Make:AIS Stronglass, 
Refractive index:1.5, thickness: 
2 mm

3 Pyronometr Make: Kipp and Zonen, 
Range: 0–2000 W/m2
EXPERIMENTATION IN NATURAL 
SUNLIGHT

For the experimental purpose, two photovoltaic
modules of Poly C-Si were selected. Both the modules
were mounted facing due south, tilted at an optimum
tilt angle of 21.1° and were exposed to equal solar radi-
ations. The container made up of low iron solar glasses
was used to contain the Silicone oil. To measure the
incident solar radiations, a well calibrated Pyranome-
ter was used. The 1 cm thick Silicone oil container
(spectrum filters) is mounted on the PV modules 5 cm
above it. The insulated fixtures were used to mount the
filter container above the PV modules. Due care is
taken to thermally separate the PV modules and the
liquid containers. Thermocouples were attached to
measure the temperature of the module surfaces and
APPLIED SOLAR ENERGY  Vol. 54  No. 1  2018

Fig. 5. (a) Schematic diagram showing position of filter, (b) actu
photograph showing display unit, (d) pyranometer.
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the liquid inlet/outlet. Both the modules were
attached to the I–V curve generator. The components
and other related data is given in Table 1. Figure 5
shows the schematic diagram and actual photographs
of the experimental arrangement.

The assembly was mounted on the roof top at Nag-
pur (India). During experimentation, the mass f low
rate in the filter was kept constant 5 LPH. The radia-
tion intensities above and below the filters, inlet and
outlet temperatures of the Silicone oil, temperature of
PV module were recorded. The monthly average data
is considered for the analysis.

RESULTS AND DISCUSSIONS

The experiments were performed for the entire year
for time period of one hour in the noon. The electrical
performance of the system was analyzed by drawing
the I–V curves. Following relations were used to cal-
culate the electrical and thermal efficiency of the sys-
tem. Electrical efficiency of the PV module:

Termal efficiency of the filter

Figure 6 shows the radiation intensity above and
below the filter.
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Fig. 6. Radiation intensity above and below the filter.
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Fig. 7. Temperature of PV module with and without filter.
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Fig. 8. Electrical efficiency of the module with and with-
out filter.
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Fig. 9. Heat gain in the spectrum filter.
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As shown in Fig. 6, on an average 239 W/m2 of
radiation intensity is attenuated by the Silicone oil
spectrum filter. It involves the attenuation by two
glasses of the containers and attenuation by 1cm thick
Silicone oil layer. Figure 7 shows the module tempera-
ture with and without spectrum filter.

As shown in Fig. 7, the average module tempera-
ture with filter is less as compared to its temperature
without filter. This reduction in the operating tem-
perature of PV module surely improves its perfor-
mance.

Figure 8 shows the electrical efficiency with and
without filter. As shown in Fig. 8 the electrical effi-
ciency of the PV module with spectrum filter is always
higher as compared to the efficiency without filter.
Figure 9 shows the average heat gain from the filter.
As shown in Fig. 9, average 27 W heat is collected in
the spectrum filter. For experimental purpose, A 10 W PV
module with surface area of (30 × 35 cm = 0.105) m2 was
used in this study. In actual practice, for large scale
installations, significant heat gain is possible.

CONCLUSIONS
In the current study, the performance of a photo-

voltaic thermal system using Silicone oil spectrum fil-
ter is analyzed with solar simulator and in natural sun-
light. The Silicone oil is easily available, inexpensive
and it is transparent for the response range of C-Si
solar cell i.e. 0.75–1.125 μm wavelength of terrestrial
solar spectrum. The spectrum filter improves the elec-
trical performance of the PV module marginally.
However, on an average 239 W/m2 of undesired part of
solar spectrum is attenuated by 1 cm thick Silicone oil
APPLIED SOLAR ENERGY  Vol. 54  No. 1  2018
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spectrum filter. This trapped heat can be used sepa-
rately. In this study, the experiments were performed
with a 10 W PV module with non concentrated radia-
tions. It is strongly suggested to explore the feasibility
of BSPVT system with concentrating radiations by f lat
reflecting mirrors. In such systems, the heat gain can
be improved by extracting heat from the rear surface of
the PV module.
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