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Introduction

This paper introduced the advances and disadvantages of hybrid
photovoltaic collector. After explain about detailed efficiency
analysis, the further section is focused on performance differences
of hybrid- and flat plate collector. Initially the solar system which
was installed in the Department of Physics and Process Control,
Szent Istvan University is presented. The aim of this work is to
study the behaviour of hybrid collector under different load test.
The most important measured parameters and settings of the
experiments are introduced. Preliminary standards and evaluation
of performance reviewed.

At the Department of Physics and Process Control, Szent Istvan
University, Gédoll6 various solar applications were installed for
educational, demonstrational and research purposes, such as PV
and solar thermal units, transparent wall insulation and solar dryer
unit. The term PV/T refers to solar thermal collectors that use PV
cells as an integral part of the absorber plate (Zondag, 2008). The
PV/T system can be segregated into two parts, the thermal solar
technology what converted the solar energy into heat, and the
photovoltaic technology which derived from solar cell technology
and convert the solar radiation into electricity. The hybrid
collector can reduce the main problem of photovoltaic systems,
the high temperature of the solar cell effects reduction in the
efficiency. In order to solve that problem and get more efficiently
system it is necessary to cool the PV cell and decrease its
temperature.

Calculation method

The PV/T, combining PVs into the solar thermal module,
indicates a new direction for renewable energy utilizing. The
examination of PV/T (installed in 2011) is performed in this
paper. The solar energy technology has many advantages and
disadvantages comparing to the conventional energy. The PV/T
module can collect solar energy at different brands of the
spectrum and lead to energy and exergy efficiency (Zondag et al.,
1999). Sum ofthe collector’s thermal efficiency (r|th) and the PVs’
electrical efficiency (rle) gives the overall efficiency (Eq. 1).
Hybrid collector efficiency is defined as the ratios of useful
system heat gain and electricity gain to the incident solar
irradiation on the collector’s absorbing surface (Chow et ah,
2009) and is written as follow:

M,,=bH+Db 1

Efficiency of PV/T collector

Efficiency of hybrid collector is given by a thermal and an
electrical part in this period the separate theory of efficiency
determined.
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Thermal efficiency

The steady state thermal efficiency of a traditional flat plate solar
collector is calculated by:

By calculating the specific heat (Q,,) the useful collected heat
from solar radiation could be determined as the multiplied by
mass flow rate (m), capacity of flowing medium (Cp) and
temperature differences ofworking fluid (Tt- inletand TO- outlet
temperature of working fluid).

Qu=mCp(T0-T,)

The difference between the heat losses and the useful solar
radiation:

Qu=Ac[I{Ta)-U,Xtpm-ta)-Qe] 4

In Eq. 4 a more complex determination of specific heat can be
seen where Ac is the surface of the collector,ta is the
transmittance-absorption effort of glazing cover, UL.is the overall
thermal loss coefficient, Qeelectrical energy generated from the
PVs, tpmis the absorber plate temperature. Hottel and Wilier
developed the equation of flat plate collector (Hottel et al, 1958).
Because it is hard to measure or calculate the temperature of
absorber plate as it is a complicated function of incident solar
radiation, different collector geometry and attribution ofworking
fluid. It is important to notice that the equations are correlated to
the solar collector formation (as cylinder or rectangular shape).
Some geometrical parameters in the equations could vary
correspondingly if the collector shape is changed meanwhile the
basic work principle of the collector remains the same.

Qu=FKA,[IM-U,Xt,-ta)-Qe] 5

The unknown parameters are in the Eq. 5 can be determined
as: FR is the heat-removal factor, ta is the ambient temperature.

Electrical efficiency

The ratio of incident solar radiation to measured output power
(PO) gives the electrical efficiency (r|e) of a PV module is.

As it is mentioned the cells’ temperature is influenced the
electrical efficiency of the PV module, it is decreasing and this
dependence can usually be written as (Duffie et al., 1991):

Ve = VitD~ RfV OfV —*)]

Where the grc is the initial electrical efficiency at reference
temperature, BPV is the cell efficiency temperature coefficient,
the tpv is the PV cell temperature and tre is the reference
temperature of PV cell.
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The generated electrical energy can be calculated as follows:

Qe -P 0~ VelAC 9

Results and discussion

Performance of solar equipment is depending on the
environmental factors, the design of the collector or PV module,
materials used in it, etc. The main factors which are impact on
the lower thermal efficiency ofa hybrid collector when compared
with a thermal collector were identified (R. M. da Silva et al.,
2010). Among others due to the imperfect adhesive between
additional thermal resistance and the encapsulation, the high
reflection losses still appeared, energy is transmitted to the
electrical production, the lower quality of absorber plate. The
lower electrical efficiency when compared to a photovoltaic
collector is due to the optical losses in the glass cover. A
sensitivity analysis were carried out it can be seen on Fig. 1 The
graph shows that the emittance of the solar cells is the most
important factor in heat losses. It was verified that the angular
dependence of optical properties related to the components of the
radiation must be taken into account. Otherwise there can be an
overestimation on electrical and thermal efficiencies in the order
of 2%.

Figure 1 Sensitivity analysis on PV/T
(R. M. da Silva et al., 2010)

Many factors have effect on performance ofa solar equipment
installation, such as: shading, corroded parts, contaminations,
accessories failure, objects on solar panels, cell density, duct
depth, length of collector, inlet temperature ofworking fluid, flow
rate etc. Based on observations of experiment and literature it can
be concluded that the liquid based photovoltaic thermal collector
systems has better indexes in performance than air based systems
(Daghigh et al., 2011). During the experiment the hybrid module
was let to warm up to about 50°C, and in between the electrical
output was measured (voltage and current) on a load. Meanwhile
the test hybrid collector worked on a separate liquid circle, where
the water was cool down by a special cooling system to around
10°C. By this way PV/T module temperature was dropped and
the power change were measured. It can be seen from the
following diagram (Fig. 2), that the about 10°C of drop in the
module temperature caused about 1percent of efficiency increase.
It is important to notice, the PV module was not operated at its
MPP during the measurement.

dT dv dT
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Figure 2. Rate of the module temperature and useful solar
energy ofa PV/T collector

By the equation above (Eq. 10) specified thermal performance
determined with a comparison of the incident radiation power
efficiency. However that value changing when the operating
parameters are changing also, but it is characterized the operation
ofthe device. Based on measurements calculation results can be
seen on Fig. 3.

Figure 3. Thermal performance of hybrid and flat plate
collectors

A comparison of thermal performance made between the
hybrid and flat plate collector. Graph above show that the hybrid
collector thermal performance much lower than the other one.
However, it should be take into account that the hybrid collector
is not specifically designed for domestic hot water. On the oder
hand electrical performance ofthe PV/T collector was compared
to a polycrytalline PV module (Fig. 4).

Figure 4. Electrical performance of hybrid and
polycrystalline
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Conclusions

In this paper, the performance assessment ofa PV/T collector was
carried out. A detailed performance analysis was carried out to
get a complete view of the utilized solar power of hybrid solar
collectors, thermal and electrical parameters, and efficiency of
different parts of PV/T collectors. From the investigation it can
be concluded, that the thermal characteristic of the adhesive and
working fluid flow rate has a considerable impact on the overall
efficiency. In the frame work it can be concluded that the hybrid
flat plate collector can be used to overcome the overheat problem
of the PV system. From our examination on hybrid collector,
based on measurement data it can be concluded that about 10°C
temperature drops on the collector cause one percent efficiency
increase.
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