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Abstract

Itis a well-known fact that the efficiency of the photovoltaic decreases with the increase in the operating Solar
PV panel temperature. Solar Photovoltaic/Thermal (PV/T) technology is a newer solar conversion technology
which would convert the incident solar radiation into usable electrical and thermal energy at the same time. It is
observed that solar PV modules have low efficiencies of not more than 20% that means 80% or more of the total
incoming solar radiation is not utilized and converted as heat which is utilized in raising the operating temperature
of the module. This heat can be removed by passing water from the rear surface of the absorber plate which is
the Solar PV panel. The absorbed heat can be used in low temperature application like drying, space heating,
etc., Thus it is the aim of the present study to go in for the thermal analysis of building integrated solar PV-T
system as a means of energy conservation and environmentally sustainable solution with respect to carbon di-

oxide emissions.
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Introduction

To understand the environmental and ecological challenges that
face humanity, and the economic implications of an adequate response
to these challenges, it is necessary to reconceptualize the relation
between the economy and the environment [1]. The development of
sources of clean energy is an essential part of the approach to improve
energy efficiency and also cut carbon emissions. Solar energy from the
sun yields no emissions which aids in contending greenhouse gases
and global warming. Photovoltaic thermal hybrid solar collectors,
sometimes known as hybrid PV/T systems or PVT, are systems that
convert solar radiation into thermal and electrical energy [2].

Photovoltaic panels convert solar radiation to electricity with peak
efficiencies of 5%-20% corresponding to the type of cell [3]. Considering
almost 90% of our energy is derived from burning fossil fuels, the
carbon emission profile is similar [4]. Greenhouse gas emissions from
buildings primarily arise from their consumption of fossil-fuel based
energy, both through the direct use of fossil fuels and through the
use of electricity which has been generated from fossil fuels. Building
envelope materials including the wall, roof u factors, insulation, glazing
performance and sunshades etc., in building orientation based on east,
west, north and south facades (faces), in the lighting includes reduction
of lighting power density and finally energy efficient HVAC systems
[5]. Thus the aim of the present work is to do the thermal analysis of
a roof integrated solar PVT system and also find out the percentage
reduction in carbon emission annually [6-10].

Experimental

Solar conservatory roof top system considered

Solar PVT roof top system is fitted to a roof space to produce
electricity and also to tap the heat which is used for low temperature
applications as to heat the water in the home can be installed. The
system considered in this study is a room of 1200 sq ft. floor area
and the roof is a roof integrated solar PVT system. Water is used as
the heat removing fluid and the heated hot water is used directly for
low thermal applications. The PV/T roof top system is modeled such
that to achieve maximum energy output by simultaneous electricity
and heat generation and also to reduce the CO, emission generated.

The methods for the performance are taken from energy conscious
buildings by Nayak and J. A. Prajapati. Table 1 shows the various solar
PV/T system parameters considered.

Results and Discussion
Performance analysis

The specific operation condition is set from 6:00 h till 19:00 h.
Data for the ambient temperature is collected from the local weather
station for location Chennai which shows that at 6:00 h the ambient
temperature is 24 degree Celsius and 28 degrees Celsius at 19:00 h with
the peak at 36 degree Celsius 14:00 hours. The fluid flow rate is set to
0.02 kg/s. The inlet temperature of the fluid is considered equal to the

Description Symbol Value Units
Ambient temperature T, - K
Inlet fluid temperature T, - K

Collector width b 0.65 m
Collector area A, 0.65 m
Number of glass cover n 1 -
Emittance of glass cover € 0.88 -
Emittance of plate € 0.95 -
Fluid flow rate m 0.02 kg/s
Fluid thermal conductivity K 0.613 -
Specific heat Cp 4180 -
Transmittance T 0.88 -
Absorptance a 0.95 -
Heat removal factor Fa 0.965 -

Table 1: PV/T solar roof top system parameters.
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ambient temperature. The temperature of the fluid increases with the
increase in the ambient temperature.

Figure 1 shows variation in the inlet fluid temperature and the
outlet fluid temperature with respect to time keeping the mass flow
rate of water constant i.e. equal to 0.02 kg/s. The fluid is allowed to
pass through the pipe from the back of the absorber plate. The fluid
carries the excessive heat of the PV panel thus increasing the efficiency
and the life the PV panel. The water can be circulated using pump
or by natural circulation process. The hot water can be used for low
temperature application such as cooking, bathing, washing, etc. Here
it is assumed that T, =T, where T, =the inlet fluid temperature and is
the T =the ambient temperature, T,  is the outlet fluid temperature.
The maximum outlet temperature is achieved at 14:00 h. The inlet fluid
temperature is 36 degree Celsius and the outlet fluid temperature is
40.07 degree Celsius. The fluid temperature increases by 4.07 degree
Celsius.

Figure 2 shows the plate temperature for the entire day. Cells are
mounted on the absorber plate. Therefore the temperature of the cell
is higher than the plate temperature. Temperature vs. time graph is
plotted. It shows the maximum plate temperature is 39.88°C with cell
temperature of 42.25°C at 14:00 h.

Figure 3 shows the electrical efficiency vs. Cell temperature graph.
As the cell temperature increases, the efficiency of the panel decreases.
Therefore it is necessary to remove the heat from the panel. This will
not only increase the efficiency of the panel, but will also increase the
lifespan of the panel.
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Figure 1: Comparison of inlet and outlet fluid temperature with respect to time.
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Figure 2: Graph showing the temperature vs. time of the day.
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Figure 3: Electrical efficiency vs. cell temperature.
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Figure 4: Carbon dioxide emissions versus electricity generated annually.

To overcome this problem, PVT systems are introduced. The water
passes over the PV back surface preventing the panel from overheating.
Also hot water demand can be met using PVT system. This hot water
can be used for low temperature application such as cooking, bathing,
washing, etc. Thus it decreases the load on the power plant sectors.
It can be seen from Figure 4 that the reduction in the CO, emission
increases as the length of the roof increases.

Conclusion

The study performed under the reduced cell temperature conditions
gives thermal efficiency of 52.45% with a corresponding cell efficiency
of 12.91%.

PV/T regulates panel temperature using a fluid cooling system
creating a balanced system trading off between PV efficiency and
thermal output.

Using this principle it is possible to obtain a higher electrical yield
compared with equivalent base case and PV system and enough free
heat to offset a low energy building’s annual heating requirements.
Because of its cooling-effect on the PV module, this system has a higher
efficiency at a lower cost price than separate similar efficiency of PV
and Solar Thermal systems.
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