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INTEGRATED SOLAR PHOTOVOLTAIC AND
THERMAL COLLECTOR SYSTEM FOR INCREASING
ENERGY EFFICIENCY
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ABSTRACT
One of the challenges facing the world currently is how to minimize energy consumption using fossil fuels due to
the negative socio-environmental impacts and price volatility. One of few approaches is to increase renewable
energy sources such as solar as an alternative clean source to protect the environment, adhere to global and national
policies towards the clean energy development as well as increase energy access, to urban and rural areas.

India has raised concerns regarding the development of renewable energy sources such as wind, hydro, and
solar energy. Integration of a combined photovoltaic and thermal system was considered to transform simultaneous
energy into electricity and heat.

This was done to challenge the low energy efficiency observed when the two solar energy conversion
technologies are employed separately, in order to gain higher overall energy efficiency and ensure better utilization
of the solar energy. Therefore, the notion of using a combined photovoltaic and thermal system was to optimize and
to improve the overall PV panel efficiency by adding conversion to thermal energy for residential and commercial
needs of hot water or space heating or space cooling using appropriate technology.

The PVIT model constructed using water as fluid like the one used for the experimental work, presented a
marginal increase in electrical efficiency but a considerable yield on the overall PV/T efficiency, because of the
stmultaneous operation by coupling a PV module with a thermal collector.

Keywords: Solar Energy,Photovoltaic PV, solar Combined Photovoltaic and Thermal collector PV/T,
Solar thermal system STS, Grid-connected PV systems GcPV’s.

I. INTRODUCTION
This Research Paper is based on two aspects, namely Analytical or Numerical model works, which will entail
experimental work. The principal objective of this research is to enhance low energy efficiency using a
combine PV/T collector type system under local climate, and weather conditions of the North INDIA.
The second objective is to perform analytical or experimental work on the constructed PV/T model.

The purpose of using PV/T liquid system is to minimize energy consumption of fossil fuels and reduce the
negative environmental impacts. It is known that renewable energy sources such as solar energy are an
alternative clean source to protect the environment, decrease dependence on fuel energy and will never end. It
contributes to customers saving on their bills and develops a new business area for the industry to create jobs.
This research may contribute on several aspects listed below:

0 A feasible model evaluating heat and electricity efficiency of PV/T liquid collector for residential house.

O better energy performances that should be gained using a combined PV/T liquid collector.

O Experimental work to evaluate thermal and electrical output efficiency of a PV/T liquid solar collector.

1. PHOTOVOLTAIC (PV) SYSTEMS.

1.1 PV system components:

A Photovoltaic (PV) system also recognized as “Solar cell” can be described as a semi-conductor device
designed to perform the direct conversion of electromagnetic radiation from the sun into electricity. In the
middle of 1970s, PV cells became to be used for power in places where it was too expensive to use grid power,
and in remote areas as well as islands. Today some countries like INDIA, many people are using electricity from
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PV systems than electricity from the main power grid since PV technology is now more efficient and cost less
than ever at generating electricity from sunlight.
The most basic system can use the following components:
0 A “PV Module” which is the power source.
0 A “Charge Controller” to avoid overcharging of the battery if using one.
00 A*Battery” to simply store energy and use when there is no sunlight. It also supplies an extra power to
the load that can exceed the power rating of the PV module or array.
0 A “DC distributor panel” for fuses, switches, or circuit breakers for any protection.
As optional for complex PV systems, other components can be added on the system such as:
0 An “inverter” and “AC distributor panel” which is only used for stand-alone residential system to power
AC loads.
0 A “standby” or a “backup generator” that should instinctively charge the battery at some predefined
minimum state of charge.
00 Other power sources that can operate in conforming to the PV module or the PV array.
Figure 1 below illustrates a basic PV system:
Figure 1: Step/Diagram of Photovoltaic System.

2. COMBINED SOLAR PHOTOVOLTAIC AND THERMAL(PV/T).

The combination of a PV cells and a thermal collector is called a Combined Photovoltaic and Thermal
system (PV/T). These two solar technologies are assembled together because photovoltaic cells performance
decreases while the temperature of the units increases. Therefore, the addition of a thermal collector at the panel
back allows the extraction of the heat from the PV cell with a circulating fluid through the pipe to increase the
cell’s performance. In the case that heating is required for a boiler,the extracted PV heat will also assist to
increase performance. In a PV/T collector or system a PV cell does not only generate electricity, but it can also
serve as a thermal absorber. This justifies the fact that PV/T systems simultaneously produce heat and power.
There are four types of solar collector developed in the field of Solar PVT which are:

0 PV/T Liquid collectors.

O PV/T Air collectors.

0 Ventilated PV with heat recovery.

O PV/T Concentrators.
Therefore, in this paper only water type systems were considered because hybrid water PV/T systems can be
used effectively on the actual season, especially in regions where ambient temperature is usually below 20
degrees like in North India.

3. PV EFFICIENCY.

The PV efficiency is defined as the ratio of energy output from the solar cell to input energy from the sun,
efficiency is the most used parameter to compare the performance of different solar devices. It depends on the
range and intensity of the incident sunlight and the temperature of the PV module. Therefore, the PV efficiency
of the module can be determined as the fraction of incident power which is converted to electricity and is
defined as follow:

Since,

Pox = FF * 1 *V,

ocC

Solar energy radiation ‘ Control panel I

Cold warer Hot warer
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Were,

O I is the current [A].

O V is the cell voltage [V].

O FF is the fill factor.

O Py, is the Input power , which is equal to Py, = A, * E.

0 E is the irradiance on the collector surface [W/ m? ].

[ Ay is the PV module area [m?].
Knowing the efficiency of a panel is important in order to choose the correct panels for the appropriate
photovoltaic system.

3.1. Thermal efficiency.
The thermal efficiency is determined as a function of the solar radiation (E), the input fluid temperature (T;) and
the ambient temperature (T,). The thermal efficiency is calculated by the following equation:

7 = FrA[Ear —U (T _Ta)]
th AE

Where:
O 77, is the thermal efficiency.
0 A is the collector area [m?].
0 Ty is the fluid inlet temperature [°(].

0 Ta is the Ambient temperature [°C].

O rh is the mass flow rate[kg/s].

O P is the heat removal factor.

0 E is the irradiance on the collector surface [W/m?].

0 a is the absorption coefficient of plate.
0 7 is transmission coefficient of glazing.

The thermal efficiency (77,,) of the PV/T collectors was conventionally calculated as a function of the ratio
AT/E
With:

AT = (Tfi _Ta)

3.2. The electrical efficiency.

It is possible nowadays to generate electric power by conversion of solar radiations into electric power. This
technology is known as “photovoltaic" (PV), and this technology relies on the use of cells containing
photovoltaic materials. These cells referred to as solar cells are responsible for collecting and transforming solar
radiation into electric power.

The electricity efficiency depends mainly on the incoming solar radiation and the temperature of PV module
that was used in the tested PVT collectors and is calculated with the following:

I *V,,

SC

Nee = AE

Where:
0 Iy, isthe current [A].

0 1, is electrical efficiency.

0V, is the cell voltage [V].

To maximise the electrical output in this case, the PV module must be at the lower operating temperature under
certain conditions of incoming solar radiation intensity, ambient air temperature and wind speed.
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3.3. PV/T Energy Efficiency Determination.
PV/T modules are more productive with the ability of generating more energy per unit surface area than side by
side PV panels and solar thermal collector. The results regarding the PV/T efficiency can be obtained by

addition since it depends on the thermal and electrical efficiency of the device or the hybrid system.
W +Q
Tovir =MNee T 1hn = T

Where:
00 W is the mechanical work, or the electricity produced.
0 Q is the thermal energy delivered.
0 H is the input energy.

0 e =W /H and Dy =Q/H are respectively representing the electric efficiency and heat
efficiency.

4. EXPERIMENTAL PROCESS.
The experiment of a scale model constructed, and tested PV/T water system was done in the North India. The
experiments parameters were collected for seven (7) days during the period of May 2021 from 8:00am to
18:00pm each day. The solar radiation and atmospheric temperature data were collected from the Weather
Forecast station of Metrological department of India.
The following measurements were collected from the weather station of the department which has been
connected whit a data log monitor located on top of the building roof .

0 Solar irradiation or insolation.

00 Ambient temperature of the location.

00 Wind speed.
The rest of the data were measured manually:

0 Current and Voltage

0 Top and the back temperature of the PV/T device.

0 Temperature inlet and outlet of the fluid.
The PV/T water system was tested to determine its electrical and thermal performances at steady conditions for
various operating temperature. The inlet temperature of water was not constant due to the type of system
implemented “Close loop system", it changes as the outlet temperature changes too. For measuring the load
current and load voltage multi-meters were used separately, besides an error of + 0.3% was considered for all
the measurements. The PV/T collector was operated at a variable mass flow rate during the experimentation.
Digital infrared temperature gun was used to record the top and the back temperature of the panel. For the
determination of system thermal efficiency, the PV/T device was connected with a load to avoid PV module
overheating and to simulate real system operation using the solar radiation that is converted into heat instead of
electricity. All the data related to the electrical and thermal performances of the PV/T were taken with thirty
(30) minutes of interval between the values. This data was used to evaluate the overall efficiency of the PV/T
solar collector water based. Figure 2 shows illustration of the different parameters measured to analyse the
performance of the collector.
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Figure 2: Schema to indicate different parameters measured during experimentation.
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Figure 3: Schema of the PV/T collector side.

I1. RESULTS AND DISCUSSION

PV cells are suffering from low electrical energy efficiency due to the warming of the cells and the
unavailability of low ambient temperature for cooling warm PV cells. Thus, by placing a solar thermal collector
behind a solar photovoltaic PV module, the PV cells can be cooled up while at the same moment recovering the
heat. In fact, the solar collector can return most of the energy that passed through the module that would
probably be lost, then recovering it for useful and productive applications. In this situation, the PV cells were
cooled by solar thermal collector with inlet and outlet fluid flow inside the absorber as shown in Figure 3. The
heat produced by the solar cells was utilized to warm the water under the module in order to control the
temperature of the PV by the flow of the cooling fluid. The hourly variation of the ambient temperature, water
inlet and outlet temperature, solar radiation for the seven days. During the test, the maximum hot water
temperature 44°C of the system was obtained while the ambient temperature was at 38.8°C. The efficiencies
results plotted on the graphs below were based on performance analysis for seven days data obtained. All the
value were recording with an interval of 30 minutes on the days of experiments (from 22nd to the 29th of May
2021). Figures below show the efficiencies results of the collector versus time from the first day to the last day
of experiment. The results on the graphs represent the values of thermal and electrical efficiency at a specific
time of the day.
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Figure 4: Graphical plot of test result of efficiencies (thermal, electrical and PV/T) as function of time
during day 1.

Figure 4 represents efficiencies of four distinctive parameters (Thermal efficiency, electrical efficiency,
PVIT efficiency, solar radiation) with time assessed in Day 1. The results show that from 08:00 to 11:00 am,
Thermal and PV/T efficiencies exhibit increase fluctuation that reached a maximum of 53% that later decreased
to 33% between 11:00 and 11:30 am. Conversely, from 12:00 to 18:00 pm the aforementioned efficiencies
repetitively increased and progressively decreased with PV/T dominating over thermal efficiency. On the other
hand, the solar radiation efficiency shows a parabolic tendency with a progressive increase up to 55 % from
08:00 to 12:30 pm that continuously dropped to 11% between 12:30 to 18:00 pm. Finally, from 08:00 to about
11: 36 Am, the electrical efficiency was 0% and steadily rose to 13% from 11:50 am to 14:00 pm and drastically
dropped to 2% from 14: 30 to 15:30 pm and became constant till 18:00 pm.

Here, the first peak observed at 11am was due the connexion of the load on the circuit to be able to read
the current generated by the PV module. The curves related to electricity and thermal efficiency shown the
performance during the preparation of the experiment before the normal operating system. We also noticed
when the thermal efficiency drops the inlet temperature started to rise from 18° to 20 The designed PV/T was
responding as expected to the solar radiation, the results on the second day of the experiment were expressive
compared to the starting day.

Day 2
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Figure 5: Graphical plot of test result of efficiencies (thermal, electrical and PV/T) as function of time
during day 2.
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The results plotted in Figure 5 show that from 08:00 to 10:30 am, Thermal and PV/T efficiencies exhibit
increase until a value of 44% that later decreased a bit between 11:00 and 12:30 am. On the other hand, from
12:12 to 18: 12 pm the above-mentioned efficiencies repetitively increased and progressively decreased with
PV/T dominating over thermal efficiency. The solar radiation efficiency shows a parabolic tendency again with
a progressive increase from 08:00 to 12:48 pm that continuously decrease to 11% between 12: 48 to 18: 12 pm.
Finally, from 08:00 to about 9: 30 am, the electrical efficiency was 0% and steadily rose continuously from
11:50 am to 14:00 pm and drastically dropped from 14: 00 to 15:30 pm. The highest value on the electrical
efficiency was obtained 18.89%. The thermal efficiency of the PV/T was influenced by thermal condition of
heat exchange parameters such as heat losses and energy useful referred Figure 6.
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Figure 6: Graphical plot of test result of efficiencies (thermal, electrical and PV/T) as function of time
during day 3.

From the recorded data calculated, Figure 6 presents values of four characteristic parameters (Thermal
efficiency, electrical efficiency, PV/T efficiency, solar radiation) with time assessed in Day 3. The curves of
thermal efficiency show a brutal drop point from 48% to 33% between 9:30 to 10:30; and the electrical
efficiency curve shows an intense peak at 13.30pm with an efficiency of 15.09 %. These results are explained by
the presence of the mixture of water in the system. . Also, from 10:30 to 18:00 the Thermal efficiency swings
slightly up and down like between 33% and 36%. The PVT shows the exact intense peak but with greater
efficiency, while the electrical efficiency became quickly efficient compares to on day 1 and 2, reach its higher
value around 13:30 sensibly of 16%.The same observation as Figure 7 was done on the Figure 10 as shown
below, but with slightly differences on the time where the electrical efficiency occurred, the thermal efficiency
dropped and a little change on the solar radiation. The parabolic curve observed from 9:30 to 15:30 on the
electrical efficiency was due to the solar radiation. On the other hand, the thermal efficiency reached a
maximum between 9:30 and 10:30 of 48%, before dropped and started rise to 42% from 11:30 to 18:00. The
maximum value of the PV/T efficiency was observed at 11:00. Moreover, the parabolic increase and decrease
behaviour of solar radiation observed between 08:00 am and 18: 10 pm was due to the angle of the panel facing
the sun.
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Figure 7: Graphical plot of test result of efficiencies (thermal, electrical and PV/T) as function of time

during day 4.
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Figure 8: Graphical plot of test result of efficiencies (thermal, electrical and PV/T) as function of time
during day 5.

In Figure 8, the quick rising of the electrical efficiency observed could be explain by the high insolation
from 9:00 to 17:30, it varied and reached a maximum value of 13%. The thermal efficiency reached its peak to
62% at 10:30.

This can be explained by the usage of a closed loop system because of the mixture of cold and warm
water provoked a rising of inlet temperature which at a certain time of the day does not cool the PV module
anymore to affect the electrical efficiency and the PV/T efficiency. Equally, from 11:00 to 18:00 the PV/T and
thermal efficiencies repetitively increased and progressively decreased with PV/T dominating over thermal
efficiency until the electrical efficiency were nil

© 2021 EPRA IJRD | Journal DOI: https://doi.org/10.36713/epra2016 | www.eprajournals.com [679 |



A ~

L)
SJIF Impact Factor 2021: 8.013| ISI I.F.Value:1.241| Journal DOI: 10.36713/epra2016 ISSN: 2455-7838(Online)
EPRA International Journal of Research and Development (IJRD)

Volume: 6 | Issue: 7 | July 2021 - Peer Reviewed Journal

Day 6

”‘(f“(( )

<
N |
' 4
s
A

Teat day time

Figure 9: Graphical plot of test result of efficiencies (thermal, electrical and PV/T) as function of time
during day 6.

The results on Figure 9 are completely different. Solar radiations dropped at 12pm from 902 W/m? to 785.1
W/m? , with a dramatic slip of the electrical and PV/T efficiencies at 12:30. As the inlet temperature increased
the thermal efficiency decreased and became more or less constant with a peak of 55% at 10:00. The fluctuation
of the electrical efficiency remained very low compared to thermal efficiency, but more important compared to
the previous days with five plotted values over 15% of efficiency. Finally, from 08:00 to about 9:30, the
electrical efficiency was 0% and steadily rose to 13% from 10:00 am to 12:30 and drastically dropped to 0%
from 12: 30 before rise again from 12:30 to 18% and progressively dropped till 18:00 pm.

Day 7

EMiclency o
Insolation W/m2

Test day time

Figure 10: Graphical plot of test result of efficiencies (thermal, electrical and PV/T) as function of time
during day 7.

In figure 10 as shown below, several peaks related on or to the different efficiencies are noticeable,
therefore the reaction which occurs on solar radiations dropped at 12:00, 13:00 and 15:30 lead to the yield
observed for these efficiencies. The Electrical efficiencies are low and not constant compared to thermal
efficiency and it depends more on the solar radiation at the time of the day. Two peaks occurred for the
electrical efficiency with the best efficiency of 19% at 13:00.

In general , electrical efficiency varied between 0% to 18.89%, thermal efficiency from 0.76% to 61.65%
and for the PV/T water solar collector efficiency between 1% to 68% with an average value of 41%., Figures
above are the perfect illustration of it. During testing days, the water got warm to a maximum temperature of
44°C.
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1. CONCLUSION

The impact of low energy efficiency of PV module in the market globally and particular in INDIA
increases the payback period of the system and increase the cost of energy produced. The main objective of this
research was to develop, build and test a solar energy system that can help on resolving the problem of low
efficiency. A literature review on available works, experiments, and analyses of PV/T liquid systems using
water as fluid was presenting a low increase in electrical efficiency but a considerable yield on the overall PV/T
efficiency, because of the simultaneous operation of this system coupling with a thermal collector. Design and
constructed PV/T were described.

The electrical efficiency of the PV/T was obtained from the ratio of the output electricity to the incident
solar radiation with a maximum value of 18.89%. The thermal efficiency of the water PV/T was defined as the
ratio of the output heat to the incident solar radiation with a maximum temperature of water heated at 44°C.
From the PV/T model, it was found that the results of thermal efficiencies were more favourable to be used, this
showed that the effect could not be neglected in the calculation of the global PV/T efficiency. It was also shown
that using water to cool the PVT system could help increase the electrical efficiency to a better performance
with decrease of solar radiations on the PV module.

Additionally, the PV/T presented a considerable yield on the overall PV/T efficiency, because of the
simultaneous operation of the PV module and the thermal absorber even if the results still need to be improved.
The fact of enhanced the energy efficiency on the PV/T will increase the competitiveness of PVT collectors and
utilization of renewable energy devices.

1IV. RECOMMENDATIONS

Future work should have different approaches, especially on the system itself. The principle of using a
coolant should have met the expectation on the electrical efficiency at a certain temperature if the system was
not a closed loop using the same circulating water. The eventual heat capacity of water should be considered
non constant since it can change according to the ambient temperature to determine the mass flow rate. The
celling between the PV module and the absorber should be properly done instead of usage of cheap glue, it will
be probably better to well if the materials choose match. Also extend the period and time of experimentation to
have a strong view during the four seasons (winter, summer, autumn, and spring).

Also, Maximum power Point Tracking can be used to achieve the highest efficiency at different
orientations pf the PV/T module.
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