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1. Introduction

In order to increase the efficiency in solar energy applications,
researchers have proposed the combination of two solar
collector and thermal photovoltaic systems in series. By using
combined solar collector and thermal photovoltaic systems,
the output temperature of water can be increased, which
increases the thermal efficiency.

Based on the literature review, the feasibility of using
PVT-ST has been investigated in only one published article
for the city of Shanghai, China. Therefore, it is necessary to
analyze the performance of the PVT-ST system in different
cities in one year to evaluate its potential for use in different
climates and cities. For this purpose, a 2D mathematical model
was developed to evaluate the performance of the system in
terms of thermal and electrical power. Tehran, Abadan,
Baghdad, and Basra were selected for this study due to the
suitable weather conditions and suitable solar radiation for
about a year, which is very suitable for solar systems. A
comparative study was conducted between PVT-ST, PVT and
ST systems and the performance of the system in four selected
cities in six months was investigated, respectively. For the first
time, the effects of using the laminar and turbulent regime of
the PVT-ST system were investigated. And then the impact
proposed system on the selected cities are investigated. The
supply of heating as well as the supply of electricity required
by this equipment was investigated with the help of Carrier
software for a building in four different cities of Abadan,
Basra, Baghdad, and Tehran.

2. Proposed solar system

Figure 1 shows the PVT-ST diagram for the simultaneous
supply of electricity and thermal energy required for a
residential unit. As can be seen, PVT-ST consists of two
separate parts of PVT and ST, which are connected by a
pipeline. The PVT system consists of several layers,
including, from top to bottom, glass cover, PV panel, absorber
plate, pipes and insulation. The ST system consists of a glass
cover on top of the absorber plate to increase solar absorption
by the absorber plate, pipes connected to the absorber plate
and insulation. The solar collector is made of copper with
spiral tubes.
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Figure 1. Schematic of PVT-ST

3. Results and discussion

3.1. Investigating the hourly performance of the PVT-ST
system under laminar and turbulent regimes

In order to understand the thermal and electrical behavior of
the PVT-ST system, the electrical and thermal power
produced on a typical July day in Tehran was investigated. For
this purpose, the hourly outlet temperature of the working
fluid and the temperature of the PV surface are discussed first.
The results are plotted in Figure 2 for different mass flow rates
to consider both quiescent and turbulent regimes. Therefore,
three mass flow rates of 0.00394, 0.00788 and 0.01182 kg/s
are considered for the calm regime and three mass flow rates
of 0.02252, 0.02646 and 0.0304 kg/s are considered for the
turbulent regime. Figure 2 shows that the outlet temperature
increases to a maximum around 11:00 AM for all mass flow
rates, when the system receives more solar radiation. In
addition, the mass flow rate in the laminar regime has a higher
outlet temperature than in the turbulent regime. The 11:00 AM
setting as a baseline for comparison, using a mass flow rate of
0.00394 kg/s, provides an outlet temperature of about 333.16
K, which decreases to 319.1 K (a 4.2 percent decrease) with a
mass flow rate of 0.01182 kg/s. The use of turbulent flow
reduces the outlet temperature even more. However, as the
mass flow rate increases from 0.02252 to 0.0304 kg/s, the
outlet temperature at 11:00 AM only decreases by 0.4%. This
shows that the impact of mass flow rate on outlet temperature
decreases with the increase of mass flow rate, especially in the
turbulent regime.
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Figure 2. The variation of outlet temperatures

3.2. PVT-ST in four cities

Finally, in this section, the performance of the proposed
system is evaluated under weather conditions in Tehran,
Abadan, Baghdad and Basra for six months of the year. It
should be noted that all four cities have hot weather with solar
radiation and high ambient temperature. Moreover, based on
the results for the mass flow rate (comparison of calm and
turbulent regime), the mass flow rate of 0.0304 kg/s was
chosen for this section due to its superiority in creating higher
thermal and electrical power. In general, the proposed PVT-
ST system can achieve satisfactory thermal efficiency
compared to other systems with the same total collector area
under the same operating conditions, while having the same
performance in power generation. Moreover, the proposed
PVT-ST system has better efficiency and performance in
terms of thermal energy, with higher outlet water temperature
than conventional PVT modules, along with energy
generation. PVT-ST system can produce a significant amount
of heat as a partial supplement to buildings.

In checking the inlet water temperature, it can be
mentioned that water with a higher temperature absorbs less
thermal energy. In other words, more thermal energy is
directed to the PV cells, which leads to an increase in the
output temperature and a decrease in the thermal efficiency.
The results show that assuming the use of water inside the tank
(we have considered the temperature of the incoming water to
be equal to the ambient temperature), it can be seen that Basra
has the highest thermal efficiency compared to the rest of the
cities. The intensity of radiation in Basra is significantly
higher than the rest of the cities

4. Examination of the residence building

In this part, we examine the amount of electricity consumed in
the hot quarter of the year, i.e., summer. In this study, we
examined the months of July, August and September. August
has the highest electricity consumption due to the intense sun
and heat. Then, assuming eight parallel systems to supply
electricity to a residential house in the hot quarter of the year,

we compare the electricity production capacity. As Figure 3
shows, in the early hours of the day due to more sunlight and
the lack of use of lighting systems, the amount of electricity
produced before 13:00 meets household consumption well, so
that even the excess electricity can be stored. Moreover, in the
early hours of the day, due to the lack of use of lighting
equipment, the amount of electricity produced is more than the
electricity consumed, and as before, the electricity produced
can be stored until 13:00. But after 13:00 in Figure 3, due to
more use of electronic equipment, the amount of consumption
increases, so that the produced electricity is not able to supply
the home's consumption. As mentioned, due to the minimal
amount of consumption in the early hours of the day, it is
possible to store the produced electricity and use that capacity
during the peak hours of consumption.
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Figure 3. Hourly graph of the amount of electricity consumed in
hot and cold quarters for cooling the house and comparing it
with the parallel system in four different climates

5. Conclusion

In this article, for the first time, the potential and feasibility of
using PVT-ST in relatively warm and moderate weather
conditions (that is, in Tehran, Abadan, Baghdad, and Basra).
The analysis of the working fluid regime shows that the
optimal thermal and electrical efficiency can be obtained in a
turbulent regime. Considering the mass flow rate of 0.0304
kg/s (turbulent regime) in July, the thermal efficiency of ST,
PVT-ST and PVT systems are 85.7%, 78% and 72.9%,
respectively. Finally, the investigation of PVT-ST system
performance in different cities shows that this system can
produce the highest thermal power in Basra. However, the
maximum power generation with an average of 77 watts per
square meter belongs to Baghdad. Finally, the energy supply
of a residential house by combined systems was investigated.
By considering eight combined systems, it is possible to
supply most of the electricity consumed by a residential house,
but it should be kept in mind that during the peak hours of
consumption, this amount of electricity production does not
meet the capacity of the house, which can also be used from
the electricity stored in the battery.
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Feasibility of the Performance of Thermal Photovoltaic Systems in Residential Units in the Climate

of Four Cities of Abadan, Baghdad, Basra, and Tehran in Terms of Energy Saving

Ali Jabri Mohammad Reza Ansari Mahdi Marefat
Abstract In this paper, for the first time, to investigate the potential and feasibility of using PVT-ST in relatively hot and
moderate weather conditions, it has been studied in four different cities and compared with two common solar systems, PVT and
ST. Therefore, the performance of the system is evaluated in terms of the first and second laws of thermodynamics based on the
FORTRAN code, and then using the obtained results to analyze the energy consumption of a residential unit in 4 different cities
using Carrier software. In addition, the effects of the mass flow rate of the working fluid, in both laminar and turbulent regimes,
on the module performance are investigated. Considering the mass flow rate of 0.0304 kg/s (turbulent regime) in July, the
thermal efficiency of ST, PVT-ST, and PVT systems are 85.7%, 78%, and 72.9%, respectively. Finally, the investigation of system
performance in different cities shows that this system can produce the highest thermal power in Basra. However, the maximum
power generation with an average of 77 watts per square meter belongs to Baghdad. Finally, the energy supply of a residential
house by combined systems has been investigated. By considering 8 integrated systems, most of the electricity consumption of a
residential house can be supplied, but it should be kept in mind that during the peak hours of consumption if this amount of
electricity production does not meet the capacity of the house, a fraction of the electricity shortage can be supplied from the
stored electricity.
Key Words Solar collector, thermal photovoltaic system, energy saving, energy in building.
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