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Buildings consume a significant amount of energy worldwide. Therefore, providing a part of this energy consumption with
renewable energy, and reducing energy consumption, can lead to reducing pollutants. Due to the importance of the above-
mentioned points, this work aims to supply part of the required electricity in the buildings by using solar cells in eight climates of
Iran. According to the available photovoltaic modules in the Iranian market, the study has been performed for six different types of
solar cells. Considering the effect of temperature and wind speed on the efficiency of solar cells has made the results of the present
work more consistent with reality. The simulations are performed for 25 years of the project’s useful life using HOMER V2.81
software, and the studied system is connected to the grid. The conclusions displayed that the Passive Emitter Rear Cell Silicon
(perc-si) has the highest efficiency (21.22%-22.8%). Marand station is economically suitable (total net present cost (NPC) of 3180$
for a polycrystalline panel), and Gonbad station is appropriate because of high solar energy production (9183 kWh/year) and low
environmental pollution (12602.9 kg/year). Due to the diversity and breadth of Iran’s climates, the results of the present study can

be used for other areas with similar climates.

1. Introduction

Electricity consumption has recently increased in Iran, and
much of the country’s energy is used in the household sector
as electricity (such as lighting, cooling, or heating). The
growing need for energy resources, the depletion of fossil
energy resources and water from dams, electricity re-
strictions, and attention to reducing air pollution has made
solar energy usage necessary to generate electricity in Iran.
Iran has sunlight with desirable power and is one of the most
appropriate areas for using solar energy [1].

The growth of energy consumption and uncontrolled use
of fossil energy sources, which has increased the price of
fossil energy carriers, increased pollution, and degraded
environmental resources, ozone depletion, and global
warming due to greenhouse gas emissions, is the reason for
attention to renewable energy in different countries.

Renewable energy, such as solar energy, is available in most
parts of the world and is inexhaustible [2]. The development
trend of solar energy in the world from 2014 to 2020 is
shown in Figure 1 [3]. As shown in Figure 1, solar energy is
the number one renewable energy used in the world.

The household consumption of the world’s energy is
close to half of its consumption. This consumption of energy
demand has made homes the largest energy consumers and
significant sources of CO, emissions and environmental
pollution [4, 5] since architects should design efficient
buildings with less energy consumption for cooling, heating,
and lighting and reduce the emission of environmental
pollutants [6].

Photovoltaic is one of the best ways for solar energy
usage. Although photovoltaics have many applications in
various fields, today, the use of photovoltaic systems is more
in the architecture and construction industry fields.
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FIGURE 1: Annual increase in renewable energy capacity by various technologies for the years 2014-2020 [3].

Advances in technology and the need to save energy in the
world have led to more and more photovoltaic integration
with architecture (to generate electricity). There are many
examples of this in different countries, which are progressing
daily. In other words, photovoltaic is combined with the
building as an element or material. In addition to the ad-
vantages of combining photovoltaic with building elements,
combining it with architecture also has advantages, and it
will not be just an energy source [7]. The initial cost of an
integrated photovoltaic system is lower than that of more
common nonintegrated systems because we can purchase
inexpensive materials and turn off some BIPV module
functions [8]. Protection against inclement weather condi-
tions, light refinement, reduced heat loss, and no need for
space to install modules are some of the other unique
characteristics of BIPV in buildings in contrast to other
photovoltaic methods [9]. Therefore, BIPV is one of the most
popular and growing systems in the photovoltaic industry.

One-third of the renovation projects belong to BIPV,
while the rest new projects. About 50% of the BIPV com-
ponents are installed in the facade, 30% in the roof, and the
rest is a compound of the roof and facade [10]. In 2019, about
9% of the photovoltaic (PV) world trade and the building
industry were related to BIPV, which needed more attention
[11]. It is expected that about 11,600 million will be invested

in this sector in 2027. Most of the investment will be made in
the commercial and domestic, and only a slight fraction of it
will be invested in the industrial sector. In Iran and the rest
of the world, despite passing laws to reduce energy waste in
buildings, architects’ ignorance of new materials and tech-
nologies and mismanagement of construction policies have
marginalized BIPV usage in architecture [12]. The BIPV
usage in Iran is perfectly reasonable because most regions of
Iran have noteworthy radiation potential [13, 14].

In recent years, much research has been conducted on
optimal solar energy usage and popular methods of using
solar radiation, and photovoltaic cells have been used to
convert it into electricity [15]. PV system performance
depends on its essential characteristics, and environmental
issues, such as ambient temperature and wind speed, play
significant roles in photovoltaic operation [16]. Due to the
change in radiation intensity at different times, it is no-
ticeable that the energy production by solar cells also
changes [17]. We provide an overview of the latest research
on BIPV usage in various countries as follows.

Jahangiri et al. analyzed different types of BIPV in terms
of energy-economical-technical in different climates of Iran
and finally ranked the investigated stations [18]. Their results
showed that investment return time has the most weight
among the calculated parameters. The ranking results
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showed that Jask and Ramsar are the most appropriate and
inappropriate stations. Finally, the ranking results were
verified by several other methods.

Ting et al. simulated a BIPV at Swinburne University,
Malaysia [19]. The results showed that 320,000 kWh of
electricity per year is required and 39,715 kWh of produced
electricity is sold to the grid, and the resulting income is
11,915 RM. The investment ratio is 33.9%, and the in-
vestment return period is 14 years.

Rahmati Dehkordi and Jahangiri in Iran, using HOMER
software, have evaluated technical-energy-economic-
environmental BIPVs in Abadan. Using sensitivity analysis,
they considered system losses, the azimuth, and the slope
effect on the solar-cell performance. The results indicated
that the PV-grid system is the most economical choice. In
addition, the conclusions show that a 30° slope angle and a 0°
azimuth angle were the most suitable angles, and the price
per kWh of the generated electricity in this condition was
0.09 $. Based on the conclusions, the southwest direction of
the building is the most appropriate direction to use the solar
cell in the vertical wall, and the western in the form of sloped
PVs with windows [20].

Using PVsyst and HOMER, Ni et al. designed an eco-
nomical BIPV in China [21]. They considered the building’s
geographical location and load characteristics and then
chose the appropriate PV module and required area. Then,
using HOMER, they estimated parameters such as battery
life, assembly, and operation costs. In conclusion, they in-
dicated that a system comprising 6 kW solar cells with a total
NPC of 22,326 $ can generate solar energy for 0.406 $
per kWh.

Abu Bakar et al. [22] analyzed the effect of temperature
and wind speed on solar photovoltaic modules (PV) at
Bahawalpur, Pakistan, for heater junction thin film with
different brands and power. The results show that in
modules with various powers, the efficiency changes due to
wind speed are about 1 to 2%.

Radziemska investigated the effect of temperature on
output power and other electrical characteristics of photo-
voltaic panels. This study showed that the power of silicon
photovoltaic panels decreases by 0.65% with an increase of 1
degree Kelvin, and the efficiency of this panel reduces by
about 0.08% [23].

Ramanan et al. assessed the performance of a grid-
connected BIPV for home use in southern regions of India
[24]. Using HOMER, they investigated the effect of solar
modules’ slope and the azimuth angle. Their results in-
dicated that the facade and east wall are the optimal
orientation for solar module installation, while the south
wall is appropriate for the sloping roof. The cells installed
in the west, east, and south directions generated
1,150 kWh, 1,198kWh, and 1,050kWh of electricity,
respectively.

In reference [18], ranking has been carried out to
determine the optimal climate conditions, and on the
other hand, the effect of different solar cell technologies
and wind speed on the solar cell system’s performance has
been neglected. Reference [19] only concentrates on
energy-economic  performance, disregarding the

investigation of climate effects, solar cell types, and wind
speed. Moreover, this study overlooks environmental
considerations associated with the subject. In references
[20, 21], different climates have not been investigated, and
the effect of different solar cell technologies and wind
speed on their performance has not been investigated. In
reference [22], the effects of wind speed and solar cell
technology type on PV performance across various cli-
mates have not been investigated, and the focus has
remained solely on one station. In addition, the place
under investigation was not Iran. In reference [23], the
effect of temperature was exclusively investigated and
disregarded the effect of wind speed on the efficiency of
solar cells. The investigated location is also different from
the present study, and various climates have not been
investigated. In reference [24], the effects of orientation
and azimuth angle of solar cells have been explored, while
overlooking the effect of wind speed, climate type, and
different solar cell technologies. In addition, the in-
vestigated location is different from the present study.

For the first time in the present work, we investigated
the effect of environmental parameters, such as ambient
temperature and wind speed in various climatic regions of
Iran, on the performance of the photovoltaic module. In
this study, we performed an analysis using HOMER V2.81
software. According to the studies, more needs to be done
to study the use of BIPV in different climates of Iran.
Therefore, in the present work, the investigation of the
data of the 20-year average of 8 regions of Iran and
technical-energy-economic-environmental analyses has
been performed. Moreover, due to the availability of
various solar modules in the Iranian market, the effect of
using different modules on the performance of BIPVs has
been investigated.

2. Methodology

2.1. Effect of Temperature and Wind Speed. One of the ef-
fective parameters on the performance of BIPV is the wind
speed because the photovoltaic panel is in direct contact with
the environment. Wind speed distribution probably has
a noteworthy effect on huge BIPV facilities; however, it has
yet to be well considered [25]. Since air temperature depends
on solar radiation and radiation levels are different in winter
and summer, ambient temperature can be a reference to
study the effect of solar radiation and wind [26]. The effi-
ciency of the photovoltaic module is a function of the
temperature given in the following equation [27]:

Hov = Mre [1 - B X (TPV - Tre) + 7y xlog 10 x Intensity].
(1)

In equation (1), #, is the electrical efficiency of the solar
module at the desired reference temperature T,.. .. and y
are different coeflicients for different module materials [28],
such as 0.0045K and 0.12K for crystalline silicon PV
modules. We assumed y = 0 for most materials. We calculate
the module temperature (T,,) [22] using the following
equation:
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ov=Ta 300 x Intensity x

The focus is on wind speed and the effect of temperature
to achieve efficiency in the present work. In equation (2),
T,y solar module temperature, using ambient temperature,
T ,, nominal operating temperature of the solar cell, Tyocr»
which is higher than ambient temperature, PV cell tem-
perature under the standard test conditions, Ty (in degrees
Celsius), and wind speed is calculated. 7« is considered
a constant value (transfer coeflicient to absorption) equal to
0.9. h,, is the wind coefficient determined by the following
equation [29]:

h, =8.910+2xV), (3)
In equation (3), V), is the wind speed at the height 10m
above the ground in terms of m/s. In equation (2), h,, yocr 18
the wind coefficient at wind speed 1 m/s, approximately. The
parameters used for the above equations (different types of
solar cells) are listed in Table 1.

2.2. Effect of Different Types of Solar Photovoltaic Panels.
Today, solar panels in the market are divided into four main
types: monocrystalline panels, polycrystalline, passive
emitter rear cells, and thin-film panels. Crystal panels are
made of silicon, but thin-film panels are produced through
thin layers of various materials, including cadmium telluride
(Cd-Te), amorphous silicon (a-Si), and microcrystalline
silicon (uc-si). In Table 2, the performance of the used solar
panels is shown. Moreover, according to the research, the
types of solar panels available in the Iranian market are
shown in Table 3. It should be noted that the average cost per
watt of solar cells has been received by an inquiry from
Amazon and domestic companies (Dadman Yazd and Sanat
Bakhsh). The selected solar panels are compared in terms of
their advantages and disadvantages in Table 3.

3. Investigated Climates

In Figure 2, the different climates of Iran and the areas
covered by them are shown. According to Figure 2, the eight
climatic zones in Iran are very cold, cold, temperate and
rainy, semitemperate and rainy, semiarid, hot and dry, very
hot and dry, and very hot and humid. Considering that this
work aims to investigate the effect of climate on the per-
formance of BIPVs, we have selected the cities of Marand,
Shahrekord, Rasht, Gonbad, Yazd, Zahedan, Abadan, and
Bandar Abbas for very cold, cold, temperate, and rainy
climates semitemperate and rainy, semidry, hot and dry,
very hot and arid, and very hot and humid, respectively.

The weather data for solar radiation and wind speed are,
on average, over 20 years [31] and were extracted from the
NASA site.

hIZNOCT X<1 - Iste (1 - Bsre x TSTC))'

(2)
w(v) T.¢

4. HOMER Software

HOMER software is a simulator of combined cycle systems
and renewable energy. HOMER is produced and developed
by the National Renewable Energy Laboratory. HOMER can
provide possible modes of rearrangement of production
systems for the defined loads in the system. In this software,
a model of a microgrid system can be presented in which
new types of renewable energy generators, including wind
turbines, solar cells, fuel cells, electrolyzes, hydrogen tanks,
and batteries, along with conventional fossil sources such as
gas power plants, diesel, and hydrogen as a hybrid can be
used. HOMER simplifies the design of grid-connected or
grid-independent power generation systems in various ap-
plications. The feasibility and economic optimization of the
combined renewable energy systems, including solar and
wind energy, can be conducted using HOMER. It can be
used to measure hybrid systems based on current net costs.
In addition, the software can perform sensitivity analysis for
variables with indeterminate values. HOMER software al-
lows us to examine the effect of changing a variable on the
entire system [32]. HOMER software can computationally
simulate and optimize solar, fuel cell, and biomass hybrid
energy and design solar wind hybrid power plants [33, 34].

The battery model used in the simulation is Trojan T-
105. Its price of buying, replacing, and annually operating
and maintenance is $174, $174, and $5, respectively [35]. For
an electric converter with a useful life of 10years and an
inverter and rectifier efficiency of 90% and 85%, respectively,
the buying, replacing, and annual operating and mainte-
nance price is $200, $200, and $10 [36]. In the purchase/sale
of electricity to/from the grid, a three-time tariff has been
used. The purchase price of each kWh of electricity from the
grid for peak, normal, and off-peak times is $0.012, $0.007,
and $0.005, respectively. These values for selling electricity to
the grid are $0.076, $0.045, and $0.032, respectively. The
penalty of produced pollutants for each ton of CO,, CO, SO,
and NO, is considered to be 3.1$, 5.7, 560$, and 1849,
respectively [37]. Due to the effect of temperature on the
performance of solar cells, the average temperature of each
station has been used in the simulation.

In terms of scale and technical aspects, a 5kW rooftop
solar power system in a residential complex connected to the
grid has been investigated. According to Figure 3, the av-
erage power and peak consumption of this residential
complex are 73 kWh/day and 12.6 kW, respectively.

5. The Governing Equations

In HOMER, equations (4)-(9) are used to assess the air
clearness index and the generated electricity by photovoltaic
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TaBLE 2: Comparison of selected solar panels based on price.

Panel Average cost per watt ($)
Passive emitter rear 0.32
Monocrystalline 0.3
Polycrystalline 0.27

CdTe 1.1

Y c-si 11

a-Si 1

TaBLE 3: Comparison of selected solar panels based on efficiency [30].

Panel Efficiency
Passive emitter rear Highest level of efficiency (5% higher than monocrystalline panels)
Monocrystalline 14%-22%
Polycrystalline 13%-19%
CdTe 13%-18%
Y c-si 10%-12%
a-Si 6%-10%

Turkmenistan

Iran Climate Guide

[ Semi moderate & Rainy
Moderate & Rainy
Cold

Very cold

Pakistan Very hot & Humid

Very hot & Dry
Saudi Arabia Hot & Dry

Semi arid

9

FIGURe 2: Climatic divisions of Iran and investigated areas.
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cells [38, 39]. The geographical location and the average
monthly radiation data of the investigated areas are used in
these calculations as follows:
24 x 60
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2nn
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365
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w, = Arccos(—tan ¢. tan §), (7)
— H
kT == (8)
H oh
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According to the efficiency of HOMER software and the
total NPC parameter, various structures containing the
lowest NPC would be ranked [40, 41]. Due to the un-
certainty, the software can perform sensitivity analysis for

parameters such as losses because of dust, wiring, and
shading and the intensity of radiation reaching the surface of
photovoltaic cells. Economic assessments in HOMER are
carried out using the following equations [42, 43]:
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In HOMER, if the net monthly electricity is calculated,

“CRE(iR_Y the total annual energy cost is assessed through the following
(5 Ryro) ; .
equation [43]:
. N
i(l+1
crp = FD
(1+i)" -1
(10)
i
i=—
1+ f
COE = Cann,total
ELoad served
rates 12 p ec ) ifE. . . >0
C _ net grid purchases.i.j ~ “power.i> net grid purchases.i.j = > 11
grid. energy — Z E . ifE <0 ( )
i net grid purchases.i. j Csellback.i> 1 Lnet grid purchases.i. j :

The mentioned includes selling/buying electricity to/
from the national electricity grid every month for one year.
Positive (or zero) or negative of buying electricity from the
grid are two conditions of this equation. The purchase price
of electricity from the grid is different from the selling price
of electricity to the grid.

6. Results

In Table 4, the wind speed effect on the output efficiency of
the investigated panels is shown. As equations (1)-(3), ef-
ficiency depends on wind speed and ambient temperature.
According to the results, the crystal passive emitter rear cell
is the most efficient, followed by the monocrystal and
polycrystal panels. Also, the lowest efficiency is related to a-
Si panels and silicon microcrystals. Various panels have been
studied due to the price of each kWh of electricity produced
in the eight climates of Iran. It should be noted that these
panels are popular in Iran, and the conclusions of the present
work can be used as a guide for making the right decision in
the field of solar energy.

According to the results, the highest efficiency, 22.8%, is
related to the crystal passive emitter rear cell and Bandar
Abbas city. Also, Marand city and the a-Si panel, with an
efficiency of 5.53%, have the lowest efficiency among the
investigated panels and cities. Since weather conditions such
as humidity and dust affect solar cells’ efficiency, the effects
of wind speed and temperature have been studied. If the
wind speed increases and ignores the dust effect, the solar
cell efficiency increases. Increasing wind speed cools the
solar cell and increases efficiency. This effect also depends on
the weather conditions and the type of cell.

Table 5 shows how various technologies influence
electricity generation in different climates. When priori-
tizing PV technologies across different climatic regions, it
becomes evident that passive emitter rear technology is the
most suitable option due to its consistently superior elec-
tricity generation across all climates. Following closely be-
hind, monocrystalline and y c-si technologies have the

second and third positions, respectively, in terms of solar
energy production across all climates. Conversely, the results
of Table 5 indicate that a-Si, polycrystalline, and CdTe
technologies are less favorable choices, ranking the lowest
due to their limited electricity generation capabilities in
different climates. As a general result, it can be said that the
effect of different solar cells in different climates of Iran is the
same and the difference is only in the generated electricity in
each climate. This result is particularly important in
choosing and prioritizing PV technologies based on different
weather conditions in Iran.

The results of energy, economic, and environmental
parameters for all six panels and all eight investigated sta-
tions are presented in Table 6. Based on the results, the panel
that has been selected as the most suitable panel has the
lowest total NPC among the desired panels. Therefore, the
polycrystalline panel in Marand city has the most suitable
total NPC price. Moreover, CdTe and silicon microcrys-
talline panels with total NPC = $7330 have the highest value
and, therefore, are the most unsuitable. The amount of
generated solar electricity is an important parameter, and
this, produced by the crystal passive emitter rear cell, is the
highest in Gonbad station. Also, the most appropriate values
for the parameters of the least electricity purchase from the
grid and the most electricity sales to the grid are at this
station. The environmental analysis results show that pol-
lution is produced because of the grid electricity usage. The
lowest emitted pollution, 12,602.9 kg per year, is related to
Gonbad city and crystal panels with inactive emitter coating.
According to Table 6, the simulation results and data
analysis for different types of solar panels and eight climatic
zones of Iran have been studied. The results show that, for all
cases, using an on-grid network is the most optimal and
cost-effective option. Investigation of the parameters of the
lowest total NPC, highest PV production, lowest purchased,
highest sold, and lowest emission for different types of solar
panels and the studied cities shows that Gonbad is the most
suitable station in a semitemperate and rainy climate. Based
on the results, the lowest price of solar energy produced is
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TaBLE 4: The effect of wind speed on the output efficiency of different panels in the investigated areas.

Efficiency (%)

Git Ambient temperature ~ Wind speed Passi it

Y © (m/s) Monocrystalline  Polycrystalline asswrz:rml ' asi CdTe pc-si
Abadan 25.90 3.1 18.05 13.87 22.54 59 10.65 9.47
Babol 13.56 39 17.09 13.11 21.69 5.6 10.06 8.94
Bandar Abbas 26.96 6.0 18.27 14.01 22.80 6.03 10.72 953
Gonbad 15.23 4.6 17.25 13.24 21.53 571 1015 9.97
Marand 8.84 4.3 16.71 12.82 21.22 553  9.84 8.75
Shahrekord 13.88 4.2 17.13 13.14 21.74 5.67 10.08 8.96
Yazd 18.84 52 17.57 13.48 22.31 581 10.33 9.18
Zahedan 18.23 33 17.45 13.39 22.14 5.78 10.28 9.85

TaBLE 5: The impact of different technologies on the amount of solar electricity produced in each climate.
City a-Si CdTe Y c-si Monocrystalline Passn;ef;:mtter Polycrystalline
Abadan 8363 8431 8451 8492 8529 8430
Babol 6943 6990 7003 7032 7059 6989
Bandar Abbas 8591 8662 8682 8726 8765 8660
Gonbad 9010 9081 9109 9144 9183 9080
Marand 8874 8940 8959 9000 9039 8939
Shahrekord 8708 8775 8794 8734 8874 8773
Yazd 8719 8787 8807 8849 8890 8786
Zahedan 8375 8437 8461 8493 8530 8436
TaBLE 6: Simulation results of different types of panels in the studied areas.
Panel Min total Max PV production Min purchased Max sold Min emission
NPC ($) (kWh/year) (kWh/year) (kWh/year) (kg/year)

Monocrystalline 3329 (Marand) 9144 (Gonbad) 21117 (Gonbad) 1299 (Gonbad) 12606 (Gonbad)
Polycrystalline 3180 (Marand) 9080 (Gonbad) 21122 (Gonbad) 1297 (Gonbad) 12610 (Gonbad)

Passive emitter rear

3429 (Marand)

9183 (Gonbad)

21114 (Gonbad)

1300 (Gonbad)

12602.9 (Gonbad)

a-Si 6831 (Marand) 9010 (Gonbad) 21128 (Gonbad) 1296 (Gonbad) 12615 (Gonbad)
CdTe 7330 (Marand) 9081 (Gonbad) 21122 (Gonbad) 1297 (Gonbad) 12609.9 (Gonbad)
Y c-si 7330 (Marand) 9109 (Gonbad) 21120 (Gonbad) 1298 (Gonbad) 12607.9 (Gonbad)

$0.021/kWh. The results also show that the polycrystalline
panel is the most suitable for the studied areas because of the
lowest total NPC.

Figure 4 shows the cash flow diagram for the Marand
station, the most economically suitable station for using
polycrystalline solar cells. This figure shows that $1,750 was
paid for purchasing a solar cell and an electrical converter in
the first year. There is an annual cost of operating the
equipment and buying electricity from the grid. In the 10th
and 20th years, the price of replacing the electrical converter
is added to the expenses. In total, the cost of the salvage of
200 $ is positively considered for the remaining useful life of
the converter.

In Figure 5, the average monthly electricity production is
displayed. The results show that 30% of the produced
electricity is solar, and the grid supplies 70% of the
remaining. According to the results, the most purchased
electricity from the grid is in December, when solar cells
produced the least electricity.

7. Future Works

In continuation of the present work, various aspects can be
examined, such as the impact of weather changes on the
performance of different solar cells [44], the use of artificial
intelligence in selecting more suitable solar cells [45], the
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FIGURE 5: Average monthly electricity production for Marand station.

amount of green hydrogen production by each type of solar-
cell technology [46], supplying electricity for electric vehicles
[47], combining solar cells with heat pumps [48], and in-
vestigating emerging energy sources and comparing them to
the actual state [49].

8. Conclusion

The use of solar cells in buildings, such as BIPV, has been
one of the fastest advances in the last decade. It should be
noted that considering the effect of temperature and wind
speed on the solar cell’s efficiency in various climates of
Iran, along with the effect of solar-cell type, has yet to be
considered. Therefore, this work aims to investigate the
above parameters by HOMER V2.81 software for house-
hold use. The results show that the highest and lowest solar-

cell efficiencies are related to crystal passive emitter rear
cells (22.8% Bandar Abbas) and a-Si solar cells (53.5%
Marand), respectively. The highest efficiency among the
studied stations is related to Bandar Abbas, which has the
highest wind speed. The lowest total NPC, 3,1808, is related
to the Marand station and polycrystalline solar cell. The
highest rate of solar electricity production, 9,183 kWh/year,
is produced in Gonbad station. The lowest electricity
purchased from the network (21114kWh/year) and the
most electricity sold to the network (1300 kWh/year) is
related to the Gonbad station. Also, regarding CO,
emissions, Gonbad station is the most environmentally
friendly station, which emits 12602.9 CO, annually. Finally,
the results of the present work can be applied to all similar
climates in other parts of the world by analyzing the results
and using up-to-date data.
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Nomenclature

Cann,total:

H:

Cgrid,energy:

net grid purchases*

Annual interest rate (%)

Annual inflation rate (%)

Nominal interest rate (%)

Capacity recovery factor (-)

Lifetime of project (year)

Clearness index (-)

Derating factor (%)

Solar constant (0.082 MJ/m?-min)
Output power of solar cell under standard
conditions (kW)

Incident radiation on the cell’s surface on
a monthly basis (kW/m?)
Extraterrestrial radiation (M]/mz—day)
Output power of PV cells (kW)
Inverse relative distance earth-sun
Total annual cost ($)

Monthly average daily radiation on

a horizontal plane (M]/mz—day)

Total annual energy charge (kWh)

The net grid purchases (grid purchases
minus grid sales) (kWh)

COE: Levelized cost of electricity ($/kWh)

Cpower: The grid power price ($/kWh)

PV: Photovoltaic

BIPV: Building integrated photovoltaic

Ejoad served: Real electrical load by system (kWh/year)

h,: Wind convection

L Irradiance

T,: ambient temperature

Hrpgrc Incident radiation on the cell’s surface
under standard conditions (1 kW/m?)

T, Cell/module temperature

Vi Wind speed measured 10 meters above the
ground (m/s)

STC: Standard test condition

NOTC Nominal operating cell temperature

ws: Sunset hour angle (Radian)

n: Number of days during the year (-)

@: Latitude (Radian)

o: Declination of the sun (Radian)

B Temperature coeflicient of maximal power
of the solar cells

n: The efficiency of the solar cells

T The transmittance of the cover system

o The absorption coefficient of the solar cells

N: Useful life-time (year)

NPC: Net present cost ($).
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All data used to support the findings of this study are in-
cluded within the article.
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