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Abstract: This study focuses on the effect of climatic and geographical factors on the performance of photovoltaic

systems. For this purpose, 4 different cities (Antalya, İstanbul, Elazığ, and Erzurum) from different climatic zones

according to TS 825 Thermal Insulation Requirements in Buildings were selected. The monthly average global and

diffuse solar radiation of the cities was calculated numerically with the long-term sunshine duration data (between

1990 and 2012) taken from the Turkish State Meteorological Service. The yearly electric energy generated by the grid-

connected photovoltaic systems assumed to be located on the flat roofs of building samples were calculated for each of

the cities. PVsyst 6.2.6. software was employed for the calculation of yearly energy yield. Consequently, the maximum

photovoltaic output was achieved in Elazığ and the minimum in İstanbul. The optimum tilt angles for Antalya, İstanbul,

Elazığ, and Erzurum were obtained as 32◦, 36◦, 32◦, and 35◦, respectively.
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1. Introduction

As a developing country, Turkey meets its energy needs with nonrenewable (fossil) energy sources like natural

gas, coal, and fuel oil. Hence, studies concerning energy generally include measures for the efficient use of these

energy sources [1–6]. However, significant benefits can be achieved by replacing the use of fossil fuels, which are

expensive, at risk of depletion, and cause pollution. While the search for solutions of the energy and ecological

problems of the 2000s is still continuing, the sun is at the forefront of renewable sources.

Photovoltaics (PV), the technology that converts solar energy to electrical energy, has the potential to

become very common in the near future. Developments in the technology that increases efficiency and reduces

costs have given rise to the use of PV in water pumping, solar home systems, communication, satellites, large-

scale power plants, etc. [7]. High power capacity per unit weight, silent operation, no need for an active cooling

system, and easy installation are the main advantages of PV technology [8]. Building-integrated photovoltaics

(BIPV) is one recent solution for buildings’ electric energy requirements. The system can be installed on roofs

(flat/slope), façades, and shading systems of buildings [9].

In the literature, Oluklulu [10] searched the usability of PV modules by investigating the development

and production structure of the energy sector, both in Turkey and on a global scale. Çelebi [11] presented

the possibilities of PV mounted vertical building envelopes in terms of basic design rules. Tian et al. [12]
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investigated the effect of urban climate on the performance of PV modules and evaluated the PV power output

with 3 different models by comparing the results with PV modules in rural areas. Peng et al. [13] discussed

problems of existing BIPV structures. They gave insight into preferences for building integrated or attached

PVs. Finally, they suggested a PV building structure that provides for effective maintenance and replacement

of the PV elements. Urbanetz et al. [14] compared the annual power generation of a curved BIPV on the

rooftop of a carport with an ideally oriented and tilted BIPV system installed on a building’s roof at 27◦ S

latitude. They found that the curved BIPV produced 12% less energy than the latitude-tilted one. Yoo et

al. [15] used BIPV as both a solar shading component and a power generation element. Thus, they achieved

reduced cooling loads through a sunshade PV panel and found that the ideal tilt of the photovoltaic array in

Gihung, Korea, may not be practical when aesthetics, cost, and safety are considered. Glassmire et al. [16]

investigated the effects of PV on electricity consumption requirements and cost at a large-scale facility. Kateris

et al. [17] presented a calculation model for forecasting solar-suitable roof areas in Greece. After analyzing

129 representative buildings with actual measurements, they validated the developed model with 80 building

samples and showed that the model was efficient and provided reliable results. Ioannou et al. [18] developed

a design methodology for the optimum configuration of photovoltaic rows installed on rooftops by considering

the impact of solar and dimensional parameters on power generation. They supported their work with a case

study. Masa-Bote and Caamon-Martin [19] improved a model for predicting the electricity production of BIPV

systems, which takes shading losses into account. The validation of the method was done with real data taken

from 2 similar PV systems placed on the southern façade of the Technical University of Madrid. Kulaksız

[20] suggested an ANFIS model to estimate equivalent parameters of PV modules such as series resistance,

shunt resistance, and diode ideality factor. Güney and Onat [21] designed an automatic voltage regulator fed

by PV cells used to excite a synchronous generator. They also supported their system with a real-life system

application by examining its steady-state performance.

Studies concerning PV technology in Turkey generally deal with local samples. The novelty of this study

is in looking at the issue from a wider perspective and the examination of system performance variations due

to climatic and geographical factors. The objective of this paper is to investigate the potential of different

PV technologies and optimum tilt angles of PV plants due to the climatic and geographical conditions of

Turkey. In Turkey, there are 81 provinces; it is hard to determine the optimum PV system potentials for all of

these locations. In order to limit the application study, we chose representative locations. Although the cities

(Antalya, İstanbul, Elazığ, and Erzurum) were selected randomly, 4 different climatic regions, as determined in

TS 825 Thermal Insulation Requirements in Buildings [22], were taken into consideration. During the selection

process, we attempted to select cities located at different latitudes and as far from each other as possible, which

represented the characteristics of each climatic region. The monthly global and diffuse solar radiation for all

of the cities was calculated numerically with a computer program written in MATLAB by using daily sunshine

duration data for a 22-year period (between 1990 and 2012) taken from the Turkish State Meteorological

Service. The electrical energy generation of the PV installations was calculated with PVsyst 6.2.6 software.

Five different PV technologies were employed to evaluate the PV electrical energy output. The annual electric

energy production of PV plants was identified for different tilt angles varying between 0◦ and 50◦ with 5◦

steps. For determining the exact values of the optimum tilt angles, the same procedure was used for the refined

search among tilt angles between 25◦ and 45◦ with 1◦ steps.
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2. Case study

As a case study, the possibilities of grid-connected PV systems located in 4 different cities in Turkey from

different climatic and geographical areas are presented. Climate zones (according to TS 825 Thermal Insulation

Requirements in Buildings) and certain data of the selected cities can be seen in Table 1. The PV systems whose

energy outputs were calculated were assumed to have been installed on flat roofs of buildings. The available

area for the PV installation was considered to be 500 m2 for each of the samples. The simplified schema of the

PV plants is presented in Figure 1.

Table 1. Climate zones and certain data for selected cities.

Climate zone City Altitude (m) Longitude (E) Latitude (N)
1st Antalya 43 30◦ 42′ 36◦ 53′

2nd İstanbul 30 29◦ 05′ 40◦ 58′

3rd Elazığ 1015 39◦ 14′ 38◦ 42′

4th Erzurum 1893 41◦ 17′ 39◦ 55′

PV Array System User (load)

P

N
PV

Array

U Array

E Array

Inverter

E Over

User

E Needed

E Out Inv.

E Used E Back-Up

Grid

Figure 1. Simplified schema of the PV systems.

Engineers and architects need accurate solar radiation data for enhancing and sizing photovoltaics [23].

It is a vital factor that affects system performance. In this study, the hourly solar radiation of each location

was calculated with the numerical method given in a previous study [24]. Daily sunshine duration data of the

cities for a period of 22 years between 1990 and 2012 were taken from the Turkish State Meteorological Service.

Solar radiation calculations were carried out with a computer program written in MATLAB R2012a software

[25]. The monthly average values of global and diffuse radiation on horizontal surfaces of the selected cities are

shown in Figures 2 and 3, respectively. The monthly average ambient temperatures of the representative cities

are given in Table 2. Premodule losses such as dirt and snow were disregarded during the calculation period.

The default values of premodule losses (0%) were employed for each of the city samples.

A wide variety of PV units produced with different technologies are available today. In this study, com-

mercial modules of 5 different PV technologies on the market (monocrystalline silicon, si-mono; polycrystalline

silicon, si-poly; copper indium diselenide, CIS; cadmium telluride, CdTe; and amorphous silicon, a-si) were

considered.
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Figure 2. Monthly global solar radiation on horizontal surfaces in the selected cities.
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Figure 3. Monthly diffuse solar radiation on horizontal surfaces in the selected cities.

Table 2. Monthly average ambient temperatures (◦ C).

Month
Cities

Antalya İstanbul Elazığ Erzurum
January 9.51 6.31 –0.51 –11.16
February 10.12 6.29 0.74 –9.96
March 12.45 8.19 6.32 –3.13
April 15.79 12.37 11.83 5.21
May 20.65 17.14 17.01 10.50
June 25.66 22.00 23.00 14.79
July 28.59 24.53 27.43 19.17
August 28.30 24.16 26.85 19.37
September 24.59 20.47 21.09 13.85
October 20.18 16.18 14.60 7.65
November 14.50 11.66 6.81 –0.36
December 11.03 8.26 1.99 –7.68
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The technical details of the PV modules are given in Table 3. Siemens Sinvert PVM UL inverters were

used in the simulations. The power output of the triphase 60-Hz inverter is 12 kW and it is capable of delivering

over 98% peak efficiency. Minimum peak power voltage is 125 V and maximum peak power voltage is 450 V.

Table 3. PV modules considered in simulations.

Technology Si-mono Si-poly CIS CdTe a-Si
Manufacturer Solara Generic Wurth Solar First Solar Uni-Solar
Model SM400SP Poly.110Wp 72 Cells WSG 0036 E080 FS-375 PVL-124
Power (Wp) 100 110 80 75 124
Efficiency (%) 12.20 13.84 11.04 10.46 6.37
Voc (V) 21.4 43.40 44 60.30 42
Isc (A) 5.9 3.4 2.5 1.81 5.1
Vmpp (V) 17.80 34.80 35 47.60 30
Impp (A) 5.6 3.15 2.3 1.08 4.1
γ 0.857 1.015 1.494 1.58 4.417
µISC(mA/◦ C) 3.3 1.7 1.3 0.7 5.1
Length (mm) 1087 1335 1205 1200 5007
Width (mm) 557 673 605 600 394
Weight (kg) 8 10.5 11 12 7
Frame Aluminum Laminate Aluminum Laminate Laminate

3. PVsyst software

The yearly energy production of the installed PV systems was calculated with PVsyst 6.2.6 software [26]. It

is based on a one-diode model and capable of performing simplified or detailed analysis. This program is an

effective tool in sizing, simulating, and analyzing PV systems [27–29]. It was developed by the University of

Geneva (Switzerland) and is regarded as a reference in the sector. Although Meteonorm software can generate

meteorological data for locations and this file can be used in simulations, the meteorological data (monthly

average global and diffuse solar radiation on horizontal surfaces, and monthly mean ambient temperature) used

in this study were entered into the program manually. The program has a large database of PV modules,

inverters, and batteries either available or out of circulation.

4. PVsyst calculation method

PVsyst uses Shockley’s one-diode model in describing the operation of a PV module [29]. The model consists

of a linear independent current source in parallel to a diode, a series (Rs), and a shunt resistance (Rsh), as

shown in Figure 4.

The main expression for determining the general one-diode model is written as given below [27]:

I = Iph − Io

[
e

(
qV +IRs
γkNcsT

)
−1

]
− V + IRs

Rsh
, (1)

where I is the current supplied by the module (A), Io is the inverse saturation current, depending on the

temperature (A), and Iph is the photocurrent (A) proportional to the irradiance G, with a correction as a

function of Tc , the effective temperature of the cells (K). q is the charge of the electron (=1.602 × 10−19

C) and V is the voltage at the terminals of the module (V). Ncs , Gamma, and k are the number of cells in
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series, the diode quality factor normally between 1 and 2, and Boltzmann’s constant (=1.381 × 10−23 J/K),

respectively.

RSH

RS

RL

V

I

Diode

Iph

Photocurrent

Figure 4. The equivalent circuit for explaining a PV cell.

The photocurrent varies proportionally with the effective irradiance level and the cell temperature. The

model postulates that the photocurrent is proportional to the irradiation. Variation of photocurrent due to

temperature is low. Thus, Iph is determined with the values given for reference conditions:

Iph =

(
G

Gref

)
· [Iphref +muISC · (Tc − Tcref )] (2)

where G and Gref are effective and reference irradiances in W/m2 , respectively. Iphref is the reference

photocurrent in amperes. Tcref is the reference cell’s temperature (K). muISC is determined as the temperature

coefficient of the short-circuit current.

The expression of the diode’s reverse saturation related to the temperature is given in Eq. (3). Egap is

the gap’s energy of the material. In this study, it is employed as 1.12 eV for crystalline silicon, 1.03 eV for CIS,

1.5 eV for CdTe, and 1.7 eV for amorphous silicon.

Io(T ) = Ioref .

(
Tc

Tcref

)3

.

[
e

(
q.Egap

γk

)
.
(

1
Tcref

− 1
Tc

)]
(3)

The electrical performance of PV systems is strongly influenced by the thermal behavior of the field. This

situation is defined by an energy balance between ambient temperature and cells heating up:

U. (Tc − T ) = α.G. (1− η) , (4)

where α is the absorption coefficient of solar radiation and is assumed as 0.9 in this study. η is the efficiency (%),

and U is the thermal loss factor (W/m2K). U is composed of a constant factor (Uc) and a factor proportional

to the wind velocity (Uv), and expressed as follows. V in the equation is the wind velocity in m/s.

U = Uc + Uv.v (5)

In this study, default values of the PVsyst software proposed for free-standing arrays, Uc = 29 W/m2K and

Uv = 0 W/m2K/m/s, are used. As mentioned in Section 2, the monthly average global solar radiation data

on horizontal surfaces were entered manually. The effective solar radiation on the tilted PV cell surface (G) is
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the sum of beam, diffuse, and reflected components of the solar radiation. PVsyst uses Hay’s model [30] for

the calculation of the beam component and the Liu and Jordan model [31] for the diffuse components. The

reflected component is calculated in relation to the albedo coefficient.

The fundamental formula for the calculation of the electrical energy generated by the PV plant (EPV

(kWh)) is given in Eq. (5), where PR is the performance ratio (given in Eq. (7)) and Pn is the nominal power

of plant at standard test conditions (kW).

EPV = PR.Pn.
G

Gref
, (6)

PR = kθ.kQ.kβI .kγ .kw.ks.ninv, (7)

where kθ is the optical reflection reduction factor, kQ is the quantum efficiency reduction factor, kβI is the low

irradiance reduction factor, kγ is the module temperature reduction factor, kw is the wiring losses reduction

factor, ks is the soiling reduction factor, and ηinv is the inverter conversion efficiency.

5. Results and discussion

The annual electrical energy generated by the grid-connected PV plants was calculated for 11 tilt angles from

0◦ to 50◦ with 5◦ steps. Five different PV technologies (si-mono, si-poly, CIS, CdTe, and a-Si) were employed

separately. As seen from Figures 5–9, the maximum system outputs were obtained with tilt angles varying

between 25◦ and 45◦ . For determining the exact optimum tilt angles for each of the locations, the annual

system production data between 25◦ and 45◦ with 1◦ steps were calculated. In order to shorten the refined

search process, only monocrystalline technology was considered, because the maximum solar radiation and

maximum power output associated with this parameter are obtained by the optimum tilt angle. Hence, the

optimum tilt angle is the same for all PV technologies. The results for the selected cities are shown in the charts

given in Figure 10. In many studies [32,33], it has been claimed that the tilt angle should be equal to the local

latitude for gathering the maximum output throughout the year. As can be seen from Figure 10, annual system

production peaks at the 32◦ slope angle for Antalya and Elazığ, at 35◦ for Erzurum, and at 36◦ for İstanbul.

All of the maximum power generations for the selected cities occurred at different tilt angles from the latitudes.

Although the installed capacities for the same installation area are different, the maximum annual energy

yield is achieved with si-mono technology. This technology is approximately 32.5% more effective than si-poly

technology according to the results of this study. The annual electric energy generated with this technology is

greater than that of the PV plants using CIS, CdTe, and a-si technology at average rates of about 39%, 49.6%,

and 149% respectively for all representative locations.

The maximum output of monocrystalline silicon-based PV plants for the cities located at different

latitudes varies between 124.4 MWh and 108.1 MWh. Although Antalya is closer to the equator and therefore

expected to obtain much more energy, the maximum energy yield was obtained at 38.4◦ N in Elazığ. As it is

known that an increase in the PV module temperature has a negative effect on energy output, the high average

ambient temperatures in the Antalya region decreased the system performance. If the monthly average ambient

temperatures of Antalya and Elazığ were the same, the energy production would be more than 2.17% of the

annual electricity production compared to the current situation. To see the effect of temperature on system

performance, the electrical energy production of a monocrystalline PV plant installed in Antalya was calculated

for different ambient temperature increases. For increases of 5, 10, 15, 20, and 25 ◦ C in ambient temperatures,
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Figure 5. Annual system productions of PV installations

(si-mono) for different tilt angles.

Figure 6. Annual system productions of PV installations

(si-poly) for different tilt angles.
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Figure 7. Annual system productions of PV installations

(CIS) for different tilt angles.

Figure 8. Annual system productions of PV installations

(CdTe) for different tilt angles.
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Figure 9. Annual system productions of PV installations (a-Si) for different tilt angles.
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Figure 10. Optimum tilt angles for the representative cities.

the annual production was reduced by 2.5%, 4.6%, 6.9%, 9.2%, and 11.1%, respectively. The monthly system

outputs depending on ambient temperature increases are shown in Figure 11.
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Figure 11. Energy production variation for different temperatures in Antalya.

For polycrystalline technology, the electrical energy generated in Antalya, Elazığ, and Erzurum was 93.16

MWh, 96.09 MWh, and 91.17 MWh, respectively. However, the peak power output in İstanbul was 81.43 MWh;

this value is nearly 9.45% lower than those of the other cities.

4701
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When the results achieved with CdTe are evaluated, it is seen that the system production decreases to

83.5 MWh in Antalya, 71.7 MWh in İstanbul, 85.2 MWh in Elazığ, and 79.8 MWh in Erzurum. Among the

different technology alternatives, the lowest electric output is obtained with amorphous silicon technology. The

results are 59.84%, 46.82%, 44.19%, and 39.90% less than the outputs obtained from si-mono, si-poly, CIS, and

CdTe PV plants, respectively. These values are nearly half of the yearly electricity production of the other PV

technologies.

When the gradation of the cities in PV power generation are evaluated, it is seen that latitude is an

important parameter in terms of solar radiation. However, in some special situations, climatic conditions such

as ambient temperature (especially high temperatures) will have a greater effect, as seen in the case of Antalya.

İstanbul is warmer than Erzurum throughout the year, but Erzurum is located at a lower latitude than İstanbul.

Thus, the solar radiation intensity and the PV output energy in Erzurum are greater than those of İstanbul.

Specific production of the installation is an important indicator that shows the potential of the system by

considering radiation conditions like orientation, location, and meteorological data. PV installations comprising

different types of PV technologies have different installed powers due to the selected module dimensions and

module powers. Hence, the nominal powers of each of the PV installations differ from each other. As the

specific production is obtained by dividing the produced energy into the nominal power of the array, CIS

technology provides the maximum specific production related to its proportionally low nominal power. The

specific production rates of the PV installation samples for the selected cities are given in Table 4. It is seen

from the table that the highest performance was also achieved with CIS technology as compared with the other

alternatives.

Table 4. Specific productions of the PV installations for the selected cities.

Location Technology
Produced energy
(MWh/year)

Total nominal
power (kWp)

Specific yearly
production (kWh/kWp)

Performance
rate (%)

Antalya

Mono-silicon 124.41 82.5 1508 79.3
Poly-silicon 93.47 60.7 1539 80.9
CIS 90.36 54.7 1651 86.8
CdTe 83.21 52.0 1601 84.2
a-Si 49.99 31.2 1600 84.1

İstanbul

Mono-silicon 108.14 82.5 1311 81.2
Poly-silicon 81.57 60.7 1343 83.2
CIS 77.37 54.7 1414 87.5
CdTe 71.66 52.0 1379 85.4
a-Si 42.99 31.2 1376 85.2

Elazığ

Mono-silicon 127.50 82.5 1545 80.7
Poly-silicon 95.96 60.7 1580 82.5
CIS 92.01 54.7 1681 87.8
CdTe 85.26 52.0 1640 85.7
a-Si 51.53 31.2 1649 86.1

Erzurum

Mono-silicon 120.76 82.5 1464 82.7
Poly-silicon 91.53 60.7 1507 85.2
CIS 85.99 54.7 1571 88.8
CdTe 80.13 52.0 1542 87.1
a-Si 48.41 31.2 1549 87.6

The performance ratio is a useful quality factor and independent from irradiation, and it does not represent

the amount of produced energy. It quantifies the overall effect of premodule losses (shadows, dirt, snow, and
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reflections), inverter losses, thermal losses, and conduction losses. These values can be improved by making

some restorations in the system. When the performance rates determined for the optimum tilt angles for each

of the city samples are ranked (Table 4), the lowest performance rates were obtained in Antalya and the highest

in Erzurum. As all the system components are the same in all of the PV installations in each of the cities, this

situation could only have been caused by temperature losses. Elazığ and İstanbul follow Antalya, respectively.

In order to evaluate the effect of altitude on PV energy generation, a numerical application was performed.

As solar radiation is directly proportional to the energy output, the solar radiation on horizontal surfaces at

different altitudes was calculated numerically. The sunshine duration and geographical location of İstanbul were

employed for the determination of monthly average solar radiations at different altitudes varying between 0 m

and 1000 m (Table 5). As shown in the table, a 500-m increase in altitude causes on average 2.8% and 1.5%

more solar radiation in winter and in summer, respectively. A 1000-m increase causes 5.5% increase in winter

and 3.1% in summer. The distance that the solar radiation has to pass through shortens, and the losses caused

by this path therefore decrease. Thus, the PV installations at high altitudes are more productive than the ones

located at low altitudes.

Table 5. The monthly average solar radiations related to different altitude values.

Altitude Months
(m) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 60.8 91.2 138.4 185.7 232.6 262.2 264.9 231.7 178.5 115.4 73.1 53.9
100 61.1 91.7 138.9 186.3 23.4 262.9 265.8 232.4 179.1 115.8 73.5 54.2
200 61.4 92.1 139.5 187.0 234.2 263.8 266.6 233.1 179.7 116.3 73.8 54.5
300 61.8 92.5 140.1 187.7 234.9 264.6 267.4 233.9 180.3 116.7 74.1 54.8
400 62.1 92.9 140.6 188.4 235.8 265.4 268.2 234.6 180.8 117.2 74.5 55.1
500 62.4 93.3 141.2 189.1 236.6 266.3 268.9 235.3 181.4 117.6 74.8 55.4
600 62.7 93.7 141.7 189.8 237.3 267.1 269.8 235.9 182.0 118.1 75.2 55.7
700 63.1 94.1 142.3 190.5 238.1 267.9 270.6 236.7 182.6 118.5 75.5 55.9
800 63.4 94.6 142.8 191.2 238.9 268.7 271.4 237.4 183.2 118.9 75.9 56.3
900 63.7 94.9 143.4 191.9 239.7 269.6 272.2 238.1 183.8 119.4 76.2 56.6
1000 64.1 95.4 143.9 192.5 240.5 270.4 272.9 238.9 184.4 119.8 76.5 56.9

There are many manufacturers from Europe, Japan, India, and China in the market. This situation

makes it difficult to make assessments about the costs. The unit prices of PV technologies decrease day by

day in relation to reductions in processing cost and improvements in conversion coefficients. Figure 12 shows

a downward trend in the cost of photovoltaic technologies. Nowadays, it is known that the unit prices of each

of the mentioned technologies are under $1. The cost for the thin-film is no longer available as the market is

commercially sensitive. These data can be derived from market studies that are generally provided by different

organizations. Prices from September 2013 can be seen in Table 6. During the design stage, while choosing the

appropriate PV technology, costs must be considered both with the available area for the installation and the

required nominal power of the PV system.

6. Conclusion

In this paper, the behavior of grid-connected PV systems in different climatic zones and geographical sites of

Turkey are investigated. The annual energy yield of 5 different PV technologies (si-mono, si-poly, CIS, CdTe,

and a-si) were calculated for the same locations, and their performances were compared for different tilt angles.
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Figure 12. Average solar PV module prices by technology and manufacturing country [34].

Table 6. Unit prices of different types and origins of PV technologies [34].

Type/origin
$/W

Crystalline
Germany 0.74
China 0.62
Japan 0.83
Thin film $/W
CdS/CdTe 0.62
a-Si 0.38
a-Si/µ-Si 0.48

The geographical position of the location (latitude) is an important indicator for PV power output.

However, in some cases, the climatic conditions (especially ambient temperature) will be fundamental in

performance determination. Maximum energy output was achieved in Elazığ (38.4◦ N), and the minimum

energy output was produced in İstanbul (40.58◦ N). The maximum power generation was achieved with si-mono

technology for each of the selected cities. It was determined that an increase in elevation leads to obtaining

much more solar radiation and PV electric energy production.

The annual tilt angles of the modules are determined as 32◦ for Antalya and Elazığ, 35◦ for Erzurum,

and 36◦ for İstanbul. However, adjusting the slope of the modules monthly or seasonally (for summer and

winter conditions) due to the position of the sun would be more effective.
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[11] Çelebi G. Using principles of photovoltaic panels on vertical building envelope. Gazi University Journal of Faculty

of Engineering and Architecture 2002; 17: 17-33 (in Turkish with English abstract).

[12] Tian W, Wang Y, Ren J, Zhu L. Effect of urban climate on building integrated photovoltaics performance. Energy

Conversion and Management 2007; 48: 1-8.

[13] Peng C, Huang Y, Wu Z. Building integrated photovoltaics (BIPV) in architectural design in China. Energ Buildings

2011; 43: 3592-3598.
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