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This paper presents a new multi-photovoltaic panel measurement and analysis system (PPMAS) developed for measurement of
atmospheric parameters and generated power of photovoltaic (PV) panels. Designed system presented with an experimental
study evaluates performance of four new and four 5-year-old PV panel technologies which are based on polycrystalline (Poly),
monocrystalline (Mono), copper indium selenide (CIS), and cadmium telluride (CdTe) in real time, under same atmospheric
conditions. The PPMAS system with the PV panels is installed in Yildirim Beyazit University, Ankara Province, in Turkey. The
designed PPMAS consists of three different subsystems which are (1) photovoltaic panel measurement subsystem (PPMS), (2)
meteorology measurement subsystem (MMS), and (3) data acquisition subsystem (DAS). PPMS is used to measure the power
generation for PV panels. MMS involves different types of sensors, and it is designed to determine atmospheric conditions
including wind speed, wind direction, outdoor temperature, humidity, ambient light, and panel temperatures. The measured
values by PPMS and MMS are stored in a database using DAS subsystem. In order to improve the measurement accuracy,
PPMS and MMS are calibrated. This study also focuses on outdoor testing performances of four new and four 5-year-old PV
panels. Average monthly panel efficiencies are estimated as 8.46%, 8.11%, 5.65%, and 3.88% for new Mono, new Poly, new CIS,
and new CdTe PV panels, respectively. Moreover, average monthly panel efficiencies of old panels are calculated as 8.22%,
7.85%, 5.35%, and 3.63% in the same order. Test results obtained from the experimental system are also statistically examined
and discussed to analyze the performance of PV panels in terms of monthly panel efficiencies.

1. Introduction

Increasing energy demand and decreasing fossil-based energy
sources accelerate the trend towards renewable energy world-
wide. As reported by the International Energy Agency (IEA),
total renewable energy-based potential in the world is
expected to grow by 50% that corresponds to approximately
1220 gigawatts of increase between 2019 and 2024 [1]. In addi-
tion, it is estimated that about 25% and 57% of the renewable
energy will be generated using wind tribunes and solar panels,
respectively [1]. Hence, the trend and popularity of the renew-

able energy are growing rapidly. Note that this study focuses
on analyzing various types of photovoltaic (PV) panel technol-
ogies which are connected to the proposed measurement sys-
tem and examining power generation performance of these
technologies under varying daily weather parameters.

PV energy is one of the most important renewable energy
sources with widespread electricity generation in different
places such as solar farm and rooftop [2]. With the growth
of renewable energy generation, it is important to provide a
trade-off between payback period of renewable energy invest-
ment and lifetime of PV panels. According to the PV panel
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technologies, the payback period of investment is variable
because power generation performance of PV panels is
affected by two main factors which are (1) panel efficiency
and (2) varying weather conditions. By considering these
two main factors, the PV panel characteristic parameters
must be verified for effective power generation. In order to
achieve the best characteristic parameters of PV panels, man-
ufacturers work on developing the PV panels and evaluate
the peak power of them, within the scope of standard test
conditions (STC) that are defined with (1) 25°C PV cell tem-
perature, (2) 1000W/m2 irradiance, and (3) 1.5 air mass
(AM1.5) [3]. However, it is highly likely that generated power
of manufactured PV panels in STC environment is different
than outdoor environment. In other words, the actual power
generation of the evaluated PV panels can be achieved in STC
environment but it cannot be obtained under real case condi-
tions [4]. This difference may cause power loss in energy gen-
eration, daily, weekly, monthly, and yearly, due to the varying
meteorological conditions in different locations. In order to
decrease the power loss and increase PV panel efficiency, dif-
ferent materials have been used to produce and develop dif-
ferent types of PV panels. For instance, conventional
crystalline silicon PV cells have doped junctions such as
“emitters” or “back surface fields” [4]. Amorphous silicon
PV cells are mostly made by chemically vaporized a thin coat
of silicone, placing on a surface such as plastic, metal, or glass
[5]. Namely, cadmium telluride PV cells are formed by cad-
mium telluride and cadmium sulphide p-n junction mate-
rials on a glass substrate [6]. Copper, gallium, indium, and
selenide materials are deposited on a substrate layer by a
sequence of chemical processes to form copper indium dise-
lenide PV cells [7]. Polycrystalline, monocrystalline, thin film
produced by CIS material, and thin film produced by CdTe
material are widely used for renewable energy generation
since these technologies provide several advantages in terms
of price, energy efficiency, and lifetime [8, 9].

Silicon is a leading material used in the production of
monocrystalline, polycrystalline, and thin film modules,
which corresponds to more than 90% of the annual solar cell
production [10]. In monocrystalline silicon cells, each solar
cell is made from a single source of silicon. Besides this,
monocrystalline silicon cells are produced by cutting
300μm thick cylindrical bars of monocrystalline silicon in
special ovens [11]. On the other hand, polycrystalline silicon
cells are made by combining melted pure silicone blocks [11].
Thin film cells are made from photovoltaic material placed
between one or more thin layers, such as glass, plastic, or
metal [12]. There are different types of thin film panels which
are made by different materials such as CIS, CdTe, and amor-
phous Si photovoltaic materials. CIS-based thin film cells
consist layers of ZnO, CdS, CIS, andMo, which are organized
on a glass, metal, or polymer substrate, whereas CdTe-based
thin film modules are formed from transparent conductive
oxide (TCO) layers such as SnO2 or Cd2SnO4 [12]. The elec-
tricity generation performance of these PV panels may differ
according to the locations. For instance, monocrystalline and
polycrystalline PV panels have been installed to generate
electricity in Bursa, Turkey [13]. The results are obtained with
one week experiment, and they show that monocrystalline PV

panel generates slightly more electricity than polycrystalline.
In [14], monocrystalline (2.35kW), polycrystalline (2.64kW),
and amorphous silicon (2.40kW) PV panels are analyzed in
2014, in Duzce (Turkey). Efficiency and generated power of
PV panels are compared yearly. Solar radiation, ambient tem-
perature, PV panel temperature, and wind measurements are
recorded during the test study. Many other works have been
conducted to evaluate performance of various PV panels in dif-
ferent locations such as Slovenia [15], Norway [16], Ireland
[17], Morocco [18], Brazil [19], Nigeria [20], Jordan [21], Alge-
ria [22], and Croatia [23]. To the best of our knowledge, this is
the first work which assesses outdoor performance of four dif-
ferent types of new and 5-year-old PV panels. In order to
achieve this, PV panels are installed in Ankara, Turkey, and it
is important to select the most efficient PV panel technology
to generate electricity efficiently in this location.

There must be a measurement system to measure both
weather conditions and power generation capacity of PV
panels. In order to measure the generated power of PV
panels, various types of measurement systems have been
designed and applied. For instance, Rezk et al. [24] have
designed a measurement system based on the DAQ card
(NI_USB-6009). In the work, a charge controller with battery
unit is used as load, and multicrystalline silicon PV panel is
used for test activities. Machacek et al. [25] have imple-
mented a measuring unit (NI_PCI−6023E) and computer-
based data acquisition model. A 100W PV panel is used to
perform its current, voltage, and power measurements. Solar
radiation, PV panel temperature, and ambient temperature
measurements are also measured. Hammoumi et al. [26]
have performed a test study, where a PV panel is connected
to a variable load and taking the measurements using current
and voltage sensors which are connected to the system.
Demirtas et al. [12] have demonstrated a long-term perfor-
mance measurements of CIS and CdTe PV panels. In this
work, measurement data includes direct current (DC) and
alternating current (AC), voltage, power, and efficiency.
Munoz-Garcia et al. [27] have performed a study to obtain
I-V curves of CIS, a-Si, and CdTe PV panel technologies
using electronic load, both indoor and outdoor conditions
at STC. Digital thermometer and pyranometer are used to
record external conditions. Indoor and outdoor performance
of this measurement system has been investigated. Kivrak
et al. [28] have designed a system to obtain the measurements
of four same types of PV panels using MOSFET electronic
load based on a 4-channel measurement printed circuit
board (PCB), tested outdoor. Polverini et al. [29] have real-
ized an experimental indoor study under STC, to test 70
pcs of polycrystalline silicon PV panel that remained about
20 years outdoor. The aforementioned measurement systems
have several drawbacks and limitations such as (1) lack of
availability of weather measurement sensors, (2) lack of capa-
bility of measuring generated power of many PV panels, (3)
lack of accurate measuring power generation under varying
weather conditions, (4) lack of sensitivity of measured power,
and (5) using costly products and circuit boards.

To address the limitations and drawbacks of the other
measurement systems, in this study, multi-photovoltaic panel
measurement and analysis system (PPMAS) is designed to
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measure the different types of PV panels installed in Ankara,
Turkey. Note that the data is collected for six months from
the first of December 2019 until the end of May 2020. The
overall system consists of three subsystems which are (1) PV
panel measurement subsystem (PPMS), (2) meteorology mea-
surement subsystem (MMS), and (3) data acquisition subsys-
tem (DAS). In the PPMS, the Pmax (maximum power)
parameter of PV panel is measured. Besides this, other impor-
tant parameters of the panels are estimated using the mea-
sured Pmax. Moreover, a measurement maximum peak
power (MPP) technique is applied in this subsystem to accu-
rately measure the Pmax. The second subsystem includes dif-
ferent sensors which measure wind speed, wind direction,
outdoor temperature, humidity, ambient light, and panel tem-
peratures. In the last subsystem, the parameters which are
measured in the other subsystems are stored in a database
and displayed in a computer. The overall system is performed
with four new and four 5-year-old PV panel technologies
which are based on polycrystalline, monocrystalline, copper
indium selenide (CIS), and cadmium telluride (CdTe). Thus,
performance of power generation of new and old PV panels
is experimentally and statistically investigated for the best
PV panel evaluation and selection under varying weather con-
ditions in Ankara, Turkey. The main objectives and contribu-
tions of this study are as follows:

(1) Multi-photovoltaic panel measurement and analysis
system (PPMAS) is designed

(2) Performance of new and old PV panel technologies
are assessed and analyzed

(3) Atmospheric measurement subsystem is designed

(4) Eight PV panel technologies are examined for the
location of Ankara Province, Turkey.

2. Designed Multi-Photovoltaic Panel
Measurement and Analysis System

The PPMAS is a system to evaluate power generation capac-
ities of up to eight PV panels in outdoor environment in
Ankara, Turkey (see Figure 1). The overall system including
eight PV panels and PPMAS is shown in Figure 2.

A block diagram of designed PPMAS is shown in
Figure 3. The PPMAS includes three major subsystems, and
their working principles are explained with details below.

2.1. Photovoltaic Panel Measurement Subsystem (PPMS).
This subsystem is used to obtain Pmax (maximum power)
value of each PV panel in each 1000 milliseconds using
MOSFET electronic load. The Pmax is an important param-
eter because it is used to evaluate the performances of used
PV panels. Moreover, this parameter has also been used in
many studies to assess the performance of PV panels [12–
15, 19, 22, 30, 31]. Other important parameters of PV
panels which are Vmp (voltage at maximum power), Imp
(current at maximum power), Isc (short circuit current),
and Voc (open circuit voltage) are needed to be obtained
or estimated. In order to estimate these parameters, the

measured Pmax is used in equations (1) and (2) where FF
is fill factor.

FF =
Vmp:Imp
Voc:Isc

: ð1Þ

After modification of the equation (1), the maximum
power Pmax is estimated using the new equation as follows:

FF:Voc:Isc =Vmp:Imp = Pmax: ð2Þ

Note that, in the system, it is important to accurately
obtain the Pmax because it is used to estimate the other
parameters of PV panels such as efficiency. To achieve this,
it is necessary to increase sensitivity of the PPMS. In order
to increase the sensitivity of the PPMS, the measurement of
maximum peak power (MPP) technique is applied in PPMS
subsystem [27, 28]. Furthermore, PPMS can measure Pmax
of up to eight PV panels and estimate other parameters of
these panels, separately.

Efficiency of a PV panel is evaluated by the ratio of
amount of energy generated by the PV panel to the amount
of solar radiation reflected in its surface area [14]. The effi-
ciency is a useful metric that enables comparison of PV
panels which have different nominal power outputs with dif-
ferent surface areas. Efficiency of a PV panel is expressed in
percentage. In order to estimate efficiency of the PV panels,
the following equation is used:

ηdaily =
Pdaily

PVarea:Hdaily

 !
:100: ð3Þ

where ηdaily represents the average daily PV panel efficiency
in percentage (%), Pdaily is the daily average power output
in Watt, Hdaily is the amount of daily solar radiation in
Watt/m2, and PVarea symbolizes the surface area of PV panel
(m2). Monthly average PV panel efficiency can be described
in the equation (4) as follows, where t is number of days in
a month:

ηmonthly =
∑t

i=1P dailyð Þi
PVarea:∑

t
i=1H dailyð Þi

 !
:100: ð4Þ

Ankara

Figure 1: Location of Ankara, Turkey.
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The PPMS consists five main blocks which are (1) power
supply block, (2) PPMS PCB block, (3) relay and switching
block, (4) measurement block, and (5) data transmitting block.
Power supply block contains 12V/2A DC-DC converter
which is connected to the input of the PPMS as a power sup-
ply. PPMS PCB block (see Figures 4(a) and 4(b)) is an inter-
face of microcontroller with relay and switching block,
measurement block, and data transmitting block. PPMS has
PV panel connection pins and one UART headers for data
transmitting block interfacing. In this block, the microcontrol-
ler manages PPMS measurement activities. Relay and switch-
ing block contains 7 relays which are used to switch the PV
panels, and these relays in this block are activated one by
one using the microcontroller. Measurement block is used to
measure the generated power of the PV panels usingMOSFET
electronic load (see Figure 5). ACS-712/30A is connected on
the serial to drain the leg of the MOSFET to measure the cur-
rent. R_6 and RV_2 voltage dividers are connected parallel to
drain and source legs of the MOSFET to measure the voltage.
Voltage (V sense) and current (Isense) measurement pins are
connected to analog inputs of microcontroller (see Figure 5).
Data transmitting block is used for communication purposes
between PPMS and DAS computer reliably.

The microcontroller in the PPMS is connected to the
seven relays, and each relay is connected to a different PV
panel as shown in Figure 5. The purpose of using microcon-

troller is to switch each relay to activate related PV panel in
each 1000 milliseconds, sequentially. Thus, the generated
power of the activated PV panel is measured using MOSFET.
For instance, as depicted in Figure 5, the microcontroller
activates the fourth relay which is connected to the 140W
monocrystal PV panel, and MOSFET is used to measure
the generated power Pmax. After 1000 milliseconds, the fifth
relay is switched by the microcontroller to measure the gen-
erated power of 150W polycrystal PV panel and so on. The
measured and estimated PV panel data parameters are trans-
mitted to the DAS subsystem using serial communication
continuously.

2.1.1. MOSFET as an Electronic Load and I-V
Characterization of a PV Panel. One of the most significant
parameter of a PV panel is the I-V curve, which includes
PV panel performance metrics such as efficiency, η; open cir-
cuit voltage, Voc; short circuit current, Isc; maximum power,
Pmax; voltage at maximum power point, Vmp; and current at
maximum power, Imp [32]. In order to achieve the I-V curve
of a PV panel, it is required to control the current generated
by a PV panel from zero current point to short circuit point
[33]. To control the current and to obtain the I-V curve of
a PV panel, MOSFET can be used as an electronic load in
the designed PPMS subsystem.

Drain and source of a MOSFET may behave as a variable
resistor, when there is a voltage difference on gate and source
pins, such that when gate and source voltage difference is high,
drain and source behave as low resistance (can be assumed
short circuit), and when the gate and source voltage difference
is low, drain and source behave as high resistance (can be
assumed open circuit) [34]. By utilizing this feature of MOS-
FET, I-V characteristics of a PV panel can be extracted.

In our study, microcontroller drives the MOSFET to
evaluate all current and voltage values of a PV panel from
open circuit to short circuit point, in a measurement period

2x 60W CdTe PV

2x 150W polycrystal PV

270w polycrystal PV
(for power supply)

2x 140W monocrystal PV
2x 12V 60A battery box

2x 125W CIS PV

Junction boxAmbient
light sensor

Wind direction and
wind speed sensor

Wind measurement mast

Figure 2: PPMAS system including PV panels and wind measurement mast.

Meteorology
measurement
system (MMS)

Photovoltaic panel
measurement

system (PPMS)

Data acquisition
system (DAS)

Figure 3: Block diagram of photovoltaic panel measurement and
analysis system (PPMAS).
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(1000 milliseconds). During one measurement period, PPMS
microcontroller observes the highest power point recorded in
Watts, which is called Pmax. After finding Pmax, its compo-
nents are recorded as Imp and Vmp.

2.2. Meteorology Measurement Subsystem (MMS). The main
purpose of using MMS subsystem is to measure the meteoro-
logical parameters which are ambient temperature, humidity,
ambient light, wind speed, wind direction, and PV panel tem-
peratures. These parameters are significantly important
because performance of power generation of PV panels is
depending on these parameters [30, 35, 36]. In this subsys-
tem, the parameters are measured at each second from 5:00
a.m. until 9:00 p.m. In order to achieve these measurements,

the MMS consists four main blocks as shown in Figure 6. In
the MMS PCB block, a microcontroller is employed to mea-
sure the meteorological parameters and interconnected with
power supply block, sensor array block, and data transmit-
ting block. For instance, the pin connections between MMS
PCB block and power supply block are illustrated in
Figures 7(a) and 7(b). In the sensor array block, twelve mete-
orological sensors which are DHT-22 temperature and
humidity sensor, Max44009 ambient light sensor, wind speed
and direction sensors, and 8 pcs DS18B20 PV panel temper-
ature sensors have been used to understand and measure
both atmospheric conditions and temperature of PV panels.
The power supply block is used to energize the MMS PCB
block and sensor array block. Thus, the components in these

(a) (b)

Figure 4: (a) Pin connections between PPMS and PV panels. (b) 3D view of connections between PPMS and PV panels.

12V DC
Power supply

Power supply
block

PPMS PCB

Power
signal

7805
Regulator

circuit
(5V output)

PIC18F4520
microcontroller

12-bit
DAC

4x20 character LCD

Voltage divider

ACS-712 (30A)
Hall effect sensor

Driver and
MOSFET

Relay & switching
block

PV panel connection

CIS-new PV

CIS-old PV

Mono-old PV

Mono-new PV

Poly-old PV

Poly-new PV

CdTe-old PV

CdTe-new PV

Analog signal

Analog
signal

Analog
signal

Relay switching signal

UART
USB_2

portSerial
to USB

converter

Data transmitting block

Wi-Fi
connection

Measurement block

DAS computer

Figure 5: Photovoltaic panel measurement subsystem (PPMS).
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blocks can work without any electrical problem. In this sub-
system, data transmitting block is used to transmit the mea-
sured meteorological data via connected cable to a data
acquisition system (DAS) computer for storing data. Finally,
the recorded data in the DAS computer is transmitted to the
personal computer for analyzing the purposes when the user
requests this data from the DAS computer.

2.3. Data Acquisition Subsystem (DAS). The last subsystem of
PPMAS system which is illustrated in Figure 8 manages the
real-time data monitoring and data storage activities. In
order to achieve this, both measured and estimated parame-
ters in the PPMS and the MMS are sent to DAS computer via
connected communication cables. In the last subsystem, the
parameters which are measured in the other subsystems are
stored in a database in DAS computer, and the recorded data
can be transmitted remotely to a personal computer for ana-
lyzing and data displaying purposes continuously if a user
requests data from DAS. Note that DAS computer has the
capability to store and monitor all the parameters of all PV
panels which are connected to the PPMS as well as the mete-
orological parameter measurements obtained in MMS.
Besides, DAS has a storage capacity to record a total of 50
years of measurement data in continuous operation.

2.4. One-Cycle Operation of PPMS Subsystem. Measurement
circuit of PPMS is depicted in Figure 9. As shown in Figure 5,
a microcontroller in the PPMS selects the related relay combi-
nations to activate mono-old PV connection to Hall effect sen-
sor and then to drain MOSFET to measure current pass
through in it when the switching signal comes to the gate of
MOSFET by the 12-bit DAC signal. DAC signal is generated
through the R-2R ladder circuit from the digital outputs of
the microcontroller. DAC signal enters the optoisolator to
switch 12V to a totem-pole circuit. The totem-pole circuit is
used to drive MOSFET in the linear region. The R_1 poten-
tiometer is an adjustable resistor to adjust the threshold level
in terms of voltage for the optoisolator. At the same time
PV panel (mono-old PV) connection comes to (IP+) pin
of Hall effect sensor (ACS-712/30A) serially (see Figure 5)
which is used to calculate the current of (mono-old PV)
PV panel. (IP-) pin of the Hall effect sensor goes to the
MOSFET’s drain pin, so that the current flows from the
drain to source by using MOSFET as electronic load. The
Isense output pin of the Hall effect sensor goes to the analog
input of the microcontroller to measure the current of the
PV panel (mono-old PV). Also the V sense pin goes to
another analog input channel of teh microcontroller to
measure the voltage of the PV panel (mono-old PV), where

DAS computer

24V DC
power supply

24V to 5V
step down converter

Power supply block

MMS PCB block

Sensor array block

Power
signal

Power signal

PIC16F886
microcontroller

Temperature sensor (CIS-new PV)

Temperature and humidity sensor

Wind
direction

sensor

Wind
speed
sensor

Ambient light sensor

Temperature sensor (CIS-old PV)

Temperature sensor (mono-old PV)

Temperature sensor (mono-new PV)

Temperature sensor (poly-old PV)

Temperature sensor (poly-new PV)

Temperature sensor (CdTe-old PV)

Temperature sensor (CdTe-new PV)

Analog signal

Wind
measurement
mast

Analog signal

I2C protocol

One wire
protocol

Serial data

UART

USB_1 port

Serial
to USB

converter

Data transmitting block

Wi-Fi
connection

Figure 6: Meteorology measurement system (MMS).
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R_6 and RV_2 are used as voltage divider. Measurement
calibration is done by RV_2 potentiometer. Microcontroller
measures and stores the generated power of PV panel
(mono-old PV), with respect to voltage and current measure-
ments (Pmax = Vmp × Imp) continuously during measurement
cycle, which is 1000 milliseconds. The microcontroller assigns
the highest power value as Pmax, among the stored power
values. The microcontroller determines the current and volt-
age values that form the Pmax, as Imp and Vmp, respectively.
After Pmax evaluation of PV panel (Mono-old PV), it means
measurements are completed for one cycle. All other PV panel
(CIS-new, CIS-old, Mono-new, Poly-new, Poly-old, CdTe-
new, and CdTe-old) connections are switched to theMOSFET
in a sequence with respect to a switching strategy to obtain
Vmp, Imp, and Pmax of each PV panel with the same manner.

3. Results and Discussion

In the scope of this experimental study, it aimed at analyzing
and comparing the power generation performances of poly-
crystalline, monocrystalline, CIS, and CdTe PV panel pairs,
within a specified time, under different weather conditions
in Ankara, Turkey. Besides this, the generated power and
temperatures of PV panels as well as atmospheric parameters
are measured and stored using the developed system
PPMAS. In [37], the inclination angles of different locations
are examined and discussed, and for Ankara Province, it is
about 30°. Therefore, in this study, the inclination angle of
the PV panels is set to 30° and facing to the south to get sun-
light better based on the location where the PV panels are
installed. Furthermore, measurements obtained by PV panels

(a) (b)

Figure 7: (a) Pin connections between MMS PCB block and power supply block. (b) 3D view of pin connections between MMS PCB block
and power supply block.

PPMS port
connection

MMS port
connection

PV panel power
measurements
(historical)

PV panel power
measurements
(real-time)

PV panel
temperature
measurements
(real-time)

Wind speed and direction measurements Date and time

Meteorological
measurements
(historical)

Meteorological
measurements
(real-time)

Data export
options

Figure 8: View of data monitoring interface in DAS computer.
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and meteorological sensors have been collected at one-second
interval for six months between the first of December 2019
and 30 May 2020. The measured values which are Imp, Vmp,

and Pmax in DC for each PV panel and wind speed and
direction, ambient temperature, humidity, ambient light, and
PV panel temperatures have been stored to analyze the
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R_3
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U_6

R_1

DAC signal

5k

45%

45%R_5 RV_2
47k

R_6
30k
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Figure 9: IXFH60N65X2 MOSFET and measurement circuit for PPMS PCB.

Table 1: Characteristics of new and 5-year-old PV panel technologies used in the study.

PV panel type
Pnom

(nominal power)
Voc

(open circuit voltage)
Isc

(short circuit current)
Vmpp

(voltage at MPP)
Impp

(current at MPP)

Monocrystalline
(mono-new)

140Wp (±3%) 21.5V 8.33 A 18.0V 7.78 A

Monocrystalline
(mono-old)

140Wp (±3%) 21.5V 8.33A 18.0V 7.78 A

Polycrystalline
(poly-new)

150Wp (±3%) 22.4V 8.46 A 18.2V 7.95 A

Polycrystalline
(poly-old)

150Wp (±3%) 22.4V 8.46 A 18.2V 7.95 A

CIS (CIS-new) 125Wp (±4%) 59.3V 3.22 A 44.0V 2.84 A

CIS (CIS-old) 125Wp (±4%) 59.3V 3.22 A 44.0V 2.84 A

CdTe (CdTe-new) 60Wp (±5%) 89.7V 1.23 A 62.2V 0.99 A

CdTe (CdTe-old) 60Wp (±5%) 89.7V 1.23 A 62.2V 0.99 A

Table 2: Climate data for Ankara Province (Turkey) between the years of 1927 and 2019 [39].

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Yearly

Ave. temp. (°C) 0.1 1.6 5.7 11.2 16.0 19.9 23.3 23.3 18.8 13.1 7.2 2.4 11.9

Ave. max. temp. (°C) 4.1 6.4 11.4 17.3 22.3 26.6 30.2 30.4 25.9 19.9 13.0 6.4 17.8

Ave. min. temp. (°C) -3.2 -2.3 0.6 5.3 9.6 12.9 15.8 15.9 11.7 7.0 2.5 -0.8 6.3

Ave. sunshine duration (hour) 2.6 3.8 5.1 6.6 8.5 10.0 11.3 10.7 9.2 6.7 4.5 2.5 81.5

Ave. rainy days 12.3 11.2 10.7 11.2 12.3 8.7 3.6 2.7 4.0 6.9 8.2 11.7 103.5

Ave. total monthly rainfall (mm) 40.2 35.1 39.1 42.5 51.5 34.4 14.3 12.7 18.0 27.7 31.5 44.9 391.9
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performance of PV panels as well as understand the reliability
of the designed PPMAS system.

3.1. Verification of Designed PPMAS System. The designed
subsystems which are MMS and PPMS in the PPMAS system
are tested and calibrated in a laboratory environment to
improve the measurement accuracy. Three different devices
which are the vantage pro2 wireless meteorology station,
Tt-Technic RXN305D2 power supply, Cem DT-1301 lux-
meter, Tektronix MSO 2024B oscilloscope, and Fluke-289
multimeter are selected for calibrating MMS and PPMS since
they are widely used and perform measurements accurately.

3.1.1. Calibration of MMS. It is significantly important to cal-
ibrate the MMS subsystem to get the atmospheric measure-
ments accurately. In order to achieve this, the vantage pro2
wireless meteorology station is used to calibrate MMS sensor
measurements. The vantage pro2 wireless meteorology station
which has ambient temperature, humidity, wind speed, and
direction sensors is installed next to the MMS subsystem.
The MMS subsystem is calibrated according to the measure-
ments obtained using the vantage pro2 meteorology station.
Thus, the atmospheric values are accurately measured after
calibrating the MMS subsystem.

Moreover, the Max44009 sensor is used in the MMS to
estimate solar radiation, where it is installed to get the illumi-
nance of the sun. Note that the angle of the sensor and PV
panels is the same, and the sensor is calibrated using Cem
DT-1301 Luxmeter. The measurement unit is in Lux. In
order to convert Lux to W/m2, the measured value is multi-
plied by 0.00833 [38].

3.1.2. Calibration of PPMS. Another important subsystem in
the PPMAS system is PPMS subsystem which is needed to be
calibrated to measure the generated power of PV panels

accurately. To achieve this, Tektronix MSO 2024B oscillo-
scope, Fluke-289 multimeter, and Tt-Technic RXN305D2
power supply with 0-30V 0-5A are used to calibrate the
PPMS subsystem. As a result, the calibrated PPMS subsystem
can measure the generated power of PV panels accurately.

3.2. PV Panels. In this study, new and 5-year-old PV panel
technologies have been used, and the characteristics of these
PV panels are tabulated in Table 1. Thus, in this experiment,
totally eight PV panels are used which are new and 5-year-
old monocrystalline with 140W, new and 5-year-old CIS
with 125W, new and 5-year-old polycrystalline with 150W,
and new and 5-year-old CdTe with 60W. In order to supply
power requirement of the experimental system, a solar power
station is used. Power station consists one 270W polycrystal-
line PV panel, two 12V/60A batteries as shown in Figure 2.
Thus, the PPMAS works properly under insufficient sunlight
situations (i.e., cloudy day) up to 3 days.

3.3. Climate Data in Ankara Province. The climate data
between the years of 1927 and 2019 in Ankara Province, Tur-
key, is presented in Table 2 [39]. According to the climate
data, the highest average temperature is obtained in July
and August with 23.3°C. Moreover, the greatest average max-
imum and the least minimum temperatures between 1927
and 2019 are estimated with 30.4°C in August and with
0.1°C in January, respectively. The longest and shortest aver-
age sunshine durations are 11.3 hours in July and 2.5 hours in
December, respectively. Furthermore, the highest amount of
average monthly rainfall is observed 44.9mm in December.

3.4. Solar Radiation. Solar radiation is significantly important
parameter which is used to calculate the efficiencies of the PV
panels. Figure 10 shows weekly average results of solar radia-
tion. This data is obtained using the MMS sensor box in the
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Figure 10: Weekly average results of solar radiation between December 2019 and May 2020 in Ankara.
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designed PPMAS system for six months in Ankara, Turkey. In
Figure 10, the first week average result is obtained between 1st
of December 2019 and 7th of December 2019, and the week 26
represents the date of 30st of May 2020. According to the
results, the least and highest average solar radiation results
are estimated with 1968Wm2 in week 4 and 9459Wm2 in
week 24, respectively. As a result, these estimations clearly
demonstrate that the lowest solar radiation is obtained in
December 2019, and the highest solar radiation is obtained
in May 2020. There can be different reasons to get variety of
weekly solar radiation results such as weather conditions,
angle of sunlight, and location of Ankara [40].

3.5. Effect of Atmospheric Variations on PV Panel
Temperatures. Figure 11 depicts the average weekly atmo-
spheric temperature, wind speed, and PV panel temperatures
for six months between December 2019 andMay 2020. These
results show that PV panel temperature depends on ambient
temperature. For instance, in week 15, the average weekly
temperature is 13.05°C, and the average of PV panel temper-
atures is increased by 1.25°C which becomes 14.30 °C, and in
week 4, the average weekly temperature is 4.50 °C, and the
average of PV panel temperatures is 5.73°C. Moreover, based
on the six-month measurement, the estimated average tem-
perature is 7.88°C, and the average of PV panel temperatures
is 9.06°C. According to the results in Figure 11, the least and
highest average temperatures are measured with -1.78°C in
week 8 and with 21.60°C in week 24, respectively. Moreover,
these results clarify that May is the month with the highest
daily average temperature. However, January is the lowest
daily average temperature. Furthermore, wind speed is low
and nearly constant all the months between December and
May in Ankara. The average wind speed of these six months
is 2.93m/s which indicates that Ankara is not a windy city.

3.6. Performance Assessment of Different PV Panels for Power
Generation. Four different PV panel technologies which are
polycrystalline-based, monocrystalline-based, CIS-based, and
CdTe-based have been used for performance assessment.
Besides this, each PV technology has one new and one 5-year-
old PV panel. Thus, the performance of new PV panels and
5-year-old PV panels is evaluated. The generated power of each
PV panel is measured within a specified time period under the
same outdoor conditions in Ankara. The measured powers of
eight PV panels are stored in the designed PPMAS system.

Figure 12 illustrates weekly average power generated by
new and 5-year-old PV panels between December 2019 and
May 2020. Based on these results, all PV panels generate
maximum power between 9.05.2020 and 16.05.2020 and the
lowest power between 21.02.2020 and 28.02.2020. Besides
this, these results show that the new PV panel technologies
provide better power generation performance than the 5-
year-old PV panel technologies in all the weeks. For instance,
between 14.12.2019 and 21.12.2019, mono-new and mono-
old generate daily average of 327Wh and 316Wh, respec-
tively, and CIS-new generates a daily average of 15Wh more
than CIS-old. In terms of power generation performance,
mono-new provides 3.10% better performance than mono-
old, poly-new provides 3.34% better performance than
poly-old, CIS-new provides 5.53% better performance than
CIS-old, and CdTe-new provides 6.97% better performance
than CdTe-old. These results indicate that CdTe PV panel
is degraded more than the other PV panel technologies.
There can be many factors which may affect the performance
of PV panels, and these factors are discussed in [31].

Figures 13(a) and 13(b) depict monthly panel efficiencies
of new and 5-year-old PV panels, respectively. Note that
monthly efficiencies of PV panels are calculated according to
the formula given in equation (4). The results in Figure 13(a)
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Figure 11: Weekly average ambient temperature, panel temperature, and wind speed between December 2019 and May 2020 in Ankara.
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Figure 12: Weekly average power generated by new and old PV panels. (a, b) December and January. (c, d) February and March. (e, f) April
and May.
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show that a new monocrystalline PV panel (mono-new) has
the highest efficiency values in all the months betweenDecem-
ber 2019 and May 2020, and new polycrystalline PV panel
(Poly-new) has slightly less efficiency than mono-new in all
the months. The maximum efficiency value of mono-new
PV panel is estimated in February with 8.73%, and the lowest
efficiency value of this panel is estimated inMarch with 8.21%.

Besides this, in December 2019, the monthly efficiency value
of mono-new is 8.48% since the efficiency value of poly-new
is 8.28% which is 0.20% lower than mono-new. The average
6-month efficiencies of new PV panels are 8.46%, 8.11%,
5.65%, and 3.88% for mono-new, poly-new, new CIS PV panel
(CIS-new), and new CdTe PV panel (CdTe-new), respectively.
According to the results, CIS-new is the third best PV panel,
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Figure 13: Monthly panel efficiency of (a) four new PV panels and (b) four 5-year-old PV panels.
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and the CdTe-new is the worst PV panel in terms of monthly
panel efficiency estimation in all the months.

Figure 13(b) depicts monthly panel efficiency of 5-year-
old PV panels between December 2019 and May 2020.
According to the results, 5-year-old monocrystalline
(mono-old) and 5-year-old polycrystalline (poly-old) PV
panels have the best panel efficiencies in all the months as
compared to the other old PV panel technologies. Besides
this, 5-year-old CIS (CIS-old) and 5-year-old CdTe PV
panels (CdTe-old) have the less panel efficiencies in all the
months. Moreover, mono-old, poly-old, and CIS-old PV
panels have the highest efficiencies in February whereas the
CdTe-old PV panel has the maximum efficiency in Decem-
ber. March is the month that all 5-year-old PV panels have
the lowest efficiencies. The average 6-month efficiencies of
5-year-old PV panels are 8.22%, 7.85%, 5.35%, and 3.63%
for mono-old, poly-old, CIS-old, and CdTe-old, respectively.
Among all 5-year-old PV panels, the mono-old PV panel has
the best efficiency estimations in all the months. Further-
more, the average 6-month efficiency of mono-old PV panel
is greater than the average 6-month efficiency of poly-new,
CIS-new, and CdTe-new PV panels.

Consequently, the results in Figures 13(a) and 13(b) indi-
cate that mono-new and mono-old PV panels are the best
panel technologies among all the new and 5-year-old PV
panels in terms of monthly panel efficiency, respectively.
Even though mono-old PV panel has some degradation in
time, it has better average 6-month efficiency than some of
new PV panels.

Table 3 illustrates monthly average of humidity between
December 2019 and May 2020 in Ankara. According to the
results, the highest humidity is measured in December with
83.6%, and the lowest humidity is measured in May with
55.1% in Ankara. Humidity affects electricity generating per-
formance of PV panels. For instance, very small water drops
on PV panels can reflect the sunlight away from PV panels,
and this reduces producing power because less sunlight hits
the surface of PV panels. According to Table 3, the least effi-
ciencies of old and new PV panels are obtained in March
when the humidity is high. On the other hand, the highest
efficiencies of new and old PV panels are achieved in Febru-
ary when the humidity is low. Note that, even though humid-
ity is an important factor which affects the performance of
PV panels, there are other important factors that affect the
performance of PV panels such as temperature, wind, and
solar radiation.

3.7. Statistical Analysis of Data

3.7.1. Performance Analysis of PV Panels and Photovoltaic
Panel Measurement System Using Nonparametric Tests. The
purpose of using the nonparametric tests is to understand
and analyze the performance, stability, and reliability of the
PV panels. The main advantage of using the nonparametric
tests is that they can handle probabilistic and nonprobabilis-
tic measurements obtained from the PV panels without any
limitation.

This section presents and examines different test results
obtained using various nonparametric test measurement

approaches. In order to achieve the test results, three different
nonparametric tests which are Friedman, Friedman Aligned,
and Quade are applied to the efficiency values of eight PV
panels as shown in Figures 13(a) and 13(b). The aim of
applying Friedman, Friedman Aligned, and Quade nonpara-
metric tests is to understand statistically whether there is any
difference or similarity between the PV panels used over the
given set of data. Note that these tests compute the ranks of
the performance of the PV panels, i.e., the best performing
PV panel receives the rank of 1, the second best rank 2, etc.
The mathematical background and further details of the non-
parametric methods can be obtained in [41–44]. In addition,
more statistical experimental results based on Iman–Daven-
port, Bonferroni–Dunn, Holm, Hochberg, Holland, Rom,
Finner, Li, Shaffer, and Bergamnn–Hommel tests as well as
adjusted p value has been computed using the publicly avail-
able JAVA software1 [41 – 44].

Table 4 shows the average ranking results estimated using
the Friedman, the Friedman Aligned, and the Quade non-
parametric tests. According to the results, mono-new PV
panel is the best performing panel, with the average rank of
1.714, 3.206, and 1.121 for the Friedman, Friedman Aligned,
and Quade tests, respectively. Moreover, the p values have
been calculated using the statistics of each of the tests applied
(23.163, 5.148, and 15.613). Furthermore, the Iman
Davenport statistic and p value are computed 12:538 × 10−7
, 0.4021, and 7:128 × 10−9, respectively. Furthermore, the
poly-new performs very close to the mono-new with the
second ranking place comparing to the others. The CdTe-
old gives the worst performance with the last ranking place

Table 3: Monthly average of humidity between December 2019 and
May 2020 in Ankara.

Month Humidity in percentage (%)

December 83.6%

January 76.2%

February 72.9%

March 73.5%

April 61.4%

May 55.1%

Table 4: Average rankings of eight PV panels using the
nonparametric statistical procedure, statistics, and p values.

PV panel type Friedman Friedman aligned Quade

CdTe-new 4.314 19.203 4.262

Mono-old 4.399 22.996 4.768

CIS-new 3.242 8.408 3.036

Poly-old 5.592 13.205 5.855

Poly-new 2.492 5.546 2.079

Mono-new 1.714 3.206 1.121

CdTe-old 7.185 45.687 7.663

CIS-old 7.057 42.375 7.211
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with the average rank of 7.185, 45.687, and 7.663 for the
Friedman, Friedman Aligned, and Quade tests, respectively.

In the next statistical analysis, multiple comparison post
hoc procedures (eight) are applied to evaluate the control of
mono-new with the rest of PV panels. The results are
illustrated by computing p values for each comparison.
Tables 5–7 depict the p value results using the rankings com-
puted by the Friedman, Friedman Aligned, and Quade tests,
respectively [41–44]. These results verify the significant
improvement of the usage of the mono-new PV panel over
the other PV panels for all the post hoc procedures considered.
Moreover, Li’s statistical technique reaches the lowest p values
in the comparisons. Therefore, it is the most certain one
among the others in order to reach the clearest conclusion.

Table 8 shows 10 different hypotheses using four differ-
ent statistical techniques which are Nemenyi, Holm, Shaffer,
and Bergmann to achieve p values. According to the p values,

first four hypotheses by all the post hoc procedures are
rejected because the levels of significance (α) is α = 0:05.
For example, let us compare hypothesis 4 which is mono-
old vs. poly-old. The p values estimated by Nemenyi, Holm,
Shaffer, and Bergmann procedures [45 – 48] are less than
α = 0:05 so we reject the hypothesis 4 for the mono-old vs.
poly-old. The similar procedure is used for all the hypothe-
ses so the first four hypotheses are rejected. On the other
hand, other six hypotheses are not rejected because the com-
puted p values by Nemenyi, Holm, Shaffer, and Bergmann
procedures are bigger than 0.05. As a result, the hypotheses
demonstrate the improvement of mono-new over CdTe-
old, CIS-old, and Poly-new and that of Poly-new panel over
Poly-old. If α is 0.1, then the first six hypotheses are rejected
since the computed p values of all the post hoc procedures
for the first six hypotheses are less than 0.1. However, the
rest of hypothesis which are the hypotheses 7, 8, 9, and 10

Table 5: Adjusted p values for Friedman (mono-new is the control PV panel).

PV panel Unadjusted Bonferroni Holm/Hochberg/Hommel Holland Rom Finner Li

CdTe-old 6:143x10−78 4:300x10−77 4:300x10−77 0.0 4:088x10−77 0.0 6:191x10−78

CIS-old 2:094x10−74 1:466x10−73 1:256x10−73 0.0 1:194x10−73 0.0 2:111x10−74

Poly-old 4:643x10−40 3:250x10−39 2:321x10−39 0.0 2:207x10−39 0.0 4:680x10−40

Mono-old 4:580x10−20 3:206x10−19 1:832x10−19 0.0 1:747x10−19 0.0 4:616x10−20

CdTe-new 6:644x10−19 4:651x10−18 1:993x10−18 0.0 1:993x10−18 0.0 6:697x10−19

CIS-new 1:778x10−7 1:245x10−6 3:557x10−7 3:557x10−7 3:557x10−7 2:075x10−7 1:793x10−7

Poly-new 0.0078 0.0548 0.0078 0.0078 0.0078 0.0078 0.0078
1http://sci2s.ugr.es/sicidm.

Table 6: Adjusted p values for Friedman Aligned (mono-new is the control PV panel).

PV panel Unadjusted Bonferroni Holm/Hochberg/Hommel Holland Rom Finner Li

CIS-old 9:571x10−47 6:699x10−46 6:699x10−46 0.0 6:369x10−46 0.0 9:571x10−47

Poly-old 1:039x10−45 7:275x10−45 6:236x10−45 0.0 5:929x10−45 0.0 1:039x10−45

CdTe-old 1:634x10−45 1:144x10−44 8:172x10−45 0.0 7:772x10−45 0.0 1:634x10−45

CIS-new 9:032x10−45 6:322x10−44 3:612x10−44 0.0 3:407x10−44 0.0 9:032x10−45

CdTe-new 1:135x10−44 7:951x10−44 3:612x10−44 0.0 3:407x10−44 0.0 1:135x10−44

Mono-old 2:970x10−44 2:079x10−43 5:940x10−44 0.0 5:940x10−44 0.0 2:970x10−44

Poly-new 1:625x10−35 1:137x10−34 1:625x10−35 0.0 1:625x10−35 0.0 1:625x10−35

Table 7: Adjusted p values for Quade (mono-new is the control PV panel).

PV panel Unadjusted Bonferroni Holm/Hochberg/Hommel Holland Rom Finner Li

CdTe-old 3:656x10−25 2:559x10−24 2:559x10−24 0.0 2:433x10−24 0.0 4:198x10−25

CIS-old 5:061x10−22 3:542x10−21 3:036x10−21 0.0 2:887x10−21 0.0 5:811x10−22

Poly-old 6:416x10−14 4:491x10−13 3:208x10−13 3:208 x10−13 3:051x10−13 1:497x10−13 7:367x10−14

Mono-old 7:611x10−9 5:328x10−8 3:044x10−8 3:044x10−8 2:903x10−8 1:332x10−8 8:739x10−9

CdTe-new 6:522x10−7 4:565x10−6 1:956x10−6 1:956x10−6 1:956x10−6 9:130 x10−7 7:488x10−7

CIS-new 0.0024 0.0162 0.0048 0.0048 0.0048 0.0028 0.0027

Poly-new 0.1290 0.9034 0.1290 0.1290 0.1290 0.1290 0.1290
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are not rejected. By selecting α as 0.01, we can evaluate more
hypotheses. These hypotheses for α = 0:01 verify that mono-
new performs better than CdTe-old, CIS-old, and poly-new,
and poly-new performs better than poly-old, and CIS-new
performs better than mono-old and CdTe-new.

3.8. Global Relevance of the Research Results. Table 9 presents
efficiency results of different PV panels in different cities and
countries. For instance, in [49], performances of four differ-
ent PV panels which are mono, poly, CIGS, and CdTe are
analyzed in Nicosia, Cyprus, based on the data collected
annually, and the results show that mono provides the best
performance comparing to the other PV panels. Besides,
the performance of mono PV panel has been analyzed in

other countries such as Brunei, Morocco, India, and Turkey.
However, the efficiency results have been obtained based on
the different time durations. According to the results, it is
clear that mono PV panel provides the best performance with
11.20% in Cyprus and India, and the efficiency of mono PV
panel is the least with 5.40% in Brunei. Moreover, the highest
and lowest efficiencies of poly are 14.50% and 7.60% in
Poland and Italy, respectively. Note that, the efficiency results
in Cyprus, India, and Poland are estimated based on the data
which were collected annually. Therefore, efficiencies of
mono and poly PV panels are higher than the efficiencies of
mono and poly PV panels in Ankara. The main reason of get-
ting lower efficiency of mono in Ankara is that the data was
collected in winter and spring periods, and the efficiencies

Table 9: Global relevance of the research results.

PV technology Efficiency Location Evaluation period Reference

Mono
Poly
CIGS
CdTe

11.20%
11.00%
9.20%
7.20%

Nicosia/CYPRUS Annual [49]

Poly 8.30% Katar-Kalan/India Annual [50]

Mono 5.40% Brunei 6months [51]

Mono
Poly

10.27%
9.56%

Agadir/Morocco Annual [52]

Poly 11.80% Singapore 18months [53]

Poly 7,60% Calabria, Italy 2months [54]

Poly
CIGS
CdTe

14.50%
11.00%
8.7%

Poland Annual [55]

Mono
Poly
CIS

11.20%
11.90%
10.80%

Hamirpur Himachal Pradesh/India Annual [56]

Mono
Poly
CIS
CdTe

8.46%
8.11%
5.65%
3.88%

Ankara/Turkey 6 months Current study

Table 8: Adjusted p values for tests for multiple comparisons among all PV panels.

Index Hypothesis Nemenyi [45] Holm [46] Shaffer [47] Bergmann [48]

1 Mono-new vs. CdTe-old 4:981x10−6 1:778x10−6 1:778x10−6 1:245x10−6

2 Mono-new vs. CIS-old 1:592x10−5 5:120x10−6 5:120x10−6 2:844x10−6

3 Poly-new vs. mono-new 3:524x10−4 1:007x10−4 1:007x10−4 6:293x10−5

4 Poly-new vs. poly-old 0.0012 3:229x10−4 3:229x10−4 1:845x10−4

5 Mono-old vs. CIS-new 0.0521 0.0634 0.0642 0.0586

6 CdTe-new vs. CIS-new 0.0703 0.0862 0.0965 0.7574

7 Poly-new vs. mono-new 0.2192 0.3131 0.3131 0.2342

8 CIS-new vs. poly-new 0.2916 0.3131 0.3131 0.3120

9 CdTe-old vs. CIS-old 18.495 1.3210 1.3210 1.3210

10 CdTe-new vs. mono-old 21.551 1.3210 1.3210 1.3210
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of mono and poly PV panels are with 8.46% and 8.11% for
Ankara Province, Turkey, and it is important to emphasize
that the efficiencies of the PV panels will be much higher
when the summer data is taken into consideration. Further-
more, in other researches, only new PV panels were used
for performance comparison. In our study, new and old PV
panels have been used for performance assessment and
analyses.

4. Conclusions and Future Work

This paper presents two different studies which are (1) a
designed photovoltaic panel measurement and analysis sys-
tem (PPMAS) and (2) a detailed performance analysis and
comparison of four new and four 5-year-old PV panels which
are based on polycrystalline, monocrystalline, CIS, and
CdTe. The designed PPMAS system consists three different
subsystems. In order to accurately obtain the atmospheric
measurements and power generation of PV panels, the sub-
systems are calibrated. The designed PPMAS system with
PV panels is installed in Yildirim Beyazit University Campus,
Ankara, Turkey, and performed for six months between
December 2019 and May 2020. According to the results,
PPMAS system performs well to obtain measurements which
are ambient temperature, wind speed, and panel temperature
as well as the amount of power generation of PV panel.
Besides this, eight PV panels, in which four of them are
new and other four are 5-year-old PV panels, have been
tested under the same weather conditions for 6 months.
According to the results, February is the best month that
mono, poly, and CIS have the best efficiency measurements
whereas CdTe has the best measurement in December.
Besides this, CdTe-based PV panel technology has the less
efficiency measurements in all the months. Test results
obtained from the experimental system are also statistically
examined and discussed to analyze the performance of PV
panels in terms of monthly panel efficiency.

The current version of the designed PPMAS can measure
generated power of up to eight PV panels. As a future work,
this system will be modified to measure generated power of
more than eight PV panel technologies. Moreover, perfor-
mance of different PV panel technologies in different loca-
tions of Turkey will be assessed and analyzed to understand
efficiencies of PV panels in different locations in Turkey. In
this work, we discussed the performance of PV panel
technologies produced by monocrystalline, polycrystalline,
CIS, and CdTe. Other PV panel technologies such as amor-
phous silicon (a-Si) and gallium arsenide- (GaAs-) based
PV panels will also be used for performance assessment.
The current PPMAS system can work three days under insuf-
ficient sun conditions with the help of its battery system. As a
future work, the capacity of battery will be increased; thus,
the system can work up to seven days under insufficient
sun conditions.
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