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The world is running out of the oil and natural resources with each passing day. Most of the electricity around the world is gen-
erated using natural resources. E-governments are trying to move the electricity production from natural resources to hydro and
solar generation. For the places such as in the Middle East and deserted areas in Sindh district of Pakistan, where water resources
are low and solar is superlative for generating electrical energy. The objective of this research is to implement, model, design
and simulate the Photovoltaic Solar Monitoring (PVSM) systems. The simulation for the system is implemented on LabVIEW
software and tests are carried out for certain values of input. All the details, expected outcomes, problems, and results are part of
this research.

The scope of this research is to obtain the results using real-time simulations performed in LabVIEW. The simulation per-
formed in LabVIEW mimics the implementation of the advanced automation and control system technique Supervisory control
and data acquisition (SCADA). The objective of this research work is to perform the essential simulation that is required to inves-
tigate current products for PV factors monitoring that influence solar panels efficiency. The goals are: to design and to develop a
system for monitoring the PV solar systems using LabVIEW, to simulate the performance of PV solar system using the theoretical
methods, to monitor system by means of LabVIEW and to show theoretical effects in the method of the curve of PV performance
parameters. Implementing the interfacing technique at home level to monitor the local solar parameters helps in utilizing the solar
generated energy in an efficient way. Analysis in LabVIEW helps in studying the parametric condition of the environment where
solar is required to be installed.
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1. Introduction

For the deserted area such as Middle East and Sindh
district of Pakistan, the sunlight intensity in the day is
very high and sunlight can be used to generate electri-
cal energy using solar panels. Solar energy has proved
itself quite useful in the recent years and there are no
side effects of generating from solar system [1]. More-
over, the suburban trend for gaining the energy is shift-
ing towards seeking energy from sunlight because all
other energy generating plants (i.e., Coal Power Plant,
Fossil Fuel Power Plant, etc.) rely on the principle
of converting energy from mechanical, chemical and
thermal into electrical energy. In contrast to the solar
converted power, which requires no mechanical energy
provision mechanism and is based solely on getting en-

ergy from sunlight. Unlike in wind generation system
or hydropower generators working as turbines where
turbines come in motion due to the flow of water. In
case of solar generation, the power comes directly in
the form of sunlight, whereas in all other cases, the
generating system and prime mover must be designed
but in case of solar power system, the prime mover is
not required to be designed as sunlight is a natural phe-
nomenon [2]. With the sunlight as the source of input, it
is only required to design the system and not the prime
mover, only the intermediate system is required to be
designed whereas the input is natural process (sunlight)
as it comes directly from the sunlight. The input can
be maximized by using a maximum power point solar
tracker. A structural model approach for this is being
discussed by Pathania et al. [3].
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Solar cells are used these days to generate electri-
cal energy directly from sunlight. Solar panels are also
installed on large grid system to produce and provide
the essential quantity of electrical energy to the system
[4]. In some of systems, these solar cell systems act as
the backup source of power. Most of the users favor
to install solar panel at their home because in case of
solar panel, the initial cost is high while there is only a
little or no maintenance cost.

In Micro grid systems [5], different power sourc-
es relate to the grid station to maintain the steady flow
of the electricity and the solar cells are connected to
each other in series or parallel to obtain large solar sys-
tem to high power Loads. Prior to installing the solar
cell at specific place, it is necessary to perform certain
set of tests and analysis that helps in increasing the
energy efficiency.

In this research work, the solar cell simulation has
been done using LabVIEW [6] program to obtain the
Open circuit voltage (OCV), Daily Load (DL), Short
Circuit Current (SCC) and other factors. These fac-
tors help in the placement of solar cells as well. The
computer program implemented in LabVIEW [7] is an
interactive computer-based [8] program that helps in
performing the solar cell analysis and obtaining use-
ful results from it. The implemented LabVIEW pro-
gram is an automated computer program that inputs
temperature (IT), Volts (V), Number of Panels (NP),
Irradiance (Ir) and outputs the Performance parame-
ters, Power Parameters, Cost of the system, Annual
energy value, daily energy value, solar generated pow-
er and solar generated daily power curve as well. All
these data can be helpful in designing and installing
the solar panel system at specific locations. The envi-
ronmental parameters help in the performance of the
generated solar energy [9]. The technique of SCADA
allows the supervisory control of the plant [10].

The aim and goal of this research work is to im-
plement the PV monitoring system that investigates
and finds the factors needed to describe the complete
behavior of the solar cell. The main objective is to
make the designing simple. One such example of traf-
fic system in smart cities using LabVIEW has been
discussed by Farooq et al. in their paper [11]. The goal
here is to study the V-I characteristics curve using
LabVIEW and implement the complete system in Lab-
VIEW so that a Graphical interface screen can only
be used to obtain results. The other primary purposes
are to display theoretical curves for energy and pow-
er as well. Displaying all the performance parameters,
power parameters is also one of the secondary goals
of this project. The project purpose is to create the
solar cell-based simulation [12] system in LabVIEW
that can do efficient calculation and obtain the system
performance. In this way by performing the simula-
tion, efficient system can be designed. One of the main
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purposes of the project is to introduce the solar based
simulation in LabVIEW [13] and use some simulating
software to obtain the desired quantities.

2. Literature review

An electric cell is a chemical cell that generates elec-
tricity [14]. Typically, the electric cell produces elec-
trical energy from the chemical energy and a lot of
such electric cells are available commercially. Chemi-
cal energy is internal energy of the body and chemical
cells produce electrical energy from this internal ener-
gy. This is the principal behind the working of chem-
ical cells. This paper contains a discussion about the
solar cells. Solar cells are alternatively pronounced as
the Photovoltaic (PV) cells. A characteristic solar cell
yields less than 3 Watts at 0.5 Vdc [15]. To run the
higher power load, a number of solar cells are con-
nected in series or in parallel to create a high power
source [16]. Solar cells are joined with each other to
form an array named as PV array [17]. PV arrays pro-
duce power only when sun light falls on them. Photo-
voltaic systems usually use a method to store energy
so the energy from the sunlight is stored in batteries
and will be used later. Normally, the storage batteries
are of rechargeable Lithium-polymer or Nickel-cad-
mium batteries, but efficient and more exotic methods
can be used for this purpose as well. In toting to ener-
gy storage, storage batteries also deliver sub transient,
transient and steady state suppression, system voltage
regulation, efficiency increment and a constant cur-
rent source that can rise PV array working capabili-
ties [18].

When a battery charge storing system is used,
then it is imperative to add micro-controller circuit in
to the system to provide efficient switching, so the bat-
teries can be made to prevent from getting either of the
overcharging and discharging conditions that reduce
battery life and system performance [19]. Maintain-
ing the battery performance is very important for im-
proving the life of the system. To monitor the battery
life and usage over time, sensors and some monitoring
devices are paired and installed in the system, so that
the usage of the battery can be improved [20]. It is the
requirement for most of the users that all of the Loads
whether AC or DC have to serve. For these require-
ments, a DC-to-AC inverter will be used to convert the
DC voltage from the PV system to AC Voltage [21]. If
the complete system contains a backup system, then in
case of failure, no disconnection occurs but still most
of the times, it is required that the system must contain
the micro-controller circuit to switch between auxilia-
ry and back up supply.

It is also likely that PV systems are being con-
nected in micro grid system. Such systems may supply
extra PV energy to the network or use the network as
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Fig. 1. PV-cell configurations. (a) PV-cell with controller and load, (b) PV-cell with backup generator connected

a backup system in situations of inadequate PV gen-
eration [22]. These microgrid (with PV connected)
organized systems need to include proper switching
circuitry so the PV system will be removed from the
grid when failure occurs.

Figure 1a shows the case when the PV-cell array
is connected to controller and the load with excess
power being stored in the storage battery so that it will
be used at night [23]. Figure la can be modified to
create Fig. 1b by including the backup generator in
parallel to the battery so that the battery system failure
condition can be prevented [24]. When sunlight falls
on PV-cell, electron—hole pair is generated by the con-
tact of the incident photons on atoms cell. The electric
field twisted by the PV-cell junction sources the elec-
tron-hole generated by photons braces to isolate, with
the electrons traveling into the n-region of the atom
and the holes drifting into the p-region of the atom
[24]. Since PV-cell produces DC power so it is nec-
essary to convert that DC power to the AC power so
that we can get the varying voltage waveform that can
run any kind of signal. The amount of | and V availa-
ble from the cell depends upon the sunlight fall on the
PV-cell [25].

3. Analysis

The greater the light falls, the larger will be the so-
lar irradiance and the more will be the corresponding
voltage.

I =1, 1o (exp{qV KT} -1),

where |, is the component of cell current due to pho-
tons, = 1.6:107'° coulomb, k = 1.38-10 J/K and T
is the temperature in K (Kelvin). Both voltage and cur-
rent generated by PV-cell are limited. To regulate the
short circuit current of a PV-cell, merely set V =0 in
the backer. This leads to I, = 1.

The open circuit voltage obtained from the solar
cell and the current that flows through the solar cell is
set to be equal to zero, which yields the below value of
the open circuit voltage
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v, KT hiel
q Iy
The dot product of voltage and current in the solar
cell gives the PV-cell or solar cell power. Solar power
can be defined as:

0.24 (Sun brightness)
200
x (No. of panels) x (Signal /2),

Solar power =

where
Signal = A'r-PR,

A = area of solar panel, r = solar yield (%), PR = per-
formance ratio.

The maximum power point on PV-cell IV charac-
teristics is exposed in Fig. 2.

If I, represents the current that passes through
the solar cell at maximum power, and if V, rep-
resents the V at maximum power point obtained,
then the cell maximum power can be expressed
as

Pmax: Ime = I:F'ISC'VOO
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Fig. 2. Maximum power point representation
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where FF is the PV-cell fill factor. The fill factor is as-
sociated with the internal manufacturing quality of the
cell. Cells with large interior resistance contain small-
er fill factors, while the ideal cell keeps a fill factor
of unity. It must be kept in mind that a unity fill fac-
tor submits a quadrangular solar cell VI characteris-
tic. This situation predicts that the cell functions work-
ing as an ideal source. Even though an actual cell does
not keep a four-sided characteristic, instead it has an
area where its procedure approaches that of perfect V
source and additional area where its process methods
that of a lossless source. Loss mostly occurs due to the
presence of harmonics. [26].

It is substantial to note that when sunlight falls
on PV-cell, it will normally change less than 20% of
the total available sunlight into useful electrical elec-
tricity. The remaining of the 80% irradiance is trans-
formed into heat concluded into the resultant hotness
of the cell [27]. As a result, the solar cell can be antic-
ipated to activate overhead normal operating tempera-
ture conditions. If the cell is a measure of an engaged
system, it will produce more heat then, resulting in an
additional absolute temperature performance degrada-
tion of solar cell. The photocurrent advanced in a solar
cell is reliant on the amount of the light event original-
ly on the PV-cell. The current flow through the solar
cell is also highly dependent on the wavelength of the
available instance light [28].

The integral of the power generated using the so-
lar cell can be named as solar energy. Mathematically
it can be written as:

Solar energy = [ (Solar power)dt,

whereas the daily energy value is the average value of
the energy used over the one complete day.

Daily energy = Average of (Energy signal array).

When the daily energy is multiplied by 365, it
produces the annual or yearly value of the energy:

Annual value = 365 (Daily energy).

The yield (production) to profit ratio can be writ-
ten as the ratio of the annual yield to the yearly cost.

Yield to profit = (Annual yield)/(Cost).

A single solar cell alone cannot produce large volt-
age and large current output, so to obtain large current
and voltage, it is required to connect them as a com-
bination (series or parallel), so that they produce large
current and voltage. This type of connection of more
than one cell is called solar array. At night, when we
do not have large solar photocurrent, it is required to
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connect in series combination so that the requirement
can be fulfilled. Large numbers of solar cells are con-
nected to each other to form solar array. Solar cells can
be connected in series and in parallel as well to form
the large array. A PV array is formed as one solar cell
is not enough to provide large power. So, to draw large
current solar cells, more than one cell is required to be
connected in parallel whereas for voltage we connect
them in series. In general, solar cells are connected in
series and in parallel as well to form the large array.
Sometimes the diode is used in blocking mode [29].
In blocking mode, the diode is connected in series to
avoid or neglect the flow of current. One of the factors
that determines the cell characteristics is the nominal
operating cell Temperature (NOCT) [30]. The NOCT
is the temperature at which the cell operates at STP
condition. STP stands for standard temperature and
pressure conditions. The ambient temperature can be
linearly approximated by the formula given below.

Te=Ta+ [(NOCT -20)/0.8]-G.

The irradiance and temperature are of consid-
erable importance for the cell performance. The cell
performance largely depends on them [31]. Fill fac-
tor (FF) is the unit less quantity that is related to the
amount of max generated power [32]. Fill factor can
be defined as the ratio of maximum power (mp) to the
product of open circuit voltage and the short circuit
current. Mathematically, it can be defined as:

FF= (‘]mp'vmp)/(‘]SC'Voc)-

The mathematical behavior and the physics of
the solar cell are similar to that of the ideal diode. So,
while deriving mathematical formulas, solar cells can
be assumed as the ideal diode. Using this assumption,
the fill factor can be expressed as:

FF = [V, — In(Vye + 0.72)]/(V,, + 1).

The practical behavior of solar cells is not in ac-
cordance with the Boltzmann approximation. The
non-ideal behavior can be better explained by ideality
factor n into the Boltzmann equation. The ideality fac-
tor determines how ideal the behavior is. The Boltz-
mann factor can be written as:

exp{(eV,)/(NkT)} .

The ideality determines the junction joint point
quality and the type of recombination used in the solar
cell. Ideally n is equal to 1: it shows the true condition
which shows the recombination by the minority charge
carriers in the quasi neutral region [33]. There is a type
of recombination that occurs when n is equal to 2. The

Int. Rev. Appl. Sci. Eng.
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Fig. 3. Front panel view of the project

higher the n value is, the lower will be the form factor.
The FF is actual and real-life circuit is low due to the
parasitic internal resistance based losses [34].
LabVIEW [35] is a powerful monitoring tool
that can monitor the hardware data, process and give
the required output results. Software data can be pro-
cessed in LabVIEW as well. In this project, to imple-
ment the complete system equations in the form of VI,
LabVIEW has been used. LabVIEW is used since it
provides functionality to the functions, structures, pal-
ettes, subVI’s for building the large system. The be-
low steps can be followed to start the LabVIEW VI
program.
1) Open LabVIEW.
2) Then from the Toolbar, go to File > New VI.
3) After that by right clicking on the VI background,
components and packages can be selected, placed
and connected on the background.

4. Methodology

The photovoltaic (PV) monitoring system has been
implemented in LabVIEW. Complete sets of equations
describing the system have been programmed to run
LabVIEW. In LabVIEW, there are two panels. One
is front panel and other is block diagram panel [36].
The solar project front panel in LabVIEW is shown
in Fig. 3.

Figure 4 represents the block diagram panel of
the project. The block diagram panel can be referred as
the programming diagram panel. In this panel, graph-
ical programming like one that is done PLC [37] is
programmed here and the programming done here is
related to the equations that describe the system’s be-
havior.

To run the program, the user needs to run the play
button from the top and when the program is required
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Fig. 4. Block diagram panel for PV monitoring system
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Fig. 5. Toolbar in LabVIEW

to stop, then it can be stopped by pressing the pause or
STOP button using the bar shown in Fig. 9.

To obtain the results, the user needs to enter the
inputs in the input section of the Front panel diagram.
The input section takes the input values and the out-
put result will be displayed accordingly in the output
sections. The output section consists of two parts. One
part contains graphical section and other part con-

2 |
Mumbers of Panel
45 .90 55

tains output result sections. The output result section
displays results in the form of output numbers while
the output graph section displays results in the form
of graph. The input section of the program has been
shown in Fig. 6.

The output panel of the LabVIEW is shown in
Fig. 7. The output panel shows the results of the PV
program. The program works by taking the inputs, and

Irradiance (KWm*-2)

9 10 19
o e

Fig. 6. Input section of the LabVIEW front panel
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Fig. 7. Output section of LabVIEW front panel

118

Brought to you by University of Debrecen | Unauthenticated | Downloaded 05/04/21 03:58 PM UTC

Int. Rev. Appl. Sci. Eng.



PERFORMANCE STUDY AND EVALUATION OF A SOLAR PV TESTBED SYSTEM USING LabVIEW

Solar power Generated

Solar power gen, Daily

20000~

13000~

Fig. 8. Graphical section of LabVIEW front panel

then processes the data using applied equations and
gives the output results.

The front panel output graphs section is shown
in Fig. 8. The graphical section displays the results in
the form of graph. The graph consists of solar power
generated vs number of panel. The other graph on the
left side displays the solar generated daily power vs
the number of panels.

Fig. 9. The STOP button

The STOP button can be pressed as well to stop
the LabVIEW solar program. The STOP button image
is shown in Fig. 9:

Following input has been added to the LabVIEW
program. The input once added will generate the cor-
responding output and graphs. The analysis using so-
lar LabVIEW project can help in the further analysis
and can be used to obtain the optimized results.

5. Results

To an actual decent estimate, the cell current is relat-
ed as the direct proportional relation to the cell irradi-
ance. Therefore, if the cell current is recognized under
normal test conditions as G, = 1 kW/m?, the cell cur-
rent at any other irradiance, G, is given by

11(G) = (G/Gy)- 1i(Gy).

CurmentiA]

Irradiancs

il . »

0 [F] <
Vekage(V)

Fig. 10. IV characteristics of non-ideal PV-cell (MATLAB)
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Fig. 12. Output settings

The IV characteristics of the PV-cell are shown
below in Fig.10.

In Fig. 11, the input has been set to some spe-
cific points. Since there are four inputs namely initial
temperature, voltage, number of panels and irradiance.
The initial temperature has been set to 23 °C, desired
voltage is 12 'V, the number of panels to between 2 and
3 and irradiance to 1 KWm™. Setting the parameters
to those numbers will result in the corresponding out-
put calculated parameters and graphs.

By setting the input parameters in Fig. 11, the cal-
culated output comes out to be in Fig. 12. Figure 12
shows the result.

The parameters shown in Fig. 12 are due to in-
put settings in Fig. 11. The performance parameters
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include short circuit current, Open circuit voltage, in-
ternal resistance, fill factor having values 4.699 mA,
0.04566 V, 2.77 ohms and 0.058 whereas the power
parameters include current, max power and cell tem-
perature having values 4.23 A, 0.0005 W and 286.417
Kelvin while the other factors including annual val-
ue energy, daily energy, cost of panel and years to get
profit have values 17.437 J, 0.0477 J, 736.906 USD
and 42.261, respectively. For inputs other than set in
Fig. 15, the output will come accordingly and vice ver-
sa.

Figures 13 and 14 represent the solar power gen-
erated vs number of panels and solar generated power
on daily basis vs number of the panels. It can be seen
that the graph is not a straight line. The graph takes

Int. Rev. Appl. Sci. Eng.
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Fig. 14. Output graphs

input values and computes the corresponding outputs.
The input values can be used to change the corre-
sponding curve shape, but the curve is always a part
of sinusoid since it can be seen that the power does
vary with the number of the panels, therefore it results
in a sinusoidal curve. Figure 15 shows the result of
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Fig. 15. Complete LabVIEW program in running condition

the complete screen while the LabVIEW program is
running. The complete program displays the quantities
that are explained in the Results section.

The complete LabVIEW program can be used to
calculate and estimate the solar results and the running
solar project has been shown in Fig. 15.
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6. Conclusions

In countries such as in Middle East and specific are-
as in Sindh district in Pakistan there is more heat than
in other parts of the world and these areas do not have
a specific steady low temperature for the most part of
the year. These areas can be the hub of the solar en-
ergy and there will no longer be a need for the natu-
ral resources. So, the idea of this research work is to
study the VI characteristics of the solar panel using
LabVIEW. The solar simulation analysis has been im-
plemented in LabVIEW. LabVIEW is being used as it
has several features that help in designing the Graph-
ical interface structure-based simulation [38]. Lab-
VIEW is a tool preliminarily designed for this pur-
pose. Mathematical equations representing the solar
system have been first explained with details and then
implemented in LabVIEW. After creating the simula-
tion interface with LabVIEW, the system is differenti-
ated with respect to input and output parameters. The
input and output parameters have been correctly dis-
played and detailed. After that some input parameters
have been applied and details recorded. As designed,
the system takes the input parameters and produces the
corresponding output graphs and output parameters.

VI characteristics of the solar panel help in stud-
ying the analysis and operating temperature condi-
tions. The obtained results help in selecting the op-
timal conditions, situation and location to install the
solar power grid. Likewise, the safe conditions can be
determined. The simulation can be further improved
by adding more analytical equations. Addition of dat-
alogger helps in recording the previous data (history)
and the simulation can then be classified as the casual
simulation (one that stores the previous results and the
future decision includes considering the history). Add-
ing the datalogger keeps track of the data and simula-
tion can be performed for 10 years or longer to deter-
mine the life of the system (warranty status). There are
lots of other factors like system converted efficiency,
life span, warranty, working probability analysis can
be performed in LabVIEW by implementing the equa-
tions corresponding to it. There are certain uncertain-
ties in the Solar system that are required to be calcu-
lated. These uncertainties include system failure ratio
and working in the case when there is no sunlight for
a few days.

Solar energy is efficient for generating electrical
electricity as compared to the traditional sources that
will run out sometime. An efficient system requires
pre-installed testing and calculations which are dis-
cussed in this paper by creating a LabVIEW for it.
Generating energy from solar system is a great trend.
Solar energy projects contribute more towards creat-
ing the jobs and now it is one of the fastest growing
industries in the United States of America [39].
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