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Abstract: The crystalline silicon is categorized into
mono-crystalline (m-Si) and poly-crystalline (p-Si)
photovoltaic cells. These two types of solar cells differ in
their performance parameters, due to their structure,
internal property, temperature co-efficient, and loss in
power output. In this paper, an analysis has been carried
out by comparing the performance of m-Si and p-Si when
connected in series or parallel or in combination. The
variations in fill factor and efficiency due to changes in
the electrical load resistance, and the mismatch effect on
electrical parameters have been studied. Under different
climatic conditions, m-Si and p-Si performance may differ
and therefore the suitable area of selection varies, based
on the type of solar cell used. Two p-Si and one m-Si
photovoltaic module exhibits 80.51% fill factor early in
the day and 11.25% fill factor during the latter part of the
day. The fill factor Vs load resistance curve for various
combinations and photovoltaic module efficiency Vs
photovoltaic module area curve are drawn at T; time
period. The performance of the photovoltaic modules are
evaluated from output characteristic curves of voltage,
current, and power with tilt angle.

Key words: monocrystalline, polycrystalline, fill factor,
efficiency, electrical resistive load, tilt angle.

1. Introduction

Present world economics and industrial growth
level are purely related to the amount of energy
generated in a particular country. In developing
countries, such as India, the growth of automobile
industries or that in the level of agricultural produce
does not meet the associated demand for these
commodities. This is mainly because of the

difference in the level of energy generated and
consumed. This problem may be overcome by
increasing solar photovoltaic  (SPV) power
generation, which leads to quality power generation
at low costs and has countless benefits. The
manufacturing cost of monocrystalline silicon (m-
Si) is higher than that of polycrystalline silicon (p-
Si). It is crucial to reduce the initial investment cost
and to increase the amount of energy generated.
Combining the m-Si and p-Si modules leads to the
generation of sufficient levels of energy with the
least amount of investment. These PV module
combinations can be installed under normal and high
irradiation (desert climate) climatic conditions. SPV
modules  constitute  silicon, copper indium
diselenide, gallium-arsenide etc. The use of silicon
in SPV module manufacturing is a new technique
adopted to develop modules in bulk. A crystalline
semiconductor has a higher density, absorbs more
solar radiations, and has a longer life. The overall
performance of such semiconductor materials
depends on light absorption, energy conversion
efficiency, and material synthesizing technology [1-
3]. A solar cell may not able to supply maximum
possible power output at all conditions. It is proceed
to implement the fuzzy and neuro-fuzzy techniques
to overcome this kind of problem [4].

With exposure to average solar radiation per day,
polycrystalline modules exhibit higher power output
efficiency than m-Si modules. The power output of
m-Si and amorphous silicon (a-Si) modules drops at
high temperatures. The a-Si modules exhibit high



power output efficiency at low solar radiation [5].
m-Si modules  exhibit  higher  performance
characteristics, such as fill factor, power conversion
efficiency, and energy efficiency, than p-Si modules
at 200-500 W/m? irradiance. The series resistance is
higher in the p-Si modules than in the m-Si modules.
In both PV modules, open circuit voltage and short
circuit current decreases with an increase in
temperature [6]. The energy conversion rate of
crystalline modules is higher (12%-17%) than that
of amorphous silicon (a-Si) modules (4%—6%).

In summer, the efficiency of a-Si and p-Si
modules decreases up to 5% compared with that of
m-Si modules (up to 10%)[7]. The m-Si modules
exhibit highest efficiency among the silicon-based
PV modules (16%-24%). The p-Si modules produce
14%-18% efficiency [8]. Typical m-Si modules are
usually 125 x 125 mm or longer and are pseudo-
square shaped. Similarly, p-Si modules are usually
100 x 100 mm or longer and are square shaped [9].
The temperature coefficient for the m-Si and p-Si
modules was approximately —0.4 V/°C. In practice,
both PV technologies may not have the same value
[10]. Solar radiation reduces with a change in the
position of PV modules. The tilt angle is a major
parameter for determining output performance.
Change in the tilt angle depends on the site
specification and the daily, monthly, and yearly solar
radiation path of the sun [11]. During winter, in
South Africa, a PV panel with a tilt angle between
26° and 36° produces optimal power output [12].
The degradation rate (%/year) and power output loss
of crystalline PV modules are lower than those of
other PV modules [13]. Under standard temperature
conditions (STC), the PV module parameters may
vary at different locations for the m-Si modules
compared with silicon film and triple-junction
amorphous modules [14]. The p-Si modules are of
lower costs and have higher power conversion
efficiency than m-Si modules. The p-Si technology
is best suited for SPV modules, whereas m-Si
technology is tedious and its temperature level has
to be maintained within limits for better efficiency
[15]. Polycrystalline modules under outdoor
operating conditions lose 31% efficiency, 18%
power output, and 18% fill factor compared with
those under STC indoors[16].

The fill factor decreases with an increase in solar
irradiation from 0.1 sun (%) to 1 sun (%). The fill
factor decreases from 0.6 to —2.3 with an increase in

temperature at 1 sun (%) from 65°C to 95°C.
Similarly, the fill factor increases from —0.7 to 0.1
with an increase in temperature at 0.1 sun (%).
Performance factors mainly depend on the solar
irradiation of PV modules and the corresponding
temperature variation. The PV modules affect the
temperature-related problem considerably and
eventually degrade the performance [17]. The m-Si
modules provide slightly higher current efficiency
than p-Si modules. The efficiency of the m-Si and p-
Si modules differs because of variations in their
manufacturing techniques. This deviation can be
observed only during the peak hours of solar
irradiation. These effects are identified under semi-
arid climate conditions and may also be identified
during completely sunny days [18]. The shunt
resistance of SPV modules affects the fill factor and
power output [19]. During summer, the tilt angle is
maintained at15° (x2.5°) in Athens. This tilt angle
was established using a theory based on solar
geometric equations [20]. The PV module
performance was affected by a change in the
orientation and tilt angle with respect to the
horizontal plane. The efficiencies of the rotating and
fixed types of PV modules were compared. A
28.76% increase was observed in the solar
irradiation of the rotating-type PV modules, which
resulted in 24.78% increased power [21].
Temperature has a higher impact on m-Si modules
than on p-Si and thin-film SPV modules. The
efficiency of the m-Si and thin-film SPV modules
decreases by 15% and 5%, respectively [22].
Therefore, a region experiencing high solar
irradiation may not exhibit a higher performance of
the m-Si modules than of the p-Si modules.

In this study, the p-Si modules exhibit a superior
fill factor than the m-Si modules because the m-Si
modules are highly influenced by temperature. In
the past, a comparative analysis of the m-Si and p-Si
modules was conducted. The performance of the
newly combined m-Si and p-Si modules as a single
panel was analysed extensively under different
electrical load conditions and with different PV
module combinations. The fill factor and efficiency
of various PV module combinations were calculated.
The angle of inclination considered for the study
ranged from 5° to 50°, with the surface plane. It
causes a change in the output voltage and current of
a PV panel. The PV panel consisted of two m-Si and
p-Si modules, and these modules were connected
diagonally to the PV panel.



2. Basics of PV modules

2.1 SPV module equivalent circuit

Figure.1 displays the SPV module equivalent
circuit diagram. When solar radiation falls on PV

modules, light current (1, ) is generated and diode

current(ID) increases gradually. The SPV modules

have two parasitic resistances: shunt and series
components. They can be connected in parallel and
series across the load circuits.

Rs !

o LTS -+
" Rsn v

Fig. 1. Solar cell Equivalent Circuit [19].
The current generated in PV modules [7, 23-24] is
calculated using the following equations:
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The light-generated current (Khan F, et al.,(2010)) is
calculated using the following equation:

I =(l,, +k(I,+273.15-T,))xG (4)

2.2 SPV Two diode model

It consists of two diodes, which are connected
in parallel with current sources as shown in fig 2.
These two diodes are used to rectify and modelling
of space charge recombination current towards the
controlling of shunt resistor path or leakage current
path. This model is most suitable for low radiation
conditions but under varying temperature conditions
not able to obtain the dynamic resistance of a solar
cell. This problem is associated with single diode
model with varying temperature conditions [25-26].

In general, single diode model of solar cell is
most suitable for hot climatic conditions like India.
In this paper, we considered single diode of solar

cell to investigate the characteristic parameters
instead of two diode model of solar cell [27].
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Fig 2. Equivalent circuit of a double diode model of a solar
cell [25].
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The total global irradiation [20] splits into three
forms of radiation waves when it falls on a PV

panel: direct radiation (S), diffuse radiation (D),

and

and reflective radiation (R ;).
G,=5S+D,+R, (7

Among these radiation waves, direct radiation is
useful for generating electrical energy, and other
radiations are dissipated into the atmosphere in the
form of heat. The amount of energy received from
the sun under the above atmospheric or
extraterrestrial conditions is calculated using the
empirical formulae given below [11].

I =1 [1.0+0.333c0s(360*n/365)] (8)

The fill factor is a parameter for measuring the
quality of PV modules. Its value ranges from 0 to 1.
The fill factor[24] values for the m-Si and p-Si
modules are given in Table 1.
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The SPV Efficiency [28] is used to measure or
identify the energy conversion rate from solar
irradiation to the electrical energy output. The power
to area ratio is high for the m-Si modules and low
for the p-Si modules. These details are given in




Table 1.

_ Ime _ (FF)Iscvoc
nmax_(lTACj_( ITAC J (11)

Table 1 presents the electrical parameters and area
requirements, suitable climatic conditions, shape of
PV modules, power to area ratio, and colour
suitability for the m-Si and p-Si modules. Table 3
presents experimental values such as open circuit
voltage, short circuit current, rated power, maximum
voltage, and maximum current. Here, the
specifications of the m-Si and p-Si modules are
same, but the modules differ in size and colour.

2.3 m-Si and p-Si PV modules

The electrical resistivity of m-Si modules is
lower than that of p-Si modules, and the electrical
resistivity of the p-Si modules is only half of that of
the m-Si modules at 298 K [29]. In addition to the
basic differences between the m-Si and p-Si
modules, the m-Si modules tend to produce a lower
de-rating coefficient at higher temperatures than
other technologies. The p-Si modules have a better
de-rating coefficient at high temperatures [30]. The
electrical and physical properties of m-Si and p-Si
PV modules are given in Table 1. The m-Si and p-Si
modules may not be a suitable option under all
climatic conditions. The m-Si modules are more
expensive than the p-Si modules. Other comparison
parameters are listed in Table 1. The hybrid system
consisting m-Si and p-Si modules in a single module
was developed by Panasonic hybrid panels. This
system leads to improved performance and can be
used for more limited roof areas [31].

3. Experimental Set up

A solar kit consisting the PV panel, irradiance
sensor, temperature sensor, resistive load, voltmeter,
and ammeter measuring devices is shown in Fig. 3.
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crystalline crystalline
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crystalline crystalling
Irradiance Sensor module madule
Temperature Sensor

Fig. 3. Block Diagram for measuring the performance
parameters of Solar Photovoltaic Module.

The PV panel contains four PV modules: two m-Si
and two p-Si modules. The m-Si and p-Si modules
are placed diagonally. The PV modules may be
connected in series, parallel, and combinations. The
electrical characteristics of the m-Si and p-Si
modules with 10 Wp-rated power are given in

Table 2.

The PV panel consists of two different (m-Si
and p-Si) PV modules. Solar irradiation was
measured using a solar power meter and the input
energy estimated for the PV panel. The outer surface
temperature was measured using a thermometer. The
experimental set up of the PV panel is shown in
Figs. 4(a) and 4(b). The m-Si and p-Si modules are
placed diagonally to each other and connected in
series or parallel combinations. In the back view of
SPV, the probe connection was either used to make
an external connection with other PV modules or
was connected to the load terminals. The output
parameters were recorded across the electrical

resistive load, which varies from 0-200€2
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Fig. 4(b) Back side view of solar photovoltaic panel.



Table 1 Properties of typical mono-crystalline and poly-crystalline solar cells [28, 32].

Type color Output voltage  Output Current
V.. (V) J..(mA/cm?)

m-Si black 0.55-0.68 30-38

p-Si blue 0.55-0.65 30-35

Fill factor Power to Climate Shape
(%) area ratio condition
70-78 high Good at cooler
climates square
70-76 Relatively ~ Good at hotter ~ square
less zone

Table2. Electrical parameters of mono-crystalline and poly-
crystalline PV modules [33].

Type Pr \Voltage Vo Im ls
(Wp) V) V) (YR
m-Si/
p-Si 10 16.4 21.0 0.61 0.7
module

3.1 Flow chart for experiments

The experimental procedure is outlined in Fig. 5
for measuring the performance parameters of SPV
modules. The PV modules were connected through
the different topologies (series and parallel
connections). The PV panel was installed in an
entirely sunny area, where the occupied areas were
free from obstacles and shadowing problems. This
system was connected with variable resistance (0—
200 Q) for different topologies. For various
electrical resistances, the current and voltage were
noted and tabulated, and the fill factor and efficiency
were calculated at various time periods. This process
was repeated for another connection scheme to get
the best output from the PV system.

4. Results and Discussion

The various connection schemes of the m-Si and
p-Si modules were placed under open air conditions
to obtain electrical parameters. The voltage and
current were measured for different resistive load
values. These values were observed on 4" April,
2013 at 10:30 a.m. (T4), 11:00 a.m. (Ty), 11:30 a.m.
(T3), and 12:00 p.m. (T,). The fill factor and
efficiency of the m-Si and p-Si modules are
presented in Table 3. In addition, the corresponding
solar radiation was measured at various time periods
in a particular day. Various m-Si  module
combinations, which were connected in series,

produced the maximum fill factor and efficiency.
The same was observed with the p-Si modules. The
remaining combinations, such as two m-Si and p-Si,
two p-Si and one m-Si, and two m-Si and two p-Si
modules connected in series and parallel for
calculating the fill factor and efficiency are
presented in Table 3.  The combination of two p-
Si and one m-Si modules connected in a parallel
scheme exhibited maximum fill factor and
efficiency in a particular day.

4.1 Single m-Si and p-Si module connection

Fig. 6 shows the fill factor and efficiency curves
for different combination schemes. The electrical
values were noted from the PV panel at 10:30 a.m.
on 4™ April, 2013. The variation in the fill factor
values with load changes for the p-Si and m-Si
modules is shown in Fig. 6(a). From the beginning
to the end, the fill factor value was higher for the p-
Si modules than for the m-Si modules. These
changes in the performance curve were because of
high solar irradiation on the surface of the PV
modules.

The maximum fill factor values for the p-Si and
m-Si modules were 0.33 and 0.44, respectively. The
load resistance affects the output current from low to
maximum resistance. The output current was low
when the load was high. In addition, low loads
produced low output current only up to a certain
point. The point when a particular load maximizes
the output current is called the critical point.

4.2 Two m-Si and p-Si modules connected in
series

The parameters of two m-Si and two p-Si PV
modules connected in series are displayed in Fig.
6(b). The fill factor values for the m-Si and p-Si
modules were 0.62 and 0.71, respectively.



Make the necessary connection of PV panel for
the required topology

\4

\ 4

PV panel kit placed in full sunny area

A 4

The electrical load is connected across the PV
panel

Vary the load resistance from 0 to 200Q

y

Tabulate the current, voltage value for each
corresponding load value

y

Calculate the fill factor and efficiency

Yes l

Repeat for other combinations

No

Fig 5. Flowchart of Mono/Poly crystalline PV panel
performance parameter measurements.

These values were obtained under different
climatic conditions and loads. Initially, the m-Si
modules had a higher value than the p-Si modules.
However, at the end, the p-Si and m-Si modules had
attained the same value. At the critical point, the p-
Si modules had a higher value than the m-Si
modules. This change is due to higher solar
irradiation of the p-Si modules.

045

R e e e B
' ESinge;p—simpdu\e d

FIll Facter
o o
2 0 b

o
-

o
2

Sirgle m-ki modyjle

Y] S TR .- LR

Fig 6(a). Single m-Si and p-Si

1 H H H H H H h
60 0 100 120 140 160 180 200

Load Reciiance(is Olhm)

module

08 T
07

06

Fill Factor
o
.

o
w

02

01

80 100 120 140

Load Resistance (in Ohm)

160

180 200

Fig 6(b). Two m-Si and p-Si module in series

FIl Faeter
-
=

m-si érmdule:

Fig 6(c).Two m-Si and p-S

0.8 T

i modu

le in paralle

‘ twh m-si and ond p-si in series!

0.7 FREEEEE HEREEEE T

0.6

0.4

Fill Factor

0.3

0.2

0 i

05F----- Foeend L o oo

-si in serl

et S

0 20

i
80 00 120 140
Load Resistance (in Ohm)

160

180 200

Fig 6(d). Combination of m-Si and p-Si module

in series



L

o A

0.5 Lot Ll twe p-si and one m-si mpdule irf parallg]

7Y S SN SR PR USSP SO UL SO -

Fill Factor

03

02

01 [reveeeb e

two m-si anfl one p-si module in parallel !

0 i i i i i i i i i i
0 20 40 60 80 100 120 140 160 180 200
Load Resistance (in Ohm)

Fig 6(e). Combined m-Si and p-Si module in parallel

07

0.6

BESaBDNEEN

itwo m-si and two p-si moduli in seres

e T T S T T e

Fill Factor

03

02}

] SR R A S TS

i i
0 20 40 60 80 100 120 140 160 180 200
Load Resistance (in Ohm})

Fig 6(f).Combined two m-Si & p-Si module in series &
parallel

The p-Si modules can absorb solar radiation and
convert it to high electrical output. The
aforementioned process showed slight deviation in
case of m-Si modules.

4.3 Two m-Si and p-Si module in parallel
connections

The fill factor performance curves for two m-
Si and two p-Si modules in series connection are
shown in Fig. 6(c). These curves are similar to the
curves of single m-Si and p-Si module connection
schemes. The fill factor values for the m-Si and p-Si
modules were 0.27 and 0.29, respectively. On
connecting the PV modules in parallel, the output
current increased, but the voltage remained the
same. At the same time, the fill factor decreased
because of the p-Si module orientation.
4.4 Different combinations of p-Si and m-Si
modules connected in series

The fill factor curves for two p-Si and one m-Si
modules connected in series and for one p-Si with
two m-Si modules connected in series are shown in

Fig. 6(d). The fill factor values for the first and
second combinations were 0.66 and 0.70,
respectively. During high solar irradiation, the p-Si
modules produced more electricity than the m-Si
modules. Therefore, the p-Si modules are more
suitable for hotter regions. The properties of the p-Si
modules dominate those of m-Si modules. These
two combinations had the same fill factor value until
the critical point. After the critical point, the curve
path changed because combined m-Si and p-Si
orientation reduced the PV module structure,
thereby reducing the electrical output current
generation rate.

4.5 Different combinations of p-Si and m-Si
modules connected in parallel

Performance curves for two p-Si and one m-Si
modules and two m-Si and one p-Si modules
connected in parallel combinations are shown in Fig.
6(e). The fill factor values for the two different
combinations were vastly divergent. The fill factor
values for the first and second combinations were
0.65 and 0.31, respectively. This was because m-Si
combinations always reduce power production
during high solar irradiation, and load resistance
also reduces the output current.

4.6 Combinations of two m-Si and two p-Si
modules connected in series and parallel

The fill factor curves for two m-Si and two p-Si
modules in series and two p-Si and two m-Si
modules in parallel are shown in Fig. 6(f). The fill
factor values for the two PV modules in series and
parallel combinations were 0.62 and 0.12,
respectively. Therefore, an increase in the overall fill
factor was observed. The main observation was that
the fill factor values differed at the critical point.
The major effect of a series connection was high
output voltage from both PV modules. The
efficiency versus area of PV modules for different
m-Si and p-Si combinations with a change in the
SPV module area at a time of T, from Table 3 is
shown in Fig. 7. Two p-Si modules in series cause a
10.53% higher efficiency among all the other
combinations, and this is possible only in summer.
In general, m-Si combinations might produce
maximum efficiency, but their internal structure are
not capable of absorbing high amount of solar
irradiation.



Table 3. Experimental data of fill factor and efficiency for different combinations of m-Si and p-Si

modules.
S.No PV Module Interconnection T: T, Ts T,
Scheme
FF n FF n FF n FF n
(%) (%) (%) (%) (%) %) (%) (%)
1 Single m-Si module 33.40 4.44 22.88 3.03 39.20 5.11 37.64 4.82
2 Two m-Si module in series 67.50 8.04 58.65 6.98 68.66 8.41 61.60 7.08
3 Two m-Si module in parallel 26.80 4.20 21.05 3.15 25.85 3.81 23.29 3.37
4 Single p-Si module 44,16 6.61 42.81 6.42 40.50 5.91 44.06 6.44

5 Two p-Si module in series 71.53 10.53 61.06 9.00 67.86 9.82 62.35 8.87
6 Two p-Si module in parallel 29.81 4.60 24.98 3.86 26.57 4.03 29.44 4.38
7 Two m-Si and one p-Si 70.63 9.31 69.68 9.20 67.46 8.74 70.91 9.32

module in series

8 Two m-Si and one p-Si 37.85 4.35 68.15 9.34 35.16 4.73 31.64 4.17
module in parallel

9 Two p-Si and one m-Si 66.41 9.85 62.15 9.23 65.31 9.51 66.53 9.52
module in series

10 Two p-Si and one m-Si 64.97 9.24 66.00 9.37 80.51 11.25 68.52 6.77
module in parallel

11 Two p-Si and Two m-Si 62.83 10.03 61.12 9.77 57.28 9.00 59.76 9.21
module in series

12 Two p-Si and Two m-Si 11.14 1.86 37.57 6.58 31.06 5.34 43.92 9.41
module in parallel




This leads to decreased energy conversion. The
combination of two m-Si and two p-Si modules
in series produced the least efficiency of 1.869%.
These efficiency changes are based on the load,
climatic conditions, and selected PV module
combinations.
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Fig 7. PV module efficiency for different combination
of m-Si and p-Si modules.
4.7 Effects of tilt angle

The m-Si and p-Si modules were connected
in series and parallel. The various tilt angle
positions for optimal output voltage, current, and
power were estimated at a particular point. The
module output voltages for different tilt angles in
parallel combinations are shown in Fig. 8. An
optimal tilt angle of 10° produces the maximum
output voltage of 14.1 V. As the tilt angle
increases, the module output voltage decreases
gradually. The module output current for
different tilt angles in parallel combinations are
given in Fig. 9. An optimal tilt angle of 5°
produces a maximum current of 20.1 mA. In this
configuration, the PV panel current decreases
when the tilt angle increases. The module output
voltage and current for different tilt angles in
series combinations are presented in Figs. 10 and
11. A maximum output voltage of 78 V was
produced, which was higher than the output
voltage produced in a parallel combination. A
maximum output current of 6.56 mA was
attained, but it was lower than the output current
obtained in a parallel combination.
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Fig 8. Comparison of PV Module Output Voltage
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Fig 9. Comparison of PV module output current (mA)
for various Tilt Angle position in Parallel
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Fig 12. Comparison of PV module output power at
various Tilt angle position for parallel and series
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The PV module output power of both series
and parallel combinations are shown in Fig. 12.
A maximum output power of 0.511 and 0.285 W
was attained in series and parallel combinations,
respectively. The output of a series combination
is linear and decreases with an increase in the tilt
angle, because PV module output voltage in
series greater than that in parallel. The output
power curve for a parallel combination is not
linear because the output current is not high.

5. Conclusions

An experimental investigation on the m-Si
and p-Si panel was conducted in this study. This
study was conducted to obtain short circuit
current, open circuit voltage, fill factor, and
efficiency. The following conclusions were
drawn from the results of this study:

i.  The m-Si modules produce the highest
fill factor value under warm climatic
conditions.

ii.  The p-Si modules produced the highest
fill factor value in a hot region or during
sunny hours.

iii.  The fill factor curves of the m-Si and p-
Si modules show slight deviation,
coinciding for the combinations of m-Si
and p-Si modules.

iv.  The fill factor values and efficiency
deviated from the ideal conditions to
practical  conditions  for  various
combinations of the m-Si and p-Si PV
panels.

v.  The same rating of the m-Si and p-Si
module connections gave different
performances, thus creating mismatch
effects among them.

vi. The time (T;) gave a maximum fill
factor value and efficiency of 80.51 and
11.25%, respectively, during the test
period.

vii.  The series configuration (0.511 W) led
to a better performance than the parallel
configuration (0.285 W), because it
generated a linear curve for the output
power although the voltage and current
varied gradually depending on the tilt
angles.
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Nomenclature

q
= —— =|nverse thermal voltage.
P KT J

= Efficiency.
A, = Area of the module (m?).
FF =Fill factor.

G =Solar irradiance kVV 5.
m

G, = Total global irradiation.



. 1
G® = — = Shunt conductance.
sh

I, =Light-generated current (A).
I, =Cell saturation of dark current (A).

I; =Incident solar irradiation MZ)
I, =Maximum output current (A).

I, =Cell’s short circuit current at 25°C

andlk%z .

I, =Short circuit current (A).

n ~ Terminal Current

| =
ph " Cell-generated photo current
Ipys lpo = First and second diode current

lo, = .
SH " Shunt resistance current

| | . . .
sbL’ 'sb2 = Fjrst and second diode saturation

current.
K =Bolts man Constant (1.38x10% J/K).

k; = Cell’s short circuit current co-efficient.
N =Ideality factor.
n =day in a year.
P, = Output power (W).
Pr = Rated power (W,).
q = Electron charge=1.602x107*°C..
R, = Cell shunt Resistance ().
Rs= Series Resistance ().
T =Cell’s working temperature (K).
T, =Reference Temperature (K).

T.= 10:30 AM.T,=11:00 AM. T5=11:30 AM.
T,=12:00AM.

V,, =Maximum output voltage (V).
V,. =Open circuit voltage (V).
W, =Peak Watt.
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