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In this research work, the electrical simulation of 1D5P model solar cell is done using LTSpice-IV simulation software. In this work
effect of environmental conditions i.e temperature, solar irradiance, and parasitic parameters i.c series as well as shunt resistances was
carried out. It has been discovered that as temperature increases the performance of solar cell decrease because temperature causes to
increase the recombination phenomenon and hence lower the performance. However, when the temperature rises from 0°C to 50°C,
the I-V and P-V curves move to the origin showing the negative effect of increasing temperature on the solar cell. Solar irradiance has
major role on the performance of solar cell. As solar irradiance increases from 250 Wm to 1000 Wm2, the performance of solar cell
increases accordingly and I-V as well as P-V curve moves away from the origin. It is concluded that for different series resistances, I-
V along with P-V characteristic of 1D5P model solar cell varies, as at 0.02€2 series resistance, a maximum short circuit current and
maximum power is obtained. But when series resistance increased up 2 ohm only, the I-V and P-V curves moves to origin drastically.
Shunt Resistance is the path of reverse current of the cell. As the shunt resistance increases, the path for reverse current decreased,
hence all current goes to load, hence maximum power is obtained. Similarly when the value of shunt resistance decreased, the voltage-
controlled section of I-V characteristics curve is moved closer to the origin hence reduced the solar cell performance. It's critical to
understand how different factors affect the I-V and P-V characteristics curves of solar cells. The open circuit voltage, short circuit
current and maximum power is all variable. The influence of these factors may be extremely beneficial when tracking highest power
point of a solar cell applying various methods.
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Because of the catastrophic situation with conventional fuels, renewable energy sources have grown increasingly
appealing. Solar energy consumption has grown by 20 percent to 25 percent in the last 20 years [1]. PV cells are devices
that use solar energy to turn it directly into electricity. However, energy generation has a significant impact on the
environment and solar cell manufacture. The short circuit current increases somewhat as temperature rise, whereas open
circuit voltage of PV cell drops significantly [2].

A short circuit current decreases as sun irradiation decreased [3]. The open circuit voltage, on the other hand, does
not fluctuate substantially. It is substantially diminished after a certain point [4]. Voltage drop between junction and
terminal increases as the series resistance of the PV cell increases, as well as current-controlled section of I-V
characteristics curve moves closer to the origin [5]. Current flowing through the shunt resistance improves when the shunt
resistance is reduced, and the voltage regulated part of I-V characteristics curve moves closer to an origin [6].

The characteristics curves of PV cells are affected by changes in many factors. This document includes a brief
explanation of the PV cell as well as LTSpice IV modeling [7]. LTSpice IV is a strong, high-performance, and a quick
sufficient program that makes it simple to build and simulate various circuit models while also providing accurate
simulation results. LTSpice's capabilities include the ability to do simulations based on transient, AC, noise, and DC
analyses [8]. Because of its advantages, LTSpice IV is utilized to run the simulations. This simulation tool is entirely free
and is easily downloaded from the LTC website [9]. It is compatible with a wide range of operating systems, including
Windows NT4.0, Me, XP, Vista, Windows 7, Windows 8, Windows 8.1, and Windows 10. LTSpice-IV program is
available for Linux users also [10].

PV CELL MODELING
Mathematical expressions representing current-voltage (I-V) curves describe the electric performance of solar
modules. Typically, seven mathematical models are employed, split into three categories as shown in Table 1 [11]. The
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single diode variant is the most common. Because these equations are non-linear, the right procedures for extracting their
parameters are required. Several writers have reviewed the approaches for extracting module parameters in the literature

[12,13,14].

Despite the fact that these many approaches are strong, the majority of them, particularly iterative methods like the
Levenberg-Marquardt (LM) algorithm, need beginning data. In most cases, the user enters these initial settings
instinctively. Algorithm's computation will take a long time or, at the very least, a convergence problem will arise if input
values are distant from true beginning values. Because incorrect starting values might influence algorithm accuracy,
convergence, and computation time, it would be beneficial to have a way to get these initial values [15].

Table. 1. Classification of photovoltaic cell comparable models [16].

7 Parameters Model

Group Model Parameters
3 Parameters Model Ipn, lo, 1
One Diode Model 4 Parameters Model Ipn, Lo, 1, R
5 Parameters Model Ipn, 1o, Rs, Ry
One Diode Model 6 Parameters Model Ipn Lo1, M1, Lo, p, R

Iph: 101' n, 102' ny, Rs' Rsh

Model with recombination in
intrinsic layer

1 Diode Model with Recombination

Iph: Io: n Rsv Rsh' Ut

2 Diode Model with Recombination

Iph' lo1, M, Io2, Mg, Rg, Rep, T

Equation of the diode current is

Equation of load current is

qvd

Il =lo(e 7 —1)

IL =Iph _Id

g
I, = Ly~ Ip(e @ — 1)

When terminals are short circuited (V; = 0);

q0
le = ph — Iy(exr — 1)

Ie = ph

When terminals are open circuited (I;. = 0);

| P ¢ L T i, I

Figure 1. Ideal Equivalent Circuit of a Solar Cell [17].
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A current source, a diode, and a shunt resistance Rp parallel to it make up the realistic equivalent circuit of a solar
cell as given in Figure 2. Between a connection and load there lies a series resistance Rs [5].

Equation of load current is,

IL=Iph_Id_[P

quh,RS Rs
I, =Ly — (e = —1)— (Iphg
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Open circuit voltage (Voc) equation:

o= (m{(2) 1) o

<D ¥ § R va § Load

Figure 2. Practical Equivalent Circuit of a Solar Cell [18].

I-V and P-V characteristics of solar cell
The following Figure 3 describes [-V as well as P-V characteristics of solar cell.
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Figure 3. I-V and P-V Characteristics Curve of Solar Cell [19].

For a single operating point, maximum power is gained at output of a solar cell. When the given quantity of load is
applied, the resulting power at load is Py for load current I as well as load voltage V.. However, for a given load value,
the load current (I.= Iimpp) and load voltage (Vi = Vimpp) are maximum, and the power obtained is maximum, Ppmax. Ratio
of maximum power to product of V. and I is known as the fill factor that reflects quality of solar cell [20]. Changes in

parameters have an impact on I-V characteristics curve and maximum power value. As a result, it's critical to understand
the impact of changing these factors [21].

Simulation of Solar Cell Model using LTSpice-1V
Schematic diagram of solar cell model 1D5P (one diode, five parameters) is shown in Figure 4. This model is used
to simulate the effects of temperature, sun irradiation, series resistance, and shunt resistance of the solar cell.

Rseries
{Rs}

Rparallel
{Rp}

<L

Figure 4. Single-diode solar cell 1D5P-model simulated in LTSpice IV.

As illustrated in Figure 5, the model accepts as input the cell characteristics in reference circumstances as well as

environmental data (cell temperature, irradiation). The characteristics of solar cells change as a result of climatic factors
(irradiation, temperature).
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Temp
Irradnce . Ise, Vo
LTSpice -V
Rs Solar Cell Model
Ren Simulation Characterizations
Po(Iim, Vi)

Figure 5. Illustrative diagrams of the inputs and outputs of the LTSpice model.

RESULTS AND DISCUSSION
Temperature Effect on 1DSP Model Solar Cell

PV system-1 (1D5P) is used to demonstrate the effect of temperature variation. The command used in LTSpice IV
to run the simulation is (step temp 0 50 10). The beginning temperature is 0 degree, with 10 degrees as the step size and
50 degrees as the end temperature. The series and shunt resistances are 0.03 Ohms and 500 Ohms, respectively, in 1D5P
solar cell model. The current source is assumed to be 3A since the irradiance is 1000 Wm. The simulation for the
temperature impact is illustrated in Figures 6 and 7. The curve on the right represents 0 degrees celsius, while the curves
on the left represent 10, 20, 30, 40, and 50 degrees celsius, respectively.
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Solar cells, like all other semiconductor devices, are temperature sensitive. Increasing temperature, lowers the
bandgap of a semiconductor, affecting the majority of its material characteristics. A reduction in a semiconductor's band
gap as temperature rises might be interpreted as an increase in the energy of the material's electrons. As a result, less
energy is required to break a connection. A decrease in bond energy decreases a bandgap in the bond model of a
semiconductor bandgap. Open-circuit voltage is characteristic in a solar cell that is most impacted by temperature changes.
The observed variations in parameters owing to rise in temperature are reported in table 2 based on the temperature impact
simulations (Figure 6 and 7).

Table. 2. Effect of temperature

Temperature Open circuit Short circuit Maximum
(degree) voltage, Vo current, Isc Power, Pmax
™ A) W)

0 0.891136 2.99998 2.09897

10 0.880491 2.99997 2.05999

20 0.869756 2.99997 2.02095

30 0.858932 2.99996 1.98187

40 0.848023 2.99988 1.94276

50 0.837031 2.99984 1.90362

The open circuit voltage decreases with increasing temperature, while short circuit current decreases only little,
according to simulation results. At 0-degree output power is maximum. Power progressively decreases because with
temperature changes, current voltage (I-V) characteristic of an illuminated photovoltaic cell changes. According to solid
state theory, the impact may be explained. Higher temperature lowers open-circuit voltage and short-circuits current, and
hence same is true for the P-V curve. As a result, changes in temperature have an impact on the cell's overall performance.
The cell performs well at low temperatures, but as temperature rises, efficiency of the cell decreases.

Irradiance Effect
The value of I, changes when the value of solar irradiance changes. The current in a short circuit is proportional to
sun irradiation, G. A solar cell is seen to act like a 3A current source when exposed to 1000 Wm™ sun irradiation. If the
obtained ratio is Kr = (3/1000), it is determined that the current sources for radiations of 1000 Wm<2, 850 Wm<2, 700 Wm2,
550 Wm, 400 Wm2, and 250 Wm are 3A, 2.55A, 2.1A, 1.65A, 1.2A, and 0.75A, respectively, using the equation;

L= K*G (11)

The series and shunt resistances are 0.03 ohms and 500 ohms, respectively, in the model. Figures 8 and 9 show
simulations of I-V as well as P-V characteristics curves for various solar irradiances.

Table 3. Solar Cell Current (Isc) effect by Irradiance (G)

Ly (A) K, = =2 (A) G Wm™?) I, = K,xG (4)
3 0.003 1000 3
3 0.003 850 2.55
3 0.003 700 2.1
3 0.003 550 1.65
3 0.003 400 12
3 0.003 250 0.75

Iic is the current of the solar cell affected by the solar irradiance. These currents are being used to observe the
affect of solar irradiance on I-V and P-V curve of the solar cell. The variation in the solar irradiance majorly affects
the performance of the solar cell shown below in the graphs.

As the solar insolation changes during the day, the I-V and P-V properties change as well. With rise in solar
irradiance, open circuit voltage and short circuit current rises as well, causing maximum power point to shift
downward. Solar cell performance is affected by irradiance, with a drop in sunshine resulting in a fall in current and,
as a result, a loss in power production. The observed changes in parameters are presented in Table 4 resulting in a
decrease in solar irradiation.

Open circuit voltage and short circuit current are lowered as sun irradiation reduced, according to the simulation
results. The output power is highest when the irradiance is at its highest, then progressively decreases when the
irradiance is reduced.
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Irradiance Effect on I-V Curve
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Table 4. Effect of Irradiance
. Open circuit Short circuit Maximum
Irradiance, G
(Wm?) voltage, Voc current, Is Power, Pmax
(W) (A) W)

250 0.826288 0.749955 0.518568
400 0.838466 1.19993 0.829345
550 0.846713 1.6499 1.13318
700 0.852957 2.09987 1.42888
850 0.857982 2.54985 1.71582
1000 0.862188 2.99982 1.99361

Effect of Change in Series Resistance

Figures 10 and 11 show the simulation results

for various series resistance levels. The solar irradiation is set to

1000Wm?2, temperature is set to 20°C, and shunt resistance is set to 500 ohms. 0.03 ohm, 0.3 ohm, 3 ohm, 4 ohms, and

5 ohms are the series resistance values utilized.
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Figure. 11. Effect of change of series resistance on P-V curve (a) Stack (b) Batch

At open-circuit voltage, series resistance has no effect on the solar cell since entire current flow through solar cell,
and therefore via series resistance, is zero. Series resistance, on the other hand, has a significant impact on I-V curve at
open-circuit voltage. Table 5 summarizes the observed variations owing to changes in series resistance.

Table 5. Effect of change of series resistance

Series resistance, Open circuit Short circuit Maximum

Rs voltage, Vo current, Isc Power, Pmax

(Ohm) (\%) (A) W)

0.002 0.862186 2.99999 2.22728

0.003 0.862187 2.99998 2.21887
0.02 0.862188 2.99988 2.0766
0.03 0.862188 2.99982 1.99361
0.2 0.862188 2.99868 0.867814

Short circuit current is lowered insignificantly when series resistance is raised, while short circuit current is reduced
significantly for very high series resistance values. However, open circuit voltage stays same, whereas maximum output
power is decreased. The flow of current between emitter and base of solar cell, contact resistance between metal contact
and the absorber layer, and resistance of top and rear metal contacts are the three reasons of series resistance in a solar
cell. Although extremely high values may also lower short-circuit current, the major effect of series resistance is to
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diminish the fill factor. At open-circuit voltage, series resistance has no effect on solar cell since entire current flow
through solar cell, and therefore via series resistance, is zero. Series resistance, on the other hand, has a significant impact
on I-V curve at open-circuit voltage. Finding slope of I-V curve at open-circuit voltage point is a simple way to estimate
series resistance of a solar cell.

Effect of Change in Shunt Resistance
Figures 12 and 13 illustrate the simulation for various shunt resistance levels. The irradiation of the sun is 1000Wm,
the temperature is 20°C, and the series resistance is 0.03 Ohm. 5000 Ohms, 1000 Ohms, 500 Ohms, 5 Ohms, and
0.05 Ohms are the shunt resistance values.
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Figure 13. Effect of change of shunt resistance on P-V curve (a) Stack (b) Batch

By offering an additional current channel for light-generated current, low shunt resistance becomes the reason
of power losses in solar cells. An amount of current passing through solar cell junction is reduced, and voltage from
solar cell is reduced as a result of this diversion. Because there is less light-generated current at low light levels,
effect of a shunt resistance is more severe. As a result, loss of this current due to shunt resistance has a greater
impact on solar cell performance. Furthermore, at lower voltages, when solar cell's effective resistance is
considerable, influence of a parallel resistance is significant. Table 4 summarizes the observed variations owing to
changes in series resistance.



72
EEJP. 2 (2022)

Muhammad Aamir Shafi, Muneeb Khan, et al

Table 6. Effect of change of shunt resistance

Shunt resistance Open circuit Short circuit Maximum
Rer (Ohm) i voltage, Voc current, I Power, Pumax
(44 A w)
0.05 0.150000 1.87500 0.0703125
5 0.860675 2.98211 1.89965
500 0.862188 2.99982 1.99361
1000 0.862196 2.99991 1.99408
5000 0.862201 2.99998 1.99446

The open circuit voltage decreases little as shunt resistance decreases, but it decreases considerably for very low
shunt resistance values. The short circuit current is little impacted. The output power is decreased, and the power is very

low for a very tiny shunt resistance.

Optimized Results
From the above results and discussion, we concluded that at 0°C temperature, 1000w/m? irradiance, 0.002 ohm
series resistance and 5000 ohm shunt resistance give the fruitful results. The optimized values were simulated on 1D5P

model solar cell as shown in the following circuit diagram.

Rs

A

\
\
Rsh 0:002

5000

Veell
+
( —
%
.measure voc find vcell when i(vcell)=0

.measure isc find i(vcell) when vcell=0
.measure mpp max(i(vcell)*vcell)

.dcVeell 0.9 1m Iph rLD1
(/%A A

.

.param Temp 0

Figure 14. Real Valued Circuited simulated on optimum values

The effect of these optimum values is clearly shown in the following graphs.
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Figure 16. Improved I-V and P-V curves
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From the above graphs it is clear that at the optimum values, the curves have become straighter showing the
improvement in the performance of 1D5P model solar cell.

CONCLUSION

The numerical simulation was done with LTSpice. The short-circuit current and electrical characteristics of certain cell
components such as the diode, shunt resistance, and series resistances are illustrated and analyzed using numerical data. These
impacts are demonstrated using simulations. The major goal of the project is to measure output power under various
environmental conditions such as temperature, solar irradiance. Changes in these parameters have a major impact on the PV
cell's I-V and P-V characteristics curves. Temperature was varied from 0°C to 50°C. With increase in temperature the I-V and
P-V curves were affected. Hence the case with solar irradiance varied from 250 to 1000 Wm? was observed. The shunt and
series resistances of the solar cell play an important role in the performance of the solar cell. Optimum values of the temperature,
solar irradiance, shunt and series resistance values have be calculated for one diode five parameters (1D5P) solar cell.

FUTURE WORK
The presented work gave the effect of different parameters variations on I-V and P-V curves of 1D5P model solar
pv cell. If a DC-DC converter is applied at the output of this model, the voltages and currents, and hence the power of the
cell can be enhanced as well as the smooth curves can be obtained.
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BIIVINB MAPASUTHUX TAPAMETPIB TA YMOB CEPEJJOBHUIIIA HA 1I-V TA P-V XAPAKTEPUCTHKHU MOJEJII
1DSP COHAYHOI'O EJIEMEHTA 3 BUKOPUCTAHHAM LTSPICE-IV
Myxamman Aamip adi>*f, Myui6 XanP, Cymaiis Bi6i, Myxamman Slcip Illagi®, Hopina Pa66anid,
Xanid Yana®, Jaiik Xan®, BepuaGe Mapif
“@arynemem enexmpomextixu, Yuieepcumem COMSATS Icramabao, [lakucman
b®daxynemem enexmpomexuixu, Incmumym Iiedennozo Ienoncaba Mynmana, Haxucman
‘Daxynomem enexmpomexuiku, Ynisepcumem baxayooina 3axapii, Mynman, Ilakucman
d®akynomem enexmpomexnixu, Yuisepcumem nayxku ma ingpopmayitinux mexnonoziti Capxao, Ilewasap, Haxucman
¢Enexmpornutl (paxynvmem enexmpomexuixu, QedepanvHull yHigepcumem mucmeyms, Hayku i mexsiku Ypoy, Iciamabao, axucman
Tuemumym ousaiiny ma eupobnuymea (IDF), Honimexuiunuii ynicepcumem Banencii (UPV), Icnanisa

VY wiit mociimHUNBKIA poOOTI BUKOHAHO EIEKTPHYHE MOJCIIOBaHHS COHs4HOI Oarapei moneni 1DSP 3a momomoror mporpamMHOToO
3abe3neueHHs MojemoBanHs LTSpice-IV. ¥V miii po6oTi 3milicHIOBaBCS BIUIMB YMOB HAaBKOJIMIIHBOTO CEpPEIOBHINA, TOOTO
TEMIIepaTypH, COHSYHOTO ONPOMIHEHHS, a TaKOX IapasHTHUX IMapaMeTpiB, MOCHIZOBHUX IIyHTIB. Byno BusBIEHO, IO B Mipy
IiIBUILEHHS] TeMIepaTypy MPOIYKTUBHICT COHSYHHUX Oarapeil 3HIKYEThCS, OCKUIBKHM TeMIIepaTypa NMPU3BOIMTH O ITOCHICHHS
ABUIIA PEKOMOIHALLT 1, OTKE, 10 3HUKEHHS NPOAYKTUBHOCTI. OHAaK, KOJIU TeMreparypa migsuntyerbes Big 0°C no 50°C, kpusi I-V i
P-V nepeMilaioTbcst 10 MOYaTKy KOOPJIHMHAT, MOKa3yIOYM HETaTHBHUI BIUIMB IiIBUILEHHS TEMIEPaTypH HAa COHSYHHH EJIEMEHT.
CoHsAYHE OIPOMIHEHHS BiJirpae BayKIMBY POJIb Y IPOIYKTUBHOCTI COHSTYHUX €IEMEHTIB. 31 301IbIICHHSAM COHIYHOTO OMPOMiHECHHS 3
250 Br-M? 10 1000 Bt-M2 OpoIyKTHBHICTh COHSMHOIO €JIEMEHTA BiANOBiNHO 361bIIyeThes, 1 kpuBa I-V, a Takox P-V Bignangerscs
BiJ[ ITOYAaTKy KOOpAMHAT. 3pOOJICHO BUCHOBOK, IO JJISI Pi3HUX MOCIiTOBHUX omopiB [ V pa3om i3 P-V xapakTepHCTHKOIO COHSYHOTO
enemenTta Mozeni 1D5SP 3MiHIOEThCS, OCKIIBKK TIpH TocifoBHOMY omopi 0,02 OM oTpuMy€eThCS MaKCUMAIBHUI CTPYM KOPOTKOTO
3aMUKaHHS Ta MAKCUMaJIbHA TIOTYXHICTh. AJie KOJIM MOCIIIOBHUH omip 30inbnmBes nuiie Ha 2 OM, kpusi [-V 1 P-V pizko pyxaroTbes
JI0 OYaTKy KoopanHat. Omip HIyHTa — e IUISX 0 3MIHU CTPYMy elleMeHTY. 3i 30UIbIIEHHSM OIopy LIyHTA IUISX 3BOPOTHOTO CTPYMY
3MEHILYEThCS, OTHKE, BECh CTPYM iJIe Ha HABAHTAXKECHHS, OT)KE, IOCATAEThCA MAKCUMaJIbHA HOTYXKHICTb. AHAJIOTI4HO, KON 3HAYECHHS
OIopy IIYHTa 3MEHIIYETHCS, KepOBaHA HANpPYyrol AUITHKA KPHUBOI BOJBT-aMIEPHHMX XapaKTEPUCTHK HEPEeMIlLyeThesl OMK4e 10
MOYATKy KOOPJHMHAT, IO 3HIKYE HPOAYKTUBHICTh COHSYHUX €IEMEHTIB. BaxJMBO 3p03yMiTH, sIK pi3Hi (paKTOPHU BILIMBAIOTH HAa KPUBI
1-V 1 P-V xapakTepHCcTHK COHSYHUX eJeMeHTiB. Hampyra XoJI0cToro Xoay, CTpyM KOPOTKOTO 3aMHKaHHS Ta MaKCHUMaJIbHA MOTYKHICTb
3MIHIOIOThCA. BB nux ¢akTopiB Moxke OyTH HaI3BUYaiHO KOPHCHHM NP BiJICTEKCHHI HaWBHUIOi TOYKH MOTYKHOCTI COHSIYHOT
Oarapei pi3HUMH METOJIAMHU.

Kurouosi cioBa: consana G6arapest, 1 DSP, monemoBanHs, TeMnepaTypa, ocBitieHicts, LT Spice





