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ABSTRACT

Now a day’s solar photovoltaic (PV) system got more attention from researchers as well as the power
industry, as the solar has a huge potential and certain advantages over the conventional electrical energy
sources such as clean, green and everlasting source of energy. Lots of literature found on solar PV in past
few decades. In this paper the behaviour of solar PV is studied with changing environmental conditions i.e.
change in solar radiation or insolation, change in temperature and different mismatch conditions such as
different insolation or partial shading condition and temperature mismatch of a solar PV array. The
detailed simulations as well as experimental results are presented along with the behaviour of solar PV
with changing environmental conditions. The analysis may be helpful for researcher of this field.
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1. NOMENCLATURE

e Electron charge (1.602 x10™ C)

k Boltzmann constant,

I, Cell output current A

o Photon generated current

I First diode saturation current

I, Second diode saturation current

R, Series resistance of cell

Ry, Shunt resistance of cell

V,, Cell’s output voltage

\VA Thermal voltage

T meas Cell’s Parameter extraction temperature
Pu Maximum power obtain from solar PV
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Vu PV array’s output voltage corresponding to maximum power

Iy PV array’s output current corresponding to maximum power

q Charge on an electron

N Diode emission coefficient or quality factor of the first diode

N2 Diode emission coefficient or quality factor of the second diode

I Irradiance (light intensity or insolation) in W/m? falling on the cell

oho The measured solar generated current for the Standard Insolation 1,=1000W/m?

Tiph1 First order temperature coefficient for I,

TX,,  Temperature exponent for Iy

TX,,  Temperature exponent for I,
Tra Temperature exponent for R,
Treo Temperature exponent for Ry,

2. INTRODUCTION

Now a day’s mankind is facing a massive challenge. The overall socio economic growth needs
increase in energy demand which requires additional source of energy other than conventional
sources of energy. Among many important factors sky-rocketing growth of fossil fuels prices
shows that we are approaching the ceiling of oil supply in addition to carbon emission by the
conventional energy sources contributing towards global warming. Renewable energies sources
like solar and wind energy are the best option to achieve all above requirements [1].

Solar energy is a large source of energy available free of cost, at fairly equal manner. There are
two methods to extract the solar energy 1) Solar thermal plants 2) Solar cells i.e. photovoltaic
cells. Among wide variety of renewable energy projects in progress the photovoltaic cell (Solar
PV) is the most promising future energy technology option. The direct conversion of solar
radiation to electricity by PV cells has a number of significant advantages as an electricity
generator, along with the significant challenges like Energy cost, Energy fluctuation, Location
dependence, and Huge investment requirements. The efficiency enhancement is a big issue in
reducing cost of PV system since maintenance requirement is very low in PV systems which will
lead to the real cost savings. For efficiency improvement it is very necessary to know the
behaviour of solar PV with changing environmental condition [2-5].

3. MODELLING OF PV SYSTEM

Equation (1) governs the characteristics of a solar cell which behaves more like a current source.
A solar array is a series and parallel both combinations of solar cell The modelling of solar cell is
done as both current and voltage source but the solar cell characteristic is more similar to current
source as shown in Figure 1 hence the. Fig (1) gives the modelling of solar cell as current source
with two diode model [6-10].
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Fig. 1 Electrical equivalent circuit of a PV cell
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3.1 Dependency on solar radiation or insolation:

Figure 5 shows the dependency of characteristic on variation in insolation 5. The photon
generated current (lp,) of the solar cell is the function of insolation as given in equation
(2) and increases proportionally with increase in insolation. Figure 6 reflects that the
maximum power also varies with respect to changing insolation [11].

Solar induced current or photon generated current I, is given by

3.2 Dependency on temperature:

Temperature is one another factor which shows influence on solar cell’s characteristic.
Equation (3) reflects the relationship between photon generated of solar PV characteristic
and temperature. Equation (4) and (5) gives the relationship between saturation current of
diode and temperature [11].

Iph T = Iph 1 + Tlphl(T - Tmeas) ...................... (3)

TX Isl T
T N EG(T —1)
Is(T) = I{ XD —— e, (4)

meas
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X,
= EG( T —1)

N 2 Tm eas
XD ——————————— e
P N2Vt ©)

|52(T) =ls2

meas

The relation between series and shunt resistance of solar cell is given in equation (6) and (7).

Rs(T) = Rs

meas

T jTRsz
Rsh(T) =R| —— | (7)
Tmeas

4. SIMULATION AND EXPERIMENTAL RESULTS

Solar module TBP1210M made by Tata BP Solar India Limited are used for experimental
analysis and the simulations are conducted with the parameters of module given in datasheet [13].
Simulation is done in the SIMSCAPE library of MATLAB which deals with physical signal in

place of unit less signal as used in simulink library of MATLAB.

Figure 2 shows the experimental setup to verify the characteristic of solar PV with changing
environmental conditions and mismatch condition.

Solar Panel

Load

Multimeter Voltmeter

Fig. 2. Experimental setup

Figure 3 shows the current versus voltage (I-V) characteristic and figure 4 shows the power
versus voltage (P-V) characteristic of solar cell at constant insolation 1000 W/m? and constant

temperature 25°C
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Fig. 4. P-V characteristic solar PV module at 1000 W/m? insolation and 25°C temperature

Analysis of waveforms is presented in Table I given below:

TABLE | RESULTS FOR CONSTANT INSOLATION AND TEMPERATURE

Solar Panel

Insolation (W/m?)

Temperature (°C)

P (W)

Vi (V)

Im (A)

TBP1210M

1000

25

9.799

17.15

0.5715

4.1 Effect of insolation on solar PV characteristic

Figure 5 shows the I-V characteristic and figure 6 shows the P-V characteristic of solar

panel at variable insolation and at constant temperature 25°C
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Fig. 5. I-V characteristic of solar PV at variable insolation and at constant temperature 25°C
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Fig. 6. P-V characteristic of solar PV at variable insolation and at constant temperature 25°C

Analysis of waveforms is presented in Table Il given below:

Table li Results for Constant Temperature and Variable Insolation

Solar Panel | Insolation (W/m?) | Temperature (°C) | Py (W) | Vi (V) | Iu (A)
TBP1210M | 1000 25 9.799 17.15 0.5715
TBP1210M | 900 25 8.756 17.21 0.5087
TBP1210M | 800 25 7.709 17.16 0.4493
TBP1210M | 700 25 6.671 16.78 0.3976
TBP1210M | 600 25 5.648 16.80 0.3361
TBP1210M | 500 25 4.637 16.44 0.2820
TBP1210M | 400 25 3.640 16.23 0.2243
TBP1210M | 300 25 2.663 15.82 0.1683
TBP1210M | 200 25 1.713 15.26 0.1122
TBP1210M | 100 25 0.803 14.45 0.0555
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4.2 Effect of temperature on solar PV characteristic

Figure 7 shows the |-V characteristic and figure 8 shows the P-V characteristic of solar
panel at constant insolation 1000 W/m? and at different temperature
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Fig. 7. 1-V characteristic of solar PV at constant insolation 1000 W/m? and at different temperature
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Fig. 8. P-V characteristic of solar PV at constant insolation 1000 W/m? and at different temperature
Analysis of waveforms is presented in Table 111 given below:

Table lii Results for Constant Insolation and Variable Temperature

Solar Panel Insolation (W/m?) | Temperature °C) [Py (W) [Vu (V) [ Iv(A)
TBP1210M 1000 00 8.919 15.80 0.5644
TBP1210M 1000 25 9.799 17.15 0.5715
TBP1210M 1000 50 10.48 18.88 0.5552

4.3 Effect of mismatch condition

Mismatch condition of a solar PV array is nothing but the mismatch in either insolation or in
working temperature of solar panels connected in a large array either in series or in parallel. In
series connection voltage of connected panels are added and the current should be same similarly
in parallel connection voltage should be same and the current of each panel is added.
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4.3.1 Mismatch in solar insolation

In a large PV array, insolation mismatch is a common condition. It may be due to the partial
shading or shadow.

A. Mismatch in solar insolation for series connection
For performance analysis two series connected solar modules are taken, mismatch in isolation can

be better understand by considering an example: if first solar module receives solar insolation of
1000 W/m? and second receives solar insolation of 400 W/m? as shown in figure 9.

Fig. 9. Condition of insolation mismatch or partial shading.

Figure 10 shows the I-V characteristic and figure 11 shows the P-V characteristic of solar panel at
constant temperature and at mismatched insolation of 1000 W/m?and 400 W/m?. This mismatch

may occur when modules are partially shaded. In large solar PV arrays this condition of partial
shading is common.
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Fig. 10. I-V characteristic of solar array for condition of insolation mismatch or partial shading.
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Fig. 11. P-V characteristic of solar array for condition of insolation mismatch or partial shading.

Analysis of waveforms is presented in Table 1V given below:

Table Iv Results for Insolation Mismatch Condition (Series)

Solar Array Insolation (W/m?)

Temperature (°C)

P (W)

Vi (V)

Im (A)

1. TBP1210M | 1000

2. TBP1210M | 400

25

8.33

35.59

0.2341

In insolation mismatch condition power out from the array is less because of the shaded (400
W/m?) panel’s current dominating the other panel’s current as they both are connected in series.
For eliminating this effect bypass diode mitigation technique is found in literature [14]. Figure 12
shows the diode mitigation technique used to draw more power in mismatched insolation or

partial shading condition.

N
Diode

N Bypass
Diode

Fig. 12. Diode mitigation technique for condition of insolation mismatch or partial shading.

Using diode mitigation technique Figure 13 shows the |-V characteristic and figure 14 shows the

P-V characteristic of solar PV.
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Fig. 13. I-V characteristic of solar PV with diode mitigation technique for condition of insolation mismatch
or partial shading.
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Fig. 14. P-V characteristic of solar PV with diode mitigation technique for condition of insolation mismatch
or partial shading.

Analysis of waveforms is presented in Table V given below:

Table V Results For Insolation Mismatch Condition (Series) With Diode Mitigation Technique

Solar Array Insolation (W/m?) | Temperature (°C) | Py (W) [V (V) | In (A)
1. TBP1210M 1000 25 9.693 17.05 0.5684
2. TBP1210M 400

B. Mismatch in solar insolation for parallel connection

Fig. 15. Condition of insolation mismatch or partial shading for parallel connection
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Fig. 16. I-V characteristic of solar array for condition of insolation mismatch or partial shading.
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Fig. 17. P-V characteristic of solar array for condition of insolation mismatch or partial shading .
Analysis of waveforms is presented in Table VI given below:

Table Vi Results for Insolation Mismatch Condition (Parallel)

Solar Array Insolation (W/m?) | Temperature (°C) | Py (W) | Vu (V) | Iu (A)
1. TBP1210M 1000 25 13.33 17.13 0.7785
2. TBP1210M 400

Insolation variation affects the short circuit current of solar PV hence in the case of series
connected modules the power out from the solar array is less in insolation mismatch condition as
given in Table IV and Table V. While connected in parallel power output is greater as given in
Table VI, this is because in parallel connection current is added.

4.3.2 Mismatch in temperature

One another mismatch condition is possible in large PV array is temperature difference in
different solar panels. This temperature mismatch condition can be understand by taking an
example of two panels with different temperatures i.e. 50°C and 25°C. This may be caused due to
partial raining or temperature variation in large area. With increase in temperature open circuit
voltage increases proportionally and short circuit current decreases logarithmically.

49



Electrical and Electronics Engineering: An International Journal (ELELLJ) Vol 4, No 3, August 2015
A. Mismatch in temperature for series connection

Figure 18 depicts the condition of temperature mismatch when two or more modules of an array
work at the different temperature.

Fig. 18. Condition of temperature mismatch or partial raining condition.

With change in temperature current changes slightly while the voltage changes proportionally

hence in series connection the power output is slightly reduced. Because the changed voltage is
added in series connection.
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Fig. 19. I-V characteristic of solar array for condition of temperature mismatch or partial raining
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Fig. 20. P-V characteristic of solar array for condition of temperature mismatch or partial raining.
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Analysis of waveforms is presented in Table VII given below:

Solar Array Insolation (W/m?) | Temperature (°C) | Pu (W) [ Vu (V) | Iu(A)
1. TBP1210M 1000 25 19.37 34.66 0.559
2. TBP1210M 1000 50

After applying diode mitigation technique there is slight change in solar output current is

observed because with change in temperature the main effect is on open circuit voltage of solar
PV.
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Fig. 21. I-V characteristic of solar array with diode mitigation technique for condition of temperature
mismatch or partial raining.
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Fig. 22. PV characteristic of solar array with diode mitigation technique for condition of temperature
mismatch or partial raining.

Analysis of waveforms is presented in Table VII given below:

Table Vii Results For Temperature Mismatch Condition (Series) With Diode Mitigation Technique

Solar Array Insolation (W/m?) | Temperature (°C) [Py (W) |V (V) | Iu(A)
1. TBP1210M 1000 25 19.37 34.66 0.559
2. TBP1210M 1000 50
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B. Mismatch in temperature for parallel connection
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Fig. 23. I-V characteristic of solar array for condition of temperature mismatch or partial raining.
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Fig. 24. P-V characteristic of solar array for condition of temperature mismatch or partial raining.

Table Vi Results For Temperature Mismatch Condition (Parallel)

Solar Array Insolation (W/m?) | Temperature (°C) | Py (W) | Vu (V) | Iu (A)
1. TBP1210M 1000 25 18.37 16.38 1.122
2. TBP1210M 400 50

5. CONCLUSION

The behaviour of solar PV with changing environmental condition as well as mismatch condition
is optimized in this paper from MATLAB simulation in SIMSCAPE and through experimental
validation. Lots of research is going on efficiency improvement of solar PV system. This paper
helps the researcher of this field to understand the characteristic behaviour of solar PV with
changing environmental and mismatch condition, also gives a novel idea to research in the
direction of temperature mismatch condition while modules are connected in parallel. A
significant amount of power loss occurs in this case due to voltage difference in parallel
connected modules. Researcher can take this problem to find the solution which can help them
doing their research work.
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