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Abstract: In this paper, a 335 W solar panel with a centrifugal pump combined system was 

simulated in MATLAB Simulink 2018 with fuzzy logic-based MPPT, and the voltage, current, power, 
and discharge four output responses were determined at different values of solar flux, module 
temperature, and atmospheric temperature. Further, the output responses voltage, current, power 
output, and discharge data have been optimized in Response Surface Methodology (RSM). The 
output data of RSM and MATLAB Simulink is used to determine the solar pump's theoretical 
performance and overall efficiency. Finally, the RSM-optimized results of solar pumps are validated 
with the experimental results of the solar pump. The experimental setup consists of 15 panels of 335 
W power and a 5 hp submersible pump operated by an AC motor. The experimental data were 
collected from 15/01/2020 to 15/12/2020. The optimization of the solar pump by the three most 
important variables solar flux, module temperature, and the atmosphere temperature is very new and 
unique since the selected input variables maximize the overall performance of the solar pump. 

 
Keywords: Photovoltaic; Submersible pump; Discharge; Head; Exegetic efficiency;   
Temperature. 

 

1.  Introduction 
In India, agriculture depends on monsoons, canals, 

tanks, wells, tube wells, and other sources of irrigation. 
The tube wells contribute 63.63% of irrigation compared 
to other available irrigation sources in India. In India, the 
tube wells are run by electricity and diesel fuels. In recent 
times, the price of fossil fuels has increased. The enlarged 
cost of fossil fuels incurred the high cost of irrigation in 
agriculture charged by the farmers reducing their earnings 
of the farmer. If solar pumps operated by PV modules are 
used for the irrigation of crops, it not only reduces the cost 
of irrigation but also works as a source of earning for the 
farmers after the payback period. If the cost of the Solar 
Photovoltaic (SPV) system is around ten lacs, that will 
return in 4 years of payback. However, the actual life of 
the pump is 20 years. It will also increase farmers' 
earnings by three lacs per year 1).  

The statistical analysis covers the long-term 
performance of the solar pumps. The statistical equation 
in the form of a regression equation has been generated by 

the motor pump manufacturer and weather data. Based on 
these models, the solar pump system performance has to 
be determined for future use. The simulation study has 
been done by the TRYNS model and validated the results 
with the UW-PUMP program. The percentage difference 
between simulation and experimental results was 3% in 
Albuquerque and 6% in Seattle 2). 

The investigation was performed on rice and unrice 
crops under drip and furrow irrigation in Bangladesh. 
Finally, it is concluded that a solar pump is not suitable for 
rice because it requires three times more water than other 
crops 3). A compressive review was presented on PV and 
organic Rankine cycle-operated solar pumps. The focus 
area chosen for the study was the sub-Sahara region. 
Finally, it is concluded that for small size capacity solar 
pump thermal energy-operated solar pump is not suitable  
4). 

A review paper in 108 reputed journals has been 
presented on a solar pump. The research focused on 
finding the research gap, economic feasibility, design 
variables, performance, and atmospheric effects on PV 

- 1110 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 09, Issue 04, pp1110-1125, December 2022 

 
cell technology. They also focused on the material of PV 
cells, optimized performance, and degradation of PV 
modules 5). A solar pump has been installed at St. 
Catherine, South Sinai, Egypt, climate. The pump consists 
of 4 modules of PV cells made of the silicon 
monocrystalline of module size 0.8х1.6m2, which 
generated the short circuit current (Isc= 5.65A) and open-
circuit voltage (Vo= 0.617 V). The simulation model of 
solar flux, PV cell has been solved by MATLAB and a 
graph has been plotted between solar intensity to time at 
different seasons of the years. The graphs were plotted for 
21 June, 21 march, and 21 Dec, between solar radiation in 
W/m2 and time from 5 am to 7 pm. He finally concluded 
that solar radiation is maxing at 21 June 920 W/m2. The 
tilt angle has been changed as ( L-15) on 21 June, L on 21 
march, and (L+15) on 21 Dec, where L represents the 
latitude of the location 6). 

A directly- coupled PV water pumping system 
performance has to be determined based on the 
experimental finding. A 1.5 kWp solar pump with a 
centrifugal pump has been installed, the system consists 
of 30 PV modules, of which 15 modules were in series in 
one row, and both rows were parallel to each other. The 
total power, voltage, and current produced by the PV array 
were 1526.07 W, 253.5 V, and 6.04 A respectively 7). A 
nonlinear mathematical formulation between solar power 
and water flow rate has been developed by mathematical 
regression analysis. The formulation was done at varying 
heads in which eight series and three parallel PV modules 
were used. The experimental setup used for the 
formulation was located in the Madinah site (Saudi 
Arabia) 8). 

A PV-operated solar pump was designed and developed 
for pumping the water to fill the domestic need of 
Purwodadi village, Tepus in the karsts of Gunungkidul. 
The two pumps are designed for pumping water from 250 
m head. A total of 32 solar panels were used for supplying 
3200 Wp power to the motor for supplying the water at 
varying flow rates from 0.4- 0.9 LPM 9). The solar panel 
arrangement determines the performance of the solar 
pump. The various arrangement of solar pumps has been 
studied in 10). 

They measured the effect of different arrangements on 
solar panel efficiency, the overall efficiency of the solar 
pump system, and the field of irrigation of different types 
of crops. The four varieties of crops chosen are wheat, 
potato, tomato, and sunflower. A solar pump was designed 
and developed for the desert area of Jordan. They have 
used  56 panels, 14 in series, and four parallel 
combinations. The total power developed by solar panels 
was 2800 W with 230 V DC (Direct Current). The 
mathematical model has been designed and numerically 
solved to find the solar pump's performance parameters 11). 

A new approach to optimization had to be developed in 
which objective function was formulated by considering 
the initial cost of investment, revenue cost, and 
availability of solar energy, and the head of the 

groundwater level was considered as the constrained. The 
sensitivity study shows the effect of the total cost of crop 
and the total cost of the photovoltaic module on the 
objective function 12). The simulation results on the 
different case studies are also performed on the solar 
pump by putting MPPT and VRFB. They also conclude 
that pump performance parameters like output power and 
solar panel efficiency have fluctuated without VRFB 
when the system directly coupled to MPPT 13).  

A different approach of optimization has been used in 
which the head developed by the pump is maximized 
based on input energy supplied by the solar panel. The 
model has been validated in two locations in Croatia one 
was Split, and the other was Osijel 14). The economic 
feasibility of the PV water pump and diesel engine is 
checked in 15). The comparison between different capacity 
solar water pumps and the diesel engine size varies from 
2.8 kW to 15 kW. The sensitivity of the systems to be 
proved at different location and different conditions of the 
enviroment. The solar pumping system have been 
installed in Faculty of Engineering and Technology (FET) . 
The study was conducted for comparing the solar water 
pumping system and existing system rum by conventional 
energy source. The total cost of SPV system is around 10 
lac that will return in 4 year of payback. However the life 
of the pump was twenty years then it supplied the water 
upto sixteen years without spending the any cost 16). A 
large scale study was conducted on the solar pump in eight 
states of  Mexico in which 130 types of solar pump 
analyses of varying ranges from small power to 2 Kwp. 
The manufacturer data have been used for financial study 
of  PV operated solar pump with the traditionally used 
methods of irrigation 17). A comparative study of solar 
pumps and diesel engines was conducted to determine 
economic savings annually. The author also found a 
reduction in CO2 emission and cost due to the installation 
of the solar photovoltaic pump in India. The author also 
summarized the data between solar flux and the cost of 
diesel fuel according that if daily solar flux supplies are 
around 5.5 kWh/m2  for 1.8 kWp solar photovoltaic 
pump US 405.06/ton cost saving 18). Solar tracking is an 
essential part of the solar panel, it will maximize the solar 
flux striking at the surface of solar panel. The tracking can 
be installed for one axis and two axis but the cost of two 
axis tracking is high. A study was conducted on south 
India in tamil Nadu at a village by installing a both axis 
tracking system. For study a hybrid optimization multiple 
energy resource (HOMER) software was used for 
analying power geneation capacity of solar pump for 
supplying the water and electricity for village 19). 

A literature review on previous articles shows that the 
tilt, surface azimuth angle of PV module, solar flux, PV 
module temperature, atmospheric temperature,  
discharge, and head of the pump are the input parameters 
on which the performance of solar pump depends. The 
pump discharge, head developed depends on the input 
energy received by the submersible pump. The energy 
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received by the submersible pump depends on the solar 
flux, PV module cell temperature, and atmosphere 
temperature. So in this research paper Response Surface 
Methodology (RSM) tool is used to determine the 
optimum setting of input parameters on which solar panel 
will produce the maximum power. In the previous article, 
no optimization techniques were used to optimize the 
solar pumps' performance based on the MATLAB 
Simulink technique and RSM simultaneously. 

  
2.  Model used for solar panel electrical 

circuit I-V and P-V characteristic graph 
The calculating the performance characteristic of the 

PV module, it is necessary to draw its equivalent circuit. 
The circuit is drawn on MATLAB SIMULINK software.  
The input parameters, the temperature of solar cell 
material, solar flux intensity, and atmospheric temperature, 
affect the power output of solar panels as shown in Figure 
1. 

 
Fig. 1: solar cell equivalent circuit 

  
In this circuit, points (1,2) represent the (irradiance and 

temperature) for the two main input parameters in the 
solar panel. The circuit measured the current, voltage, and 
power output at the different input parameters. 

The circuit consists of a diode current Idiode, series 
resistance Rs, photocurrent IL, ISH is a shunt, and I is 
current at the output end (load current). Now by 
Kirchhoff’s law  

                                      𝐼𝐼𝐿𝐿 = 𝐼𝐼 + 𝐼𝐼𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐼𝐼𝑆𝑆𝑆𝑆      (1) 
                 𝐼𝐼 = 𝐼𝐼𝐿𝐿 − 𝐼𝐼𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 − 𝐼𝐼𝑆𝑆𝑆𝑆    (2) 
Where 𝐼𝐼𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 , 𝐼𝐼𝑆𝑆𝑆𝑆  is the diode current and shunt 

current given by 20) book of Photovoltaic system 
engineering. 

( )
( 1)

ev
KT

diode OI I e= −                   (3)  

( ) ( )( 1)
ev

SKT
L O

SH

V IRI I I e
R
+

= − − −          (4) 

Where Io is the reverse saturation current represented 
in terms of the open-circuit voltage in [9]. 

( )OCev
KT

O LI I e=                             (5) 
Where 𝑉𝑉𝑜𝑜𝑜𝑜 is the OCV, K is the BC, and T is the 

MT. 
 
 
 

2.1 PV module Simulink model drawing on MATLAB 
2018 

Figure 2 represents the solar panel MPPT with fuzzy 
logic combined with a centrifugal pump illustrated in 
MATLAB Simulink. The solar power output depends on 
the solar flux and the temperature of the solar panel. The 
current and voltage model equations represented by 
equations (3) and (4) show the temperature dependence. 
These model equations are nonlinear and have three 
unknowns (𝐼𝐼𝐿𝐿  , I, V), so difficult to solve. As shown in 
Figure 4, the simulation model requires two inputs and 
displays the output parameters in the shortest time. The 
Solar panel connects the two inputs and three outputs. The 
Simulink circuit has been drawn in MATLAB by 
connecting the series resistance, capacitor, inductance, 
diode, relay, memory block fuzzy logic tool, centrifugal 
pump, tank, resistive pipe, etc. The final output power has 
to be determined by using a multiplier in the circuit that 
connects the voltage and current. The total power 
produced by PV modules connected to the DC motor is 
connected by field and armature winding with the voltage 
source, the same voltage applied at the power source 
generated by the PV module. The power output from the 
DC motor in the form of torque is connected to the 
centrifugal pump. Finally, the centrifugal pump is 
connected to the reservoir, and the tank between a resistive 
pipe is connected. 

 
2.2  Fuzzy logic control 

The fuzzy logic theory is used for making a decision at 
a time of uncertainty. It is proposed first time as the fuzzy 
set theory by the scientist Lotfi Zadeh. This model can 
handle, represent, manipulate and interpret very vague and 
uncertain data 21). Fuzzy concepts have applicability in 
many fields like artificial intelligence and control systems. 
The fuzzy rule is applied as per the block diagram 
illustrated in Figure 3. The main objective behind the use 
of Fuzzy Logic (FLC) is to optimize the power at the PV 
modules output so that solar pump discharge and head 
developed increased 22). 

The logic (Algorithm) behind the working of fuzzy 
logic is demonstrated in the block diagram represented in 
Figure 3. The method 1st provides the duty ratio, now 
calculates the power output, and determines the error in 
the nth and (n-1) duty cycles. The change in error is also 
determined to improve the algorithm's effectiveness. The 
fuzzy system has provided the error and change in error 
data, which work as the input of the fuzzification. The 
fuzzification data and fuzzy rule represented in Table 1 
work as information to the interface of the fuzzy tool. It 
will give the change in duty ratio and compare it with the 
actual value. This algorithm effectively calculates the 
maximum power point on the P-V curve.  

 
2.3  Fuzzification 

Fuzzification is the method to provide the numerical 
values of the membership function in the range of 0 to 1. 
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If its value is zero, it does not belong to the fuzzy set, and 
1 belongs entirely to the fuzzy set. The fuzzy set is defined 
in triangular and trapezoidal shapes, the maximum value 
of the slope is 1 and decreases toward zero. Figure 4 
defines the MF of the input and output variable 

 
 The five MF define the fuzzy rule in inputs and output 

variables. Each membership function is determined by the 
fuzzy rule illustrated in Table 1. The fuzzy rule sets shown 
in Table 1 are defined as Negative Big (NB), Negative 
Small (NS), ZE (zero), Positive Small (PS), and Positive 
Big (PB). The MF of the triangular symmetric shape has 
been selected for fuzzification, as shown in Figure 4. 

 
Table 1: Fuzzy Rule followed 

ΔVPV 
@[O/P} 

ΔVPV [I/P} 

ΔPPV 
[I/P} 

 NB NS ZE PS PB 
NB PS PB NB NS NS 
NS PS PS NS NS NS 
ZE ZE ZE ZE ZE ZE 
PS NS NS PS PS PS 
PB NS NB PB PS PS 

 
2.4  Defuzzification  

Defuzzification is a process in which it takes the output 
from the fuzzy set in the form of actual value. It converts 
the fuzzy controller output into numerical values. In the 
defuzzification, the center of gravity of the triangle lies on 
the abscissa and is used for the selection of duty ratio. The 
change in duty ratio has been defined by the following 
equation represented in 22).  

                                        
𝛥𝛥𝛥𝛥 = (� 𝜇𝜇𝑖𝑖𝑥𝑥𝑖𝑖𝑆𝑆𝑖𝑖𝛥𝛥𝐷𝐷𝑖𝑖)/(𝑖𝑖=𝑛𝑛

𝑖𝑖=1 � 𝜇𝜇𝑖𝑖𝑆𝑆𝑖𝑖𝛥𝛥𝐷𝐷𝑖𝑖)
𝑖𝑖=𝑛𝑛
𝑖𝑖=1    (7) 

 
Where n is the number of fuzzy sets, 𝜇𝜇𝑖𝑖 is the weight 

of the center of gravity at ith subset, xi is the abscissa of 
the triangle, and the Si is the surface of the triangle. The 
final duty ratio is the previous duty ratio plus the change 
in duty ratio in the last value, as illustrated in Figure 3. 
The MF of input and output variables is given in Figure 4. 
Every MF must be defined by the fuzzy rule represented 
in Table 1. The input and output variables are selected in 
range, and the total number of points in the selected range 
is 181. 

 
3. Optimization Methods 

The optimization techniques are used for finding the 
optimum value of solar flux, solar cell material 
temperature, and atmospheric temperature at which the 
performance of solar panels is maximum. The output data 
of current, voltage, and power have to be generated by 
MATLAB Simulink circuit revealed in Figure 4 at the 
corresponding values of SF varies from 400, 700, 1000 
W/m2, solar cell temperature varies from 20, 50, 80°C and 
atmospheric temperature varies from 25, 35, 45°C. Finally, 

output response parameters current, voltage, power output, 
and discharge are optimized by RSM in MINITAB 17 
software. The RSM is the mathematical tool used for 
solving mathematical equations by statistical techniques 
performing the regression analysis, and fitting the data in 
two-degree nonlinear polynomial equations. The RSM 
form the relation among the several input variables and 
one and more RV. This method was first time used by 
George E P Box and KB Wilson in 1951. The RSM 
generates a matrix that has a sequence of experimental 
data on which response has been collected and analyzed. 
The matrix was formed in the DOE (Design of 
Experiment) based on input factors. The number of 
experimental runs depends on the selected model and the 
total number of factors. In this problem, Behnken Box 
Design (BBD) 3 factorial approach is used, which shows 
15 runs. As shown in Table 2.   
 

Analysis of Variance (ANOVA) is used in the RSM for 
the regression analysis. The F and P values determine the 
effectiveness of the model. The F value is the ratio of the 
mean sum of squares due to treatment to the mean sum of 
squares due to error. The P-value is the probability of fit 
data representing the confidence level, if the confidence 
level is 95%, it deleted the values higher than the alpha 
value of 0.05. The higher F value and lower P-value 
represent the level of accuracy of ANOVA. The results of 
the ANOVA model have been given in Table 3. 

 
Table 2 Total 15 runs with the input and response parameters 
S.
N. 

Solar 
Flux 
(W/m2

) 

Mod
ule 
Tem
pera
ture 
(°C) 

Atm
osph
eric 
Tem
perat
ure 
(°C) 

Volta
ge(V
) 

Curre
nt (I) 

Po
w
er 
(P
) 

Disc
harge
(Q) 

1 1000 50 45 520 8.46 44
00 

12 

2 700 80 25 440 6.81 30
00 

10 

3 700 20 25 580 6.03 35
00 

11 

4 400 50 45 520 2.88 15
00 

5 

5 400 80 35 440 2.95 13
00 

3 

6 1000 20 35 580 7.93 46
00 

12.5 

7 700 80 45 440 6.59 29
00 

6 

8 700 50 35 520 6.15 32
00 

10.5 

9 400 50 25 520 2.88 15
00 

5.1 

10 1000 80 35 580 6.89 40
00 

11.5 
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11 1000 50 25 520 8.46 44

01 
12.3 

12 700 50 35 520 6.15 32
01 

10.51 

13 700 50 35 520 6.15 32
00 

10.1 

14 700 20 45 580 5.51 32
00 

10.2 

15 400 20 35 520 8.46 44
00 

11.98 

 
Table 3  and Table 4 show the statical analysis of the 

regression equation generated by the ANOVA, it is an 
inherent property of ANOVA that it deleted the values of 
p greater than the reference value at the time of regression 
analysis due to the inbuilt null hypothesis. The 2nd-order 
polynomial equation has been generated by the ANOVA 
regression analysis in RSM by MINITAB 17 software. 
The response parameters are represented as the 2nd-order 
polynomial equations in terms of input parameters SF, 
solar cell temperature, and AT. The equations are 
represented as follows.    
 

Table 3.  Effectiveness coefficients of ANOVA model for 
current and voltage 

  Current (I) Voltage (V) 
Sour
ces 

D
F 

Adj
. SS 

Adj
. 
MS 

F-
va
lu
e 

P-
va
lu
e 

Adj
. SS 

Ad
j. 
M
S 

F-
va
lu
e 

P-
va
lu
e 

Mod
el 

9 22.
2 

2.4
6 

2.
39 

0.
17
5 

268
.81 

29.
86 

2.
41 

0.
17
2 

Line
ar 

3 18.
9 

6.3
1 

6.
12 

0.
04
0 

227
.78 

75.
92 

6.
14 

0.
04
0 

It 
1 15.

9 
15.
9 

15
.4
4 

0.
01
1 

191
.29
7 

19
1.2
7 

15
.4
6 

0.
01
1 

MT 
1 3.0

1 
3.0
1 

2.
92 

0.
14
8 

36.
46 

36.
45 

2.
95 

0.
14
7 

AT 
1 0.0

008
0 

0.0
008
0 

0.
01 

0.
93
3 

0.0
18 

0.0
18 

0.
00 

0.
97
1 

Squa
re 

3 1.5
762 

0.5
254 

0.
51 

0.
69
3 

20.
59 

6.8
6 

0.
55 

0.
66
7 

It*It 
1 0.0

175 
0.0
175 

0.
02 

0.
93
0 

0.2
01 

0.2
01 

0.
02 

0.
90
4 

MT*
MT 

1 0.5
698 

0.5
698 

0.
55 

0.
49
1 

8.7
1 

8.7
1 

0.
66 

0.
45
3 

TA*
TA 

1 0.8
682 

0.8
682 

0.
84 

0.
40
1 

10.
36 

10.
62 

0.
62 

0.
39
6 

2-
way 
Inter
actio
n 

3 1.6
872 

0.5
624 

0.
55 

0.
67
2 

20.
439 

6.8
13 

0.
65 

0.
66
9 

It*M
T 

1 1.6
861 

1.6
861 

1.
63 

0.
25
7 

20.
439 

20.
83 

1.
55 

0.
25
5 

It*A
T 

1 0.0
004 

0.0
004 

0.
00 

0.
98
5 

0.0
00 

0.0
00 

0.
47 

0.
99
6 

MT*
AT 

1 0.0
007 

0.0
007 

0.
00 

0.
98
1 

0.0
008 

0.0
00
8 

0.
00 

0.
98
1 

Error 
5 5.1

567 
1.0
375 

- - 61.
84 

12.
37 

0.
00 

- 

Lack 
of Fit 

3 0.0
001 

0.0
00 

- 0.
00
0 

61.
82 

20.
60
8 

- 0.
00
0 

Pure 
Error 

2 27 10.
296 

- - 0.0
24 

0.0
12 

16
98 

- 

Total 
1
4 

27.
36 

- - - 330
.6 

- - - 

 
Table 4.  Effectiveness coefficients of ANOVA model for 

power and discharge 
  Current (I) Voltage (V) 

Sourc
es 

D
F 

Adj. 
SS 

Adj. 
MS 

F-
val
ue 

P-
val
ue 

Adj
. SS 

Adj
. 
MS 

F-
val
ue 

P-
val
ue 

Mode
l 

9 305
11 

2.46 2.3
9 

0.1
90 

116
.96 

12.
99 

14.
84 

0.0
04 

Linea
r 

3 259
70 

6.31 5.7
9 

0.0
44 

49.
84 

16.
61 

18.
97 

0.0
04 

It 
1 211

6 
15.9 14.

18 
0.0
13 

2.8
89 

2.8
89 

3.3
0 

0.1
29 

MT 
1 477

0 
3.01 3.1

9 
0.1
34 

0.0
12 

0.0
12 

0.0
1 

0.1
47 

AT 
1 3.5 0.00

080 
0.0
0 

0.9
63 

0.0
18 

0.0
18 

0.0
0 

0.9
11 

Squar
e 

3 293
3 

0.52
54 

0.6
5 

0.6
14 

2.9
05 

2.9
05 

2.3
2 

0.1
28 

It*It 
1 808 0.01

75 
0.5
4 

0.4
95 

4.1
24 

1.3
741 

1.5
7 

0.3
07 

MT*
MT 

1 873 0.56
98 

0.5
8 

0.4
79 

0.0
09 

0.0
088 

0.0
1 

0.9
24 

TA*T
A 

1 106
8 

0.86
82 

0.7
2 

0.4
36 

0.0
68 

0.0
682 

0.0
8 

0.7
91 

2-
way 
Intera
ction 

3 160
7 

0.56
24 

0.3
6 

0.7
86 

3.5
86 

3.5
858 

4.0
9 

0.0
99 

It*M 1 160 1.68 1.0 0.3 3.9 1.3 1.5 0.3
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T 6 61 8 74 31 501 0 23 

It*AT 
1 1.2 0.00

04 
0.0
0 

0.9
78 

0.0
83 

0.0
825 

0.0
9 

0.7
71 

MT*
AT 

1 0.0 0.00
07 

0.0
0 

0.9
96 

0.0
008 

0.0
008 

0.0
0 

0.9
81 

Error 
5 747

1.5 
1.03
75 

- - 3.1
49 

3.1
485 

3.5
9 

0.1
16 

Lack 
of Fit 

3 746
7.3 

0.00
0 

- 0.0
00 

0.3
03 

0.0
302 

- 0.0
00 

Pure 
Error 

2 4.2 10.2
96 

- - 0.0
19 

0.0
17 

32.
67 

- 

Total 
1
4 

379
82.7 

- - - 302
.6 

- - - 

 
𝐼𝐼 = 1.57 + 0.0002(𝑞𝑞) − 0.1161(𝑇𝑇𝑚𝑚) + 0.336(𝑇𝑇𝑎𝑎) +

0.000001(𝑞𝑞)2 + 0.000436(𝑇𝑇𝑚𝑚)2 − 0.00485(𝑇𝑇𝑎𝑎)2 +
0.000072(𝑞𝑞)(𝑇𝑇𝑚𝑚) − 0.000003(𝑞𝑞)(𝑇𝑇𝑎𝑎) + 0.00004(𝑇𝑇𝑚𝑚)(𝑇𝑇𝑎𝑎)                    
(8)  
𝑉𝑉 = 5.7 + 0.0000(𝑞𝑞) − 0.418(𝑇𝑇𝑚𝑚) + 1.17(𝑇𝑇𝑎𝑎) +

0.000003(𝑞𝑞)2 + 0.00165(𝑇𝑇𝑚𝑚)2 − 0.0170(𝑇𝑇𝑎𝑎)2 +
0.000251(𝑞𝑞)(𝑇𝑇𝑚𝑚) − 0.000003(𝑞𝑞)(𝑇𝑇𝑎𝑎) + 0.00015(𝑇𝑇𝑚𝑚)(𝑇𝑇𝑎𝑎)                   
(9) 
𝑃𝑃 = 23 + 0.163(𝑞𝑞) − 4.09(𝑇𝑇𝑚𝑚) + 12.0(𝑇𝑇𝑎𝑎) +

0.000164(𝑞𝑞)2 + 0.0171(𝑇𝑇𝑚𝑚)2 − 0.0170(𝑇𝑇𝑎𝑎)2 +
0.00223(𝑞𝑞)(𝑇𝑇𝑚𝑚)− 0.00019(𝑞𝑞)(𝑇𝑇𝑎𝑎) + 0.0003(𝑇𝑇𝑚𝑚)(𝑇𝑇𝑎𝑎)   

                               (10) 
𝑄𝑄 =  −3.40 − 0.0135(𝑞𝑞) − 0.223(𝑇𝑇𝑚𝑚) + 1.049(𝑇𝑇𝑎𝑎) +

0.000015(𝑞𝑞)2 + 0.00165(𝑇𝑇𝑚𝑚)2 − 0.0150(𝑇𝑇𝑎𝑎)2 +
0.000033(𝑞𝑞)(𝑇𝑇𝑚𝑚) − 0.000014(𝑞𝑞)(𝑇𝑇𝑇𝑇) + 0.00005(𝑇𝑇𝑚𝑚)(𝑇𝑇𝑎𝑎)         
(11)     

The effectiveness of the fitted curve has been checked 
by measuring the error between the modeled and 
experimental data provided. The R2, S, and R2(adj) are the 
three parameters used for measuring the errors in ANOVA 
analysis. The R2 values for current (I), voltage (V), power, 
and discharge (Q) are respectively 81.16%, 81.30%, 
80.33%, and 78.38%, which are greater than 75% higher 
than the considerable accepted limit. The S values for 
current, voltage, power, and discharge are 1.0555, 3.51708, 
38.6561, and 2.44, respectively, and R2(adj) values for the 
current, voltage, power, and discharge are 73.36%, 
89.42%, 91.07%, and 88%. The R2, S, and R2(adj) values 
show good accuracy, so these model equations can be 
generalized and used for finding the performance 
parameters of the solar panel at different values of input 
parameters. The P and F tests shown in Table represents  

the effectiveness of the ANOVA model. Now above 
explanation clearly shows that model is validated with 
95% accuracy. 

The Table 3 and Table 4 represents the values of terms 
like sources, DF, Adj. SS, Adj.MS. The sources represents 
the name of the variables like model, linear TA etc. The 
DF, Adj. SS and Adj. MS represents the degree of freedom, 
adjusted sumes of squares and Adjusted mean squares. 
The magnitude of thease terms represents the error of the 

ANOVA. 
Figure 5 (a) and (b) display the effect of input variables 

SF, module temperature, and atmospheric temperature on 
responses in terms of standardized effect and error 
(residual) by Pareto chart and residual plot. Figure 5 (a) 
shows the overall standardized effect of all input variables 
on the response (Current) is 2.571. The standardized effect 
of solar flux, module temperature, and AT is 4, 2.7, and 
0.2. It shows the effect of SF on the current is maximum 
for the other two input variables. The effect of AT is the 
least on the current. So, for producing the maximum 
power output, researchers focus on increasing the sola flux 
and reducing the module temperature without bothering 
about AT. Figure 5 (b) shows the residual plot between 15 
observations. The residual is the difference between the 
RSM predicted results and data generated by the 
MATLAB Simulink software. So, residuals represent the 
error, sometimes, the residual may be positive and 
negative, but the sum of residuals for all observations is 
zero. The maximum residual is 1.0 for 15 observations and 
-1.0 for 10 observations.    
 
4. Results and Discussions 

4.1 MATLAB Simulink results 

4.1.a Effect of solar cell temperature on the current, 

voltage, and power output 

The overall performance of the PV solar water pump 
depends on the solar panel and motor pump system 
efficiency. The overall efficiency of the solar pump is less 
due to the poor performance of the solar panel at higher 
temperatures. Figures 6 (a) and (b) show the effect of solar 
cell temperature variation on the current, voltage, and 
power output of the solar panel 24), 25). The total 15 PV 
module is connected in series in MATLAB Simulink, and 
the input solar flux was selected to be 1000 W/m2, and 
solar cell temperature setting data varied from 20°C, 50°C, 
and 80°C. The Figure 6 (b) clearly shows that if solar cell 
temperature increases from 20 to 80°C, the power output 
is reduced from 4800 W to 3200 W since increased 
module temperature increases the resistivity of 
semiconductor material and also enhances the heat loss in 
the atmosphere by convection and radiation 26, 27), 28), 29), 

30). It can be seen from Figure 6 (a) that if the cell 
temperature increased from 20°C to 80°C the short circuit 
variation was negligible, even a little bit of increment seen 
in short circuit current due to increased temperature of 
solar cell material the same results also verified in 31). The 
variation of cell temperature from 20°C to 80°C has an 
immense impact on the open-circuit voltage, it is reduced 
from 30 V to 20 V, as seen in Figures 6 (a), (b) 28), 31).  
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4.1.b Effect of solar flux on the current, voltage, and 

power output 

Figure 7 (a) and (b) represent the impact of solar flux 
on the output responses. Figure 7 (a) shows that increased 
solar flux from 400 W/m2 to 1000 W/m2 enhanced the 
short circuit current from 5.5 to 9.1 amp but had a 
Negligible effect on open-circuit voltage 31). Figure 7 (b) 
shows that if solar flux increased from 400 W/m2 to 1000 
W/m2, the power output of the PV module enhanced from 
2500 W to 4890 W.   

 
5  Optimization Results 
5.1  Variation of current with the input parameters 

Figure 8 (a) illustrated the effect of solar flux, PV 
module temperature, and atmospheric temperature on the 
PV module output current generated. Figure 8 (a) shows 
that if the SF increases, the output current is continuously 
increased, but enhancement in module temperature 
reduces the output current since the increased temperature 
of the PV module increases the semiconductor material's 
resistivity 32). Figure 8 (b) shows that if the atmospheric 
temperature is below 30°C, then an increase in AT 
increases the output current since the temperature 
difference between the PV module and the atmospheric is 
less due to that heat loss is small 33).  

 
5.2  PV module voltage variation with input 

parameters  
Figures 8 (c), and (d) depicts the effects of SF, MT, and 

AT on the output voltage of the PV module by surface plot, 
and contour plot. Figure 8 (c) shows that if the SF 
increases, the PV module output voltage increases, but 
increasing in module temperature and AT reduces the 
output voltage since the increase in module and 
atmospheric temperature increases the heat losses in the 
atmosphere which will reduce the output voltage. Figure 
8 (d) shows the 2D representation of the effect of MT and 
AT on the output voltage of the PV module at a fixed value 
of the solar flux. It has already been explained the increase 
in atmospheric temperature give a negative effect on the 
output voltage. An increase in atmospheric temperature 
after 30°C reduces the output voltage. 

 
5.3  PV module power variation with input 

parameters         
Figures 8 (e) and (f) show the variation of output power 

with the input variables. Figure 8 (e) and (f) show that if 
SF increases, the power output increases and reaches a 
maximum of 1000 W/m2 and produces power above 4500 
W, but enhancement in module temperature and 
atmospheric temperature both reduce the power output 
since the increase in the heat losses in the atmosphere. 
Figure 8 (f) shows that if the atmospheric temperature 
varies between 25°C to 45°C then the voltage produced 
by the solar panel is 32 to 34 volts.  

5. 4 Solar pump discharge variation with input 
parameters  

Figure 8 (g) and (h) represent the discharge variation 
with the input parameters of the SP. Figure 8(g) shows that 
as solar flux increases, discharge increases due to more 
solar energy reached on the solar panel. The discharge 
decreases as the module temperature increases since the 
power produced by the solar panel are reduced.  

 
6. Validation of RSM results with 

Experimental results  

6.1 Experimental Test Rig 

An experimental setup is located in the Rohilkhand area 
at locations 28.36°N and 79.43°E, as shown in Figures 1 & 
2 34)  and presented in this paper in Figure 9, the details 
of different parts of the solar pump are shown in Table 4. 
All PV modules join each other in series, and the 
description of solar PV modules is given in Table 5. The 
PV modules convert the solar energy into DC, which is 
further converted into AC power by the controller of the 
pump. The brushless type AC synchronous motor is 
coupled with the submersible pump to pump water.  
 

Table 4. Solar Pump components and properties 
Number of solar panels 15 
Solar panel power(kW) 5 
Size of the pump(kW) 3.73 (AC submersible 

pump) 
Tilt angle 28° N 

Solar azimuth angle 0° 
 

Table 5 Specifications of solar plate 
Parameters Nominal Value 

Nominal Maximum Power 335 W 
Max voltage 38.46 V 
Max current 8.38 A 

Open circuit voltage 45.81 V 
Short circuit current 9.1 A 
Module Efficiency 17.1% 

Cell Material Polycrystalline Si 
Size 1961*991*30 mm 

Operating Temperature 
Range 

-40 °C to +80 °C 

Temperature Coefficient 
(PMax) 

-0.3676 %/°C 

Temperature Coefficient 
(Voc) 

-0.2726 %/°C 

Temperature Coefficient 
(Isc) 

0.0237 %/°C 

NOCT 47 °C 
 
In this section, the RSM predicted results of responses 

current, voltage, and power output are used to find out the 
Solar Panel Efficiency (SPE), Exergy Efficiency (EE), 
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motor efficiency, and overall efficiency theoretically and 
validated with experimental results of solar pump setup 
located in FET MJP Rohilkhand University, Bareilly 
shown in Figure 9. The RSM predicted results were 
obtained from the model equations (8), (9), (10), and (11) 
generated after the regression analysis. The experimental 
data were collected based on the months throughout the 
year. The solar flux, cell temperature, and atmospheric 
temperature were recorded from a pyranometer and 
thermocouple mounted on solar panels. As a result, solar 
panel efficiency, exgergetic efficiency, motor efficiency, 
and overall efficiency have been determined. The RSM 
predicted and experimental results are shown in Table 8. 

 
Table 8 Variation of RSM predicted results with the 

experimental results 
 Predicted 

value 
Experimental 
value 

Error (%) 

Current 7.88 A 7.58 A 3.8% 
Voltage 579.48 V 556.3 V 4% 
Power 4617.7285 

W 
4409.93 W 3.5% 

Discharge 12.50 m3/hr 12.12 m3/hr 3% 
PV module 
Efficiency 

17% 16.5%  3% 

Exergetic 
Efficiency 

18% 17.5% 3% 

Motor 
Efficiency 

90% 89% 2% 

Overall 
Efficiency 

15.3% 14.89% 2.5% 

Solar Flux (1000 W/m2), Module Temperature (20oC), 
Atmospheric Temperature (34.346°C) 
 
Figure 10 (a) represents the efficiency of the SP to the 

time of the day. Figure 10 (a) shows that the SPE is 
suddenly reduced at noon since the PV module 
temperature is increased. Figure 10 (b) shows the 
exergetic efficiency variation to the time of the day. Figure 
10 (b) shows that EE depends on the MT, atmospheric 
temperature, and power produced by the panel. After 12 
pm, the exegetic efficiency is drastically reduced due to 
the increase in the module temperature and reduction of 
power generated by solar panels 35).  The further exegetic 
efficiency could be increased by providing external 
cooling over the SP either by air or water cooling 36). 
Figure 11 (a) shows the pump efficiency to the time of the 
day. Figure 11 (a) indicates that pump efficiency is 
maximum at 12 pm of the day when the pump will develop 
the maximum manometric head due to the availability of 
the maximum solar flux. The maximum efficiency of the 
motor pump is recorded to be 94%, and the minimum 
efficiency recorded is less than 19% after 3 pm. Figure 11 
(b) represents the overall efficiency variation to the time 
of the day 37). The overall efficiency is the multiplication 
of the SP and pumps efficiency. The maximum overall 
efficiency recorded was only 13% experimentally, and it 

is 14% as per the RSM results. Figure 11 The motor 
efficiency and overall efficiency validation of MATLAB 
SIMULINK with experimental results. 
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Fig. 2: Solar panel and centrifugal combined circuit diagram 

with measuring instruments 
 
 
 
 

 
Fig. 3: Fuzzy logic block diagram 

 

 

 

 

Fig. 4: MF of the two input and one output variables 
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(a) 

 

 
(b) 

Fig. 5: Regression model analysis 
 

 

 

 

 

 

 

 

 

 

(a)                                 (b) 

Fig. 6: current and power output variation of PV module 
with solar cell temperature 
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(a)                 (b) 
Fig. 7: current and power output variation of PV module 

with solar flux 
 

 
(a) Surface plot of current at 35°C atmospheric temperature 

 

 
(b) Contour plot of current at 45°C atmospheric temperature 
 

 
(c) Surface plot of voltage at 45°C atmospheric temperature 

 

 
(d) Contour plot of voltage at 45°C atmospheric temperature 

- 1120 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 09, Issue 04, pp1110-1125, December 2022 

 

 
(e) Surface plot of power at 45°C atmospheric temperature 

 

 
(f) Contour plot of power at 45°C atmospheric temperature 
 

 
(g) Surface plot of discharge with input variables at constant 

atmospheric temperature 

 
(h) Contour plot of discharge with input variables at constant 

atmospheric temperature 
Fig. 8: Surface and contour plots responses with input 

variables 
 

 
Fig. 9: solar panels arrangement 

 

 

(a) PV module efficiency 
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(b) The exergy efficiency of solar panel 

Fig.10: PV module efficiency and exergetic efficiency 
validation of MATLAB SIMULINK results with experimental 

results 
 

 
(a) Motor efficiency 

 

 
(b) Overall efficiency  

Fig. 11 The motor efficiency and overall efficiency 
validation of MATLAB SIMULINK with experimental results 

 

7. Conclusion 

India is located in the tropical region of the world, 

which has a lot of potential for solar energy. In recent 
years, a lot of investment in solar power production by PV 
modules increased due to a lot of atmospheric pollution. 
In this research paper, a 5 hp power solar pump has been 
installed in FET MJP Rohilkhand University, Bareilly 
located at 28.36°N, 79.43°E. The MATLAB Simulink 
data of output parameters collected at the different settings 
of input parameters and data generated by model equation 
have been optimized by the RSM tool of DOE. The Box 
Benken model was used to design the 3-factor and 3-level 
trials, then optimized using the commercial tool 
MINITAB 17 with multiple objective RSM response 
optimization. The following outcomes were made through 
the experimental investigation: 

• The regression analysis contributed to finding 
the significant parameters that had the largest impact on 
the output characteristics, and the DoE based on RSM was 
precious in planning the experiment. This DoE compacted 
the time by reducing the number of tests required and 
represented all data using statistically established models. 

• Based on the optimization by RSM, it is 
concluded that the optimum value of input parameters is 
module temperature (20°C), atmospheric temperature 
(34.25°C), and solar flux (1000 W/m2). 

• On the optimum setting of input parameters, the 
values of the response are maximum current (7.523 amp), 
maximum voltage (26.16 V), maximum power (196.98 
W), and discharge (13.16 m3/hr), respectively.  

• The desirability effect of this model was 
obtained at 97.07%. In addition, all of the produced 
regression models for current, voltage, and power output 
were statistically significant at the 95% confidence level. 

• The ANOVA study revealed that the equivalent 
values of R2 (81.16%, 81.30%, 80.33%, for current, 
voltage, and power output, respectively, and adjusted R2 
in the current model suggests that the present proposed 
model could be effectively matched with the experimental 
outcomes. 

• The use of Fuzzy Logi improves the 
effectiveness of the  Simulink results and minimizes 
the uncertainty 38). 
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MT 
AT 
AP 
SPV 
MPPT 
ANOVA 
CHTC 
RHTC 
RV 
MF 
BC 
VRFB 
LPM 
HOMER 
 
OCV 

Module temperature 
Atmospheric Temperature 
Absorber Plate 
Solar Photovoltaic 
Maximum Power Point Tracking 
Analysis of Variance 
Convection Heat Transfer Coefficient 
Radiation Heat Transfer Coefficient 
Response variable 
Membership Function 
Boltzmann Constant 
Vanadium Redox Flow Battery 
Litre Per Minute  
Hybrid Optimization Of Multiple Energy 
Resources 
Open Circuit Voltage 

cp specific heat capacity (J kg-1 K-1) 
P power (W) 
I  Current (A) 
V Voltage (Volt) 
VOC 
Q 
Ta 
Tm 
q 
IL 

ISH 

IO 

Open Circuit Voltage (Volt) 
Discharge (m3/hr) 
Atmospheric Temperature (°C) 
Module Temperature (°C) 
Heat Flux (W/m2) 
Photocurrent (amp) 
Shunt current  
Reverse Saturation Current 
 

Greek symbols 
η  efficiency (–) 
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