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ABSTRACT

In this article, a novel energy conservation arrangement is employed depending up on the exertion of the
solar energy and imperceptible renewable energy systems. The designing and modelling of solar cell is
examined with various parameters estimation. In this proposed solar energy conservation and pollution
control, black widow optimization algorithm (BWO) is employed to optimize the parameters of the solar
module. Due to uneven designs of solar modules the conservation of solar energy is inefficient and such
that dependency on the fossil fuels is increasing in our daily life decades, accordingly the environmental
pollution is greatly sustained. The performance of solar module energy conservation, it mainly depends on
the tuning of algorithm for estimation of parameters related to the solar module and its environmental
scheme of exploitation and exploration. In the process of attaining the exact parameters for solar energy
conservation, the proposed method outplays the previous existing methods and such that the dependency
on fossil fuels is getting reduced thus the pollution control is achieved greatly.
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Introduction

In the process of energy conservation the employ-
ment associated with renewable energy sources like
sun, wind, biomass, tides etc. gains rapid concern.
For the formulation of electricity, photovoltaic ar-
rangements are generally employed around the
globe. Despite, the employment of photovoltaic ar-
rangement confide on environmental consider-
ations, like change in irradiance and temperature.
So, definitely it is important to optimize energy con-
servation from the photovoltaic arrangement to re-
duce the pollution dependent fossil fuels. It is ob-
tained employing a definite by theoretical model
dependent on the achieved data of voltage and cur-
rent. In general the classical model is employed
mostly. The purpose is energy conservation by esti-

mating the parameters of the design to theoretically
equipment of the practical measurements. So, the
exactness of the conservation related to the param-
eters definitely to the subject of photovoltaic ar-
rangement. Accordingly, the approach employed
for the identification of the various variables oper-
ates an important role in the energy conservation
problem. From many decades various approaches
are employed for obtaining photovoltaic cell  vari-
ables for energy conservation. Importantly the ap-
proaches associated with energy conservation are
theoretical (or) analytical approaches, identifying
approaches and meta-heuristic approaches. In
which the energy conservation associated with theo-
retical (or) analytical approaches is directly related
with calculation rapidity Somehow, the precision in
energy conservation since they associated with vari-
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ous assumptions. The associated works can be cited,
the method of conductance (Chegaar et al., 2004), the
point five and repaired approaches (Kennerud
1969), and etc. Secondly, the energy conservation
associated with various approaches are importantly
estimated with initial values and induced with ex-
actness at the step of convexity and differentiability
like newton raphson approach  (Lun et al., 2013),
newton approach ((Easwarakhanthan et al., 1986a),
uneven algorithm approach (Cabestany et al., 1983),
at last to address the disadvantages of previous two
approaches, the meta-heuristic approaches were
associated a definite solution for the energy conser-
vation by the estimating the parameters of the PV
design variables, such that it reduces the fossil fuels
reduction to control the pollution.

Various meta-heuristic approaches are encour-
aged by the process of nature. They don’t obligate to
definite the terms of energy conservation function.
The reason for this benefit, various meta-heuristic
approaches has been employed to address the en-
ergy conservation PV parameters estimation issue.
Correspondingly as particle swarm optimization
(PSO) (Abdul Hamid et al., 2013), Genetic algorithm
(GA) (Patel et al., 2013), biogeography employed
optimization (BBO) (Niu et al., 2014), chaotic asexual
reproduction (CAR) (Yuan et al., 2015), MVO (Ali
et.al., 2016), symbiotic organic search (SOS) (Xiong et
al., 2018), improved cuckoo search algorithm (Im
CSA) (Kang 2018), JAYA algorithm (Yu et al., 2017)
and (Yu et al., 2019).

Somehow these meta-heuristic approaches have
yielded definite solution correlated to theoretical
(or) analytical approaches, their exactness and effi-
ciency still further essential to be corrected. Some-
how these meta-heuristic approaches have yielded
definite solution correlated to theoretical (or) ana-
lytical approaches, their exactness and efficiency
still further essential to be corrected.  So, the pres-
ence of problem of obtaining unevenness has not
taken into scale in the process of energy conserva-
tion involving meta-heuristic approaches. Even
though, the ability of energy conservation uneven-
ness could be assumed as a key variable for the
theoretical design to achieve the best parameters, to
control the pollution.

In this article, the unevenness calculation of en-
ergy conservation to achieve the parameters proce-
dure of a one-diode design by employing BWO. The
energy conservation process consists of various pro-
ceedings. Initially, the BWO algorithm is employed

to achieve the energy conservation parameters by
not considering of uncertainty. So, correspondingly
to reduce the energy conservation interval of the
parameters, we choose for the unevenness of every
parameter considering into the initial step result,
thus we achieve better energy conservation search
domains. Finally the parameters values are esti-
mated at each iteration.  Considering the initial step
result, thus we achieve better energy conservation
search domains. Finally, the parameters values are
estimated at every iteration. Considering, the execu-
tion of energy conservation of initial two categories.
For the verification of the design arrangements were
suggested in this article, it applies for different pa-
rameters estimation issues of energy conservation to
reduce the pollution. The obtained results show that
BWO algorithm to endorse its performance and ob-
tain the better energy conservation.

Design formulation for energy conservation

In this article, our objective is to achieve the energy
conservation proper parameters of the equivalent
design as shown in Fig.1 (Ramzi 2020). The stan-
dard meta-heuristic estimation for energy conserva-
tion of photovoltaic approach. The equivalent de-
sign could be shown in terms of a mathematical
equation like:

IL = IP – Id – Ish .. (1)

Here,
IL is referred as the output current estimated for

the energy conservation,
IP is referred as the generation of the photo cur-

rent for the energy conservation,
Ish  is referred as the shunt current resistor for the

energy conservation, and  Id is referred as diode cur-
rent for the energy conservation

Iph
Id IRsh

Rsh

Rp

ILmes

VLD

Fig. 1. Equivalent circuit of one-diode model



S152 Eco. Env. & Cons. 27 (February Suppl. Issue) : 2021

The details of  and  of the below equations are
shown for the energy conservation as follows.

.. (2)

VL+RS ILmes

Ish = .. (3)
nVt

.. (4)

Isd refers the saturation current of the energy con-
servation, VL refers the voltage at output of energy
conservation, Ilmes refers the obtained output current
for energy conservation, Rs refers the resistance of
series energy conservation, n refers the ideal diode
factor for energy conservation, RSh refers shunt resis-
tance for energy conservation, Vt refers the voltage
of the diode for energy conservation, q is the elec-
tron charge and T is the temperature of the cell for
energy conservation

From the above equation (1)-(4) that if the values
of RSh, RS, Isd, Iph and n. So the V-I model behaviour
could be designed. Accordingly, exact parameters of
these unknown five parameters are definite for en-
ergy conservation study. From many decades, vari-
ous approaches have been employed to address the
issue of energy conservation parameters estimation
of solar cell. In this article, the estimation issue is
formulated as a uneven optimization issue. The
BWO approach is employed to estimate the energy
conservation parameters of the solar energy associ-
ated PV cell to reduce the pollution

.. (5)

Here,

f  VL (i), ILmes, X) = Ilmes – IL

BWO algorithm

The black widow is frequently in night and females
leftovers accordingly in day (Vahideh, 2020) female
widow impulse in the similar site for several of their
grown up life (Andrade and Maydianne, 2003). The
black widow spider mainly of two concurrent
points, the beings to that the male importantly per-
form an leading act and guide the female in canni-
balism.

In initial population workout an optimization is-
sue, the problem values parameter definite from an
exact structure for achieving the present solution
issue. To precede the optimization approach, a
widow candidate matrix for Nvar × Npop is obtained
with spider’s initial population. Then the parent’s
pairs sequentially selected to obtain the step procre-
ating by mating, so that black widow is consumed
by the female in the process or after the process. In
procreate the approach based algorithm to achieve
reproduce, an design called alpha could also be de-
signed that widow with different numbers consist-
ing, so the production of off-spring is achieved by
employing  with the below equation in terms with
the below equations (6 & 7) in X2 and X1 are referred
as off spring.

(y1 =  × x1+ (1 –) × x2)                                    .. (6)

(y2 =  × x2+ (1 –) × x1)                                     .. (7)

The above procedures are continuous for   extent,
so uneven attained number could not be replicated.
It consists of various types where admit male and
female by their robust values. In setting of the pa-
rameters there are particular parameters that are
important for achieving the best results.  These vari-
ables limit different rates. The particular values of
these variables are induced in parent pairs sequen-
tially.

Results and Discussion

The V-I characteristics of solar cell for energy con-
servation is employed to enhance the performance
of BWO based variables estimation to limit the fos-
sil fuels and control the pollution. The practical data
has been executed under temperature of 33 degrees
and 1000W/m2 irradiance. Below Fig. 2 & 3. shows
comparison among the energy conservation V-I
characteristics achieved from the practical and theo-
retical.

KT
Vt = q

Here, X = [Rsh, n, Isd, Iph, Rs] refers the unknown
variables vector, N refers the data points in number,
Ub and lb are the lower and upper bounds on the vec-
tor parameter X of the energy conservation. The tar-
geted energy conservation formulation has to be
reduced in terms of the parameters domain. Math-
ematically, the targeted objective function must be
zero due to estimate values of the variables are
achieved for energy considerations. Moreover, the
tiny the objective function, the solution is better for
the energy conservation.
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  Table 1 shows the respective RMSE for energy
conservation

Conclusion

In this article, we have introduced a method called
BWO algorithm to improve the energy conservation
from photovoltaic cell and reduce the pollution by
achieving better RMSE energy. The designed ap-
proach considers into domain the measurement of
uneven problems. In extent precisely, the algorithm
achieves the particular values of energy conserva-
tion considering into the unevenness of every vari-

able. Here, the implementation of BWO for one-di-
ode PV model is addressed. From the practical re-
sults one can conclude that implemented BWO
gives better energy conservation when compared
with previous methods.

Acknowledgment

This research was supported by Marri Laxman
Reddy Institute of Technology and Management.
We thank our entire colleagues who provided in-
sight and expertise that greatly assisted the research,
although they may not agree with all of the interpre-
tations.

References

Abdul Hamid, N. Abdul Rahim, N. and Selvaraj, J. 2013.
Solar cell parameters extraction using particle
swarm optimization algorithm. IEEE Conference on
Clean Energy and Technology (CEAT) November.18-20.

Ali, E. El-Hameed, M. El-Fergany, A. and El-Arini, M.
2016. Parameter extraction of photovoltaic generat-
ing units using multi-verse optimizer. Sustainable
Energy Technologies and Assessments. 17 : 68–76.

Andrade and Maydianne, C. 2003. Risky mate search and
male self-sacrifice in redback spiders. Behavioral
Ecology 14 (4): 531–538.

Chegaar, M. Ouennoughi, Z. and Guechi, F. 2004. Extract-
ing dc parameters of solar cells under illumination.
Vacuum. 75: 367–372.

Cabestany, J. and Castaiier, L. 1983. Evaluation of solar cell
parameters by nonlinear algorithms. Journal of Phys-
ics D: Applied Physics. 16 : 2547–2558.

Easwarakhanthan, T., Bottin, J., Bouhouch, I. and Boutrit,
C. 1986a. Nonlinear minimization algorithm for de-
termining the solar cell parameter with microcom-
puters. International Journal of Solar Energy. 4 : 1–12.

Kennerud, K. 1969. Analysis of performance degradation
in CdS solar cells. IEEE Transaction Aerospace and
Electronic System. 5: 912–917.

Kang, T. 2018. A novel improved cuckoo search algorithm
for parameter estimation of photovoltaic (PV) mod-
els. Energies. 11 : 1060.

 Lun, S. Du, C. Guo, T. Wang, S. Sang, J. and Li, J. 2013. A
new explicit I–V model of a solar cell based on
Taylor’s series expansion. Solar  Energy. 94 : 221–232.

Fig. 3. Comparison among the energy conservation
RMSE for GA, MVO and BWO

Fig. 4. Comparison among the energy conservation V-I
characteristics achieved from the practical and
theoretical

Table 1. Respective energy conservation RMSE for various algorithms

Algorithm IpH Isd n Rsh R RMSE

GA 0.76 9.13e-5 1.92 518 0.0319 1.2e-2
MVO 0.761 9.26e-6 1.434 526 0.0293 1.1*e-3
BWO 0.76 9.58467e-7 1.472 539 0.037 1.4*e-7



S154 Eco. Env. & Cons. 27 (February Suppl. Issue) : 2021

Niu, Q.  Zhang, L. and Li, K.  2014. A biogeography-based
optimization algorithm with mutation strategies for
model parameter estimation of solar and fuel cells.
Energy Conversion and Management. 86 : 1173–1185.

Patel, S., Panchal, A.  and Kheraj, V. 2013. Solar cell param-
eters extraction from a current-voltage characteris-
tic using genetic algorithm. Journal of  Nano- Electron.
Physics  5 : 02008.

Ramzi, B. 2020. Extraction of uncertain parameters of
single-diode model of a photovoltaic panel using
simulated annealing optimization. Energy Reports. 6:
350–357.

Vahideh, H. and Ali, K. 2020. Black Widow Optimization
Algorithm: A novel meta-heuristic approach for
solving engineering optimization problems. Engi-
neering Applications of Artificial Intelligence. 87 :
103249.

Xiong, G., Zhang, J., Yaun, X. and Shi, D. 2018. Application
of symbiotic organisms search algorithm for param-
eter extraction of solar cell models. Applied Science.
8 : 2155.

Yuan, X. He, Y. and Liu, L. 2015. Parameter extraction of
solar cell models using chaotic asexual reproduction
optimization. Neural Computing Application. 26 :
1227–1239.

Yu, K., Liang, J., Qu, B., Chen, X. and Wang, H. 2017. Pa-
rameters identification of photovoltaic models using
an improved JAYA optimization algorithm. Energy
Conversion and Management. 150 : 742–753.

Yu, K., Qu, B., Yue, C., Ge, S., Chen, X. and Liang, J.  2019.
A performance-guided JAYA algorithm for param-
eters identification of photovoltaic cell and module.
Applied Energy. 237 : 241–257.


