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Dust accumulation on the PV module restricts solar radiation and reduces the
efficiency of the PV module. To improve the efficiency, it is essential to remove
the dust deposited on the PV module thereby improving the performance. The main
concern of the cleaning system is the additional cost of the equipment. This chapter
proposes a low-cost drying and cleaning method using a vacuum cleaner and
pressurized water pump to clean the dust accumulated on the module. In this work,
the considered experimental setup consists of an 80 W polycrystalline solar PV
system with three sets of the array (sets A, B, & C) installed at Kamaraj College of
Engineering and Technology, Tamil Nadu, India. The experimental set-up is
exposed to solar radiation for a week with set A left uncleaned and sets B and C
cleaned by dry and wet cleaning methods. It was found that for the case I wet
cleaning has improved the efficiency by 1.21% and for case II by 0.92% compared
to dry cleaning. The wet clean inning method reduces the operating temperature of
the module compared to the dry cleaning method. The proposed work is a low-cost
method that involves a low cost, less manpower, and is more conventional for a
roof-top installed in a remote location, where the readiness of skilled labor is not
accessible.

11.1 Introduction

The growth of PV systems attained enormous growth over the last decade because
of government scheme formation, subsidies, and development in PV technology
[1–4]. The performance of the PV module is affected by environmental factors such

1Department of EEE, SCAD College of Engineering and Technology, India
2Department of EEE, Kamaraj College of Engineering and Technology, India
3Department of EEE, Vardhaman College of Engineering, India
4Department of EEE, Chaitanya Bharathi Institute of Technology, India



A jigsaw puzzle-based
reconfiguration technique for
enhancing maximum power in
partially shaded hybrid
photovoltaic
arraydmethodology

10

PalpandianMurugesan 1, PrinceWinston David 2, RajvikramMadurai Elavarasan 3,
G.M. Shafiullah 4, Praveen Kumar Balachandran 5 and
Thanikanti Sudhakar Babu 6

1Department of Electrical and Electronics Engineering, SCAD College of Engineering and
Technology, Cheranmahadevi, Tirunelveli, Tamil Nadu, India; 2Department of Electrical and
Electronics Engineering, Kamaraj College of Engineering and Technology, Virudhunagar,
Tamil Nadu, India; 3Clean and Resilient Energy Systems Laboratory, Texas A&M University,
Galveston, TX, United States; 4Discipline of Engineering and Energy, Murdoch University,
Murdoch, Australia; 5Department of Electrical and Electronics Engineering, Vardhaman
College of Engineering, Hyderabad, Telangana, India; 6Department of Electrical and
Electronics Engineering, Chaitanya Bharathi Institute of Technology (CBIT), Hyderabad,
Telangana, India

1. Introduction

The gap between energy generation and demand has widened due to the depletion of
natural energy sources and rapidly increasing energy demand. India is the second-
largest country in terms of population, having a diverse economy and energy consump-
tion profile. For developing countries like India, energy demand is the primary concern
for sustainable development. To meet the energy demand, India has doubled its renew-
able energy installation in the last 5 years [1]. International bodies related to the energy
crisis and climate change have insisted that all countries increase their renewable en-
ergy capacity. Globally, the contribution of renewable energy generation has increased
by 26%, with a major share of 64% in the total electricity generation. Hence, in recent
years, the contribution of renewable energy sources has increased compared to coal
and natural gas [2]. Among the possible renewable energy sources, the solar
energy-based power generation system has been found to be a simple installation,
pollution-free, long life, and with less maintenance. Photovoltaics (PV) has become
familiar due to the reduction in the price of the module and government subsidies [3].
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1. Introduction

The PV modules are grouped together to form a PV array to meet the load require-
ments. During the uniform irradiation condition, the PV array produces a uniform
row current, whereas partial shading may result in uneven row current results in mul-
tiple peaks in PeV characteristics [1]. Based on the literature review discussed in the
previous chapter, the hybrid configuration is found to be optimal under partial shading
conditions (PSCs). The performance of the PV configuration lies on the reconfigura-
tion technique [2e5]. To validate the effectiveness of the proposed jigsaw (JS) puzzle
pattern, its performance is compared with the existing puzzle patterns like ken-ken
(KK) [6], skyscraper (SS) [6], odd-even (OE) [7], and Latin square (LS) [8]. The
most commonly occurring shading patterns like short narrow, short wide, long narrow,
and long wide are considered. The performance of the various configurations is
analyzed in terms of global maximum power point (GMPP), power loss (PL),
mismatch loss (ML), fill factor (FF), execution ratio (ER), and performance enhance-
ment ratio (PE). The effectiveness of the JS puzzle arrangements is validated by exper-
imental verification.

This chapter is organized as follows. Section 11. presents the partial shading sce-
nario. Section 11. describes the performance parameter considered for the analysis.
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Abstract

Microbes are ubiquitous and can associate to colonize plants

and exhibits different modes of interactions. Plant beneficial

microbes could colonize both the phyllosphere and rhizosphere

to promote the various aspect of plant growth and other various

compartments in plants. These beneficial microbes are generally

called plant growth-promoting microbes (PGPMs), they can

become an excellent alternative to remove or reduce the use of

various toxic agrochemicals including synthetic chemical

fertilizers and biocides. The association of PGPMs provides

nutrients, protection against pathogens as well as various

environmental stress responses either direct or indirect

mechanisms. The soil and rhizosphere microbes beneficially

associate either the root surface or phyllosphere region of the

plant and influence the growth and health fitness of crops.

Some microbes directly interact with the plant to develop a
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