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Abstract

This work is focused on photovoltaic application in farming sector (but equally applicable
in other fields) through design, development and experimental research implementation in
the field to address a few primary issues based on interaction with farmers. The total
research is segmented in four sections including; (1) The PV energy enhancement, (2) PV
resources integration and their utilization, (3) Micro level Photovoltaic summation
technology of unsymmetrical PV modules with higher efficiency as per load matching and
designing and (4) Development of low cost yet high tech automated PV based protected
environment controlled farming (PV_PECF) system for climate control as per crop stage
development and studying its impact on crop yield, energy management and economy in

comparison to open field farming.

The issues pertaining to PV energy enhancement (chapter 3); are addressed with a
new dual layer MPPT (DLMPPT) concept; which is based on summation of energy yield
due to distributed MPPT across PV module (DMPPT) and central MPPT (CMPPT) across
PV arrays. The scheme is implemented using programmable logic controller (PLC) as
standard hardware and its software with modified Incremental Conductance (IC) algorithm
by adapting subroutine jump control (ASJC) technique to address speedy reduction of
multiple maxima points under shadowing trees in the field. The energy flow from PV
sources up to inverter stage through common dc bus is dynamically balanced through quick
transfer as per load demand.

The second research part (chapter 4), is a comprehensive global solution for
integration of neighboring PV resources of farmers through CMPVI using MIDO scheme
to enhance total capacity (doubled capacity at no extra investment for two farmers) for
solving diminishing water discharge due to increasing ground water level. Through

utilization of PV capacities during morning and evening times (concept hardly visible in



literature) additional energy extraction by 13.68% and alternate agro machineries the PV

energy cost per watt is reduced by 14.89% and water discharge is improved by 24.74%.

The third research work part (chapter 5), is related to micro level PV module
summation technology through add on module hardware (AOMH) as interface between
MISO dc bus for addition and subtraction of PV capacity as per load demand and thus
avoiding thermal heating and unwanted system energization which ultimately helps in
additional reliability while improving efficiency.

The fourth segment of proposed work in (chapter 5 and 6), focus on design and
development of PV_PECF system featuring automation within affordable budget;
provides climate control as per plant process stage and growth using agro baskets as
substrates and encourages farming even on unfertile or hilly land at remotely located farms.
It is a unique experimental prototype to explore MPPT through AOMH module as an
interface between MISO bus at 24V and connected with photo active radiation (PAR) LED,
irrigation, fertigation, sprinklers, fogging devices, ventilation and water pumps and mostly
are DC load in nature with PWM duty cycle control for energy saving. The P&O MPPT
applied individually to both PV modules which are inclined like upper hut structure; could
provide average combined additional energy gain as 10.32% as compared to without
MPPT; despite of MISO load variation during morning, evening ,day and night times. The
efficiency of interleaved DC-DC boost converter as pre-stage of micro inverter is 77.74%
to 96.90% at varying load from 10 to 100%. The micro inverter efficiency is found as
86.88% and 92.59% at 10% and rated load respectively.

Compared to open field, comparative primary data confirms a conservative growth
of tomato fruit yield more by 53.13% in PV_PECF system. The ROI for developed
PV_PECF system is 9.24% with a return period as 10.82 years.
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