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Abstract

Environmental degradation due to the increased use of fossil fuels has paved the growth in
harnessing eco-friendly renewable energy resources. However, renewable energy sources are
connected with the issues such as non-uniform power generation due to weather and seasonal
variations. In this context, several renewable energy sources are integrated into a hybrid
renewable energy system (HRES) framework to circumvent this limitation. Such integration
enables higher efficiencies than those obtained from a single renewable resource consider-
ing their individual operating characteristics. Due to this advantage, HRES framework is
becoming increasingly popular to meet the future demand. Hence, there is a potential to
deploy HRES as it captures the best features of each renewable energy resource and can pro-
vide maximum non-interrupting “carbon-free” power. A typical HRES comprises renewable
energy sources like wind, solar, fuel cell, electrolyzer, battery storage, and diesel generator
as a backup power source. When HRES is dynamic mode, effective demand-side energy
management and real-time power trading need correct estimate of real-time variables for

each sub-component, which are usually corrupted by measurement errors.

First part of the thesis focuses on devising novel frameworks for reconciliation strate-
gies that can be used to resolve sensor measurement inconsistencies. To make the study
exhaustive, we considered various operational scenarios, such as single-rate sampling, multi-
rate sampling, and sensor failure. Simulation based validation studies are performed to
validate frameworks. Simulation results show that RPF provides the highest estimation
accuracy for all three operational scenarios as compared to EKF and EnKF with only a
small increase in computational time. Second part of the thesis deals with aims to develop
a novel dynamic multi- objective receding horizon strategy for operational optimization of
medium-scale HRES. As an extension to classical receding horizon strategy in which only
one objective is used, in this part of the thesis three non-commensurate objectives are op-
timized simultaneously by using genetic algorithm to obtain the optimal control variable
trajectories. The third part of the thesis results in development of tools for quantifying
ecosystem services so as to include them as a potential unit operation in decision making,
aiding sustainability. To this extent we employ i-Tree Eco model, developed by the United
States by the U.S. Department of Agriculture (USDA) Forest Services, by suitably adapting
to the conditions of Indian subcontinent by using remote sensing techniques. Fourth part of
the thesis uses this quantified ecosystem services obtained in the third objective and bring
in the notion of techno-ecological synergy (TES) in decision making. Further, we optimize

the HRES operation to make positive environmental impact by including the TES based

i
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sustainable design of HRES and their surrounding ecosystems to mitigate emissions. This
part of the thesis considered the forest ecosystem developed by different afforestation ap-
proaches as an additional unit operation and its growth dynamics have been incorporated

in the system design.

KEYWORDS: Data reconciliation, Ensemble kalman filter, Particle filter,
Regularised particle filter, Multi-objective optimization, Ge-
netic algorithm, i-Tree Eco, Remote sensing, Landsat satel-
lite image, Sustainability, Techno-ecological synergy, Miyawaki
method
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Notation

I Photo current

Le ey Photo current at STC

I, Reverse saturation current

Ts Series resistance

Tp Parallel resistance

n ideality factor

Vip.Ref Voltage at maximum power at STC
Lp Ref Current at maximum power at STC
Lscpes Current at short circuit at STC
Voe,Ref Voltage at open circuit at maximum power at STC
NRef ideality factor at STC
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Eges Irradiance at STC

Teenn Cell temperature

Teett,Ref Cell temperature at STC

View Reversible cell voltage

z Number of electron transferred

F Faraday’s constant

AG Gibbs free energy change
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Ny Faraday’s efficiency
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Ty.o Outlet temperature cooling water
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N1 fe Utilisation factor of fuel cell
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