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Abstract

Energy transition, agricultural development, e-commerce growth, and safe maritime
transportation are essential for the unprecedented economic growth of many developing nations
like India. The sustainable growth of these sectors is possible by moving towards the
sustainable development goals (SDGs) adopted by United Nations member states in 2015,
including basic resources to all (SDG 1), sustainable agriculture (SDG 2), good health (SDG
3), water security (SDG 6), clean energy generation (SDG 7), economic growth (SDG 8),
responsible consumption (SDG 12), mitigate climate change (SDG 13), marine security (SDG
14), land use (SDG 15), security sector (SDG 16), and inter-regional collaboration (SDG 17).
In 2021, about 36 % of global electricity demands are met by coal-fired power plants, which
accounts for the consumption of 65% of global coal available. The resulting CO2 emissions are
about 10.5 gigatonnes, attributed to 29% of global energy-related CO2 emissions.
Unfortunately, India is positioned as the world's 3" largest greenhouse gas emitter due to ~60
% of its electricity demands being met through coal power plants. The pollution from coal
power plants causes around 100,000 premature mortalities annually. Further, they consume
and require large amounts of water. To overcome these issues, renewable energy resources
such as solar and wind are installed, bringing India to rank 3" in renewable installation.
However, they depend on the weather conditions, may require ample space for installation, and
are costly. This poses the requirement for a sustainable energy system through economic,
social, and ecological dimensions. A grid-connected renewables integrated energy system
(RIES) comprised of solar PV modules, wind turbines, Hydrogen fuel cells, and a coal power
plant is proposed to meet the power demands of high-income Indian households. It is optimized
to obtain the best trade-off between costs to the company, society, and ecosystem for three
differentially populated regions of India. A significant reduction in mortalities and ecological
degradation is achievable, along with a decrease in electricity cost using optimized RIES,
particularly for populated cities. The optimized designs show a more significant reduction in
mortalities than the base case and electricity cost of INR 4.72-5.25/kWh. Further, it has been
found that the benefits of optimized RIES in terms of reducing greenhouse gas emissions and
reducing human mortalities are highest in densely populated regions, which coincidentally

suffer from worse air quality.

Furthermore, the escalating demand for clean energy has highlighted the potential of

bioenergy, specifically energy generated from crop residue. Instead of leaving a large amount



of crop residue to decompose or be burned in the fields, which can contribute to air pollution
and greenhouse gas emissions, it can be collected and used as a valuable energy resource. It
offers an opportunity for farmers to diversify their income streams by selling their crop residue
as a feedstock for bioenergy production or producing their bioenergy on-site. Since the
demands of food, energy, water, and land are increasing with increased population, it is vital
to utilize the land efficiently so as to fulfill the food and energy demands simultaneously while
minimizing water consumption. Considering the agricultural sector as the central point, the
mathematical model of the energy system is proposed and optimized to maximize the food
production and bioenergy benefits while minimizing water consumption, through land
allocation. This study has been conducted in three regions of India to understand the interplay
of various factors. Further, dietary constraints to ensure the production of staple foods (wheat
and rice) and nutritional requirements are imposed while focusing on all the objectives. The
results demonstrated up to a 1000 % increment in food production benefits, up to 4740 %
increase in bioenergy benefits, and up to 97 % reduction in water consumption, compared to
the base case in the single objective studies, yielding a win-win-win solution. Notably, our
strategy allows the production of a variety of food crops while not putting pressure on any of
the regions, in addition to contributing towards cleaner energy pathways and intelligent
utilization of resources such as land and water while not compromising the economic benefits
to the stakeholders.

The 14" SDG focuses on the sustainable use of marine resources in order to prevent illegal
fishing activities and mitigate climate change. Globally, about 1.8 billion metric tons of crude
oil get transported by sea every year. Further, India's international trade of about 95 % by
volume and 70 % by value is carried through maritime transportation. However, there exist
security and safety challenges in these sectors, e.g., smuggling of illicit goods, illegal fishing,
human trafficking and robbery in maritime transportation. Therefore, it becomes quite essential
to grow these sectors in a sustainable manner which refers to a balance between the economy,
society, and environment. In the present work, multiobjective route optimization algorithms
are developed and employed to surveillance marine vessels using Helideck Monitoring System
(HMS) to prevent such illegal activities. These algorithms also find application in vehicle
routing delivery in the fastest-growing e-commerce sector and planning and scheduling in
chemical and petrochemical process industries. To optimize maritime surveillance using HMS,
the mathematical model is formulated in terms of the traveling salesman problem (TSP) and is
optimized to monitor the ships to prevent illegal activities in the blue economy. Though several

local-heuristic-based algorithms are quite efficient in solving the single objective TSPs, the
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efficacy of their extensions for solving the multiobjective and large-sized TSPs is limited.
Therefore, a two-stage evolutionary algorithm (TSEA) is developed in the present work to
solve the classical multiobjective TSP to minimize the tour length of a salesman in various
planes. The algorithm is tested on 25 multiobjective benchmark problems, including two, three,
and four objectives to test its efficacy on large-sized problems, i.e., 10000 cities/targets. The
performance of TSEA is found to be better than the other compared algorithms. Further, the
TSEA is modified by incorporating dynamic components such as position coordinates and the
k-means clustering approach. This dynamic TSEA is applied in maritime surveillance using
HMS. The efficient route for HMS to monitor the vessels is obtained by minimizing its tour
length while prioritizing visiting the faulty (anomaly) vessel by applying the dynamic TSEA.

Overall, the multiobjective optimization frameworks proposed in this study address many
crucial problems that are essential for the growth of a nation's economy and have a significant
contribution to the 1%, 2319 6, 7, gt 12t 13M 14t 150 16Mand 17" SDGs.
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