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ABSTRACT

Designing a sustainable electrification power grid for remote areas in developing
countries is a significant challenge. Governments are increasingly prioritizing the
energy sector by implementing new policies and green energy corridors. However,
many studies on renewable and hybrid energy systems overlook crucial factors like
technology, economical business survey, environment concern, and social (TEES)
factors, which are vital for rural energy solutions. This chapter introduces a frame-
work incorporating decision analysis, focusing on the availability of renewable
local sources while in view of TEES aspects for power projects. Various energy
alternatives are evaluated, and optimal combinations are assessed through decision
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analysis. A case study in Himachal Pradesh uses real meteorological data to verify
and analyses the effectiveness of the proposed methodology. Conclusions shows that
methodology, using Particle Swarm Optimization (PSO), leads to optimized energy
systems with significant benefits, especially for power grid networks.

INTRODUCTION

Optimizing of hybrid energy systems is a critical task because of varying per-
formance characteristics of different renewable sources. Remote and isolated com-
munities, particularly those in rural areas, often face significant barriers to effective
electrification. In India, for example, around 40% of the population lives in such
rural villages, where access to reliable power remains a major issue. The growth of
these rural areas has the potential to positively impact both local development and
national GDP. While designing of a sustainable renewable energy system requires
consideration of multiple important factors. It includes technical, economical, con-
cern towards environment and social (TEES) aspects.

A transparent and robust framework is necessary for addressing the needs of
energy supply of this type of standalone communities, which focuses priority on
the end-user. This research chapter gives emphasis towards development of a sys-
tematic framework. It integrates optimized energy system model which is based on
TEES decision analysis methods. The ultimate aim is economical and less reliance
on fossil fuels for generation of electricity. At the outset, different renewable ener-
gy alternatives are assessed using decision analysis methods, considering multiple
factors across various scenarios. The optimal combinations of renewable energy
sources are subsequently determined through an optimization approach. A new
and unique method to optimize a combined energy from renewable sources will be
demonstrated. This methodology is implemented in rural regions to showcase its
effectiveness, utilizing meteorological data.

BACKGROUND

In various isolated regions and communities depend on standalone diesel gener-
ators for electricity production. Although this DG method is widely used, it presents
major difficulties such as high upkeep costs, costly fuel consumption, and significant
environmental harm. These generators lead to both economic and environmental
decline, highlighting the necessity for a sustainable, dependable, and optimized
hybrid renewable energy system. However, many current hybrid energy optimization
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