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ABSTRACT

Microgrids are a beneficial alternative to the conventional generation system that can provide greener, reliable
and high quality power with reduced losses, and lower network congestion. However, the performance of re-
newable energy resource (RER) based generators in a microgrid is hindered by their intermittent nature. The
energy storage system plays a key role in overcoming the intermittency of renewable sources by balancing the
power demand against variable generation. Energy storage using batteries is accepted as one of the most im-
portant and efficient ways for retaining reliable energy supply whilst incorporating RERs into the electricity grid.
Lead-acid (LA) batteries have been the most commonly used electrochemical energy storage technology for grid-
based applications till date, but many other competing technologies are also being used such as lithium-ion (Li-
ion), Sodium-Sulphur and flow batteries. This paper carries out the techno-economic analysis of the battery
storage system under different configurations of the microgrid system. The design of an optimal model of
standalone as well as grid-connected microgrid systems having PV-wind-diesel and biodiesel energy resources in
the presence of Li-ion (LiFeSO4 type) and LA batteries have been studied. The performance of the two types of
batteries has been compared in the proposed microgrid systems considering realistic load profiles, real resource
data, and real prices of the components. Load profiles of two rural villages, a business organization and an urban
residential building have been used. On the basis of these load profiles and available resources, different mi-
crogrid configurations with generation from PV, wind turbine, diesel and biodiesel generators have been con-
sidered to study the performances of the batteries. The results include the cost of optimal system configuration
under the given scenarios, electricity generation by various generating sources, detail comparison between
various components, emissions, and various batteries performance assessment parameters. The study reveals
that Li-ion batteries as energy storage are techno-economically more viable compared to LA batteries and they
are expected to play a significant role in various applications of future electric power systems.

1. Introduction

making it available during times of demand [3]. In the last decade, the
role of ESSs has increased in a variety of power system applications,

Renewable energy in the electricity sector cannot only help in
meeting the globally growing energy demand, but also can support the
transformation of the existing grid into a smart grid. Wind and solar
photovoltaic (PV) based renewable energy systems (RESs) have had
substantial growth in the past decade above other renewable energy
technologies. They can make electricity available to isolated and energy
deficient regions [1]. Intermittent nature and increased levels of pe-
netration of PV and wind power pose greater technical challenges to
maintain the supply and demand balance of electricity in an electric
power system [2]. These challenges motivate researchers across the
globe to investigate and develop reliable energy storage systems (ESSs)
that can offset this intermittency by storing the generated energy and
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such as grid stability enrichment, energy system efficiency enhance-
ment, voltage-frequency regulation services, virtual inertia support, and
in reducing the environmental impact from fossil fuel use [4,5].
Electrochemical energy storage technologies such as batteries are
recognised as one of the most effective means of stabilising electrical
networks with high levels of variable renewable energy (VRE). A range
of battery chemistries can be used for energy storage in power system
applications including load following, regulation, and energy manage-
ment by adding or absorbing power from the grid [6]. Among different
batteries, lead-acid (LA) type are the most commonly used ESS for
electric power system applications. These batteries are well recognized
for both automotive and industrial applications, and have been
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