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Abstract- Micogrid is a comparatively new concept in power
industry. It brings in autonomy in terms of generation and
distribution of electrical energy in a small area. It also brings
the added advantage of reliability, sustainability, security to
an area which is already connected to the main grid. This
paper does a detailed study of microgrids including its
structure, functioning, challenges involved and the future
scope with special attention to Indian power scenario.
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I. INTRODUCTION

The ever increasing demand for energy, in today’s
world has become a challenge for the energy utility
companies. This is result of a various socio-economic factors
which may include increased use of electrical machinery in
industries as well as agriculture, updated living standard of a
certain section of the society utilizing more electrical devices
which increases energy consumption, or simply because of the
rise in population. Whatever may be the reason for this
increased energy demand, this signifies the developing status
of a nation and the authorities must be able to provide this to
its people. By depending upon the traditional sources of
energy generation and using the existing process of
transmission and distribution, it has become nearly impossible
day by day to cope up with this tremendous amount of load
growth. As a solution to this crisis, researchers from around
the world are trying for alternative sources of energy and that
opens the huge opportunity for the renewable energy research
sector.

The concept of microgrid comes as an alternative to
the existing grid. It may co-exist with the traditional grid, and
even operate independently. A microgrid is a modern power
generation and distribution system where the generating
sources lie very close to the load points. It is called "micro”
considering its typically small size. Microgrids include
distributed generation sources such as small hydro power
(Run-off River), solar power, combined wind power, biomass,
geo-thermal etc. The constructional features of a microgrid has
both similarity and difference with a conventional grid.
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Similarity can be drawn on the basis that both the systems has
generating sources, battery storage, control units and load
points. But in case of microgrid the source lies close to the
load and the requirement of complicated transmission system
is omitted.

A microgrid mainly operates in two modes, one is the
grid-integrated mode and the other one is the islanded mode.
Although it may sound simple, successful operation of a
microgrid and shifting from one mode to the other involves a
lot of crucial steps. With the changeover from one mode to the
other, the system should be capable enough to maintain the
voltage and frequency imbalance that it undergoes. It is only
possible when it possesses a robust and efficient control
system which is able to sense any potential threat to the
system and take the corrective measure. Full scale operation of
microgrid is still not a reality, especially in countries like
India, despite its several benefits. It is still done on
experimental basis. Isolated grids are operating in some
remote areas supplied by the renewable resources (mainly
solar). The integration is not happening mainly due to some
state policies. Researchers are now opting for the
interconnected micro-grid which will give added stability to
the system.

1. COMMON ARCHITECTURE

As the name suggests, microgrids are small units,
generally less than 100kW that are flexible enough to operate
with the grid in a synchronized manner and also can operate
on its own. It may happen that some microgrids do not possess
the necessary interfacing devices to be synchronized to the
main grid and it is only operating in islanded mode. In such a
case, we cannot draw 100% utilization from it.

The key components of a microgrid system can be divided
into the following parts:

i) Energy sources

ii) Energy storage devices

iii) Control equipment

iv) Loads

V) Power electronic converters.
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i) Energy sources

There are various types of possible sources present in
a microgrid. The most commonly used is the PV system.
Integrating PV to the grid increases the system performance.
Combined heat and power plants (CHP) are an efficient way
of utilizing the waste heat produced in industries and
households. Fuel cells and Wind turbines are also coming up
and contributing as alternate energy sources which are located
near the load points.

ii) Energy storage devices

The energy produced by the mentioned energy
sources needs to be stored efficiently so that it can be supplied
to the loads whenever necessary. Hence a proper battery
storage system is an integral part of the microgrid. For those
sources generating DC, they will need a battery storage
coupled with inverter so that this stored energy can be
converted to AC as most of the loads run on AC. It is also
necessary for connecting to the main grid after
synchronization. Both AC coupled storage system and DC
coupled storage systems are used as per convenience.

iii) Control equipment

A microgrid cascaded with so many different types of
energy sources needs a robust controlling scheme for
operating properly. Bringing all these micro generations under
one voltage and frequency profile using different type of
controllers while addressing the challenges of voltage
imbalance or frequency fluctuation is a very difficult task.
Both in islanded or grid connected mode, these control
equipment play a crucial role in supplying quality power to the
consumers. Power flow controllers are installed near the
sources which regulate the power flowing out of the energy
sources.

In case islanding is necessary control signals are sent
to the specific circuit breaker to trip. Sensing devices like CT,
PT, communication schemes like PLCC are also installed so
as to make the system more responsive. An energy
management scheme is provided which controls the power
going out and coming in. A protection scheme is also there
which will address faults occurring in the system. In case of
internal faults, the faulty part must be isolated at the earliest
which is possible if we have efficient sensing devices. In case
of fault in the utility grid, microgrid should go into islanding
mode.

iv) Loads
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Loads play an important role in microgrid. The
amount of load connected to a microgrid is not same at every
point of time. The scheme of interconnection between
microgrid and utility grid should be such that, at peak load
hours, if the microgrid is unable to feed its own load, then the
deficit amount can be supplied from the utility grid. On the
other hand, at off peak hours when the microgrid has surplus
power, it can feed the utility grid. Microgrid can play the role
of a “back up grid” in case of emergency as it can supply to
the utility grid in time of need. In this way the system becomes
more reliable and flexible and complete blackout in certain
areas due of fall of some big generating unit can be partially
restored. One other important aspect is that the consumers can
earn revenue in terms of energy saving by depending on the
renewable sources.

v) Power electronic converters.

Power Electronics has become an integral part of
modern power engineering. Using these converters power
from one form can be converted to other form as per the
voltage and frequency requirements. | covers a wide range of
power levels starting from a few watts to several megawatts.
The storage devices, the controllers and the renewable energy
sources all use power electronic devices and converters now a
days for faster and reliable performance. The DC power
generated by the PV modules are converted to grid connectible
AC through AC-DC voltage source inveters(VSI). The wind
power generated by wind turbines is AC but it differs in
magnitude and frequency from that required by the microgrid.
So to bring it to usable level we use inverters in connection to
batteries. In this way these converters play a huge role in
operation of a microgrid.

111. ADVANTAGES AND DISADVANTAGES

As every system comes with its own merits and
demerits, microgrid is also no difference. In fact the limitation
of today leads to innovations of tomorrow. A whole lot of
research are going on in this area and efforts are being made to
minimize its drawbacks.

If we talk about the advantages, Microgrids offer
flexibility in terms of depending on a single type of power
generating source. We can changeover from one type of
source to the other as per our need. System security and
reliability increases to a great extent. If the main grid goes off,
some loads can be fed through the microgrid. In this way
blackouts can be avoided. Traditional energy sources like
thermal plants or mega hydro plants has a lot of ill effects on
environment. Replacing these with small, renewable sources
helps keeping the environment safe reducing the emission of
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harmful gases or the damage of biodiversity of an area. In
certain cases, where the microgrid is capable enough to
provide backup power to an area when the main grid goes off,
there is no need of keeping other backup power arrangements
like diesel generators which saves a lot of money. Traditional
grid establishments requires a good amount of money in
installing long transmission lines, power stations and the other
supporting equipment. Since microgrids supply loads which
lie very near to the generating points, hence the cost of
transmission and also the power loss during transmission is
greatly reduced and thus it gives an economical advantage
over the traditional utility grid.

Although microgrid offers many advantages in terms
of reliability of the services, low voltages generated by
microgrids is not beneficial to be delivered to load points
beyond a certain range. This is because it requires a lot of
supporting mechanism and it increases the cost to large extent.
From that point of view, microgrids are best suited for serving
its local loads. Some strict protocols or rules must be followed
by the microgrid to be able to connect it to the utility grid.

In countries like India, these protocols are sometimes
very complex and therefore, the grid integration becomes a
tedious task. From the economic point of view, anyone who
installs a microgrid, his prime objective would be to lower his
energy cost.

But, if the installation and other control equipment
cost exceeds the amount to be payable to the utility in case all
the loads need to be served from the utility grid, the it would
be very difficult to realize the concept of microgrid in actual
sense of the term.

IV. CHALLENGES FACED BY MICROGRID

The challenges that lie ahead for microgrid
implementation is mainly of two type; economical and
technical.

The prime benefit of installing a microgrid is related
to providing reliable and quality power to its consumers.
Using distributed generation with renewable energy resources,
it tries to supply loads while maintaining the specific grid
voltage and frequency. But, while doing so, it has to face a lot
of challenges. One of the key issues regarding this is
maintaining the balance between generation and load which
keeps the frequency within the prescribed limit. The control of
reactive power is also vital for maintaining the voltage levels.
Since the microgrid consists of different types of renewable
sources, each with its own generation levels, own frequency
droop characteristics, hence it has become a very challenging
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task for the power engineers to bring them under one umbrella
of voltage and frequency. Providing active and reactive
power control equipment separately to each of the generation
unit is practically not possible because installation cost
increases to a large extent.

Realizing a fully developed microgrid with facility of
both islanded and grid integrated mode, operating smoothly
and providing quality power is the goal ahead for researchers
in this area. The system should be equipped with such control
mechanism that the changeover between these two modes
become very smooth. Directional over-current relays are
placed on each line to sense any type of fault and trip as
necessary. While discussing the issue of microgrid, economic
issues always prevail. If economic benefit is not there, how
one will be interested in investing in the development of
microgrid. This is one issue which is challenging the
commissioning of microgrids to a large extent.

Moreover, microgrids are mostly owned by private
firms and there has been a conflict of authority between these
private firms and the utility grid. Another aspect is that, the
renewable sources that we are using are not always available.
The depend on weather, sunlight, speed of wind etc. These
sources will be capable of providing an uninterrupted supply
only if we combine them with large storage system. Most
people find it troublesome dealing with these issues and they
are satisfied with the conventional grid whose operations are
simple and convenient for them. The government policies are
putting thrust upon reaching the national grid to far remote
areas. There is a very small portion of geographical area left
where the grid is not arrived yet. Hence the so called remote
locations, which are will solely depend upon microgrid are
reducing day by day and even if it exists, there is lack of
proper investment policies for putting a microgrid. This has
turned out as a big challenge for the advocates of microgrid
systems.

V.SCENARIO IN INDIA

The Government of India has been lately very serious
about making electricity accessible to every remote corner of
the country. The Prime Minister of India announced that by
2018, all households in India will have 24x7 access to
electricity. Although efforts are being made to make this
vision a reality, still, a considerable amount of area are yet to
receive the access to national grid. Even if it has the access,
load shedding is a major problem in these areas. The very first
mention of microgrids was in the National Tariff Policy 2016.
This policy advocates for providing a better space for
investors to come and invest in microgrids in rural areas. The
draft national policy on renewable energy based mini/micro-
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grids was released by the Ministry of New and Renewable
Energy (MNRE) in June 2016 that aims to create generation
facilities up to 500 megawatts for over the next five years. In
spite of these positive moves, un-interrupted electricity is still
a distant dream for most of the villages in rural India. Instead
of this what they get is 8 to 10 hours electricity with poor
quality. Prime Minister Narendra Modi announced on 29April
2018 that his government has achieved 100% electrification of
all villages in India with the last village of Leisang in Manipur
being connected to the power grid. According to the
government rules, a village is called electrified if 10% of the
total number of households in the village have access to
electricity. This means that a village will be called electrified
even if 90% of its households do not have electricity. Efforts
should be made to electrify those 90% households also. But
the grim reality in this case is that mostly the power supply to
our villages are looked after by the state electricity boards
which are already going through huge revenue losses by
supplying subsidized power to its agricultural and residential
consumers. Further, the situation is worsened by the theft and
pilferage of electricity.

In these cases, microgrids can be the best solution
both for areas with no grid access at all and those which are
not getting adequate amount of power. To address these issues
a proper road-map is to be made. The government is already
encouraging renewable generations. On April 2018, India’s
first industrial solar microgrid was commissioned in Gujarat
by the multinational giant ABB. This will help in cutting down
planned and unplanned power outages. Solar grids are already
penetrating most of the rural areas. The need of the hour is of
a proper accounting and defined policies for installation and
operations of microgrids. A strategic protocol between the
utility grid and microgrid should be such that the aim of
providing reliable and quality power to every nook and corner
of the country becomes a reality.
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