MICROGRIDS

Key Operational Strategies &
Avenues for Grid Support Services

PRABODH BAJPAI




MICROGRIDS

Key Operational Strategies and
Avenues for Grid Support Services

First Edition

Author
Prabodh Bajpai




Title of the Book: Microgrids: Key Operational Strategies and Avenues for
Grid Support Services

First Edition — 2026

Copyright 2026 © Prabodh Bajpai, Professor, Department of Sustainable
Energy Engineering, Indian Institute of Technology Kanpur, India.

No part of this book may be reproduced or transmitted in any form by any
means, electronic or mechanical, including photocopy, recording, or any
information storage and retrieval system, without permission in writing from
the copyright owners.

Disclaimer

The author is solely responsible for the contents published in this book. The
publishers don’t take any responsibility for the same in any manner. Errors, if
any, are purely unintentional, and readers are requested to communicate such
errors to the authors or publishers to avoid discrepancies in the future.

E-ISBN: 978-93-7020-991-6
MRP Rs. 160/-

Publisher, Printer & Distributor:
Selfypage Developers Pvt Ltd.,
Pushpagiri Complex,

Beside SBI Housing Board,

K.M. Road Chikkamagaluru, Karnataka.
Tel.: +91-8861518868

E-mail: info@iipbooks.com

IMPRINT: IIP Iterative International Publishers
For Sales Enquiries:

Contact: +91- 8861511583
E-mail: sales@iipbooks.com



Foreword by
Dr. Suresh Chandra Srivastava

Through rigorous survey of innovative strategies to enhance Microgrid systems
for smart grid realization, author has attempted to provide an invaluable
resource for researchers, industry leaders and policymakers committed to
driving impactful change. Major contribution in this monograph includes
detailed study of key operational strategies for all possible operational modes of
Microgrids and various opportunities for providing grid support services using
Microgrids. This monograph will inspire collaboration and catalyse meaningful
advancements, both in research and practice, as we collectively work towards
achieving global sustainability goals.

Microgrids as a major application domain will play a critical role in
transforming energy systems as a novel distribution network architecture within
the broader smart grid concept. I am confident that this monograph will serve as
an exceptional resource for academicians, researchers, students and postdocs,
and clean energy professionals working towards a sustainable energy transition
and building a cleaner and greener world.

Dr. Suresh Chandra Srivastava

Institute Fellow,

Retired Professor, Department of Electrical Engineering,

Ex Director, IIT Kanpur-La Trobe University Research Academy,
Indian Institute of Technology Kanpur

Kanpur, Uttar Pradesh, India



Foreword by
Dr. Narayana Prasad Padhy

This monograph on Microgrids: Key Operational Strategies & Avenues for
Grid Support Services is created by the author through extensive review of the
research work carried out by the research project team. The monograph is based
on the recently published research work of project team members from leading
academic institutions of India and Australia. This monograph is focused on the
Microgrid control approaches for instantaneous power management and long-
term energy management, along with challenges related to multi-microgrid
coordination. Further, its emphasis is on various opportunities for providing
grid support services using Microgrids, including demand response, peer-to-
peer energy trading, and ancillary services such as frequency and voltage
support, as well as resilient microgrid operation.

Microgrids are being expended and developed globally as fundamental and
essential building block for future smart power systems with the increased
penetration of distributed generation that has changed the control and
operational concepts. Key issues of these new systems include integration
technologies, control techniques and optimization methods in presence of
Microgrids that can connect and disconnect from the main grid as physical and
/or economic conditions dictate.

| strongly believe that this monograph will help as state-of-the-art resource for
research community and industry practitioners to collaborate and work towards
critical future prospects of Microgrid research challenges. This will help
improve the grid support services for the Microgrid as well as explore new
opportunities for such avenues.

Dr. Narayana Prasad Padhy

Director, Malaviya National Institute of Technology Jaipur,

Director (in-charge), Indian Institute of Information Technology Kota,
Rajasthan, India,

Professor, Department of Electrical Engineering,

Indian Institute of Technology Roorkee, Uttarakhand, India.



Preface

The electric power grid transformation is necessary to make it smarter and more
resilient using cutting-edge technologies. Smart grid technologies are being
implemented in developed as well as developing countries and various smart
grid components are being adopted in to their electrical power systems. The
development of Microgrids as a novel distribution network architecture could
facilitate the smart grid, which is conceived to improve the instantaneous power
balance and demand response. Microgrids will help deploying large amounts of
renewable energy sources to improve the reliability and resilience of the main
utility grid, if their ostensible benefits offset the costs compared to alternative
smart grid architypes. Microgrid consists of distributed generation units, loads,
energy storage elements, protection equipment and control scheme to ensure the
regulation of the power flow, and voltage and frequency profiles within a
defined region as well as energy exchange with the main utility grid.

This monograph is based on extensive research work carried out by the Indo-
Australian joint research project team. The domain of the monograph is
designed to connect few important aspects of Microgrid operational challenges
with grid support service opprotunities for Microgrids. Major content of this
monograph is reworked from the published literature of project research team
members. This monograph will inspire collaboration and catalyse meaningful
advancements, both in research and practice, to achieve our sustainability goals.

The evolution of Microgrid concept is presented in chapter 1 along with its
detailed classification, design aspects and associated technologies. Chapter 2
includes major control approaches for instantaneous power management and
long-term energy management along with multi-microgrid coordination
approach. Chapter 3 presents operational challenges and proposed
methodologies for four possible operating states of a Microgrid, beginning with
grid-connected operation, transitioning through islanding, stand-alone
operation, and finally synchronization for reconnection to the main grid.
Chapter 4, focuses on grid support services provided by microgrids, including
dynamic operating envelope-based operation, demand response, peer-to-peer
energy trading, and ancillary services such as frequency and voltage support, as
well as resilient microgrid operation. Finally, Chapter 5, concludes the
monograph with discission on some of the critical future prospects of Microgrid
research.

Dr. Prabodh Bajpai
Professor, Department of Sustainable Energy Engineering,
Indian Institute of Technology Kanpur, Kanpur, Uttar Pradesh, India
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