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ABSTRACT

Growing concerns about global warming, fossil fuel depletion, market competitiveness, and
energy supply security are challenging the present electric system operation, planning, and
management. As a result, there is a greater need to integrate advanced technology and
distributed energy resources. Renewable resources (such as solar systems) can be put directly
on the premises of residential consumers, making them into prosumers (consumers and
producers of electricity). The current power grid infrastructure was not designed to meet the
growing electricity demand or to accommodate the increasing integration of renewable energy
sources. The existing grid features one-way communication, with supply-side changes
achieving demand and supply balance. Two-way communication of electricity and data is
feasible with the integration of information and communication technologies (ICT), sensors,
and smart appliances with the electric grid. This grid upgradation has resulted in new market
structures, services, and societal processes. Through distributed generation from solar PV and
waste heat recovery, consumers can take on the new role of energy generators. Consumers
might use demand response and energy storage to help the electric grid run smoothly.
Technology and behaviours that empower and reassure the whole energy system, rather than
just certain sections, can yield enormous economic gains. However, the development of the
smart grid, which is defined as an advanced electricity network that allows two-way
information and power exchange between suppliers and consumers through the widespread use
of intelligent communication and management systems, is still fraught with technological,
social, financial, and environmental risks, particularly in relation to social and economic
factors. Not just specific technology but the overall functioning of the energy system as a socio-
economic structure will be vital to the smart grid's success. As a result, the most pressing
problem for policymakers over the next decade will almost certainly be the change away from
a supply-driven approach to one that understands the need to integrate the many aspects and
players of the energy systems. Several recent studies have identified the social component of
smart grids (i.e., the participation of customers, communities, and society) as critical to the
smart electrical grid's effective adoption. In this context, this thesis aims to throw light on the
operational planning and management of smart grids from the perspectives of utilities,
consumers, communities, and society at large, as well as to highlight and explore the major

issues that it faces.



The Indian government prioritized renewable energy because it would allow the country to
become self-sufficient in the energy sector. The Indian government's ambitious aim of
producing 175 GW of renewable resources by 2022 has fueled a push across the country to
embrace smart grid technology. The impact of these changes on power systems is enormous,
necessitating the development and implementation of smart grids. With the integration of smart
technologies, operational challenges have increased, so it is crucial to analyse those issues from
different perspectives. This thesis also looks at how users are associated in smart grid
development. The primary research question of the thesis is: what are the operational planning
issues of intelligent grid technology for the energy sector in India, and what should be the
strategies to deal with these issues? This research focuses on India's smart grid technology
development possibilities. This research has been accomplished in three phases. Its first phase
is a conceptual study in which a framework for smart grid has been proposed. The framework
was developed using an integrated method of Soft-System Methodology and Fuzzy Cognitive
Mapping, which includes the diverse perspectives of numerous stakeholders. The framework
served as a road map for the thesis, to understand the operational and planning issues of smart
grids in India. Further, an exploratory study has been performed in which various challenges
related to developing and deploying of smart grid technology were studied. A total of fifty
barriers to smart grid technology acceptance and adoption for consumers were listed through
the literature study, and then seventeen barriers were selected after taking expert opinion. Then,
using the Total Interpretive Structural Modeling (TISM) methodology, a hierarchical model
was developed by identifying underlying relationships among barriers. After that, barriers were
classified as the driver, dependent, linkage, and autonomous variables using MICMAC
analysis.

In the second phase, barriers to smart grid technology acceptance have been ranked based
on social, technical, and economic criteria. An integrated approach of AHP, PSO, FERA and
EUT has been implemented to determine the ranking of barriers. Ranking of barrier showed
that study of electricity consumption behaviour is important for operational planning of grid.
Hence, an study was conducted to understand the electricity consumption behaviour of
residential and industrial consumers. To perform this, two-year monthly consumption data
(January 2019 to December 2020) of 100 residential customers and 50 industrial consumers
from Kutheda village, Hamirpur, was used. Electricity consumption for different seasons and
maximum electricity utilization in each season were analysed and compared. Also, consumers'
yearly consumption was plotted to understand the usage flexibility. It indicates the presence of

different groups of consumers whose energy usage varies differently in different seasons.
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Further, K-means clustering was applied to understand the different energy behaviour of
consumers and the sample size of each group. It resulted in four distinct customer groups. It
also revealed a huge group of customers whose consumption is low, and their consumption
patterns are not highly flexible across different ‘seasons. Based on power consumption trends,
this research will undoubtedly assist the electricity supplier in making production plans for a
distinct set of users in a specific season. 15-minute interval data was also obtained from a smart
grid pilot project in Kalamb, Himachal Pradesh. This data was used for weekly forecasting of
electricity consumption by applying different machine-learning techniques. This analysis can
be helpful in the generation, transmission and distribution planning by the central and state-
level power system planning agencies by identifying areas/sectors with maximum growth. It
can also provide helpful insight into the behavioural pattern of the consumer population
residing in that region.

The third phase was the performance evaluation phase. The performance evaluation
phase of the research is concerned with increasing the functioning of the smart grid in the
electrical industry. In this phase, four smart grid pilot projects having similar functionality were
studied, and industry best practices were discovered in order to improve organisational
performance. A framework for the comparative study of smart grid projects was developed.
Neutrosophic Analytic Hierarchy Process (N-AHP) was utilised to determine the weights of
factors and sub-factors that influence smart grid performance. Neutrosophic Technique for
Order of Preference by Similarity to Ideal Solution (N-TOPSIS) was used to rank smart grid
development in various nations. The neutrosophic theory has been integrated with the AHP
and TOPSIS to deal with complexity, ambiguity, haziness, and incomplete information.

Finally, the work concludes with a summary of the main results. This thesis adds to a deeper
understanding of operational planning and management of smart grid visions. This study
emphasises overarching visions with the changing role of the consumers and, lastly,
overcoming challenges. A comprehensive list of barriers to smart grid technology acceptance,
as well as the process of generating performance indexes, allows utilities to design a roadmap
for smart grid technology deployment based on social, technical, and economic factors. The
framework for the comparative study of smart grids can help utilities analyse and monitor smart
grid performance in general. Customers are expected to show some flexibility by changing
their energy-consumption behaviour in response to financial incentives via human or
automated equipment control. This research adds to the acceptability of smart grid technologies

by giving executives, managers and government officials a roadmap for the future.
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LIST OF ABBREVIATIONS

AMI Advanced metering infrastructure

AT&C Aggregate technical and commercial losses
AT&D Aggregate transmission and distribution loss
BESS Battery energy storage system

CEA Central electricity authority

CERC Central electricity regulatory commission
DA Distribution automation

DER Distributed energy resources

DLC Direct load control

DMS Distribution management system

DoS Denial of service

DR Demand response

DRMS Demand response management system
DSO Distribution system operators

DST Department of science and technology
DSM Demand-side management

DTMS Distribution transformer management system
DTR Dynamic thermal rating

DTMU Distribution transformer monitoring unit
EFA Exploratory factor analysis

EMI Electromagnetic interference

EMS Energy management system

ERP Enterprise resource planning

EV Electric vehicle

EVCI Electric vehicle charging infrastructure
FCM Fuzzy cognitive method

GHG Greenhouse gas

GIS Geographical information system

Gol Government of India

GPS Global positioning system
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HAN

Home area network

ICT Information and communication technology

IDS Intrusion detection system

IED Intelligent electronic devices

IEEE Institute of electrical and electronics engineers

ISGF India smart grid forum

ISGTF India smart grid task force

IoT Internet of things

IP Internet protocol

IT Information technology

KMO Kaiser-Meyer-Olkin

kWh Kilowatt-hour

LAN Local area network

MDMS Meter data management system

MG/DG Microgrid/Distributed generation

MICMAC Matrice d'impacts croisés multiplication appliquée 4 un
classment

MoP Ministry of power

NCIIPC National critical information infrastructure protection centre

NIST National institute of standards and technology

NSGM National smart grid mission

OMS Outage management system

0&M Operating and maintenance

PLM Peak load management

PMUs Phase measurement units

PQ Power quality

PQM Power quality management

PV Rooftop photovoltaic

SA Substation automation

SCADA Supervisory control and data acquisition

SMPS Switch-mode power supplies

SSM Soft system methodology
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RTU

Remote terminal unit

T&D Transmission and distribution

TAM Technology acceptance model

TISM Total interpretive structural modelling
TOU Time of use

WAMS Wide area management system

WAN Wide area network
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