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Abstract

Since the beginning of 21st century, India has been poised to take the role of top three in
the global economy. As India aspires to be the manufacturing hub and a global superpower,
the lack of reliable power and adequate power distribution infrastructure plagued with
financial & operational challenges in the power sector limits the country’s prospects to
become one of the largest economies in the world.

Despite availability of 370GW of generation capacity, the peak consumption remains
restricted to 180 GW. Multiple factors are responsible for this large gap due to the lack of
adequate power distribution infrastructure and operational challenges in the power
distribution sector. The remote and rural parts of the country that are still not “on the grid”
and do not have access to 24/7 electricity at the point of consumption and are unable to
utilize the available generation despite the demand. The core challenges that the power
distribution sectors faces are defining the strategic, operational and technological solutions
to align it to the emerging smart grid which the power utilities need to follow.

The emphasis on the distributed energy resources (DER) including renewable energy is
bringing in new dimensions into the management of the grid, which further adds the need for
real-time two way communication and load/demand management.

Thus, the concept of smart grid has to be developed and managed as a vision for a utility,
which will eventually help in integrating the generation, transmission and distribution of
electricity across all customers.

Given the listed challenges on the power distribution side that are a result of many
strategic and operational level issues, this research aims to address broadly by breaking it
down into four research objectives of this thesis as listed below:

Research Objective 1] To study and examine the impact on operational efficiency and

reliability due to the implementation of key smart grid technologies
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Research Objective 2] To study, develop and test hypothesis of real-time demand and
load forecasting due to the integration of distributed energy resources such as rooftop
solar, demand response, battery storage, EV charging

Research Objective 3] To analyze the customer benefits, participation & empowerment

due to smart grid solutions

Research Objective 4] To evaluate the operational & financial performance metrics due

to implementation of smart grid

Based on benchmark analysis, the Delhi utility was identified for the purpose of case
study. Delhi utility was examined from the perspective of understanding automation and
implementation of foundational technologies and how do these building-blocks leverage the
implementation of the smart grid road map.

The primary research of 655 electricity consumers was conducted through a field study
in North Delhi. This survey was done to understand the perception of the consumers on
participating on these programs of the utility and the value they see in such programs when
smart grid is implemented in an integrated way. In addition to statistical tools, the thesis
research also utilized various management tools like Porter’s Five Force Model, SAP-LAP,
Strategy Map, Balanced Score card, etc, to substantiate research findings.

The case study research revealed the importance of foundational technologies such as
distribution automation, Supervisory Control and Data Acquisition system (SCADA),
Geographical Information System (GIS), smart metering, billing and collection solution,
Enterprise Resource Planning (ERP) and how it results in the effectiveness of a utility’s
performance. The case study validated the importance of load analysis for optimal sourcing
of power and considering that the existing grid is becoming complex with penetration of
distributed energy resources (DERs) such as - rooftop solar, battery storage, demand response

and EV charging and its ability to respond to changes to demand on a real-time basis.
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The outcome of the case study findings contributed in developing the operational and
financial metrics for a power distribution utility to help establish the technology adoption
roadmap. This metrics provides a blueprint for technology adoption and associated functions,
benefits and target area of deployment within the grid.

The research has used the SAP-LAP methodology to analyze the case study of the Delhi
utility where the impact of EV charging, automated demand response, energy storage was
examined by conducting primary survey across its customer segment. SAP stands for
"Situation", "Actor" and "Process" and its interplay comprises of the SAP framework where
the freedom of choice lies with the Actor. An interplay of SAP leads to Learning-Action-
Performance (LAP).

The thesis, “Study of Select Issues in the Management of Smart Grid in India” has
successfully demonstrated that in the given environment of Indian Power Sector, what steps
a distribution utility should take in its journey to smart grid. The thesis revealed that Delhi
utility chose an integrated approach of smart grid technologies deployment and to achieve
operational efficiency and reliability, developed a defined technology roadmap foundational
technologies, information and communication technologies, automation technologies
supported with advanced metering infrastructure.

Establishing performance benchmarks is seen a critical component as part of strategic
planning process (SPP) and establishing a new order that will drive the vision, mission and
mode of operation for an electricity distribution company.

As a result of these findings, the research supported by the case study of a Delhi utility,
can conclusively establish that to develop a well-defined smart grid roadmap for any utility,
it needs to successfully develop and implement a detailed technology adoption roadmap,
integrate distributed energy resources, address operational challenges and establish reliability

by following business processes with emphasis on customer engagement component.
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