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a b s t r a c t

Conventional electrical grid is transforming into smart grid—an evolutionary solution to satisfy rapidly
emerging and vibrantly changing requirements of utilities and customers by intelligently leveraging
telemetry concepts of instrumentation and control engineering in form of communication technology
network infrastructure. The paper presents analogy of ‘smart grid’ to ‘industrial process’ and ‘commu-
nication technology infrastructure’ to ‘instrumentation telemetry’. Automated Metering Infrastructure
(AMI), monitoring and automation of substations, power network monitoring, Home Automation
Network (HAN), Demand Response (DR) and integration of solar PV—have been identified as ‘Critical
Applications’ and Reliability, Scalability, Interoperability, Congestion, Energy Efficiency, Latency and
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Communication technology
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Security – have been identified as ‘Critical Parameters’. Review of recent works has been presented for
each segment.
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1. Introduction [1–6]

The smart grid (SG) has started attracting attention of global
research community and demonstrating rapid growth potential. SG
is transformation of the legacy stand-alone unidirectional non-
intelligent electric grid into automatic-intelligent-adaptive system of
systems for bidirectional exchange of electric power and information.
Reliability of critical power infrastructures has been the area of major
focus today, wherein smart grids are expected to play game changing
role. SG, the modernization of conventional power grid using techno-
logical advancements, is digital automation of electric power system
from power generation to customer appliance for improvements of
quality, reliability, efficiency and environmental friendliness. SG facil-
itates for active participation of consumers with timely access and
control to their energy usage. Consumers can bid their energy
resources at the electric market. SG supports real-time power quality
monitoring and active diagnostics to respond power quality deficien-
cies and reduces loss to customers due to insufficient quality of power.
SG possesses the capability to anticipate and respond to system
disturbances by continuous self assessment to take corrective action.

Constantly changing customer choices-behavior, increased integra-
tion of renewables, varieties of DR programs, etc. all are likely to
increase the fluctuations in the ratio of produced and consumed
power. Hence, utilities must make strong efforts to deal with the
increasing volatility and vibrancy in classification, affordability, feasi-
bility and final choices of power production, demand, distribution and
consumption. Important features, such as Real Time Pricing (RTP),
require intensive monitoring of the consumers’ power consumption

patterns along with close real-time asset monitoring and timely
provision of control actions. This necessitates data prioritization and
delay-responsiveness using communication links with sufficient relia-
bility, data rates and latency.

Communication is expected to play quite significant role in
overall SG evolution by facilitating services such as self-healing,
real-time demand response and efficient use of energy. Due to the
large number, distributed and intermittent nature of energy
resources (e.g. wind and solar plants), SG will rely heavily on
communication for super-fast balance between demand and
supply of electricity. A quick and accurate match between elec-
tricity supply and demand has financial and technical benefits.
This helps avoid running extra costly plants (e.g. gas turbines) on
peak hours and enhances power grid stability. In order to realize
the SG vision, it is necessary to have guaranteed QoS for the
reliable communication and networking technology used in var-
ious SG subsystems, ranging from power generation, transmission,
distribution, to the customer service applications. Rapidly growing
Communication Technologies have also been proved as vital
development forces deciding present and future evolutionary
designs of smart grids. Recent developments in software-
networking technologies and cost-effective hardware availability
are supporting increasing penetration of SGs not only at large scale
installations, but also at private-residential applications as well in
forms of Microgrids via islanding techniques. Overall, Smart Grid
promises good opportunities for future work in research and novel
application developments for the growing residential as well as
industrial-commercial domains in the interest of the nation.
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