To join Diploma Wallah Group Contact :- 9508550281

DIPLOMA WALLAH 5t Semester

SMART GRID TECHNOLOGY
DIPLOMA WALLAH
EE/EEE
JHARKHAND UNIVERSITY OF TECHNOLOGY (JUT)

1. Introduction

Electric power systems around the world are undergoing transformation. The
traditional electricity grid (generation — transmission — distribution — consumer)

was designed for one-way flows of power and relatively predictable loads. But with

rising demand, increased integration of renewable energy sourc
variable), distributed generation, increasing need for reliability,
sustainability, the grid must evolve. The idea of a “smart grﬁ” comes into play to
modernise the grid for the 21st century.

The smart grid aims to leverage digital communicationSjautomation, sensors,
advanced controls, distributed resources, while enabkmg active participation of
consumers and improved asset/ utilisation e f1c1ency
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2. Definition of Smart Grid N .~ 4
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Here are some definitions by auﬁh%t%e sources:
PR

e According to the I Ql\oﬁ'a'l Energy Agency (IEA): “A smart grid is an
electricity network a%:!es digital and other advanced technologies to
monitor and mahage;the transport of electricity from all generation sources to

meet the vatying éiéctricity demands of end-users.” (IEA)

o Accordingitotthe National Institute of Standards and Technology (NIST): “A
modernized grid that enables bidirectional flows of energy and uses two-way
communication and control capabilities that will lead to an array of new
functionalities and applications.” (NIST)

o According to a corporate/industry definition (Huawei Technologies Co.,
Ltd.): “The smart grid is an innovative power system based on information
and communication technology. It realizes real-time monitoring, intelligent
scheduling, and optimal management of the power system through smart
communication networks and sensors.” (Huawei Enterprise)

Key features emerging from definitions:
o Two-way communication (both power and information)

o Integration of digital and communication technologies (ICT)
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e Real-time monitoring, control, automation
o Distributed generation, variable renewables, storage, demand-side resources
o Greater consumer involvement and flexibility

» Improved reliability, efficiency, sustainability

3. Concept/ Structure of Smart Grid

Here we detail the structure/concept of a smart grid, the layers/components, and
how it differs conceptually from a conventional grid.
\rsical power

o Generation Layer: Traditional large-scale generatiomplus distributed energy
resources (DERs) such as rooftop solar, smdll wind; etc. Smart grid supports
variable renewables and storage. ( olveForcg;)\

o Transmission Layer: ngh—voltax%k long-distance movement of

power; smart grid version uses §e?1 rsyphasor measurement units (PMUs),
automated controls for real- tlm {ngntormg and improved stability. (The

)

o Distribution Layer: M‘eﬁ uha: ow-voltage network delivering power to end-
users; in smart gri ¢h E\J»/er is “smarter” with automated switches, fault
Jﬁtegratlon of DERs and two-way flows. (PNNL)

3.1 Structure / Architectural Layers

A smart grid can be thought of as a layered architecture integr
infrastructure plus an “information/communication/contrgl” o

(ResearchGate) Typical layers/components:

Department of Energy's Ene

detection, self- hga

o Consumptionfor (Zustomer) Layer: The end-user side - homes,
commeyeial findtstrial, prosumers (who both consume & generate). Smart
grid enakleg demand response, smart appliances, real-time pricing, feedback.
(Indian Institute of Technology Kanpur)

e Communication / IT / Control Infrastructure: This is the backbone of the
smart grid - communication networks (WAN, NAN, HAN), sensors, smart
meters, data analytics, control centres. (TutorialsPoint)

o Management & Security Layer: On top of the above, management systems
(distribution management system, outage management, supervisory control)
plus cybersecurity, data privacy, resilience. (ScienceDirect)

3.2 Smart Grid Structure Concept Diagram

In simple terms:
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Generation < Transmission «» Distribution < Consumers
But with the smart grid overlay:

o DERs connected at multiple points

» Two-way flows of energy and information

o Automated sensing and control at many nodes

o Feedback loops, dynamic response, storage integration

3.3 Conventional Grid vs Smart Grid

Feature Conventional Grid | Smart Grid

Power flow One-way (from Two-way (generation &
generator — consumption, ers) (NIST)
consumer) &

Communication Minimal, often Real-tim@ated meters,
manual/ periodic senso e control (Arrow
meter reading Electronics

Monitoring/control | Limited situational eal-time monitoring, automated
awareness, del fault detection/isolation, self-
fault detectio  healing (PNNL)

Integration of Difficult, limi High flexibility to integrate

renewables/DERs flexibility renewables, storage, DERs
vari ration | (regridintegrationindia.org)

&onsumer Active participant (demand

S
\7 i response, visibility, dynamic
% 7 pricing) (Indian Institute of

Consumer role

Technology Kanpur)

Efficiency/ 10%/ Higher losses, Better efficiency, lower losses,

manual processes automated operations
(nsgm.gov.in)

Reliability /resilience | Less flexible in face | More resilient, adaptive network,
of disturbances improved backup/recovery (The
Department of Energy's

Energy.gov)

4. Opportunities & Barriers of Smart Grid

4.1 Opportunities
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Some of the major opportunities (benefits/potential) of smart grids include:

satisfaction. (Enel) %{7
4.2 Barriers x

institutional, regulatory, social:

Enhanced grid reliability and quality of supply (fewer outages, faster
restoration) (The Department of Energy's Energy.gov)

Improved efficiency: reduced transmission & distribution (T&D) losses, better
asset utilisation. (nsgm.gov.in)

Integration of variable renewable energy (wind, solar) and distributed
generation and energy storage, enabling a cleaner power system.
(regridintegrationindia.org)

Enabling demand-side management and consumer participation (dynamic
pricing, demand response) which can flatten peaks and reduce cost. (Huawei

Enterprise)
Better monitoring/control and predictive maintenance (& (leading to

lower downtime, longer asset life) (Intel) ®

and offering flexibility

Supporting sustainability goals (reduced emissi
i . (Huawei Enterprise)

for future energy needs (electric vehicles,

Economic benefits: new services/busin s, improved customer

jor ones:

Implementation of smart grids als% any barriers — technical, financial,
J

High initial invest ost of deployment of smart grid components
(smart meters, com aﬁion networks, automation, storage).

(ScienceDire \i
Legacy i% ture and need for upgrades / compatibility issues with old

grid a enceDirect)

Technical>omplexity: integration of variable renewables, storage, DERs,
coordination of many actors/devices. (Erontiers)

Communication and interoperability challenges (different standards,
protocols) (TutorialsPoint)

Cybersecurity, data privacy, resilience concerns - as grid becomes digitised
and networked, new vulnerabilities emerge. (montel.energy)

Regulatory, policy and institutional barriers - unclear frameworks,
inadequate incentives, distribution company (discom) financial issues.
(jsis.washington.edu)
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Consumer awareness / acceptance issues - consumers may resist new meters

or dynamic tariffs. (SpringerLink)

Skill gaps, workforce training, organisational change to exploit new
technologies. (Erontiers)

5. Enablers of Smart Grid

Enablers are the technological, regulatory and institutional factors which facilitate
the roll-out of smart grid systems. Some key enablers:

Advanced metering infrastructure (AMI) - smart meters, two-way
communication. (Huawei Enterprise)
Communication networks and ICT backbone - WAN, @N, IoT
devices, data analytics. (TutorialsPoint) \/a

®
Sensors and automation - for real-time monitori & etection, self-

healing. (bharathuniv.ac.in)

Distributed energy resources (DERs) and en

orage systems - enabling
flexible supply & demand balancing. (H i

nterprise)

Consumer engagement platfor d
management systems, partici

s - enabling tariff reforms, dynamic
iyes. (Allied Business Academies)

ility - ensuring devices, systems, communications

and response, home energy
s. (Huawei Enterprise)

Regulatory and market f
pricing, net-metering, i

Standards and inte

are compatible S e

Skilled w ce and institutional capabilities - utility staff, regulators,

consumet e able to adopt and manage new systems.

Data analytics, AI/ML - enabling optimisation, predictive maintenance, load
(

forecasting. (arXiv)

6. Smart Grid Activities in India

India has recognised the need for smart grid deployment to modernise its power
sector. Some key points:

The National Smart Grid Mission (NSGM) under the Ministry of Power was
established (Office Memorandum dated 27-03-2015) to accelerate smart grid

projects in India. (nsgm.gov.in)
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7. Key Challenges for Smart Grid CN 4
RN Y

The NSGM lists key benefits expected: reduction of T&D losses; peak load
management; improved quality of service (QoS) and reliability; better asset
management; increased grid visibility and self-healing; renewable integration
and increased accessibility. (nsgm.gov.in)

India country reports show that the power sector faces major challenges: huge
network size (3rd largest T&D network), high losses, reliability issues, theft
and supply shortfalls. A smart grid is seen as one answer.
(indiasmartgrid.org)

Research on “modelling barriers for smart grid technology acceptance in
India” identifies consumer awareness, infrastructure, social acceptance as
important factors. (SpringerLink)

Various pilot and demonstration projects across India ha undertaken
under NSGM and state-level initiatives (e.g., smart mete Ndistribution
automation, feeder automation, micro-grids, customé'\enga ement).

(mpez.co.in)

The Indian context also includes integration of lange renewable capacity
(solar, wind) and the associated grid flexibility réquirements. (ifri.org)

»
4

Here are key challenges (especiall gvéﬁ'for India but also generally) that must
be addressed for smart grid rollﬁt{c. ./
y \\L\\

1.

Financial/Investm ‘»‘.I%%l\lé'ﬁge: The upfront cost of smart grid infrastructure
\

(smart meters, sensors, gommunication networks, storage) is high. Return on

investment m&y’Bg\uhcertain. (ScienceDirect)

4
Legacy infrastructure & technical compatibility: Many parts of the existing
grid (e§pedially in India) are aged, have high losses, theft, and may not be
easily upgraded. (indiasmartgrid.org)

Integration of renewables and DERs: Variable nature of solar/wind
generation poses challenges for maintaining grid stability, balancing
supply/demand, storage needs. (ifri.org)

Communication & interoperability: Many devices, systems, and standards;
ensuring seamless, secure, reliable communication across the grid is complex.
(TutorialsPoint)

Cybersecurity & privacy: With digitisation, the grid is exposed to cyber
attacks, data privacy issues, and resilience threats. (montel.energy)
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6.

10.

8. Summary

Regulatory, institutional, policy issues: Inadequate regulation, unclear
ownership/responsibility for new assets, discom financial health (especially
in India) hamper smart grid adoption. (jsis.washington.edu)

Consumer acceptance, awareness and behaviour: For features like demand
response, time-of-use tariffs, smart appliances, the willingness of consumers
to engage is important. (SpringerLink)

Skilled workforce and change management: Utilities need to manage the
shift to digitalised operations, train staff, adopt new business models.

Data management and analytics: Handling huge amount of data from
sensors/ meters, ensuring reliability of insights, predictive capabilities. (arXiv)

Scale and replicability: Moving from pilot projects to large-scale deployment
(especially in large countries like India) is challenging; i& Ybeost-benefit,

scalability. (fsr.eui.eu) 4

In summary: D
V/

/4
Smart Grids represent the evoluti %Ventional electricity networks into
more flexible, efficient, resilient ﬁlt agtive systems by leveraging ICT,
automation, renewable inte ratldn' }/na consumer participation.

The structure of a smart gt{ (%ays advanced communication and control
capabilities across gene’qﬁbﬁ transmission, distribution and consumption.

N \
There are many op lities (efficiency, reliability, sustainability, consumer
engagement) buh alsé 51gn1f1cant barriers (cost, legacy systems,

interoperability, cyBersecunty, regulation).

India i§actively promoting smart grid deployment via its National Smart
Grid Mission and has many pilot activities, but must address key challenges
(financial, technical, regulatory, consumer) to scale up.

Enablers such as smart metering, communications infrastructure, DERs,
regulation, consumer platforms, and analytics are vital for successful
implementation.
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