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What does the concept of Smart Grid What does the concept of Smart Grid 
l k lik ?l k lik ?look like?look like?

Electrical Infrastructure

“Intelligence” Infrastructureg



Smart gridSmart grid

• The smart grid marries information 
technology with our current electrical gy
infrastructure, helping us support the energy 
needs of our 21st Century society The smartneeds of our 21st Century society. The smart 
grid is, in essence, an “energy Internet,” 
delivering real time energy information anddelivering real‐time energy information and 
knowledge—empowering smarter energy 
choices.



What is Smart grid?What is Smart grid?gg
A smart grid puts information and communication technology into 
electricity generation, delivery, and consumption, making systems 
cleaner, safer, and more reliable and efficient.
U.S. Department of Energy Definition:
A smart grid integrates advanced sensing technologies, control methods, and g g g g , ,
integrated communications into the current electricity grid.





Smart grid AttributesSmart grid  Attributes

f i b d• Information‐based
• Communicatingg
• Secure
• Self healing• Self‐healing
• Reliable
• Flexible
• Cost‐effectiveCost effective
• Dynamically controllable



Smart Grid ApplicationsSmart Grid Applications

Distributed Generation and Alternate Energy Sources

S lf H li Wid A P t ti d I l di

Demand Response and Dynamic Pricing

Self-Healing Wide-Area Protection and Islanding

Asset Management and On-Line Equipment Monitoring

Real-time Simulation and Contingency Analysis

Participation in Energy Markets

Sh d I f ti  C ti l  O ti i i  I t lli t R !

g y y

Shared Information – Continuously Optimizing – Intelligent Responses!



Inter operable CloudsInter‐operable Clouds



Functional Structure of real‐ time power systems operations 



Timing requirementsTiming requirements



Look ahead simulationLook‐ahead simulation



Wide Area Measurement  Layers 



Software Components

WAMCP Research needsWAMCP‐Research needs

Wide Area Situational Awareness framework for system stability coordination
will be developed.

Wide‐Area monitoring 
Synchronized phasors for stability, protection and control.

Monitoring and Instrumentation (Interface modules).

State Estimation periodicity.  

Wide‐Area state estimation.

Substation state estimation.



Software Components   (cont..)

WAMCP Research needs
Development Heuristics based Online Energy Management Models integrating

WAMCP‐Research needs
Development Heuristics based Online Energy Management Models integrating 
PMU & SCADA data cover the following models ;

*  Network topology

*  Observability 

*  Load flow Analysis

*  Steady State & dynamic stability (small signal) Analysis 

*  Contingency Analysis 

Wide‐Area Control (Exploring novel algorithms/methods) 

*  Development of On‐line dynamic analysis (predictive) &    
simulation.

*  Dynamic analysis triggers.



Software Components   (cont..)

WAMCP Research needs
Wide Area Control (Exploring novel algorithms/methods)

WAMCP – Research needs
Wide‐Area Control (Exploring novel algorithms/methods) 

* Adaptive Islanding models.
* d (l k h d)* System State prediction (look‐ahead). 

* Automatic System Recovery.

* Closed‐loop control Closed loop control.

Wide‐Area Protection 

* System security analysis models.



Computing ComponentsComputing Components

High End 

Grid 
Computing

Computing

Cloud 
Computing

Smart grid (Energy Internet)



Fig. Smart Grid Technology Layers



Computing Needs Energy InternetComputing Needs – Energy Internet

h fHigh End 
Computing

• High Performance 
(Peta flops)

• High Availability 
(99.99%)

Grid 
Computing

( )

• Campus
• Enterprise
• Large storage (PetaComputing

Cloud 

Large storage (Peta
Bytes)

• Public
• Private

Computing
Private

• Big Data (100 Peta
Bytes)



July 31 2012 BlackoutJuly 31 2012 Blackout



Indian Transmission Control CentreIndian Transmission Control Centre



Areas of CollaborationsAreas of Collaborations 

• Parallel Algorithms
• Management tools for Grid/CloudsManagement tools for Grid/Clouds
• Advanced Sensing /measurement 

h l itechnologies
• Self‐aware Systemsy
• Self‐healing Grids
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