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EVENT REPORT

Due to this COVID’19 Pandemic situation, the Department of Electrical and Electronics
Engineering of Sri Ramakrishna Engineering College in association with New Horizon
Engineering College jointly organized a Seven Days Webinar Series on “Smart Grid Integration
& Energy Storage Systems” during 10" to 16" July 2021. Many Participants from various

institutions in and around Tamil Nadu has participated in the technical webinar.

The event commenced with a Welcome address by Dr. M. Mahesh, Professor and Head,
Department of Electrical and Electronics Engineering, NHCE who elaborated on the requirement
of innovative ideas to make the society smarter. He also briefed on how this kind of webinar bridges

the gap between industry and Academia.

The Event Coordinator Dr. B. Gunapriya, Associate Professor, Department of Electrical

and Electronics Engineering, NHCE elaborated about the Webinar.

On 10.07.2021, Dr. Vijyarajeshwaran communicated that Smart Grid is a concept and
vision that captures a range of advanced information, sensing, communications, control, and energy
technologies. He explained the various technical challenges along with Economic, Policy, and
Regulatory Challenges. The speaker briefed about the two dominant technical challenges that can

be identified with a higher penetration of RE generation: 1) managing variability and uncertainty



during the continuous balancing of the system, and 2) balancing supply and demand during

generation scarcity and surplus situations. The session was impressive and interactive

On 11.07.2021, Dr. S. U. Prabha expressed that, Grid integration is the practice of
developing efficient ways to deliver variable renewable energy (VRE) to the grid.
Good integration methods maximize the cost- effectiveness of incorporating VRE into the power
system while maintaining or increasing system stability and reliability. She also mentioned that
most of the time, the grid will absorb all of the electricity produced by renewables because
there is sufficient demand for electricity. As a result, the more renewable energy resources present
on the grid, the less electricity must be generated using conventional fossil-fuel plants. The session

was interactive

On 12.07.2021, Dr. A. Immanuel Selvakumar conducted a comprehensive study on the
application of big data and machine learning in the electrical power grid introduced through the
emergence of the next-generation power system-the smart grid. He mentioned big data analysis and
machine learning techniques were essential to reaping these benefits. In the complex connected
system of SG, cyber security becomes a critical issue; [oT devices and their data turning into major

targets of attacks

On 13.07.2021, Dr. K. Selvakumar voiced that, Demand response is a strategy used by electric
utility companies to reduce or shift energy consumption from peak hours of the day, when
the demand for electricity is the greatest to leaner demand periods. He defined it as a measure for
reducing energy load in response to supply constraints, generally during periods of peak demand.
His focus was on the managing the DR and he concentrated more on the electric utility and system
operators for which he gave two choices available:

1. Increase the size and dimension of the network which is costly and requires time to

implement.

2. Utilize energy management in order to reduce the possibility of high peak demand during

peak hours. The session was very informative
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EV can strengthen Grid

Hyperdrive

Why Charging Your Electric Car at Night
Could Save the World

February 26, 2018, 230 AM GMT+5:30
Climate Changed

Parked Electric Cars Earn $1,530 From
Europe's Power Grids

By Jess Shankleman
August 11, 2017, 930 AM GMT+5:30 Updated on August 11, 2017, 813 PM GMT+5:30

Q8 mims v e e
& Electric vehicle to grid projects receive £30
zzr#= million boost from government

EV as a Virtual Power Plant:

EV Driving Pattern i
s.o.c. (%) ,“
00 4+ ¥ - E

60

6 8 time of day 8 2

It has been revealed by some studies that most vehicles are parked almost more than
80% of their time.

EV can provide Grid Services

=
| Powerriame S

B }——‘ exstaorgen |

. ime ofdey
One third of the global light-duty vehicle fleet will be electrified by 2040. That
means tens of millions of batteries floating around, storing electricity while the
cars aren't in use and releasing it when thev are in use.

©. i - v 'Nw 5000 AV
P \\
oot b

Challenges for V2G &

International status for UI/ Fast charging technology 2:‘2:‘":}““:3 :II)TIcitny]my
the penetration of EVs N and infrastructures £ 4

flexibility & Extendibility)

-

f
EVs are expensive Battery Degradation ) Fast response (Level 2 &
primarily due to their (High price of batteries & 3 AC & DC Charging
costly batteries less life time) "} frastructure)

EV imtegrated Micro- Attractive Govt. policies | 2 ==
grids equipped with for V2G, Demand Side IS:;':;:::‘tmg:lergy &
cyber physical systems Management

Frequency
Regulation

Voltage
Regulation

Power
Quality

Management

Vehicle to Grid Integration

~

¢ Unidirectional
\AIIEQ + Modulating the charging rate
* No additional equipment for Vehicles

« Bidirectional Storage device
* Providing power back to grid * Support Ancillary Services,
V26 < * Help RE integration,
« flexibility in providing grid services g -
* Create new revenue streams for automobile
owners

V2G = Vehicle to Grid
V2H = Vehicle to Home
V28 = Vehicle to Building
V2L = Vehicle to Load

Battery Swapping
© B2G

G28



Outline

* Machine Learning-Introduction

Implementation of Machine

* Smart Grid — Introduction

Learning in Smart Grid

Dr. A. Immanuel Selvakumar
Professor/EEE
Karunya Institute of Technology and Sciences

15-Jul-21

Machine Learning — Definition

Machine learning is an application of artificial intelligence (Al) that provides systems
the ability to automatically learn and improve from experience without being
explicitly programmed. Machine learning focuses on the development of computer
programs that can access data and use it learn for themselves.

Traditional Programming

* ML Application to SG Problem — Classification — Case Study
* ML Application to SG Problem — Regression — Case Study

15-Jul-21

Machine Learning — Tasks and Applications

Unsupervised
learning that looks
for previously
undetected patterns
in a data set with no
pre-existing labels.
Also known as self-
organization allows
for modeling

of probability

Targetted
Marketing

Meaningful
Compression

denity Fraud
Detection

Supervised
Learning

Unsupervised
Learning

Machine

Data densities over .
Output inputs Learning
Program
Machine Learning Reinforcement learning (RL)
is an area of machine Reinforcement
Data learning concerned with Learning
Robot g
Program how software agents ought to Sl Acqusidon
Output take actions in an environment

15-Jul-21 3

Machine Learning — Supervised Learning

Regression

Classification

Real and Predicted Wind Speed, Using Linear Prediction

" : predicted wind speed

mis
@

o lreal windspeed |
0 50

100
Time (seconds)

Regression is the problem of
predicting a continuous quantity
output

Classification is the problem
of predicting a discrete class
label output.

15-Jul-21

in order to maximize the notion

of cumulative reward.
15-0ul-21

Customer Retention

Supervised learning-
learning a function that
maps an input to an output
based on example input-
output pair.

Advertsing Popularity
Prdiction

Smart grid (SG) or intelligent grid

an electricity system that support the

ing four op:

electricity distrik

electricity g

ion, electricity

, and electricity control. The Smart Grid, regarded as the next generation

power grid, uses two-way flows of electricity and information to create a widely distributed automated energy

delivery network.

= Existing Power Grid + IT + Communication

Energy Generation @ Storage Options
@i e

F'awer Quaity

Smanvster

Selt-healing

Electricity Market
15-4ul-21
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Classification is a supervised learning concept which basically categorizes a set of data into classes.

* Classification is the task of learning a target function f that maps attribute
set x to one of the predefined class labels y

INBOX
(\0'2) .\\0@ o
SPAM & S &
2 X N F
Tid Refund Marital Taxable - - N
8 [N One of the attributes is the class attribute
" In this case: Cheat
1 [ves |[single [125K [No
CLASSIFIER 2 |No Married (100K [No
.. Single | 70k D Two class labels (or classes): Yes (1), No (0)
SPAM FOLDER 4 |Yes |[Maried [120k |No
5 [No Divorced |95K Yes Input Output
6 [No Married [60K  [No Classification
7 |Yes |Divorced [220k  |No A"""(';‘f sot. =) “odel — C"s(sy)'abe'
SPAM 8 [No Single  [85K Yes
9 [N Maried 75K e Classification as the task of mapping an input attribute set x into its class label y.
10 [No sSingle [90K  |Yes

Examples of Classification Tasks

* Predicting tumor cells as benign or malignant
« Classifying credit card transactions as legitimate or fraudulent

« Categorizing news stories as finance, weather, entertainment, sports,
etc

* Understanding if a web query has commercial intent or not

« Classifying a waveform as a good quality or poor quality waveform

Logistic Regression Naive Bayes Decision Tree

Rad
-

Random Forest

Support Vector Machines

K-Nearest Neighbours

General approach to classification

* Training set consists of records with
known class labels [T [P e [N

No  [smat  [rok [ne

the given data set s
dvided into training
andtest sets, with

g
E
5
* Training set is used to build a |mugess, |5 | (o fox [ve w‘,""
a
7
o
.
g

Learning

algorithm

classification mode e v weum fsox [no
ves |tame |220¢  |Ne Learn
No Small 8K |Yes Model
. vo [wmdom [ [wo
* Alabeled test set of previously unseen [ w [so [ox |ves ‘
data records is used to evaluate the Training Set @
quality of the model. i &«
Model

TR

* The classification model is applied to [z [ws |ueaun for

new records with unknown class labels [}7[\= 2% [
Test Set

/

Deduction

Support Vector Machines: Supervised Machine Learning Algorithm for Classification

Basic Idea: Create a hyperplane that separates the dataset into classes

|
Large Margin

Small Margin

15121 Support Vectors



DR implementation

/ Home Area Network

Display at
Home

7/14/2021

DR Implementation

a Meter Data
@_‘ Ly conural Management
Load Forecast ; ;
@‘ Module \\ Aggregator
Energy Market I BNV @ A / ]
Module [Engine Wireless KF Phone Commerdial / A
Feron oata Collctionservers  “URS! / I
il Commands
DR Requests|
% Incentive- Update Rateq
Operator Based DR

S . g =
,\ \@
@“m'

Industrial Plant

7/14/2021

DR in smart grid

7/14/2021

29

Demand Response
System

v B
! Appliance 1
— Load H—1—\"’
Controller
A‘l'“ / —a Appliance 2
Scheduling ___l !
Manager 08 - ﬂ Appliance 3

— ﬁj Appliance

7/14/2021 26

Supply | Demand
) i | Electricity |
Future derivatives | ‘ L \{ ,‘ | production
4,‘ Electricity prices J «—  Electricity load |
Day-ahead market } . - . B Electricity demand
4 . Demand

Response
Decisions

Maximum shift |-

Residential electricity pricing in DR
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The electricity tariffs that the end use customers depend on the average
electricity expenses and allow little relaxation to the load pattern in flexible

electricity price.

DR is a tariff or program designed to achieve changes in electricity use by
end-utilize customers because of difference in the cost of electricity after
some other time period, or to encourage lower power usage now and again

of high market costs or low network unwavering quality.

The main reason behind utilizing DR programs is the way that decreases
electricity use in peak time periods makes benefits in the short run by
decreasing the level of generation and transmission resources required to

give electric power system.

The following figure gives a realistic illustration of the DR types that gives
support to the system for load management.
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Time of Utilizing Tariff(TOU)

* These tariffs are built on a model where the price varies within a

predetermined time interval that is defined as high or low peak hours.

* The customer knows beforehand what the price will be in a certain hour or
time.

* Time tariffs can also be combined with a separate price for high peak load
consumption; this would somewhat compensate for the drawbacks of

inaccurate pricing compared to RTP.

* The simplest rate of TOU is to have two price levels, one peak price and

one off-peak price.
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Critical Peak Pricing (CPP)

* CPP uses maximum electricity price all through peak

hours.

* This price is pre-determined and communicated to the

customer some time ahead of the event.

CPP prices are used in a restricted number of hours or

days per year.
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DR implementation
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TOU - DR Management
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Real-Time Pricing (RTP)

* This program makes the customer pay a real-time price for their electricity.

* The price varies in time which creates an economic incentive to shift the
demand.

* Customers receive price information a day-ahead or an hour-ahead
depending on the market.

* An important aspect to consider is when to inform the customer about the
price if it is too near the actual time of use it could be difficult for the
customers to act in time.

* Many economists argue that RTP programs are the most efficient ones and

that policymakers should focus on this type of programs.
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Benefits of DR
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Overview of the customer domain
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Various Loads for DRM Agricultural DR
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The workflow of the HEMS Smart Appliances

-uTum
Objective evaluation of day-ahead scheduling model (MILP)

_ Home energy management system
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Smart Homes(HEMS)
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Categories of DR Technologies
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Energy management system in the

smart grid infrastructure
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The framework of the HEMS
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Decision support and energy management system
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DRM 1in Future
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About the Programme
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Manager
Vi-Micro Systems, Chennai.
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DAY 7 (16.07.2021)

10:30 AM - 10:35 AM

Chief Guest Introduction

Dr. B. Gunapriya
Associate Professor/EEE, NHCE
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On 14.07.2021, Mr. K. Maharaja explained the different technologies used in smart
grid communication like Programmable Logic Controller (PLC), wireless, cellular, SCADA
(Supervisory Control and Data Acquisition), and BPL. He also mentioned that by 2020, the
cumulative smart grid technology market is expected to surpass the $400 billion mark, with a
compound annual growth rate of 8% worldwide. In the United States alone, the market is expected
to continue growing by double digit to reach $26.7 billion by 2017.He mentioned that
communication infrastructure for smart grid should meet requirements for time synchronization,
reliability, latency, criticality of data delivery, and support for multicast. The session was

informative

On 15.07.2021, Mr. S. Selvakumar stated that, Smart grid (SG), an evolving concept in the
modern power infrastructure, enables the two-way flow of electricity and data between the peers
within the electricity system networks (ESN) and its clusters. He mentioned that he SG is intended
to replace the fossil fuel-rich conventional grid with the distributed energy resources (DER) and
pools numerous existing and emerging know-hows like information and digital communications
technologies together to manage countless operations. With this, the SG will able to “detect, react,
and pro-act” to changes in usage and address multiple issues, thereby ensuring timely grid

operations. The session was informative.

On 16.07.2021, Dr. K. Vinoth Kumar articulated that there are various approaches regarding
the meaning and added value of the Smart Grid concept. He mentioned that, the digital technology
that allows for two-way communication between the utility and its customers, as well as sensing
throughout the transmission and distribution systems, is what makes the grid “smart”. He told that,
at present, monitoring energy consumption and flow, actuating automatic rerouting when equipment
fails or outages occur for quicker restoration of electricity after power disturbances, and improving
integration of customer-owner power generation systems, including renewable energy systems. He
explained that the final objective is more efficient transmission and distribution of electricity and
increased reliability, a fundamental contribution can be provided by implementing advanced

techniques for diagnostic and condition monitoring of electrical apparatus, in order to achieve



dynamic information on electrical apparatus health conditions and their optimum operation. The

session was more informative.

Finally the day ended with a discussion and collection of feedback of the seven days webinar
series. Event Coordinator Dr. A. Singaravelan, Sr. Assistant Professor/EEE, NHCE, delivered the
Vote of Thanks.

We are glad that, many students and faculty members were benefited out of this technical

webinar.
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