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History of Computing and Al Development

Computer Science

7.;

= Turing machines
= Information Theory
= Weiner & Cybernetics -

Text/ string search
1974 Peter Naur "Concise Survey of Computer
Methods", Data Science, Datalogy

» Liebniz - Bina;y Logic.

Data Technology

= Catrography
* Astronomical Charts.

Sort & Search Algorithms —
Dijkstra, Kruskal, Shell Sort, ... »
Heuristics — Simulated Annealing, ...

Knuth — Art of Computer Programming.

= Von Neumann Architecture.
® .
= Babbage, Lovelace !
= Boolean Algebra \
* Punch cards.
K7
« First IBM
Computers
= DBMS.

(@)

= William Playfair

= Charles Minard

= Florence Nightingale.

(®)

@ (®) ~ K
Visualization—" .) (@) ®
= Optimization Methods E L

= Calculus .
* Logarithms
= Newton-Raphson.

Applications to Military,
manufacturing,
Communications.

Fourier and other transforms
Matrix & Generalizations
Non-euclidean geometries.

P 'y
\
) \ .
« o \

,. 1
Mathematics/ OR

* Probability
» Correlation

* Theoretical Foundations of Modern St

* Hypothesis, DOE
» Mathematical Statistics.

Regression, Least

o Squares
Bayes Theorem. " Tir:e Series_. !
Statistics I
Pre 1800s 1800-1900 1900-1940

* Graph Algorithms
* Multigrid methods
* Tree based methods.

.k

» Database Marketing

= Data Mining, Knowledge Discovery

» “Data science, classification, and related methods."
= 1989 First KDD Workshop
» Gregory Piatetsky-Shapiro.

. RemovableWDisk drives
* Relational DBMS.

{(®)

o~
® .

« Assignment Problems
* Automation

= Scheduli ".",——

* 1962 John W. Tukey, Future of

e —_— e ®—
» Desktop, floppy e I
« sQL, OOP = William Cleveland: Data Science
«_ High level languages. * Leo Breimann: Statistical Modeling: 2 Cultures_‘
@) @) {®) - =
= John Tukey Grammar of Graphics /
. J Bertin. -
Rt sede s Sa TUﬂi Word Cloud, Tag Cloud. g Ny
{(@)— {®) {®) @) - A )
v ~ Ay
o — (® &)~ 2 o)

Data Analysis
®)

Bayesian Methods

Time Series Methods (Box Cox,

Survival, etc.)
Stochastic Methods.

= 1976 — SAS Institute
* 1977 The International Association for
Statistical Computing (IASC).

®r—
= Decision Science
= Pattern recognition
* Machine learning.

» Simulation, Markov
= Computational Statistics.

1980
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Introduction to Al, ML and Advanced Analytics

ARTIFICIAL
INTELLIGENCE

MACHINE

LEARNING
DEEP
LEARNING

1950s 1960s 1970s 1980s 1990's 2000's 2010’
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Al Workflow

Deployment

Data :
||||I|‘|| SireparETon @AI Modeling

Grid Analytics Digitization/Real-Time Simulation

Data Preparation Al Modeling Simulation & Test

,|||,|||, Data cleansing and Model design and Integration with i
preparation tuning complex systems :

Embedded devices

. === Hardware . : :
@ Human insight accelerated training ‘|>|:|_., System simulation |:_f:|E|:.."| Enterprise systems

cmulation. ot interoperability — X System verification £ Soge cloud
generated data and validation P
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Generation

Data-driven
suppywidermand
matching,
enakling
distributed ensrgy
resourceaes (DER)

Transmission

Fault and status
detection using
sansors and
high-fresgquen oy
data

Fredictive asset
maintenances
basaed on asset
conditiomn and
criticality

Distribution

Figld-force
anablsmant amd
optimization
(imcludirng
comtractor
managerment)

I rovsimg
CLustomer
interactions
through insight,
saegmantation,
and choloca

Applications of Al, ML in the Power Utility Value Chain

Corporate

People amahktics:
data-driven decision
making on hiring,
training, parformancs
managsmeaent, amd
retention

o~ L~
gm'ﬁ M=

Optimizing heat
rate and plamt
anvallability

Optimizimg arid
plamning (e.dg..,
imncorporatimg DER
and evaluating
nor-wires
alt=rmatives)

Wegetation
managemant (=.q.,
optimizimg trimm
cycle, route
analytics,
Ccontractor
managemeant)

Oyotinmizing
STISN e mcy
responss o
aoutages and
astorms

Data-driven tools
to decrease grid
load by DRADSKM?
(2.9., peak
shavimgl, including
smart oparation of
elactric vahicles
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Health and safaety
analytics (=.4.,
investigation of
root causas of
CHOITITIO N
accidaents)



Al for Grid Analytics

S\ ! 7
Eoig DATA ANALYTICS -@- INSIGHTS

[
l_L
O O

Optimal reliability » Storm damage prediction
+ Asset data rogram recommendations
@ Prog ETR calculations
Storm
Readiness

* Asset maintenance
effectiveness

f;o\ Inspection data
g Outage information

@ Historical & forecasted
weather

S

N~ - .

" Crew information & location

\/

—_. [iIme series data

; llé Asset alerts & alarms
Meter reading & event data

I; Vegetation trim cycles

» Asset failure signatures

* Network connectivity data
quality

DER load forecasts

Asset life predictions

Historical
Outage

High risk assets & circuits

» Storm damage prediction

Improve Reliability Reduce System Risk
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egetati
Management

Value
Accelerated

Historian
Mapping

% Financial data



Key Domains for Al and Advanced Analytics

Customer 6 .
Operations .

23 Use Cases across...
1.Asset Management

2.Grid Operations
3. Extended Systems

...that will:
1.Improve Reliability

2.Improve Customer Sat.
3.Reduce O&M Expenses
4. Capture new Revenue

Advanced Metering
Infrastructure

Use Cases across...
1. Customer Strategy

2.Customer Operations
3.Revenue Cycle

33 Use Cases across:
1. Meter Operations

...that will: _ : 2.Network Operations

4. Products & Services

3.Theft Detection
4 |nactive Meters

» Enhance cust. experience
- Automate low value interactions
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Machine Learning - Process

©

STEP 4

' il

STEP 1 STEP 2

'e J g2l 299
SR C SV W W i s - St Mode! Building- SRETHE -
Gathering data from Cleaning data to g e PR Gaining insights from
> ) | 7 :‘.E‘nebu."ng e |'|L_-’4'v"k L .
varnous Sources nhave homogeneity > v, the model's results

ML alqgorithm
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Machine Learning - Types

Meaningful
Compression

Structure Image

: : & > Customer Retention
Discovery Classificaton

Big data Dimensionality Feature Idenity Fraud

i i . : ficaci Diagnostics
Visualistaion Reduction Elicitation Dertecrion Classification =

Advertising Popularity
Prediction

Learning Learnlng Weather

Machine

Growth
Prediccion

Recommender Unsupervised Supervised

Systems

Clustering Regression
Targetted

Marketing

Market
Forecasting

Customer

Segmentation Lea r n i ng

Estimating
life expectancy

Real-time decisions Game Al

Reinforcement
Learning

Raobot Navigation Prog :
o SiGil Acquisition

Learning Tasks
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Machine Learning - Techniques

Techniques

Potential
customer
problem

Data/Iinput
format

Applications

. e

Supervised Learning

Classification

Logistic or Linear
Regression
Multivariate regression

Classifying product
segments

Predicting machine
problems to avoid
downtime

Identifying linear
relationships in machine
performance

Structured imagery,
numeric, strings/characters,
sensory data with well
identified labels

Predictive and prescriptive
maintenance

Predictive decision support
Production optimization
Product segmentation
Predictive root cause analysis
Asset management and
quality control

Unsupervised Learning

Clustering
Natural Language
Processing (NLP)

Identifying similarities and
characteristics e.g. if itis
shaped like a "car’, it could
be grouped as a ‘car’

Unstructured imagery,
numeric, strings/characters,
sensory data with semi-
identified labels

Pattern processing

Anomaly or defect detection
for quality control

Asset performance
management

Deep Learning

Neural Networks

Solving complex problem
patterned towards
intelligent beings using
multiple sources of
dissimilar inputs. e.g "smart”
plant facility

Multiple structured data
types e.g., imagery, audio,
numeric, strings/characters,
sensory, etc., from multiple
sources

Complex production
optimization

Quality control

Speech and pattern
recognition

Complex anomaly detection
Autonomous processing
Asset management
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Ensemble Learning

Random Forest

Identifying linear and
probabilistic relationships
between an outcome and its
components using
Bootstrap Aggregation

Structured imagery,
numeric, strings/characters,
sensory data with well
identified labels

Powerful and accurate
Predictive and prescriptive
maintenance

Predictive decision support
Product segmentation
Predictive root cause analysis
Asset performance analysis
and quality control
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Programming Languages for Al

Python

P Easy to learn, simple syntax and a
lot of frameworks and libraries.

Java
Java is also be considered as a good
choice For Al development

. Lisp
@' One of the oldest and the most suited

languages for the development in Al

Prolog

One of the logic programming language
specifically designed for AI development.

R Programming

Comprehensive statistical language that
encourages the development of new ideas.
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Al and ML Libraries

NLTK M ﬁu@py
Spark theano

Pytorch
Keras Q r\ yrore

TensorFlow
@Xnet

O learn

Scikit-learn Pandas

Artificial Intelligence Basic Libraries
1. Numpy
2. Pandas

Machine Learning Libraries
1. Scikit-Learn
2. Spark

Deep Learning Libraries
1. Keras
2. TensorFlow

Platform for Python Programming

1. NLTK - The Natural Language Toolkit
2. MXNet

3. Jupyter Notebook
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SELECT USE CASES

Workshop On Utility Digitalization And Performance Improvement In Africa - 12-14 February 2024 - Cape Town, South Africa 13



Use Case 1: Applications of Al for RE Integration

<

TRANSMISSION DISTRIBUTION

S
ra—

1 | 3
Improved wind and Maintain grid stability Improved
solar generation forecast | and reliability demand forecast
4
Efficient demand-side
management
!
5
Optimised energy storage operation

I-r._x'
o

Optimised market design and operation

Source: IRENA 2019 Report
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Use Case 2: Revenue Maximization - Early

Revenue Recognition (1/2)

3

Business Challenge: Helping Utility to Realize the Revenue early by leveraging data
from different sources

Solution Business Benefits
» Data pipeline from different sources _ .
Machine . > Raw data and process data was sent to || » Data Driven Decision
Learning  Analytics Data Lake Application .
. . » Better Decision Making
» Data Lake has been created using Big capability
] data platform > Data Lake is future ready
| | > Applying AI/ML methodology to get solution which has established
\ / % Payment Behavior Analytics further deep dive analytics and
H"‘a Data Lake f;“ < Customer 360 Degree Profiling decision science methodology
. o % Customer Risk Scoring Model > 20-30% more revenue
[ < Customer Defaulter recognition
e : . » Prevention of Revenue
- » Right Campaign Strategy to enhance Leakage
: I:E_?_:-:'ﬂ""%ﬁ' FEVEIILE » Better Revenue Management
— Sarae Actual_Default_Oct

Real-time Data
Movement

On-premises
Data Movement

23175 ( from the maodel)

RCCuracy

Total Value(Actual)

s alue (Predicted)

~73%

~11 Cr

~9 Cr (~81%

33915 ( from Data)

20280 ( from the model)

Results/Solution Methodology

~&e0%

~g Cr (~?5>

uracy
Total Yalue(Actual) ~12 Cr

lue (Predicted)




Use Case 2. Revenue Maximization - Early

nition (2/2)

INDIVIDUAL CUSTOMER BEHAVIOUR

Revenue Reco

CUSTOMER BEHAVIOUR ANALYSIS

DIVISION CHANGES AS PER TAB
SELECTION (REGION TAB)
CUSTOMER SENAVIOUR ANALYSSS

SEASON/J/EVENT ANSLYSIS
= ==
=3
‘\'5;:3':':-)/'
o= —]
| s—— ]

PAYMENT BEMAVIOUR AMNALYSI

AT -

.
cCTmNG ON MONTH AT WILL SeOwW
¥ THAY

SELRCY Y
PAYMENT MODE'S OSSTRIBUTION FOR THA

MONTH
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Use Case 3: Loss Reduction - Finding Pilferage

Points in Customer Category (1/2)

Narrowing the Parameter
'U,‘ r“w n " « Customer Master - Rate Category, Region, Location, Sanctioned load

+ Meter Consumption Data - MDI, Average Hourly Consumption, Load
Factor, TOD Rates

» Meter Event Data -HV, Tamper, Power-off, Network Event
+ Billing Data- Amount, Date, Arrears
« Payment Data - Time, Delay

lronyms b(ﬁ
ub 'cvo

* MRD File-Technical Parameters - Current, Voltage Levels Phase-wise

| Diginbution
 Substotion

» Customer Complaints - Frequency, Type

APPROACH: RANDOM FOREST

— 7 N S \\\
. S / ™
< .
o (s (oo )
e R o — \\»55_./
= 3
= == ]
Conaun " onsumpEen s potuD 10 8
& (Clsmmmoniicr ks mut frarcaten e sracieeon .N\ )
‘ k\ vora /) avera
/
B s s \\_4_,,/ ‘ |
. o l /__y\ v
\ N & N
Events on e meaer | Ry R, (D NoeClex A
S A, v T ) ol )
~, = [ S —
3('\ Erorrmewms, > S~——— l
_— - average
it ‘? Wcce Ev-m
{ events Cccured H: ) (o= r«:mw.«e:«—-:} —— —
. \ penod ( T—
R SO e O . L
i Z = S— =
Segan . o =
Civar=> - (o
e —— short span
> G 1 ST < (e‘x?‘;o red ane ) el -
Seversy Pigh a e J 5 G ~— N s et
\ Severny bigh everss [ (cocmorsnie ) P |
N \ > ~
\_/ = e N — T ( Feequency ot cetay ow Je—’
| =" =5 S _—
s = N -
4 . /
0 i

PINNING THE PILFERAGE POINTS WITH 99% ACCURACY
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Use Case 3: Loss Reduction - Finding Pilferage

Points in Customer Category (2/2)
Methodologies

Algorithms used - Random Forest, SVM, KNN, ANN

Main classification done through - Multiple techniques of “;SE;ON
random forest and finding out the best group of possible
suspects

Deciding Factor are Consumption of Group, Consumption of # oumocrnmonn
individual, Meter Events (CT,PT,VT), Power Quality .

Statistical Analysis done using Python, Matplotlib, Basic
Mathematics, Scikit-Learn Libraries. B winamconn

Outline ()

At first used unsupervised technique i.e. Clustering

To get better results switched to KNN as the domain further
expanded towards supervised learning

SVM was the next step followed by the analytical study using
Decision Tree which further expanded to Random Forest

Prolonged Study of these patterns will gave more grip using
Deep Neural Networks - CNN, RNN

Workshop On Utility Digitalization And Performance Improvement In Africa - 12-14 February 2024 - Cape Town, South Africa 18
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Use Case 12: SCADA ANALYTICS-RECOMMENDER
11KV to 400 KV network modelling

‘ hhm

If we have to make If we wish to establish Scada data brings minuteTAG information

analysis and see how the relationship between the for feeder, substation, lines each minute

network behavior in the - Events occurring in the network is a single file running in GBs....it is a BIG

past for decision 1 and corresponding Measurand DATA and taking out useful data for
values....it is a challenge == modelling....it is a challenge

| making...it is a challenge '




Use Case 12: SCADA ANALYTICS-RECOMMENDER

11kV to 400 kV network modelling

ANALYTICS AS A SERVICE —AaaS Platform

Different
data aspect

< <

Pdf -
. API for all semi
Consum ptIO ‘ Structed datd
XM L/JASON = FTP for all semi
Structed data Extr a Ct ed
EXCEL/CSV Data
Outage -xtrac ,
, _— Using different
Im = Integration,
ages for data in motion Mechanism
Unstructured Data
Video
GlS SQOOP
for data at Res
txt Structed Data
Streaming @

(waishs a1y painguisip doopeH)S4aH

1abeuepy 921n0say 1215N|D INHVA

MapReduce:
Process
Data at Rest

Spark: Process
Streaming
Data

Asanb Buisn Buissanoud ejeq :aaH/31d4

Predictive Analytics
Using Machine
Learning &Al

Python,Apache
Mahout, Spark
MLIib, R,
TensorFlow.

Hadoop BIG DATA storage for Power Utility

Workshop On Utility Digitalization And Performance Improvement In Africa - 12-14 February 2024 - Cape Town, South Africa

Tableau Publi

Apache

Apache
Zeppelin

Analytical Engine for

Descriptive ,
Diagnostic,
Inferential,

Outcomes
Driven on

Mobile

Portal

11KV Grid:-Sub Divsion Wise Area vents
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Use Case 12: SCADA ANALYTICS-RECOMMENDER

11kV to 400 kV network modelling

MODELLING behavior of NETWORK TRIPPING EVENTS and Subsequent MEASUREND VALUES for Machine Learning modelling

Measured Value of Currents -

Occurring of Event behavioir



Use Case 12: SCADA ANALYTICS-RECOMMENDER

11kV to 400 kV network modelling

P N In India this is one of the Significantly

Total feeders covering p

high voltage network largest fefeder data | ' \y reduce ):our
and 11KV network for aggregation and modelling , processing
Karnataka state is in any of the states in the — time.

around 25000, with 11

\_KV at 15000 feeder / country

Analysis time N+2 days has
been reduced to hours and

3 - =8 T minutes
; B N b :'5'_%‘ 1500 stations
- /Y i 4“* - covering the feeder
e [\ it network
iy e i;;f)

The SCADA analytical modelling
platform handling 1kv network to

400kv network
/(a) 11KV first and then )
modelling SCADA Instant deployable on the cloud
environment for Readily accessible to other

Sustainability - Hardware and
systems used previously are
Urom 33KV to 400KV. J being reduced to one third

transmission network in the country
for adoption

(b) Higher voltage levels

Workshop On Utility Digitalization And Performance
Improvement In Africa - 12-14 February 2024 - Cape Town, 22
South Africa



Use Case 12: SCADA ANALYTICS-RECOMMENDER

11kV to 400 kV network modelling

‘ SCADA DATA ANAYTICS & REPORTING PLATFORM

11 KV NETWORK T KV Feeder Supply Performance for KARNATAKA ESCOM
POWER SUPPLY STATUS

SUPPLY STATUS

BEST PERFORMING DATE* ESCOM® FEEDER CATEGORY* DISTRICT* SEARCH FEEDER (Q )

FEEDER Dec. 20,202 # BESCOM = ALL % ALL s Enter Feeder Name

UNDER PERFORMING

FEEDER SEARCH

STATION - FEEDER STATUS

COMPLIANCE PERFORMANCE of 4 553 FEEDERS of ['IP', 'NJY', "URBAN’, 'RURAL"’, INDUSTRIAL', 'WATER_SUPPLY'] CATEGORY OUT of 5077 TOTAL11 KV =

INTERRUPTIONS FEEDERS of ['BESCOM'] for ALL District on Dec. 20, 2023

CATEGORY SUPPLY
MANDATE

CONFIGURATIONS

< 96 % Supply Status:1534 Feeders 33.7 % ~

100% Supply Status:1871 Feeders 41.1 %

MANDATE SETUP
SET UP PARAMETER

USER CREATION
USER ROLE

FEEDER DATA 96-98% Supply Status:561 Feeders 12.3 %
STATISTICS 98-100% Supply,_Status:587 Feeders 12.9 %

COMPLIANCE

Workshop On Utility Digitalization And Performance
Improvement In Africa - 12-14 February 2024 - Cape Town, 23
South Africa



ISOF

India Smart Grid Forum

@THE WORLD BANK ESMAP

IBRD - IDA Energy Sector Management
Assistance Program

Reji Kumaar Pillai
reji@rejikumar.com

@rejipillai

Thank You
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Machine Learning Algorithms (1/5)

ML Algorithm Applications in the Power Utility Domain

Supervised Learning Revenue Maximization and Customer Risk Scoring
Unsupervised Learning Customer Profiling and Segmentation
Ensemble Learning Loss Reduction - Finding Pilferage Points in Customer Category

Power Theft/Loss - Technical or Commercial Loss
Deep Learning « Solar Module Image Analytics

« Meter Reading Image Analytics

Workshop On Utility Digitalization And Performance Improvement In Africa - 12-14 February 2024 - Cape Town, South Africa 25



Machine Learning Algorithms (2/5)

Applications in the Power Utility
Domain

ML Algorithm

A) Regression Techniques

I. Linear Regression
ii. Polynomial Regression

iii. Advanced Regression

B) Classifications
I. Nalve Bayes
ii. Decision Tree

iii. Random Forest

SCADA Analytics
Alarm Analytics
Transformer Monitoring Analytics

Loss Reduction - Finding Pilferage Points in
Customer Category

Power Theft/Loss - Technical OR
Commercial Loss
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Machine Learning Algorithms (3/5)

ML Algorithm Applications in the Power Utility Domain

iv. Support Vector Machine (SVM) « Revenue Maximization and Customer Risk

_ : Scorin
v. Logistical Regression 5

« Loss Reduction - Finding Pilferage Points in

vi. K Nearest Neighbour (KNN) Customer Category
T, et Benaine Alaaritii (CBa . Egs\f\é‘er Theft/Loss - Technical OR Commercial
viii. Adaptive Boosting (AdaBoost)
ix. Extreme Gradient Boost (XGBoost)
C. Clustering
i. K-Means Clustering Customer Profiling and Segmentation
ii. Latent Dirichlet Allocation (LDA) e Customer complaint analytics

* Insights form call logs

Workshop On Utility Digitalization And Performance Improvement In Africa - 12-14 February 2024 - Cape Town, South Africa 27



Machine Learning Algorithms (4/5)

Applications in the Power Utility Domain

ML Algorithm

D) Collaborative Filtering

i. Alternating Least Square (ALS)

E) Dimensionality Reduction

i. Principal Component Analysis (PCA)

F) Deep Learning

i. Convoluted Neural Network (CNN)
ii. You Look Only Once (YOLO)

Recommendation of Energy Algorithm (Balancing of
Power Procurement Strategy with impact of Distributed
Generation)

* Network Reliability ( SAIFI, SAIDI, CAIFI etc.)
* Transformer Ageing

e MV Transformer and LV feeder Alarm Analysis

Electricity Meter Reading
Electricity Meter Reading

Workshop On Utility Digitalization And Performance Improvement In Africa - 12-14 February 2024 - Cape Town, South Africa 28



Machine Learning Algorithms (5/5)

ML Algorithm Applications in the Power Utility Domain

iii. Recurrent Neural Network (RNN) Customer Complaint Analytics

Insights form call logs
Energy Market Prediction

Network Reliability ( SAIFI, SAIDI, CAIFI etc)

Transformer Ageing

iv. Automated Neural Network (ANN)

MV Transformer and LV Feeder Alarm Analysis

Workshop On Utility Digitalization And Performance Improvement In Africa - 12-14 February 2024 - Cape Town, South Africa 29



Use Case 4: EHV Tripping Analysis at GRID/Substation

Level (1/2)

REGION Voltage Distribution Voltage Level
B south 33KV
West 11 B sekv

36.67% 220KV

g

B z2o0kv

Grid distribution Restoration time Sum of Restoration time (Mi..
Grid Name Grid Name 4900 _11125_0
MNJF_Z20KV PeeraGarhi_220KV
peeraGarni_220kv NJF_220K
PPK2_220kV PPK2_220KV
] 1 2 3 4 5 ] T ] 200 400 600 800 1000
Count of Tripping Details Sum of Restoration time {Mins)
Feeder/Equip Tripping details Sum of Restoration time (Mi..
520 - B54.0
Feeder/ Equip Operartions involved Tripping Details
OG_BEKV ] I Informed to Breakdown Tripped off on Distance protection ZONE -1 R &
OG_33KV Tripped off on Distance protection ZOMNE-1
] 1 2 3 4 5 & 7 8 9 Tripped off on Distance protection ZO0ME-1 B &*

Tripped off on Distance protection ZO0ME-1 R &

Tripped off on Distance protection, Z-1, B-PHAS
TRIPEFN MFF Nk NISTENCE PROTECTION 7

Count of Feeder/ Equip
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Use Case 4: EHV Tripping Analysis at GRID/Substation

Level (2/2)

REGION
. South
West
Grid distribution
Grid Name
Ridge_Walley
Mabhviya_Magar
sasola [
c_ooT
CATUCODILIMN DCril
] 2 4 G a8

Count of Tripping Details

Feeder/fEquip

Feeder/ Equip

oc_33kv [l I
PTR [ ]
OG_BEKV I
ic_11v
] 2 4 [ 3 10 12

Count of Feeder/ Equip

10 12
14 16

18

Voltage Distribution

BV
37
Restoration time

Grid Name
Malviya_MNagar

Ridge_vaiicy

Jasola
C_DOT

FATHFEFDLID RBRFEDI

o 500 1000 1500 2000
Sum of Restoration time (Mins)

Tripping details

Operartions involved
Informed to Breakdown

Tripping Details

Tripped off on master 86 relay.
Tripped off on master 86 relay. BUCHHOLZ RE

Tripped off on O/C

Tripped off on HIGH O/C RELAY

2500

Tripped off on OfC & HIGHSET RELY A
Trinmed nff an O0C HIGH SFT BELAY

Workshop On Utility Digitalization And Performance Improvement In Africa - 12-14 February 2024 - Cape Town, South Africa

Voltage Level
33N

B sekv
B z20kv

Sum of Restoration time (Mi..

% - 27

Sum of Restoration time: (M.

10 D 1172
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Use Case 5: Distribution Transformer Monitoring (1/7)

Va rla b | €s | b q Devices/Sensors used
e Age of the transformer in days Oil /submerged Gases 1. Buchholz (Gas) Relay
e Average Maximum Temperature of transformer * Hydrogen (H2), 2. Pressure Relay

_ ¢ Methane (CH4), 3. Oil Level Monitor Device

* Temperature of Oil e Acetylene (C2H2), 4. Winding Thermometer
e Temperature of various gases in Oil e Ethylene (C2H4) 5. Fiber optic sensor used to measure

Average Maximum Load of transformer * FEthane (C2H6) prmperatare
[ J

& e Carbon monoxide (CO) 6. RTD used to measure temperature

e Average KVA rating of transformer e Carbon dioxide (CO2)
e Number of times the transformer was normal
e Number of times the transformer was overloaded
e Indicator ( Residential - Commercial)
e Type of User( Mix-Industrial-Home-commercial ) Important Results
e Harmonics Data e Transformer Life Time Prediction and Analysis
e Phase (Red-Yellow-Blue) e Predictive Maintenance of Transformer

e Maintenance Cycle
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Use Case 5: Distribution Transformer Monitoring (2/7)
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Use Case 5: Distribution Transformer Monitoring (3/7)

| Transformer Analysis | Transformer Load | Transformer Ratings |

Zip Code ”ﬁﬂ Incident Cause Codes
H & B

[v] 90703 44 ] 5 La Méra:la Frequency

V] 90706 14 5 37

[v] 90712 12 |3 Excelsior Drive

V] 90713 11 it 27

"| —_

0 :
orth | B8 : : '
ong SouthStreet South Street GUY/ANCHOR Lightning OH 5C CL-H Overload Unknown
vach| B . t Lalp | Cause {

= < :
:I i @% : ZIP Code E
: : i & P 80703 @A90706 MO0T12
Configuration & Bl g %00 S
[ | (missingvalues) 30 |* )
oot 1 Transformer Details Meters
Transformer ZIP Code| Highsideconfig.., DTMType Ratedkva Probability.. ¥ MeterCount| Probability of Clas..| Cause * Transformer Meter Num.. a
| | 00T 10"
253055899 80712 | OOT U 25 100% 5 100% Lig|htni"'I FA55850931 BEE19256 |+
Under/Overhead 5252602815 80712 | SNG ] 25 100% 5 100% | OHSC 5255620027 50115356 r
o 1 5069511541 80703 | SNG LJ 50 9% 3 89% | Overlo 5255620027 50115489
W] U o 4969609696 80703 | SNG U 50 8% 4 88% | Unkno 5555850951 50119561
TANRIAAA an7ne | SNe Ll i 0704 4 07% | (werod | 5555850981 60119562 a
B T
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Use Case 5: Distribution Transformer Monitoring (4/7)

| Transformer Analysis | Transformer Load | Transformer Ratings ‘ =
Transformer Ratings Meters
Transformer R Ratedkva R Highsidecon... R Probability for level 1 of MeterCount Probability of PowerCutag PowerCutag PowerCutag Meter Num.. 4 ‘ KilowattHours | ConToLoad
failed Classification ef 83 el2 FRB1025R 0.5630 0786875 =
49509931079 50 SNG 10% 7 90% 24 11 41 Lh 60115356 22570 1.45288 r
4062000368 75 oonT B6% g B6% 30 30 a0 'J 60115489 3.4910 5157385
fi0119561 0.0000 0
5060458770 |50 SNG 47% 3 53% B3 58 B3
fi0119562 01170 0.117625
80% 5 80% 43 24 a4
- = SN A fi0119563 0.9820 141289 | ||
5150952919 100 SNG f0% 19 0% 226 fi 2264 TR TorEET 4 B ADAEE i
. 4
Meter Load Load Analysis :
Meter Number ConTolLoad KilowattHours
KilowattHours 35 — 800
0_L - L
0_L i 3.0 1 700
0_L - ~ 600
0_L _ 2.5 -
0_L - ~ 500
0 . 400
g-- 4 15
D" = — 300
= = 1.0
0_L _
L L e e e et o _ DateTime

DateTimeHr |I ConTolLoad KilowattHours
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Use Case 5: Distribution Transformer Monitoring (5/7

Breakdown Analysis

Fault area & consumers

TRAMNSIEMNT
FAaULT,

TREE
TOoOUWCTHIMG,

-

Restoration time

Fawult
MECHANMISUM STRUCK/FAU. . I I
FIRE OM HTAB DamaceED, I

caBLE moisTuRE,
CURRENT LEAKAGE.

o S50 100 150 2 3 1=
PN, Restorationm Time (MMins) Max. Restoration Tirme (Mins)

]
FOLE BROKENDAMAGED, |
|
|

Problem descriptiomn

Fault Count of Fawult Restoration Tin
ABENCRMAL SOURND FROM THE TRAMSFO. . T
BIRDAGE. o>

BUS BAR BURMNT,
BUSEBEAR FLASH,
BUSHING DAMASSGED,
CABLE BURMT,

0=
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Use Case 5: Distribution Transformer Monitoring (6/7)
Breakdown Analysis

Breakdown Snapshot No. of Problems on a Particular Day le,wl
Day of Open Dt 2017
V] zois
Problem
A 10 (AN -
E ACEB Burnt
= EBIRDAGE
& BREAKER DAMAG.
= BUSEAR FLASH
5 5 BUSHING DAMAG...
= BUSHING LEACKA. ..
CAELE DAMAGED
CABLE FAULT
0 |||||||||||||||||||||||||
[+] CONSUMER HTPA . ¥
138 IJI Distinct count of Feed Dura..
; 1 54
“Q D
Grid
Type-Count of Problems Count of Problems A N
Day of Open Dt [] 32 kV SHIVALIKG..
—_ 22V ADHCHINI G
g 10 33kV ANDHERIAE...
. 33kV D.C.SAKET G_..
£ III II III II II I 33KV MASJID MO...
5 - e
§ omk i llI s ..l . e 2 23 PUSHP VA
t 1 nl- ™ u:: -'i = --I = f't'i |:i : j ;JJ b :'li f-": eokY C-DOT GRID
[z EEKV IGNOU GRID
Consumer Impacted Grid Wise o0 BEKV MALVIYA NA...
. '. 220 KV MEHRAUL
Consumers M= arcari s bt
TREE
| ... TOUCHING
_ v P

Workshop On Utility Digitalization And Performance Improvement In Africa - 12-14 February 2024 - Cape Town, South Africa 37



Use Case 5: Distribution Transformer Monitoring (7/7)

Outage Analysis

Outage Fault Analysis Problem Description

Problem

TREE Problam

TOUCHING

Fault Area and Consumers

HVDS .

TRANSIENT FAULT b &

TRANSIENT

[=]
[=]
[=]
5]
=
[=]
=
4]
[=]
[=]
[=]
4]
I

[=]
=
4]

Max. Feed Duration in .. Min. Feed DurationinH..

Feed Restored Duration

Cantumers
Problem Consumers Feed Duration Count of Problem
ACE Burnt 722 1 1A L
BIRDAGE 11,516 4 6
BREAKER DAMAGED 619 1 1
BUSBAR FLASH 345 1 1
BUSHING DAMAGED 2,220 1 1
BUSHING LEACKAGE 1. 1 1
CABLE DAMAGED 10,555 11 14
CABLE FAULT 15,133 3 L
CONDUCTOR SMAPPED 5,695 & 7
CONSUMER HT PANEL FLA.. 5,499 2 32
DD FUSE 2,366 3 3
ELECTROCUTION OF EXTE.. (4] 1 2
END EOX DAMAGE 87 1 1
CINC A TUC N C A hl 1
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Use Case 6: Electric Vehicles

Electric adoption is fast increasing \| , ‘ |
— Multi-objective Optimization
| ™ | = 2col-time Large Scale Optimization

oo e

BYD, Tesla, GM, Ford and Nissan are the | 1
market leaders in this segment | i
> EVintegration with Smart Grid can 1 e —~—
optimize the charging time to reduce the | r :
charging cost b «) Smart Charging__
s il ; E‘-
Integration with Smart Grid would also | Q |
enable an EV to trade energy with utilities - [ PHEV Battery Model
Vehicle to Grid (V2G) | ‘ ,
Real-time Monitor
Energy Storage

number of EVs can be aggregated as Virtual |
Power Plants (VPPs) with Al Algorithms

> This enables the load balancing on the grid - large
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Use Case 7: Network Reliability Analysis

HKarawal WNagar
Chatage Exants- 11

MNand nagri
Chatage Exvents:- 9

W amuna Viliar
Chatage Exvents: ©

Division ‘Outage

Jhilmeil dilshad

Chatage Exvents: 7 Wasundhra gardem
Enclave Chutaze
Ohatage Events: &

P Ami cl 1 Events: &

Ohtame Exvents: 6 Daryva FPahar
Gamj Maxyur Ganj

Wihar

HKrishna Nagar Events: 5 Events: 5

Crutage Exvents: & Events: 5

Laxmi Nagar Patel Shanloar

Chitage Exvents: 6§ MNagar Road
Crutaze Trutaze

Outage Event (Reasomn)

1

Outage Event Details

Chutage Event (Reaso..

PLAMMED
SHUTDOW ™M

HT SYSTEM FAULT

LT S¥STEM FEEDER

PILLAR, TERMIMNATIO.L

LT S¥STEM FEEDER
PILLAR,..

DISTRIBUTIOMN TRE.

LT FEEDER
HWDS CABLE &8¢
OTHER 5¥STEM

HWDS CABLE &8
OTHER..

302 (27,428 rmin)

16. 1626 {12,215 min)
142225 (10,749 min)

8.90% (6,724 min)

-?.33% (5,580 min)
]

-F.DE% (5,251 min}
]

. AR0SL (2,225 min)
1

I 2.3=% (1,746 min)
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Use Case 8: Textual Data - Insights Form Call Logs

throng of battle, Tmv €éay’ SuiAov, I1.

Text-line Image
000000 00 0000000 111 1717110 1717171710 00O

Modified Ground-Truth T o o Training Phase

throng of battle, tnv €€ay' duiAov, II.

LSTM Network
Original Ground-Truth

o Test Phase Output

XdaadOev, adv., later form for j,-ru Xaoobev, adv., later form fm 10
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Use Case 9: Time Series Data - Energy Market

Prediction

Actual power

——CNN-LSTM
Power comsumption (kWh) —LSTM
0.325 — SVR

ARIMA

0.275
0.225
0.175
0.125
o ;_%—‘/
0.025

1 3 5 7 91113151/719212325272931333537394143454749

Time (5min)
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Use Case 10: Balancing of Power Procurement

Strategy with Impact of Distributed Generation

LIFE CYCLE OF SOLAR ANALYTICS

SOLAR
Analytics

Data KPI Analysis

Iy \
LR Y
ra
/
I\Stage-s /l
o Solar
/ Generation
_ Time series
Solar 0 <~ X forecasting
: | Wi [ Stage2 |
Analytics l_-t_.___ \ | Al based - Solar Cell
\.‘-m_ _ __;---’f degradation Predictive
- — e - Modeling
~ - ™
( Data [ Staged \I
\ Management J—\
~_ 7 .~ MLbased-Solar Data Base
lining of Customer Load as well
as Solar Energy Data
Time

www HLetpusKonitiag com

|aSSftR.l&4.§h.‘.._‘,..,._...:

SOLUTION INTERFACE
OPEN SOURCE

BIG DATA ECOSYSTEM

INDUSTRY ALIGNED ALGORITHM
AI/ML/DL/NLP CAPABILITY

PLUG & PLAY SOLUTION

CUSTOMIZED SOLUTION

Workshop On Utility Digitalization And Performance Improvement In Africa - 12-14 February 2024 - Cape Town, South Africa 43



Use Case 11: Power Generation

Renewable
Management

Short-term enhancement of
renewable energy forecasting
and optimizing equipment's can
be done through Al

Al is used to predict sunlight
intensity to improve the wind
turbine data and solar panel
sensor data.

Energy storage and estimating
lifetime of a battery are also few
of the areas where Al can be
used to optimize the operation.

Demand Management

Al can help strike a balance
between renewable energy and
conventional energy like fossil
fuel to ensure a steady energy
supply.

Individuals  with  renewable
energy equipment's like solar
panels and battery storage
system can trade energy with
utilities through Al. This can
help in load balancing in the
grid.

Infrastructure
Management

Al techniques like machine learning
algorithms, intelligent systems can
analyze the risk and optimize
opportunities by collating, comparing,
analyzing and highlighting the data

Al is also used to suggest actions and
impact by modelling of the data set

Al helps network operators to inform
decision making and judge better
situational awareness

Usage of Al tools can improve the
lifetime of the grid equipment

Grid management companies like
Siemens and GE are deploying Al
applications to increase the output of
traditional assets.
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Use Case 13: Building Energy Management

System

1 Solar and Financial benefits of
Wind energy f smart buildings:
Intelligent and flexib

Building Energy Management System Tr— p—
(BEMS) 40%
- Reduce energy consumption and carbon | Srmna
footprint 82%
* Increase tenant satisfaction and loyalty
. . . . 200
* Protect tenants with non-intrusive security o Lt
methods eIt P ke ans
40% |

» Lower operating costs

« Maintain buildings and comply with ol ? : /

regulations

Energy feedback loop
between the building and
the smart grid

« Manage modern buildings' technology and
systems, and

« Reap maximum ROI

T
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Advanced Analytics (1/2)

Type of Analytics What it Does

Descriptive Analytics — = Condense big data in to smaller more useful nuggets of information
Business Intelligence and Data " Analyze the real-time data and historical data for insights on how to plan for future

Mining
Predictive Analytics — " Forecast what might happen in future
Forecasting = All predictive analytics are probabilities

=  Give answers to questions that cannot be answered by Business Intelligence
= Data Reduction
o What will happen next if <condition> : Predictive Modelling
Why this happened: Root Cause Analysis
Identify correlated data: Data Mining
What if same trend continues: Forecasting
What could happen in an unknown scenario: Montecarlo Simulation
When should an action be invoked: Pattern Identification and Alerts

O O O O O
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Advanced Analytics (2/2)

Type of Analytics What it Does

Prescriptive Analytics = Stochastic optimization to understand how to achieve best outcomes
- Simulation and = |dentify data uncertainties to make better decisions
Optimization = Reduce duplications and readmissions
o Used in calculating credit score of customers who are likely to pay
loan installments on time
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Evolution of Data Storage (1/2)

THE FUTURE OF

DATA STORAGE

l‘anc}\;Ca:d: "L",Elz,“c Tape | Cassette Tape : Removable Hard Drive
— 1745 1950’s 1963
HERE hd bt >
— _ .
fo T
—_— ———
Zip Drive . cD . Floppy Disk : Punched Tape
g . = _ — —— e/
Mid 1990’s 1982 1971 1966
<© < . .
SD Card UsSBE }I‘Kh Drive : Popularized by MIT Student with Dropbox :
2000 2007
> =

THE HOLOGRAM

Being developed as you read this......
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Evolution of Data Storage (2/2)

N\

Petabyte
(109
1PB=3 Years of EOS Data

200 PB= All printed material or
production digital tape in 1995

J

-

(- Byte )
(8 bit)
1 byte=1 single character “A”
10 bytes=1 word “APPLE”
100 bytes= Telegram or Punch
\ card )
4 )
Kilobyte
(1000) Bytes
1kb= A very short story
200 kb= A box of punch cards
N J
4 )
Megabyte
(109
1MB=small Novel
500 MB= A CD ROM or hard disk of PC
N J

N\

Terabyte
(1012
1TB= 50,000 trees made in to
paper

400 TB= National Climatic Data
Center Database

~

Exabyte
(10'®

2 EB=Total volume of
information generated annually

5 EB= All words ever spoken by

J

-

-

Gigabyte
(102
1 GB= A pickup truck filled with paper

500 GB= The biggest FTP Site

~

human beings

J

N J
4 )
Zettabyte
(1027)

Too big for any application (as of
now)

N J
4 )
Yottabyte
(10%%)

Too big for any application (as of
now)

N J
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History of Al Development

o
F 1 i
|":\'}- i
= + q-'x
. 2 AT ) wa
T et i l:-_..:l ':‘I =N
e & £ B 5
- * ., "
p- i -f'"r L %, + e
i [
) ] o L - B o
o 2 o? T 2F ¥ 5 o
= o , & ol A o
A AT [ 2 S - .%:} £ @
2 “-‘-* 2 " L 2 S
. & + 5 A LT A0 & -
3 , <& ) o2 e - &
b '-. r o L L e
Iy aF ol g &5 o = 3
.:\'.Q-' |"H. F, -{d _‘1_-.
o A i 1
-4 2 y o
l_n'-":" - -;"l"-": = -Q..'
(. ¥ ’

1™

G558 1984 2000 2008 2012 2014 20716 2017 2022 203

Workshop On Utility Digitalization And Performance Improvement In Africa - 12-14 February 2024 - Cape Town, South Africa 50



Paths to Automation

Cognitive Process

Automation
1

Autonomic Process
Automation

= Autonomous decision-making
(reasoning and remembering)

= New insights and data discovery
(learning)

= Personal and interactive support
(engagement)

= Self-healing processes

Robotic Process

Automation (RPA)
Straight through processing of
activities containing many or
dynamic business rules, policies, or

exceptions
DeSktOP Case management automation
Automation Compaosable software supporiing Reusable business rules, decisions,

simple, rules-based process
exacution
Scalable for high volume processes

and processes

Rapidly deployed

What it Simple data migration Rules-based processing when Processes with moderate to high exception Analytics. interaction or transformation when
automates... structured data exists rate when bundled with RPA data is unstructured

) Unstructured data - . . . .
When it's not Virtually everything else Decision making Predictive reasoning, automated analytics, Simple process automation

appropriate... Natural Language Processing, etc.

Managing workflow
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