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My contributions to distribution systems research

Dr. Nagarajan has worked with 24
states in the US.A and 7
countries on distribution systems
futures




About BSES

5.3 million
consumers

22.25+ million population
served in South & West Delhi

s

Reliable supply ~ BRPL
to two-thirds of Delhi

Coverage area of
around 900 sq. km




BSES Operational Excellence Journey
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Innovation radar at BRPL

® MVDC&
LvDC

® Long duration storage ® Microgrids

® Thermal storage
® Dynamic g /s .

pricing O VG @ utility led @ sF6 free
aggregation Equipment
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optimization win
Drones @® Smart distribution
® p2pP Artificial transformer
BESS intelligence
® Quantum computing Virtual and

augmented reality
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Al Journey at BRPL



What makes Al function?

Classification: Where a large data set is
explored to identify classes of objects. This
could be to sort operational and failure
modes, or performance regions.

Regression: Where data needs to be
analysed to identify categories of objects,
identify against known labels, or improve
labelling.

Data Structure Exploration: Where data
needs to be explored to identify patterns or
in the case of unsupervised learning, to
identify potential labels

Generation: Where large data sets are ,
explored and used to develop structured and |
data-driven outcomes. An example of this
would be ChatGPT.
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Al-enabled demand forecast



Demand Forecasting Is a Daily Battle for DISCOMs around the Globe

Small forecasting errors now create disproportionate operational and financial impact.

/B\

Unpredictable
Demand

Electricity demand
is becoming more
dynamic and less

predictable.

Current costs in India are estimated to be in the range of INR 2000-2500 per MW for generating forecast®.
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Demand shifts
sharply with small
weather changes.
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Reliability and
affordability are
under constant

scrutiny.
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Faster
Decisions

Decisions must be
taken quickly, with
limited margin for
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These developments require a fundamental evolution in how power distribution systems are planned
and operated.
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*https://cercind.gov.in/2015/regulation/SOR7.pdf



Why Traditional Forecasting Is No Longer Sufficient

Traditional Forecasting

||||| Based on averages and heuristics

d@ Limited weather consideration

% One forecast per day

\\
K Manual interventions

Al- Driven Forecasting

=
== Multi-source data (load + weather + calendar)

@ Continuous learning

Intraday updates

B
E Weather-aware planning

Al fills a critical gap with ease. Al Links external factors such as weather
condition, calendar, and more and self learns.

BSES
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What We Set Out to Build

{b]ective

To build a production-grade, automated
demand forecasting capability that DISCOM
operations can rely on every day.

* Designed for daily operational use

e Stable, repeatable and continuous
running

* Integrated into existing planning
workflows

.

<

_/

ﬁrecasting scope

<

-
Day Ahead Forecasting

96 timeblocks at 15-minute resolution

Intraday Forecasting
Rolling updates every 15 minutes

-
Fortnightly Outlook

!ng term demand outlook for planning/

Each forecast directly supports a specific operational decision.
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WEATHER DATA — SOURCES AND PARAMETERS

Weather has a significant impact on electricity demand, particularly for cooling and heating behavior.
To improve forecast reliability, multiple weather sources were evaluated, and key weather parameters

are explicitly incorporated.
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Based on consistency,
overage, and reliability,

IBM Weather is currently

used as the primary
source for forecasting.

/

(I'emperature — Influence heating and cooling load. \
Apparent Temperature — Account for humidity and wind effects.
Humidity — Moisture content in air affecting cooling demand intensity.
Wind Speed — Air movement influencing heat loss and cooling efficiency.
Dew Point — Indicator of air moisture and thermal discomfort.

Cloud Cover — Affect solar heating and cooling load.
\Precipitation — Influence human activity and electricity usage patterns./

Weather parameters are selected based on their observed impact on

demand behavior and operational relevance.
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CALENDAR & EVENTS DATA

Electricity demand follows strong calendar-driven patterns influenced by work schedules,
holidays, and social activity.
Calendar and event information helps distinguish expected behavior from abnormal demand

~

changes.
_ /
Calendar and Event Signals Why Calendar Context Is Important
e Public holidays * Prevents misclassification of normal behavior as
* Festival days anomalies
* Pre and post holiday * |Improves forecast stability during holidays and festivals
effects * Enables better planning around known demand shifts

L

/

Calendar context allows the system to anticipate structured demand changes.
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How the demand knowledge is learned and reused

Demand
Creating The Saving the
Weather Signals mathematical
(Features function
Preparation) (Model
Forecasting Parameters)
% Engine ﬁ % Forecast
(Model Generation
Calendar .
Events Training)

A structured learning process that consistently predicts future demand.
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MAPE Trend Over Recent Months

Monthly MAPE Trend (%)

7.0

6.0 5.8

5.0
4.5

4.0
35,3

3.0 2.8

2.0

1.0

0.0
Jun-25 Jul-25 Aug-25 Sep-25 Oct-25 Nov-25 Dec-25 Jan-26

B MAPE (%)
T

1
Mean average percentage error - MAPE = 1007?: Z
t=1

At—Ft
Ay

BSES



Extending analytics stack beyond forecasting



Al-Based Decision Intelligence on DISCOMs data

Operational Challenges What this layer enables
Data available, insights require manual analysis Natural-language analytical queries
Repetitive operational questions across teams Direct answers from trusted DISCOMSs data
Delayed decisions during peak and contingency events Consistent logic and results every time

Network Planning & Expansion
* Which feeders are loaded >90% in peak summer evenings in the last 3 months?

Asset Management & Maintenance
« List all distribution transformers older than 15 years with loading >80%.
« Which DTs have oil temperature >90°C more than 5 times this year?

This layer reduces dependence on manual analysis while ensuring faster, consistent, and auditable
operational decisions.
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System Architecture: How the Al Layer Works

Unified Electricity
Data Store

/ Data Layer \

SCADA
MDMS
GIS
SAP/ Asset DB

KDER/ EV Systems/

BSES
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/ Al Reasoning Layer \

* Open-source Language Model
e Converts natural language -> structured intent
* Extracts:

» Time window

» Assets (feeder, DT, zone)

» Metrics (load, voltage, capacity)

Al understands the question.
BRPL systems compute the answer.

Analytics Engine

Python rules + SQL

Deterministic calculations

Threshold checks
Aggregations

>

Wy

{

Answer returned
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LLM customization
Customizing off-the-shelf LLM

* Prompt engineering,
* Retrieval augmented generation (RAG)

Off-the *  Model finetuning
shelf LLM LLM Inference
Accuracy
Off-the-shelf LLM :> :> Sever at the host utility
solutions are pre- -4
trained on Flexibility _ _ Implementation
. =g Simplicity
generic data P : //
Energy ». A / } RAG
. \ .-"' ® Fine-tuning

Effectiveness

N B Prompt Engincering
: . (e \
‘l.l,',.',h(“(‘l't:hl Explainability
Computation

Model finetuning is the process

Prompt engineering is a process RAG optimizes the output by - e
of crafting an instruction in order to | | referring to an external knowledge Eimr;hne;tézzl?gr Zr?crlestfcl:ri]:l?zed
have optimal outputs of an LLM base outside of the training data. dataset P

model



How a Question Is Answered

Step 1

User asks a question in simple language

System understands what the user is asking (what, where, when) I

Question is converted into a clear analysis request

Analytics engine executes on BRPL data

Result validated and formatted

Final answer is returned with context

22
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BSES

www.bsesdelhi.com

BSES Rajdhani Power Limited BSES Yamuna Power Limited
BSES Bhawan, Nehru Place, Shakti Kiran Building, Karkardooma,
New Delhi — 11 00 19 New Delhi — 11 00 32
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PTR (Power Transformers) Health Monitoring- Solution Insights
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Air Circuit Breaker (LT-ACB)

VR Based Training Modules

Ring Main Unit (RMU)

Protection Relay (PR)

25



Dashboard

211 0 L &

April 2nd 2024, 2:11:51 pm

Dashboard

O t 5 4 077%

Verson: 1.0

UID- TESTNTF

©H- Today at 2:11 PM Smé

(N

BIES Rajdhant

=7 Allocated

Today 15 Today 5

Eﬂ, Today In Progress Task

1 completed

4 Today's Rescheduled Visit

Today's Report

(s .

Technical Feasibility App

Job Assignment

2212 90 L ©

April 2nd 2024, 2:12:07 pm

Assigned Jobs

Pending Completed Rescheduled
Total Assigned: 16 " Navigate
Q My Current Location: 204 Laxmi Bhawan, 72, Nebru
Place, New Delthi, Delhi 110019, India
Request Order ID No : 008006847684 R
Distance T KM ‘.
Customer Category : Normal

Address
Connection Type
Category Type

Request Creation date

Reschedule Job

:198/56 GROUND F.
U0
: Non Domestic

:14-Mar-2024

Continue Job

Location Navigation

343 - @ e © = h @Y MG 62%

e Your location

Exd @ Hemkunt Chambers, Nehru Pl Marke... ":;,

info

thime

e ¥

9.

ModxComputers

b £

©

.('hn_l Plac

NOt oo busy

@

as

P

N\ \N\‘*e\

Dakshina Movex Q
Fraight'LLP

S
S.P. Kapoor & (@ | ‘9.\“0“
comp Chartered &
en Infotec
etronics stor B
oyt
vifes mYe
Two-wheeler L =
& 2 min o 2 min & 6 min % 6 min
2 Arrive 3:45 pm ' Fastest route now due to tratho
conditions
min 400 M -~ more
:=2] @ ==



Digital Twin : From Network to Intelligence POC at C4E & C3 blocks in

Janakpuri (~3000 consumers)

About Digital Twin Digital Twin — Key Value Propositions

1. Reliability Improvement

(Advanced Situational Awareness)

a. Faster fault localization

b. Rapid power restoration

c. Accurate outage insights for customer
communication

d. Continuous monitoring of power quality & asset

1. A Digital Twin is a real-time virtual replica
of physical electrical assets like Grid, PTR,
HT Feeder, Substations, transformers, LT
network, etc.

2. It continuously mirrors the status and

behavior of the power distribution network gealth dicti ing hi ical L-ti
using both static and live data. e. d;{fge pre Iction using Istorical + real-time

3. Integrates inputs from SCADA, GIS, SAP, f. Optimized crew deployment

iOMS, loT sensors, GPR survey data, FRTUs,

and smart meters. 2. Network Planning & Optimization

(Impact Analysis & Predictive Insights)

4. Provides real-time visualization, system E;' éoad ﬂc_)WbanalzlS'S K planni = & o BOT | @ O o IR
health  monitoring, and operational : cenario-base network planning - s
- c. Identification of bottlenecks & revenue leakage o i e
insights. o i B 3 |
d. Inputs for predictive maintenance . U
5 Swsies scenncs sueh as ke eed e. Al-enabled analytics and behaviour prediction /
variations, outages, and switching actions. - . 5 o
3. Utility Transformation TR
6. Enables predictive maintenance, helping (SmaErt dG“dS &dDSO Rekad.m.i.sl.s) & I i '\°
prevent failures and reduce downtime. a. TeHIoHETD] Mot Wisllsll e Seline
b. Seamless DER integration | v =
c. Transition towards Smart Grid / DSO operations e i 2
I ot “

BSES Impact: Reduction in avg. restoration time from 51 mins to 29 mins -



Drone Survey for Overhead of EHV and 11 KV Lines
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Era of Video bots in the service of customers

BSES

Cortitied

SCAN FOR INSTANT SERVICE

Quick | Secure | Paperless
No Queues. No Waiting. Avail BSES Services From the Comfort of Your Home

OE7A0)

With a single scan, you can:

€ Download Bill* 2 MDI Letter*

@\ Application Deficiency Q List of Authorised Electrical
Status and Upload* Contractors

=, Connection Details" ‘= New Connection Checklist

FE Consumption History* @ AC |/ Fan Replacement Scheme

E E-bill Registraﬁon. ~® Solar Roo"op

FE KYC Update* % (PM Surya Ghar: Muft Bijli Yojana)

*Availatla for regsterad consumans only of South and West Detl

BSES Inspired by Infosys Innovation Center, Dusseldorf 29



