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Adani Power Limited
(Thermal)

India’s Largest Power
Generation Company
(Private Sector)

17+ GW Capacity
10 Power Stations

29 Running Units
2 Ultra Super Critical Units
14 Super Critical Units
13 Sub critical Units

11+ GW capacity
in making

|
energy window

Adani Green Energy Limited
(Renewable)

India’s Largest
RE Power Producer

12+ GW

Total Operational Renewable
Portfolio

52.3 Million Tons CO2
emissions
avoided cumulatively till FY24

Target 50 GW Capacity
by 2030

Adani Energy Solution Limited
(Grid)

Largest Private Sector
Transmission Company in the
country

17000+ Circuit Kms
52 Sub stations

33000+ MVA

operational capacity

First ever HVDC Project

in private sector(India)

Remote Operation
for 33 Sub Stations



power' Energy Network Operation Center

Right information to the Right people at the Right time in the Right way

Centralized Management
Manage all Adani energy sites from one location

e

Real time Data Monitoring

Capacity Expansion
Increased monitoring from 27 GW to 80 GW by 2030

Asset Longevity

Ensure assets last longer at optimal costs
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Remote Operations
Remote control for transmission assets

Global Partnerships

Collaborate with global digital and loT providers like Google
Central Monitoring Hub

Advanced Technologies

"\ e atul Use of ML and Al
1l Data Analytics & Forecasting
Analytics

Central MIS Build robust data analytics and real-time forecasting

Business Intelligence
Achieve precise business MIS, CxO dashboards, and asset performance monitoring
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Pl System

Background

Older System
PIMS ( Plant information Monitoring System)

* Limited information

*  Minimum data refresh rate 01 minute
* Slow response time in data retrieval

* New Development limitation

* Limited Accessibility

* Limitation in embedding Analytics

* Restricted features

OVERALL
o
5786
° Generation

Older System

ﬂ Process KPI Overview 1 - Adani Power &
Adani = Adani Power
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New System

Incorporating sdoni | 4 |
@ peshboarus
© crvtics
© repons
Platform Upgrade
New System
OPMS ( Operation & Performance Monitoring System)
* Increased data refresh rate up to 2 Sec 5012 5045
* Faster page response e

* Multiple Features

e User friendly with customization
e Single sign on 3 _ 4
* Robust data pipeline U N T o decessotner 534, ® Kouaine
« Leveraging Pl System Advanced Features R s

21-08-2024 06:10:00
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Syste m adani OPITIIS Network Diagram C E R E B U L B

'
Plant DCS System Plant Data Collection Node : = - :
i Pl Interface Node (PIMS Primary) :} GUOQF‘? . | Mumbai Region

L Liin

'
] Powar-svc-pnm-prod
.
. i
} X or " H T et P
' .

>
Uit DCS OPC Sarver
Schneider Eletric
Port: 21379

|
Unit®6 DCS OPC

8 Location, 25 Unit connected Sl giic

Pl Interface Node (PIMS Secondary) Landing

Interfaced with 25 control system

Pl interface Node (PIMS Primary)

Zone 4

14 Schneider electric DCS System

Firewall F61 Adani Network

24 Interface PC Installed T

Port: 21379

24 Firewall Installed - Ussrlysn  User oysm

P1interface Node (PIMS Secondary )

m
Pl Vision Pl Datakink
Adani Users

1.5 Lakh tags integrated with OPMS

A O R S GRS R

Inte rfa CEd Wlth third pa rty applicathnS Drawing number : OPMS_MUDRA_2_NA_001  Design by: Approve by:

Rev: 0.0 Hitesh Patel
1. Window 7 and Below version: MTK DA Tunneller Proposed
2. Windaw 10 and Above : DCOM Cenfiguration Proposed Date : 21 June, 2023




IMPLEMENTATION

|—¢—| 25 Thermal Units

e o o0 Integrated 3 month advance from schedule.
Partnered by Cerebulb

OBIJECTIVE
|M Enhanced Monitoring
% % Enhanced reliability
L I fe W I t h Real time insights

» Efficiency
Heat Mass Balance diagram (HMBD)

/ Boiler Efficiency Monitoring (BEM)
Merit Order tool (MOT)

RELIABILITY
Asset Health Index (AHI)

Metal Excursion (X-Tool)



Customized

WA | 4| @ [wrame

@ Dasnbosrss [] Generation
Qomn | 582 MW ‘ 1159 , 1
Unit2 577 MW .

© revons

22:08-202417:40:48
Unit Overview

Frequency
o ‘ 49.89 ’
3

Implemented By
CEREBULE

python Pi archive Pi Asset Framework Pi Vision

Customized architecture used for some of unique tool

Python platform is leveraged for Al/ML Integration



Development of tools using



Heat Mass Balance Diagram
Design vs Actual

All turbine loss calculated and mapped on screen
with interval

e Llast 15 Minute

. Last Day

Realtime monitoring of design vs actual turbine
losses displayed

Design value are dynamic and changing with respect
to actual loading of units.

Thermodynamic module - enthalpy and entropy in
Pl AF

This enables operator to have real time insight of all
the losses and enable them to take corrective
actions to minimize the losses.

First SH Spray
@ Dashboards ooy

@ Graphics TRH

@ R.m Seond SH Spray

Implemented By

HEAT BALANCE DIAGRAM

Loss Method Components
Last 15 Minw erage 24 Ho
n Due to Partial Loading
ttle Temperature

ue to Reheat Temperature

er Temperature

L]

22-08-2024 17:34:50
Unit-1  Unit-2

Heatrate Through Loss Method

Mw

Note: Values in
paramaters are sh

Y

4 FlowLP 579

MW




Monitoring

v" All boiler loss calculated and mapped on screen with
interval — 15 Min & 24 Hrs.

v' Realtime monitoring of design vs actual boiler losses

v" Design value are dynamic and changing with respect
to actual loading of units.

v' Thermodynamic module used in calculation

v" Manual logger utilized to capture coal quality

v" This enables operate to have real time insight of all
the losses and enable them to take corrective
actions

adani | & | © waw BOILER EFFICIENCY e

Boiler efficiency

Boiler Losses
Dry Flue Gas 434

Combustion of Hydrogen 332
Moisture In Air

Moisture In Fuel

Unburnt carbon

Sensible Heat

Surface Radiation
Unaccountable

Boiler Losses Correction
Fuel Hydrogen Conten
HHV In Fuel

Fuel Moisture

Combustion Air temp.
Combustion Air Humidity

Total Loss
Total Correction

22-08-2024 17:34:50

Unit-2




Tool

v

Enables REAL data-driven decision making

Ranking of unit decided based on efficiency of units

Significant improvement in the overall station heat
rate

Reduction in operational costs by optimization in
station heat rate.

Reduction in carbon footprint.

Implemented By
CEREBUL[Z

Generation

Unit-1 582 MW

1159

Unit-2 577 MW MW

T

Ex-Bus Gross Unit-1  Unit-2

1,050 1154 592 560

MW MW MW MW

Input Parameter (Last 15 Min)

Parameters UOM  Unit-1  Unit-2
Declared Capacity MW 685 685
Tech Minimum MW 340
Average Load
1,883
86.72
Indirect Heat Rate /Kwh 2, 21N
Coal GCV (cal/Kg 3, 3,167

Boiler Efficiency

Unit-1 84.94%
Unit-2 84,30 % e

[
1.4
NetExp [N 1.049 Freq(H)

Merit Order Dashboard

PLF

84.62

Current Block Sch Gen Vs Net Exp (MW)
1,050  Dev (W)

Start-End Time:  17:30-17:45 >0.00

Current Block Compliance
Unit-1 Dev (MW)
Optload B 1591 9

ActLoad il | 582 D P2 (%)

Unit-2
Dev (MW)
Optload B  |561 16

ActLoad Jl| 1577 DE‘;‘:*"E')

22-08-2024 17:40:48
Unit Overview

Frequency
APC (4
Station 9.55
Unit-1 9.80
Unit-2 9.52

49.89

Previous Block Sch Gen Vs Net Exp (MW)
s
Net Exp [

Previous Block Compliance
Unit-1

Opt Load | | 591
ActLoad il 582

1,050  pev (Mw)

1,051

Dev (MW)
-8
Dev (%)
-1

Unit-2

Optload B8 561
ActLload | 580

Dev (MW)
19
Dev (%)

3




Further steps towards

Challenge

e Asset health status is not visible

Real-time dashboard for all assets on
one platform

Asset Health Index (AHI)

Insights on parameters deviating from

normal limits

Data-driven decisions for equipment
maintenance

$a4

il

Solution

Python code developed for health
score calculation for each parameters
of equipment
* HMI for insight
* Station Health score
e Asset Health Score

* Equipment Health score

Radar chart for Identifying Sensor
health score

o,

Result

Increased Equipment Reliability
Optimized Maintenance Strategies
* Reduced Maintenance Costs

Enhanced Safety and Compliance

* Improved Asset Lifecycle
* Management

Increased Operational Efficiency



Station level

TOTAL GENERATION

pll 9,131 mw

Ingepercesy
CEREBULE]

AHI

Multi tier Scoring Index methodology

303N | 4 | © | e Eculmen:Heskn ndes Dashrd e
@ oo [ Generation
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ey - e
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Total Number of Pumps : 16

InlemeriesBy
CeReBULE]

Asset level

Equipment level
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Graphics. L o He

© e v

Sensor level
(Customized radar chart)



Station level

adani | & | rS———)
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Ingepercesy
CEREBULE]

49.99H:

AHI

Multi tier Scoring Index methodology
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Health Status
P18
B

adani | B | © |wLmniesso Asset Health Index Unit-1 1D Fan 22082028 162136 I
Power Unit Overview

Frequency
‘ 49.99 )
e

@ pestbosrss
0 o
© repons

Unit1 84,17
Unit2 84,11 72.70




AHI

Station level

a%ﬁ | & | Equipment Health Index Dashboard 23-08-2024 16:44:50
© owtooors TOTAL GENERATION PLF Frequency

Implemented By
CEREBUL[] B Excellent (>95%) Good (85-95%) Satisfactory (70-85%) m Poor (<70)



Equipment Heakh ndex Dashboard

AHI

Multi tier Scoring Index methodology

mosonreasn | 303N | 4 | © | e
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AHI

Asset level

implemented By
CEREBUL[]

I Excellent (>95%)

Equipment Health Index Dashboard

1 Good (85-95%)

Satisfactory (70-85%)

23-08-2024 16:47:34
Unit Overview

mm Poor (<70)




Equipment Heakh ndex Dashboard
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Ingepercesy
CEREBULE]
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AHI

Multi tier Scoring Index methodology
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Equipment level
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Unit1 84,17
Unit2 84,11 72.70




AHI

Equipment level

adani | @ | © | ApL-Raipur Equipment Health Index for Pump System

MDBFP Health Status CEP Health Status
BFP1A BFP1B BFPIC CEP1A CEP1B CEP1C

Running Status @ [ i @ Running Status (j @ @

87.41 92.70 88.15

[Unit-2 | o .

Running Status @ ( ): @ Running Status @ @ G
Health Score %- - I_] Health Score % Ij -
B6.18

0 93.58 98.15

23-08-2024 16:49:3.
Unit Overview

CWP1A  CWP1B

Running

Health Score % I:l

CWP 2A CWP 2B

Running Status @

Health Score %

6.2(

Bl Excellent (>95%) B Good (85-95%) [ Satisfactory (70-85%) I Poor (<70)




AHI

Multi tier Scoring Index methodology

adani ’ i 54734 N i 51
200l | g | Pm——— Y i g0 PR S B AN | § @ | e oozmniss adani 61© | o TI—— 23.08-2024 165136 I

. 0 ® —— Power Unit Overview
o ovemess | Generation oswoncs | Generation Frequency

© comis ) 1 546 1,091 oy | [Eeans ( 1100 ) @ Dashboards Frequency

@ o - ez 544 =L e | (G A £ Unie1 8417 49.99

i @ oropnics Unk2 8411 72.70 .
'MDBFP Health Status

Unit3 9819 &
Unit4 9984 o

© repons

Total Number of Pumps : 16 Total Numt 2 Total Number of Mill : 14

Ingepercesy
InlemeriesBy
CEREBULE] CReBnE

Sensor level
(Customized radar chart)
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Generation

Unit-1 278 MW
Unit-2 278 mw
Unit-3 324 MW
Unit-4 330 MW

Sensor level
(Customized radar chart)

Asset Health Index Unit-1 1D Fan

PLF

Unit-1 84.17
Unit-2 84.11
Unit-3 98.19
Unit-4 99,84

Unit-1 IDF-A Health Score: B2.65 Unit-1 IDF-B Health Score: 79.13

FAM BEARING TEMP

FaAM BEARING TEMP

23-08-2024 16:51:36
Unit Overview

Unit-1 IDF-C Health Score: B2.35

FAM BEARING TEMP




Metal Excursion

Customized radar chart

Tube metal temperature of each section
is mapped to see the shift in pattern of
metal temperature

Event frame created for all temperature
sensors

Influencing parameter mapped for
analysis of excursion pattern

Max, Mean, Spread and standard
deviation displayed

Max-1
613.1

Max
612.4

Operating Margin: 31.6

Implemented By
CEREBUL

FRH Tube Metal Temperature

Min Min-1
4709 5092

Spread

142.0

6657 1 2

30-08-202417:37:06

FRH & FSH Metal Temperature Report A

FSH Tube Metal Temperature Load

StdDev 686

Max-1 Min StdDev

15.7

Max

583.8

Spread-1
103.9

Min-1 Spread

580.4 4928 5244 0912

Spread-1

56.0

23 g
£2.= Running Miils

MillE @
MIE @
MilF @

Operating Limit: 609 PO DT Operating Margin: 252~ MilA @
o 18 mic @
MilD @

MiIlG @

Operating Limit: 644

A Side I/L Steam Temp °C
507.0

B Side I/L Steam Temp *C
509.5

A Side Qutlet Temp *C

564.9
B Side OQutlet Temp *C
568.0
SH 1st A/B Side Spray TPH

100.0 / 100.0

A Duration Seart Tima E‘n: -'im‘:l
SH 2nd A/B Side Spray TPH
502 [/ 41.8
Page ! of 7 el et
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Future on

Integrate AVEVA Predictive analytics [prism] on top of Pl System for Asset performance
management using Al/ML

Exploring Unified Pl system for Adani Energy business portfolio

Benchmarking of new site integration on AVEVA PI Platform

Exception management through single window for all assets across APL



B ADANI POWER MUNDRA , 4620 MW

adani

THERMAL ENERGY | INDIA Power

Adani Power optimizes operational costs with
improved operational efficiency and reliability

Challenge

* Non-existence of a robust platform as One Stop Solution :
* Robustness of Data Pipeline and its sanity { ADANI POWER TIRORA , 3300 MW
* Excel based tools for analysis & reporting 1
* Standalone application for business needs (SMS, MOT, APM etc.)
* Only Data, No insight. Resulting in delayed decision making

* Will to do but tied hands

* Competitiveness in the market. Every $ counts

Solution

* Deployed AVEVA™ P| System™ to streamline data collection, access, analysis and
reporting across all 8 location with cloud based centralized server.

* Merged all external tools into single platform.

* Created decision dashboards through various use cases.

Results

* Better Monitoring -> Better Control -> Better Decision Making -> Better Performance
* Improved operational efficiency

* Enhanced availability and reliability

* Optimized operational costs through reduced SHR via Merit Order Tool

* Reduction in carbon footprint (reduction in CO2 emissions)

© 2024 AVEVA Group Limited or its subsidiaries. All rights reserved.
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