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Energy Transition — Indian Power Sector Perspective  steag
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India targeting large-scale
renewable integration

Renewable energy is
variable and intermittent

-,
Grid stability and \
refiability remain critical

Coal-based thermal plants
continue to play
balancing role
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Flexibility is becoming
operational necessity"
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\ ENERGY TRANSITION IS NOT REPLACEMENT OF THERMAL POWER - I/:/\\'
IT IS TRANSFORMATION OF THERMAL POWER. Qlll/'



Challenges with Energy Transition
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Thermal Power: Reality of the Indian Grid

Total Installed Capacity (GW)

Hydro Nuclear
56.58 GW,10.62% 8.78 GW, 1.65% Coal
228.56 GW, 42.9%

mCoal 228.56 GW

m Gas & 0il 20.71 GW
Renewable 218.1 GW
Hydro 56.58 GW

® Nuclear 8.78 GW

Renewable
218.1 GW, 40.94%

Gas & oil
20.71 GW, 3.89%

Total Capacity 532.73 GW

Fossil Fuels 249.27 GW
Non Fossil 283.46 GW
Fuels

steag

Renewable
295.78, 16.10%

Fossil 1306.95,

711.15%
Hydro 178.75,
9.73%
EFossil 1306.95
Nuclear 55.18, @Nuclear 55.18
3.00% BHydro 178.75

ORenewable 295.78

Total Power Generation - 1837 BUs

Efficient coal-based thermal power with flexible operation capability will continue to play
a critical balancing role in the Indian power system



The Importance of Thermal Power Generation
as Baseload Power for Grid Stability

B

BACKBONE RELIABILITY VS.

OF THE GRID INTERMITTENCY
Nearly 70% Dependable power

of actual generation CONTINUOUS when renewables are

not generating

e

BASELOAD POWER

ENERGY
QUADRILEMMA FLEXIBILITY &
Addressing security, INTEGRATION
affordability, sustainabillity, Adapting to balance

and reliability with renewable generation
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Integration, Not Replacement steag

Coal plants must now operate flexibly:

 Ramp down to level well below 55% and possibly up to 40% load
« Ramp up rapidly during peaks in the morning and evening

« Operate in cyclic and two-shift modes as required

« Operate with least oil support while ensuring boller safety

Flexible operation is no longer an exception, it is the new normal.



Flexible Operation — Key Challenges

Earlier Operation Present Requirement
Base load operation Frequent ramping
Stable operation Low load operation
Predictable dispatch Faster start/stop
Limited cycling Renewable balancing

S99

New Challenges
Thermal stress

Flame instability
Equipment fatigue
Operator preparedness

Human capability and operational confidence are critical for successful flexibilization.



The Challenge and Opportunity of
Flexible Thermal Plant Operation

Requirement Technical Operational Excellence
| . Challenges
Al o ;\
I>i“. O g2 15- 20%
OF FLEET
Coal plants made * . I R&Mand  oyERr 25
to operate flexibly modernization ygaRs
to accommodate
renewables Operation ramped
* down to 40% load
’ Operation Improving plant Ado_pt'"g
ramped down efficiencyand  Nigh
to 40% load maintaining _ €fficiency,
grid reliability O emission
technologies
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CEA Notifications steqag

CEA Notifications on Flexible Operation and Phasing Plan

— CEA has already come out with a time bound mandate to achieve
- Flexibilization by coal-based power plants.
C EA — Coal fired generating units shall achieve 40% technical minimum load
FLEXIBILIZATION o _ |
MANDATE — The preliminary phasing has been worked out in the CEA report

“Flexibilization of coal fired power plant — A road map for achieving 40%
technical minimum load published in Feb 2023

— Subsequently a draft phasing plan has been prepared for coal based
generating units.



People Capability: The Defining steag

Challenge of the Transition

Aging Workforce,
Shrinking Experience Base

Equipment Can Be
Procured — Experience
Cannot

Capability Building Is
Now Mission-Critical




STEAG's Experience in Energy Transition steag
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Flexible Operation Operator Training & High Fidelity Simulator Digital & Performance
Expertise Flexibilization Programs Solutions Optimization

» Decades of experience in « Structured training to build « High fidelity, plant-specific « Data-driven insights for better
operating & maintaining operator competency simulators decision making
thermal power plants « “Flexpert” development through « Realistic replication of plant « Performance improvement &

» Proven methodologies for simulator-based learning dynamics & controls reliability enhancement
flex:bshzghon v « Practical programs aligned with « Safe environment to practice « Enabling smarter & sustainable

» Supporting plants to achieve CEA roadmap ramping, low load & transients plant operation

low load & high ramp capability

—

STEAG supports the energy transition through

practical implementation, operator competency development, ( '@‘ .:

and flexible operation readiness. S




Optimization of low load operations
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Results in a STEAG power plant
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Results in a STEAG power plant ) steag
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Results in a STEAG power plant steag
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Training Objective

» Require competent O&M staff.

O Importance for any Power Plant
9 = Safe, reliable and efficient O&M
:% 2

REQUIRE COMPETENT

OPERATIONS &
MAINTENANCE STAFF

Concerns

» A single mistake on the part of an operator can result in huge production loss

* Practical experience can only be achieved through hands-on working experience
and long years of service

Training is whole gamut of plant operation

« Companies can increase profitability through increase in efficiency and minimum
failures

« Simulator is an advanced hands-on-training tool, used mainly for training in areas
such as unit start-up, shut-down, load ramping, emergency handling etc.

 Simulator gives the feeling of operating a real power plant without incurring any
TRAINING IS generation loss or damaging any plant equipment's.
LR SRV - It raises the level of proficiency and builds up confidence required to handle
emergencies in an actual plant operation.

steag

Simulator is the best tool
for an operator to build,
practice, keep up to date
and develop confidence
on their skill



Simulator Training Benifits

SPECIAL SKILL
AND CONFIDENCE

NEW FOR
QPERATOP

[iA]

TRAINING
SIMULATOP

i

o
—

CEARNING

Special skills and confidence are required for coal-fired power plant operators
to adapt fluctuation due to renewables.

Flexibilization operation is new for the operators.

A training simulator is required for the operator to practice and build up
confidence.

Operator will learn fast ramp up and ramp down as well as minimum stable load
operation — with necessary monitoring of the parameters.

Learning flexibilization operation effects on critical parameters; MST, Spray,
A/F ratio, FW flow, Turbine operation

“Simulator-based learning enables operators to practice flexibility
safely without risk to actual plant equipment.”

steag



A Systematic Training Approach steag

Study
- E-learning, awareness workshops and professional seminars

Becoming a Flexpert! STUDY - Target: acknowledge the need for flexibility, understand

FLEXIBLE OPERATION TRAINING FOR COAL-BASED POWER PLANTS LEARNING OR SEMINAR principles of operation of flexible power plant

CQ! FLANT OFERATOR T

E-LEARNING

Try

- Using Simulator: Try out flexible operation on Power plant operator
training Simulator

Fiodbilizition o Opsiator - Test runs at own plant as per CEA guidelines

Training Simulator or Tes’
Run at Own Plant

LEARNING SIMULATOR TRAINING PRACTICAL APPLICATION r. Apply
,./‘ - | Q - Implement new procedures in the operational scheme (e.g. mill
@ @ afl @ {@} 404 @ ﬁ‘) scheduler, switch over of pumps and fans)
E-Learning  Knowledge  Awareness Realstic Practice Apply Skills Teamwork Operaticnal
Enwironment & Learn Lm'mg Excellerce

- Increase level of automation for routine sequences and optimize
APPLY: NEW PROCEDURE control system
IN THE OPERATIONAL SCHEME, .
PTIMIZE MAIN CONTROL LOOPZ - Implement advanced control solutions.

POWER PLANT
“OERATOR TRAININT

To upskill Operation engineers as “Flexperts” for smooth operation of coal based
generating units



STEAG's Unique capabilities on Simulator steag
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STEAG

OWNER AND OPERATOR
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STEAG TRAX

EXCLUSIVE COLLAEQRATION

STEAG

= POWER PLANT
® 8 & }TRAINING
CENTRE

0 APPROVED BY CEA
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STEAG’s experience as power plant owner, operator and training provider adds significant value in developing
realistic simulator solutions including flexibilization scenarios.

STEAG's exclusive collaboration with TRAX , USA, TRAX is world’s famous Simulator tool developer and
supplier of more than 300 simulators globally

STEAG’s Training Centre is recognized by CEA, Ministry of Power, Government of India

STEAG Training Centre has various simulators with knowledge of knowhow to set up training centre with
various simulators.

STEAG has successfully executed a turnkey project for setting up training centre with 11 high fidelity
Simulators for NTPC Ltd.

Apart from NTPC, STEAG helped to set up training centre for RAWEC-KSA,HIWPT-KSA, NAPTIN- Nigeria,
ZPC - Zimbabwe, BPC- Botswana, various Indian state utilities

STEAG’s experience in Simulators covers most of the fuel technologies (coal, gas, hydro, oil, solar, Biomass)
and key global OEMs of equipment and DCS.



Simulator Credentials

BHEL — Siemens  Emerson HITACHI
MaxDNA T3000

P’

] / ABB

Toshiba

ABB Infy 90
Advant -~ _
L~

Alstom MHI

~ Invensys
YOKOGAWA

Siemens
Teleperm

: : : XP,ME
Experience in Emulation of

wide range of Control and HMI

steag
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Type of Credential Nos.

Simulators
Coal Fired
CCGT

Solar Thermal
QOil fired

Hydro

Biomass
RO & FGD

Simulation of Different Fuel Technology

20



General Network Architecture of a Simulator

License Server Instructor Printer Network Switch
I Workstation ! l
Network Switch

General Network Architecture of a Simulator




ProTRAX- Simulation Tool
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Simulation Tool: ProTRAX steaqg

energy services

STEAG is exclusive partner of TRAX in India.

MODULAR

ULATION




ProTRAX Features steag

energy services

Ease of Model Development — . s T
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ProTRAX - Instructor Functions steag
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MMalfunction Toolbar
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ProTRAX - Malfunctions
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Basic Model Development steps steaqg
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Customization of Generic to plant Specific Module steqag
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Plant model schematic (Furnace screenshot)
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Plant model schematic (Superheater screenshot)
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OTS Supplied by STEAG steag

energy services

Few Simulator room
pictures of STEAG's
Customers
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RAWEC, Saudi Arabia

stedg

RAWEC SAUDI

ARABIA Captive Power

plant

Simulation for 815 MW,

Oil Fired

(1) 13 Bollers,

(2) 7 Turbine

(3) 5 Limestone FGDs

(4) 24 Sea water
reverse 0smosis
Desalination plant



NTPC Solapur RLI Training Centre

Siec)

NTPC SOLAPUR

Eleven simulator in
two set of hardware.

(1) 800 MW simulators
KUDGI 800

 DARLIPALLI 800

- LARA 800 MW

«  GADARWARA 800
MW

« TELENGANA 800
MW

(2) 660 MW simulators

« SOLAPUR 660 MW

« MEJA 660 MW

BARH-Il 660 MW

«  TANDA STAGE-II
660MW

«  KHARGONE 660
MW

BARH-1 660 MW



NPTI Nangal Hydro Simulator

steag

Hydro Simulator ,
NPTI Nangal, 250
MW

Control System-ABB
Advant

Turbine -Francis




NAPTIN Nigeria and NTPC Kudgi steag

LEFT PICTURE:

NAPTIN NIGERIA
440 MW CCGT
SIMULATOR

HRSG-Siemens

ST-BHEL

GT-Siemens AG

V94.2 Combined Cycle

Fuel: HSD, Naphtha, Natural
Gas

RIGHT PICTURE:
NTPC KUDGI 800 MW
SG-Siemens

TG-Toshiba,
BOP-Yokogawa




NAPTIN Nigeria

NAPTIN NIGERIA
440 MW CCGT
SIMULATOR

HRSG-Siemens

ST-BHEL

GT-Siemens AG

V94.2 Combined Cycle

Fuel: HSD, Naphtha, Natural
Gas

S1e0g



RRVUNL, KOTA

RRVUNAL KOTA
THERMAL POWER
PLANT 195/210 MW
COAL FIRED

SG- MAXDNA
TG- MAXDNA
BOP-ABB

steag



Flexibilization programs with GIZ, VGBE & EEC steag

A




Flexibilization programs with GIZ, VGBE & EEC steqq
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Flexibilization Training — 500 MW Simulator steag
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FLEXIBILIZATION - 1st Successful Completion of Pilot Training & Demo

40% Tecvhnical Min Load in Auto Mode on Simulator
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Flexibilization Training — 660 MW Simulator steag
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Integration of Flexible Simulator with Life Time Monitoring SR1 steadg

steag sr1Cockpit ¢ w220072010 )
UNIT SUMMARY EE S
No Caption Do/ % Din /N D.u/% D100000/% Dipg /%
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Fatigue Values 1. Starting simulator with specific ramping and / or disturbances.

2. Date like temperatures, pressures, main steam mass flow goes
to SRx Server

3. SR1 calculations start and transfer fatigue results to simulator
historian

Advantage:

1. Increasing trainee’s awareness of the impact of the boiler
startup / shut down ramping on the wear of its thick-walled
elements

2. Possibility of examining how different ramping values affect
fatigue of thick-walled boiler elements and piping



Key Takeaways

Flexible thermal operation is
essential for renewable integration

Flexibilization requires
both technology and
operator competency

Simulator-based learning
enables safe operational
preparedness

STEAG supports utilities
through practical implementation
experience
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CONTACT

Thank You
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I \“\\&\EAG Ene%y Serwces (India) Pvt. Ltd.

A-29, Sector 16,
NOIDA 201 301
Phone  +91 120 4625-320
Telefax +91 120 4625-000

www.steag.in
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