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Flexible Operation — CEA 2023 Guidelines

» As per the CEA reqgulation 2023 flexible operation
capabilities should be adhered by all running and
upcoming coal based thermal power plant as per
below table:

Load range (% of Ramp rate
installed capacity) (MW/min)
15 100 - 70 % 3%
" 5 70 - 55 % 2 %

3. 55-40% 1%




Flexible Operation — Introduction
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Flexible Operation — Introduction
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Flexible Operation — Introduction
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Flexible Operation : Testing in Harduaganj (1X660 MW)

» Ramp rate testing on 1.5%, 1.7%, 3% and 5% was
done in Harduaganj (1X660MW) by EPC OEM M/s
TJPS between 27" March 2024 to 6" April 2024 and
21t may 2024 to 28" May 2024.

Ramp Rate Tested

(%/min) Unit Details Tested By Test Period
1. 1.5%
' 27 March 2024 — 6 April 2024
2. 1.7 % Harduaganj TPS EPC OEM -
(1=660 MW) M/s TIPS

3. 3%
: 21 May 2024 — 28 May 2024
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Flexible Operation : Testing in Harduaganj (1X660 MW)

» Challenges to maintain the critical parameters during
the Ramp rate test :

1 Throttle pressure deviation . +/- 2 kg/em?
2 Flue gas O2 deviation (%602) @ +/= 0.4 % O:
3 Furnace Pressure deviation fﬁ' ; +/- 8 mmWC
4. SH Temp deviation (degC) g" +/-5°C
5 RH Temp deviation (degC) g“ +/-5°C
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| Ramp Rate Test Monitoring Checklist

UNIT OPERATION CHECKS

ﬂ Machine in CMC with all auto loops in senace
ﬂ' Eliding pressure modeo operation,
@ Stable load achievement at %0/75/55% unit oad

m RAMP PERFORMANCE MONITORING S w—

@ Actial ramp rate achieved

@ Time taken to stabilize load
ﬂ Load mesponss characterstics.

m EQUIPMENT & RELIABILITY mmnmns

ﬂ Bedler mota! fomperature excurson & @ C_(i_:_l)

at 90/75/55% unit load

T TEMRFERATLRE 'MIJ.IHH ALT-ATEAM
ﬂ uriéna & ganerator wibration NG S0 TEP
& Steam source from Aux-steam for TRFP




Coal Properties from Operating Coal Feeders during Ramp up/down Testing

Date of
EAFTSEL g

21-May-24
21-May-24
22-May-24
7%-May-24
24-May-14
25-Mary-24
28-May-14

OPERATING FEEDER - MIXED COAL PROKIMATE ANALYSIS REPORT [CLCS Tuning)
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Coal data comparison during Ramp up/down Testing

| Design Caal

AT00
48.5
i

1.09

A RB

17.36 32.85 aim | a9
16.24 38.09 4101 2.22
16.6 278 isea | 1.87
18 59 29.08 3661 1.56
16.57 386 as0 | 2
16.78 36.86 4268 i 2.20
16.93 39.01 4512 | 1.30
.

Warst Coal Cosl during CLCS tuning
3200 1568 - 4512
26 I 29.08 - 39.01
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ical CMC Diagram of 1x660 MW unit, Harduaganj TPS

The operator selection for changing the ramp rates is provided both in the
HMI screen in Unit master control and load control of MT EHC.
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Ramp up/down Test result for 1.5%/min

RAMFP RATE (REFERENCE VALUE] £1.5%, -1.5%
MAXIILIM DEVIATION OF OUTPUT PARAMETERS FROM SET POINT
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Ramp up/down Test result for 1.7%/min

RAMP RATE (REFERENCE VALUE) £1.7%, -1.7%

MAKIMUM DEVIATION OF OUTPUT PARAMETERS FROM SET POINT
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Ramp up/down Test result for 3%/min

RAMP RATE (REFERENCE VALUE) £3%, -3%

ﬂ MAXIMUM DEVIATION OF OUTPUT PARAMETERS FROM SET POINT
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Ramp up/down Test result for 5%/min

RAMP RATE (REFERENCE VALUE) +5%, -5%
MAKIMUM DEVIATION OF OUTPUT PARAMETERS FROM SET POINT
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Flexible Operation : Testing in Harduaganj (1X660 MW)

HAUZ_Ramp Rate Test Result during CLCS Tuni

Ramip Rats Rafmip Rats
Tl Date Selecied A hilewed
Froam To [ MW S i I HBAW  raiin b
Hamp ug
: S 0003 @ {54 Tk MW o AR5 MWW | 1 - | 1,53
ool 10-d5: 03 TEIET &S MW 1o 650 MW | 15 | : { 1.50
s Yy nd 0003 - D9 0T e AW 150 P0S RNY | 15 | e | 165
. il 10 &5, 61 1 5551 oS BAW §o BEO LW 3 ; ]
230 04 o 35 -0ul roi AW o 495 AW 14 2 8t
3 71 -Blay- T4 e Fy ) W o | i) 3 | ]
11 1503 LB, B AT% AW T 08 BV ] Gk
o O o011 " i 495 T =
i 77 -Bhwy- D II‘ 4 2o F"er e ”1"' 1 - | ! "Iq
10 4% 07 TR LT, 205 MW i3 504 bW 15 L
Ramp Down e : ; rr— 3
1321503 123345 FHO WW i 455 RO 5 1A
5 1-Apr-24 - - = - kL - L
Tl 1529 1426 24 A9% MW ww FRE R | 15 1.37
i e 1215 1% 13- 0S4 B50 W b AT RAW | 5 o 1.6
B fdl-a4- 05 TEIEL 405 BV o 06 RO T : &1
1 e ik | 13- BE5D E0h BAWY o A0S A 15 2 20
71 -bkay- 2l $ 1
1458 51 1567 1% AT WW to T RV 15 3 00
[FRLE 1 13 33 0% B bW b A R 214
= T T | |
- * = G-l 15-%2 20 A9% LW o 35 R % 4 7 03
Ramp Up and Down Test Summary
it Rmip Rate
5 Ha Bate Bz hieend
i Test Cute Losd Harnp up-dawn Selmc e y <fmsietne
] ¥ o L[5] IR e |
3% Rarmp Up amd Dows Tesl
122 4% 1357 F% AT WO ta ST4 MW LT
1 == T i |
1308 33 13684 T d W s A T W 2.B0
5% Rarnp Up amd Dowen Test
_ T 114503 1150 %8 AT WA b SRE MW T 3.40
- i Ld 150008 FiFAE Ll W B AT VY : PR Y




Flexible Operation : Trend Data (1X660 MW)
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Flexible Operation : Trend Data (1X660 MW)
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Flexible Operation : Trend Data (1X660 MW)
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Flexible Operation : Trend Data (1X660 MW)
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Flexible Operation : Trend Data (1X660 MW)

Saturated Ramp up rate on designed coal
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Flexible Operation : Trend Data (1X660 MW)

Saturated Ramp down rate on designed coal
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Flexible Operation : Actual Ramp Rate

» On evaluanon methodology of actual ramp rate achieved after the test, mmitial 90 secs
period shall be discounted from the moment ramping command 1z given. This 90 secs
13 as per DPSI information considered for the fypical time lag period for coal feeding,
coal travelling to Mills, coal crushing and conveyving to burners and combustion lag.

Sample sketch mn trend 15 shown below:

-
—_— = —
- == e - - — _——

—— ap o ] ¥ =
inn Py - K -
et =y = ¥ =

cmm e e g -

et ot .

e - - - -

= mmim Hmmeds AR R e = [ -

- i ey g el ! -
e - - - -
=T - - — b =
ety e . y =
o e =
———i [ b

o T i A R
= ERELU g e = e = ) — an e
e i R i
!
T
¥ \
T |
—
T T = —
= = —— —— e -
pwirvr | ; =] e ——
cmemadd T
o S 4 R S — —
. i e = — — ——
e .n_:—\__-r\_:—-—-‘:?-ﬁ._ = L i —— ——
- r—— — = 1 !
= il . -
- e -
| \ : - =
- _\.' e e — - e
- =
= TRl G B o e i B S —
11 i
BEAT Sk e e et = 4T el
e
e g
I gy 5
5 e e e e G i o B LT 4 S
2 s | = s = s e
[T = FRE = - [= = e ieaa



rC

halle‘nges in
Flexible Operation

il




Attributes of Flexible Power Plant Operation Affecting Plant
Performance - y/

&j * Thermal plant particularly coal plants were inherently
designed for base load operation.

¢ Flexible operation with low grade coal poses typical requirements,

Stable operation at unit MPL )

Unit refiability during wide load variation )

Faster load ramp up / down ) ?f : .=-
K- ar ? -

Efficient & Cost compatitive flexible operation }

equirements of flexible operation

Higher StArtUPS/shutdowns, load cyces ) =

)




Attributes of Flexible Power Plant Operation Affecting Plant
Performance - /4

FLEXIBILIZATION IMPACT:

. From energy efficient base load
stable operation to cyclic inefficient -
flexible operation with poor grade coal. oy T 1
ORERATION 'WITH FOOR GRLDE SOl

. TRIO CHALLENGES IN FLEXIBLE OPERATION .
_ N / \
— o ™ - IIII e g @ —
@ uwirsTaBiLTY AT @ cerrciency @ LonG-TERM
PART LOAD/ LOAD MANAGEMENT AT DAMAGE
VARIATION PART LOAD MITIGATION
e 7 . : 4 N e




Challenges in Achieving Flexible Operation

b Inferior quality of coal:

o » Combustion Stability at low loads &

durng load vanation

# Change from designed coal /
wide variation in coal quality

» High moisture, high ash & low VM
most challenging for fleable operation

= High moisture has a flame quenchang
tendency & poor Boiler efficiency

" s [N Flexibility Ch

= High Ash content leading to
hagher components erosion

-

e ©



SLOW BURNING OF HIGH RANK COAL
—— WITH HIGH FUEL RATIO (FC/VM) =

1) BURNOUT EFFICIENCY

& & & X §
s
o
i o=
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E:EE- V2 e ool Indian bituminous coal has
e high ash and inertinite content.
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DELAYED COMBUSTION OF CHAR

1. RESIDENCE TIME FOR COAL COMBUSTION

The pescberce lime for ool comusbon (Srmot ;’t‘w
effcioncy = %) i cefreed as tirw talen bor char

parmcs o raverss e cemance L, LI s L3 in it Sk
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Impact on combustion parameters due to )
variation in Coal Volatile matter
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Combiateon Paramedery

As per the paper published in
international Jownal of Coal
and Scwnce Technology in
March 2020, the DTG max
(wt % loss per min upon
combustion represents speed
of combustion), Di [lgniticn
Index], [ (burmoul index),
and 5f {Combustitiity I
arg all mpacted by the VM
content as shown in figure
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Challenges in Achieving Flexible Operation

" Control Optimization of Slow Acting Boiler
with Fast Acting Turbine

Biggest challenge : Control Optimization in slow acting Boiler
with fast acting Turbine

.!:‘1 Key Challenges

o T Timer constant > 100 ssconds
9 Comd to stowm goneration | sioese reocting
a Control syshem requine relook < 55% load

Enhancamant of controle & diagnostics 5 naseed

A




Challenges in Achieving Flexible Operation
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Challenges in Achieving Flexible Operation

* Flexible operation increases :r
creep-fatigue damage caused by |
thermal stresses, especially in
units designed for base load

operation.

Accelerated Corrosion fatigue
damage during flexible operation
another common factor.

Maintaining optimum
water/steam chemical
parameters is challenging in
frequent cycling




Challenges in Achieving Flexible Operation

+ LONG TERM DAMAGE IN SEVERELY AFFECTED COMPONENTS --

COMPONENT CATEGORY

THICK WALL

OEGENERATION OF 4
INSULATION DUE 0.7

SEVERELY AFFECTED COMPOMENTS
Casling such as burbine yalves and caaings
Turbine Hotor
Thick-walled wessels

k5, CRH, HEH haaders (espacially Y- plece section)

Supereate:, Reheater
Thes used 10 suppart 5H, RH tulbing
Tube to header joints aic.

Gam duct work

o ‘Wiaker wall tubsng st attachments [wnd box, cornoe fubes, wall bow opereng, buck

slay] Healer tube

®  APH - cold end
#  Contdense: hiba
= Welded joints

Gamaralor irEulal=an
Traneformer irsulation

Insulation ol detves [FD, 1D, PA fans, mills mcton)
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Flexible Operation
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Re-assessment of O&M Procedure

Q
@
©

- OUR COMMITMENT TO EXCELLENCE -

Strict compliance to
O&M requirements.

Improvement of maintenance
strategy- special focus on
critical equipment.

Awareness and competency , _ _
of power plant personnel is -4 .l
important to run the plant in g -

cycling mode- training program
should be conducted. ‘

!f



Optimization of Automation and Controls

@\

OPTIMIZING CONTROL LOOPS FOR STABLE & EFFICIENT

POWER PLANT OPERATION

9 Dptimization of the underlying control loops
{5H Temp control, Furnace controf, Fusl/Air
Controd, Level Control) is a basic requirement
for stable operation of the power plant at
nominal load and low load as well as
load changes,

e e - - — —
m Q In order to increase part load efficiency I,-' ) i f il N S
“single device™ approaches {i.e. Single PAF, | m | » I |Ii A ﬁ TR a J
.--_r - . o . b

FW pump etc in operation) should be - -
u el MFROVED REDUCED LOWER
considered. SINGLE DEVICE PART LOAD AL | A OPERATIG
APPROMACHES EFFCiENC T POER coge
CONILMFTEON

@ Well-optimided co 1r:-|!-_'-:-!:|_1.|'--;| smart operalional appi AFC TS &S Lre
| I i | 1A at every load condition




Evaluation of Process Limitation

E&. EVALUATION FOR SAFE & RELIABLE OPERATION

¢ Evaluation includes a Turbine and Boiler
calculation (like Boiler stress monitoring
system = BOSMOM & Turbine stress
mionitonng system = TSCMON) to assess
the influence of low load operation and
temperature and pressure gradients on
the boller,

Wirm Lo ukefian g T wlT

i i En mmighn
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| Test run to evaluate the Plant Flexibility Potential ‘

TRA NS PARENCY A BD UT PLANT PERFORMANCE DASHBOARD
THE PLANT PERFORMANCE R e .
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Considering part and low load Operation in the design
of Flue gas equipment

LOW/CYCLING LOAD OPERATION EMISSIGNS ¥ LOAD
HAS AN IMPACT ON NOx AND S0x
PARAMETER.

@& > O Nox | > (sox ) | [&

LW LOAD L i BCMEAED WCELRED P
BRCERTE N ik Bl PR BN
FREANETEES

ERVIRONFERT L. COMDPLIANCE

02 FLUE GAS TREATMENT NEED TO
COMPLY WITH ENVIRONMENTAL
HEIHM'S AT ALL LOAD CONDITIONS.
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Reliable Flame Stability

o PROPER FLAME DETECTION

/ THE KEY TO RELIABLE MINIMUM LOAD OPERATION

Proper flame detection

Enhanced opsratioral a
plays a major roble n ] i 3
Guaranteeing a reliable ‘Habbs combminn s
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Implementation of Condition Monitoring System

CMS SYSTEMS ENABLE SMART PLAYS A CRITICAL AOLE I

MONITORING, NOT JUST FLEXIBILITY | | ..I, , MAMAGING CONSEQUENCES OF
i '1"1!‘ b CYCLING OPERATION
Thee installation of CRA5 Sarsie [ @, Casing winrafnn mmprebormg i &
e - LW RS Binde viwatees i MU Ry Riee ELaas @ D BE iy wpm of Gl
fom s Mo Foniedng o0 ) o nol anhance e Ple ity T ot B S il

pahsdiar af the plant iteell bt ol §n rmpofiast role o
manage b conERgUESnOEE O Cpchingy Speratenn

1 bedp o il Tl
e dsoee o g
Enarees Tees) yerTy A
sxrrEedien iuwTh

r ‘ﬁ‘ v i pes wrg e pptses
It

W ) ) -

Ly Vlirmn Al ¥ OrEi gy b [ s erpEprTerd g
Mprciring Tyniem Hawipo g Tmiss LI T
¥ i TR pyvtee mrore sefe, rebabie and informed) opereton duneg Berpaen|
wimr -, s charges e thod downa
PREDICTIVE MAINTENANCE i covmmeoes ) carssmaoncn ) eweoscr [0 BT )t s v

AT P & D ST RS i T e L T

ENSURES A HEARLTHY LIFE CYCLE

- PMENT -
OF THE EQUIPMEN \ - - A - ;ﬁ — a

[T Sw S R S L S e T R T
an gthcwnt ife cpole of T e
Bl W f mEE e Iy TET Errtranr aeren FrhiTiE e IETET TR MRS (HE, CRJ
L g §rae iwhirw ueg e E AL B —o ] EL =

o
I

o | CMS SYSTEMS « PREDICTIVE MAINTEN ANCE




l Low flow Operation especially in Sub-Critical Units ‘

KEY SYSTEM UPGRADES FOR RELIABLE LOW FLOW OPERATION
- © .
@ REPLACEMENT/MODIFICATION OF
BFP RECIRCULATION VALVE
with madified PID controll during
BFF o 1w Dpmsration
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Optimization and Automation of Start-up Sequence

SMART START-UP. F

Q.

GREATER FLEXIBILITY.

By aphmiring &nd sibormafirg the
starl up sequence Nat Only LAneCksLany
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Thank You!

-« Your attention is highly appreciated. *
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