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Global Power Grids Energy Mix - Summary Comparison

Indian grid energy mix is unique, and highly challenging from frequency control perspective.
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Global Power Grids Frequency Stats - Summary Comparison

Due to unique energy mix, Frequency stats cannot be benchmarked with best performing grids.

Moreover, solutions from other grids need careful customization.

* Grid Frequency Performance Index GFPi

=  (0.1*(49.97-50.03 %) / (FVI + Std.Dev)

Higher the better from pure statistics point of view.

** AGC Index AGCi

=  (100*(DayCount>50.00 + DayCount<50.00) / (DayCount>50.03 + DayCount< 49.97)) – 100

Higher the better from cyclic variation point of view
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Automatic Generation Control (AGC) : Coal Thermal unit scheme

Co-ordinated Master Control (CMC)
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CMC of Coal Thermal Unit : Process Characterization

Turbine Load 

Response →

 Boiler Heat 

Release Response

Mismatch creates steam pressure larger deviations, and 

consequently fuel flow and steam temperature variations

Typical initial delay 

(dead-time) : 

1 to 1.5 minutes

Typical interim delay 

(response time) : 

5 to 7 minutes

Model approximation :

Second Order Plus Time 

Delay (SOPDT)

(to system)
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CMC of Coal Thermal Unit : Integrating Process 

Any mismatch between boiler heat release (energy output of fuel input to
boiler) and turbine energy demand (governor modulation) will result in a
ramping deviation of throttle pressure, deteriorating over time.

*Source: https://www.opticontrols.com/files/documents/throttle_pressure.pdf

https://www.opticontrols.com/files/documents/throttle_pressure.pdf
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Issue No.1 : Parametric Variation due to AGC Micro-Cycling

AGC correction

Unit load

Steam pressure

Steam temperatures

Solution : Joint AGC retuning exercise

Feed water flow
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Grid Frequency Control : Also Integrating Process 

*Source: https://www.nerc.com/comm/OC/RS_GOP_Survey_DL/PFC_Reliability_Guideline_rev20190501_v2_final.pdf

Integrating processes inherently drift away from desired operating point if
left in open loop over time, or alternately if the actual response from
controlled element is saturated or gets inhibited by any restriction.

https://www.nerc.com/comm/OC/RS_GOP_Survey_DL/PFC_Reliability_Guideline_rev20190501_v2_final.pdf
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Issue No.2 : AGC Correction Opposing SG ramp (at FL or TML)

Reason : Constrained margins getting released when RULSP moved away from the telemetered plant

maximum/minimum limits

Solution : Restrict AGC rate to 0.5% per min in the opposite direction to SG ramp

Implementation (DCS of individual coal thermal unit):

a) If ULSP>(RULSP+0.5) and RULSP<95%, AGC down rate = 0.5% per min.

Else AGC down rate = declared rate (1.5 or 2% per min)

b) If ULSP<(RULSP-0.5) and RULSP>60%, AGC up rate = 0.5% per min.

Else AGC up rate = declared rate (1.5 or 2% per min)

Progress : Discussed with NLDC for clearance, implemented in 30 units with higher AGC rate. 

Will be done in more units during opportunity
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Down Ramp Illustration : Schedule Ramp with 1% Block Average
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Up Ramp Illustration : Schedule Ramp with 1% Block Average

3%/min actual 

Load slope is 

Practically

Required for 

Fully complying

with 1% block 

Average criterion

Assumptions 

for illustration: 

1) Freq = 50 Hz

i.e. no DSM. SG to be followed

2) Load change linear

profile
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AGC Retuning exercise : Key Objectives

Better grid frequency control : Evaluated through statistical 
parameters of grid frequency data as per NLDC website daily 
reports, as well as NTPC internal PI data analysis

Reduced parametric cycling : Evaluated through AGC demand 
movement patterns, correlated with SD data 
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AGC Retuning exercise Chronological Progress:

07.07.2023 : AGC controller integration time increased at NLDC end. Gain increased by 10%

10.07.2023 : 20 units of NTPC enabled for higher AGC participation ramp rate

02.08.2023 : AGC controller integration time further increased at NLDC end

10.08.2023 : Further 12 units of NTPC enabled for higher AGC participation ramp rate, total 32

11.08.2023 : Further 8 units of NTPC enabled for higher AGC participation ramp rate, total 40

18.08.2023 : AGC controller integration time further increased at NLDC end

29.08.2023 : AGC controller integration time further increased at NLDC end

11.10.2023 : AGC controller integration time further increased at NLDC end

09.11.2023 : AGC controller integration time further increased at NLDC end

22.11.2023 : Further 20 units of NTPC enabled for higher AGC participation ramp rate, total 60
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AGC Incremental Response : Impact to Grid

Note:
AGC Rate as

added to CMC

increased from

1→ 1.5% in

Supercritical,

1→ 2% in

sub-critical

Deviations from given

normative

calculation:

1) Units off bar

2) Units at FL have

no +ve AGC margin

3) Units at TML have

No AGC –ve margin

4) AGC performance

as per SRAS evaluation

Expected actual rate-extra

= 271.7 * 0.75 * 0.5 * 0.75

~ 76 MW/min
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500MW AGC Demands – Before retuning : Apr ‘23 to Jul ‘23

Apr 5th May 5th 

Jun 5th Jul 5th 

Grid Frequency

Grid Frequency

Grid Frequency

Grid Frequency
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500MW AGC Demands – During retuning : Aug ‘23 to Nov ‘23

Aug 5th Sep 5th 

Oct 5th Nov 5th 

Grid Frequency

Grid Frequency

Grid Frequency

Grid Frequency
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AGC Grid Response Illustration
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MS temperature SD 2023-24 data : Units with higher AGC rate

Despite higher AGC rates enabled, almost all units are able to sustain or improve up on
respective steam temperature standard deviations (last week data in each month).
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Indian Power Grid – Before AGC retuning : Jan ‘23 to Jun ‘23
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Indian Power Grid – During AGC retuning : Jul ‘23 to Dec ‘23

↓ 0.0166 Hz ~20%

↑ 10 to 12%

↑ 84 Nos. ~50%

↑ 5%

↑ 0.001 

Hz/min

~7%
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Conclusion

• Due to the unique characteristics of Indian coal-centric power grid, customized control solutions are

required for improved grid frequency control protecting long-term reliability of coal thermal units also.

• AGC as secondary frequency control mechanism needs to evolve continuously as the prime stabilizing

factor, with exponential growth of renewables penetration round the corner.

• Wider participation in AGC from all generating utilities – Central/State or Public/Private Sector, is the

need of the hour for creating the required±5% AGC reserves available at all times on grid.

• The fine balance between control objective (target frequency performance) and controlled element

reliability (thermal fatigue tolerance) is essential to be maintained continuously for energy security that is

sustainable and affordable.
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