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1.0 Preamble 

1.1 Indian grid has met a demand over 207 GW through both inter-state and intra-

state resources. 

1.2 Every entity shall undertake all appropriate measures to maintain it’s 

drawal/injection as per schedule. Each control area has to follow certain 

Frequency Response Performance (FRP) criteria, as may be specified in Indian 

Electricity Grid Code (IEGC), in order to maintain frequency within the IEGC 

stipulated band under normal operating conditions. 

1.3  The objective of Ancillary Services in Indian power system is to maintain the grid 

frequency close to 50 Hz, and restoration of the national grid frequency within 

the allowable band as specified in the IEGC and for relieving congestion in the 

transmission network, to ensure smooth operation of the power system, and 

safety and security of the grid. 

1.4 Adequate reserves are required to be maintained in a distributed manner with 

both the regional entities at the regional level and at the State level for each state 

control area as per the IEGC or the State Grid Code as the case may be. 

1.5 The Nodal Agency i.e. National Load Despatch Centre (NLDC) shall, in 

coordination with Regional Load Despatch Centres (RLDCs) and State Load 

Despatch Centres (SLDCs), estimate the quantum of requirement of Secondary 

Reserves for SRAS and Tertiary Reserves for TRAS at the regional level after 

factoring in the reserves for each state control area, for such period and based 

on such methodology as specified in the IEGC and publish the same on its 

website. 

1.6 There would be assessment of reserves on year ahead basis, quarter ahead basis 

week-ahead basis, day ahead basis and intra-day basis. 

1.7 This procedure provides an interim methodology for estimation of reserves in 

accordance with Regulation 6(1) of the Central Electricity Regulatory Commission 
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(CERC) (Ancillary Services) Regulations, 2022, hereinafter referred to as the “AS 

Regulations”. 

1.8 There are various basis and methodologies that could be adopted for assessment 

of reserves. Few of those are outlined as follows: 

1.8.1  99 Percentile of the Area Control Error of the respective control area. 

1.8.2   Net demand forecast error 

1.8.3   Variability in Net demand forecast error 

1.8.4  Variability in Net demand 

In the interim, to begin with, Nodal Agency would consider the 99 Percentile of 

the Area Control Error of the respective control area as the basis for the 

assessment of reserves for SRAS and TRAS. The other methodologies would also 

be explored parallelly by the Nodal Agency. If any improved methodology for 

assessment is evolved over the due course, the same would be incorporated in 

the Detailed Procedure subject to approval by the Central Commission. 

1.9 All the words and expressions used in the Procedure shall have the same meaning 

as assigned to them in various CERC Regulations. 

2.0 Objective 

2.1 The objective of this procedure is to lay down the roles and methodology to be 

followed for estimation of quantum of reserves for SRAS and TRAS to be 

followed by the Nodal Agency i.e. NLDC in coordination with RLDCs and SLDCs. 

3.0 Definitions  

3.1 ‘Reference contingency’ means the maximum positive power deviation 

occurring instantaneously between generation and demand and considered for 

dimensioning of reserves. 

3.2 All the words and expressions used in the Procedure shall have the same 

definition as assigned to them in various CERC Regulations. 
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4.0 Scope 

4.1    The procedure shall be applicable to all entities as provided in the AS 

regulations, 2022. 

5.0 Roles 

5.1     Nodal Agency i.e. NLDC shall, in coordination with RLDCs and SLDCs, estimate 

the quantum of requirement of SRAS & TRAS on year ahead basis, quarter 

ahead basis, week-ahead basis, day ahead basis and real-time basis as per the 

methodology specified in subsequent sections. 

5.2 SLDCs shall furnish data in the stipulated formats to the Nodal Agency for 

estimation of the quantum of requirement of SRAS & TRAS. 

5.3 SLDC shall maintain reserves as estimated by Nodal Agency or as per the 

estimation carried out by the SLDC in accordance with the IEGC or State Grid 

Code, as the case may be. 

6.0 Reserves in Indian Power System 

6.1 There shall be different types of reserves, as specified in the IEGC and AS 

regulations, such as primary, secondary and tertiary for the purpose of 

frequency control and regulating Area Control Error. The reserves shall be 

deployed by each control area as per the IEGC and the applicable AS 

regulations: 

6.1.1 Provision for primary response shall be mandatory. 

6.1.2 Secondary reserves shall be deployed through a regulated mechanism. 

6.1.3 Tertiary reserves shall be procured through the market and deployed 

6.2 The deployment of reserves is broadly distinguished on the basis of the time of 

initiation and duration of response as tabulated in Table-1 below:   
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Reserve Start of activation Full 
Availability/ 
deployment 

Ability to sustain the 
full deployment 

Primary Response* Instantaneous as soon as 
frequency crosses the dead 

band 

<= 30 sec Up to 5 min 

Secondary control 
Reserve 

>= 30 sec <= 15 Min Up to 30 min or till 
replaced by Tertiary 

Reserves 

Tertiary control Reserve Usually > 15 Min to 1 hour 

Table 1: Reserves and their activation 

7.0  Area Control Error (ACE) 

7.1 “Area Control Error” or “ACE” means the instantaneous difference between a 

control area’s net actual interchange and net scheduled interchange, taking into 

account the effects of frequency bias and correction of measurement errors. 

7.2 The Area Control Error (ACE) for each control area would be calculated at all the 

load despatch centres based on telemetered values and external inputs as per 

the below formula: 

  ACE = (Ia - Is) - 10 * Bf * (Fa - Fs) + Offset 

 Ia = Actual net interchange in MW (positive value for export) 

 Is = Scheduled net interchange in MW (positive value for export) 

 Bf = Frequency Bias Coefficient in MW/0.1 Hz (negative value) 

 Fa = Actual system frequency in Hz 

 Fs = Schedule system frequency in Hz (default 50 Hz) 

Offset = Provision for compensating errors such as measurement error; default 

value zero. 

7.3 The detailed methodology to be followed by Nodal Agency for calculation and 

monitoring of Area Control Error (ACE) is attached at Annexure – 1. The ACE 

shall be worked out for each state and region.  

7.4 ACE is ‘positive’ means that the control area has surplus generation and the 

control area’s internal generation has to be backed down. ACE is ‘negative’ 
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means the control area is in deficit and the control area’s internal generation 

has to be increased. All the frequency control interventions shall be in the 

direction to drive ACE towards zero.  

8.0 Estimation of Reserves 

8.1 CERC vide its order dated 13th October, 2015 in the matter of Petition no. 

11/SM/2015 envisaged loss of complete power station as a credible 

contingency for maintaining primary reserve. The most credible reference 

contingency for maintaining primary reserve, presently considered in the Indian 

power system, is the outage of the largest power plant or sudden load throw-

off of 4500 MW. 

8.2 The data for assessment of the reserves capacity requirement for SRAS and 

TRAS shall be furnished to the Nodal Agency by respective SLDCs pertaining to 

their state control areas as per following timelines.  

8.2.1  Year Ahead Basis – For reserve estimation for the next financial year 

(FY+1), the data for the previous calendar year shall be furnished  by 15th 

January of the current financial year (FY) (Format – RAS1).  

(Illustration: If the assessment is being carried out for FY 2022-23, the data for the 

period 1st Jan 2021 to 31st December 2021 has to be provided by 15th January, 

2022) 

8.2.2 Quarter Ahead Basis – For reserve estimation of the next quarter (Q+1) , 

the data for the similar quarter (Q-3) of the previous year shall be 

furnished  by 15th day of the first month of current quarter (Q)(Format – 

RAS2) 

(Illustration: If the assessment is being carried out for Q2 of FY 2022-23 i.e. 01st  

July – 30th September, 2022, the data for Q2 of FY 2021-22 i.e. 01st  July – 30th 

September 2021 has to be provided by First Month of Q1 of FY 2022-23 i.e. 15th 

April, 2022) 
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8.3 In case of non-availability of data from SLDCs as mentioned above, the data 

available at RLDCs/Nodal Agency shall be used to estimate the quantum of 

reserves requirement. 

8.4      Week-ahead, Day-Ahead and Real-Time Basis – Nodal Agency would use the 

data available with RLDCs/Nodal Agency.   

8.4.1   For weekly reserves requirement computation for the next week (W+1), 

data for the past four weeks (W-1, W-2, W-3, W-4) and same week (W+1) 

of the last year shall be used.  

8.4.2   For the day ahead reserve estimation, last seven days data shall be used. 

8.4.3  For real time reserve estimation, the estimated day ahead reserve 

requirement, availability of reserves on day ahead basis, real time system 

conditions, load/RE forecast, load generation balance, weather, 

contingencies, congestion and other related parameters shall be used.   

Secondary Reserves 

8.5 The estimation of secondary reserve capacity requirement, on regional basis 

and state basis, shall be carried out by Nodal Agency as per the following 

methodology: 

8.5.1 The positive (Up Reserve) and negative (Down Reserve) secondary 

reserve capacity requirement on regional basis would be computed as 

99 percentile of negative and positive ACE respectively of that region for 

year ahead, quarter ahead and week ahead.  

8.52  The 99 percentile of the positive and negative ACE of each state control 

shall be computed and aggregated at regional level.  This shall be scaled 

using 99 percentiles of the regional ACE to factor diversity at regional 

level. The scaled values of 99 percentile of the state ACE shall be used to 

arrive at the reserve requirement at Inter-state and Intra-state levels. 

8.5.3 The drawl by the respective state and its internal-generation at the time 

of peak demand during the period under consideration shall be used for 
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apportionment of the reserve requirement. The intra state reserves shall 

be in proportion to the contribution of internal generation at the time 

peak demand. The Inter-state reserves shall be in proportion to the drawl 

from the grid at the time of peak demand.  

8.5.4   The state level requirement shall be aggregated to arrive at the regional 

and all India reserve requirement.  

8.6 The all-India total of positive (and negative) secondary reserves capacity 

requirement on regional basis shall be equal to the reference contingency or 

secondary reserve capacity requirement as computed above, whichever is 

higher. If the all-India reserve requirement is less than the reference 

contingency such additional reserves shall be considered in the regional 

requirement.  

 

Tertiary Reserves 

8.7 The estimated quantum of tertiary reserve requirement at regional level would 

be considered equal to the secondary reserve requirement at regional level as 

computed above. 

8.8 The estimated quantum of tertiary reserve requirement at state level would be 

considered equal to the sum of secondary reserve requirement at state level 

and 50 % of the largest unit size in the respective state control area. 

Day-Ahead Assessment of Requirement of Reserves for SRAS and TRAS  

8.9 The Nodal Agency shall use the methodology outlined above for assessment of 

the reserve requirement for SRAS and TRAS on day-ahead.   

Real Time Assessment of Requirement of Reserves for SRAS and TRAS  

8.10    For real time reserve estimation, the estimated day ahead reserve requirement, 

availability of reserves on day ahead basis, real time system conditions, load/RE 

forecast, load generation balance, weather, contingencies, congestion, and 

other related parameters shall be used.   
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9.0 Information Dissemination 

9.1 The requirement of SRAS and TRAS reserves on year ahead, quarterly and week-

ahead basis would be displayed and updated on the Nodal Agency website. 

9.2 The reference contingency shall be declared by Nodal Agency by 31st January 

before the start of each financial year (Format – RAS3).  The review of reference 

contingency may be done by the Nodal Agency, any time after the declaration, 

during the financial year. Accordingly, the figures of reference contingency 

would be revised and updated on the Nodal Agency website. 

(Illustration: The reference contingency for financial year 2023-24 would be declared by 

31st January, 2023) 

9.3 The assessment of the reserves capacity requirement for SRAS and TRAS on 

Year Ahead Basis would be declared by Nodal Agency by 25th January of the 

current year (Format – RAS4) 

(Illustration: The reserve requirement for SRAS and TRAS in financial year 2023-24 would 

be declared by 25th January, 2023) 

9.4 The assessment of the reserves capacity requirement for SRAS and TRAS on 

Quarterly Basis would be declared by Nodal Agency by last day of the first 

month of the current quarter (Format – RAS5) 

(Illustration: The reserve requirement for SRAS and TRAS in quarter July – September, 

2022 would be declared by 30th April, 2022) 

9.5 The assessment of the reserve capacity requirement for SRAS and TRAS for the 

succeeding week would be declared by Nodal Agency by Thursday of the 

preceding week (Format – RAS6) 

(Illustration: The reserve requirement for SRAS and TRAS in Week-10 of FY 2022-23 would 

be declared by Thursday of Week–9 of FY 2022-23) 

9.6 The summary of reserve requirement on year-ahead, quarter-ahead and week-

ahead would be published on Nodal Agency website (Format – RAS7). 

9.7 The status of data received by the nodal agency from various sources and static 

data such as peak demand of the state, internal generation, frequency bias etc. 

shall also be published on the nodal agency website.  
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10.0 Revision of the procedures 

 Notwithstanding anything contained in this Procedure, NLDC/RLDCs may take 

appropriate decisions in the interest of System Operation. Such decisions shall 

be taken under intimation to CERC and the procedure shall be 

modified/amended with the approval of the CERC, as necessary. 
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Format – RAS1 
Data  for Estimation of Year Ahead Reserves  

 
Following Data is to be provided by each state control area 
 

1. Assessment of reserves for the FY: 01.04.yyyy to 31.03.yyyy 
2. Name of the state: 
3. Data for the calendar: 01.01.yyyy to 31.12.yyyy 
4. Data furnished (please tick the data submitted): 

a. Actual interchange of the State (10 seconds resolution), (Number of samples = 
365*24*60*6 = 3153600 nos.) in excel format 

b. Frequency Response Characteristics of the State for the events posted on NLDC 
website (https://posoco.in/frc/)  

c. Peak Demand met 
d. Intra-State Generation (other than ISGS) at the time of peak demand    

 
Actual interchange of the State (10 seconds resolution) for  

calendar: 01.01.yyyy to 31.12.yyyy 
Date & Time 

(DD-MMM-YY HH:MM:SS) 
Actual interchange of the State (MW) 

01-jan-2021 00:00:10 452 
01-jan-2021 00:00:20 456 
01-jan-2021 00:00:30 461 

…..  
…….  

31-Dec-2021 23:59:50 498 

 
Frequency Response Characteristics of the State for  

calendar: 01.01.yyyy to 31.12.yyyy 
Event Details Frequency Response 

Characteristics (MW/Hz) 
Events 1:  800  
Event 2: 815 
Event 3:  756 

 
Peak Demand and Intra-State Generation of the State for  

calendar: 01.01.yyyy to 31.12.yyyy 
State/UT Peak Demand met 

(MW) 
Intra-State Generation 
(other than ISGS) at the 
time of peak demand 

(MW) 
………    

https://posoco.in/frc/
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Format – RAS2 
Data for Estimation of Quarter Ahead Reserves  

 
Following Data is to be provided by each state control area 
 

1. Assessment of reserves for the FY: 01.mm.yyyy to 31.mm.yyyy 
2. Name of the state: 
3. Data for the Quarter: 01.mm.yyyy to 31.mm.yyyy 
4. Data furnished (please tick the data submitted): 

a. Actual interchange of the State (10 seconds resolution), (Number of samples = 
120*24*60*6 = 1036800 nos.) in excel format 

b. Frequency Response Characteristics of the State for the events posted on NLDC 
website (https://posoco.in/frc/)  

c. Peak Demand met 
d. Intra-State Generation (other than ISGS) at the time of peak demand    

 
Actual interchange of the State (10 seconds resolution) for 

the Quarter: 01.mm.yyyy to 31.mm.yyyy 
Date & Time 

(DD-MMM-YY HH:MM:SS) 
Actual interchange of the 

State (MW) 
01-Apr-2021 00:00:10 452 
01-Apr-2021 00:00:20 456 
01-Apr-2021 00:00:30 461 

…..  
…….  

31-June-2021 23:59:50 498 

 
Frequency Response Characteristics of the State for the Quarter: 

01.mm.yyyy to 31.mm.yyyy 
Event Details Frequency Response 

Characteristics (MW/Hz) 
Events 1:  800  
Event 2: 815 
Event 3:  756 

 
Peak Demand and Intra-State Generation of the State for  

Quarter: 01.mm.yyyy to 31.mm.yyyy 
State/UT Peak Demand met 

(MW) 
Intra-State Generation 
(other than ISGS) at the 
time of peak demand 

(MW) 
………    

https://posoco.in/frc/
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Format – RAS3 
Reference contingency for Indian Power System 

 
Date: 31 January 2023 Revision No. 

 
 

Applicable for FY 2023-24  

Reference Contingency for generation loss (MW) 4500  

Reference Contingency for load loss (MW) 4500 
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Format RAS4 

 
*Please Note: Based on Actual Data for Illustration Purpose only 
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Format RAS5 

 
*Please Note: Based on Actual Data for Illustration Purpose only 
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Format RAS6 

 
*Please Note: Based on Actual Data for Illustration Purpose only 
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Format RAS7 

Summary of Reserve Requirement 

 
*Please Note: Based on Actual Data for Illustration Purpose only 
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Annexure I 

 
National Load Despatch Centre 

Power System Operation Corporation Limited 

 

Guideline for Calculation and Monitoring of Area Control Error  

This document provides the detailed guidelines to be uniformly adopted by the NLDC, 
RLDCs, SLDCs, and REMCs for measurement, calculation, monitoring, and archival of 
Frequency, Tie-Line Flows, Frequency Bias, Metering Errors, and Area Control Error 
(ACE). ACE is an important parameter which depicts the health of the power system. 
This document enables uniform notation for ACE, thereby allowing all the load 
despatch control rooms pan India to pass on information about this grid security 
aspect with one another.   
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1. Formula of Area Control Error (ACE) 

The Area Control Error (ACE) for each control area1 would be calculated at all the 
load despatch centres based on telemetered values and external inputs as per the 
below formula2. 
  

 ACE = (Ia - Is) - 10 * Bf * (Fa - Fs) + Offset 

 Ia = Actual net interchange in MW (positive value for export) 

 Is = Scheduled net interchange in MW (positive value for export) 

 Bf = Frequency Bias Coefficient in MW/0.1 Hz (negative value) 

 Fa = Actual system frequency in Hz 

 Fs = Schedule system frequency in Hz (default 50 Hz) 

Offset = Provision for compensating errors such as measurement error; 
default value zero. 

 In the above formula, ACE has three components as below.  

1. Interchange deviation component (Ia-Is) 
2. Frequency deviation component -10*Bf*(Fa-Fs) 
3. Offset or Metering Error  

Sign convention adopted for interchange MW values is, positive value for export 
and negative value for import. Bf is a negative value. System Frequency (Fa) is a 
positive value, close to the National Reference Frequency3 of 50 Hz. 

ACE is positive means that the control area has surplus generation and the control 
area’s internal generation has to be backed down. ACE is negative means the 
control area is in deficit and the control area’s internal generation has to be 
increased. ACE has to be driven towards zero for better frequency control and grid 
security.  

 

 

                                                           
1 Control Area means an electrical system bounded by interconnections (tie lines), metering and telemetry which 
controls its generation and/or load to maintain its interchange schedule with other control areas and contributes 
to regulation of frequency as specified;  
Definition from the Report of the Expert Group: Review of Indian Electricity Grid Code, January 2020. 
https://cercind.gov.in/2020/reports/Final%20Report%20dated%2014.1.2020.pdf 
2 Formula as given in the Report of the Expert Group: Review of Indian Electricity Grid Code, January 2020. 
3 Defined in the Report of the Expert Group: Review of Indian Electricity Grid Code, January 2020. 

https://cercind.gov.in/2020/reports/Final%20Report%20dated%2014.1.2020.pdf
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2. Measurement of Frequency 

System frequency is an important input for calculating ACE. Typically, ACE is used 
for taking generation increase/decrease actions using the below applications 

a. Secondary frequency control through AGC 
b. Tertiary frequency control through RRAS 
c. Monitoring and manual generation rescheduling 

All the above three applications operate in the time frame of a few seconds to 
several minutes. Hence it should suffice that the system frequency signal is 
captured using a sampling time of a few seconds for calculation of ACE. 

Suggested sampling time for frequency: 4 seconds, i.e., take a fresh frequency data 
point every four seconds. 

2.1. Choosing the master list of redundant frequency sources 

The frequency signal taken should be free from noise. To ensure the same, the 
signals from such stations shall be selected as the frequency sources, whose 
historical data is proven to be at least 99.9% noise-free in the past three months. 
To identify noise, the frequency data of different stations shall be plotted in a time 
series graph. The graph should be free from spikes. Choose 10 such stations to act 
as redundant frequency sources in ACE calculation. This list may be reviewed 
quarterly.  

2.2. Location of redundant frequency sources and host server 

For the applications a, b, and c, mentioned above, frequency source from any 
geographic location should serve the purpose as the time range of interest is in 
seconds. Typically, in time frame of a few seconds, all the electromagnetic 
transients and most of the electromechanical transients usually get damped and 
settled4. Hence, stations from different geographic locations can be chosen as 
redundant frequency sources. Having a mix of at least 10 redundant frequency 
sources from SCADA and URTDSM (PMU) is advised. Frequency data from URTDSM 
server are generally imported into SCADA5 for the purpose of ACE calculation.  

2.3. Algorithm for selecting the Primary Frequency Source  

The ACE calculation program can look at the quality tags of all the redundant 
signals and choose one of the signals as the primary source. In case the quality of 

                                                           
4 For applications b & c, as the dispatches are time block-wise, there is no need of consideration about frequency 
oscillations. For AGC, oscillations in ACE are further smoothened by the exponential moving average filters and 
the PI controller (low pass filter) which are typically part of the AGC software. The integration time in AGC is in 
generally between 10s -120s and hence the electromechanical oscillations and any noise get further damped. 
 
5 PMUs are not available on all the tie-lines. Hence calculating ACE is recommended through SCADA. 
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the primary frequency source becomes ‘suspect’, then the next signal with ‘good 
quality tag’ shall be selected as the primary frequency source automatically. This 
logic may be developed into the calculation program gradually, if not immediately.    

Algorithm outline:  

Initialize Primary Freq= 50 Hz 

Initialize K=1 

Initialize J=1 

Initialize Flag = Good 

Call Subroutine-A 

Subroutine-A () 

 Select the Kth frequency signal in the list as ‘primary’ and read its quality tag.  

If the quality tag is good, set J=1, exit Subroutine-A and GOTO Subroutine-B. 

If, J=11, Primary Freq = 50 Hz, exit Subroutine-A and GOTO Subroutine-B. 

Else, K=K+1, J=J+1 and Call Subroutine-A. 

End Subroutine-A ()  

Subroutine-B () 

While Flag = Good 

Read the quality tag of the Kth signal at time t 

If the quality tag is good, t=t0+4s, Flag=Good   

Else Flag = Bad 

End While 

      GOTO Subroutine-A 

End Subroutine-B  
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3. Measurement of Tie-Line Flows 

3.1. Actual Tie-Line Flows 

Actual tie-line flows shall be sampled every 4 seconds6 similar to frequency and 
shall be used in the ACE calculation. Say, the data is acquired only every 12s by the 
SCADA because of delays7, the ACE calculation program shall repeat the data thrice 
in those 12s.  Some Tie-Line flows have the problem of becoming suspect often. 
Such data should be identified and rectified immediately by following up with 
site/substation. Every tie-line flow can be obtained from 3 different sources viz., 

i. Primary Side (choose the Metering End as per IEGC)  
ii. Secondary Side (side other than the Metering End as per IEGC) 
iii. State Estimator output 

Primary side data shall be normally used for ACE calculation. In case the quality of 
the primary side becomes ‘suspect’, then let the ACE calculation program 
automatically choose the secondary side. If flow at both the ends goes suspect, use 
the state estimator output. If the state estimator is not running, replace the suspect 
data manually with ‘last good value’, rather than retaining garbage value. 
Information of manual interventions shall be monitored, carried forward and 
updated frequently in every shift. Sign convention adopted for interchange MW 
values is, positive value for export and negative value for import.        

Note that all the tie-lines should be accounted for, while calculating the Net Actual 
Tie-Line Flow (Ia), i.e., algebraic sum of the flows. If any of the tie-lines is non-
observable, the data of the same can be replaced with a fixed value as informed by 
site/substation telephonically to the control room.  

3.2. Scheduled Tie-Line Flows 

The Net Scheduled Tie-Line Flow (Is) of a control area should generally be the 
output of a scheduling software program, from which the data is imported into 
SCADA for all the 96-time blocks. ACE is calculated using the net tie-line flow, and 
path-wise scheduled flows are algebraically added based on direction.  

Net Scheduled Tie-Line Flow of the control area can be calculated every time block 
by adding the algebraic sum of scheduled MW export contracts (from the control 

                                                           
6 At NLDC, the tie line flow acquisition delay (around 10s) includes the delay introduced while acquiring data 
from RLDCs through ICCP, apart from the delay in acquiring tie line data from RTUs to the RLDCs. For other 
RLDCs/control areas, delay (~ 5s) is mainly introduced in acquiring tie line data from RTUs to the RLDCs. However, 
this data acquisition timing has to be improved further by all the control areas. 
      
7 Higher updation time as well as non-simultaneity can lead to inconsistent frequency response assessment and 
incorrect ACE calculations. Ideal would be to have PMUs on all inter-regional lines to begin with, followed by all 
inter-state tie lines. 
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area to all the other control areas; positive values) and the scheduled MW import 
contracts (to the control area from all the other control areas; negative values) and 
the MW sum of resultant of the virtual entities. In line with the tie-line flow 
convention, sign convention for TRAS Up regulation is positive, TRAS Down is 
negative. Note that for ACE calculation, we are interested in the net control area 
values, and not the path-wise values. 

For example, if a particular control area imports 2000 MW from the other control 
areas through tie-lines, exports 500 MW to the other control areas through tie-
lines, RRAS Up of 200 MW is dispatched and SCED Down of 100 MW is dispatched. 
Then Is = -2000+500+200-100 = -1400 MW for that time block.    

Note that the Net Scheduled Tie-Line Flow value shall be always less than the 
Export Available Transfer Capability (ATC) and greater than the Import ATC value.  

4. Assessment of Frequency Bias 

The 2017 IEEE Task Force Report8 on “Measurement, Monitoring, and Reliability 
Issues Related to Primary Governing Frequency Response,” recommends using 
Frequency Response Characteristic (FRC) calculated after the power and frequency 
transients have settled, for the Frequency Bias Coefficient (Bf) used in the ACE 
equation. A sample size of twenty (20) FRC events has been deemed adequate for 
estimating the frequency response characteristic to rule out human error. Several 
other references9 also have been studied, which support the IEEE Task Force Report 
recommendations. 

FRC computation procedure has been clearly provided in the draft IEGC 202010. A 
sample template for FRC assessment is enclosed as Annexure-I.I. FRC shall be 
computed for every control area for all events involving a sudden 1000 MW or 

                                                           
8 IEEE Task Force Report. 2017. “Measurement, Monitoring, and Reliability Issues Related to Primary 
Governing Frequency Response,” Technical Report PES-R-24, October.  
https://resourcecenter.ieee-pes.org/publications/technical-reports/PESTECRPTGS0001.html 
 
9 J. L. Willems, "Sensitivity Analysis of the Optimum Performance of Conventional Load-Frequency Control," in 
IEEE Transactions on Power Apparatus and Systems, vol. PAS-93, no. 5, pp. 1287-1291, Sept. 1974, doi: 
10.1109/TPAS.1974.293852. https://ieeexplore.ieee.org/document/4075491 
 
NERC, Frequency Response Standard Background Document. November, 2012. 
https://www.nerc.com/pa/Stand/Project%20200712%20Frequency%20Response%20DL/Bal-003-1-
Background_Document-Clean-2013_FILING.pdf 
 
P. Kundur, Power System Stability and Control, Chapter 11, McGraw-Hill, New York, 1994. 
 
10 Report of the Expert Group: Review of Indian Electricity Grid Code, January 2020. 
https://cercind.gov.in/2020/reports/Final%20Report%20dated%2014.1.2020.pdf 

https://resourcecenter.ieee-pes.org/publications/technical-reports/PESTECRPTGS0001.html
https://ieeexplore.ieee.org/document/4075491
https://www.nerc.com/pa/Stand/Project%20200712%20Frequency%20Response%20DL/Bal-003-1-Background_Document-Clean-2013_FILING.pdf
https://www.nerc.com/pa/Stand/Project%20200712%20Frequency%20Response%20DL/Bal-003-1-Background_Document-Clean-2013_FILING.pdf
https://cercind.gov.in/2020/reports/Final%20Report%20dated%2014.1.2020.pdf
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more load/generation loss or a step change in frequency by 0.10 Hz. All these FRC 
values shall be archived along with date, time and reasons of the event.  

4.1. Bf value assessment 

In the calculation of ACE, the value of Frequency Bias Coefficient in MW/0.1 Hz 
(negative value) shall be based on median Frequency Response Characteristic 
during previous financial year of each region. Median11 value of the past 20 events 
would be used for updating the FRC. The occurrence of these 20 events is actually 
expected to cover the entire previous year, thereby subsuming the seasonality 
aspect of load and generation. Bf value shall be declared by the Nodal Agency. 

4.2. Bf update timing 

The Bias (Bf) value may be updated in the ACE calculations at the LDCs, once in 
every quarter12 on the 24th day of the month after the completion of the previous 
quarter. For example, update the Bias (Bf) value on 25th July, after the completion 
of the quarter April – June. The updated Bf value in SCADA shall also be shared 
continuously through ICCP bottoms up, from SLDCs to RLDCs, and from RLDCs to 
NLDC for all the relevant control areas. An offline all India compilation in Excel/DB 
may be maintained by NLDC for all the control areas. 

5. Measurement of Metering Errors - OFFSET 

Typically, the accuracy level of the SCADA Remote Terminal Unit (RTU) is 0.5%. Also, 
there is a chance of error in the instrumentation and communication. Inherent 
latency and non-simultaneous reporting of SCADA might also cause metering 
error. Hence, while calculating ACE using the RTU metered tie-line flows, there is a 
probability of metering errors corrupting the actual value. OFFSET shall be used if 
such a metering error has been established using long-term data/statistical 
analysis. 

In case of un-observable tie-line flows, where it is not feasible to replace the actual 
tie line flow data manually, OFFSET can be used to substitute the tie-line flow with 
correct sign convention. Information of manual interventions shall be monitored, 
carried forward and updated frequently in every shift. Sign convention adopted for 
interchange MW values is, positive value for export and negative value for import.        

6. Calculation of ACE 

                                                           
11 The median is a better choice as the FRC value is susceptible to a small number of extreme values, or 
outliers. These outliers are possible when incorrect information regarding the exact quantum of 
load/generation lost in the control area is received for an FRC event. 
12 The literature studied and mentioned in 6,7 suggests updating the bias values once in a year for practical 
power systems. However, due to the developing nature of Indian power system, authors of this report suggest 
a quarterly update. 
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With the above data, ACE may be calculated every 4 seconds, i.e., refresh the value 
of ACE every 4 seconds. The formula, techniques and details have already been 
mentioned in the earlier sections.    

7. Archival of different parameters 

It is important to archive the individual parts of the ACE into a database every 4 
seconds. That means, apart from the calculated ACE, Interchange deviation (Ia-Is), 
Frequency deviation (Fa-Fs), Frequency Bias (Bf) and Offset shall also be separately 
archived in the database every 4 seconds. This is necessary to build and calculate 
what-if scenarios for reserve estimation, forecasting, etc.   

8. Monitoring of ACE and Suggested Corrective Actions 

All the control rooms of the control areas shall prominently monitor ACE, apart 
from the tie-line deviation and frequency deviation.  

ACE is positive means that the control area has surplus generation and the control 
area’s internal generation has to be backed down. ACE is negative means the 
control area is in deficit and the control area’s internal generation has to be 
increased. All the frequency control interventions shall be in the direction to drive 
ACE towards zero. ACE remaining in the same direction for several minutes without 
crossing zero is a strong indicator that the frequency control interventions have to 
be kicked in. 

9. Calculating ACE for Regional Entity Control Area 

Each Regional entity power station is a control area by itself. ACE for a regional 
entity power plant can also be worked out separately for the purpose of 
monitoring. The bias would depend on the number of units on bar (40% of capacity 
on bar per Hz assuming 5% droop plus a small load response from the unit 
auxiliaries). When there are fragmented control areas and virtual power plants 
operated from a single control center, this aspect assumes importance. 

  

 
-------------------- **************-------------------- 
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Annexure-I.I 
 Sample Template for Frequency Response Characteristic Calculation 
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