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Annexure 1: Operating Conditions used to calculate Primary Reserve requirement 

Summer Peak Base Case 
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Summer Off-peak Base Case 
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Winter Peak – Base case 
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Winter off-peak – Base Case 
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Annexure 2: Technical data of power plants and minutes of meetings with 
stakeholders 

 

Calculations for Frequency Regulation Characteristics (β) 

To maintain system frequency according to grid code requirement, there are requirements 

on frequency regulation characteristics along with maintaining minimum primary reserves 

on the generating units. According to the grid code,  

• Target frequency is 50±.05 Hz which will be maintained during normal operating 

conditions 

• Frequency Sensitive Band (50±.2 Hz) allow Frequency variations while ramping 

up generation and load pick-up, i.e., after N-1 the frequency need to be stabilized 

within this level but through secondary control will be ramped up to target 

frequency level 

• Tolerance Frequency Band (50±.5 Hz) are protected periods of operation of the 

system during contingency period 

• Contingency Frequency Band (49.3 Hz – 50.5 Hz) is the maximum expected 

absolute value of the instantaneous Frequency after the occurrence of an 

imbalance, beyond which SO shall deploy emergency measures such as Demand 

Control or Automatic Low Frequency Demand Disconnection.  

• A Significant Frequency Disturbance Event is deemed to have occurred if the 

Frequency falls below 49.3 Hz or rises above 50.5 Hz.  

According to the above criteria, the reserves and frequency regulation need to maintained 

in a manner that during N-1 contingency the frequency nadir do not violate contingency 

frequency band and after activation of primary reserves the frequency settle within 

frequency sensitive band. As. 

∆𝑓 =  
∆𝑃

𝛽𝑔 + 𝛽𝑙

 

Where, 

∆𝑓 is the steady state frequency;  

∆𝑃 is the active power imbalance; 

𝛽𝑙 is the load damping; and   

𝛽𝑔 is the sum of frequency regulation from all generating units.  

In the above equation, 𝛽𝑔 and 𝛽𝑙 equals to; 

𝛽𝑔 = ∑ 𝛽𝑔,𝑖

𝑛

𝑖=1

    

&  𝛽𝑔,𝑖 =  
𝑃𝑖

𝑅𝑖 ∙ 𝑓𝑛

  

𝛽𝑙 =  
𝑃𝑙𝑜𝑎𝑑 ∙ 𝐷

𝑓𝑛

   

Where, 
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Pi is the rated power of generating unit i 

Ri is the governor droop of generating unit i 

fn is the nominal frequency 

Pload is the connected load 

D is the load damping 

If, during contingency of N-1 (K-2 tripping resulting in 1040 MW of power imbalance), 

steady state frequency has to be maintained at 49.8 then the frequency regulation 

requirement with governor dead band of 0.05 Hz will be: 

∆𝑓 =  
∆𝑃

𝛽𝑔 + 𝛽𝑙

  

(.2 − .05) =  
1040

𝛽𝑔 + 𝛽𝑙

  

𝛽𝑔 + 𝛽𝑙 = 0.15 ∗ 1040 = 6933
𝑀𝑊

𝐻𝑧
 

𝑖𝑓 𝑃𝑙𝑜𝑎𝑑 = 20000 𝑀𝑊 𝑎𝑛𝑑 𝐷𝑎𝑚𝑝𝑖𝑛𝑔 𝑖𝑠 2,  𝑡ℎ𝑒𝑛  

𝛽𝑙 =  
𝑃𝑙𝑜𝑎𝑑 ∙ 𝐷

𝑓𝑛

=
20000 ∗ 2

5
= 800

𝑀𝑊

𝐻𝑧
 

≫ 𝛽𝑔 = 6133
𝑀𝑊

𝐻𝑧
 

𝑤𝑖𝑡ℎ 𝑑𝑟𝑜𝑜𝑝 𝑜𝑓 4%,  𝑡ℎ𝑒 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑔𝑒𝑛𝑒𝑟𝑡𝑖𝑜𝑛 𝑤𝑖𝑡ℎ 𝐹𝐺𝑀𝑂 𝑤𝑖𝑙𝑙 𝑏𝑒  

 𝛽𝑔 =  
∑ 𝑃𝑖

𝑅𝑖 ∙ 𝑓𝑛

 ≫ ∑ 𝑃𝑖 = 6133 ∗ .04 ∗ 50 = 12,266 𝑀𝑊 

When 90% of reserve power is provided by NTDC and 10% by KE, 11040 MW of NTDC 

generating units will be operating on FGMO mode and 1226 MW of KE generating units will 

be operating under FGMO mode.  

The study has also analyzed the BESS with droop of 0.5 % and capacity of 500 MW, the 

frequency regulation provided by the BESS will be  

 𝛽𝐵𝐸𝑆𝑆 =  
𝑃𝐵𝐸𝑆𝑆

𝑅𝐵𝐸𝑆𝑆∙𝑓𝑛
 𝑤𝑖𝑡ℎ 𝑃𝐵𝐸𝑆𝑆 = 500 𝑀𝑊, 𝑅𝐵𝐸𝑆𝑆 = 0.5% ≫ 𝛽𝐵𝐸𝑆𝑆 = 2000 𝑀𝑊/𝐻𝑧 

The implementation of BESS will minimize the frequency regulation requirement from 

generating units thereby less generation on FGMO will be required. 

Governor Droop analysis: Dated May 03, 2023  

Event Summary 

Time of Event: May 03, 2023, 14:34:20 

Frequency drop trend 

14:34:20 – 50.31 

14:34:32- 49.54 
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14:34:37 – 49.27 

Generation: 15,300 MW. 

 Under frequency stage – 1 Operated due to tripping of K-2 (550MW).  

Load tripped due to under frequency = 406MW. 

Manual opening = 124MW. 

Total = 530MW. 

ROCOF Operated = No. 

System normalized @ 1450hrs. 

Data Summary- Frequency Trend 

 

Data Summary- Plant Data 

 

 

Observations 

• Most plants were operating at rated load so margin for frequency response was not 

available/very minimal. 
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• A momentary increase in Generation is observed but not sustainable (Probably due 

to ROCF). 

• Increase in generation was from 2 ~7% of operating load. 

• Maximum generation point was reached from 50.302 ~ 50.02. 

• Most generating units achieved maximum generation in 3-5 seconds of frequency 

drop and then gradually reduced generation to initial dispatch time within 20 Secs. 

Observations- RLNG Plants 

• All GT’s dropped generation after initial momentary response with a drop in 

frequency. This situation further Jeopardized frequency management. This is likely 

due to reduction in input fuel pressure as a result of change in compressor speed. 

 

 

 

Observations- Coal Fired Plants 
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Recommendations 

• Primary frequency response capability analysis to be carried out in consultation 

with IPPs & Industry notables as per demonstrated values and any additional 

margin (if available). 

• Working document/Operating Procedure to be developed and presented to the 

authority based on capability analysis & S.O. Operational modalities. 

• It is mandatory to operate IPP(s) at partial loads to get primary frequency 

response. 

• Gas Turbine based IPPs to be asked to justify drop in generation in response to 

frequency drop. 

• Principally Secondary frequency response is essential for an effective 

implementation of primary frequency response. However, till the time AGC is not 

available operation team has to develop an SOP to timely become aware of a 

Primary response trigger and manage system accordingly. 
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MoM with RLNG-fired power plants 

DATE: 29-08-23 

Venue: NPCC Committee Room 

Agenda:  

Financial & Technical Implications of adjusting Primary Reserves Technical Limits in 

Thermal Power Plants in accordance with Grid Code 2023 

Participants: 

➢ Wajid Ali Chatha, Manager (Regulatory Affairs & Grid Code Compliance), NPCC 

with team. 

➢ Abdul Basit, Manager (Research & Development), NPCC, NTDC. 

➢ Saeed Ahmed (Additional Manager RCC), NPCC, NTDC 

➢ Mr. Imtiaz Ahmed, Deputy Manager, NPCC, NTDC 

➢ Representatives from Punjab Thermal Power (Pvt) Limited 

➢ Representatives from Quaid-e-Azam Thermal Power (Pvt) Limited 

➢ Representatives from National Power Parks Management Company (Pvt) Ltd. 

Discussion: 

➢ The Grid Code 2023 provision states 

OC 5.4.7.2. (d) A Frequency Dead band of no greater than 

± 0.05 Hz may be applied to the operation of the Governor 

Control System. The design, implementation and operation 

of the Frequency Dead band shall be agreed with the SO 

prior to commissioning of the Generating Unit/Station. 

➢ The above-mentioned provision regarding the frequency dead band is replicated from 
the Grid Code 2023. It should be noted that all the IPPs thermal power plants possess 
the technical capabilities to comply with the GC23 OC 5.4.7.2 (d) provision. 

➢ Currently most of the GPPs are non-complaint with the above-mentioned provisions 
as they are following dead band of 2005 Grid Code with ±0.5Hz dead band.  

➢ Punjab Thermal, being a relatively new plant have disabled its frequency response 
altogether & have mentioned that enabling the primary frequency response causes 
problems for them in invoice settlement. 

➢ NPCC recommended that initially dead band of frequency response of selected 
Thermal Generation Units be reduced to 0.2Hz for trail purposes & dead band should 
be gradually reduced further to align with the 0.05 Hz limits based on the findings of 
trail period & activation of frequency response on all eligible plants. 

➢ The independent thermal power plants were asked to provide all the technical 
specification, limitation of maximum power provided by machine in response to 
variations as well as the flexibility provided by manufacturer on withstanding the 
frequency variation of ±0.5Hz of their GUs. This data will be used by NPCC R&D 
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Section to produce an accurate model of frequency response on the system with 

respect to the ±0.2Hz dead band limit.  
➢ Before agreeing to any formal agreement, a trial period will be conducted to examine 

the practical implications of implementing the above-mentioned provision on the 
Thermal Power Plants and the System. 

➢ Major issue highlighted by plats was that since the plants are given a set value of MW 
to dispatch, enabling the governor response at ±0.05Hz would make it practically 
impossible for plant to maintain a single energy level output. QATPL raised concern 
regarding the billing process of the energy dispatched with the governor response 
enabled at ±0.05Hz and requested that a comprehensive methodology that accurately 

encompasses the dispatch orders of NPCC and response of GUs with the 
implementation of GC23 provisions.  

➢ It was agreed that a dispatch compliance monitoring mechanism will be developed 
and implemented so as to accurately monitor the power output of thermal plants 
relative to the system frequency. 

➢ CPPA team mentioned that existing PPA’s don’t allow an upper dispatch tolerance 
level so once a formal frequency response mechanism is agreed subsequently some 

terms of PPAs might require amendments. 

MoM with coal-fired power plants 

DATE: 18-09-23 

Venue: NPCC Committee Room 

Agenda: 

Technical Implications of adjusting Primary Reserves Technical Limits in Coal Based IPPs 

in accordance with Grid Code 2023 

Participants: 

1) Wajid Ali Chatha, Manager (Regulatory Affairs & Grid Code Compliance), NPCC. 

2) Abdul Basit, Manager (Research & Development), NPCC, NTDC. 

3) Saeed Ahmed (Additional Manager RCC), NPCC, NTDC. 

4) Salman Gul, Dy Manager (Regulatory Affairs & Grid Code Compliance), NPCC. 

5) Mubashir Hussain, Dy Manager (Reg Affairs & Grid Code Compliance), NPCC. 

6) Imtiaz Ahmed, Deputy Manager, NPCC, NTDC. 

7) Mirza Shoaib Ahmed, Asst Manager, (Reg Affairs & Grid Code Compliance), NPCC. 

8) Representatives from The Hub Power Company Limited (Thar Energy Limited) 

9) Representatives from The Hub Power Company Ltd (ThalNova Power Thar Pvt) 

10) Representatives from Port Qasim Electric Power Company (PQEPC)Power 

Project 

11) Representatives from Lucky Electric Power Company  

12) Representatives from Shanghai Electric (SECL) (Thar Block-I) 

13) Representatives from China Power Hub Generation Company 
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Discussion: 

➢ The Grid Code 2023 provision states 

OC 5.4.7.2. (d) A Frequency Dead band of no greater than 

± 0.05 Hz may be applied to the operation of the Governor 

Control System. The design, implementation and operation 

of the Frequency Dead band shall be agreed with the SO 

prior to commissioning of the Generating Unit/Station. 

➢ The above-mentioned provision regarding the frequency dead band is replicated from 

the Grid Code 2023. It should be noted that all the IPPs coal-based power plants 

possess the technical capabilities to comply with the GC23 OC 5.4.7.2 (d) provision. 

➢ NPCC team mentioned that it is assessing a step wise application of the dead band for 

frequency response of selected Thermal Generation Units be reduced to 0.2Hz. This is 

for the purpose of conducting studies/demos on the response of the system by the 

changes in the mentioned settings. Later once the frequency response becomes active 
at all respective IPPs. the dead band will be further reduced to 0.05 Hz. 

➢ The independent coal-based power plants are required to provide, Unit’s operation 

status, DCS Trend along with Excel sheet of following in maximum resolution of Unit 

Active Power (MW) & System Frequency, Governor droop status along with frequency 

dead band, limitation of maximum power provided by machine in response to 

variations as well as the flexibility provided by manufacturer on withstanding the 

frequency variation of ±0.5Hz of their GUs. This data will be used by NPCC R&D 

Section to produce an accurate model of frequency response on the system with 

respect to the ±0.2Hz dead band limit. 

➢ Before agreeing to any formal agreement, a trial period will be conducted to examine 

the practical implications of implementing the above-mentioned provision on the 
Thermal Power Plants and the System. 

➢ IPPs were instructed by NPCC that all instances of abnormalities of load variation due 

to change in frequency should be sent to NPCC for examination and further 
proceedings. 

➢ Representatives from HUBCO along with other participant shared their concern 

regarding frequent and abrupt frequency variations in the system and requested that 

NPCC operate the system within the safe technical limits so as to avoid such 

fluctuations. 

➢ HUBCO stated its concern that with the primary frequency reserves activated and the 

dead band reduced to ±0.2Hz, the generation units will be adversely affected due to 

the sudden and continuous variations in frequency of the system. If the current 

practices of NCC continue in the future, the IPPs will be forced to either increase their 
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dead band range or disconnect from the system as their equipment is their first 

priority.  

➢ Representatives from HUBCO opined that it would be more effective for all power 

plants to enable their Primary Frequency Response simultaneously, as a step-by-step 

activation would not be productive. 

➢ NPCC team informed that as per O.C. 5.4.13 of the Grid Code 2023, System Operator is 

in process of preparing a comprehensive reserves management policy to be further 

submitted to Authority for review. Concerned raised by Plants shall be dually 
considered in the reserve management policy draft. 

 

 

MoM with CPPA-G 

DATE: 25-09-23 

Venue: NPCC Committee Room 

Agenda: 

Dispatch variability due primary frequency reserve 

Participants: 

CPPA-G: Mubashar Ahmad Qureshi (CTO), Atif Rafique, Bilal Rafique, Bilal Ijaz 

NPCC: Sajjad Akhtar (G.M, System operations), Wajid Ali Chattha, Saeed Ahmad, Taswar 
Abbas, Imtiaz Ahmad, Salman Gul, Mubashir Hussain, Mirza Shoaib Ahmed 

Discussion: 

➢ It was highlighted by NPCC team that sessions have been conducted with GPPs & CFPPs 

to discuss activation of Frequency reserves at their respective facilities in line with 

provisions of Grid Code 2023. These plants have highlighted that in case of operating 

in frequency sensitive mode, plant’s dispatch will be varied with change of frequency 

outside the dead band which can lead to deviation of NEO from actual dispatch 

instruction and since currently there is no provision of tolerance in lower dispatch 

variation so plants will be subject to financial implications. 

➢ CPPA team clarified that contractually NPCC is mandated to operate and control power 

plants within the permissible Technical Limits. Moreover, IPPs are also obligated to 

follow NPCC despatch instructions. Contrary, all the associated financial implications 

shall remain attributed to IPPs in its entirety.  However, operational instances of 

power plant while operating on frequency sensitive mode, if any, shall be verified by 
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NPCC otherwise CPPA could not compute actual quantum of FTADL and other related 

financial implications accordingly. 

➢ Both parties agreed on following action items: 

• Plants should be asked by NPCC to submit their consent / comments regarding 

activation of frequency sensitive mode operation in writing. 

• Considering the possible dispatch variation while operation of power plants in 

frequency sensitive mode, a prior strategy for dispatch instruction compiling and 

verification needs to be developed to avoid complexity at later stage. Following 

comprehensive dispatch analysis, a trail period of 7 ~ 15 days may be considered 

to observe behaviour of different plants. 

• Since adequate frequency reserves availability is a regulatory obligation along 

with a genuine requirement of system stability, thus necessary amendment in 

PPA’s will be required following a mutual consensus with the IPPs.   

 

 

PPA 8.3 Turbine Governor Operation test reports 

 

CHINA POWER HUB 
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BALLOKI 
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HBS 
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LUCKY COAL 
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CPHGC 
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EPTL CFPP 
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SAHIWAL COAL 
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BHIKKI CCPP 
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PQEPC CFPP 
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QATPL CFPP 
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SKM  
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TCB CFPP 
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Thar Nova Power thar (Pvt) Limited 
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Thar Energy Limited CFPP 
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Annexure 3: Operating Conditions used to calculate Primary Reserve 
requirement with high penetration of VRE 

Summer Peak – VRE case 
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Summer Off-peak – VRE case 
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Winter Peak – VRE case 
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Winter off-peak – VRE Case 
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Annexure 4: Operating Conditions used to calculate Secondary Reserve 
requirement 

Base Cases 

Summer Peak (Case A): baseload coal-fired power plants 
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Summer Peak (Case B): fast-ramping power plants 
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Summer Off Peak (Case A): baseload coal-fired power plants 
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 Summer Off Peak (Case B): fast-ramping power plants 
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 Winter Peak (Case A): baseload coal-fired power plants 
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 Winter Peak (Case B): fast-ramping power plants 
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 Winter Off Peak (Case A): baseload coal-fired power plants 
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 Winter Off Peak (Case B): fast-ramping power plants 
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VRE Integrated Cases 

 Summer Peak (Case A): baseload coal-fired power plants 
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Summer Peak (Case B): fast-ramping power plants 
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Summer Off Peak (Case A): baseload coal-fired power plants 

 

 



Operating Reserve Policy  

 

188 

 

 

Summer Off Peak (Case B): fast-ramping power plants 
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Winter Peak (Case A): baseload coal-fired power plants 

 



Operating Reserve Policy  

 

191 

 

 
 

Winter Peak (Case B): fast-ramping power plants 
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Winter Off Peak (Case A): baseload coal-fired power plants 

 



Operating Reserve Policy  

 

193 

 

 

Winter Off Peak (Case B): fast-ramping power plants 

  

 

 


