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Procedure for Operationalisation 

of Spinning Reserve Margin in The State of maharashtra 
1. INTRODUCTION:

1.1. This Procedure herein after called “MSLDC Procedure for Operationalisation of Spinning Reserve Margin” is prepared in compliance with Regulation No. 14.4 of the MEGC, 2020.
1.2. Spinning Reserve is provided on specified on-bar generators to the extent of 3% of the MCR/Installed capacity. SLDC while scheduling will leave out 3% of DC for spinning reserve and remaining quantum 97% of DC shall be scheduled to the beneficiaries.
1.3. Further, reserves shall be made available on Hydro generators. Due to uncertainty the availability of APM gas/RLNG, the gas-based generation (GT/CCGT) are not considered for providing reserve. Thus, the spinning reserve margin includes margins kept in standby Hydro generations also. Hydro stations with Run-on-river shall not be considered for spinning reserve.
1.4. The spinning reserve has to be used for Ramp Up/ Ramp Down requirements of load & RE generation and in the event of unit trappings. The spinning reserve margin is required as Regulatory reserve and balancing reserve in grid operation. The Regulatory reserve requirement comprise reserves for meeting the requirements of – Primary Response (FGMO/RGMO), Secondary Response (AGC) and Tertiary Response in addition to load following. Reserve margins both Spinning and Standby are required for Load Balancing in real time grid operation for minute-to-minute balancing of Load and Generation.
1.5. The provision of Spinning Reserve shall not be applicable to RE generators at this stage. However, the same to be provided based on regulations of the Hon’ble Commission whenever such regulations are made.
1.6. The total reserve requirement- Spinning and standby shall have to be worked out based on 3% of Demand of the respective Discom and the shortfall in reserve if any may be shared with the other DISCOMs  on mutually agreed terms.

Eg: Demand of DISCOM A is 1300 MW and online generation is 500 MW(IC). The spinning reserve provided by the Discom is 15 MW (3% of 500MW) whereas the total requirement of spinning and standby reserve works out to 39 MW (3% of 1300 MW). Discom A has to arrange the balance reserve of 24 MW (39-15MW).
1.7. As per Clause 30.7 the Spinning Reserve to be provided under Clause 14.4 can not be used for the Ancillary Services. 

2. DEFINITIONS:

1.1. “Area Control Error” means the instantaneous difference between a Balancing Authority's net actual and scheduled interchange, taking into account the effects of Frequency Bias and correction for meter error.
1.2. “Automatic Generation Control” means a mechanism that automatically adjusts the generation of a control area to maintain its Interchange Schedule Plus its share of frequency response.
1.3. “Available Transfer Capability” means the transfer capability of the Inter-control area transmission system available for scheduling commercial transactions (through Long Term Opens Access (LTOA), Medium Term Open Access (MTOA) and Short-Term Open Access (STOA)) in a specific direction, considering the network security. Mathematically, ATC is the Total Transfer Capability Less Transmission Reliability Margin.
1.4. “Cold Reserve” means is that reserve capacity which is available for service but normally not ready for immediate loading. A Cold reserve is ensured by special reserve units with small start-up and spin-up time.
1.5. “df/dt Relay” means a relay which operates when the rate of change of system frequency (over time) goes higher than a specified limit and initiates load curtailment.
1.6. “FGMO”: All the turbo- generators in the grid participating in the governing action tend to annul the change in frequency by increasing or decreasing the generation. This mode of governor operation compensates the change in frequency by change in generation and is called Free Governor Mode of Operation (FGMO).
1.7. Frequency Response Characteristic (FRC): For any change in generation-load balance in the interconnection, a frequency change occurs. Each control area in the interconnection will respond to this frequency change through:

• A load change that is proportional to the frequency change due to the load’s frequency response characteristic;
• A generation change that is inverse to the frequency change due to turbine governor action. 
The net effect of these two actions is the control area’s response to the frequency change, that is, its frequency response characteristic. The combined response of all control areas in the interconnection will cause the interconnection frequency to settle at some value different from the pre-disturbance value. It will not return frequency to the pre-disturbance value because of the turbine governor droop characteristic. Frequency will remain different until the control area with the generation-load imbalance (referred to as the “Α contingent control area”) corrects that imbalance, thus returning the interconnection frequency to its pre-disturbance value.

1.8. “Governor Droop” means in relation to the operation of the governor of a generating unit, the percentage drop in system frequency which would cause the Generating Unit under restricted /free governor action to change its output from zero to full load.
1.9. “Hot Reserve” means that reserve capacity which can be made available quickly.
1.10. “Installed Capacity” means the summation of the name plate capacities of all the units of the generating station or the capacity of the generating station (reckoned at the generator terminals) as approved by the Commission from time to time.
1.11. “Indian Electricity Grid Code (IEGC)” means the grid code specified by the CERC under sub section 1(h) of Section 79 of the Act; as amended from time to time.
1.12. “Inter State Generating Station (ISGS)” means a Central Sector/other generating station in which two or more than two States have a share and whose scheduling is to be coordinated by RLDC; 
1.13. “Intra State Generating Station (InSGS)” means a generating station connected to intra-State Transmission System whose scheduling is to be coordinated by SLDC;
1.14. “Load” means the MW/MWh/MVAR/MVARh consumed by a utility/State Entity/installation; 
1.15. “Maharashtra State Load Despatch Centre (MSLDC or SLDC)” means the Centre established under sub-section (1) of Section 31 of the Act; 
1.16. “Maximum Continuous Rating (MCR)” means the maximum continuous output in MW at generator terminal guaranteed by the manufacturer at rated parameters; 
1.17. “MoD Principles” means the principles for the operation of Merit Order Despatch (MoD) and amendments thereof, as specified by the Commission in these Regulations and Deviation Settlement Mechanism Regulations and as amended from time to time; 
1.18. “RGMO”: means there should not be any reduction in generation in case of improvement in grid frequency below 50.05 Hz (for example, if grid frequency change from 49.9 to 49.95 Hz, there shall not be any reduction in generation).
1.19. “Spinning Reserve” means the Capacities which are provided by the devices including generating station or units thereof synchronized to the grid and which can be activated on the direction of the System Operator and effect the change in active power; 
1.20. “State Generating Stations” means the generating stations of state-owned generation company, i.e., Maharashtra State Power Generation Company Limited; 

1.21. “Technical Minimum” means the operation in respect of a unit(s) of a Thermal Generating Station shall be 55% of Maximum Continuous Rating or MCR loading or installed capacity of the units on bar at the generating station after deducting the normative Auxiliary Energy Consumption plus Auxiliary Energy Consumption compensation as per the provisions of these Regulations;
1.22. “Time Block” means block of 15 minutes or any such shorter duration as may be notified by Central Commission and State Commission for which specified electrical parameters and quantities are recorded by Special Energy Meters with first time block starting from 00.00 hours;
1.23. “Total Transfer Capability (TTC)” means the amount of electric power that can be transferred reliably by the InSTS under a given set of operating conditions;
1.24. “Under Frequency Relay (UFR)” means a relay which operates when the system frequency falls below a specified limit and initiates load curtailment;
3. SCOPE:
This procedure is applicable to all generating stations, distribution licensees, transmission licensees, SLDC & Users in the state of Maharashtra.
4. Implementation Aspects:
4.1 The Spinning Reserve needs to be provided in generators well dispersed across the State.
4.2 The Spinning Reserve margin available in the state of Maharashtra is worked out to assess the quantum that has to be made available as per the provisions of Regulations and the same is enclosed in Annex-1. Considering planned and forced outage of 20%, The DISCOM wise quantum of reserve to be made available works out to considering the State demand of 25644 MW  : 
State Peak Demand: 25644 MW
	DISCOM
	Corresponding DISCOM Demand (MW)
	Percentage (%)
	 Discomwise  Reserves (MW)
	Reserve to be provided through Thermal *
(MW)
	Reserve to be provided through Hydro
(MW)
	To be Purchased through mutual sharing among Discoms
(MW)

	MSEDCL
	22835
	89
	694
	320
	374
	0

	TPCL-D
	670
	3
	23
	11
	12
	0

	BEST
	706
	3
	24
	11.5
	12.5
	0

	AEML-D
	1299
	5
	39
	15
	0
	24


Total of all DISCOM NCPD (FY 19-20): 22387 MW

	DISCOM
	NCPD of DISCOM  (MW)
	Percentage (%)
	 Discomwise  Reserves (MW)
	Reserve to be provided through Thermal *
(MW)
	Reserve to be provided through Hydro
(MW)
	To be Purchased through mutual sharing among Discoms
(MW)

	MSEDCL
	18804
	84
	564.12
	320
	244.12
	0

	TPCL-D
	904
	4.04
	27.12
	11
	16.12
	0

	BEST
	959
	4.28
	28.77
	11.5
	17.27
	0

	AEML-D
	1720
	7.68
	51.6
	15
	0
	36.6


4.3 While furnishing the requisitions, the Discoms shall indicate the Spinning Reserve provision from various generators. In case of higher margin in certain generators more than 3% reserve can be provided in lieu of Spinning Reserve not provided on those generators which are economical as per Discoms merit order requisitions (subject to wide dispersal across the state).
4.4 To enable DISCOMs to provide the spinning reserve margin in higher variable cost generators in MOD stack in lieu of cheaper variable cost generators, typical & most likely list of generators to choose from and the quantum that can be provided by MSEDCL works out as shown below:
	Name of Generator
	Capacity (MW)
	Reserve margin (3%)
	Additional Reserve margin in lieu of cheap generators
	Total Reserve Margin (MW)

	Parli U-6&7
	2 x 250
	15
	15
	30

	Paras U-3&4
	2 x 250
	15
	15
	30

	Parli U-8
	1 x 250
	7.5
	12.5
	20

	K’kheda U-1 to U-4
	4 x 210 
	25.2
	14.8
	40

	APML-440 PPA
	440
	13.2
	86.8
	100

	C’pur U-3 to U-7
	2 x 210

3 x 500
	57.6
	42.4
	100


Further, in case of outages in above list of generators, MSEDCL can choose from the list given below:

	Name of Generator
	Capacity (MW)
	Reserve margin (3%)
	Additional Reserve margin in lieu of cheap generators
	Total Reserve Margin (MW)

	Bhusawal U-3
	1 x 210
	6.3
	3.7
	10

	Koradi U-6
	1 x 210
	6.3
	3.7
	10

	K’kheda U-5
	1 x 500
	15
	15
	30

	RIPL U-1 to U-5
	5 x 270 
	40.5
	59.5
	100

	Bhusawal

U-4 & U-5
	2 x 500


	30
	0
	30


The total quantum of spinning reserve to be provided by MSEDCL on on-bar thermal generators works out to 320 MW (based on their demand) and the same is maintained.

4.5 In case of TPCL-D, the entire spinning reserve can be provided in Trombay Unit-5 and in Unit-8 if unit-5 is under outage.

4.6 In case of AEML-D, the required spinning reserve quantum can be arranged from Dahanu power station and balance power may be arranged from other DISCOM on mutually agreed terms.
4.7 The Ramp Up/Ramp Down rates of Maharashtra State Demand and the Ramp Up/Ramp Down rates of RE generation worked out corresponding to peak load day on the 8th April 2021 and enclosed in Annex-2. It is seen that load is ramping up from 4 AM to 12 Noon from 22367 MW to 25644 MW by 3277 MW, while load ramping down is seen from 16 Hours to 20 Hours from 25353 MW to 22243 MW by 3110 MW. RE generation ramp up observed are 651 MW to 1023 MW during 4 Hours to 12 Hours, Ramp Down of 1028 MW to 516 MW from 15 Hours to 20 Hours. The net load Ramp Up and Ramp Down rates are 372 MW and 512 MW respectively.
4.8 The load Ramp up shall be taken care of by Unit Commitment (in the day ahead schedules). While stochastic/random fluctuations in demand and RE generation have to be taken care of by the Spinning Reserve margin. Further, Spinning Reserve also has to take care of sudden ramps of wind generation - 20% ramp in 2 hours and 50% ramp in 4 hours till generation rescheduling is done. Similarly the frequency fluctuations due to forecasting errors (Demand and RE generation) are supposed to be taken care of by Spinning Reserve till generation rescheduling is done.
4.9 Generation rescheduling and/or load trimming as well as purchases in RTM market shall be done to ensure that stipulated reserves are always available and replaced immediately.
4.10 In case of volume cap violations/ zero crossing violations of maharashtra state as well as instructions from WRLDC to comply with ACE, the spinning reserve can be used to get immediate response and actions have to be done by the Discoms to replace the reserves as Spinning reserve is meant for ensuring reliability.
4.11 MSLDC shall moderate the Spinning Reserve requirements as offered by the Discoms as per system security requirements. This overriding requirement of MSLDC shall be complied with.
4.12 MEGC 2020 mandated for implementation of FGMO/RGMO. (Clause 30.3). The spinning reserve has to be utilised for the purpose of providing Primary Response (FGMO/RGMO). The generator has to submit the frequency response characteristic (FRC) on next day of the event to MSLDC.
4.13 Secondary Response has to be provided by the State of Maharashtra as a control area connected to National Grid to fulfil the sharing of responsibility in controlling system frequency to 50 Hz and making tie line interchange deviations to Zero (With respect to ISTS schedules at the periphery of Maharashtra), in real time operations. MSLDC shall receive Area Control Error (ACE) in MegaWatt (MW) as computed by WRLDC. By responding to ACE signal, the state shall contribute to Secondary Response as required in the operation of National Grid by NLDC/RLDC. WRLDC gives directions for making ACE zero whenever ACE of Maharashtra exceeds volume cap (presently 250 MW). To meet secondary response obligations, 250 MW spinning reserve margin shall be kept on thermal generators on-bar. Since provision of spinning reserve margin being a system security requirement, despatch of the same need not have to be on MoD basis but preferably from those generators with higher ramp rates. In case of ACE is higher than 250 MW, ACE can be nullified using additional support from generators having margins (URS: which is difference between DC and Schedule). Such additional reserves in the form of URS on On-bar generators and standby Hydro can be despatched through MSLDC instructions or Centralised MoD. 

4.14 The ACE computation is also done at MSLDC and displayed at control room along with the ACE signal received from WRLDC for validation purpose. 250 MW of secondary reserve is kept on select generators with high ramp rates, super critical units, generators with once through boilers, after discussion with the generating companies. The secondary response is administered by MSLDC and Raise/Lower signals to individual generators/power stations shall be sent through web-based scheduling software, e-mail etc and to be implemented by generator unit control rooms by manually providing Raise/Lower commands through their control desk. If the ACE signal is positive (+) the generation has to be picked up while for negative (-) ACE signal the generator has to be reduced. The ACE signal received from WRLDC/computed at MSLDC is shared among generators designed to maintain secondary reserve in the ratio of reserve margins maintained by this group of generators.
4.15 Spinning Reserve margin is also required to provide Tertiary Response to replace the lost generation or to continuously carrying out balancing. As per the Road Map for Reserves for the National Grid, each state has to provide Tertiary Reserve equivalent to 50% of the largest generator capacity in the State. The reserve requirement for Maharashtra works out to 330 MW (based on the largest generator of 660 MW at APML Tiroda and MSPGCL Koradi power station). The additional requirement for balancing can be provided from the URS available on on-bar generators (Thermal) and standby hydro through Centralised MoD (VSE mechanism).

4.16 For ensuring Primary Response, dedicated spinning reserve of 200MW (secondary response-ACE: 250 MW & Tertiary response: 330MW) out of 780 MW to be kept. The other generators with URS would also pick-up on FGMO/RGMO. These generators can go back to their original schedule after 30 Seconds (pick up from 4-5 seconds after the frequency change and full spinning reserve margin pick up and hold till 35 Seconds). After this these generators will restore the reserves so that the same is available for the next event. Those generators with no URS and with no spinning reserve margin kept shall be able to pick-up up to 105% of MCR instantaneously and shall be able to hold at this generation level for 5 minutes and then come back to original schedule with ramp down rate of 1% MCR/minute. The turbine controls like ATRS, Load limiter shall not prevent free governor mode of operation and allow pick up to 105% of MCR 
4.17 The entire spinning reserve operation works in the following manner:
· Consequent to the frequency change (generation loss/RE generation variation), system inertia in the form of rotating masses (generator and motor loads) oppose frequency fall in the first 1-4 Seconds, depending on the system inertia. Certain resources like energy storage devices- storage batteries/fly wheels can respond within 1 second.
· Next in line to oppose the frequency fall is load damping, provided by frequency dependent loads such as agricultural pump sets etc. Typically 1% frequency change can be assumed to give 2% change in load and this varies from time to time/ seasonally. 
· After the frequency incidents, the turbine governors respond and provide primary response after 4-5 seconds and oppose the frequency for about 30 seconds till the secondary response is activated. The FGMO/RGMO however would not be restoring the frequency to 50 Hz (due to proportional control). The above three effects together is called FRC.
· The secondary response (AGC) administered through ACE signals will take over after about 30 seconds from the initiation of frequency incident and would act for about 30 minutes and restores the frequency to 50 Hz (integral control, implemented manually by generator unit control rooms).
· Tertiary control takes over from secondary response to replace the lost generation by releasing the spinning reserves kept (Fast tertiary reserve) or by bringing additional generation from URS/ standby hydro/load curtailment through generation rescheduling/load curtailment procedure as the case may be. In case of bringing additional generation from URS/standby Hydro in excess of spinning reserve margin kept MSLDC shall operate Centralized MoD/VSE mechanism. (Slow Tertiary reserve).
· Since spinning reserve margin is a system security mechanism, primary/secondary responses will oppose/regulate frequency (also tie-line deviations at regional periphery and would be operating in the first 2 time blocks. Fast tertiary response will take over from third time block onwards and slow tertiary response shall have to come by fourth time block and is in sync with the Centralized MoD (VSE Mechanism).
4.18 MSLDC shall develop monitoring mechanism to review and oversee the dispatch of reserves especially Primary Reserves by the generators. For providing Primary response, MSLDC shall advise on governor droop, dead band, settings of limiters, etc as per the regulations and monitoring of Primary Response made available by the generators through SCADA reports, FRC computations etc.
4.19 The dispatch of Spinning Reserve margins shall be administered by MSLDC whereas Primary Response is automatic. The default by generators/ Discoms shall be taken up by MSLDC in state OCC forum for the first 6 months. However, the defaults after 6 months period shall be taken up with the Hon’ble Commission as providing spinning reserve is an important requirement to ensure system security.
4.20 The DC declared by the generator includes Spinning Reserve requirements to the extent of 3%. As such the capacity charges payable corresponding to the DC declared by the generator.
4.21 The payments to generators are in the form of DSM settlements as dispatch of reserves are scheduled. 
4.22 In case of schedule given to a generator limited to technical minimum/ constraints due to Coal Shortage, Partial Outage, the concerned Discom shall make additional Spinning Reserve available in other generators in addition to its own share of reserve margin. In certain cases, shortfall in Spinning Reserve may have to be provided by purchasing the same from market.
4.23 Those generators whose schedules are moderated due to transmission constraints and the generators whose schedules are revised due to congestion in real-time/congestion foreseen due to planned outages need not have to keep the spinning reserves.
4.24 Monitoring mechanisms are vital for ensuring that spinning reserve margin kept and dispatched as per instructions of MSLDC. Since the SCADA data has an update time of 10 seconds, it is possible to monitor the dispatch through SCADA data both in real-time and offline. However, generators shall submit generation pick up and frequency data/graphs whenever MSLDC requires.     
5. Generator Responsibilities:

1. Provide information regarding in operation of availability for FGMO/RGMO, Secondary reserve and Tertiary reserve in 15 days from date of notification of this procedure.

2. Generator shall give the DC considering reserve margin.

3. Generators are required to provide data regarding set point, pick-up of primary response, frequency, pick-up of secondary reserve & pick-up of tertiary reserve from the data logged by generation SCADA. Suitable arrangement may be made to generate the above reports-event-wise/daily & furnish to MSLDC.

6. DISCOM Responsibilities:

1. DISCOM shall arrange the power considering the reserve margin kept in contracted generators.

2. In case of contracted generators withdrawn under Zero schedule or RSD, the concerned DISCOM shall ensure reserve margin availability on other generators.

3. The shortfall in reserve if any may be shared with the other DISCOMs on mutually agreed terms.

7. MECHANISM FOR MONITORING COMPLIANCE:

a. The event of breach or default of the procedure i.e. in complying with the following provisions:
i. Non-submission of data in respect of governor droop settings, dead band, type of governor, load limiter settings, boiler controls (boiler follow/turbine follow, CMC), normal Ramp up/Ramp down rates, emergency Ramp up/Ramp down rates etc.
ii. Non submission of data logged by generation SCADA in respect of generation pick up and frequency data and graphs to verify FGMO/RGMO operation, despatch of spinning reserve as and when required by MSLDC.
iii. Non implementation of instructions of MSLDC either fully or partially.
iv. Non-compliance of any of the terms/conditions/rules outlined under this procedure.
v. Non-compliance of any of the directives issued by MSLDC as per the provisions of the MEGC-2020.
b. Consequences for event of default:
i. In case of defaults for above conditions, appropriate action as per Section – 33 (Compliance of Directions) of the Electricity Act, shall be initiated by MSLDC by giving prior notice for a period not less than 15 days and adequate opportunity shall be given to the concerned Generators, Transmission/Distribution Licensees, Control Centres or Users, etc to represent the case before MSLDC.
ii. In case concerned Generators, Transmission/Distribution Licensees, Control Centres or Users fails to address/rectify the breach expressed by MSLDC in the Notice within stipulated time, the MSLDC shall proceed in accordance with the appropriate provisions of the Act, Regulations.
8. GRIEVANCE REDRESSAL:

b. MSLDC shall refer the Complaints regarding unfair practices, delays, discrimination, lack of information, supply of wrong information or any other matters to the Commission for redressal.
c. Any disputes between concerned or Users shall be resolved in GCC through OCC Forum for initial period of 6 month subject to jurisdiction of the MERC and later to be taken directly with the Hon’ble Commission.
d. Pending the decision of the State Commission, the directions of the MSLDC shall be complied by the concerned Generators, Transmission/Distribution Licensees, Control Centres or Users.
9. REMOVAL OF DIFFICULTIES:

e. In case of any difficulty in implementation of this procedure, MSLDC may approach the GCC through OCC for review or revision of the procedure with requisite details.
f. MEGC 2020 in Clause 30.3 stipulates compliance of FGMO for Gas Turbines and CCGTs however in IEGC these generators are exempted. Clarification in this regard shall be sought from the Commission based on discussions in OCC/GCC.
10. GENERAL:
g. All costs/expenses/charges if any associated with the implementation and operationalisation of Spinning reserve margins shall be borne by the concerned Generators, Transmission/Distribution Licensees, Control Centres or Users.
h. The concerned Generators, Transmission/Distribution Licensees, Control Centres or Users shall abide by the provisions of the Electricity Act, 2003, the MERC Regulations, Indian Electricity Grid Code and MERC (State Grid Code) Regulation - 2020, and applicable CERC and MERC regulations as amended from time to time. 
i. This procedure aims at prompt and pragmatic implementation of operationalisation of Spinning reserve margins considering the Grid security as a main objective. However, some teething problems may still be experienced. The various implications would be known only after practical experience is gained by way of implementing these procedures. In order to resolve the same, this procedure shall be reviewed or revised by the MSLDC after consultations with the stakeholders.
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