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AECI Fleet 

 Combined Cycles 
– Chouteau Units 1 & 2 
– Dell 
– St. Francis Unit 10 & 20 

 Simple Cycles 
– Holden 11, 12, & 13 
– Nodaway 1 & 2 
– Essex 

 Coal Plants 
– Thomas Hill Units 1, 2, & 3 
– New Madrid Units 1 & 2 

 

This study encompasses the 
CCGT and simple cycle plants at 

this time 
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Background 

 Spinning reserve at a utility is the extra generating capacity 
available by increasing the power output of generators which are 
already connected to the power system 

 Utilities keep generation capacity on reserve in the event of 
disruption of power supply and for demand requirements, to 
maintain consistent availability and reliability of providing 
electricity 
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Background 

 AECI is a member of the SPP Reserve Sharing Group 
 Partnership reduces individual operating reserves for each entity 
 Accurate prediction of reserve power reduces risk and increases 

margins 
– To little: fines and penalties may result 
– To much: decrease margin and increased operating cost 

 AECI teamed with Scientech to generate spinning reserve 
calculations for their fleet of plants including coal-fired, combined 
cycle and simple cycle 

 Current capacities are a guess based on previous operation and 
current ambient conditions 

 These calculations are performed using the PMAX on-line thermal 
performance monitoring software 
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Approach 

 Gather Data to Generate Predictions 
 Produce Spinning Reserve Calculations (curves/equations) 
 Enter Curves and Equations into PMAX 
 Develop Displays to Present Results 
 Review and Tune Information as Needed 

– Using On-line Data – Plants in Service 
– Reviewing Historical Data and Results - Post Implementation  
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Data Gathering 

 Obtain the Instrument Tags 
 Equipment Limitations and Operating Boundaries 
 Vendor Correction Curves 
 Obtain Plant Historical Data 
 Filter Historical Data 

– CCGT 
– GT 
– ST 
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Typical Instruments 

 GT Inlet Temperatures 
 GT Inlet Humidity 
 GT Compressor Inlet Temperatures 
 GT Gross Generations 
 GT IGV Positions 
 GT LLC Digitals (On/Off) 
 GT OTC Temperatures 
 GT Anti-Icing Digitals (On/Off) 
 Water or Steam Injection Flows 
 Steam Turbine Gross Generation 
 Condenser Circulating Water Inlet Temperature 
 CCGT Gross Generation 
 Plant Ambient Temperature and Humidity 
 HRSG Duct Burner Flow or Digital (On/Off) 
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Equipment Limitations and Operating Boundaries 

 Combined Cycles: 
– Load Limit Control 
– Outlet Temperature Control 
– Inlet Air Cooling/Heating Equipment Operational Boundaries 

 Peakers: 
– Shaft Limitation 
– Inlet Air Cooling/Heating Equipment Operational Boundaries 
– Water Injection Operational Boundaries 
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Vendor Correction Curves 
Sample Correction Curve – 

CCGT Plant 
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Plant Historical Data 

 Plant Data Collection 
– Using the selected instruments, obtain plant historical data for at least one 

calendar year 
– One hour frequency or less is recommended to reduce uncertainty 
– To reduce uncertainty further, increase the data collection frequency 

• Note the spreadsheet size increases dramatically and filtering data can be 
more time consuming 
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Filtering Plant Historical Data 

 Filtering of the plant data requires several steps 
1. Obtain the base uncorrected peak generation for each gas turbine and the 

combined cycle as a function of inlet temperature 
2. Apply correction curves (vendor, empirical, other) to correct the base peak 

generation 
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Filtering Plant Historical Data – Gas Turbines 

 Filter each gas turbine historical data set to obtain a base peak generation as a 
function of inlet temperature 
– GT off-line, bad data sets containing instruments out of service 
– Isolate for inlet cooling, NOx control, water injection, de-icing, etc. 
– Bracket data for relative humidity for future correction for humidity impacts  
– Highest IGV positions 
– Look for LLC and/or OTC operation (if applicable) 

 Remove outlying data points; typically those on the low side.  Add a trend line 
and check the curve carefully for any errors or anomalies. 

 Correct the base peak generation for: 
– relative humidity, inlet cooling, de-icing, water injection, NOx control, intercooling, 

rotor cooling, etc. 
 Check the resulting corrected peak GT generation against any operating limits 

(generator, boundaries, etc.) 
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Filtering Plant Historical Data – Combined Cycle 

 Obtain base CCGT peak generation as a function of ambient inlet temperature 
– No simple cycle operation, no 1 on 1 operation for 2 on 1 units 
– Bad data sets containing instruments out of service 
– Isolate for inlet cooling, NOx control, water injection, de-icing, duct burners, etc. 
– Bracket data for relative humidity for future correction for humidity impacts 
– Highest IGV positions for GTs, review and compare maximum GT generations 
– Look for LLC and/or OTC operation (if applicable) 

 Remove outlying data points; typically those on the low side.  Add a trend line and 
check the curve carefully for any errors or anomalies. 

 Develop a curve fit equation for circulating water temperature correction on 
generation. Use curves provided in thermal kits, capability and acceptance test 
reports or developed using empirical data or PEPSE. 

 Correct the base peak CCGT generation for: 
– circulation water temperature 
– relative humidity, inlet cooling, water injection, de-icing, NOx control, intercooling, rotor cooling, 

duct burners, etc. 
 Check the resulting corrected peak CCGT generation against any operating limits 

(generator, boundaries, etc.) 
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Filtering Plant Historical Data – Steam Turbine 

 Obtain peak generation of the steam turbine 
– Sum the corrected peak GT generation(s) and subtract from corrected peak 

CCGT generation to obtain the peak steam turbine generation. Check the 
resulting steam turbine peak generation against any operating limitations. 

 Filtering plant historical data for steam turbine generation is a 
possible method to obtaining peak steam turbine generation 
– However, using the corrected CCGT and GT peak generations to obtain 

steam turbine peak generation is the simplest approach 
– More difficult to obtain the steam turbine generation from other plant 

historical information 
– Use this method to project peak generation for 1 on 1 operation with a 2 on 

1 configuration 
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Sample Plant Data Filtering 
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Sample Plant Data Curve – Uncorrected Base GT Generation 
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Sample Correction Curve – Circulating Water Temperature 
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Produce Spinning Reserve Calculations – PMAX Curves 
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Produce Spinning Reserve Calculations – PMAX Curves 
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Produce Spinning Reserve Calculations – PMAX C-Points 
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Presentation of Results 
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Presentation of Results 

 Base load duct burners in service 

Base load 
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Summary and Future Efforts 

 PMAX provides the calculation capability to implement the curves 
and equations to predict peak generation.  Additionally, the logic 
checking capabilities in PMAX help to determine operating limits 
and equipment in and out of service. 

 Additional efforts are continuing for AECI generating units to check 
and adjust the predicted peak generations to current and historical 
data to improve prediction accuracy. 

 The AECI spinning reserve application, once completed and fully 
implemented, has the potential to provide dispatch centers with 
spinning reserve predictions at other utilities. 
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Questions? 


	  Greg Alder, Scientech�  Meagan Parmelee, AECI
	AECI Fleet
	Background
	Background
	Approach
	Data Gathering
	Typical Instruments
	Equipment Limitations and Operating Boundaries
	Vendor Correction Curves
	Plant Historical Data
	Filtering Plant Historical Data
	Filtering Plant Historical Data – Gas Turbines
	Filtering Plant Historical Data – Combined Cycle
	Filtering Plant Historical Data – Steam Turbine
	Sample Plant Data Filtering
	Sample Plant Data Curve – Uncorrected Base GT Generation
	Sample Correction Curve – Circulating Water Temperature
	Produce Spinning Reserve Calculations – PMAX Curves
	Produce Spinning Reserve Calculations – PMAX Curves
	Produce Spinning Reserve Calculations – PMAX C-Points
	Presentation of Results
	Presentation of Results
	Summary and Future Efforts
	Questions?

