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ObjectiveObjective

To study the load frequency control (LFC) To study the load frequency control (LFC) 
performance of a single area power system performance of a single area power system 
having multihaving multi--source power generating units.source power generating units.
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Power System ModelPower System Model

A single area power system with hydro, A single area power system with hydro, 
thermal and gas power generation sources is thermal and gas power generation sources is 
considered for the study.considered for the study.
Load Frequency Control is applied only to Load Frequency Control is applied only to 
thermal and gas power generating unitsthermal and gas power generating units
Hydro is allowed to operate at its scheduled Hydro is allowed to operate at its scheduled 
generation level with only speed governor generation level with only speed governor 
control.control.
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Load Frequency ControlLoad Frequency Control

A proportionalA proportional--integral (PI) load frequency control is integral (PI) load frequency control is 
applied to thermal and gas power generating units.applied to thermal and gas power generating units.
•• Common LFC for both thermal and gas power generating Common LFC for both thermal and gas power generating 

units.units.
•• Individual LFC for thermal and gas power generating units.Individual LFC for thermal and gas power generating units.

The LFC performance for above two schemes is The LFC performance for above two schemes is 
studied with following performance indices.studied with following performance indices.
•• ISE, ITAE and (ISE+ITAE)ISE, ITAE and (ISE+ITAE)



Load Frequency Control of Single Area Power Systems having  Load Frequency Control of Single Area Power Systems having  K.S.S. Ramakrishna K.S.S. Ramakrishna 
MultiMulti--Source Power GenerationSource Power Generation

Mathematical ModelingMathematical Modeling

Under normal operating conditions there is no Under normal operating conditions there is no 
mismatch between generation and load. The total mismatch between generation and load. The total 
generation is given by, generation is given by, 

PPG G = = PPGthGth + + PPGhyGhy + + PPGgGg (1)(1)
WhereWhere

Area thermal power generation,Area thermal power generation, PPGthGth = = KKthth PPG G 

Area hydro power generation, Area hydro power generation, PPGhyGhy = = KKhyhy PPG G 

Area gas power generation,Area gas power generation, PPGgGg == KKg g PPG G 
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KKthth + + KKhyhy + K+ Kg g = 1.0= 1.0 (2)(2)

KKthth KKhyhy andand KKgg represent the share of the power represent the share of the power 
generation by thermal, hydro and gas sources to the generation by thermal, hydro and gas sources to the 
total area power generation  respectively.total area power generation  respectively.

For small perturbation equation (1) can be written as For small perturbation equation (1) can be written as 

∆∆PPG G = = ∆∆PPGthGth + + ∆∆PPGhyGhy + + ∆∆PPGgGg (3)(3)
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Transfer function block diagram of a Power Transfer function block diagram of a Power 
system having hydro, thermal and gas power system having hydro, thermal and gas power 

generations. generations. 
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Simulation StudiesSimulation Studies

Single area power system is simulated for 1% Single area power system is simulated for 1% 
step load disturbances for the following casesstep load disturbances for the following cases

•• For different nominal loading conditions by For different nominal loading conditions by 
adjusting thermal power generationadjusting thermal power generation

•• For different nominal loading conditions by For different nominal loading conditions by 
adjusting gas power generationadjusting gas power generation
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Parameter OptimizationParameter Optimization
Common Load Frequency ControllerCommon Load Frequency Controller
•• ΔPΔPC C = K= KPP ΔfΔf + K+ KII ∫∫ ΔfΔf dtdt

Individual Load Frequency ControllerIndividual Load Frequency Controller
•• ΔPΔPCthCth = = KKPthPth ΔfΔf + + KKIthIth ∫∫ ΔfΔf dtdt

•• ΔPΔPCgCg = = KKPgPg ΔfΔf + + KKIgIg ∫∫ ΔfΔf dtdt

Performance IndicesPerformance Indices
•• ηηISEISE = = ∫∫ ((Δf)Δf)22 dtdt
•• ηηITAEITAE = = ∫∫ t|t|ΔfΔf| | dtdt
•• ηηISE+ITAEISE+ITAE = = ∫∫ {({(Δf)Δf)22 ++t|t|ΔfΔf|} |} dtdt
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Genetic AlgorithmGenetic Algorithm
Genetic Algorithm is used to optimize the PI controller gains Genetic Algorithm is used to optimize the PI controller gains 
for both schemes.for both schemes.

•• Initial Population SizeInitial Population Size -- 2020
•• Fitness FunctionFitness Function -- 1/(1+ 1/(1+ ηηISEISE ), ), 1/(11/(1+ + ηηITAEITAE), ), 

1/(1+(1/(1+(ηηISEISE + + ηηITAEITAE))))
•• ElitismElitism -- 22
•• SelectionSelection -- Roulette wheelRoulette wheel
•• Crossover ProbabilityCrossover Probability -- 0.80.8
•• Cross Over FunctionCross Over Function -- MultiMulti--pointpoint
•• Mutation ProbabilityMutation Probability -- 0.030.03
•• No. of GenerationsNo. of Generations -- 400400
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Optimal PI controller gains for Optimal PI controller gains for 
variation in thermal power generationvariation in thermal power generation
Optimal Gains using ISE, ITAE and ISE+ITAEOptimal Gains using ISE, ITAE and ISE+ITAE
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Variation Optimal LFC gains with Variation Optimal LFC gains with 
decrease in thermal power generationdecrease in thermal power generation
The common controller gain value, KP, considerably 
decreases as the operating load of the system 
decreases. The optimum value of KI found using 
ITAE or ISE +ITAE also follows the similar trend.

The optimum value of the individual controller gains 
KPth and KIth increase with decrease in the operating 
load. 
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Transient response of frequency deviation for 1% step load disturbance  at nominal loading  
conditions and with common controller gains by varying scheduled thermal generation.
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Transient response of frequency deviation for 1% step load disturbance at different nominal 
loading conditions and with individual controller gains by varying scheduled thermal generation.
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ObservationsObservations
It is observed that ISE is more effective in reducing It is observed that ISE is more effective in reducing 
the first peak of the transient response and ITAE is the first peak of the transient response and ITAE is 
more suitable in reducing long duration transients. more suitable in reducing long duration transients. 
The combination (ISE+ITAE) of both is giving better The combination (ISE+ITAE) of both is giving better 
transient response with less oscillatory.transient response with less oscillatory.
Individual LFC provides better response that common Individual LFC provides better response that common 
LFC.LFC.
Performance of the system deteriorates as thermal Performance of the system deteriorates as thermal 
power generation decreases.power generation decreases.
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Optimal PI Controller gains for Optimal PI Controller gains for 
variation in gas power generationvariation in gas power generation

Optimal gains using (ISE+ITAE)
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Transient response of frequency deviation for 1% step load disturbance at different nominal 
loading  conditions and with common and individual controller gains by varying scheduled gas 
power generation.(------- common, _______ individual)
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ObservationsObservations
The optimum values of KP and KI increase 
whereas KPth and KIth decrease and KIg increase 
with decrease in gas power generation to 
match the decrease in operating load.
Individual LFC provides better response that Individual LFC provides better response that 
common LFC.common LFC.
Performance of the system improves as gas Performance of the system improves as gas 
power generation decreases.power generation decreases.
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ConclusionsConclusions
For optimal LFC performance of an area having multiple 
sources of power generation, the LFC parameters are 
required to be adjusted optimally for different nominal 
loading/generation conditions.
Optimal controller parameters obtained using (ISE+ITAE) Optimal controller parameters obtained using (ISE+ITAE) 
provide better transient performanceprovide better transient performance
Individual LFC for different types of power generating units Individual LFC for different types of power generating units 
provides better performance than common LFC.provides better performance than common LFC.
Performance of the system deteriorates as thermal power Performance of the system deteriorates as thermal power 
generation decreases.generation decreases.
Performance of the system improves as gas power Performance of the system improves as gas power 
generation decreases.generation decreases.
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QuestionsQuestions
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