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Abstract:  In the power system operation, the Load Frequency Control (LFC) is required for 

good quality reliable electric power supply. The main aim of the load frequency control is to 

maintain the frequency of each area and the tie-line power flow within the specified tolerance. 

This is achieved by adjusting the real power output of the generators for the corresponding 

changes in the load demand. Electric power industry is now an open market structure. This 

deregulated environment comprises of GENCOs, TRANSCOs and DISCOs, which are 

supervised by an Independent Service Operator (ISO). In this paper, the transaction between 

the GENCOs and DISCOs in the deregulated market structure  based on the DISCO 

Participation Matrix (DPM)  is designed and simulated. The Proportional-Integral (PI) 

controller is used to tune the LFC. In this tuning, an intelligent global Particle Swarm 

optimization (PSO) algorithm is used, which is a population based evolutionary algorithm. The 

dynamic response of the system is improved by minimizing the Integral Square Error (ISE). 

The response of the PSO tuned PI controller is compared with the response of the conventional 

PI controller for the system considered. It is found that, the response of the proposed PSO 

tuned PI controller is better than that of the conventional PI controller. The simulation is 

implemented in MATLAB-Simulink.  

 

Keywords: Load Frequency Control, Deregulation, Frequency Regulation, Bilateral Market 

structure, DISCO Participation Matrix, ACE Participation factor, Proportional Integral 

controller, Particle Swarm Optimization, Integral Square Error. 

 

1. Nomenclature  

LFC  - Load Frequency Control  

ACE  - Area Control Error  

cpf    - Contract Participation Factor  

DPM   - DISCO Participation Matrix   

DISCOs   - Distribution companies  

GENCOs  - Generation companies 

APF -       ACE Participation Factor 

ISE - Integral Square Error 

R  - Speed Regulation of Governor 

TG  - Time Constant of Governor 

TT  - Time constant of a non-reheat steam turbine 

TP  - Time constant of power system  

KP  - Gain constant of power system  

B  - Bias factor 

ΔPtie - Tie line power flow  

Δf  - Change in frequency  

ΔXE - Change in Governor valve position 

ΔPG - Change in mechanical turbine output 
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2. Introduction 

 The good quality of power supply requires the maintenance of frequency and voltage within 

the tolerable limits, i.e. the main objective of power system operation and control is to provide 

a balance between the generation and the load. For better performance of the system and to 

meet the demand, two or more areas are interconnected through a tie-line. The load variation in 

an area varies affects the remaining areas, which will reflect as changes in frequency (real 

power), and voltage (reactive power).  

 Regulation of the real power is achieved by Load frequency Control (LFC) whereas the 

regulation of the reactive power is achieved by Automatic Voltage Regulator (AVR). In this 

work, as we are considering the real power output of the generating unit (or frequency). The 

LFC maintains the desired output frequency and the tie-line power flow. The concept of LFC 

in a vertically integrated power system was discussed by Elgerd [1] - [3].  

 Vertical Integrated Utility (VIU) has its own generation-transmission-distribution systems 

that supply power to the customer. VIU is the sole authority to fix the price of electric energy. 

Thus, electric power can be bought and sold as a monopoly, along the tie-lines. Moreover, such 

interconnection provides greater reliability.  

 The merits and demerits of various controllers used for the LFC for VIU are discussed in 

[4]. Several control strategies were used to control the frequency and to maintain the scheduled 

tie-line power flow. The integral action in the PI controller reduces the steady state error to 

zero. However, this action offers poor dynamic response under variable loads. Conventional PI 

controllers are tuned using trial and error method and the Ziegler-Nichol’s method. Many 

artificial intelligence based robust controllers use genetic algorithm and the Tabu search 

algorithm for tuning the parameters of the PID controller in LFC using performance indices 

[5], [6]. 

 The electric power industry faces many problems due to the ever-increasing demand of the 

electrical power. These problems may be solved by adopting a deregulated structure, which can 

improve the efficiency and quality of operation of the power system. Under the deregulation 

environment, the electric utility will try to innovate for improving the service, which in turn 

saves its costs and maximizes the profit. The primary criteria applied to support deregulation 

are that a freer market promotes efficiency. Under the deregulated environment, the power 

system is split into GENCOs (generation companies), TRANSCOs (transmission companies) 

and DISCOs (Distribution companies) [7], [8]. 

 GENCOs compete among themselves to sell the power they produce. TRANSCOs are 

accessible to any GENCO or DISCO for wheeling of the power. DISCO may contract 

individually with a GENCO for power and these transactions are made under the supervision of 

the Independent System Operator (ISO). 

 ISO has a control over the transaction via ancillary services and 12 ancillary services are 

suggested by the NERC (North American Reliability Council) [9]. Among the 12 ancillary 

services, regulation and load following are the two frequency related ancillary services. The 

LFC takes care of these two ancillary services and is considered in this work [10] - [12]. 

Donde et al [13] presented the concept of DPM and ACE Participation Factors (APF) to 

represent a bilateral structure in the deregulated environment. The gradient Newton algorithm 

was used to obtain the optimal parameters. An AGC simulator model for price-based operation 

in a deregulated system was discussed in [14], [15]. 

 The dynamic response of an interconnected power system under an open market scenario 

with the HVDC link was investigated in [16], [17]. Comparison of the two-area VIU and the 

deregulated power system with gradient-based iterative controller has been studied in [18]. 

Optimal tuning of the PID controller by applying hybrid Bacterial Foraging with Particle 

Swarm Optimization (BF-PSO) was carried out and the same was compared with I, ID and PI, 

with the hybrid BF-PSO proving to be better [19]. 

 In this paper, the two-area deregulated market structure is considered. The concept of Disco 

Participation Matrix (DPM) is implemented. Simulation under various normal operating 
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conditions and contract violation is carried out for the conventional (PI) controller and the PSO 

tuned controller. Simulation results show that PSO-PI is better. 

 The paper is structured as follows; Section 3 explains the deregulated power system in 

detail. Section 4 represents the DPM, block diagram and state space variables. Section 5 deals 

with the conventional PI controller and the PSO tuned PI controller, and the design of PSO-PI 

controller for the deregulated structure.  Section 6 presents the case studies, simulation results 

and the results obtained from the controllers are compared. The conclusion of the work and 

future line of the research is given in Section 7. 

 

3. Deregulated Power System  

 The deregulated power system has many GENCOs and DISCOs. A DISCO can have a 

contract with any GENCO for the transaction of power. If a DISCO in one control area has 

contract with a GENCO in the same area it is called as “Pool–co”  transaction and if a DISCO 

have contract with a GENCO in another control area, this type of transaction is called as 

“Bilateral” transaction, which is cleared by the ISO.  

 

4. Formation of The Deregulated Power System  

A. DISCO Participation Matrix  

 The concept of the DISCO Participation Matrix (DPM) is used to visualize the contracts 

done between a DISCO and a GENCO. The DPM is a matrix in which the number of rows 

equal to the number of GENCOs and the number of columns equal to the number of DISCOs 

of the system. The matrix entries are called as the contract participation factor, i.e. the fraction 

of the total contract by a DISCO (column) with a GENCO (row).  Equation 1 gives the DPM 

for the power system, where ‘ij
th

’ entry of the matrix represents the fraction of the total contract 

by the DISCO ‘j’ with a GENCO’i’ and the sum of all the entries in a particular column is 

unity.  In this paper, a sample system chosen for study is given Figure  1. It is assumed that all 

the two areas are identical and each area has two GENCOs and two DISCOs and the DPM is 

given in equation 1 [13], 

 

 

 DPM =              



















44434241

34333231

24232221

14131211

cpfcpfcpfcpf

cpfcpfcpfcpf

cpfcpfcpfcpf

cpfcpfcpfcpf

with 1 ijcpf  (1)

   

where, 
j'' DISCO of Demand Total

i'' GENCO from j'' DISCO of Demand

ij
cpf   

 

B. Block Diagram Representation 

 As there are many GENCOs in each area, ACE has to be distributed among them in 

proportion to their participation in the LFC. The elements that contribute ACE to the 

participating GENCOs are represented as ACE Participation Factors (APF). In addition, the 

summation of the APF in a particular area must be equal to unity as shown in equations 2 and 

3. 

 APF1+APF2=1 (2) 

 APF3+APF4=1 (3) 

 

 When a DISCO demands a specific GENCO or GENCOs for the load, then it must be 

reflected in the system dynamics i.e. the turbine and governor units should respond. Hence, a 

particular set of GENCO is supposed to follow the load demanded by a DISCO, as in Equation 

1.  
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 Figure  1 shows the block diagram of the two-area deregulated power system in which each 

area consists of two GENCOs and two DISCOs connected by a tie-line.  The transfer function 

model of the power system considered is shown in Figure  2, which consists of two non-reheat 

thermal units as the two GENCOs in each area and interconnected by a tie line. The values of 

the gain and time constants and rating of the system used  are given in the Appendix and the 

symbols used were represented in nomenclature.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure  1. Schematic diagram of a two-area bilateral system 

 

 From Figure  2, the contracts were ΔP1, ΔP2, ΔP3, ΔP4, ΔPL1,Loc and ΔPL2,Loc. Under steady 

state, the contract of the DISCOs with GENCOs are shown in equations 4-9, 

 

 ΔPL1,Loc = ΔPL1 +  ΔPL2 (4)

 ΔPL2,Loc = ΔPL3 +  ΔPL4 (5) 

 ΔP1 = cpf11  ΔPL1 + cpf12  ΔPL2 + cpf13  ΔPL3 + cpf14   ΔPL4, (6) 

 ΔP2 = cpf21  ΔPL1 + cpf22   ΔPL2 + cpf23  ΔPL3 + cpf24  ΔPL4 (7) 

 ΔP3 = cpf31  ΔPL1 + cpf32   ΔPL2 + cpf33   ΔPL3 + cpf34 ΔPL4 (8) 

 ΔP4 = cpf41  ΔPL1 + cpf42   ΔPL2 + cpf43  ΔPL3 + cpf44   ΔPL4. (9) 

 

where, ΔPUC1 and ΔPUC2 are used for the uncontracted loads and when the uncontracted loads 

are absent, then ΔPUC1 = ΔPUC2= 0. 

 The scheduled steady state power flow on the tie-line from area 1 to area 2 is the difference 

between the demand of DISCOs in the area 2 and GENCOs in the area 1 and the difference 

between the demand of the DISCOs in area 1 from the GENCOs in area 2, as given by 

Equation 10, 

  

      


4

3

2

1

2

1

4

32,1 i j Ljjii j Ljjischeduletie PcpfPcpfP  (10) 

 

 The actual power flow on the tie-line from area 1 to area 2  is the product of the tie-line 

coefficient and the difference between the change in frequency in area 1 and the change in 

frequency in area 2, as given by Equation 11, 

  

  21
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2
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  (11) 

Equation 11 shows the scheduled tie-line power flow 

 

 ΔPtie1,2 schedule = (cpf13+cpf23)ΔPL3+(cpf14+cpf24)ΔPL4 

 -(cpf31+cpf41)ΔPL1-(cpf32+cpf42)ΔPL2 (12) 
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 Equation 13 gives the error in the tie-line power flow from area 1 to area 2, which is the 

difference between the actual and scheduled value of the tie-line power. 

  

 ΔPtie12error = ΔPtie12actual – ΔPtie12schedule (13) 

 

Equation 14 gives the error in the tie-line power flow from area 2 to area1. 

  

 ΔPtie21error = a12 ΔPtie12error (14) 

 

Since area 1 is identical to area 2, a12 = -1 

 

 Equation 15  gives the Area Control Error (ACE) of area 1, which is the summation of the 

bias factor, the deviation of the frequency and the change in tie-line power flows. Similarly, 

Equation 16 gives the ACE of area 2. 

  

 errortiePfBACE 12111   (15) 

  

 errortiePafBACE 1212222   (16) 

 

C. State Space Representation of The Two Area Bilateral Structure 

 Equation 17 characterizes the state space representation of the closed loop system shown in 

Figure  2,  

 

 dCPBUAXX   (17) 

 

where X is the state vector, U is the control vector, Pd is the demand of the DISCOs and A, B 

and C are the matrices The state variable vector X has 13 variables. They are (i) change in 

frequency in each area (Δf1 and Δf2 ), change in Governor valve position in each area (ΔXE1 

and ΔXE2 ), change in mechanical turbine outputs in each area (ΔPG1 and ΔPG2 ), integral of 

ACE in each area (  dtACE1  and  dtACE2 ) and change in tie line power (Δptie12).  

The state matrices are presented as follows 
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Figure  2. Transfer Function model of a two area deregulated market structure 
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5. Controllers for The Deregulated Power System 

A. Conventional Controller 

 Conventional controllers are linear controller, as they work on the fixed parameters values. 

These controllers have been used for a wide range of systems for the last six decades, all 

around the world. These are the Proportional (P) controller, the Proportional Integral (PI) 

controller and the Proportional Integral Derivative (PID) controller. Among these controllers, 

the PI controller is the highly preferred one. A PI controller is a feedback controller which 

drives the plant to be controlled by a weighted sum of the error (difference between the output 

and the desired set-point) and the integral of that error. 

The inputs to the PI controller for the two-area bilateral market structure are the ACE of the 

respective areas. Equation 18 expresses the controller output UPI, 

 

t

iiiPPI dtACEKACEKU

0

 (18) 

where, the controller parameters are Kp, the proportional gain and Ki, the integral gain.  

 

B. Particle Swarm Optimization  

 PSO was first developed in 1995 by Kennedy and Eberhart. It is a robust stochastic 

optimization technique based on the movement and intelligence of swarms. The concept of 

social interaction in this technique is used for problem solving. It uses a number of agents 

(particles) that constitute a swarm, moving around in the search space looking for the best 

solution [20]. 

 
Figure 3. Concept of searching of particles 
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 In this algorithm, each particle is treated as a point in an N-dimensional space which adjusts 

its “flying” according to its own flying experience as well as the flying experience of other 

particles based on the flying direction and the distance. Each particle keeps track of its 

coordinates in the solution space which are associated with the best solution (fitness) that has 

achieved so far by that particle. This value is called he personal best (pbest). Another best 

value that is tracked by the PSO is the best value obtained so far by any particle in the 

neighborhood of that particle. This value is called global best (gbest).Figure  3 shows the 

concept of searching the particles in search space. 

 

 Velocity Updating 

Each particle velocity is updated by Equation 10. The acceleration constants c1 and c2 are 

positive constants known as social parameters, which furnish the right equilibrium between the 

personal identity and the sociality of the particles, which are taken to be 2.  r1 and r2 are 

random numbers between 0 to 1.  

 )(*)(* 2211

1 m

i

m

ii
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i

m

i xgbestrcxpbestrcVV 


 (19)         

 

 Position Updating 

The position of the particles is updated at each interval, as given by in Equation 11, 

 
11 


m

i

m

i

m

i Vxx  (20)

           

whereVi
m
 the modified velocity of the particle ‘i’ at m

th
  iteration. An inertia weight parameter 

‘w’, which deals with the balancing of global search and local search of PSO, is a positive 

constant lies in between 0.5 to 1. By incorporating these parameters in Equation 19, we achieve 

the velocity updating given in Equation 21. 

 )(*)(** 2211

1 m

i
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ii

m

i

m

i xgbestrcxpbestrcVwV 


 (21)

          

C. Design of the PSO-PI Controller 

 The proper parameters setting makes the  system stable. A performance index, which  is a 

quantitative measure of systems, is chosen so that a set of parameters in the system can be 

adjusted to meet the required specification optimally [21]. Minimum or maximum value of this 

index corresponds to the optimum set of the parameter value. Equation 22 gives the 

performance index used to optimize (minimization of the error). 

 




0

2 )( dtteISE             (22)

   

 The PSO algorithm for the system considered has twenty particles. One hundred iterations 

are chosen for converging. The steps of this algorithm are given below. 

Step 1 The error in frequency which is the difference between the set value and the actual 

value is given as the input to the PSO algorithm, which was obtained from the output 

of corresponding simulation.  

Step 2 Initialize the particles with their random positions and velocities on the N dimensional 

search space. 

Step 3 Initialize loop and each particle, evaluate the desired optimization fitness function in 

N variables. 

Step 4 Calculate and compare the fitness value with its pbest. If the current value is better than 

the pbest, then assign pbest equal to the current value and pi equal to present location Si. 

Step 5 Check for the velocity V of each particle according to Equation 23. 

 max

1

max

1
, VthenVVV

m

i

m

i 


 (23)
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Step 6 Check the particle in the neighborhood with the best value so far and assign the 

coordinates of the best particle as gbest. 

Step 7 Update the velocity of each particle using Equation 20. 

Step 8 Update the position of each particle using Equation 21. 

Step 9 If the maximum number of iterations is reached, go to the next step otherwise go to 

step 4. 

Step 10 The values of gbest obtained are the optimal values of the performance index (optimal  

  values of KP and KI of the controller ). 

Step 11 Stop evaluation procedure. 

 

6.  Case Studies and Simulation Results 

 Simulation was carried out in MATLAB-Simulink for the block diagram shown in Figure  

2. Both the areas are assumed to be identical, i.e. governor-turbine units of both the areas were 

assumed identical. Three different cases  of transactions were considered as follows. 

 

A. Case 1: (Pool-co transaction) 

 In this case, the deregulated system shown in Figure  2 is considered and assumed that the 

load change occurs only in area 1 and GENCOs in this area equally participates(Pool-co 

transaction). For this condition, APF  are calculated as follows: 

 APF1 = 0.5, APF2 = 1-0.5,  

APF3 = 0.5, APF4 = 1-0.5 which satisfies 1
jiAPF  

 Since DISCO3 and  DISCO4 does not demand power from any GENCOs, The 

corresponding ‘cpf’ is zero. The ‘cpf’ for area1 alone is calculated below and DPM matrix is 

formulated. 

 Cpf11=0.05/0.1 = 0.5, Cpf12=0.05/0.1 = 0.5, Cpf21=0.05/0.1 = 0.5 and Cpf22=0.05/0.1 = 0.5 
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and the demand of DISCOs in (pu MW) is as follows:  

 ΔPL1 =0.1, ΔPL2 =0.1, ΔPL3 =0, ΔPL4 =0.  

 Since the uncontracted load is taken to be zero, ΔPUC1 = 0, ΔPUC2 = 0 and Ptie1,2 schedule = 0 as 

per equation 12. 

 Figure ures 4 (a), 4 (b) & 4 (c) shows the comparison of PI and PSO tuned controller 

dynamic responses of areas 1 and 2 and the tie-line power flow for the case. From Figure  4 it 

is observed that the settling time, overshoot and undershoot are reduced when compared to the 

PI controller. Table 1 compares the settling time, overshoot and undershoot for the two 

controllers.   
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(c) 

Figure  4 (a), (b) & (c) dynamic responses of area 1, area 2 and tie-line power flow for case 1 

 

B. Case 2: (Bilateral transaction) 

 All DISCOs contracts with the GENCOs for power(Bilateral transaction) as per the 

following DPM, 

 DPM = 
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and the corresponding ACE participation factor is as follows: APF1=0.75, APF2 = 1-0.75, APF3 

= 0.5 and APF4=1-0.5. The demand of DISCOs in (pu MW) is ΔPL1 = 0.1, ΔPL2 = 0.1, ΔPL3 = 

0,  and ΔPL4 = 0. Since the uncontracted load is taken to be zero, ΔPUC1 = 0, ΔPUC2 = 0. Each 

DISCO demands 0.1 pu MW power from GENCO, as shown by ‘cpfs’ in DPM matrix. Here 

the uncontracted load is zero, i.e. no contract violation.As the DISCOs have contract with all 

GENCOs irrespective of area, this is called as “Bilateral” transaction. 

ΔPtie1,2 schedule = -0.05 pu MW as per equation 12. 

  Figure ures 5 (a), 5 (b) & 5 (c) shows the comparison of the PI and the PSO tuned 

controller dynamic responses of areas 1 & 2 and the tie-line power flow for the case. From 

Figure  5 it is seen that the settling time, overshoot and undershoot are reduced when compared 

to the PI controller. Table 1 compares the settling time, overshoot and undershoot for the two 

controllers.   
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Figure  5 (a), (b) & (c) dynamic responses of area1, area 2 and tie-line power flow for case 2 

 

C. Case 3 (contract Violation) 

 Consider a DISCO that violates a contract by demanding more power than specified in the 

contract. This excess power is not contracted out to any GENCO. This uncontracted power 

must be supplied by the GENCOs in the same area as the DISCO. This must be reflected as a 

local load of the area, but not as the contract demand. 

Consider case 2 with a modification that DISCO3 demands 0.1 pu MW of excess power and the 

DPM is same as in case 2. 

 The total local load in area 1 (ΔPL1, LOC) = Load of DISCO1 +load of DISOC2 

                                                 = 0.1+0.1 pu MW = 0.2 pu MW (no uncontracted load)  
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Similarly, the total local load in area 2 (ΔPL2, LOC) = Load of DISCO3 +load of DISOC4 

                                                           = (0.1+0.1) +0.1 pu MW = 0.3 pu MW 

 The uncontracted load of DISCO3 is reflected in the power generation from GENCO3 and 

GENCO4. The generation of power from GENCO1 and GENCO2 is not affected by the excess 

load, which is being taken care of by ISO. In all the cases it is assumed that each area contains 

at least one GENCO that participates in LFC, i.e. has a nonzero ‘ APF’. ΔPtie1, 2 schedule = -0.05 

pu MW  as per equation 12 same as in case 2. 

 Figure ures 6 (a), 6 (b) & 6 (c) show the comparison of the PI and the PSO tuned controller 

dynamic responses of areas 1 & 2 and the tie-line power flow for case. From Figure  6 it is seen 

that the settling time, overshoot and undershoot are reduced when compared to the PI 

controller. Table 1 compares the settling time, overshoot and undershoot for the two 

controllers.   
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Figure  6 (a), (b) & (c) dynamic responses of area1, area2 and tie-line power flow for case 3 
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 Table 1 compares the response of the conventional PI controller with that of the PSO tuned 

PI controller for deregulated market structure for two different DPM and contract violation. In 

case 1, the settling time of the change in frequency in area 1 for PSO-PI controller is 4.8 s, 

whereas for the PI controller it is 8.7 s. Similarly, the settling time of the change in frequency 

in area 2 for the PSO-PI controller is 7.2 s, whereas it is 8.4 s for the PI controller. From table 1 

and Figure ures 4, 5 and 6, it is seen that the reduction in settling time is around 50% to 25% 

for PSO tuned controller than the PI controller. The overshoot and the undershoot obtained 

from PSO-PI controller gives better performance, i.e. the reduction in peaks when compared to 

the PI controller. Similarly, for case 2 and case 3 , there is  reduction in settling time and peaks 

of over and undershoot occurs for PSO tuned PI controller than PI. From table1 is shown that 

the PSO tuned PI controller gives better response than PI. 

 

Table 1. Comparison of the frequency and tie line responses for the PI controller and the PSO 

tuned PI controller 

Case Controller Layout 
Settling time 

(s) 
Overshoot Undershoot 

Case 1 

PI 

Area 1 8.7 0.125 (Hz) -0.755 (Hz) 

Area 2 8.4 2.0 (Hz) -2.9 (Hz) 

Tie line 9.8 0.014 (pu MW) 0 (pu MW) 

PSO–PI 

Area 1 4.8 0 (Hz) -0.665 (Hz) 

Area 2 7.2 1.85 (Hz) 0 (Hz) 

Tie line 6 0.011 (pu MW) 0 (pu MW) 

Case 2 

PI 

Area 1 13 0 (Hz) -0.75 (Hz) 

Area 2 13 1.8 (Hz) -3 (Hz) 

Tie line 13 0 (pu MW) -0.022 (pu MW) 

PSO–PI 

Area 1 9 0 (Hz) -0.67 (Hz) 

Area 2 7 1.6 (Hz) -2.0 (Hz) 

Tie line 9 0 (pu MW) -0.035 (pu MW) 

Case 3 

PI 

Area 1 11 0.02 (Hz) -0.75 (Hz) 

Area 2 14 (2.2Hz) -3.4 (Hz) 

Tie line 15 0 (pu MW) -0.023 (pu MW) 

PSO–PI 

Area 1 7.5 0 (Hz) -0.6 (Hz) 

Area 2 6.5 0.05 (Hz) -2 (Hz) 

Tie line 10 0 (pu MW) -0.036  (pu MW) 

 

7. Conclusion 

 This paper investigates the performance of the PI and PSO-PI controllers of a deregulated 

market structure for different transactions and contract violation. The concept of DISCO 

participation matrix (DPM) is implemented. A comparison of both the controllers shows that 

PSO tuned PI controller gives better results than the PI controller, namely reduced settling 

time, lesser overshoot and undershoot for all the cases under study. Performance characteristics 

in terms of the performance index Integral Square Error reveals that the designed PSO tuned PI 

controller is a promising control scheme for the solution of LFC problem and therefore it can 

be used to  generate good quality and reliable electric power in the deregulated power systems. 

The same can be implemented for the multi-area deregulated power system with non-linearities 

in the thermal unit.  
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Appendix 1 

Pr1= Pr2= 2000 MW, H1 = H2 = 5 s, D1 = D2 = 8.33*10
-3

 p.u.MW/Hz, R1=R2=R3=R4 = 

2.4Hz/p.u. MW,    KP1 = KP2 = 120 Hz/p.u. MW, TP1 = TP2 = 20 s, TG1 = TG2 = TG3 = TG4 = 0.08 

s, TT1=TT2 = 0.3 s, T12= 0.086 s, B1 = B2 = 0.425Hz, f = 60Hz, a12 = -1. 
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