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ABSTRACT— The major problem of System Operator 

(SO) is to utilize the generated power effectively without 

disturbing the reliability of the market. This paper 

proposes a methodology to identify the reliable wheeling 

transaction in hybrid power market by performing Particle 

Swarm Optimization (PSO) based Optimal Power Flow 

(OPF). The customer location is selected based on 

Locational Marginal Price (LMP). The new generation 

schedule for all generator buses are computed by PSO 

with an objective of increasing the system performance by 

optimizing the generation cost. Based on the power 

transfer capability the transaction is suggested for the 

Independent Power Producer (IPP) in deregulated 

environment. The proposed frame work is illustrated with 

IEEE-30 bus system and Indian utility 69 bus system. 

 

KEYWORDS— Independent Power Producer (IPP), 

Independent System Operator (ISO), Locational Marginal 

Price (LMP), Optimal Power Flow (OPF), Particle Swarm 

Optimization (PSO), Wheeling transaction. 

 
 

I. INTRODUCTION 

  
Competition in deregulated power market has given 

rise to the increased power suppliers and the constantly 

increasing population also increased the power demand all 

over the world. In deregulation environment transmission 

and distribution are independent activities [1]. The main 

benefit of deregulation include cheap electricity, efficient 

capacity, expansion planning and provides more choice 

for better services. ISO is authorized to set rules for 

transaction between suppliers and consumers, scheduling  

 

 

and dispatch of generators and loads in energy 

markets. The role ISO to provide power at low cost 

without disturbing the reliability of system becomes the 

tedious job. When the producers and consumers of 

electric energy desire to produce and consume in 

amounts that would cause the transmission system to 

operate at or beyond one or more transfer limits, the 

system is said to be congested. 

Methods are proposed to minimize the curtailment of 

the contracted powers in a power market in case of 

congestion by using optimal power flow model and for 

the optimal allocation of distributed generators 

considering congestion relief and voltage security in 

deregulated environment [2-3]. The congestion zones are 

identified by transmission congestion distribution factor 

to reschedule the generators in that zone [4]. The hybrid 

power market is a combination of best features of pool 

market and bilateral market, in a hybrid power market; 

market participants can buy/sell electric energy from the 

spot market and can also sign long-term bilateral 

contracts to reduce their price risk [5]. In the spot market, 

suppliers submit their generation bids and customers 

submit their demand bids to the power pool. For a 

bilateral transaction, energy price is agreed by two 

contracted parties, and the contracted quantity and 

locations are provided to the ISO. If there is no violation 

of static and dynamic security, the ISO simply dispatches 

all requested transactions and charges for the service [6]. 

The bilateral transaction provides the motivation of 

transaction between Independent Power Producer (IPP) 

and consumers. An IPP consist of one or more generating 

units within a single company ownership connected 

together to produce and sell electricity. The major 

objective of an IPP is to sell the power at beneficial cost 
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without disturbing the reliability of the system [7]. 

Wheeling is the transmission of electrical energy from 

a seller to buyer through a transmission network owned 

by a third party [8]. The wheeling utility is paid for its 

service and for meeting the losses. It might require 

rescheduling its own generation, because of wheeling 

transactions. The reasonable price is provided for load 

prices and wheeling charges by considering the 

recovering of expense from utilities [9]. The impacts of 

wheeling on deregulated environment are studied by 

considering the transmission loss, voltage profiles and 

network congestion [11]. 

The economic dispatch optimization has been 

computed to reduce the number of participating 

generators and optimum rescheduling of their output 

while managing congestion in a pool at minimum 

rescheduling cost [13]. A wide variety of optimization 

techniques have been applied in solving the OPF 

problems. PSO technique used to minimize the deviation 

of rescheduled value of generator power outputs from 

scheduled levels [15]. The economic dispatch 

optimization can be formulated using OPF with PSO [16]. 

OPF is proposed to find the optimal setting of a power 

system network that optimize certain objective function 

when satisfying its power flow equations and equipment 

operating limit. 

LMP is the marginal cost of supplying the next 

increment of electric energy at a specific bus considering 

the generation marginal cost and the physical aspects of 

the transmission system [17]. LMP is the lagrangian 

multiplier associated with the active power flow equations 

for each bus in the system [18].  

The contribution of this paper is to identify the optimal 

wheeling transaction where maximum load can be 

connected in a hybrid power market. The buyer is selected 

based on their demand side LMP cost and the 

performance of the system is identified by calculating the 

power transfer capability. In this paper, OPF is solved 

using the PSO algorithm for the base case and for the case 

with identified optimal wheeling transaction. IEEE-30 bus 

and Indian utility 69 bus systems are used for 

demonstrating the proposed work. 

 
 

II.OVERVIEW OF PARTICLE SWARM OPTIMIZATION 

(PSO) 

  
PSO is a robust stochastic optimization technique 

based on the movement and intelligence of swarm. This 
technique was first introduced by Eberhat and Kennedy in 
1995. This algorithm simulates the behaviors of bird 
flocking and fish schooling. The bird which reaches its 
better solution will inform others, to follow that particular 
direction in order to get its solution optimally [19]. 

     PSO technique has been successfully applied in 
many research and application areas. It is validated that, 
PSO gets better results in a faster way and it has good 
computational efficiency while comparing with other 
methods. Here the particles are randomly generated by two 
parameters (i.e.) position and velocity in the N-

dimensional space. Velocity, Vi= (vi1,vi2,…,vin), 
determines particles searching direct for each iteration. 
Position of the particle is denoted by, Xi= (xi1,xi2,..,xin). 
The following equation describes the initialization of each 
particle’s position and velocity: 

()))minmax((min randXXXiX                              

(1) 
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(2) 

Here i refer to the number of particles. 
 In the search process best position of all the particles 

taken together as Gbest= (Gbesti1,Gbesti2,…,Gbestin) and 
the best position achieved by the individual particle is 
denoted by Pbest=(Pbesti1,Pbesti2….,Pbestin). Particles use 
both the information to update their positions and 
velocities using the following equations: 
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  In the velocity updation first part denotes the inertia 

function part which is important for convergence and it 

controls the impact of previous history of velocity on the 

current velocity. w denotes the inertia weight. 

The second part is the cognitive part which depends on 

the individual thinking of the particles and the third part 

is the social part. C1 and C2 are the acceleration constant 

which pulls the particles towards Pbest and Gbest. 

 
 

III.MATHEMATICAL FORMULATION 

  
The feasible wheeling transaction can be selected 

based on the optimization of generation fuel cost by 

satisfying all the power system constraints. The 

optimization process can be performed using PSO based 

OPF. The problem formulation for this approach 

proceeds as follows: 
 

A. Objective Function  
The optimization of generation cost in a power system 

network is given as 





Gi

Gii PCC )(min                                                   

(6) 

iGiiGiiGii cPbPaPC  2)(        ($/hr)                     

(7) 

Where ai, bi, ci are cost coefficients of generated real 

power PGi at bus i. 
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1) Equality constraint:  

The power system network needs to maintain the 

power balance equation to balance the power 

transmission. The sum of active power flow injected into 

a node minus the power flows extracted from the node 

has to be zero. 

0)cos(
1

 


N

j

ijjiijjiDiGi YVVPP          (8) 

Where PGi and PDi are the active power generation and 

demand in the power market respectively. 
 

2) Generation limit:  

The generating plants have a specified limit for its 
generating capacity. Generators are bound to operate 
between this upper and lower limits for both real and 
reactive power generated. 

maxmin

GiGiGi PPP                                                          (9) 

maxmin

GiGiGi QQQ                                                       (10) 

3) Voltage limit: 

The bus voltage needs to be maintained within an 
allowable narrow range of levels to maintain the voltage 
stability. The performance is improved by maintaining the 
stability of the system. 

maxmin

iii VVV                                                          (11) 

4) Line flow limit: 

The line flow limit specifies the maximum power that 
can be transferred through the given transmission line 
under given conditions. The limit can be based on thermal 
or stability considerations. 

max

ijij SS                                                                       (12) 

Where, N denotes the number of buses in the system; G 

denotes the number of generator sets; 
GiP  and 

GiQ denotes the generated real and reactive power in the 

bus i respectively; 
iV denotes the voltage at the bus 

terminal i; δi denotes the voltage angle in bus i; 

ijY denotes the magnitude of admittance of the 

transmission line ij;  
ij denotes the admittance angle of 

the line ij; m in

GiP and m ax

GiP denotes the minimum and 

maximum real power that can be generated; m in

GiQ  and 

m ax

GiQ  denotes the minimum and maximum reactive power 

that can be generated; m in

iV  and m ax

iV  denotes the 

minimum and maximum voltage profile at each bus i; 
ijS  

denotes the complex power flow in the line ij; max

ijS  

denotes the power transfer capability of the line ij. 
 

B. Locational Marginal Price (LMP)  
The LMP calculates the marginal cost for active power 

flow in the node. The LMP at a bus is defined as the 

minimum marginal cost of supplying the next increment 
of electric energy at the bus without violations of any 
transmission limits. The prices are determined based on 
the bids submitted by the power suppliers and consumers 
in the market. In cases of no congestion the LMP cost is 
same as Market Clearing Prices (MCP). MCP is 
determined by the supply and demand curve [17]. 

The calculation of LMP is based on the marginal cost, 
supply bid curve, demand curve, physical aspects of the 
transmission system and the operating constraints of the 
power system. 
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Where, DiP  is the real power demand in bus i, LP  is 

the power loss in the system, KP  is congested power in 

line K. 
 

C. Market Model 
 

The combined operation of both poolco model and 
bilateral transaction together is the hybrid model [18]. The 
ISO is responsible for system operation and guarantees 
system security in operational matters and holds a 
superior position. Market participants may not only bid 
into the pool but also make bilateral contracts with each 
other. Therefore, this model provides more flexible 
options for transmission access. 

A competitive market model is developed by introducing 

an IPP to the power market. The optimal wheeling 

transaction is performed in the developed hybrid model. 

 
  

IV. ALGORITHM 

 
 

The step by step algorithm for the proposed model is 
explained as follows, 

1. Collect the bus data, line data, real power generation 
limits and the cost co-efficient of each generating unit. 

2. An IPP is connected to the specified location with its 
total generation capacity. 

3. Select the consumer node based on LMP cost. 

4. Wheeling transaction is performed with the added IPP 
and selected buyer. 
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5. Select the maximum number of iterations, inertia 
weight, acceleration constants, number of individuals 
and population size. 

6. The maximum allowable load for the selected 
consumer is identified. 

7. OPF based PSO is performed to identify the 

rescheduled generation unit for optimal wheeling 

transaction 

 
 

IV. RESULTS AND DISCUSSIONS 

 
 

A. Test System 
The proposed method is demonstrated in standard 

IEEE-30 bus system and Indian utility 69 bus system. The 
adopted PSO parameters for the proposed technique are 
given in Table I. 

TABLE I  
PSO PARAMETERS 

Parameters 
IEEE-30 bus 

system 

Indian utility 

69 bus system 

Population size 100 100 

Maximum Iterations 300 300 

Cognitive factor, C1 2 2 

Social factor, C2 2 2 

Minimum inertia 

weight, Wmin 
0.4 0.4 

Maximum inertia 

weight, Wmax 
0.9 0.9 

 
The IPP is connected in 10

th
 bus for IEEE-30 bus 

system and in 7
th
 bus for Indian utility 69 bus system. The 

details of connected IPP are given in Table II. 
 

TABLE II  
IPP LOCATION AND CAPACITY 

Systems 
Bus 

No. 

PGi 

(MW) 

ai 

($/MW2

-hr) 

bi 

($/MW-

hr) 

Ci 

($/hr) 

IEEE-30 

bus  
10 144 0.02 2 0 

Indian 

utility 69 

bus  

7 260.3 0.0035 3 0 

 
The simulation studies have been conducted on 

Intel(R) core i5, CPU M430 @ 2.27 GHz processor under 
MatLab 12 environment. 

B. IEEE- 30 Bus System  
The standard IEEE-30 bus system [20] consists of 6 

power suppliers, 24 consumers and 41 transmission lines. 
The generator sets are connected at nodes 2, 5, 8, 11 and 
13 with the slack bus connected to node 1. The system is 
free from congestion for its base case which is checked by 
calculating complex power flow in transmission line using 
Newton-Raphson load flow method. 

The modified power market with IPP consists of 

Number of power suppliers     = 7 

Number of consumers             = 23 

Number of transmission lines = 41 

 

Fig. 1 LMP for IEEE-30 Bus system 
 

The LMP is calculated for all the connected consumers 
neglecting the cost for loss and congestion. The LMP cost 
for the loads is given in Fig.1. From the Fig.1 bus 7 has 
been selected as the buyer for wheeling transaction based 
on LMP calculation. 

 
TABLE III 

MAXIMUM ALLOWABLE LOAD IN IEEE-30 BUS SYSTEM 

IPP 

location 

(Bus No.) 

PGi 

(MW) 

Buyer location 

(Bus No.) 

PLi,max 

(MW) 

10 144 7 107.2 

 
TABLE IV 

RESCHEDULED GENERATION FOR IEEE-30 BUS SYSTEM 

Generator 

 (Bus No.) 
PGi  (MW) 

1 154.1806 

2 41.0709 

5 18.5613 

8 10.5280 

10 144.0000 

11 10.0880 

13 12.1713 

Cost of Generation 

($/hr) 
1453.838 

 

Generator rescheduling is performed using OPF with 

PSO technique. The maximum allowable load that can be 

provided for the buyer in bus 7 is identified as 107.2MW 

in Table III. 

OPF is performed for 20 different trials for this 

maximum allowable load and the best solution is selected 

based on the optimal cost for generator rescheduling. 

Among the 20 trials performed, the optimal solution is 

obtained in 8
th

 trial. 
The rescheduled generation capacity for the trial 8 is 
given in Table IV 
The optimal wheeling transaction performed with this 
rescheduled generation capacity is given in Table V 
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TABLE V 
OPTIMAL WHEELING TRANSACTION IN IEEE-30 BUS SYSTEM 

IPP 

location 

(Bus No.) 

PGi 

(MW) 

Buyer 

location 

(Bus No.) 

PLi,max 

(MW) 

Fuel cost 

($/hr) 

10 144 7 107.2 1453.838 

 
The iteration converges at 251

th
 iteration and the time 

taken for execution is 1.0591sec. 

C. Indian Utility-69 Bus System  
The Indian utility 69 bus system [21] consists of 13 

power suppliers, 56 consumers and 99 transmission lines. 
The generator sets are connected at nodes 13, 14, 15, 21, 
31, 36, 39, 52, 53, 57, 58 and 60 with the slack bus 
connected to node 1. The system is free from congestion 
for its base case which is checked by calculating complex 
power flow in transmission line using Newton-Raphson 
load flow method. 

TABLE VI 

MAXIMUM ALLOWABLE LOAD IN INDIAN UTILITY-69 BUS SYSTEM 

IPP 

location 

(Bus No.) 

PGi 

(MW) 

Buyer  location 

(Bus No.) 

PLi,max  

(MW) 

7 260.3 56 254.3 

 
TABLE VII 

RESCHEDULED GENERATION FOR INDIAN UTILITY-69 BUS SYSTEM 

Generator  

(Bus No.) 
PGi (MW) 

1 622.1348 

7 260.3000 

13 987.4956 

14 318.6732 

15 495.1399 

21 230.7538 

31 182.9811 

36 136.0616 

39 418.9227 

52 809.3890 

53 53.5284 

57 198.9006 

58 185.5775 

60 96.4417 

Cost of 

Generation ($/hr) 
230264.839 

 
 

 

 
The modified power market with IPP consists of 

Number of power suppliers     = 14 

Number of consumers             = 55 

Number of transmission lines = 99 

The LMP is calculated for all the connected 

consumers neglecting the cost for loss and 

congestion. The LMP cost for the loads is given in 

Fig.2. From the Fig.2 bus 56 has been selected as the 

buyer for wheeling transaction based on LMP 

calculation. 
Generator rescheduling is performed using OPF with 
PSO technique. The maximum allowable load that can 
be provided for buyer in bus 56 is identified as 
254.3MW in Table VI. 
OPF is performed for 20 different trials for this 
maximum allowable load and the best solution is 
selected based on the optimal cost for generator 
rescheduling. Among the 20 trials performed, the 
optimal solution is obtained in 2

nd
 trial. The 

rescheduled generation capacity for the trial 2 is given 
in Table VII. 
The optimal wheeling transaction performed with this 

rescheduled generation capacity is given in Table 

VIII. 
 

TABLE VIII 
OPTIMAL WHEELING TRANSACTION IN INDIAN UTILITY-69 BUS SYSTEM 

IPP 

location 

(Bus No.) 

PGi 

(MW) 

Buyer 

location 

(Bus No.) 

PLi,max 

(MW) 

Fuel cost 

($/hr) 

7 260.3 56 254.3 230264.839 

 
The iteration converges at 60

th
 iteration and the time 

taken for execution is 2.1517sec. The results are 

obtained for two different systems with the optimal 

solution for the wheeling transactions. 

 

Fig. 2 LMP for Indian Utility-69 Bus system 
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IV. CONCLUSION 

  
The feasible transaction which satisfies all the 

constraints is identified by rescheduling the generators 

using PSO. The result proves that the buyer selected based 

on LMP calculation provides the best location for optimal 

wheeling transmission. The proposed algorithm works 

efficiently in standard IEEE-30 bus system and Indian 

utility 69 bus system. The same can also work efficiently 

with all the power market. 
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