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Abstract 

In Deregulation Electricity Market, the optimal location of Independent power producer (IPP) is found by using Locational 

Marginal Pricing (LMP) with Newton-Raphson Method. LMP is the most trendy congestion management technique and used to 

find out the congestion charge at particular nodes based on the marginal generation cost. The aim of this paper is to  maximize 

the social welfare and to obtain the optimal site of IPP using an LMP and managing the transmission lines overflow while 

rewarding security constraints of transmission lines in the competitive power marketplace. The LMP ranking method is used to 

find out the location of IPP. This paper explains how LMP calculation is performed at each bus at which location the 

transmission lines overflow occurs and how the overflow is alleviated by connecting the IPP at the congested spot in order to 

maximize the social welfare. The proposed method illustrated by case studies on the IEEE 30 bus and Indian utility 69 bus 

system.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Electric deregulation is the process of varying rules and regulations that handle the electric industry to supply customers the 

choice of electricity supplier who be retailers by allowing competition. Both economic value of the production and use of 

electricity is improved by deregulation. Since there is a competition in the electric industry that leads to the profit to the 

consumer, so power price is likely to come down. In ancient days control of producing electrical energy with a single company 

and deliver it in excess of the transmission network to Distribution Company or consumers. According to the act of public 

utilities, regulatory policies Act (PURPA) was started deregulation in the year 1990 which formed a configuration of IPP 

(Independent Power Producer). 

In the deregulated electricity market there is a contract between the purchaser and producers in which Transmission networks 

take part in a very important role in sustaining. The main drawback in transmission flow is congestion [1]. Once transmission 

lines are operated above its confine, the congestion will occurs. The condition where overloads in transmission line occur are 

called congestion. The system in which the security constraints in a transmission network become overloaded, then this system is 

said to be in a state of congestion. The promising limits that may batter in case of congestion, bus voltage limit [2]. There are two 

types of congestion management. They are uniform and non-uniform price. In this paper only considered the non uniform pricing 

method is handled by means of Locational marginal pricing (LMP) is used to calculate the nodal price the marginal cost is fixed 

by placing the additional MW the power can be incremented at the location without violating the protection limits and manage 

transmission congestion.  The LMP is termed as the minimum marginal cost to distribute an additional MW increment of power 

at the spot without contravenes any system security limits [3-5].  Transmission line at the time of high price demand which lead 

to the variability in LMP. If any line is constrained-LMPS will vary from bus to bus or from zone to zone, which cause 

congestion is called Merit Generation Dispatch LMP is used to specify the electricity insufficiency with high LMP communicate 

to make possible generation, load reduction, or more transmission capacity is essential at a given location [6-7]. LMP can be 

obtained as an outcome of Optimal Power Flow (OPF) is to find by using either AC-OPF or DC-OPF [8].  The optimal 

placement, including size is formulated for two different objectives, namely maximization of social welfare and profit.The 

candidate spot for DG placement are known on the basis of Locational  Marginal Price(LMP) [9].  This paper explains the 

Optimal placement of IPP based on LMP ranking using PSO based ACOPF for optimal wheeling transaction [10]. The optimal 

DG placement based on LMP ranking and consumer payment ranking, which helps in relieving congestion and minimizes the 

fuel cost [11]. To minimize the total cost generation the OPF is performed by Using PSO (particle swarm optimization) which 

Schedule the power [12-15].  The bilateral transaction between Independent Power Producer (IPP) and consumers will provide 

the incentive of contract. An IPP consist of one or more generate units within an exacting company. 
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The bilateral transaction between Independent Power Producer (IPP) and consumers will provide the incentive of contract. An 

IPP consist of one or more generate units within an exacting company ownership linked together to generate and vend electricity. 

The objective of an IPP is to sell the power at favorable cost without disturbing the reliability of the system [16]. 

II. LOCATIONAL MARGINAL PRICING 

The Locational Marginal Price (LMP) at a bus signifies the cost of supply the next addition of load at that bus. It is used to 

control the Transmission congestion and to find the smear price The LMP is the summation of cost of losses due to the increment 

and supplying energy marginal cost, transmission congestion cost if any arising from that increment and congestion. The LMP is 

the true indicator of marginal pricing of energy. The calculation of LMPs implicit involves congestion organization. Comparing 

to other approaches of congestion management, LMP approach has found very wide acceptance due to its natural efficiency in 

the network capacity allocation. 

LMP = Energy Marginal Cost +Congestion Cost + Cost of Marginal Loss 

 LMP Energy Component ( ref
LMP ) 

It is defined as the marginal cost or the nodal price at the reference base. The nodal price of each bus shares this similar 

component. These nodal prices include an inherent congestion component. At the reference bus both loss and congestion costs 

are for all time zero. Hence the price of the reference bus is same as energy component. 
ref

i
LMPLMPENERGY                                               (1) 

 LMP Loss Component ( loss
LMP ) 

It is defined as the marginal price of loss from the reference bus to bus i . ( loss
LMP ) is calculated by 

)1( 
i

refloss
DFLMPLMP                                   (2) 

Where, i = number of buses 

The delivery factor (
i

DF ) at the th
i  bus represents the effective MW delivered to the consumers to serve the load at that bus. It 

is defined as, 

                                                    (3) 

                                              (4) 

 LMP Congestion component ( congestion
LMP ) 

It is defined as the marginal price of transmission Congestion from the reference bus to bus i . 
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Where,   

K
  -  Shadow price ($/MWh) associateed with a binding constraint. 

iK
GSF


- Generation shift factor to line‘ k ’from bus ‘ i ’. 

M - Number of lines 

 Shadow Price 

A binding constraint, such as, when the flow on the interface is at the limit of the interface. It   is given as, 

                  (6) 

 Generation Shift Factor 

Generation shift factor is the fraction of incremental change in power flow of line ‘k’ to change in power adding up at bus i . 
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Where, 
1

B -  Inverse of susceptance (B) matrix 

k
x - Reactance of line K 

a, b, Are sending and receiving end buses on line K. 

Flow of line K after outage of generator = base case flow of line 
ik

GSF


   base case generation on bus i  
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III. PROBLEM FORMULATION 

To evaluate prices at each node in the base case OPF founded on the social welfare maximizing algorithm. The node with higher 

LMP will constantly have first precedence for IPP placement for social welfare maximization. In this paper our objective is to 

find the location of IPP and maximize the social welfare by means of Newton- Raphson method. 

 Objective Function 

The objective function is  to Find the location of IPP and Maximize the social welfare maximize The objective function  denotes 

the buyer benefit function at bus  i (DISCO) minus Denotes the manufacturer offer bid price at bus i  (GENCO). 
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Where, 
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PC  - Cost characteristics of Independent power producer. 

i
B )(

Di
P   -  Denotes the purchaser benefit function at bus i  

i
C )(

Gi
P  -  cost characteristics of Independent power producer 

BuyerDj
P

,
 - Load at buyer bus i  

 Equality Constraints 

The equality constraint is the power flow equation for solving the OPF crisis. The sum of active, reactive power and power flow 

inject into a node minus the power flows take out from the node has to be zero. The power balance equation is, 

iDiGi
PPP 

                                                                        (9) 

Where, Pi- Calculated real power for the bus .i  

 Inequality Constraints 

The inequality constraints are generation limit, voltage limit and the line flow confines and real power generation limit. 

 Generation Limit 

Due to practical and cost-effective reasons the generating plants always have a maximum and minimum generation capacity. It is 

not feasible to generate. Generators are bound to operate between the upper and lower confines for both real and reactive power 

generated. 
maxmin

GiGiGi
PPP                                                                 (10) 

Where, 


minmin

,
GiGi

QP  Minimum real and reactive power generated at Bus i  


maxmax

,
GiGi

QP  Maximum real and reactive power generated at Bus i  

 Voltage Limit 

By maintaining the bus voltage within an allowable range the voltage stability can be maintained. By maintaining the system 

stability the performance can be improved. 
maxmin

iii
VVV 

                                                                   (11) 

Where, 
min

i
V    Minimum or upper limit of voltage profile at Bus i  

 
max

i
V Maximum or upper limit of voltage profile at Bus i  

 Line Flow Limit 

The line flow limits specify the maximum power that can be transferred via the specified transmission line using the given 

conditions. The limit can be found on thermal or stability considerations. 
max

ijij
SS                                                                              (12) 

Where, 


ij

S  Complex power flow in the line ij ; 


max

ij
S  Maximum power transfer capacity of the line ij . 
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IV. RESULT AND DISCUSSION 

The proposed method has been established on IEEE-30 bus system and Indian utility 69 bus system. The value of nodal LMP at 

each bus is calculated by using the OPF formulation of the Newton Raphson Method to determine the optimal wheeling 

transaction. Using the cost curve of supplier and buyer the OPF calculated for the different electricity prices for different nodes 

in the network. Using multipliers Lagrangian the nodal prices of the nonlinear equality constraints are obtained. The marginal 

cost provides relieve for the congestion. The placement of IPP is identified on the basis of LMP ranking order. 

 IEEE 30 BUS System 

The system used in this study has modified IEEE 30 bus system. It consists of 6 generators, 24 loads and 41 Transmission line. 

The generator buses are 2, 3, 5, 8, 11 and 13 with a slack bus at node 1. The benefits of the bidder are the increasing function for 

the supplier bids and decreasing function for the customer bids. The price difference indicates the active line constraints and 

losses in the transmission system. The independent power producers are located in specific nodes and the remaining buses are 

considered as load bus. The losses in the lines are neglected in the DCOPF and LMP values at each bus are equal. Although the 

DCOPF model could provide a high level of power flow accuracy it has several other limitations. The main problem is there is 

no well defined rule to make a unique selection of loss distribution strategy and the next issue is marginal pricing. So here AC 

OPF is considered in which losses and LMP congestion cost are included in the calculation. In which the LMP values will vary 

from bus to bus which cause possible congestion charges. 

 Case 1 

In this case first consider the generator data, bus data, generator cost data and other power flow constraints of the IEEE 30 bus 

system. Generator data consists of maximum and minimum value of generator and cost coefficient values of the collected data 

run the Newton Raphson and obtain the LMP values from it and then check out the tolerance limit. Using Newton Raphson load 

flow method the system is free from congestion for its base case which is checked by calculating complex power flow in 

transmission line the value of LMP is calculated at each node. The Energy component is the same for all locations and equals to 

the system balance shadow price. At the reference bus, loss factor is zero and all shift factors are zeroing so both loss and 

congestion components are zero in all the time at the reference bus. At the end of result, the price of the reference bus always 

equals to the energy component. LMP energy is equal to the LMP reference. Congestion components equal zero for all locations 

if there are no binding constraints. The loss component is the marginal cost of additional losses caused by supply an increment of 

load at the place. There is no overflow transmission line for the base due to the system is free from congestion. TABLE I show 

that the LMP value at each bus is nearly same indicating that the system is free from congestion then the Transmission lines 

overflow is zero for the base case. The LMP calculation is repeated for every five minutes because load connected in the power 

system is dynamic. Here the objective function value is obtained as14911.360 $/hr for this base case. 

 Case 2 

The base case load is 283.4MW is then increased to 333.4MW by increasing the load at node 9. In this case congestion occurs 

due to the load connected by bus 9. The overall cost of a system also increases. Hence LMP congestion value is calculated. Now 

the LMP values differ at every node as the generator contributions to each bus varies. This change in the LMP values gives the 

economic signal indicating the spot of congestion. The negative value of LMP indicates that that node base lower demand 

compared to generation is present at that node. The higher value of LMP indicates that more generation is pressed by demand at 

that bus.  The bus number 10 has higher value of LMP to all other buses which highlights the highly congested spot in the IEEE 

30 bus system. This highly congested spot is well suitable for the optimal IPP placement in order to relieve the congestion in the 

deregulated electricity market. In this case congestion occurs due to the load connected by bus 9 so that the Transmission line 

overflow will occur in the Line number 7 and 41. In the line number 7, 160 MW wants to be transferred from the sending bus 

number 4 to the ending bus number 6. Due to congestion there will be overflow and so that Instead of 160 MW there will be a 

flow of 174.9714 MW, there is an additional flow of 14.9714 MW in the line number 7.Similarly in the line number 41 there will 

be an overflow of 9.6238 MW. TABLE 2 shows that the overflow of Transmission line number 7 and 41 due to congestion. 

 Case 3 

The major objective of an IPP is to sell the power at beneficial cost. Wheeling transaction is done with the added IPP and 

selected consumer. Now, the IPP of 50mw is connected at the highest signal LMP value, i.e., node 10 and again with Newton 

Raphson load flow method is performed. The congestion in the system is alleviated. TABLE 3 shows output of IEEE 30 bus 

system. TABLE VI shows that the transmission lines overflow after locating IPP. The objective function value is increased from 

16721.742 $/hr  to 16775.864 $/hr  for IEEE 30  bus system which in turn maximizes the social welfare in the deregulated 

electricity market and also relieves the congestion using Newton-Raphson load flow method with LMP. 
Table - 1 

Base Case of LMP Values for IEEE 30 Bus System 

Bus 

No 

LMP Energy 

($/MWh) 

LMP Loss 

($/MWh) 

LMP Congestion 

($/MWh) 

LMP 

($/MWh) 

1 3.086 0.0441 0 3.0827 

2 3.086 0.0517 0 3.0903 

3 3.086 0.0026 0 3.0412 

4 3.086 0.0024 0 3.0410 
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5 3.086 0.0075 0 3.0461 

6 3.086 0.0349 0 3.0735 

7 3.086 0.0000 0 3.0386 

8 3.086 0.0006 0 3.0392 

9 3.086 0.0000 0 3.0386 

10 3.086 0.0121 0 3.0507 

11 3.086 0.0000 0 3.0386 

12 3.086 0.0071 0 3.0457 

13 3.086 0.0000 0 3.0386 

14 3.086 0.0001 0 3.0387 

15 3.086 0.0031 0 3.0417 

16 3.086 0.0008 0 3.0394 

17 3.086 0.0000 0 3.0386 

18 3.086 0.0002 0 3.0388 

19 3.086 0.0015 0 3.0401 

20 3.086 0.0000 0 3.0386 

21 3.086 0.0000 0 3.0386 

22 3.086 0.0143 0 3.0529 

23 3.086 0.0045 0 3.0431 

24 3.086 0.0002 0 3.0388 

25 3.086 0.0017 0 3.0403 

26 3.086 0.0000 0 3.0386 

27 3.086 0.0063 0 3.0449 

28 3.086 0.0000 0 3.0386 

29 3.086 0.0007 0 3.0393 

30 3.086 0.0000 0 3.0386 

 Indian Utility 69 Bus System 

In the same way the LMP is evaluated with Indian utility 69 bus system for the base case, to determine the optimal placement of 

IPP. The placement and penetration of Indian utility 69 system are obtained from the OPF with Newton Raphson Method. This 

Indian utility 69 bus system has 13 generators, 99 transmission lines, 56 loads. 

 Case 1 

In this Case first consider the generator data, bus data, generator cost data and other power flow constraints of the Indian utility 

69 bus system. From the collected data run the Newton- Raphson method and obtain the LMP values from it and then check out 

the tolerance limits. The system is free from the congestion in the base case of Indian utility 69 bus system and the transmission 

line overflow is zero in the base case which is checked by calculating complex power flow method.  

 Case 2 

In this case by increasing the 80 Mw load at node 20. The congestion occurs due to the load connected by bus 20 the overall cost 

of a system also increases. Hence LMP congestion value is calculated. Now the LMP values differ at every node as the generator 

Contributions to each bus varies. It is seen that the LMP at the bus number 37 has the highest value which indicated the spots of 

congestion. The value of LMP is 53.3494 $/Mwh. In the line number 4, 90.008 MW wants to be transferred from the sending bus 

number 4 to the ending bus number 6. Due to congestion there will be overflow and so that Instead of 90.008 MW there will be a 

flow of 90.008 MW, there is additional flow of 0.008 MW in the line number 4.Tabulated transmission lines over flow after 

congestion. 
Table - 2 

Transmission Lines Overflow for IEEE 30 Bus After Adding 50 Mw Load At Bus Number 9 

Bus No Send Bus End Bus Line Limits Line Flow Over Flow 

1 1 2 13.0000 63.1717 0 

2 1 3 13.0000 27.0639 0 

3 2 4 65.0000 27.0639 0 

4 3 4 130.0000 15.0288 0 

5 2 5 130. 0000 45.5235 0 

6 2 6 65. 0000 40.6762 0 

7 4 6 160. 0000 174.9714 14.9714 

8 5 7 70. 0000 19.7976 0 

9 6 7 130. 0000 116.7266 0 

10 6 8 62. 0000 58.3503 0 

11 6 9 85. 0000 52.7723 0 

12 6 10 32. 0000 22.5804 0 

13 9 11 65. 0000 27.3469 0 

14 9 10 65. 0000 14.9008 0 

15 4 12 65. 0000 14.5123 0 
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16 12 13 65. 0000 47.6785 0 

17 12 14 32. 0000 8.8594 0 

18 12 15 32. 0000 21.6334 0 

19 12 16 32. 0000 15.6957 0 

20 14 15 16. 0000 2.3239 0 

21 16 17 16. 0000 12.1439 0 

22 15 18 16. 0000 11.4853 0 

23 18 19 16. 0000 8.3554 0 

24 19 20 32. 0000 5.6703 0 

25 10 20 32. 0000 7.2875 0 

26 10 17 32. 0000 8.5025 0 

27 10 21 32. 0000 16.5641 0 

28 10 22 32. 0000 7.0553 0 

29 21 22 32. 0000 5.5416 0 

30 15 23 16. 0000 5.4971 0 

31 22 24 16. 0000 4.8420 0 

32 23 24 16. 0000 2.9271 0 

33 24 25 16. 0000 11.3881 0 

34 25 26 16. 0000 4.2653 0 

35 25 27 16. 0000 14.3715 0 

36 28 27 65. 0000 31.0286 0 

37 27 29 90. 0000 29.6838 0 

38 27 30 16. 0000 7.0910 0 

39 29 30 19. 0000 17.9817 0 

40 8 28 32. 0000 0.7126 0 

41 6 28 110. 0000 119.6238 9.6238 

Table - 3 

Social Welfare Output for IEEE 30 Bus Systems 

After  adding 50MW load at bus number 9 Social Welfare=16721.742($/hr) 

Aft After Locating 50MW of IPP at bus number 10 Social Welfare=16775.864($/hr) 

Table - 4 

Transmission Lines Flow for IEEE 30 Bus System after Locating 50 Mw of IPP at Bus Number 10 

Bus No Send Bus End Bus Line Limits Line Flow Over Flow 

1 1 2 13.0000 38.8887 0 

2 1 3 13.0000 10.6127 0 

3 2 4 65.0000 4.7358 0 

4 3 4 130.0000 9.1019 0 

5 2 5 130. 0000 39.3489 0 

6 2 6 65. 0000 34.9552 0 

7 4 6 160. 0000 156.9678 0 

8 5 7 70. 0000 25.8540 0 

9 6 7 130. 0000 114.0239 0 

10 6 8 62. 0000 52.3589 0 

11 6 9 85. 0000 31.6241 0 

12 6 10 32. 0000 12.0596 0 

13 9 11 65. 0000 24.1819 0 

14 9 10 65. 0000 17.3494 0 

15 4 12 65. 0000 1.3281 0 

16 12 13 65. 0000 47.1299 0 

17 12 14 32. 0000 7.9240 0 

18 12 15 32. 0000 17.8279 0 

19 12 16 32. 0000 7.1593 0 

20 14 15 16. 0000 1.4717 0 

21 16 17 16. 0000 3.6271 0 

22 15 18 16. 0000 6.1326 0 

23 18 19 16. 0000 3.0570 0 

24 19 20 32. 0000 7.9804 0 

25 10 20 32. 0000 10.4019 0 

26 10 17 32. 0000 8.6590 0 

27 10 21 32. 0000 16.5848 0 

28 10 22 32. 0000 7.0397 0 

29 21 22 32. 0000 10.4019 0 

30 15 23 16. 0000 8.6590 0 
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31 22 24 16. 0000 3.5641 0 

32 23 24 16. 0000 2.7427 0 

33 24 25 16. 0000 9.0171 0 

34 25 26 16. 0000 4.2653 0 

35 25 27 16. 0000 12.2215 0 

36 28 27 65. 0000 23.3874 0 

37 27 29 90. 0000 29.6839 0 

38 27 30 16. 0000 7.0913 0 

39 29 30 19. 0000 17.9815 0 

40 8 28 32. 0000 0.7032 0 

41 6 28 110. 0000 109.4275 0 

 Case 3 

Hence IPP is connected by bus 37 and Newton-Raphson is performed again to relieve the spot of congestion for the optimal 

bilateral transaction. Tabulate the LMP values after locating IPP. This scheduling will also consider the generator cost and 

transmission line limits. Transmission lines overflow is zero after adding IPP. It maximizes the social welfare in the deregulated 

electricity market and also relieves the congestion using Newton-Raphson load flow method with LMP. The objective function 

value is increased from 806522.696 $/hr to 806525.339 $/hr for Indian utility 69 bus system. TABLE V indicates social welfare 

output for Indian utility 69 bus system. 
Table - 5 

Social Welfare Output for Indian Utility 69 Bus System 

After adding 80 MW load at bus number 20 Socialwelfare=806522.696($/hr) 

After Locating 80MW of IPP at bus number 37 SocialWelfare=806525.339($/hr) 

V. CONCLUSION 

The proposed method could specially identify the feasible transaction for the optimal placement of IPP and also maximize the 

social welfare using OPF with Newton-Raphson load flow method. The LMP plays an important role in the deregulation 

electricity market. In recent times LMP is set to be the most popular congestion management technique. The transition from 

monopoly to deregulated market is found to be more advantageous. It has certain drawbacks of congestion and difficulty in 

pricing. In this work the Locational Marginal Pricing (LMP) can be proved to be an effective solution for feasible transaction in 

relieving congestion. LMP also used to maintain the stable operation of the transmission system without affecting the buyers and 

sellers in the market. LMP based market mechanism increases the efficiency of a competitive wholesale energy market. The 

LMP values are calculated for IEEE 30 and Indian utility 69 bus system in order to minimize the congestion. LMP serves as the 

best economic signal in identifying the congested spot. The location of IPP at the higher LMP node relieves the congestion. The 

Increase in LMP values provides good signal for identifying the congested location and also provides the suitable location for 

IPP which relieves the congestion and provides optimum wheeling transaction and Maximize the social welfare for bilateral 

transaction. 
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