
Abstract
This is the case of the ACOPF form, the blocking element of the Locational marginal price vector exhibit strong addiction
on the power reference. In instruct to resolution this clash, a direct optimization outline is developed in this work this
method is verified through an  IEEE 30–bus scheme. Method: The power word simulator is used as a tool and in this an
optimization technique is used to solve the both dc and AC optimal power flow. Findings: The marginal price details of each
bus and linear programming solution is determined by comparing both AC and DC power flows. Applications: A power
world simulator is used and for future scope a genetic algorithm, quadratic programming method can also be used. 

Keywords: Congestion Value, Economic Transmission Right, Energy Location, Income Capability, Locational Marginal Price,
Security Constrained Optimal Power Flow

1. Introduction
The electric service engineering has entered a novel
epoch, one considered by contest among service–owned
and sovereign authority, by long–time actions of power
from one licence vicinity to another, and in some instance
from one countryside to another, and by the growth of
short–time market in which many consumer shop for the
least price power for their clients. This better utilize of
market forces, support of new dealers, rising confidence
on financial system power deal and recent model in power
corporation union has placed new load on the electric
control transmission organization. Competent use of the
transmission organization in a market situation label for
modify in the association that preside over transmission
dealings. “ The generally dispute communal plan matter
connecting the electric value production of the 1990s will
likely be that of transmission right to use and the use of
the bulk power system.” One discontented obligation is
for a reliable system

short–time use pricing and•	

long–time fixed transmission ability rights that can •	
contain the difficult exertion of loop flow in the
occurrence of line of thermal restrictions, bus voltage
tolerances, and other constraints on the transmission
organization.

1.1  Competent Utilize of the Electric
Control Organization

The aim is to support financial competence in the usage
of the electric power organization. financial transmit of
electric power plants linked throughout a transmission
network supply a normal starting aim for conversation of
well–organized electricity marketplaces. beside descrip-
tion, financial send out make the most of the low
remuneration prices subject to the ease of use of plants and
the limitations of the transmission Locational Marginal
Price (LMP) is defined as the minor price of supplying
the next rise of electric power at a definite bus while
considering the generation marginal cost and the physi-
cal aspects of the transmission system. According to the  
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proposal of the U.S.FERC, an LMP–based marketplace 
worth come near is to direct the competent use of transmis-
sion organization when congestion occur on bulk power 
network. Consequently, such pricing can achieve short– 
and long–time competence in comprehensive electricity 
marketplaces. In some efficient markets, including the 
PJM interconnection, the New York market, and the New 
England market, ISO’s are to affect the locational minor 
pricing2,3. Under the SMD issued by FERC in July 2002, the 
ISO agree to the energy and value offers accepted by market 
members (e.g., vendors and consumers) and has the right 
and liability to arrange and decide on them support on  
a given purpose whereas preserve the system safety 
process. The ISO’s goals may pick from a least cost formu-
lation to the one those results in least amount probable 
change to original plan. The LMP disparity among two 
nearby buses is the congestion price which occur when 
the power is shifted from one position (insertion) to the 
other position (removal). Transmission fatalities may 
crash LMP distinctions since well. Minor fatalities corre-
spond to additional change in organization fatalities due 
to additional command changes. Additional losses give 
up further costs which are referred to as the price of mar-
ginal fatalities such prices are included in the calculation 
of LMP. Accordingly, LMP is stated as given below i.e.

LMP = LMP energy + LMP loss + LMP congestion
That is, LMP is the summing up of the price of marginal 

energy, marginal loss, and congestion. Two common 
ways are useful for scheming LMP. One is to decide the 
three components individually and then add them up.  
A second way is to first analyse LMPs based on full  
ac system model and then recognize individual 
components as needed. The LMP distinctions between 
any two positions symbolize the price of transmission 
from the insertion to the removal, together with 
congestion and fatalities. When congestion is present in 
the transmission system, this technique first uses LF to 
determine the part of LMP that communicate to fatalities. 
Then, by subtracting the sum of the minor energy and the 
minor loss costs from the LMP at the position of interest, 
we can get the transmission congestion price.

2.  DCOPF and ACOPF Formulation
The reform of the power built–up has posed a number 
of confronts in front of power organization engineers. 
Capable running of the complex congestion is one of 
the essential effective concerns under the rationalized  

location. Evaluate to other approach of congestion  
administration, the LMP system has set up large approval 
right through the world remaining to its natural compe-
tence in the system facility distribution. The LMP method 
was first invented by Schweppes1. Several LMP decomposi-
tion methods were later projected by other researchers4–12.  
A theory of continuous LMP was projected in13. The 
ACOPF form is built upon the ACPF associations and, 
therefore, can precisely correspond to the power flow. 
But, two foremost deficiency of the ACOPF form are that

It is too difficult oblige great execution time, and•	
It may features the non–convergence problem.•	

The ACOPF form is at present employed in NYISO 
and CAISO. However, in most the marketplaces, the LMP 
computation is established out by using the DCPF rough 
calculation. The DCOPF model is mainly used since of 
its ease, forcefulness and higher speed of meeting. For 
the DCOPF approach, the execution of locational minor 
pricing is straightforward if line fatalities are not included 
in the electricity cost computation14–16. However, due to 
the fact that the power loss in a large system may not be 
negligible, many markets are now moving towards minor 
loss pricing. As the dc power flow form, in itself, is lossless 
by description, it is necessary to expand an appropriate 
method to signify line fatalities within the DCOPF struc-
ture. To preserve convexity of the power transmit crisis, 
the line fatalities should be articulated as linear function 
of nodal insertion. The particular DCOPF model reveals 
energy orientation independency. However, if the slack 
load vector for the first form is chosen to be the same as 
the loss delivery vector for the second model, both the 
models will essentially produce the same solution for the 
transmit plan, line flows, LMPs and the congestion works 
of LMPs. This involve that both of these two models are 
essentially alike. The only distinction among them is that 
the position addiction of the first copy is changed into 
loss allocation vector addiction in the case of the second 
model. However, the virtual benefit of the second model 
is that there is no need to update loss coefficients and line 
flow compassion factors each time to improve the power 
flow accuracy. This is because the power flow accuracy for 
this form is exclusively presiding over by the collection 
of the loss allocation vector. In disparity, the power flow 
precision for the first model is preside over by the slack 
choice that also affects the ethics of loss Coefficients and 
line flow sensitivity feature. For both the DCOPF form17,18 
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of the nodal loss coefficient vector is calculated by means 
of an ac power flow analysis on a base case system state. 
There is also an iterative move towards of minor loss 
pricing. For this move towards, a lossless DCOPF com-
putation is initially carried out. Based upon the result of 
this lossless computation, an assessment of line losses is 
made. In the next and main iteration, the approximate 
loss in each line is dispersed as extra loads over its fatal 
nodes in a positive ratio. The loss factors are considered 
by means of a dc power flow analysis on the organiza-
tion state obtained from the base iteration. The DCOPF 
form is, however, more accepted since it is simple and 
fast. Both the lossless and loss–compensated report of the 
DCOPF form Although the DCOPF form has the abil-
ity to provide a high level of power flow precision, it has 
several other margins. First of all, there is no definite rule 
to make a unique selection of the failure distribution plan. 
The problem is serious since the market glade resolution 
is highly prejudiced by the option of loss distribution. 
The next crisis is that one of the significant aspects of 
minor pricing, which declare that the market company 
should be banned from making effort to get a higher 
cost for the same amount, becomes partly lost because 
of the iterations involved in the DCOPF form training. 
Moreover, the DCOPF form is completely incompetent of 
taking into account the reactive power confines at dissim-
ilar buses. In contrast to the DCOPF form, the ACOPF 
form is absolutely free from all the above problems. The 
ACOPF formulation is fairly straight forward and is based 
upon the accepted power flow description of the system. 
Therefore, there is no requiring to putting any further 
modelling effort to take into account the effect of sys-
tem loss. The only problem connected with the ACOPF 
replica is that it is somewhat composite in nature, which 
sometimes makes its execution difficult. Although it is 
composite, the ACOPF form has already been effectively 
implement by CAISO. It is the point to spend extra inves-
tigate attempt to decide the problems concerned in the 
functioning of the ACOPF form so as to get the taste of 
its attracting description such as ideal compatibility with 
minor pricing, disagreement– free system modelling, and 
better ability to handle system limits.

For the ACOPF model, the transmit solutions and the 
Locational Marginal Prices (LMPs) are always sovereign 
of the choice of energy position if not some fake slack 
power(that cannot be set to zero) is distinct to model sys-
tem safety. In dissimilarity, the congestion components of 
locational minor display tough confidence on the energy 

position. Therefore, a specific argument arises concerning 
the position collection since the Financial Transmission 
Rights (FTRs) are estimated only according to the conges-
tion components of locational marginal prices. The FTRs 
are essentially risk hedging instruments whose purpose 
is to provide price protector to the bold contracts against 
the LMP instability. The LMP decay is meant largely for 
the settlement of FTRs. a methodology was planned to 
decay the LMP vector irrespective of the selection of 
energy reference. However, equivalent to the particular 
LMP corrosion, there is no well–defined system for the 
revenue-adequate issuance of FTR.

3.  Research Method

3.1  Design of LMP

Model 1:
The model based on data in Figure 1 demonstrates the idea 
of LMP. In this model, the purpose is the smallest sum 
price that clears a marketplace with fixed load. There are 
no generation confines on the two generating components. 
All lines have the similar reactance of 0.1 p.u. and fatalities 
are ignored. The following two cases are considered:

Case 1: LMP overlooking line flow limits
Case 2: LMP allowing for line flow limits
Case 3: In the unrestricted case, the cheaper unit G1 is 
transmitted alone to provide the load of 180MW and that 
it locates the cost at 10 $/MWh. The entire cost is $1800 
(180MWh*10$/MWh). In fact, the cost of providing  
a further load of 1MW at each bus have to be $12 AND  
$ 20 because the system is constrained, i.e.
LMP1 + LMP2 + LMP3 = 10$ /MWh. + 12$/MWh +  
20$/MWh
The cost set by G1 is the MCP as shown in Figure 2.

Figure 1.  The idea of LMP.
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LMP3 = (0.5*10$/MWh ) + (0.5*12$/ MWh)
	 = 20$ / MWh
Similarly,
LMP1 = 10$ /MWh and LMP2 = 12$ /MWh.

4.  Illustrative Method
The IEEE 30– bus system is taken in an optimal state its 
block diagram is as shown in Figure 3 and its generator 
and cost details are given in Table 1.

5.  Results
As the same LMP formulation is obtained in IEEE  
30 bus system the results are obtained by using power 
world simulator as shown in Table 2 and Table 3.

Figure 2.  The cost set by G1 is the MCP. Figure 3.  IEEE 30 Bus system.

Table 1.  Generator cost details

Gen 
no.

Pi
min

Pi
max

Qi
min

Qi
Max

A
($/

MWh2)

B
($/

MWh)

c

1 50 200 - - 0.00375 2.00 0
2 20 80 –20 100 0.01750 1.75 0
5 15 50 –15 80 0.06250 1.00 0
8 10 35 –15 60 0.00834 3.25 0

11 10 30 –10 50 0.02500 3.00 0
13 12 40 –15 60 0.02500 3.00 0

Case 4: Set the capability of line from 1 to 3 is 120MW 
and those of lines 2 and 3 to 60 MW. By viewing line flows 
in Case 1, we study that line 1 among buses 1 and 2 is con-
strained. Consequently, unit G1 supplies 120MW and the 
more high–priced unit G2 stores the residual load of 30 
MW. The total cost is $1560, i.e., (120 MWh* 10 $/MWh) 
+ (30 MWh* 12 $/MWh). The unnatural flows in which 
LMPs develop into different. For example, if the com-
mand at bus 3 were to amplify by 1 MW, the further MW 
would not be totally complete by G1 since the unnatu-
ral line 1 prevents supplementary flow from bus 1 to bus  
3. Therefore, weight at bus 3 will be complete by the extra 
costly unit G2 and equally G1and G2 turn into minor 
units for providing the adding up load at bus 3. Such 
production setting up will give a dissimilar LMP at bus 
3 (20$/MWh) from the price of units in the organization.

In order to compute LMP3, ∆P1 and ∆P2 by units 
G1 and G2 correspondingly are necessary to provide the 
amplify in order at bus 3. Allowing for that all lines have 
the same reactance, 2/3 of ∆P1 would flow on line 2 and 
1/3 on line 1 and next line 3. By the same logic, 2/3 of 
∆P2 would flow on line 3 and 1/3 on line 1 and then line  
2. Note that G2 can offset the flow among buses 1 and 2. 
In direct to keep the power run of line 1 at thermal edge; 
the extra flow on line 1 should be zero, i.e.

1/3* ∆P1 + 1/3* ∆P2 = 0.

In addition, for a 1 MW increase at bus 3, we have

∆P1 + ∆P2 = 1MW.

This means that in order to keep the flow on line 1 
within limits for financial transmit, 50% of additional 
stack at bus 3 is served by unit G1 and 50% by unit G2. 
So, LMP3 is
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Table 2.  LP solution details

Sl.no Non basic 
variables

Cost
(low)

Cost
(up)

Down 
range

UP range Reduced 
cost up

Reduced 
cost down

Break 
points

1 0 3.37 3.37 16.15 13.8 0 0 N
2 5 2.98 4.03 30.00 30.0 0.2 0.824 Y
3 4 At min 3.97 17.50 17.5 0.15 – Y
4 2 3.73 At max At max At max – 0.330 Y
5 0 3.75 3.75 8 8 0 0 N
6 6 At min 3.95 14 14 – – Y
7 1 At min At max At max At max 0.23 Y
8 3 At min 0 13 13 0.48 Y

Table 3.  Marginal price details
Bus no. MW Marginal cost Congestion cost

1 3.37 0.00
2 3.80 0.44
3 3.62 0.26
4 3.68 0.31
5 3.81 0.44
6 3.76 0.39
7 3.79 0.42
8 3.76 0.39
9 3.75 0.38

10 3.74 0.37
11 3.75 0.38
12 3.71 0.34
13 3.71 0.34
14 3.72 0.35
15 3.73 0.36
16 3.73 0.37
17 3.74 0.37
18 3.74 0.37
19 3.74 0.37
20 3.74 0.38
21 3.75 0.38
22 3.74 0.37
23 3.74 0.38
24 3.75 0.38
25 3.75 0.39
26 3.76 0.38
27 3.75 0.38
28 3.76 0.40
29 3.77 0.40
30 3.77 0.40

6.  Conclusion
An optimization–based technique is projected in this 
document to decide the energy location disagreement 
for the ACOPF–based locational minor pricing.  
The individual argument occurs since of the position 
reliant life of the congestion mechanism of locational 
marginal prices. To contract with this matter, the 
interrelationship between the congestion components 
of spot prices is originally recognized. Consequently, an 
appropriate purpose utility is defined for the most potential 
improvement of the risk-hedging potential of FTRs.  
The essential constraining factors are then recognized so as 
to make sure a correct functioning of the FTR mechanism. 
In all, the exacting optimization structure is designed 
with complete focal point on the proper intention of LMP 
corrosion. The optimization crisis that is eventually to 
be solved is a simple quadratic programming crisis with 
only one uneven and two limits. The instant explanation 
that is acquire by solving the over optimization problem 
is the LMP congestion constituent at the angle location 
bus. Consequently, the congestion components at other 
buses can be resolute by employing the interrelationship 
exposed. It is also exposed from this effort that there 
is no way to make sure the income adequacy of FTRs 
(Financial Transmission Rates) in move forwards in the 
case of ACOPF–based marginal loss pricing.

7.  References
1.	 Schweppes FC, Caramanis MC, Tabors RD, Bohn RE. Spot 

Pricing of Electricity. Norwell, MA: Kluwer; 1988.
2.	 Shahidehpour M, Yamin H, Li ZY. Market operations in 

electric power system. New York: John Wiley and Sons, Inc; 
2002.



AC Optimal Power Flow Calculation for Locational Marginal Pricing

Indian Journal of Science and Technology6 Vol 8 (17) | August 2015 | www.indjst.org

  3.	 Li Z, Daneshi H. Some observations on market clearing price 
and locational marginal price. IEEE Power Engineering 
Society General Meeting; 2005 Jun. p. 2702–9.

  4.	 Chen L, Suzuki H, Wachi T, Shimura Y. Components of 
nodal prices for electric power systems. IEEE Trans Power 
Syst. 2002 Feb; 17(1):41–9.

  5.	 Finney JD, Othman HA, Rutz WL. Evaluating transmis-
sion congestion constraints in system planning. IEEE  
Trans Power Syst. 1997 Aug; 12(3):1143–50.

  6.	 Wu T, Alaywan Z, Papalexopoulos AD. Locational  
marginal price calculations using the distributed–slack 
power–flow formulation. IEEE Trans Power Syst. 2005 
May; 20(2):1188–90.

  7.	 Cheng X, Overbye TJ. An energy reference bus indepen-
dent LMP decomposition algorithm. IEEE Trans Power 
Syst. 2006 Aug; 21(3):1041–9.

  8.	 Orfanogianni T, Gross G. A general formulation 
for LMP evaluation. IEEE Trans Power Syst. 2007  
Aug; 22(3):1163–73.

  9.	 Wang L, Mazumdar M. Using a system model to decom-
pose the effects of influential factors on locational marginal 
prices. IEEE Trans Power Syst. 2007 Nov; 22(4):1456–65.

10.	 Litvinov E, Zheng T, Rosenwald G, Shamsollahi P. Marginal 
loss modelling in LMP calculation. IEEE Trans Power Syst. 
2004 May; 19(2):880–8.

11.	 Fu Y, Li Z. Different models and properties on LMP 
calculations. Proceedings of IEEE/Power Eng Society, 
General Meeting; 2006 Jun; p. 18–22.

12.	 Li F, Bo R. DCOPF–based LMP simulation: Algorithm, 
comparison with ACOPF, and sensitivity. IEEE Trans Power 
Syst. 2007 Nov; 22(4):1475–85.

13.	 Li F. Continuous locational marginal pricing (CLMP). IEEE 
Trans Power Syst. 2007 Nov; 22(4):1638–46.

14.	 Liu M, Gross G. Framework for the design and analysis of 
congestion revenue rights. IEEE  Trans Power Syst. 2004 
Feb; 19(1):243–51.

15.	 Li Z, Daneshi H. Some observations on market clear-
ing price and locational marginal price. Proceedings of  
IEEE/Power Eng Society, General Meeting; 2005 Jun 
12–16; 2:2042–9.

16.	 Sheathe GB, Forsake PAJ. Congestion–driven transmis-
sion expansion in  competitive power markets. IEEE Trans 
Power Syst. 2004 Aug; 19(3):1658–65.

17.	 Litvinov E, Zheng T, Rosenwald G, Shamsollahi P. Marginal 
loss modelling in LMP calculation. IEEE Trans Power Syst. 
2004 May; 19(2):880–8.

18.	 Fu Y,Li Z. Different models and properties on LMP calcu-
lations. Proceedings of  IEEE/Power Eng Society General 
Meeting 2006 June 8–22.

Appendix

LMP- Locational marginal pricing
FERC-Federal energy regulatory commission
ISO- International system of organization
SMD-Standard market design
FTR’S-Financial transmission rates

ACPF-Ac power flow
DCPF-Dc power flow
NYISO-New York international system organization
CAISO- California independent system operator


