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I.  INTRODUCTION  

The electrical power industry was operated as a 

“regulated monopoly” up to the nineties decade. Then the 

structure of the electrical power industry took a major shift and 

all its operations were unbundled, i.e. de-regulated. Due to the 

restructuring of the power utilities, the power industry is 

becoming turbulently competitive, and going through 

technological and regulatory changes, which affect its planning, 

operation, control, and services to customers. It is important to 

identify the effects and impacts of these changes on the 

planning, operation, control, and cost of the power system. In a 

deregulated power system, the transmission system must be 

available to all users with no discrimination. Open access of the 

transmission system to all entities leads the system to operate 

within the congested state as all loads plan to draw power from 

cheaper generators. The system operator (SO) has to perform a 

critical task to relieve congestion by employing a suitable 

congestion management scheme. Various schemes adapted by 

SO to operate transmission lines in a secure state are referred to 

as congestion management schemes. These methods are 

classified based on approaches by which congestion 

management is achieved as market-based methods and non-

market-based methods. 

Market-based methods are methods that use either 
dispatch methods, generator rescheduling, load management, or 
nodal pricing-based methods. Pool and contract dispatch models 
with a priority of load curtailment are applied using social 
welfare and contracts between generators and load [1, 2]. 
Various dispatch methodologies introduce [3] for open access of 
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transmission lines by representing a conceptual model of pool 
dispatch, bilateral dispatch and multilateral dispatch along with 
the necessity of dispatch coordination between these models. 
The effectiveness of the congestion clusters method for 
congestion management is discussed for cost and loss 
minimization [4] with the definition of transmission congestion 
distribution factors (TCDFs) which is used to evaluate change 
inflow of an increase in the injection of power at any bus. Two 
sets of sensitivity indices: Real Power transmission Congestion 
distribution Factors (PTCDFs) and Reactive Power transmission 
Congestion Distribution Factors (QTCDFs) used for congestion 
management [5] in which selection and participation of 
generators depend on both their reactive sensitivity and bid price 
for up/down-regulation. A simplified approach proposed [6] for 
security-oriented power system operation in which the first 
contribution of each generator for a particular overloaded line is 
identified and then based on the relative electric distance (RED) 
concept the desired proportion of generation for the desired 
overload relieving is obtained. A combined objective function 
[7] was obtained using the generation cost function and 
congestion management cost function incorporating additional 
penalty factors that were further solved by a bacterial foraging 
algorithm. A multi-objective consumption management 
framework with optimization of congestion management costs, 
voltage security and dynamic security, called augmented ԑ-built-
in technique, in which the first objective function is the 
congestion management cost, while the second and third 
objective functions of the voltage stability margin (VSM) and 
corrected transient energy margin (CTEM) [8]. Simple indices 
[9] for effective and pleasant load reduction in congested lines 
have been introduced as the sensitivity of the load to a congested 
branch, economic incentives to reduce consumption and the 
willingness of customers to reduce the load during congestion. 
These indices are achieved through mathematical formulation to 
maximize social welfare, overall index for possible load 
management and generator redispatch. The zonal congestion 
management approach discussed in [10, 11], uses real and 
reactive power sensitivity index as well as balancing energy 
up/down service settlement and other similar factors. Voltage 
stability [12, 13] is considered a major criterion for congestion 
management and is achieved by considering voltage constraints, 
voltage stability index L, and relative electric distance. The 
finest capacity of distributed generators is used to enhance the 
economic and technical performances of the bulk power system 
and to relieve congestion using a flower pollination algorithm 
[14]. Demand-side response is used to alleviate distribution 
network congestion in a market-based mechanism developed in 
[15], where a dynamic tariff is proposed for congestion caused 
by electrical vehicles, heat pumps, and retail electricity 
providers.  

In this work, Locational Marginal Prices (LMP) obtained by 
optimal power flow are considered as a measure for indicating 
the spot price on a particular bus. Generally, LMP is the price 
and payment that buyers and sellers receive respectively. Due to 
line flow constraints if there is an increase in LMPs at 
constrained lines and hence there may be price risk for both 
generator and load. To hedge the price risk, financial instruments 
like financial transmission rights (FTRs) and contracts for 
differences (CFDs) are applied. Also, to make these financial 
instruments functioning, the maximization of social welfare is 
carried out using the customer benefit function along with the 
generation cost function. Using these financial tools, the load is 

reduced up to the extent of congestion to relieve and LMPs to be 
improved with minimum benefit to both supplier and customer.      

II. CONGESTION MANAGEMENT USING FINANCIAL TOOLS 

Social welfare is a combination of the energy cost and 

the benefit of energy to the society as measured by the society 

willing to pay for it. Maximization of social welfare along with 

CFDs and FTRs used to formulate a problem to hedge the risk 

against price volatility. A contract for differences (CFDs) is a 

long term financial bilateral power supply contract to hedge 

against price risk. For all market participants, uniform 

locational spot prices are assumed for describing CFD.  Under 

a CFD, a consumer will pay the generator  (𝜆𝑖𝑗
𝑐 − 𝜆)𝑃𝑖𝑗

𝐶𝐹𝐷 where 

𝜆𝑖𝑗
𝑐  is the contract price, 𝑃𝑖𝑗

𝐶𝐹𝐷 is the contract quantity and 𝜆  is 

the spot price.  FTR is a financial instrument that entitles the 

holder to receive compensation for transmission congestion 

charges that arise due to grid congestion in the spot market, 

leading to different locational marginal prices at different 

locations. Social welfare function to be maximized is given by, 
                   𝑀𝑎𝑥 𝐵(𝐷𝑖) − 𝐶(𝑃𝐺𝑖)                                                (1)                                                                           

Here,       

           𝐵(𝐷𝑖) = Customer benefit function, 

           𝐶(𝑃𝐺𝑖)= Generation cost function     

Subject to equality constraints, 

      𝑃𝐺 − 𝑃𝐷 − 𝑃𝐿 = 0   

And inequality constraints, 

      𝑃𝑖𝑗 ≪ 𝑃𝑖𝑗
𝑚𝑎𝑥 

      𝑃𝐺𝑚𝑖𝑛 ≪ 𝑃𝐺 ≪ 𝑃𝐺𝑚𝑎𝑥 

      𝑉𝑖𝑚𝑖𝑛 ≪ 𝑉𝑖 ≪ 𝑉𝑖𝑚𝑎𝑥  

Here, 

                𝑃𝐺 = Total power generation in MW 

     𝑃𝐷 = Total Power demand in MW 

                𝑃𝐿  = Total loss of the system in MW 

                𝑃𝑖𝑗  = Power flow between bus i and j in MW 

     𝑉𝑖  = Bus voltage at bus i       

To overcome the transmission congestion, an iterative 

procedure of dispatch is adopted in which individual revenue 

adequacy constraints are added. In this procedure, consumers' 

profit and generators' profit are taken into account. With full 

consideration of risk-hedging financial instruments, a 

consumers profit formulated as[16], 

𝑅𝑑𝑖 =  𝐵𝑑𝑖(𝑃𝑑𝑖) − 𝜆𝑖(𝑃𝐺𝑖) − ∑ ((𝜆𝑖𝑗
𝑐 − 𝜆𝑖𝑗

̅̅̅̅ )𝑃𝑖𝑗
𝐶𝐹𝐷) +

𝑗

∑ ((𝜆𝑗 − 𝜆𝑗𝑗)𝑃𝑖𝑗
𝐹𝑇𝑅/2)

𝑗
 

                                                                                                (2)                                                                                            

In (2), the first term is the value of power purchased, 

the second term is the cost of power generation, the third term 

is the payment for signed CFD and the last term is for the 

payment of FTR. 

Here, 
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             𝜆𝑖𝑗
𝑐  = Contract value of spot price between buses 

      𝜆𝑖𝑗
̅̅ ̅̅  = Average value of spot price between buses 

     𝑃𝑖𝑗
𝐶𝐹𝐷 = Power in MW under CFD between buses 

             𝑃𝑖𝑗
𝐹𝑇𝑅 = Power in MW under FTR between buses 

 Similarly, generator profit formulated as, 

𝑅𝑔𝑖 =  𝜆𝑔𝑖(𝑃𝑔𝑖) − 𝐵𝑑𝑖(𝑃𝑑𝑖) − ∑ ((𝜆𝑖𝑗
𝑐 − 𝜆𝑖𝑗

̅̅̅̅ )𝑃𝑖𝑗
𝐶𝐹𝐷) +

𝑗

∑ ((𝜆𝑗 − 𝜆𝑗𝑗)𝑃𝑖𝑗
𝐹𝑇𝑅/2)

𝑗
 

                                                                                          

(3)                                                                                                           

It is essential to maintain the incentive of a market 

participant to implement its transactions, and hence its 

profit should be higher than the minimum profit level 

which may consist of operating costs plus the cost for the 

purchase of FTRs. To maintain the incentive of a market 

participant to implement its transactions, its profit should 

be higher than the minimum profit level, which may 

consist of operating costs and the cost of purchase of 

FTRs. It is represented by individual revenue adequacy 

constraints,  

                   𝑅𝑑𝑖 ≥  𝑅𝑑𝑖,𝑚𝑖𝑛                                            (4)                                                                                

                   𝑅𝑔𝑖 ≥  𝑅𝑔𝑖,𝑚𝑖𝑛                                           (5)                                                                                     

𝑅𝑑𝑖,𝑚𝑖𝑛 & 𝑅𝑔𝑖,𝑚𝑖𝑛 in (4) and (5) is the minimum benefit level 

to be maintained for both suppliers and customers those are 
evaluated by (2) and (3).  

III. ALGORITHM TO RELIEVE CONGESTION 

Using (1), (2), and (3), an iterative procedure is 

developed to form an iterative procedure to obtain the minimum 

benefit given by (4) and (5). Algorithm of the same is given as 

follows: 

1. Set the lower limits of all generators and consumer 

load according to their physical operation limits and 

bilateral transactions.  

2. Solve dispatch problem considering the maximization 

of social welfare using eq. 1 and obtain optimal 

generation, demand and nodal prices. 

3. Obtain revenue generation of all participants by eq. 2 

and eq. 3. 

4. Check revenue adequacy constraints for all 

participants by eq. 4 and eq. 5. 

5. If any of these constraints are not satisfied, reduce the 

corresponding lower MW limits and repeat from step  
2. 

 

 

 

Figure 1. Flowchart of the Algorithm to Relieve Congestion 
 
The flowchart of this procedure is shown in Fig. 1. In the 

next section results of applying this algorithm to relieve 

congestion are obtained. 

IV. RESULT AND ANALYSIS 

The iterative procedure of congestion management as 

described in the previous section to obtain a minimum profit 

level for both supplier and load is implemented on standard 

IEEE bus systems like the IEEE-14 bus system and the IEEE-

30 bus system using MATLAB program. Social welfare 

function is maximized using the interior point method.  

A. Test results on IEEE-14 bus system 

For an IEEE-14 bus system, a multilateral contract 
considered between bus 2 and 14 as well as bus 1 and 13 as 
mentioned in table-1. With other system data of the IEEE-14 
bus system unaltered, the congestion management algorithm 
discussed in the previous section applied to obtain optimum 
values of generation and load curtail so that minimum profit to 
both maintained. It takes four iterations to overcome constraints 
describe by (4) & (5). After each iteration, a reduction of 5% is 
considered in the minimum values of the corresponding 
generation and load for the next iteration. Results obtained are 
tabulated in table-2.  

  
TABLE 1. IEEE 14 BUS DETAIL OF THE MULTILATERAL CONTRACT 

Sr No 

Gen 

Bus Load Bus 

Amount of 
CFD in 

MW 

Amount of 
FTR in 

MW 

Strike 
Price in 

$/MWhr 

1 1 13 50 50 35 

2 2 14 100 100 40 

It is observed that load curtailed to 10.996 MW from 13.5 
MW at bus 13 and to 12.136 MW from 14.9 MW at bus 14 to 
obtain a minimum benefit for both supplier and consumer. 
Minimum benefit defined at load bus 14 is 7.835 $/hr and at load 
bus 13 is 6.871 $/hr whereas for supplier at bus 2 is defined as 
21.846 $/hr and at bus 1 is 79.151 $/hr. Out of this, supplier 
benefit was satisfied during the first iteration itself, but it took 
three more iterations to overcome constraints for load benefit. 



Neuroquantology |January 2021 | Volume 19 | Issue 6 | Page 387-391 | Doi: 10.14704/nq.2021.19.6.NQ21112 
 Yashvant Bhavsar,  Load curtailment method of alleviating transmission line congestion while taking social welfare and benefit constraints into account into 
restructured power system   

 

 

390 

eISSN: 1303-5150     
    www.neuroquanotology.com 

  

Table-3 tabulated the same evaluated cost as discussed. There is 
an improvement in the lambda values of each bus according to 
this new load adjustment. At bus 13, LMP was reduced to 
41.0443 $/MWhr from 41.0999 $/MWhr. At bus 14 also, LMP 
reduced to 41.5072 $/MMWhr from 41.6754 $/MWhr. LMPs 
are indicatives of sport prices and due to load reduction up to the 
extent congestion is relieved and hence spot prices and bus 13 
and 14 are reduced marginally. 

TABLE 2. RESULTS OF IEEE-14 BUS LMP VALUES AND BUS LOAD 

Bus 

No. 

Without curtailment With curtailment 

Load 

in MW 
Lambda 

Load in 

MW 
Lambda 

1 0 32.8804 0 32.8808 

2 21.7 38.5979 21.7 38.6136 

3 94.2 40.7318 94.2 40.7307 

4 47.8 40.5444 47.8 40.5255 

5 7.6 40.2883 7.6 40.2587 

6 11.2 40.2626 11.2 40.2437 

7 0 40.5733 0 40.5485 

8 0 40.5674 0 40.5430 

9 29.5 40.5980 29.5 40.5694 

10 9 40.7689 9 40.7413 

11 3.5 40.6469 3.5 40.6232 

12 6.1 40.9078 6.1 40.8780 

13 13.5 41.0999 10.99583 41.0443 

14 14.9 41.6754 12.13614 41.5072 

TABLE 3. RESULTS OF EVALUATED COSTS IEEE-14 BUS SYSTEM 

Bus 

no 

Min 

Profit of 

Gen in 

$/hr 

Profit of 
Gen in 

$/hr 

Min  

profit of 

customer 

in $/hr 

Profit of 
customer 

in $/hr 

No. of 

iterations  

1 79.15049 1069.94 0 0 

4 
2 21.84682 484.025 0 0 

13 0 0 6.870591 166.9915 

14 0 0 7.835488 7.881528 

B. Test results on IEEE-30 bus system 

By applying the same algorithm for the IEEE-30 bus system, 
results are obtained for the minimum benefit for both supplier 
and consumer. For the IEEE-30 bus system, Table-4 shows 
detail of the multilateral contract. Here multilateral contract 
between a generator at bus 2 and load at bus 21 as well as a 
generator at bus 1 and load at bus 10 is considered. The 
following table-5 and table-6 demonstrate the results obtained. 
Table-5 shows the results of LMP values of some buses of the 
IEEE-30 bus system indicate that LMP values at all buses 
changes according to new load curtailment at bus 21 and 10 to 
overcome minimum benefit constraints. It is observed that load 
is curtailed to 5.24 MW from 5.8 MW at bus 10 and to 40.46 
MW from 40.52 MW at bus 21 to obtain the minimum benefit. 
It is also observed that  

TABLE 4. IEEE 30 BUS DETAIL OF THE MULTILATERAL CONTRACT 

Sr 
No 

Gen 
Bus 

Load 
Bus 

Amount 

of CFD 

in MW 

Amount 

of FTR 

in MW 

Strike 

Price in 

$/MWhr 

1 2 21 55 55 37 

2 1 10 30 30 25 

 
TABLE 5. RESULTS OF IEEE-30 BUS LMP VALUES AND BUS LOAD 

Bus 

No. 

Without curtailment With curtailment 

Load in 

MW 
Lambda 

Load in 

MW 
Lambda 

1 0 36.31288 0 36.30237 

2 21.7 38.11404 21.7 38.10259 

3 2.4 38.82286 2.4 38.80769 

8 30 40.25875 30 40.24684 

9 0 40.08909 0 40.0642 

10 5.8 40.09357 5.2345 40.06388 

11 0 40.08788 0 40.06334 

12 11.2 39.65232 11.2 39.6427 

13 0 39.65232 0 39.6427 

18 3.2 40.93752 3.2 40.9151 

19 9.5 41.03275 9.5 41.00724 

20 2.2 40.82239 2.2 40.79558 

21 17.5 40.52296 15.79375 40.46289 

22 0 40.50844 0 40.45408 

23 3.2 40.87895 3.2 40.85406 

24 8.7 41.03693 8.7 41.00187 

25 0 40.78201 0 40.7654 

TABLE 6. RESULTS OF EVALUATED COSTS IEEE-14 BUS SYSTEM 

Bus 

no 

Min 
Profit of 

Gen in 

$/hr 

Profit of 

Gen in 
$/hr 

Min  
profit of 

customer 

in $/hr 

Profit of 

customer 
in $/hr 

No, of 

iterations  

2 21.036 267.061 0.000 0.000 

3 
1 119.414 1389.746 0.000 0.000 

21 0.000 0.000 9.169 9.856 

10 0.000 0.000 2.623 373.344 

Table-6 shows evaluated costs for suppliers and load for 
obtaining the minimum benefit. The minimum profit of load at 
bus 21 is fixed 9.169 $/hr and at bus 10 is fixed 2.623 $/hr which 
is achieved during the 3rd iteration. Load at bus 21 needs more 
iteration to achieve minimum benefit as compared to load at bus 
10. After the 3rd iteration when the minimum benefit is 
achieved for load bus 21, it is observed that benefit obtained for 
the generator at bus 1 and 2 as well as for load at bus 10 is more 
than the minimum benefit. Here also, spot price reduction took 
place at bus 10 and bus 21 marginally indicating that there is a 
relief in the congestion at corresponding branches. 

V. CONCLUSION 

Financial instruments like FTR and CFD are used for 
hedging against the price risk to maintain minimum benefit. 
Here the dispatch problem for maximization of social welfare is 
solved first. These optimal values along with contract detail of 
FTR and CFD are used to formulate revenue generation by both 
supplier and consumer. An iterative procedure was adopted to 
maintain minimum benefit for generator and load by curtailing 
load after each iteration. Results are obtained from standard bus 
test systems. Results show that there is a change in LMP values 
at each bus after load curtailment to achieve minimum benefit 
for supplier and consumer.  
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