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Abstract: Considering system uncertainties in developing power systems, algorithms such as congestion management

(CM) are vital in power system analysis and studies. This paper proposes a new model for power system CM by

considering power system uncertainties based on chance-constrained programming (CCP). In the proposed approach,

transmission constraints are taken into account by stochastic, instead of deterministic, models. The proposed approach

considers network uncertainties with a specific level of probability in the optimization process, and then an analytical

approach is used to solve the new model of stochastic congestion management. In this approach, the stochastic

optimization problem is transformed into an equivalent deterministic problem. Moreover, an efficient numerical approach

based on a real-coded genetic algorithm and Monte Carlo technique is proposed to solve the CCP-based congestion

management problem in order to make a comparison to the analytical approach. The effectiveness of the proposed

approach is evaluated by applying the method to the IEEE 30-bus test system. The results show that the proposed CCP

model and the analytical solving approach outperform the existing models.

Key words: Congestion management, system uncertainties, chance-constrained programming, Monte Carlo simulation,

stochastic optimization

1. Introduction

In the past decade, open access to transmission networks in restructured power systems has resulted in the

emergence of bilateral contracts. This trend, together with the growth in electricity consumption, has increased

the possibility of congestion in transmission networks. Congestion is essentially referred to as the violation of the

physical, operational, and policy constraints of the network. Both vertically integrated and unbundled power

systems have experienced such problems [1,2]. Congestion generally arises from 2 main sources: occurrence of

system contingencies and ignorance of the generation location in the market-clearing mechanism [3]. Congestion

may occur in day-ahead, hour-ahead, and real-time dispatch. The system operator is responsible for the

necessary preventive or remedial actions to prevent or relieve congestion. The set of remedial activities performed

to relieve violated limits is referred to as congestion management (CM). In order to alleviate network congestion,

cheaper generators may be replaced by more expensive ones in primary market dispatch. Therefore, managing

network congestions may impose additional cost on the operation of the system. Transmission congestion

may result in market power for some participants or may endanger the stability of the system [4]. Therefore,

preventive or corrective actions are necessary to relieve congestion and decrease system risks.
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Recently, many researchers have investigated CM techniques. The basic differences among CM approaches

arise from the modeling of the power market, available controls to relieve congestion, and algorithms applied to

the proposed CM problems. Kumar et al. [1] categorized CM approaches into 4 distinct methods: sensitivity

factor-based, redispatch-based, auction-based, and pricing-based methods. In [1], a wide range of literature on

the mentioned approaches was reviewed. A unified framework for different CM schemes was presented in [2].

In the framework presented in [2], 2 distinct stages were considered for the operation of an electricity market:

market dispatch and congestion redispatch. The second stage will only be performed if the first stage cannot

achieve a feasible operating state with no constraint violation. In most CM methods, the general concept of the

congestion redispatch problem implies the minimization of the market rearrangement cost to alleviate congested

lines [5–7].

Network uncertainties may be related to different sections of the power system, including generation,

transmission, and distribution [8]. Therefore, considering the system uncertainties in power system operation

and control actions, such as CM, is of prime importance in power system analysis and studies. Applying the

uncertainties to CM models and algorithms may significantly improve the feasibility of the resulted operating

point and the power system security level. For example, Esmaili et al. proposed a stochastic CM technique in

[9], using a scenario-based approach. In their technique, scenarios are produced for the power system operating

point to deal with power system uncertainties. Moreover, they reduced the generated scenarios to include the

most probable and nonrepetitive ones. Finally, CM is performed for the reduced scenarios. The final solution

to the CM problem was obtained by computing the expectation of the solutions associated with each scenario.

In this paper, we propose a new formulation for CM considering network uncertainties. In our proposed

method, probability density functions (PDFs) of line flows are employed to model the stochastic CM problem.

The new model of stochastic congestion management is formulated based on chance-constrained programming

(CCP), in which deterministic transmission constraints are replaced by stochastic ones with respect to PDFs

of line flows. Therefore, the proposed method can have better accuracy compared to scenario-based methods,

which generally select a set of most important scenarios and eliminate the others. In our proposed approach,

a stochastic optimization problem based on a PDF of line flows will be formulated to handle the system

uncertainties in the CM process. The PDF of line flows can be obtained using a Monte Carlo simulation

considering the uncertain model of the system variables. Moreover, an analytical approach is used to solve

the new model of stochastic CM. In this method, the stochastic optimization problem will be transformed into

an equivalent deterministic problem. The effectiveness of the proposed approach is evaluated by applying the

method to the IEEE 30-bus test system.

The rest of this paper is organized as follows. Section 3 presents the deterministic CM model. The

stochastic CM model, based on CCP, is described in Section 4. The results of the simulation on the IEEE

30-bus test system are presented in Section 5. Finally, the concluding remarks are summarized in Section 6.

2. Deterministic CM model

In this paper, a day-ahead pool electricity market is used as the framework for implementing the proposed CM

algorithm. In the market, suppliers and consumers submit their bids to the market operator, who is responsible

for the clearing procedure [10]. The time framework for the market-clearing procedure is 24 h. On the other

hand, CM is performed on an hourly basis if necessary.
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In this environment, the deterministic CM can be formulated as follows:

Min

NG∑
i=1

Ci(∆PGi) +

NL∑
j=1

Cj(∆PLj), (1)

s.t.∣∣∣∣∣Plinel +
NG∑
i=1

al,i∆PGi −
NL∑
j=1

al,j∆PLj

∣∣∣∣∣ ≤ Pmax
linel

∀l ∈ NLine
, (2)

∆Pmin
Gi ≤ ∆PGi ≤ ∆Pmax

Gi ∀i ∈ NG, (3)

∆Pmin
Lj ≤ ∆PLj ≤ ∆Pmax

Lj ∀j ∈ NL, (4)

NG∑
i=1

(∆PGi) =

NL∑
i=1

(∆PLj). (5)

The objective function of the CM problem is the minimization of the total cost of the redispatch step in the

day-ahead market. The objective function in Eq. (1) consists of 2 distinct terms related to the costs imposed

by generators and the loads for congestion redispatch. In Eq. (1), Ci(∆PGi) is the redispatch cost function

related to the generators, which can be expressed as:

Ci(∆PGi) = Cup
i ×∆P+

Gi + Cdown
i ×∆P−

Gi, (6)

where Cup
i and Cdown

i are the bids of generator i for the power increment and decrement, respectively. The

redispatch cost function related to the loads is similar to that of the generators.

The constraint of Eq. (2) explains the changes in line flows, where al,i stands for transmission congestion

distribution factor (TCDF), described in detail in [11]. TCDF can be defined as the changes in flow of

transmission line l due to the unit increment in the power injection at bus i .

al,i =
∆Plinel

∆PGi
(7)

Constraints of Eqs. (3) and (4) express the maximum-allowed changes in the power of generators and loads.

Moreover, the constraint of Eq. (5) models the power balance equation. In this paper, transmission losses in

CM formulation are ignored.

3. Stochastic CM model

Power system behavior involves various types of uncertainties, which should be considered in the modeling

process of power system problems in order to perform dependable analyses and studies on power systems [12].

Power system uncertainties may be categorized into loads forecasting errors, availability of equipment, and price

uncertainties in the power market. The modeling of power system uncertainties is the first step in stochastic

CM.
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The main steps for the proposed stochastic CM can be expressed as follows:

• Determining PDFs of output variables, such as line flows, using a primary Monte Carlo simulation

considering the model of network uncertainties in Section 3.1.

• Formulating the stochastic CM based on CCP in Section 3.2 with respect to PDFs of line flows.

• Identifying the equivalent deterministic problem for CCP-based stochastic CM, as will be explained in

Sections 3.3 and 3.4.

3.1. Modeling of power system uncertainties

Power system loads follow a random pattern; hence, load forecasting errors are inevitable. As a result, a load in

power systems is modeled as a random variable (ξ) with normal distribution as the PDF [12]. These uncertain

loads may be correlated with each other [13]. The normal PDF of the loads can be expressed as:

ρ(ξ) =
1√

(2π)s |Σ|
exp

(
−1

2
(ξ − µ)

T
Σ−1 (ξ − µ)

)
, (8)

where µ and Σ have the following mean vector and covariance matrix representation, respectively.

µ = [µ1, µ2, . . . , µs]
T

(9)

Σ =


σ2
1 σ1σ2r12 · · · σ1σqr1s

σ2σ1r21 σ2
2 · · · σ2σqr2s

· · · · · · · · · · · ·
σqσ1rs1 σqσ2rs2 · · · σ2

s

 (10)

In this paper, short-term load forecasting is considered. Therefore, the order of σi/µi
should be smaller than

0.15 [12].

Availability of system equipment, including generators and transmission lines, can be modeled using

forced outage rate (FOR) [14].

FOR =
MTTR

MTTR+MTTF
(11)

The uncertainties related to market prices have been neglected in this paper. In order to model system

uncertainties, we have used a Monte Carlo simulation utilizing the PDF of input variables. Using Monte

Carlo simulation, the PDFs of output variables, such as line flows (Plinel), are achieved. In each Monte Carlo

iteration, the samples of uncertain variables are generated. The primary market dispatch is generated using

these samples and, as a result, the values of line flows are obtained. The PDFs of line flows are extracted from

the obtained values in Monte Carlo iterations. These PDFs are effectively used to formulate the stochastic CM.

3.2. Formulating the stochastic CM based on CCP

CCP is a special type of optimization problem, which is useful for problems involving uncertain variables in their

objective function or constraints. In this type of optimization, the fulfillment of constraints is guaranteed with
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a specific level of probability, instead of being treated as hard constraints. A typical CCP can be formulated as

follows [15]:

Min.f(x)
Pr {gi(x, ξ) ≤ 0} ≥ αi∀i

, (12)

where x is the decision vector of the optimization problem and ξ stands for a set of uncertain variables.

Furthermore, αi , which identifies the level of constraint satisfaction, is referred to as confidence level.

Based on the CCP formulation in Eq. (12), the probabilistic version of the CM problem in Eqs. (1)–(5)

can be written as follows:

Min

NG∑
i=1

Ci(∆PGi) +

NL∑
j=1

Cj(∆PLj), (13)

s.t.

Pr

[∣∣∣∣∣Plinel +
NG∑
i=1

al,i∆PGi −
NL∑
j=1

al,j∆PLj

∣∣∣∣∣ ≤ Pmax
linel

]
≥ αl∀l ∈ NLine

, (14)

∆Pmin
Gi ≤ ∆PGi ≤ ∆Pmax

Gi ∀i ∈ NG, (15)

∆Pmin
Lj ≤ ∆PLj ≤ ∆Pmax

Lj ∀j ∈ NL, (16)

NG∑
i=1

(∆PGi) =

NL∑
i=1

(∆PLj). (17)

The constraint of Eq. (14) express the line flow limitations that should be satisfied with the minimum probability

of αl . In the CCP-based congestion management, αl identifies the probability of the constraint satisfaction for

the flow in the line l . For example, for αl = 0.9, the stochastic constraints of the transmission branches must

be satisfied for at least 90% of the system states, which are modeled in the primary Monte Carlo simulation.

In Eq. (14), Plinel is an uncertain variable whose PDF has been determined in the primary Monte Carlo

simulation. In addition, ∆PGi and ∆PLj are the decision variables for the optimization problem in Eqs.

(13)–(17).

The stochastic optimization problem stated in Eqs. (13)–(17) is difficult to solve since it includes a set of

stochastic constraints in Eq. (14). In [12], a sequential approach was proposed to solve this type of optimization

problem, which includes a simulation layer as well as an optimization layer. A numerical method using a genetic

algorithm (GA) and Monte Carlo technique was presented in [16] to solve the stochastic transmission expansion

planning modeled by CCP. In fact, real-coded GA generates the suggested solution for stochastic CM, while

Monte Carlo evaluates the satisfaction of the probabilistic constraints. Rao developed an analytical approach

to solve the stochastic optimization problems in [17].

The stochastic CM problem, formulated by CCP, was solved in [18] by using a combined approach

that includes real-coded GA and Monte Carlo simulation, as in [16]. The real-coded GA was incorporated

into the Monte Carlo simulation to solve the proposed stochastic CM. In fact, the real-coded GA generates

the suggested solution for stochastic CM, whereas Monte Carlo simulation evaluates the satisfaction of the

probabilistic constraints. In this paper, we utilize the analytical approach proposed by Rao [17]. The proposed

methods in [9] and [18] are also implemented to perform a comprehensive study.
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3.3. Equivalent linear model for stochastic CM

If the variation of the shift factors under stochastic modeling are neglected (V ar(al,i) ≃ 0), the stochastic

optimization problem in Eqs. (13)–(17) would be equal to the deterministic optimization problem, expressed

below [17]:

Min

NG∑
i=1

Ci(∆PGi) +

NL∑
j=1

Cj(∆PLj), (18)

∣∣∣∣∣∣Plinel +

NG∑
i=1

al,i∆PGi −
NL∑
j=1

al,j∆PLj

∣∣∣∣∣∣ ≤ Pmax
linel

+ El

√
V ar(Plinel)∀l ∈ NLine, (19)

∆Pmin
Gi ≤ ∆PGi ≤ ∆Pmax

Gi ∀i ∈ NG, (20)

∆Pmin
Lj ≤ ∆PLj ≤ ∆Pmax

Lj ∀j ∈ NL, (21)

NG∑
i=1

(∆PGi) =

NL∑
i=1

(∆PLj), (22)

where El is the standard normal variable obtained from the standard normal distribution ρ(El) with respect

to the value of the confidence levelαl , as expressed in Eq. (23):

ρ(El) = 1− αl ⇒ El = ρ−1(1− αl) = −ρ−1(αl). (23)

It should be noted that in this study it is assumed that αl > 0.5 and consequently 1 − αl < 0.5; therefore,

El < 0[17]. For example, if αl = 0.99, then we have El = −ρ−1(0.99) = −2.33 using standard normal

distribution with a probability of 99%. The deterministic optimization problem in Eqs. (18)–(22) is a linear

problem, which can be easily solved using linear programming.

4. Equivalent nonlinear model for stochastic CM

Considering the variance of the shift factors, the stochastic optimization problem in Eqs. (13)–(17) would be

equal to a nonlinear deterministic optimization problem, expressed below [17]:

Min

NG∑
i=1

Ci(∆PGi) +

NL∑
j=1

Cj(∆PLj), (24)

∣∣∣∣∣∣Plinel +

NG∑
i=1

al,i∆PGi −
NL∑
j=1

al,j∆PLj

∣∣∣∣∣∣ ≤ Pmax
linel

+ El

√
V ar(hl)∀l ∈ NLine, (25)

∆Pmin
Gi ≤ ∆PGi ≤ ∆Pmax

Gi ∀i ∈ NG, (26)

∆Pmin
Lj ≤ ∆PLj ≤ ∆Pmax

Lj ∀j ∈ NL, (27)
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NG∑
i=1

(∆PGi) =

NL∑
i=1

(∆PLj), (28)

where:

hl = Plinel +

NG∑
i=1

al,i∆PGi −
NL∑
j=1

al,j∆PLj − Pmax
linel

, (29)

V ar(hl) =

NG∑
i=1

V ar(al,i)∆P 2
Gi +

NL∑
j=1

V ar(al,j)∆P 2
Lj + V ar(Plinel). (30)

Constraints of Eqs. (19) and (25) are the set of equivalent constraints for the stochastic constraints in Eq. (14)

[17]. These equivalent constraints transform the stochastic optimization into a deterministic one. Therefore,

the solution of the stochastic CM in Eqs. (13)–(17) can be obtained by solving the deterministic optimization

problem in Eqs. (18)–(22) or Eqs. (24)–(30). The equivalent deterministic problem in Eqs. (24)–(30) is a

nonlinear optimization that can be solved by the sequential quadratic programming algorithm.

A primary Monte Carlo simulation is carried out to identify mean and variance values of the line flows and

shift factors ( āl,i ,V ar(al,i)). The uncertain model of loads and network equipment is utilized in the primary

Monte Carlo simulation. The main difference between the results produced by the linear and nonlinear methods

arises from the modeling of the shift factor variations, which are considered by the nonlinear approach.

The flow chart for the solution of CCP-based stochastic CM is presented in Figure 1. The flow chart

consists of 2 main steps: primary Monte Carlo simulation to model the system uncertainties and produce PDF

for line flows, and solving the equivalent deterministic problem for the proposed stochastic CM.

5. Simulation results

To evaluate the proposed probabilistic CM approach, both deterministic and probabilistic CM models have

been applied to the IEEE 30-bus test system. Figure 2 shows the single-line diagram of the IEEE 30-bus test

system, which includes 6 generators and 41 transmission lines.

A primary Monte Carlo simulation is performed based on the test system data presented in the Appendix

(Tables A1 and A2), to model the system uncertainties and obtain the distribution function of the line flows.

Mean and variance values related to the shift factors are also determined by the primary Monte Carlo simulation.

The PDF for the power flow in line 14 is shown in Figure 3.

In this case study, 9 market participants, including generators installed at buses 5, 8, and 11 and

dispatchable loads at buses 7, 8, 10, 15, 20, and 21 were selected to contribute to the congestion redispatch

step. TCDFs for line 14, related to the market participants who contributed to the redispatch market, are

shown in Figure 4. The deterministic approach and the proposed method in [9] utilize the deterministic values

of TCDFs, whereas the stochastic method presented in [18] and the proposed approach in this paper use the

mean values of the TCDFs. Figure 4 shows the deterministic and expected values of the TCDFs, which are

used in deterministic and stochastic CM, respectively.

In this table, the total cost of redispatch, total load decrement, changes in power flow in line 14, and

probability of network constraints violation are presented for each method. If the deterministic method is

applied to relieve congestion, the probability of constraint violation will be approximately 50% with respect
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Calculate mean and

variance for al,i and Pline

Solve the equivalent

deterministic problem in Eqs.

(18)-(22) or (24)-(30)

Finish

No

Yes

 

Figure 1. Flow chart for the solution of CCP-based stochastic CM.

to the PDF of the line flows. This figure decreases to 40% with the method presented in [9]; however, the

total cost of redispatch increases by 30 $/h to promote the probability of constraint satisfaction. To achieve

the same situation, αl is set to 0.6 in the stochastic CM, which means that the maximum allowed constraint

violation is 0.4. The same value is employed for αl to have a better comparison between the stochastic CM

approaches. The proposed stochastic CM is solved with 3 methods: the method proposed by [18], and the linear

and nonlinear analytical approaches. It is clear that the solution of the analytical method has prominence over

the solution obtained by the numerical method, because the proposed method not only has the flexibility to set

the confidence level, but also uses fewer approximations compared to the method in [9]. Moreover, the proposed

method imposes less computational burden than the numerical method.
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Figure 2. Single-line diagram of the IEEE 30-bus test system.
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Figure 3. Probability distribution function for the power flow in line 14.

To simulate the proposed method in the case study, 5 different methods are implemented and compared.

The first method is a deterministic approach that was introduced in [11], and the second approach is a stochastic

CM method presented in [9]. This method uses scenario generation and reduction in order to solve the stochastic

CM. The other 3 approaches are the proposed CCP-based congestion management technique with different

solving algorithms, including the Monte Carlo-based real-coded genetic algorithm (RCGA) [18] and the 2
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models of the analytical approach [17]. The results of managing congestion on the 30-bus test system using the

mentioned methods are shown in Table 1.
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Figure 4. TCDFs for line 14 in the IEEE 30-bus test system.

Table 1. Redispatch results with different methods.

Method Algorithm Cost ($/h) ∆PL(MW) ∆Pline14(MW) Pr(Pline)
Deterministic [11] - 121.2 –16.38 –14.33 0.4897

Scenario generation
Stochastic [9] and reduction 142.8 –19.28 –16.30 0.4065

Monte Carlo-based
Stochastic [18]: (α = 0.6) RCGA 159.9 –20.60 –17.26 0.3615
Proposed method: (α = 0.6) Linear model 150.8 –20.38 –16.55 0.3919
Proposed method: (α = 0.6) Nonlinear model 151.3 –20.45 –16.60 0.3896

In contrast to the scenario-based approach proposed in [9], which selects the most important scenarios

and eliminates the others, our proposed approach is an analytical method that utilizes the distribution function

of output variables such as line flows. The PDF of line flows can be generated using Monte Carlo simulation or

any other method, such as cumulant or 2-point estimate method.

The redispatch power of each market participant for the methods presented in Table 1 is shown in Figure

5. The pattern of redispatch strategy in stochastic CM differs from the deterministic one, since the probability

of the constraint violation in the stochastic approach is reduced.

Based on the comparison between the redispatch results of the deterministic and stochastic methods and

the nonlinear model in Figure 5, we can conclude that the power decrement of G11 in the stochastic model is

larger than that of the deterministic approach, since the mean value of the TCDF related to this generator is

smaller than its deterministic value, as shown in Figure 4. Moreover, decrement in the power of L10 is smaller

for the stochastic method, since the mean value of the related TCDF is larger compared to its deterministic

value, as shown in Figure 4. The power shift for the other participants is equal to zero in both deterministic

and stochastic methods, except for L20 in the stochastic model. This is due to the fact that this model has a

smaller value of constraint violation probability.
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Figure 5. Redispatch power of the market participants using different approaches.

The flexibility of the proposed CCP-based CM is higher than in the other methods, since the confidence

level αl is introduced in this method. Change in αl causes changes in the relief strategy to meet the satisfaction

level, which is defined for the stochastic constraints. The results of stochastic congestion redispatch with the

proposed linear and nonlinear methods under different confidence levels are shown in Table 2.

Table 2. Redispatch results with different confidence levels.

Method Cost ($/h) ∆PL(MW) ∆Pline14(MW) Pr(Pline)
Linear (α = 0.8) 197.7 –26.69 –21.69 0.2001
Linear (α = 0.9) 232.9 –31.46 –25.54 0.1060
Linear (α = 0.99) 316.0 –42.71 –34.68 0.0148
Nonlinear (α = 0.8) 200.4 –27.08 –21.98 0.1925
Nonlinear (α = 0.9) 238.4 –32.21 –26.15 0.0947
Nonlinear (α = 0.99) 335.6 –45.36 –36.81 0.0086

As can be seen in Table 2, first, the costs of congestion redispatch rise along with increasing αl in

both linear and nonlinear methods. This is due to the decrease in the probability of constraint violation, i.e.

Pr(∆Pline). It should be noted that Pr(∆Pline) is almost equal to 1− αl , which is quite reasonable. Second,

the cost of redispatch in the nonlinear method is higher than in the linear approach, since the nonlinear method

considers the variation of shift factors in stochastic optimization. In fact, in the nonlinear method, the level of

system uncertainties is larger in comparison to the linear approach, and consequently the amount of redispatched

power increases to provide the level of constraint satisfaction.

The redispatch power of each market participant in the nonlinear method is shown in Figure 6. Three

different confidence levels, αl = 0.8 or 0.9 or 0.99, are simulated.

As can be seen in Figure 6, change in the confidence level αl leads to a change in the redispatch pattern.

The redispatch power of the selected participants rises with an increase of αl to achieve the required satisfaction

probability.

To determine the best value for αl in managing network congestion, the system operator can utilize a

specific measure comparing the results of the system redispatch on the transmission network. In this paper,

the interruption cost for postcontingency is applied to identify the efficiency of each proposed strategy with
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different values for αl . The expected value of interruption cost can be formulated as follows:

EIC =

NCont.∑
t=1

[
Πt × V OLL×∆P int.

t

]
. (31)

N-1 contingency analysis is performed on the network with the proposed strategy for congestion manage-

ment to calculate the expected interruption cost (EIC). The amount of required load interruption (∆P int.
t ) to

remove the intense line overloads in each of the probable contingencies is the base part of the EIC. The VOLL

will be paid to the loads that are curtailed to remove line overloads in postcontingencies, although it is usually

much higher than the demand bids in the congestion redispatch step. Cost of market redispatch, expected in-

terruption cost for postcontingency, and total cost of congestion management are calculated for different values

ofαl . Figure 7 shows the variation curve for each part of the cost described above.
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Figure 6. Redispatch power of market participants with

different αl values in the nonlinear method.

Figure 7. Interruption, operation, and total cost of redis-

patch with different values of αl in the nonlinear method.

As can be inferred from Figure 7, the best confidence level value in the studied network is approximately

0.72, which has the least total cost compared to the other values of αl . It is clear that identifying the best value

for αl depends on the measure selected by the operator to compare results, the type and value of lost loads

in N-1 contingency analysis, and the status of the studied network. However, in this paper, an appropriate

approach to evaluating the efficiency of the proposed strategies for CM and determining the best value of αlwas

utilized.

6. Conclusion

This paper proposed a new approach for probabilistic CM based on CCP. Introducing the confidence level

in the congestion redispatch step promotes the flexibility of the CM approach. CCP-based probabilistic CM

is a complex problem that is difficult to solve since it includes a set of stochastic constraints. The analytical

approach in this paper, developed to solve the stochastic optimization problems, was employed to find a solution

to the CCP-based CM problem. Moreover, a numerical method, based on a real-coded genetic algorithm, and a

Monte Carlo simulation were also implemented for comparison with the analytical approach. A real-coded GA

was used to find the optimum solution for the CM problem, while the Monte Carlo simulation was implemented

to investigate the fulfillment level of the stochastic constraints.
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The analytical method is more appropriate for real power systems, since it transforms the CCP-based

CM problem to an equivalent deterministic problem. In fact, this approach not only converges in a limited time

but also has an acceptable accuracy level.

The obtained simulation results show that the probability of the constraints’ satisfaction identifies the

redispatch strategies in different market conditions. The cost of the market redispatch increases when the system

operator intends to have a higher probability of constraints fulfillment. Under such conditions, there will be

larger changes in the primary arrangement of the market and more reduction in the flow of the congested lines

compared to other situations with less fulfillment probabilities. In fact, the new formulation of the probabilistic

CM models the probable system conditions and, consequently, the proposed strategy for congestion relief will

have an acceptable confidence level, as decided by the system operator.

The main contribution of this paper is the proposition of a new formulation for stochastic CM using

CCP, which allows the system operator to have a desirable level for system security and reliability, in contrast

to the proposed method in [9], which uses the expectation of the selected scenarios. Furthermore, an analytical

solving approach for CCP-based stochastic CM has been proposed in this paper. The analytical approach

has less complexity and computation burden compared to the proposed algorithms in [12] and [18] in solving

CCP-based problems.

It should be noted that the purpose of this paper was not to determine the optimal value of the confidence

level in the CM process, but rather to propose a new approach to include power system uncertainties. However,

the system operator can identify its desirable confidence level by evaluating the efficiency of the proposed

strategy via the CCP-based approach. In this paper, a desirable level forαl using N-1 contingency analysis and

the expected interruption cost was computed.

Nomenclature

Sets

N G Set of generators
N L Set of dispatchable loads
N cont. Set of probable contingencies

Functions

C Redispatch function for market participants
ρ Normal distribution function

Variables

∆PGi Redispatch power of generator i
∆PLj Redispatch power of load j
∆P int.

t Interruption power for contingency t
Plinel Flow of line l
∆Plinel Change in flow of line l
∆P+

Gi , ∆P−
Gi Incremental and decremental redispatch power of generator i
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Constants

Plinel Expected value of Plinel

V ar(Plinel) Variance of Plinel

Pmax
linel

Maximum allowed flow in line l
∆Pmin

Gi ,∆Pmax
Gi Maximum allowed redispatch power for generatori

∆Pmin
Lj ,∆Pmax

Lj Maximum allowed redispatch power for load j

αl Confidence level of the l th line flow
al,i Transmission congestion distribution factor (TCDF) for line l with respect to injection in bus i
al,i Mean value of al,i
MTTR Mean time to repair
MTTF Mean time to failure
σi Standard deviation for random variable i
rij Correlation coefficient between ith and j th random variables
µi Mean value for random variable i
s Number of random variables in random vector ξ
El Standard normal variable related toαl

VOLL Value of lost loads
Πt Probability of contingency t

References

[1] Kumar A, Srivastava SC, Singh SN. Congestion management in competitive power market: a bibliographical survey.

Electr Pow Syst Res 2005; 76: 153–164.

[2] Bompard E, Correia P, Gross G, Amelin M. Congestion management schemes: a comparative analysis under a

unified framework. IEEE T Power Syst 2003; 18: 346–352.

[3] Talukdar BK, Sinha AK, Mukhopadhyay S, Bose A. A computationally simple method for cost-efficient generation

rescheduling and load shedding for congestion management. Int J Elec Power 2005; 27: 379–388.

[4] Alomoush MI, Shahidehpour SM. Contingency-constrained congestion management with a minimum number of

adjustments in preferred schedules. Int J Elec Power 2000; 22: 277–290.

[5] Glavitsch H, Alvarado F. Management of multiple congested condition in unbundled operation of a power system.

IEEE T Power Syst 1998; 13: 1013–1019.

[6] Tuan LA, Bhattacharya K, Daalder J. Transmission congestion management in bilateral markets: an interruptible

load auction solution. Electr Pow Syst Res 2005; 74: 379–389.

[7] Niimura T, Niioka S, Yokoyama R. Transmission loading relief solutions for congestion management. Electr Pow

Syst Res 2003; 67: 73–78.

[8] Shahidehpour M, Yamin H, Li ZY. Market Operations in Electric Power Systems. New York, NY, USA: Wiley,

2002.

[9] Esmaili M, Shayanfar HA, Amjady N. Stochastic congestion management in power markets using efficient scenario

approaches. Energ Convers Manage 2010; 51: 2285–2293.

[10] Motto AL, Galiana FD, Conejo AJ, Arroyo JM. Network constrained multi-period auction for a pool-based electricity

market. IEEE T Power Syst 2002; 17: 646–653.

[11] Kumar A, Srivastava SC, Singh SN. A zonal congestion management approach using ac transmission congestion

distribution factors. Electr Pow Syst Res 2004; 72: 85–93.

[12] Zhang H, Li P. Chance constrained programming for optimal power flow under uncertainty. IEEE T Power Syst

2011; 26: 2417–2424.

74

http://dx.doi.org/10.1002/047122412X
http://dx.doi.org/10.1002/047122412X


HOJJAT et al./Turk J Elec Eng & Comp Sci

[13] Li X, Li Y, Zhang S. Analysis of probabilistic optimal power flow taking account of the variation of load power.

IEEE T Power Syst 2008; 23: 992–999.

[14] Wan H, McCalley JD, Vittal V. Risk based voltage security assessment. IEEE T Power Syst 2000; 15: 1247–1254.

[15] Charnes A, Cooper WW. Chance constrained programming. Manage Sci 1959; 6: 73–79.

[16] Yang N, Wen F. A chance constrained programming approach to transmission system expansion planning. Electr

Pow Syst Res 2005; 75: 171–177.

[17] Rao SS. Optimization: Theory and Applications. 2nd ed. New Delhi, India: Wiley Eastern, 1984.

[18] Hojjat M, Javidi MH. Probabilistic congestion management considering power system uncertainties using chance-

constrained programming. Electr Pow Compo Sys 2013; 41; 972–989.

75



Copyright of Turkish Journal of Electrical Engineering & Computer Sciences is the property
of Scientific and Technical Research Council of Turkey and its content may not be copied or
emailed to multiple sites or posted to a listserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.


