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ABSTRACT: This paper analyzes the congestion in electricity networks. As, we know that, electricity market consist 
of many facilities and equipments like generators, transmission, distribution lines. And all the equipment has their own 
limits. The electrical features like voltage magnitude of system bus and voltage angle difference of transmission line 
must operate at some specified values. The power system performance is affected when there is any violation of 
transmission line limits. When the operational limits of the transmission line exceeds from its specified value then 
congestion occurs on the line. Due to congestion it is not possible to dispatch all the contracted transactions. In this 
paper we will apply the simultaneous feasibility test on firm transmission rights. 
  
Keywords: Deregulated market, Zonal congestion management. 

I.INTRODUCTION 

In the deregulated power market the generation, distribution and transmission are the responsibilities of the different 
companies i.e. unbundling of the services occur. Discrimination is an important principle of the deregulated market. 
The main aim of the deregulated power system is to schedule more generation from cheapest available sources with the 
objective of the minimum production cost. This scheduling is done by the system operator. The deregulated market 
structure is shown in figure-1[2]. 

 
Fig. 1 Deregulated market structure  

 
In previous papers, a new zonal/cluster-based congestion management approach has been proposed. The zones have 
been determined based on lines real and reactive power flow sensitivity indexes also called as real and reactive 
transmission congestion distribution factors [9]. The paper [4] reviews the CM schemes and the associated pricing 
mechanism used by the IGOs in five representative schemes. Some more work is also done on finding the transmission 
congestion cost. Transmission congestion cost is also calculated by using nodal pricing framework [5]. Managing 
transmission congestion in an unbundled electric power system poses a challenge to an independent system operator 
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(ISO) [8]. There is a previous paper that considers an open transmission dispatch environment in which pool and 
bilateral/multilateral dispatches coexist and proceed to develop a congestion management strategy for this scenario [8]. 
In that paper prioritization of electricity transactions and related curtailment strategies are explored and a mechanism 
for coordination between market participants to achieve additional economic advantages is described 
In this paper we will re-dispatch the generation and loads for inter-zonal congestion management. Here we will do the 
Inter-Zonal congestion management. 

II. DEREGULATED MARKET AND FTR 

One of the types of deregulated power market is pool market. In the pool market there is no direct trading of power 
between consumers and suppliers i.e. there is no direct contact between the producer and consumer. The power is 
traded through the market operator. The market operator is known Independent System Operator (ISO). The consumer 
and supplier both submit their bids to the market operator. The ISO minimize the generation cost or active power 
losses. This objective can be achieved by performing optimal power flow program (OPF). This OPF program take in 
consideration the transmission line limits. It also minimizes the total cost for the social welfare. According to the OPF 
program, at these prices at the power is supplied/purchased to consumers/suppliers for the corresponding amount of 
power. Electricity pool market is shown in the Figure 2[2].  
 

 
Fig. 2 Electric pool market 

 
Another type of deregulated power market is known as bilateral market. In the bilateral market, producers and 
consumer directly negotiate the price of trading energy [3]. Also the quantity of the traded energy is directly negotiated. 
The schedules of generator are submitted to the ISO. Then the transaction occurs only when the transmission line 
constraints are not violated [4]. So ISO will accept the schedules only when transaction does not cause any congestion. 
Practically, not all buyers have contract with the sellers and vice-versa. Mathematically, every bilateral transaction 
between a seller at bus-m and power purchaser at bus-n satisfies the power balance relationship i.e. PGm-PDn=0 [2]. 
Besides of these two types of the power market there is another type of market i.e. hybrid market. In this type of the 
power market the seller may inject power at the several nodes and the buyers also draw load at the several nodes. 
In the power market to hedge the risk, the participant can purchase a right to transfer power over a constrained 
transmission path for a fixed price, which is called firm transmission right (FTR).FTRs act as the financial instrument 
to hedge the risk associated with transmission congestion charges. 
The marginal cost of supplying the next increment of electric energy at a specific bus considering the generation 
marginal cost and the physical aspects of transmission system is known as locational marginal cost (LMP) [1]. In the 
case of the unconstrained optimization problem or if line flow limits are very large, LMPs are same for all the buses. In 
this case, there is no congestion charge on transmission line. But in case of the constrained transmission line, the 
difference in the LMPs appears. In simple words, LMP can be defined as the additional cost for providing the one 
additional MW at a certain load. 
 
The buyers and the sellers will experience the actual cost of delivering the energy to locations on the transmission 
system using LMP. LMP at any node in the system is defined as the summation of the generation marginal cost, 
congestion cost, and cost of marginal losses. In the case if market participant does not hold FTR and its contract is not 
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curtailable, then the participant will incur a congestion charge. In this case there will be no mechanism to offset the 
congestion charge. But in the reverse case of above, FTR holder will receive a credit that counteracts the congestion 
charge for the specified path. FTR credit is given by the product of the amount of FTR and the difference between the 
LMPs at the beginning and ending point of the FTR. 

III. OPTIMAL POWER FLOW  

The OPF is basically used to optimally dispatch the generation in an area or group of areas. During dispatching the 
transmission line limits are always take in consideration [5]. The LMP values at all the buses in the power system are 
calculated considering the transmission line limits. The OPF have to serve the two purposes in the deregulated market. 
First, it aims to minimize the transacted power cost. Another objective is to cover as much load demand as possible. 
Social welfare is the objective of the OPF because it aims to minimize the global system costs and thereby to maximize 
the profit of all the market participants [10]. There is some restriction on the OPF with respect to the line flow 
constraints, the active and reactive power balance at each system node, the voltage magnitude limits and the active and 
reactive power generation limits. 
The optimization can be done either by a linear programming or a quadratic programming. The advantage of these 
methods is the clear and systematic treatment of constraints [2]. The linear programming has performed a quite 
efficient operation concerning the active power dispatch. The disadvantage of this method is that when linear 
programming is used in order to minimize the power losses there is no high acriby by the calculation of optimum. 
Additionally, disadvantage of the linear programming is very slow convergence rate when the generation cost functions 
are similar or identical. The second method is based either on Newton algorithm or on a quadratic programming when 
the Lagrangian of the OPF is quadratic. This method has a great benefit of solving the OPF in a global way. This fact 
makes them attractive because they are able to calculate exact the optimum. The convergence rate in the Newton 
approach is also very satisfactory. The major drawback is the handling of the inequality constraints and particularly by 
the determination of the binding inequality constraints. 

IV. ZONAL CONGESTION MANAGEMENT 

In the zonal congestion management, firm transmission reservations are defined. The firm transmission service is 
reserved and scheduled between the specified point s of receipt and delivery. All the loads are served by the generations 
in the reservation process. FTRs are allocated to the consumers according to their annual peak load [6].  Different FTRs 
are then modeled as the generations at the points of injections (as loads at the point of withdrawn). Simultaneous 
feasibility test (SFT) will be then performed to check out the FTRs feasibility. For the congestion management then we 
will make inter-zonal contracts. After the determination of the LMPs at the each node then we determine the zonal 
boundaries. Then calculate the ALMP in each node. On the basis of these ALMP we will calculate the congestion 
charges based on actual deliveries to different loads according to the re-dispatch solution. Then we make the intra-zonal 
congestion management. Flow chart for zonal congestion management is shown in Fig 3. 
Different zones are made in a system. These zones are made on the basis of the LMPs. LMP of near-by values are 
considered as zone-1 and other zone has its LMP values different from zone-1 LMPs. 
The firm transmission service is reserved and scheduled between specified points of receipt and delivery. On the basis 
of the available transfer capability reservation is done. Firm transmission reservation can be of two type long term and 
short term reservations. In the long term reservation the duration of the reservation is about one year or more. But, in 
the short term reservation the duration of the reservation is less than one year. 
Designated network resource to the designated network customer load is the path for the network customers. 
The feasibility test of the FTR is passed only when the inter-zonal line flows are less than that of the thermal limits. 
When the FTRs are not feasible as given by the SFT, then the FTRs will be reduced in proportion to their MW values 
until SFT gives a feasible solution. 
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Fig. 3 

 
V.NUMERICAL PROBLEM AND RESULT 

 

In this paper we will consider a 14bus system with its line parameters given in Table I and contracted generators are 
shown in Table II. The contracted generators are used to fulfil the annual peak load demand. Contracted generation 
should be in balance with the annual peak load demand. But, in some cases it is not true. The contracted generation is 
not in balance with peak load demand. 14-bus system is shown in the figure 4.14-bus system is divided in to the 
different zones on the basis of the LMPs. If the contracted units generates surplus in the generation then there will be 
interchange of energy with the energy spot market. Generation or load LMP is assumed to be same as that of the 
ALMP. Here in this example we assume some assumptions like system is lossless and firm transmission reservation is 
assumed to be equal to that of the peak load. 

 

 

Fig. 4  
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From bus To bus  resistance reactance Half line charging susceptance Limit 

1 2 0.01938 0.05917 0.0264 120 

1 5 0.05403 0.22304 0.0219 65 

2 3 0.04699 0.19797 0.0187 36 

2 4 0.05811 0.17632 0.0246 65 

2 5 0.05695 0.17388 0.017 50 

3 4 0.06701 0.17103 0.0173 65 

4 5 0.01335 0.04211 0.0064 45 

4 7 0 0.20912 0 55 

4 9 0 0.55618 0 32 

5 6 0 0.25202 0 45 

6 11 0.09498 0.1989 0 18 

6 12 0.12291 0.25581 0 32 

6 13 0.06615 0.13027 0 32 

7 8 0 0.17615 0 32 

7 9 0 0.11001 0 32 

9 10 0.03181 0.0845 0 32 

9 14 0.12711 0.27038 0 32 

10 11 0.08205 0.19207 0 12 

12 13 0.22092 0.19988 0 12 

13 14 0.17093 0.34802 0 12 

Table .1 Line data of the 14-bus system 

LOAD(MW) PEAK LOAD (MW) FIRM TRANSMISSION 
RIGHT 

CONTRACTED UNITS 

L1 200 200 G2(150) +G3(50) 

L2 100 100 G1(100) 

L3 45 45 G3(45) 

L4 35 35 G4(35) 

TOTAL 380 380 380 

Table .2 Contracted generators to feed peak load 

As shown in the above diagram, for the peak load we use firm transmission right. 

Bus  Preferred 
generation 
schedule (MW) 

Adjustment 
range (MW)  
MIN-  MAX 

Increment 
price 
($/MWh) 

Preferred load 
schedule 
(MW) 

Adjustment 
range (MW)  
MIN-  MAX 

Decrement price 
($/MWh) 

1 80 0-110 14 - - - 

2 150 0-150 15 - - - 

3 85 0-90 14 - - - 

4 - - - 60 60-60 41 

5 - - - - - - 
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6 25 0-50 14 - - - 

7 - - - - - - 

8 - - -- - - - 

9 - - - 85 85-85 41 

10 - - - - - - 

11 - - - - - - 

12 - - - - - - 

13 - - - 85 85-85 42 

14 - - - 110 110-110 43 

tota
l 

340   340   

Table .3 Generation and load data 

Table-3 shows the data for the generation and load at a certain hour. This table represents the preferred generation and 
load bids at any certain time. These schedules are submitted to the ISO. ISO will check out whether these schedules 
cause any congestion in the system. In case of the congestion the schedules are adjusted by the ISO. If the generation of 
generator is more than preferred schedules than the surplus will be sold to the spot market. 
But if any generator is generating less than the preferred schedules, the shortage will be supplies by the spot market. 

Table-2 where the generation at each bus is equal to the sum of contracted generations at that bus to serve different loads. 
For example- G3 is serving two loads L1 and L3.  L1= 50 MW and L3=45MW is served by generator G3. So, total 
generation by the generator G3 is 95MW. 
All the FTRs are modeled as generators at the point of injection and it is modeled as the load at the point of the 
withdrawal. After representing these FTRs we run the dc load flow. If the line flow in each inter-zonal lines is below the 
thermal limit than the FTRs SFT test will be guaranteed. Note that in SFT, the total generation should be equal to total 
load.Table-4 shows the data of the generators and loads for SFT. 
 

Bus Generation (MW) Load (MW) 

1 100 - 

2 150 - 

3 95 - 

4 - 200 

5 - - 

6 35 - 

7 - - 

8 - - 

9 - 100 

10 - - 

11 - - 

12 - - 

13 - 45 

14 - 35 

Total 380 380 

Table .4  

The SFT results are given in the Table-5. The result shows that FTRs are feasible and there is no inter-zonal line 
carrying power above the thermal limits. Since there is no congestion in the line so the schedules will be accepted by 
the ISO. But in the case of congestion the ISO will not permit the market participant for the transaction of power. 
Hence the schedules will be rejected in case of congestion. 
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From bus To bus Limit (MW) Flow (MW) 

1 2 120 105 

1 5 65 45 

2 3 36 25 

2 4 65 55 

2 5 50 -40 

3 4 65 56 

4 5 45 34 

4 7 55 35 

4 9 32 30 

5 6 45 25 

6 11 18 10 

6 12 32 28 

6 13 32 -25 

7 8 32 28 

7 9 32 25 

9 10 32 28 

9 14 32 27 

10 11 12 10 

12 13 12 10 

13 14 12 10 

Table-5 SFT results 
The above results show that FTRs are feasible and no inter-zonal line is carrying power above its thermal limit. The 
inter-zonal lines are defined initially based on a similar situation. Initially, we consider lines 1–2, 1–5 and 9–10 to be 
most frequently congested (inter-zonal lines). 
 
The results of inter-zonal congestion management for the data in Table 3 are shown in Tables 6 and 7. 

From bus To bus Limit (MW) Flow (MW) 

1 2 120 120 

1 5 65 40 

2 3 36 20 

2 4 65 44.80 

2 5 50 -38.9 

3 4 65 55 

4 5 45 32 

4 7 55 30 

4 9 32 28.78 

5 6 45 23.67 

6 11 18 -8.89 

6 12 32 22 

6 13 32 -20.8 

7 8 32 18 

7 9 32 23 

9 10 32 24 

9 14 32 21.89 

10 11 12 7.89 
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12 13 12 5.66 

13 14 12 5.78 

 
 

Table-6 Line Flows After Inter-Zonal Congestion Management 

Bus Adjusted Generation Schedule (MW) Adjustment Load Schedule (MW) 

1 100 - 

2 150 - 

3 55.5 - 

4 - 200 

5 - - 

6 74.5 - 

7 - - 

8 - - 

9 - 100 

10 - - 

11 - - 

12 - - 

13 - 45 

14 - 35 

Total 380 380 

Table-7 Re-dispatched Generation and Loads for Inter-zonal congestion management 

Table 6 shows the line flows indicating that all inter-zonal line flows are within limits. It means that generation units 
with the adjustment ranges given in Table 3 are capable of alleviating congestion on intra-zonal lines. The results also 
show that no intra-zonal line is overloaded. So no further intra-zonal-management will be performed [1]. Table 7 shows 
that the preferred generations and loads are re-dispatched to remove inter-zonal line flow violations. The results obtained 
in Table 7 will be used for the calculation of congestion charges because the re-dispatched values represent actual 
generations and deliveries during this hour. 

VI.CONCLUSION 

The LMPs of the system can be calculated from the inter-zonal congestion management optimization problem. Buses 
having closed LMP values are considered in one zone. This observation confirms the assumption that the most 
frequently congested lines divide the system into different zones. Each zone contains buses with nearly same LMPs, 
and the lines connected to these zones are inter-zonal lines. After that we can take decision to confirm the initial 
assumption of zonal boundaries to combine or split the zones to form new zones. 
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