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ABSTRACT 
In the existing electric power systems around the world, the concept of deregulation has been put to use. In a deregulated system, 
the operations involved in a power system are assigned to more than a single utility. With frequent increase in power demands, 
the power systems have been subjected to congestion, raising the necessity of congestion management for system reliability and 
security. Moreover, to hold unhindered power transactions in such systems, it is necessary to allow power flow that would not 
exceed the system constraints. One possible solution would be utilizing line distribution factors such as Power Transfer 
Distribution Factor, Line Outage Distribution Factor, and Outage Transfer Distribution Factor. The above mentioned factors help in 
analyzing and predetermining the directions and magnitudes of power flows in any specific system condition. This paper deals 
with using the above factors to predetermine and hence analyze the effect of power transactions on the system. A nine-area power 
system is considered here as a study case and its analysis is simulated and verified using Power World Simulator – student 
version. 

 

KEYWORDS: Deregulation, Congestion, Contingency, Power Transfer Distribution Factor (PTDF), Line Outage Distribution 
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INTRODUCTION 

 

 In a deregulated or restructured power system, the generally single utility that deals with generation, 

transmission, distribution and other factors involved in running the power system is split up into separate 

utilities. Each of these utilities is responsible for generation (GENCO), transmission (TRANSCO), distribution 

(DISCO), system operation (Independent System Operator, ISO), and retailing, respectively [1]. The concept 

was arrived at to provide choices to customers to buy power, especially with respect to the cost of electricity. It 

allows a power market to be established where different competitors compete in the power sector with 

differences in power quality, cost, ease of access and reliability.  

 The electricity billing in a deregulated market has at least two components, the cost for transmission and 

distribution (generally together), and that for generation. Each of these could vary based on the GENCO, 

TRANSCO and DISCO involved in the power flow and the market prices set by the ISO. The ISO is responsible 

for assigning the most appropriate transmission path for power flow between buyers and sellers. Since the ISO 

provides a reliable path for power flow, it is very essential that the possibility of a contingency be considered 

during the allocation of power in the system. A contingency in a power system is an anomaly in the system that 

may arise during running hours, for instance, in transmission lines (congestion, line outage, voltage instability, 

etc.) and in generators (outage, voltage shift, etc.) to mention a few. Performing contingency analysis is 
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therefore a necessity in any power system to maintain reliability and security to the system. A contingency 

situation may arise due to changes in loads and subsequent power transfers that may be required. It might be a 

drop in voltage causing variation in power flow, an outage in a branch or line, or as mentioned earlier, a 

congestion in any line subject to transmission limits set for the lines.  

 Each of these can be predetermined by analyzing the possible load variations, their magnitudes and 

directions alike, and also by considering power transactions that may lead to such conditions. The 

predetermination of contingencies and their effects in the system may be the key to obtain strategies to counter 

such situations. In this paper the predetermination is done using the distribution factors, to be discussed later. In 

the further sections, the distribution factors will each be discussed in section II, the considered study case will be 

illustrated and explained in section III, the observations and results obtained from the analysis of the study case 

will be shown in section IV and lastly, section V will have the conclusions arrived at based on the study case. 

The study case has been simulated using Power World Simulator-19 (student version). 

 

Distribution Factors: 

A. Power Transfer Distribution Factor: 

 Power transactions generally take place between areas, where one area sells whereas another area buys real 

power. For reliable transmission of power in a transaction, it is necessary to predetermine if the power flow in 

the lines are within the prescribed constraints. Power Transfer Distribution Factor (PTDF) is a tool used to 

analyze the power flow in the transmission lines during a power transaction. It can be defined as a factor that 

indicates the sensitivity of power flow in a considered line, with respect to the change in demand in a bus and 

corresponding generation in another.  

 PTDF can either be ACPTDF or DCPTDF, owing to the type of power considered to be flowing, AC or 

DC. In this paper, the DCPTDF will be applied and investigated. Mathematically, DCPTDF can be calculated as 

[3]: 

𝑃𝑇𝐷𝐹𝑙 =
1

𝑥𝑙
(𝑍𝑚 − 𝑍𝑛)              (1) 

 where, 𝑥𝑙  is the reactance of the line ‘l’, whose sensitivity is measured, 𝑍𝑚 and 𝑍𝑛 are impedances from the 

impedance matrix ‘Z’ of the system.  

 The PTDF values as seen from the relation (1) do not depend on the existing system parameters or power 

flows through the lines. It remains the same as long as there is no change in the number of transmission lines in 

operation and their constraints. The application of PTDF however depends upon the amount of power to be 

transferred. 

 

B. Line Outage Distribution Factor: 

 An outage in any line in the system can be caused due to excessive congestion in the line. It can be a serious 

hindrance to power flow in the system. The issue can be dealt with by rerouting the power flowing through that 

particular line through other neighboring lines in the system. The Line Outage Distribution Factor (LODF) is 

another tool used in the analysis of power flow in the system, which is used to determine as to how the power 

through the outage line is distributed to other lines in the system. The factor is calculated mathematically using 

the following relation [4], [5]: 

𝑑𝑚,𝑛 =
∆𝑓𝑚

𝑓𝑛
               (2) 

 where, 𝑑𝑚,𝑛 is the LODF value, ∆𝑓𝑚 is the difference in post and pre outage power flow (MW) through line 

𝑚, and 𝑓𝑛 is the flow of pre-outage power on line 𝑛, where outage is on line 𝑛. Thus, LODF can be defined as a 

measure of the balance created by the system after a contingency has been detected. 

 

C. Outage Transfer Distribution Factor: 

 The Outage Transfer Distribution Factor (OTDF) is yet another tool for analysis that can be utilized to 

allow power transactions during a line outage. This factor is simply the PTDF calculated by taking into account 

the line outage in the system, if any. Mathematically, OTDF can be related to PTDF and LODF as [8]: 

𝑂𝑇𝐷𝐹𝑙 = 𝑃𝑇𝐷𝐹𝑙 + 𝐿𝑂𝐷𝐹𝑙,𝑚 × 𝑃𝑇𝐷𝐹𝑚            (3)  

 where, 𝑃𝑇𝐷𝐹𝑙  and 𝑃𝑇𝐷𝐹𝑚 are PTDF values of lines 𝑙 and m before the outage respectively, and 𝐿𝑂𝐷𝐹𝑙,𝑚 is 

the LODF value of line 𝑙 during the outage of line 𝑚. The above relation is particularly used if there is a single 

outage in the system.  

 

Case study: 

 The study case considered in this paper is a nine-bus system, where every bus has generation and loading 

capacity. This essentially means that every bus in the considered system is an ‘area’, making the system a nine-

area system. It is a viable solution to avoid a possible contingency in the system by having interconnection of 

many areas [6]. In this system, every bus is considered to have a maximum generation capacity of 500MW with 

different loads in every bus. The transmission lines, which are also the interconnecting lines here, have a 
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reactance of 0.2 pu and a line limit of 200MVA each. The voltage on every bus in the system is maintained at a 

constant 1 pu and since only DC flow will be analyzed, throughout the analysis, it is bound to remain unchanged 

to a great extent. Fig. 1 shows the schematic diagram of the case study. All the presented simulations are based 

on this schematic. 

 

 
 

Fig. 1: Schematic diagram of the considered case. Closed figures represent areas and the alphabets represent the 

area names. Lines represent the interconnecting tie lines. 

 

A. Power transaction on base system (Case 1): 

 The considered base system [7] is shown in Fig. 2, where bus A is considered to be the slack bus in the 

system. This system is opted to have no contingencies or congestions as it is, with all the lines and buses 

functioning normally. The Fig. 2 also shows the direction of power flow in each line along with the amount of 

power flow in them. The amount of power on each line is depicted as a percent of the MVA limit of the line.  

 

 
 

Fig. 2: Base case system. 

 

 
 

Fig. 3: Depiction of PTDF values on system lines 

 

 In the Fig. 2, it can be noted that there are more than 2 interconnecting lines from each bus/area to the 

neighboring bus/area, forming a network. It can also be seen that the load and generation set-points in each area 

is different, although the values are at constant. The power flow determination is done using Newton-Raphson 

method, with 50-iterations. The power flow calculated has DC approximations, as mentioned earlier, where only 

the real power (P) is calculated with respect to load angle (𝛿). 

 In this case, a power transaction is carried out considering Area B as the seller and Area H as the buyer [8]. 

This is called bilateral wheeling transaction, where two different areas (GENCOS) transact power via a 
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transmission line (TRANSCO). Now, the variation in the power flow due to the transaction through can be 

predetermined using the PTDF, as discussed earlier. Although the amount of power to be transacted is not 

necessary to be known for the calculation of the PTDF, it is still a necessity to analyze the transaction’s effect on 

the system. Hence, it has been considered that 60MW of power is transacted. Fig. 3 shows the PTDF illustration 

on the system lines. 

 

 
 

(a) Unbalanced power flow. 

 

 
 

(b) Balanced power flow. 

 

Fig. 4: Power flow solution with outage on line between areas B and C.  

 

 
 

Fig. 5: Pre-outage power flow on system. 

 

B. Line outage on base system (Case 2): 

 Consider a base system where, due to excessive loading, deficient generation, or other reasons, an outage is 

caused in a line in the system. This will affect the system by causing variation of power flow in other lines, since 

the pre-outage power demands of the corresponding areas have to be satisfied by other areas, thus changing the 

balance of power flow in the system. 

 The outage of a line between areas B and C is depicted in Fig. 4(a) and Fig. 4(b). In the former, the power 

flow analysis is not carried out and hence there is unbalance in the system power flow. In Fig. 4(b), the 

recalculated power flow is depicted on each line where, the line with the outage is not considered in the power 
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flow solution. This helps to obtain the LODF values, as discussed earlier. LODF values cannot be illustrated on 

the system unlike the PTDF values.  

 

C. System with an outage during a transaction (Case 3): 

 In the third case the system considered is such that a line outage occurs and simultaneously a power 

transaction has to be carried out. Now, in this situation, it is important to note that due to the outage, there is the 

need to recalculate the power flows. Adding to the contingency situation, the power transaction has to be 

planned as well, so that system congestion can be avoided and the new power flows are maintained well within 

the transmission constraints. 

The base system considered for this case is depicted in Fig. 5, where initially all the lines are functioning. A 

contingency situation is considered here, with an outage in the line between Area A and Area G. This is depicted 

in Fig. 6(a), where there is an unbalanced power flow throughout the system. Fig. 6(b) shows the system with 

balanced flow of power, after considering the outage in the system. 

In this case, the previous two case situations have been considered to occur simultaneously. Hence, the balance 

created after the outage is measured using LODF and the power transaction is predetermined using PTDF, 

which together necessitates the usage of OTDF in the analysis of power flow in the system.  

 

 
(a) Unbalanced power flow. 

 

 
(b) Balanced power flow. 

 

Fig. 6: Power flow solution with outage on line between areas A and G. 

 

 
 

Fig. 7: System power flow after power transaction is implemented. The line from Areas G and H show 

congestion, depicted by an orange shade. 
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Result Analysis: 

A. Case 1 

 The output obtained after allowing a power transaction on the system is shown in Fig. 7. The transaction, as 

mentioned in the previous section, is of 60MW taking place between Areas B and G, where Area B is the seller 

and Area G is the buyer.  

 It can be noted from the Table I that the power flow in all the lines are nominal except for the line between 

areas G and H, where about 89% of the line limit (which amounts up to 178MVA) is flowing. This condition 

where the line is carrying power close to the line limit is referred to as ‘congestion’. 

 
TABLE I:  Power Flow Solution after Power Transaction in System 

From Area To Area MW From Line MVA Limit MW in % of MVA Limit 

A B 32.9 200 16.5 

A G 67.1 200 33.5 

B F 57.9 200 28.9 

B C 50.9 200 25.4 

C D -16.4 200 8.2 

C E 17.2 200 8.6 

D E 33.6 200 16.8 

F I 71.4 200 35.7 

F E 10.2 200 5.1 

G H 177.5 200 88.8 

G F 23.7 200 11.9 

G B -34.2 200 17.1 

H I -82.5 200 41.2 

I E -61.1 200 30.6 

 

 The analysis based on the predetermination of the effect of a power transaction on the system has shown a 

possible congestion in the system that may lead to a contingency situation such as a line outage later.  

 

B. Case 2: 

 The second case specifies a contingency in the system in the form of a line outage, which has caused an 

unbalance in the system power flow, as mentioned and depicted earlier. The system detects this unbalance and 

immediately creates balance by rerouting power in each line. This depends on how much power demand has to 

be met newly, due to the contingency.  

 
Table II: Percentage Lodf Calculated After Balanced Power Flow 

From Area To Area % LODF MW From MW To CTG MW 
From 

CTG MW To 

B C -100.0 39.8 -39.8 0.0 0.0 

C E -66.7 9.8 -9.8 -16.7 16.7 

C D -33.3 -20.1 20.1 -33.3 33.3 

D E -33.3 29.9 -29.9 16.7 -16.7 

G B -30.4 -13.2 13.2 -25.3 25.3 

A B -15.2 43.4 -43.4 37.3 -37.3 

A G 15.2 56.6 -56.6 62.7 -62.7 

F I 19.0 58.3 -58.3 65.8 -65.8 

H I 21.5 -57.3 57.3 -48.7 48.7 

G H 21.5 142.7 -142.7 151.3 -151.3 

G F 24.1 27.1 -27.1 36.7 -36.7 

I E 40.5 -49.0 49.0 -32.9 32.9 

B F 54.4 40.4 -40.4 62.0 -62.0 

F E 59.5 9.2 -9.2 32.9 -32.9 

 

 The Table II above shows the value of MW power flows before and after the outage on line between areas 

B and C. The columns headed “CTG MW” depict the new power flow on the respective lines. LODF values are 

depicted in percent as shown in the table. It is understood that LODF is calculated based on the new power 

flows in the lines. Thus, the analysis performed in this case can be used to predetermine any possible future 

outages in the system.  

 

C. Case 3 

 The case has been considered to involve a power transaction while at the same time having an outage in one 

of the lines in the system. The Fig. 8 shows the OTDF values depicted on the pie charts on the lines. It can be 

noted from Fig. 8 that the power transaction has been scheduled from area C (seller) to area I (buyer). The 

simulated output is shown in Fig. 9, where the pie charts show the power flows on every line after the power 
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transaction. The so calculated OTDF values show the measure of the effect induced by the transaction in the 

system. 

 

 
 

Fig. 8: Shows the OTDF values on pie-charts. 

 

 
 

Fig. 9: Shows the system power flow after power transaction is allowed in the presence of an outage in line 

between areas A and G. 

 

 The Table III shows the power flow in the system after the allocation of the power transaction. It can be 

seen that the power flow solution obtained after balancing it, post outage, is exactly the same compared to the 

solution obtained on utilization of the OTDF values in the unbalanced system. This shows the effectiveness of 

the OTDF calculation here, where we obtain the exact measure of the balance created on having an outage while 

analyzing the distribution of power during the power transaction as well. 

 
TABLE III:  Power flow after implementing power transaction considering outage 

From Area To Area MW From Line MVA Limit MW in % of MVA Limit 

A B 100 200 50.0 

B F 60.1 200 30.0 

B C 22.1 200 11.0 

C D -9.3 200 4.7 

C E 31.4 200 15.7 

D E 40.7 200 20.3 

F I 58.9 200 29.5 

F E -6.6 200 3.3 

G H 75.6 200 37.8 

G F -7.8 200 3.9 

G B -67.8 200 33.9 

H I -24.4 200 12.2 

I E -65.5 200 32.8 

 

Conclusion: 

 The contingency situations that may arise on power lines can be predetermined by simulating the possible 

system conditions. The simulated system can be put to test by setting up congestion on one or more of the lines 

and allowing power transactions to take place. Using suitable distribution factors, each contingency situation 

can be analyzed appropriately. The collective analysis can provide us with information that can help to maintain 

power flows within the system’s power transmission limits, unhindered.  
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 Further, these analyses can be utilized in creating algorithms that can help to maintain a reliable power flow 

in the system for a long term.  
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