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Abstract:   With the new strategy of deregulation electrical power systems, Available Transfer Capability (ATC) is 

significant indicator. This paper debate for deterministic methods to compute ATC. Concepts and calculation 

approaches of Optimal Power Flow (OPF), Continuation Power Flow (CPF) and Power Transfer Distribution Factors 

(PTDF) has been presented. Cons and prons of each with  simulated  results are presented using  IEEE   30 -bus test  

systems without any contingences proposed,  the results shows efficient results with high performance accuracy. 

Keywords: Available Transfer Capability optimal Power Flow, Continuation Power Flow, Power Transfer Distribution 

Factor.

I. INTRODUCTION 

 One of the greatest befits for costumers demands is the 

highly speed competition via deregulation power system. 

Explanations related achievement of a better service, 

reliable operation and competitive market in   [1]. In order 

to introduce great potential facilities and saving for 

costumers   California was one of the first states that 

embark this system, later on Australia. One of the greatest 

important indices to keep  reliability and security of the 

power systems are the  process of calculating ATC to be 

efficient  systems. Since 1996, the Federal Energy 

Regulatory Commission (FERC) requires ATC information 

available to access at Open Access Same-time Information 

System (OASIS) [2]. There are several technical challenges 

that appear during computation of ATC and in [6] present 

several concepts for dealing these challenges.  

 According to North American Electric Reliability 

Council's (NERC) - Available Transfer Capability 

Definition and Determination - [3], ATC is defined as “the 

measure of the transfer capability remaining in the physical 

transmission network for future commercial activity, over 

and above already committed uses”, whereas, FERC has 

defined ATC as “the amount of transfer capacity that is 

available at a given time for purchase or sale in the electric 

power market under various system conditions” [4]. 

Equation 1.  shows how mathematically calculating ATC , 

its  known as the Total Transfer Capability (TTC) less the 

Transmission Reliability Margin (TRM), less the sum of 

Existing Transmission Commitments (ETC) and the 

Capacity Benefit Margin (CBM) [3]. It can be expressed as: 

      ATC = TTC – TRM – ETC - CBM                           (1)                          

 TTC should be evaluated first to obtain ATC where 

TTC is defined as “the largest power that can transfer over 

the interconnected transmission network which causes no 

thermal overloads, voltage limit violations, voltage collapse 

or any other system problems such as transient stability” 

[3]. Others parameter that involves in ATC calculation is 

TRM and CBM but many researches has addressed the 

calculation of TTC as the basis of ATC evaluation because 

the methodology to determine TRM and CBM may vary 

among regions, sub-regions and power pools. The 

definition of these two indices is defined in [3]. The 

determination of TRM a point estimate method used, in [5]. 

Some of important instructions that FERC consultation 

issues informed in [3] as:   

1. ATC calculation must produce commercially viable 

results. 

2. ATC calculation must recognize time-variant power 

flow conditions and simultaneous transfer and parallel 

path flows throughout the transmission network. 

3. ATC calculation must recognize the dependency of 

ATC on the points of power injection, the 
directions of power transfer and the points of power 

extraction. 

4. Regional or wide-area coordination is necessary to 

develop and post information that reasonably reflects 

the ATCs of the interconnected transmission network. 

 OASIS is used to post the values of calculated ATC , 

also the interface identifier, the date and time of the run, the 

list of constraining facilities, the TTC and ATC. There are 

several frameworks for On-Line ATC calculation which are 

State Estimator (SE), Security Analysis (SA), and the 

OASIS. From SE the current system state can be obtained. 

While from SA the contingency list can be obtained, while 

Current Operating Plant (COP)    is  the source for load 

predictors, generation schedules, and outage equipment 

information. OASIS is used to post the values of calculated 

ATC and also the interface identifier, the date and time of 
the run, the list of constraining facilities, the TTC and ATC. 

Figure 1 illustrates the framework for on-line computation.  

ATC determinations could be classified to Deterministic 

Load Flow (DLF) and Probabilistic Load Flow (PLF) 

approaches each class has several own methods for 

calculating of   ATC values. This paper Address only three 
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DLF methods. The first method is Optimal Power Flow 

(OPF) in section II, the second is Continuation Power Flow 

(CPF) that will be in section III and lastly Power Transfer 

Distribution Factors (PTDF) in section IV. PTDF under 

classifications of two approaches based on neither DC nor 

AC load flow. The objective function is to maximize total 

generation supplied and load demand at specific buses.   
Simulation  results were explained in section V. 

 

Fig.1 Framework for On-line ATC Computation.   

   

The rest of the paper is organized as follows. After a brief 

introduction to the principles of the probabilistic collocation 

method in Section II, Section III proposes the solution to 

probabilistic load flow with non-Gaussian distributions. In 

Section IV, the results of an application example on the 

IEEE30- bus system are presented. The conclusion ends the 

paper in Section V. 

 

II. OPTIMAL POWER FLOW 

One of the most needed method for optimization certain 

choice of load distributions also in case of calculating ATC 

values, The objective function is to maximize total 

generation supplied and load demand at specific buses.  
more explanations of OPF in [7-12].  Typically the thematic 

function for this technique is found out with conjunction of 

hard and soft constraints for example in [8] load flow 

equation becomes hard constraint while limits imposed in 

control becomes soft constraint. Likewise   OPF is based on 

full AC power solution in [7].while the maximizing of TTC 

process at sending and receiving areas expounded in 

references [7, 9, 10]. single line N-1 security criterion with 

contingency list available presented in [9,10,12]. Deep 

research needs to overcome insufficiency incorporate 

various complex constraints and different objective in the 

mathematical model. This method can accept the new 

methodology easily, but it cannot be applied in real time for 

large system because solution of optimization problem for 

large system becomes very time consuming. Certain  

assumptions should be taken in account while 

implementing  this approach  [7-10]; first , the base case 

power flow of the system is feasible corresponds to a stable 

and secure operating point, second; Loads are increased in 

constant power factor direction, third; system voltage limit 

is reached before the system loses voltage stability. 

Different manner for optimization  

  
 

Fig 2. A Flow Chart of the Optimal Power Flow. 

 

process in OPF like Sequential Quadratic Programming 

(SQP) [7], Genetic Algorithm (GA) [8], and Bender 

decomposition [9-10]. SQP method is proven become an 

effective method for constrained nonlinear programming. 

While GA usually used when the information is not 

sufficient for complicated objective functions. To deal ATC 

problem with static security constraint SSC Bender 

decomposition method is proposed. 

 Mathematically to calculate ATC by this method can be 

represented as: 



𝑀𝑎𝑥 𝐽 = 𝑓(𝑥, 𝑢)                                                              (2)  

         𝑔(𝑥, 𝑢) =  0 

ℎ𝑚𝑖𝑛 ≤ ℎ(𝑥, 𝑢) ≤ ℎ𝑚𝑎𝑥 

Where 𝑓(𝑥, 𝑢) is an objective function, x is a system state 

variable, u is control parameter vector, 𝑔(𝑥, 𝑢) is an 

equality constraint function and ℎ(𝑥, 𝑢) is an inequality 

constraint function. 

 The function J is defined to be the sum of total 

generation and total load of a load bus 

  𝐽 = ∑ 𝑃𝐺𝑘 + ∑ 𝑃𝐿𝑑                                                       (3) 

Subject to: 

  𝑃𝑖 − 𝑉𝑖 ∑ 𝑉𝑖  (𝐺𝑖𝑗 cos 𝜃𝑖𝑗 + 𝐵𝑖𝑗 sin 𝜃𝑖𝑗) = 0𝑁
𝑗=1               (4) 

  𝑄𝑖 −  𝑉𝑖 ∑ 𝑉𝑖  (𝐺𝑖𝑗 sin 𝜃𝑖𝑗 −  𝐵𝑖𝑗 cos 𝜃𝑖𝑗) = 0𝑁
𝑗=1               (5) 

  𝑃𝐺𝑘
𝑚𝑖𝑛 ≤ 𝑃𝐺𝑘 ≤ 𝑃𝐺𝑘

𝑚𝑎𝑥 

      𝑄𝐺𝑖
𝑚𝑖𝑛 ≤ 𝑄𝐺𝑖 ≤ 𝑄𝐺𝑖

𝑚𝑎𝑥  

      0 ≤ 𝑃𝐿𝑑 ≤ 𝑃𝐿𝑑
𝑚𝑎𝑥  

      𝑉𝑖
𝑚𝑖𝑛 ≤ 𝑉𝑖 ≤ 𝑉𝑖

𝑚𝑎𝑥 

  0 ≤ 𝐼𝑖𝑗 ≤ 𝐼𝑖𝑗
𝑚𝑎𝑥 

Where is the 𝑃𝐺𝑘 generation at bus k and the 𝑃𝐿𝑑  is the load 

at bus. Pi and Qi are the active and reactive power injection 

at bus i. N is the total number of network buses. 𝑉𝑖∠𝜃𝑖 is 

the voltage at bus i. Gij + jBij is the correspond elements in 

system Y-matrix. 𝑃𝐺𝑘
max   and 𝑃𝐺𝑘

min   are the upper and lower 

limits of the generator active power at bus k. 𝑄𝐺𝑖
max   and 

𝑄𝐺𝑖
min    are reactive power limits for generator i. 𝑃𝐿𝑑

max    is the 

upper limit of the load active power which is constrained by 

distribution facility capacity. 𝐼𝑖𝑗  and 𝐼𝑖𝑗
𝑚𝑎𝑥  are the actual and 

maximum current of line i-j respectively.  

 

III. CONTINUATION POWER FLOW 

 The common accurate approach for   computing the 

ATC in multi possible scenarios is to use the power flow 

software repeatedly and is called Continuation Method 

(CM) [13-15]. The theory and practical of CPF method can 

be obtained in [14-15]. CPF can trace power system steady-

state behaviour due to load and generation variation.  
continuum of power flow solutions for a given load change 

scenarios in [15]. CPF has comprehensive modelling 

capability and also can handle power systems with 

havehuge buses which is about 12000 buses. Two different 

schemes are used to calculate ATC which is serial and 

parallel scheme, with review of this method in reference 

[13]. The man idea of CPF algorithm function is increasing  

the controlling parameter in discrete steps and then solves 

the resulting power flow problem at each step. This will 

continue until it reaches a physical limit that prevent further 

increase. Newton power flow algorithm is used because the 

solution is difficult and need the Jacobin matrix at each 

step. CPF also can yields solution at voltage collapse 

points.  

The common famous usages of CPF are to analysis voltage 

problems due to load and/or generation variation [14]. 

CPF is quite complicated because its implementation 

involves parameterization, predictor, corrector and step-size 

control. Fig.1 Contingencies analysis must be taken in 

considerations while calculating ATC results obtained by 

 

  
Fig 3. A Flow Chart of the Continuation Power Flow. 

 

CPF, ATC results based method are accurate because it 

considers system non-linearity and control changes. 

Nevertheless, it becomes very time consuming when 

applied on larger system and cannot be used in real time 

due to requirement of repeated solution of power flow. 

Compered with OPF method where it can give conservative 

result for ATC because it increases the loading factor only 

along certain direction without considering control effects. 

It also able to incorporate the effects of reactive power 

flows, static voltage limitations, voltage collapse as well as 
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the traditional thermal loading effects. Besides, the 

divergence can be avoided around the voltage limit point. 

Figure 2. shows a brief summary in the form of a flow chart 
of the continuation power flow calculation process. 

 

  
IV. POWER TRANSFER DISTRIBUTION 

FACTOR 

 Power transfer distribution factor (PTDF) is another 

method to compute ATC. This method has proposed in [16-

21]. PTDF are most useful to estimate the change in flows 

for a particular transfer and identify which flow gates are 

most affected by the transfer. Power transfer distribution 

factor based on DC load flow is called DCPTDF and has 

demonstrated in [16-19]. To calculate linear ATC usually 

use DCPTDF which is used to allocate real power flows on 

the transmission lines. The advantages of this method are 

easy to calculate and can give quick estimate Where ∆𝑃𝑖𝑗  is 

a change in real power flow on line ij for a change of  ∆𝑃𝑚 

occurs at bus m. While Increase Step size by x2  

of ATC. But the ATC values calculated using this method 

are not very accurate as DC power flow voltage and 

reactive power effects due to the assumption involved in the 

DC power flow model. Besides that, for future it becomes 

doubtful to use in the competitive marker because of its 

limitations. DCPTDF or linear sensitivity factor show the 

approximate change in line flows for changes in generation 

on the network and are derived from DC load flow. 

Consider a bus m and a line joining buses i and j. ∆Pm is a 

change in generation at bus m.  

Some amount of power will inject into the system at bus m 

by a generator and removed at another bus by a load at 
another bus n. For this case, PTDF can be written as: 

 

𝑃𝑇𝐷𝐹 𝑖𝑗,𝑚 =  
∆𝑃𝑖𝑗

∆𝑃𝑚
                                                               (6) 

𝑃𝑇𝐷𝐹 𝑖𝑗,𝑚𝑛 =  
𝑋𝑖𝑚−𝑋𝑗𝑚− 𝑋𝑖𝑛+ 𝑋𝑗𝑛 

𝑥𝑖𝑗
                       (7) 

Where xij is the reactance of the transmission line 

connecting bus i and j. Xim, Xjm, Xin, and Xjn are the elements 

of bus reactance matrix. 

The maximum power flow limits the ATC and for 

determination ATC, it is necessary to compute the 
maximum power transfer, Tl,mn for each line of the system. 

𝑇 𝑙,𝑚𝑛 =  
𝑚𝑎𝑥𝑙− 𝑃𝑙

𝑃𝑇𝐷𝐹 𝑙,𝑚𝑛
  

The smallest Tl,mn identifies the most constraining branch 

and thus gives the maximum power transfer. Hence, ATC 

can be written as: 

𝐴𝑇𝐶 = 𝑚𝑖𝑛{𝑇 𝑙,𝑚𝑛} 

 In recent times, researchers have use AC power transfer 

Distribution factors (ACPTDF) to compute ATC [20-21]. 

The uses of AC distribution factors to determine ATC are 

quite accurate compared to DC distribution factor. This 

method is based on derivatives around the given operating 

point. It also can lead to unacceptable results when used at 

different operating point to compute ATC. At different 

operating point, ACPTDF are used to find a variety of 

transmission system quantities for a change in MW 

transaction. This method are described as linear sensitivity 

calculated at initial operating point and can be derived from 

Jacobin matrix of an operating point load flow. The Jacobin 

matrix can be written as: 

[
∆ 𝛿
∆ 𝑉

] = [𝐽0]−1  [
∆ 𝑃
 ∆ 𝑄

] 

Now for a given transaction of ∆T MW between sellers bus 

m and buyer bus n, only the following two entries in the 

mismatch vector of RHS of the above equation will be non-

zero. 

               ∆Pm = ∆T ; ∆P = -∆T 

The change in voltage angle and magnitude at all buses can 

be computed by using the above mismatch and then the 

new voltage profile can be calculated. From the new 

voltage profile, the new line flows and the change in line 

flows also can be computed. The ACPTDF can be obtained 

using following equation: 

                 𝑃𝑇𝐷𝐹 𝑖𝑗,𝑚𝑛 =  
∆𝑃𝑖𝑗

∆𝑇
 

To calculate ATC, use the same equation as DCPTDF: 

             𝐴𝑇𝐶 = 𝑚𝑖𝑛{𝑇 𝑙,𝑚𝑛} 

 

V. SIMULATION RESULTS 

 in this work, CPF techniques has been developed. The 

MATLAB software was used to calculate ATC in this 

paper. Fast decouple were choose to perform load flow. It 

was chooses because the solution is fast and decouple 

between mismatches of real and reactive power. The 

analysis had been done by using 30-bus transmission 

system shown n Fig. 4  Table 1 show the result of ATC for 

this simulation: 

 

Fig.4  IEEE 30-bus system 



     Table 1.   Active loading of area 1 in MW for a 

transaction between area 2 and area 1 Simulation result for 

ATC 

 

 

 

Table 2. The optimal values of ATC transactions in each 

system . 

Buss 

Total Generation ATC 

Real 

power 

(MW) 

Reactive 

power 

(MVAR) 

Real 

power 

(MW) 

Reactive 

power 

(MVAR) 

  30-bus 153.053 73.233 122.947 110.767 

24-bus 350.435 249.510 201.565 72.490 

118-bus 608.633 455.464 201.367 84.536 

  

 

VI. CONCLUSION 

 This paper presents several methods to calculate 

available transfer capability (ATC). Recently OPF is 

studied with new approach and it can incorporate various 

complex constraints but cannot apply in real time for large 

system because of time consuming. The CPF method 

cannot be used in real time even though it includes all the 

control changes because the solution of power flow is 

repeated. The approach that uses DC-PTDF is fast but not 

accurate because it ignores the effect of voltage and 

reactive power flow in the system. Meanwhile, ATC based 

on AC-PTDF use derivatives around the given operating 

point and may lead to unacceptable result if use at different 

operating point. 
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