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Abstract—The aim of this paper is to develop an approach to analyze the electricity transfer capability among
different electricity markets using repeated power flow technique. Instead of minimizing the total cost in the
conventional problem, the transfer capability between two markets or two electricity supplies or generation areas is
maximized. The optimization shall be subjected to the operational constraints, however as the time taken by these
traditional optimization methods are quite significant, but these methods may not be suitable for online application.
To reduce the time required computing transfer capabilities and also in order to take advantage of the superior speed
of other power flow methods are referred to implement the transfer capability calculations. The results have been
simulated by using MATLAB. And the results have been presented and compared with the conventional methods.

IndexTerms—Day-Ahead market, Competitive bidding, Available Transfer Capability (ATC), Repeated Power Flow
(RPF).

I. INTRODUCTION
The role of Independent System Operator (ISO) in a competitive market environment would be to facilitate the complete
dispatch of the power that gets contracted among the market players. The trading of large amount of energy and the increasing
load levels day-by-day result overloading of the transmission system. The market driven schedule dispatchable problems due
to overloading create many challenging issues to be addressed by the researchers. Based upon the NERC’s definition [1],
Available Transfer Capability (ATC) is a measure of the transfer capability remaining in the physical transmission network for
further commercial activity over and above already committed uses.
Total Transfer Capability (TTC) is the maximum of power that can be transferred in a reliable manner between a pair of
defined source and sink locations in the interconnected system while meeting all of a specific set of defined pre- and post
contingency system conditions. TTC is the most important and first term to be determined in the ATC determination. Due to
nonlinear nature of the interconnected electric power systems, TTC between two locations and their associated binding
constraints depend on the set of operating conditions.
The operating conditions represent a single snapshot of the operation of the interconnected network based on the consideration
of a number of factors. Generation dispatch, system configuration, base schedule transfers, system contingencies, projected
customer demand etc. are the major ones. And similarly, the computation method of ATC should consider limits imposed on
the system components such as thermal, voltage and stability limits. However, these limits in the system are mainly dependent
on the power injections/ withdrawals, position of load flow controlling devices like transformer tap/phase shifters setting and
major disturbances in the system. Whatever the disturbances considered, the ATC value will decrease significantly. The
transaction power must be limited to available transfer capability (ATC), if bottlenecks prevent a reliable system operation
under consideration of uncertainties. In general, the uncertainties like generator/line outages, uncertainties in load forecast,
system operating constraints and simultaneous transactions are major limiting factors to the ATC between specified seller
buses to buyer buses.
In addition, the competitive environment in day-ahead energy market auction changes the level of power injections/
withdrawals for every trading hour in the system. Under this scenario, the MW flow in a line may increase or decrease. The
incremental flow i.e. stress which can also causes to congestion. Since ATC is a network capability signal for commercial
activities over the network, it is worthwhile to incorporate stress with market participants’ strategies in addition to common
disturbances while computing ATC to increase the efficient use of the transmission system. In this paper, our aim is to impose
unstable market schedule with bids change and load forecast errors while determining the ATC value at every trading hour
hence ATC value that reflects the strategic market activities in addition to major contingencies. In this paper, first we have
schedule the generations as per the single sided day-ahead energy auction. Repeated Power Flow (RPF) [2] method is adapted
to calculated TTC value between any pair of source and sinks. The (N-1) contingency incident is imposed for the account of
TRM, CBM and finally ATC is determined.
This paper is organized as follows: Following the introduction, day—ahead market settlement is explained briefly. Evaluation
of Available Transmission Capability (ATC) is explained briefly. The case study with different bilateral transactions between
various sources/sink is carried out and simulation results.
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1. EVALUATION OF ATC
Total Transfer Capability (TTC): It is defined as the quantity of electric power that can be transferred over the interconnected
transmission path reliably without violating the predefined set of conditions of the system.
Available Transfer Capability (ATC): It is a measure of the transfer capability remaining in the physical transmission network
for further commercial activity over and above already committed uses.
Mathematically, ATC is defined as the Total Transfer Capability (TTC) less the Transmission Reliability Margin (TRM), less
the sum of existing transmission commitments (which includes retail customer service) and the Capacity Benefit Margin
(CBM).

Transmission Reliability Margin (TRM): It is defined as that amount of transmission transfer capability necessary to ensure
that the interconnected transmission network is secure under a reasonable range of uncertainties in system conditions.

Capacity Benefit Margin (CBM) is defined as that amount of transmission transfer capability reserved by load serving
entities to ensure access to generation from interconnected systems to meet generation reliability requirements.

Total Transfer Capability (TTC) is defined as the amount of electric power that can be transferred over the interconnected
transmission network in a reliable manner while meeting all of a specific set of defined pre- and post-contingency system
conditions.

TTC = Minimum of {Thermal Limit, Voltage Limit, Stability Limit}

TTC is an important parameter that indicates how much power transfer can take place without compromising the system
security. It provides vital information for the planners, operators and marketers. The accurate TTC calculation is essential to
ensure that power system can operate without reliability risks. A number of methods exist for calculation of TTC and
excessive conservative transfer capability may limit the transfer unnecessarily and also lead to inefficient operation of power
system.

In other words TTC is the maximum value of power transfer between the paths without any limit violations, with or without
contingency. The objective can be defined as the determination of maximum real power transfer between the utilities.

I11. PURPOSE OF TRANSFER CAPABILITY COMPUTATIONS
The need for transfer capability computations: Estimation of TTC can be used as a rough indicator of relative
e System indicator. It can be used for comparing the relative merits of planned
e Transmission betterments. To improve reliability and economic efficiency of the power
e Markets. For providing a quantitative basis for assessing transmission
o Reservations to facilitate energy markets.

Methods of Transfer Capability Calculation:

A number of methods have been proposed in the literature. These methods are classified as:
e Continuation power flow (CP FLOW) based methods
o Optimal power flow (OPF) based methods
o Linear approximation methods(Repeated Power Flow method)

Various methods of calculating transfer capability are explained below:

Continuation methods in which the transfer capability is computed using a software model called continuation. This process
requires a series of load flow solutions to be solved and tested for limits.

Optimization problem: Equality constraints obtained from power flow are used in this approach. Linear methods use PTDFs
(power flow distribution factors) to express the percentage of power transfer that occurs on a transmission path.

Repeated Power Flow method: At a specified hour with congestion free market schedule, the maximum value of ATC can be
obtained using RPF method, as the name implies, finds TTC by successively solving a set of power flow problems. The
demand at buyer bus, and the generation at the seller bus are increased in an increment step until any of the operating
constraints’ violation. In this paper, the voltage limit, thermal limit and generation capacity limits are considered. Finally the
ATC will be equal to TTC minus base load at sink bus which can be further useful to bilateral transaction.
The computational procedure of this approach is as follows:

i. Establish and solve for a base case

ii. Select a transfer case

iii. Solve for the transfer case

iv. Increase step size if transfer is successful

v. Decrease step size if transfer is unsuccessful

vi. Repeat the procedure until minimum step size reached.
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IV. CASE STUDY AND RESULTS
Selection of IEEE 14-bus system
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Sugle e diagrams of the IEEE 14 Bus systems

Fig 1: Single Line diagram of IEEE 14 Bus system

Analysis: Our test system is the IEEE 14 BUS system is a case study, which has 22 lines and 14 buses. Bus 1 is Slack Bus and
Buses 2,3,6,8 are the generator buses. All the buses except bus 1 contain loads also. So it is important to decide that which bus
is the most critical bus. A single line diagram of the IEEE 14-bus standard system taken from [, It consists of five
synchronous machines with IEEE type-1 exciters, three of which are Synchronous compensators used only for reactive power
support. There are 11 loads in the system. The dynamic data for the generators exciters was selected from Pl The system

consists of 17 transmission lines and 11 loads.

The IEEE 30 Bus system is considered in estimation of TTC using different power flow methods. The 11 kV and 1.0 kV base
voltages are considered as initial conditions. The model actually has these buses at either 132 or 33 kV.
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Fig 3: M-file program for 14-Bus system (weak buses considered from OPF and CPF methods)by using RPF method
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Table 1: Enhancement of power transfer capability for IEEE 14-Bus system

. T TTCin
At?er: Arga MW Constraint
RPF

Violating reactive power limit of
1 2 42 D1

generator at bus: 1,

Voltages at all buses are within
3 2 53 AP

permissible limits
1 5 502 Violating reac.tlv.e power limit of

generator at bus: 1;

Table 2: Enhancement of power transfer capability for IEEE 30-Bus system

TTCin .
I;rrger;w To Area MW Constraint
RPF
25 26 168.1 Violating reactllve. power limit of
generator at bus: 26;
29 30 168.4 Violating reactllve. power limit of
generator at bus: 30;
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V. CONCLUSION

This paper reviews the influence of different uncertainties on the ATC value. In addition to the general contingencies, the stress
due to strategic bidding or trading schemes in the competitive market is also studied for modeling. The ATC value between a
specified seller bus and buyer bus can vary significantly with the change in bid since it causes to alter the schedule as a result
system operating state. The higher value of bidding parameter from the case study , causes to allocate lower schedule at that
generator and ATC value to any bus from that source is increased. The results have been improved by using Repeated Power
Flow (RPF) for the computation of transfer capabilities between system areas. A significant reduction in computational time,
thus making it a potential candidate for online application. The work proposed in this paper can also be used to calculate
available transfer capabilities (ATC) under the open access environment.
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