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ABSTRACT

Available Transfer Capability (ATC) is a measure of the transfer capability remaining in
the physical transmission network for the future commercial activity. There are three main components
to calculate ATC, TTC, CBM, and TRM. Among these three components, this paper describes
quantification method for TRM considering system and market uncertainties. To calculate TRM,
uncertainties of power system and market, such as generation output, bus voltages, line outages,
and cancellation of power delivery contracts are considered as complex random variables (CRV) in
the PLF process. One distinguishing feature of the proposed method is that TRM can be computed as
a function of a specified probability margin, which offers operational flexibility to system operator.
Suggested TRM quantification method based on PLF analysis verified using 7 bus RBTS. The result
shows that proposed method can take into account various system uncertainties in TRM quantification.

1. INTRODUCTION

Successful implementation of electric power deregulation requires efficient methods for
calculating available transfer capability of power systems. In the operation of bilateral markets, Available
Transfer Capability (ATC) is used to allocate reservations of transmission rights, and in the pooled
markets, transfer capability combined with bid information can be used to help allocate financial
transmission rights or transmission congestion contracts. ATC values are the key to competitive
electricity markets as indices that determine whether proposed particular transactions of electric power
between participants could be approved or not.

By the NERC definition [1], ATC determination involves several parameters, namely, Total
Transfer Capability (TTC), Transmission Reliability Margin (TRM) and Capacity Benefit Margin (CBM).
Among these three parameters, TRM is the reserved capacity to account for the uncertainties of
network conditions as well as calculation error. And it is desirable to properly quantify the uncertainty
in the ATC calculation as a safety margin so that the power system will remain secure despite the
uncertainties such as generator/transmission line outages, load deviation and line impedance changes
[2-4].

There are many approaches to quantify TTC and TRM, and most of the approaches are based
on deterministic methods such as Continuous Power Flow (CPF) and Power Transfer Distribution
Factor (PTDF) [5, 6]. However, these conventional deterministic methods show only snap shots of
certain condition of network, and it is impractical to calculate every possible combination of bus loads
and generator outages. Therefore, there is no room for system operators to adjust TRM to reflect
system uncertainties, such as bad weather conditions and load forecasting error.

To address these shortcomings of deterministic methods, this paper suggests a probabilistic
approach to quantify TRM using Probabilistic Load Flow (PLF) [7, 8] based on the method of moments
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TTC[MW] TRM[MW] ATC[MW] 

Base Case 81.3 

Reactance : +10% 75.3 

Reactance  : -10% 83.2 

Rating reduction 70.8 

Line 2-6 outage 68.2 

Line 2-5 outage 77.3 

Line 4-5 outage 78.6 

 

 

13.1 

 

 

68.2 

�



���������	��
� ������ �	����
�� �	
�� ��� �	�� ��� ����� ��� ����� ������:C

�

 
PDF of Line 2-5

0

0.2

0.4

0.6

0.8

1

10 30 50 70[MW]

Pr
ob

.

 
PDF of Line 4-6

0

0.2

0.4

0.6

0.8

1

10 20 30 40 50[MW]

Pr
ob

.

 
PDF of Line 2-6

0

0.2

0.4

0.6

0.8

1

60 80 100 120 140

[MW]

Pr
ob

.

*��%�9����3*�����4�����?����

 
PDF of Bus 2

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1 Pu.

Pr
ob

.

 
PDF of Bus 4

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1 Pu.

Pr
ob

.

 
PDF of Bus 5

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1 Pu.

Pr
ob

.

*��%�:����3*�����8�,����������������



���������	��
� ������ �	����
�� �	
�� ��� �	�� ��� ����� ��� ����� ���� ��:G

�	'������� �*�� �	���J���	�����"��� ����>K�����
�'	'��������/	
���

�����������

Flow Limit of Line 2-6 116.5 [MW] 

Low Voltage Limit 

Bus 2 0.835 [pu.] 

Bus 4 0.892 [pu.] 

Bus 5 0.863 [pu.] 

Bus 6 0.852 [pu.] 
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Base case TTC 81.3 [MW] 

TTC with New Limit 71.1 [MW] 

TRM using PLF 10.2 [MW] 
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