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ABSTRACT

Nodal electricity spot markets that incorporate AC network models usually permit voltage
variation at the nodes within voltage constraints set by engineering considerations. These
engineering constraints then influence the dispatch optimization. However, since market participants
can have widely varying tolerances with respect to voltage variation, they therefore ‘value’ the
voltage regulation services differently. Accordingly, it is more desirable that voltage regulation, i.e.
commodity quality service, is approached by market based commercial method rather than centralised
technical method in the market efficiency perspective. Moreover, this approach may permit more
effective management of power system voltages during abnormal system operating conditions. In
this paper, we explore a mechanism for commercialising voltage regulation using a ‘voltage value
function (VVF)’ model. The conventional technical regulation and the VVF-based approach are
numerically tested and compared in order to demonstrate the properties of the VVF model.

1. INTRODUCTION

Nodal electricity spot markets have now been implemented in a number of countries as part of
electricity industry restructuring. These spot markets coordinate power system operation by having
all industry participants submit regular ‘price-quantity’ bids to buy or sell electricity at their network
locations. The market coordinator solves a dispatch optimisation based on these received bids subject
to losses, flow limits and ‘quality of supply’ constraints arising from network operation.

One key parameter of ‘quality of supply’ is the variation in voltage at particular nodes in the
power system. In standard nodal electricity spot markets, this is generally managed by setting an
allowable range of voltage variation at the nodes – these become engineering constraints within the
dispatch optimisation. The operation of some network equipment such as tap-changing transformers
can be changed to assist voltage regulation. Also, market participants such as large generators may be
required or rewarded (for example, through a centralised tendering process) by the market operator to
provide voltage regulation services.

There are some important potential limitations to this ‘technical regulation’ of voltage variation
within such markets. In practice, market participants can have widely varying tolerances to voltage
variation. For example, an IT services company may require very strict voltage supply while some
industrial processes might be fairly indifferent to large voltage swings. These users therefore ‘value’
voltage regulation services differently.

Also, network flow constraints are often a function of the allowed nodal voltage operating
range. The intent of nodal pricing for electricity is to allow network losses and network flow constraints
to influence the spot market solution, and nodal pricing is implemented by incorporating a network
model in the spot market algorithm. The determination of network flow constraints can take on great
commercial significance.
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��� minV �� maxV �� minQ �� maxQ ��q �	
�����#�%�%$�� p ������#A@/B
$%

Line From To R[p.u.] XL [p.u.] XC [p.u.] 

L1 N S 0.02 0.06 0.06 
L2 N L 0.08 0.24 0.05 
L3 S L 0.06 0.18 0.04 
L4 S M 0.06 0.18 0.04 
L5 S E 0.04 0.12 0.03 
L6 L M 0.01 0.03 0.02 
L7 M E 0.08 0.24 0.05 

 

Name Bus minV  maxV    q  p  minQ  maxQ  P.F 

N1 N 0.95 1.05 40 40 0.75 20 -0.8 0.8 - 
N2 N 0.95 1.05 40 40 0.70 40 -0.6 0.6 - 
S1 S 0.95 1.05 40 40 0.40 30 -0.3 0.3 - 
S2 S 0.95 1.05 40 40 0.20 60 -0.3 0.3 - 

 

0���

Name Bus minV  maxV    q  p  minQ  maxQ  P.F 

L1 L 0.95 1.05 -40 -40 0.30 70 - - 0.98 
L2 L 0.95 1.05 -40 -40 0.15 60 - - 0.98 
M1 M 0.95 1.05 -40 -40 0.25 80 - - 0.98 
M2 M 0.95 1.05 -40 -40 0.15 70 - - 0.98 
E1 E 0.95 1.05 -40 -40 0.40 90 - - 0.98 
E2 E 0.95 1.05 -40 -40 0.20 80 - - 0.98 
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 Case 1 Case 2 Case 3 Case 4 Case 5 

Model Technical VVF VVF VVF VVF 

Offer 0.95 ≤≤ kV 1.05� α=40 
β=40 

α=4000 
β=4000 

α=40 
β=40 

α=4000 
β=4000 

Bid 0.95 ≤≤ kV 1.05 α=−40 
β=−40 

α=−40 
β=−40 

α=−4000 
β=−4000 

α=−4000 
β=−4000 
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Read Offer/Bid Data

Evaluate Bidding Data
for NAM

Get Initial Value
(Vk,  k, Pi, Qi)

Sequential Quadratic
Programming (SQP)

Convergence Check

Get Nodal Price
( Pk,  Qk)

Start Auction

End Auction

No

Yes

*��%�9��!/�����"��	�����!���
��
"

�
��"	�
�"	���	���
	
	���
������������
�"�����	
��7�������"��	
������	����	������"	���� �
���� 
���������	��
�	�
��%��
�
���
����
��"	�������"�6	�������
�"������
������������JJ*�'	�������	�
	�������	���
��
"�����"���"������ ��
�	� ����.�
��������*��	�1	���#��$��
	��
	��'����"����������
�"���"����	����	��!�������/����%

2	1 ��($�"(��#0��#��.(�(

!���
����	
�����	��������
���.����"�������JJ*���
��"	�����
���������
����"��	������������.�
���
�
�� 
�'�������� ��� ��
� �
�������JJ*� 	��
�	�
� 	�	����� �
�� Q���
���	�� 
����	����I� 	���
�	��.�%�B�



���������	��
� ����
�� �	����
�� �	
�� ��� �	�� ��� ����� ��� ����� ���� ���5

�
�
���
����"�	
���
�����	��.���	������
����
�JJ*��	����	�	������
����.���	�����'�	����� ��
����
���	�

����	����%

!���'��
.�������	'���8�	����
� �����*��%�:���.����
���
��
��.���	����
���������JJ*�"����
���������'��	��������
��
�
��
	�����
���	��"��
����'��
�,	���4�	���,	���9��
	��
	.��.�
�����
��.���	��
�
���
��������
��
��"	
1�������
��
������������	��.���	����.�
������������
������
����
���	��
����	����%
�
�������������
	���
��JJ*�"��
��������"	��'��
�'���%

�	'���8����	��J���	����
������#�%�%$

Model 
Case 

N S L M E 

Case 1 1.050 1.041 1.018 1.016 1.009 

Case 2 
1.078 

(2.67%) 
1.068 

(2.59%) 
1.047 

(2.85%) 
1.045 

(2.85%) 
1.038 

(2.87%) 

Case 3 
1.053 

(0.29%) 
1.044 

(0.29%) 
1.021 

(0.29%) 
1.020 

(0.39%) 
1.012 

(0.30%) 

Case 4 
1.078 

(2.67%) 
1.068 

(2.59%) 
1.047 

(2.85%) 
1.045 

(2.85%) 
1.038 

(2.87%) 

Case 5 
1.053 

(0.29%) 
1.044 

(0.29%) 
1.021 

(0.29%) 
1.020 

(0.39%) 
1.012 

(0.30%) 
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