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Abstract—Ancillary services markets have been developed in
many of the restructured power system regions through-out
the world. Ancillary services are support services which are
required fo maintain reliability and support their primary
function of delivering energy to customers. Ancillary services
play an important role in restructured power market because
they enable the commercial transactions of an electricity spot
market to be realized. Such additional services are required
for maintaining active and reactive power balance, variation in
frequency and voltage with in allowable limits in event of
emergency handling of power system such as black start
capability etc. In this paper. the importance of frequency
related ancillary services for Indian utility system is discussed
and compared with the frequency regulation mechanism
adopted in Indian power grids.

Index Terms—Unscheduled interchange price. Availability

based tariff. automatic generation control, market elearing
price. frequency control ancillary services.

1. Introduction

Over last decades. many electric power industries. throughout
the world. have been changed their way of operation and
business from vertically integrated structure to restruetured
power market. Among different issues in competitive power
environments, ancillary services are one of the most important
subjects which have essential role in power system operation
and security. Power systems require ancillary Services to
ensure the system' integrity and stability. Anecillary services
are primarily real-power generator control capacity services.
In a vertically integrated system. the ancillary services are an
integral part of main electrical energy supply service and not
dealt with separately. In compefitive environment. the
ancillary services are unbundled from the energy market and
procured through competitive bidding. System operators have
to purchase ancillary services from ancillary service
providers. Different regions and countries around the world
have adopted different approaches for managing the ancillary
services. A de-tailed review of international experiences on
ancillary services management is presented in [1-5]. An
integrated market based approaches are proposed in [6] for
procurement of ancillary services along with energy. In [7]. an
optimal power flow method is used for pricing and settling
simultaneous provision of energy and ancillary services.
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In India also. ancillary services have developed along with
the grid. The Central Electricity Regulatory Com-mission in
India after detailed discussion with various system operators
and load dispatch centers decided that ancillary services
market was essential to assist the cur-rent Indian Power
Scenario. CERC issued a staff paper on the Introduction of
Ancillary Services in Indian electricity market that invited
suggestions from all stakeholders [8]. Basically there are three
types of Ancillary Serviees. viz. Frequency support ancillary
services (FSAS). Voltage or Reactive power support ancillary
services (VCAS)-and Black start support services (BSAS). In
a power system. the frequency deviations are mainly due to
real power mismatch between generation and load. whereas
volt-age variations are due to reactive power imbalance in the
system. The syStem operator implements Automatic
Generation control required for POOLCO based trans-action
by utilizing different types of controllers in [9]. In competitive
electricity markets. procurement of reactive power ancillary
services 1s a complex issue for the independent system
operator due to various factors that need to be considered [10].
Hemandez et al [11] have pro-posed a methodology to
allocate reactive power ancillary service into a deregulated
environment with centralized decision-making and cost-based.
A novel reactive power market clearing algorithm is proposed
for forward ancillary services market in [12]. In this paper.
bidding structure of frequency control ancillary services is
proposed. A model of price based automatic load frequency
control is presented.

This paper is structured as follows. Section II describes the
frequency related ancillary services. In Section IIL
Availability Based Tariff mechanism used in India has been
described. Section IV discusses about the model of price
based generation control. Modeling of power system suitable
to frequency regulation is discussed in section V. The
formulation of presented framework for bidding strategy
problem is given in section VI. Section VII addresses the step
by step algorithm. In Section VIIL. the proposed approach is
tested on Indian utility system with different case studies. In
the last section conclusive remarks are given.

I1. Frequency control ancillary service
A frequency regulation ancillary service is necessary to meet
engineering control performance standards to protect the safe
and reliable operation of the electric grid. This type of
ancillary service is also sometimes referred to as regulation.
frequency response, or automatic generation control.
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This service is important to reliable grid operation since
system frequency can fluctuate greatly with short-term load
fluctuations. In the restructured power market. this service is
provided by market participants and managed by the system
operator. The mismatch between electrical generation and
demand would cause the frequency to deviate from its
nominal value. The system operator must maintain standard
frequency and does so by utilizing generation resources that
have automatic generation control (AGC) equipment installed.
This makes those resources capable of raising or lowering of
output instantaneously. Units that are capable of providing
AGC are dispatched by the system operator, to protect system
reliability. There are volumes of research articles which have
been dis-cussed in the literature regarding Automatic
Generation Control /Load Frequency Control of single
area/multi area power system considering various control
strategies. Kumar et al [13. 14] have developed a framework
for price based operation to understand AGC implementation
for bilateral and Pool Co structures. Zhong and Bhattacharya
[15] have proposed a frequency linked price based bidding
structure for the primary and the secondary regulation service
in the pool market. Frequency linked UI mechanism for
Indian power system have been discussed in [16. 17].

The pricing of ancillary services can be either cost-based or
market-based. There are three essential models for pricing
ancillary services: (1) bundle the services with other
transmission services into a network tariff: (2) unbundle the
services and procure them through contracts or bid
solicitation: and (3) unbundle the ancillary services and price
them competitively by allowing them /fo be bid into a day-
ahead and/or real-time market for these services. In a market-
based system. all units selected by the market operator for a
particular ancillary service will receive the market clearing
price for each unit of ancillary service provided. Where a
market for ancillary servieés is not present or not yet fully
developed. pricing of ancillary services should be cost-based
to ensure sufficient competitive provision of these services.
Pricing of ancillary services can be derived from that set of
cost components that is relevant to each ancillary service.
such as the cost of providing regulation. the cost of reactive
power support. the cost of providing black start capability. the
cost of providing spmmning reserves, etc. In [18]. a
methodology of frequency control of AC network within an
acceptable limit considering the cost of the control is
proposed.

IIT1. Frequency linked Awvailability Based Tariff (ABT)
mechanism

In India. the increasein trading activities has led to increase in
flow of power over the Interstate transmission system and
Inter regional transmission system. The Power Grid
corporation. of India Limited has found the operation of
regional grids in India to be very challenging. The regional
grids had been operating in a very undisciplined and
haphazard manner. There were large deviations in frequency
from the rated frequency of 50.0 cycles per second (Hz). To
deal with the problems faced by grid operators. a new tariff
scheme ABT was introduced in the vear 2002 [19]. Indian

power engineers have introduced frequency linked tariff
mechanism known as ABT in regional grids so as to impose
the grid discipline and to regulate the wide fluctuations in
frequency. Avwailability Based Tariff is a frequency based
pricing mechanism applicable in India for un-scheduled
electric power transactions. It concerns itself with the tanff
structure for bulk power and is aimed at bringing about more
responsibility and accountability in power generation and
consumption through a Scheme of incentives and
disincentives. As per the nofification. ABT is applicable to
only central generating stations having more than one
SEB/State/Union Territory as its beneficiary. The most
significant aspect of ABT is the splitting of the existing
monolithic energy charge structure into threé components viz.
capacity charges (fixed). energy chargés (variable) and UI
(unscheduled mterchange) ¢harges.

A. Capacity charge

Tt 15 a fixed cost and linked to availability of the generating
plant. The payment of fixed charge to the generation company
is linked to the availability of the plant. The total amount
pavable to the generdtor over a vear towards the fixed cost
depends on the average availability (capability to deliver
NIW) of the plant over the year.

B. Energy Charge

This component represents a variable cost (i.e) fuel cost of
the power plant for generating energy as per the given
schedule for the day. Hence energy charge is based on
scheduled generation only but on actual generation.

C. Unscheduled Interchange

It is defined as difference between actual drawl and
schedule. In case there are any deviations from schedule, the
third component of ABT comes into picture. Third component
is expected to bring about the desired grid discipline. Any
deviation from schedule is to be paid through UI rate. This
scheme encourages the re-dispatching of the generating units
m real time based on prevailing Ul charges to restore the
frequency to nominal value of 50 Hz. If the frequency is
above 50Hz. UI rate will be small and vice versa. As long as
the actual generation /withdrawal are according to the given
schedule. UT charge is zero. In case of over drawl. beneficiary
has to pay UI charge according to the frequency dependent
rate specified. In this paper. a case study has been done on a
test system to illustrate the trading of power through UI
mechanism [20. 21].

IV. Price based generation control

For satisfactory operation of a power system, the frequency
should remain constant at its nominal value. The frequency of
a system changes from its nominal value for any difference in
the supply and demand. Balancing generation and load
instantaneously and continuously is difficult because loads
and generators are always fluctuating. Each generating unit is
equipped with a speed governor mechanism. When incident is
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