
Contents lists available at ScienceDirect

Renewable and Sustainable Energy Reviews

journal homepage: www.elsevier.com/locate/rser

An international experience of technical and economic aspects of ancillary
services in deregulated power industry: Lessons for emerging BRIC
electricity markets

Anuj Banshwara,⁎, Naveen Kumar Sharmab, Yog Raj Soodc, Rajnish Shrivastavad,1

aNoida Institute of Engineering & Technology, Greater Noida, U.P., India
b IKG Punjab Technical University, Punjab, India
cNational Institute of Technology, Hamirpur, H.P., India
dMahindra Ecole Centrale, College of Engineering, Telangana, India

A R T I C L E I N F O

Keywords:
Ancillary services market
Assessment mechanism
Competitive electricity market
Renewable energy sources
Trading mechanism

A B S T R A C T

An introduction of competition in electricity markets and the substantial growth in the capacity of transactions
significantly complicates the task of sustaining security and dependability of an electrical arrangement. This
responsibility is dedicated to Ancillary Services (AS) that, in perspective to market liberalization, is the ac-
countability of the System Operators (SO) to secure the requisite level of quality and safety. In the liberalized
environment, AS are disaggregated from the energy generation, and can be obligated or compensated under
market processes. SO seeks specific ways to define, procure and implement such services by managing active
power for adjusting the frequency and reactive power for sustaining sufficient voltage profile throughout the
arrangement. A comprehensive analysis of several techno-economical aspects of AS in liberalized electricity
markets of a developed economy and emerging economies has been reviewed in this work. While attending the
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wide range of AS, the aim is to provide the promising knowledge of individual service by comparing different AS
markets that exists worldwide, showing similarities and conflicts between various market models. Apart from
conventional providers of AS, Renewable Energy Sources (RES) in several liberalized electricity markets seem to
be a good provider of AS along with energy in order to maximize their revenue from these marketplaces. In
addition to their types and definition, participation, contracting approach, selection of offers, dispatch criterion
along with renewable energy participation in various electricity markets has been discussed.

1. Introduction

One of the primary concerns in the reformation of the electrical
industry that has been received an increased attention is the awareness
regarding the dependability of the electrical supply. With the large
integration of RES, such as the wind and Photo-Voltaic (PV), the elec-
trical power system is facing the degradation of frequency response.
The major reasons for the frequency degradation can be summarized
due to the following reasons: first, the cheap and clean, renewable
energy is replacing the conventional fossil-fuel based generation.
Secondly, these variable resources are extremely reliant on the weather
condition, therefore, is highly uncertain and intermittent [1].

With the introduction of RES in the liberalized electricity markets
and the substantial growth in the content of electrical transactions
greatly complicates the job of sustaining security and dependability of
an electrical arrangement. To keep a necessary supply-demand equili-
brium, some sort of services are required to support the transactions
from the manufacturer to the user while maintaining reliability and
assuring the requisite level of quality of supply [2]. This duty is dedi-
cated to AS that, in perspective to market liberalization, are the ob-
ligation of the SO to procure the desired service to secure the requisite
level of quality and safety. These are simply classified into frequency
control services, voltage control services and emergency services and
are considered as main AS in almost every electricity market world-
wide.

Earlier under vertical integrated systems, AS have always been
bundled with the electric generation. Due to the liberalization of the
power sector, the relevance of these services is recognized as one of the
important issues that need to be handled efficiently and effectively.
Depending upon the structure of the market and permission provided to
the SO, these services is procured as obligated service or can be com-
pensated under market-driven mechanisms [3]. The services which are
procured mainly through the market-driven mechanisms are dispatched
on the basis of some market settlement approaches. SO typically ad-
ministers several markets that include energy and several classes of AS
[4]. Referable to the restructuring of the power industry, new partici-
pants have emerged to contend in the electricity market and to offer
energy and different types of AS.

Traditionally, SO tries to reduce the overall price of generation by
involving unit commitment in power system operation. Due to re-
structuring of the electricity sector, the SO tries to increase social
welfare of both generation utilities as well as consumers. Now, similar
to Conventional Energy Resources (CER), Renewable Power Producers
(RPPs) can take part in the energy as well as AS markets in order to
maximize their net income [5]. Auctions for RES are gaining popularity
around the world in both energy and AS markets due to their potential
as a more cost-effective mechanism for the government. These re-
sources are also capable of providing various types of AS due to their
ability to respond at a faster rate than conventional generators [6]. In
some electricity markets, the participation of RES in energy and AS
markets is restricted and in some, they are allowed.

Strong concerns about the worldwide heating and energy crisis ef-
fects have led to the necessity of an extensive use of Electric-drive
Vehicles (EV) in electricity markets for base load, peak force as well as
storage for RES. In AS markets, EV is well suited to provide regulation
services [7]. Plug-in Electric-drive Vehicles (PEVs) are advantageous
compared to classical generators in energy and regulation markets.

These PEVs have faster reaction to SO requests in real-time, temporary
high power, low initial and standby costs per kWh [8]

Apart from RES, technology like Energy Storage Systems (ESS) has
been used widely in several electricity markets. These are mainly used
for the purpose of load following, surplus power absorption, peaking
power and as a standby reserve [9]. With an increase in the RE gen-
eration, ESS will ultimately overcome the ability of CER to compensate
RE variability, and required to store the electricity generated by the
RES for later use. The great quantities of RES to be appended to the
country's energy mix to foster the goals of reducing GHG emissions and
increasing energy security. A wide range of ES technologies currently
exists, each with its own advantages, disadvantages, applications,
constraints, and potential [10].

Due to the problems imposed by the RES on security and reliability
of the power system, ESS with batteries shows a promising solution for
proving energy and AS [11]. In most of the European electricity mar-
kets, Operating Reserves (OR) are traded via separate auction market
with explicit regulations, which enable the Battery-based ESS (BESS) to
enter in AS markets. Germany considers grid connected BESS techni-
ques to provide several kinds of AS as an alternative to CER [12]. By
optimal scheduling of microgrid in context to local level management
and net-load variation mitigation, SO offer various frequency based AS
in several electricity markets [13].

Due to the evolution of different electricity market structures,
considerable differences appear in the definitions of AS among different
electricity markets. These conflicts are the root of creating some am-
biguity in understanding and defining particular service. Recent in-
vestigations of different markets help to reduce this ambiguity by set-
ting up a background that can provide several definitions of AS [14].
For the sake of clearness and comprehensiveness, the aim of this paper
is twofold. Initially, it centers on the definition and features of the
different AS markets. Later, it offers a detailed analysis of different
procurement techniques that are employed in the various markets of
developed and emerging developing electricity markets.

Section 2 provides a general characteristics of various types of AS.
Section 3 describes the functioning of the AS markets in the United
States (US) as developed electricity markets, whereas BRIC nations
(emerging economies of four countries, viz Brazil, Russia, India, and
China) as developing electricity markets. Section 4 provides the op-
eration of different AS like frequency regulation, load following, op-
erating reserves, voltage control and system restoration in the selected
regions. Further comparative analysis has been carried out in Section 5.
Finally, in Section 6, the main conclusions of the study are inferred.

2. General description of AS

AS has been identified in a different manner depending on the
structure and regulatory framework of the market from which they are
carried out. In the present section, the general description of the most
common type of AS has been discussed. The work concentrates on the
social system, and the key concepts associated with each of them. In a
simpler way, the resource-based AS helps us to group them into fre-
quency control services (like regulation, load following, operating re-
serves), voltage control services (through reactive power support) and
emergency services (by black-start services), as shown in Fig. 1.
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