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Abstract

Exhaustive research has been done for addregsingroblems arising out of unbundling and restniicg of power market.
The prime objective of every research was oriertadards managing the congestion in transmissiomictws as well as
providing cost effective production to utilities catow tariff energy to the end consumers. The kastdrs involved in the
pricing of energy identified till now are networkaurity, reliability, transmission losses allocatitechnical, and social issues.
This bibliographical survey was an attempt towasdsnmarizing the recognized works and publicatioriented towards
pricing of electricity market. The purpose of tBigrvey was to collect information from the previditsratures to help those,
currently, working towards establishing a novetpry scheme.
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1. Introduction

In the present deregulated electricity markes, ihcreasing demand of power has not only causadestion over the existing
lines but also the stability of the lines has reatcho its vulnerable limits [1-6]. This problem cha assisted by building new
transmission lines but that would require additlarapital investment and would also result in mooenplex grid management.
Also the cost of erecting new transmission lined #re resulting losses are major factors which ddinit the expansion of
existing transmission system. This would also asklgraffect the sharing of reserve capacity, thgrédading to uneconomic
(high tariff) energy. As the power flow increashsough the existing lines, the system becomes mglreerable to contingency
conditions. This limits the use of transmissioresirto their full thermal capacity, and hence, tierdased cost of transmission.
This increased cost is to be either borne by tiitieg or by the end consumers in form of increhsariff [7-12]. The need for
cost effective pricing methodology is the requiramef today’s deregulated electricity market to make congestion free
transmission and to transfer the benefits of ddegigm to the competitive private bidders as wslt@athe end customers [13-23].

Many researchers have worked hard and have cut with various algorithms, models and stra&egd address the problem
of pricing scheme since last two decades. Moshefresearchers believe that pricing scheme shauklibh as to penalize those
responsible for causing congestion i.e. whethepkens or the consumers.

This bibliographical survey is inspired by the poas surveys performed in [24-26] to analyze tHfea$ of deregulation and
restructuring of power market over simultaneous agement of congestion and pricing. This paper, Ipafiocuses on the
pricing methodologies applied for transmission $eations.

The rest of the paper is organized as follovetiSn 2 provides the information about the varioast components involved in
the pricing of electricity. Section 3 provides infeation about various types of proposed methodekivolved in the pricing of
electricity. Conclusion is drawn in Section 4.
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2. Cost components of electricity

The various cost components involved in the pricafgelectricity are broadly classified into fixedsts, variable costs,
operating costs and customer related costs. Filaoje allocation is, mainly, the cost involvediiitial investment for providing
the facilities such as construction of plants, sraission lines and sub-stations. Variable cost aomapt involves the unplanned
rescheduling and redispatch of utilities, unplanmweakeeling transactions between various utilitiesd gart of it includes
curtailable and as available transactions. Theaijpey cost, mainly, consists of fuel costs, cosimainpower, accommodation of
new facilities into the existing system and theglaerm firm transactions. The customer relatedscast of variety of nature and
they vary from society to society based upon tgeographical, social, economical as well as thelitipal conditions [27-28].

Numerous methods have been proposed for evaluatiirese cost components. In [29-30], demandeeél&dctors have
been considered for taking into account price ®iagtof demand. The system capacity based costpoments have been
evaluated using long run marginal cost in [31-34][35-38], long run incremental cost componentéhdeen evaluated taking
into account various factors related to networluseg

A variety of methodologies have been proposd89~44] for allocation of cost of losses incurreceotransmission. The
branch current decomposition method has been pedpwos [45] and power as well as energy summatiothatk has been
proposed in [46-47] for radial distribution system.

3. Pricing methodologies

Based upon the existing literatures availaliiera are many methodologies employed for elegtrfwiicing. Some of these
schemes utilize dynamic (real time and spot) pgisitnereas others utilize probabilistic pricing aallvas MW-mile methodology.
The methodologies being proposed earlier includeateead pricing, reliability pricing, ramp rate bdspricing, optimal power
flow (OPF) based pricing, marginal (incrementaltimg and many more.

An analysis of cost based transmission pricingldesEs) done in detail in [48]. It gives informatidooait allocation type pricing
methodologies such as (a) postage stamp methoddloggontract path methodology, (c) distance badiédmile methodology,
and (d) power flow based MW-mile methodology. Aisoremental pricing methodologies such as (a) shortincremental cost
pricing, (b) long run incremental cost pricing, &tjort run marginal cost pricing, and (d) long marginal cost pricing have been
discussed.

A. MW-Mile methodology

In [49-53], an algorithm has been presented toettae flow of electricity by applying proportionsharing principle. It has
been shown how by application of this principlésipossible to allocate share of each generatatgub to each load present in
the network. Also, in the same manner, the shaeaoh line can be allocated towards each load.,Thisspossible to devise an
algorithm to allocate the losses to each genemtartput or to the each load input. In [54-55], thyological method of power
flow analysis has been utilized to implement the MWe methodology for transmission supplement chalpcation. In [56-57],
a different method has been proposed to trace bochte active and reactive power flows to indivatlioads and lines. In [58],
comparison of various cost components allocatedgusiW-mile methodology has been compared for Mataypower system.
In [59-60], a comparison between MW-mile and MVAlentharging methodology has been done for WestewePDistribution.
In [61], the same methodology has been appliechétyae its effect over Indian power system.

In [62], three different approaches viz. (a) reegfs) absolute, and (c) dominant have been utilinestudy the effect of MW-
mile methodology over cost allocation.

B. Marginal pricing

This type of pricing employs, mainly, spoicprg principle and was first suggested in [63]eTgrobabilistic costing approach
has been followed in [64] to develop an algorithon €osting transmission services in IEEE New Englaetwork. The
probabilistic approach [65] devised a method to pot® expected energy not produced which could hayeged in auction and
bidding process for installing of new units as vesllenhancement of existing transmission linef56r68], probabilistic approach
has been suggested for spinning reserve wheelamgdctions among various utilities. The approachbeen tested for IEEE
reliability test system in [69]. In [70-72], eleidity future price forecasting has been developednfrisk management point of
view. The probabilistic approach has been apph€d3-77] to OPF to compute the locational margprading.

Various day-ahead forecasting models suchG¥RCH model, ARIMA model has been presented tdiptethe cost of
electricity. A variety of techniques such as nedisakzy and many more have been implemented foradteead pricing based on
locational marginal methodology [78-87]. In [88het proposed approach is evaluated by analyzingf@edasting of the day-
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ahead electricity prices in the Australian and $gaerlectricity markets. The proposed self-schedulnodel in [89] is tested on
the IEEE 118-bus test system. The day ahead priogitpodology to evaluate the performance and inseebmpatibility of the
suggested recovery mechanisms in [90] has beardtestr the model of the Greek electricity market.

An adaptive wavelet neural network (AWNN) rebés used to show the efficiency of the proposesthmd for New York
Independent System Operator market in [91]. Theat®hturve approach suggested in [92] pays more wdsgtve margins are
smaller and provides a reduced incentive for immesit when installed reserves are above the tahgether goal which is being
fulfilled by this approach is to make revenues mpredictable for generators, making investment t=sstly and, ultimately,
lowering prices for consumers. A dynamic repredardaagent model is presented for projecting effaghon reserve margins,
generator profitability, and consumer costs arapiglied to alternative demand curves proposedi®PtIM market.

The ramp rate model of generators for optiseieduling and redispatch algorithm has been usd83-94] for price
formulation resulting in dynamic dispatch and wammitment.The idea has been implemented on IEEE 17-unitesystith 57
buses for reserve and energy cost optimizationuaitleperating constraints.

C. Real time and dynamic pricing

The model, presented in [95-96], providesimakt nodal specific real-time prices for active amdctive powers, and the
method to decompose them into different componeatsesponding to generation, loss, and other angilservices such as
spinning reserve, voltage control and security m@dniThe proposed model has been implemented ous5amd IEEE 30-bus
systems. An integrated approach for real-time powarket operations and monitoring in decentralizegirkets has been
proposed in [97]. An interruptible tariff mechamiautilizing OPF has been implemented in [98] in tkal time to reduce the
costs during peak load periods for IEEE 30 busesgst

D. Demand response based pricing

This type of pricing is also a kind of real timdgimg but the concept utilized differs somehow.[98], an adaptive system
based model has been simulated to study the implacbnsumer’s price elasticity of demand over vasiqgpower market
parameters such as price spikes, energy bills,emnidsions of greenhouse gases and other pollutéhts.results have been
analyzed for Korean power system. A price fore@asttion has been developed in [100] by a dynamjr@ach. The trend in the
prices has been determined by clustering the varpices at different times into Lyapunov functidrhe approach has been
tested for Italian, New England and New York eliegy markets. In [101], the demand response has lamalyzed by employing
dynamic time of use pricing model. The results hbgen compared with that of single pricing mecharésmd have been shown
to be superior one. In [102], the impacts of diéfar non linear demand response price elasticityadteristics and demand
response participation levels on the convergendeauf value or the price value have been studiedh d@lifferent methods have
been used for the study. One is closed-loop itexasimulation method and the other is non-iterativethod based on the
contraction mapping theorem. The auto regressivdemof stochastic block flexible electricity corttgprice has been used in
dynamic programming to achieve the optimal schedubf utilities in [103]. By using this model theige of block flexible
electricity contract is determined by the variabsesl schedule of this contract is determined. Témilts have shown that
improved power market efficiency can be obtainedifferent type of model has been used in [104diéononstrate the similar
results.

. Conclusions

This paper gives an overview of the differermiety of pricing methodologies being, currently, addpand those, currently,
being analyzed by the researchers for future impteation. Still there are a lot of challenges fabggower sector. The need for
the power market is to adopt a pricing scheme whiwll be globally accepted to facilitate the opgesmsparent and deregulated
electricity market for private players through caatifive bidding process. This paper may be of lelthose working towards a
novel pricing scheme of electricity market.
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