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Abstract

Emerging electricity reforms in the power markehsaiat removing the monopolistic oligopoly power kedrand promoting
competition in the market by providing opporturstilo more producers. This paper seeks to investigatious existing
structures of the Power Market. Indian Energy Ergea (IEX) and Power Exchange India Limited (PXIljcifitates
transparent trading of electricity, a larger margeéctrum and allows the participation of otherypta in the market. Market
power is an indicator of an non-competitive markbgt is increase in the market power will resultthe degradation of
competition. This research will help modify the ramt parameters (HHI Index and Concentration rattb)jch are used for
measuring the market power of the power marketsthége is always deviation in unconstrained cleargldme and actual
cleared or scheduled volume, deviation arises dulet volume of electricity that could not be cezhbecause of congestion in
the power exchange. The researchers have also medrtiie Indian Power market and analyzed diffedavieloped power
markets of the world like the US Pennsylvania-Nevsdy-Maryland Interconnection (PJM) and the Noadpo
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1. Introduction

The conventional electric power sector had maitiiree fundamental building blocks- GenerationaBmission and
Distribution. Traditionally, all three firms weregperated together and such type of firm is refeteeds a “vertically integrated”
firm. Nowadays, these vertically integrated firmessé been replaced with the Independent Power PeostutPP and as of now,
all three blocks are operating independently. ndbrrent scenario, the government is seekingnbestment of the private sector
into the power market which will encourage comjpaitin the market along with making the market mefficient. The installed
generating capacity shrank down in the public seatdile there is rapid growth from 15% to 45% isserved in the private
sector. The shares of the state and central seaterdecreased by 24% and 14% respectively fron8-2008 (CERC Report,
2017-18).
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Market structure refers to the characteristicttef market and it defines the competition for @asi goods in the market.
According to World Bank’s report, there is a siggaht role of the design of market structure fa thitialization of reform in the
power sector that has a major effect in decisiokintg structure of contracts, and decisions reldtethe price of goods. The
number of buyers and the number of sellers aretwlvedeterminants of the market structure and theircentration mainly
matters.

Table 1. Different Market Structures (MHRD, NME-ICT)

Criteria
WiEriE! S UEnrEs Number of Sellers Barriersto Entry Competition
Perfect Competition Very Large None High
Monopolistic Competition Many Relatively Low Limide
Oligopoly Few High High Interdependence
Monopoly One Dominant Very High No

In a perfectly competitive market, market powards to zero. Various initiatives have been takereduce market power since
the increase in the market power will promote tlenapolistic power market. There are various exglana for the term Market
Power. In general, Market Power is defined as Hiktyaof a firm to manipulate the price of an iteBy exercising market power,
suppliers of the market will become price manipaiahat is the price maker, not a price taker(Kbaal, 2015). The Electricity
Act 2003 came into existence intending to promaalthy competition in the electricity market in iadThis act also enabled the
participation of private players into the genenati@gment by promoting a license-free administnadiod regime. As a result, the
power sector’'s competition increased significamthyl the theft of electricity is also reduced. Tagid increase in the population
emphasis the government of India to take seveegisstor the upliftment of the electric power sectdany new schemes came
into existence which influenced the participatidrilee private sector in the field of the power nerkShort term market trade
increases to provide flexibility in the market, thamber of traders in the short-term market whoemendertaking to trade
through exchanges has increased from 14 to 2&iydars. In India, 89% of the total power tradewulyh long-term contracts
and the remaining 11% is traded through the sleont-market.
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Fig. 1. Yearly Data on Total Electricity Generation (Shderm Report, CERC 2017-18)

This study is organized as follows; Section 2his case study of the Electricity Market in Indiection 3 discusses various
parameters for measuring market power like the HHi Concentration Ratio. Section 4 discusses thdifivation in the
formulation used for the estimation of market pav&ection 5 discusses the comparison of the Ingéaver market with various
developed Power markets of the world.

2. Case Study: Indian Power M arket
Today, India is the third-largest electricitynsomer in the world. The increasing demand fortetéty is a result of a growing

population. To meet this demand government of Iidis taken various initiatives including missioike ISaubhagya, Uday, and
Rural Electrification, etc. Despite many challendeslia is also ranked as the third-largest prodoéelectricity. The shortage of
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energy decreased from 11.1% in 2008-09 to abo@6 0n72017-18(Short-Term Report, CERC 2017-18). ifeeeasing demand
for electricity is one of the reasons for promotic@mpetition in the market so that the consumersget power at a relevant
price.

Table 2. Power Supply Positions in India (Short-Term RépGERC 2017-18)

Energy (BU)
Y ear Requirement  Availability Deficit
2013-14  1002.26 959.83 4.2%
2014-15 1068.92 1030.79 3.6%
2015-16 111441 1090.85 2.1%
2016-17  1142.93 1135.33 0.7%
2017-18  1212.13 1203.57 0.7%

Table 2 shows the yearly data of available enemgguired energy, and deficit percentage. As a tethe effort for increasing
generation capacity, the available energy has asa@. In this way, the deficit percentage has beereased.

2.1. Power Exchange and Availability Based Tariff (ABT)

In 2008, IEX and PXIL have been establishedranmte transparent trading of electricity, a largerket spectrum and allows
the participation of other players in the marketheQnajor step in the development of the Indianqromvarket is the enactment
and execution of Availability Based Tariff (ABT) wdi implemented effective day-ahead scheduling faequency sensitive
charges for the deviation from the schedule foraredficient real-time balancing(CERC, 2017-18)ABT based pricing scheme
a generating station will be paid by summing theoamt of capacity charge, energy charge, and unsidéggower interchange
penalty. A fixed charge or Capacity charge is a thigrimposed charge on each beneficiary accordintheir authorized power
from the generating station. Variable charge orrgyneharge is the cost of fuel used for power gati@n, operating charge, etc.
Unscheduled Interchange charge (UIC), is a chardpe tpaid by the beneficiary for the deviation friva scheduled power.

Ul = Actual Energy — Scheduled Energy Q)

In the above expression, if Ul comes to be positiveemonetary incentive will be given and if the idlinegative penalty will be
imposed as per the price regulated by Central Et#gt Regulatory Authority (CERC). The Ul penaltg imposed on the
beneficiary based on the average grid frequentleofl5-minute time block.

2.2. Power Market Composition

The ownership structure of the Indian Power maikgltides the participation of state, central, aridgbe sectors. Fig. 2 shows
the ownership structure of the Indian Power madeebf 31 May 2019. There is an increment in theqmage of the private
sector in the power market, which has promotedtmpetition in the Wholesale Electricity Marketloflia(WEMI).
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Fig. 2. Share of sectors in total installed capacity (i of Power, GOl 2019)
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2.3. Installed Capacity and its Sources

Installed Power refers to the summation of na@hpowers of all power-consuming devices in thealtetion. In this section,
various sources for the generation of power has li#scussed along with their percentages of cautioh to total installed
generation capacity. Figure 3 shows the percentag&ibution of various resources in the instalpexiver generation as of 30
June 2019. The thermal (coal, lignite, gas, didsated power generation is the topmost contriinttre installed capacity. Also,
the Renewable Energy Source (RES) has a significantribution to power generation. Table 3 shows ¢inowth of gross
electricity generation and the declining electyidinport from Bhutan. In the period of five yea(3-18), the production of
power from renewable sources has become approxXinate folded.

RES Installed Capacity (in MW)
ZZ%W

Hydro /
0,
13% Thermal
Nuclear 63%

2%
= Thermal Nuclear Hydro RES

Fig. 3. Various Sources of Power Generation (CERC 2019)
Table 3. Gross Electricity Generation in India (CERC 20173-18

Energy (BU)
Thermal | Hydro | Nuclear | RES Import | Total
Year Power Power | Power from Generation
Bhutan

2013-14 792.05 134.856 34.23 59.62 5.60 1026.34
2014-15 877.94 129.24 36.10 61.79 5.00 1110.07
2015-16 943.01 121.38 37.41 65.78 5.20 1172.78
2016-17 994.22 122.31 37.66 81.87 5.64 1241.7(
2017-18 1037.06| 126.12 38.35 101/84 4.78 1308.15

3. Dynamic Approach for Estimating M ar ket Power

The potentiality of a participant in the meirko profitably sustain the prices above the cditipe level for a notable period is
referred to as the Market Power (Kumar et al., 200arket Power is one of the major inefficiencafselectricity restructuring
and privatization (Asgari et al., 2008). Also, metrlpower is an indicator of an non-competitive rnedrke. an increase in the
market power will result in the degradation of catifion. Various occurrences of misusing market @ow the operation of
power markets include the case of the wholesaletradity market of California in 1998, the MidweltS market in June 1998,
and the National Electricity Market of Australia Movember 1997 (Zammit, 1999). Here, this papercrdess two major
parameters to measure the market power are Coatientratio and HHI.

3.1. Concentration Ratio

It was postulated that market power should be pedjit associated with the seller's concentratiohisTwas the common
method used to calculate the market power fronst@es of the top four or top eight firms. Ther# bg a significant effect on
the potentiality of exercising market power if thercentage of the largest market share is above(Z0#mey et al., 2004). The
concentration ratio (CR4) for the top four firmsdaroncentration ratio (CR8) for the top eight firmsevaluated by adding the
shares of the top four and eight firms respectively

CR4=Y " S @)
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8
CR8=) S ®)

where Si is the market share of the ith firm.

Determining market power from the concentratioiotdtirstly, considering the shares of the top ffiums-

CR4 = §+5+ S+ S, (4)
But CR4 = 0.367+0.1027+0.0955+0.0911 = 0.6653
Secondly, considering the shares of the top eighist
CR8 =S+S+ S+..+ S ©)
But CR8=0.367+0.1027+0.0955 +...+ 0.0425 = 0.877

The concentration ratio for the top four and &ght firms are 0.6653 and 0.8877. According toJIMerger Guidelines 1982,
this formulation implies that companies in more @amtrated industries were more likely to be exérgisnarket power.
Concentration ratio does not consider the firmsobeythe top four, and it disregards the relatiwstriiution among the top four
firms. Due to these limitations, the HHI is morefgrred in calculating market power.

3.2. Herfindahl-Hirschman Index (HHI)

HHI is a statistical parameter that is frequentlsedi to measure the degree of ownership concemtratioong market
participants in a proper market (Yang et.al, 2000l is calculated by adding the squares of theketagshare of all the firms in
the industry.

N"" 2
HHI =) O 6)
where g; is the market share of the ith firm and n is ttaltnumber of firms in the market

If, HHI=1 (depicts the monopoly in the market)
HHI=0 (depicts the perfectly competitive market)
HHI<0.2 (diluted oligopoly market)

In India, HHI is the most preferred and reliabtéeria to determine the concentration of magp@wer. The increase in the HHI
depicts the increase in market power and decreasempetition. Since 1982, this parameter is thechmark index of the US
Justice Department merger guidelines which canadbaulated very easily (Rhoades 1995). Accordinthtoreport published by
the Central Electricity Regulatory Commission oho& Term Power Market in India 2017-18 in past years, the HHI for the
Indian power market declined from 0.24 to 0.18.sTtiécline indicates the decentralization in theketapower and growth in
competition.

Now, calculating HHI for the Indian Power marketsed on the above table data. Data of other rémgafirms is available on
CERC Annual Report for Short Term market.

28
HHI= " 05 ™
HHI = g2s1+q2s2+q2s3+...... +02s28 (8)

ButHHI = 0.37602+0.10272+0.09552+......+0.0000612184
Since the HHI<0.2 the Indian power market is ofigitl oligopolistic nature with moderate competition
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Fig. 4. Electricity Transacted by traders in 2017-18 (CERQ7-18)

Conventionally, the Herfindahl-Hirschman Inde{H]) for power markets is calculated based on thstalled capacity.
Furthermore, the short-term demand in the powekeatas immensely elastic so, it is actual produttioat should be counted for
market power instead of the installed capacity (Gbko, 2015). Also, it does not depict the impactmarket power over the
prices in the market. Congestion in the networkuogevhenever the transmission channel fails tostranor accommodate all the
required transactions (Joao et al., 2003) (TahldB¢ complex and conventional grid infrastructisrene of the reasons for the
low available transmission capacity that causegestion in various developing countries like IntAdamar et al., 2019).

Table 4. Congestion in the Electricity Transaction (CERQ1?2-18)

Electricity (BU)
Year Unconstrained Scheduled | Uncleared Volume (due to
Cleared Volume Volume congestion)
2013-14 35.62 30.03 5.59
2014-15 31.61 28.46 3.14
2015-16 36.36 34.20 2.16
2016-17 41.60 40.08 152
2017-18 45.86 45.65 0.21
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4. M odified Formulation

Hence, the study is concerned with the fication of parameters by replacing the installeaver with the scheduled power
for estimating market power. As there is alwaysiakin in unconstrained cleared volume and actleédred or scheduled
volume, deviation arises due to the volume of eilgty that could not be cleared because of congesh the power exchange.
This paper proposes to determine the actual marketer using the scheduled volume instead of theonstcained cleared
volume.

¥cong = Oyey = Bs 9
Bs = tuey - ¥ong (10)

whereaucv = unconstrained cleared volume.
¥cong = uncleared volume of electricity due to asimpn
Bs = scheduled or actual cleared volume.

Hence, the market power is calculated by usingHh# index from the shares of each firm. Shares amesidered from the
scheduled power of the firm excluding congestiopesmodification. Then the modified HHI becomes-

HHI modified = )" p? (11)
Similarly, modified concentration ratio becomes-

CR4modified =Y P, (12)

CR8modified =Y~ p, (13)

where pi is the share of ith firm taken from scHedwpower

The actual volume or scheduled power that givesatlthentic value of its share in the power margeised to calculate the true
market power.

5. Analysis of Some Developed Power Markets
In this section, various developed power marketsthair trading platforms (PJM and Nord Pool) hheen discussed.

5.1. USPower Market

U.S power market is a very competitive ketiand it offers easy participation of sellerdhia power market. Its HHI index
is less than 0.15, this signifies there is no sfiich exists in the power market, which controls {wéces of electricity. The
installed capacity of the largest generators halsaase of less than 4% in the country's total itefatapacity (Xue et al., 2018).
PJM serves as an electricity trading platform i@ thS just like IEX promotes transparent electritinding in India. In PIM the
participation is compulsory for the day-ahead miaedd the quantity of bid can be changed till gdtsure. According to the
report published by FERC on the ‘2018 State ofMlagkets Report 2018’ America has a total instafjedver capacity of 1194.78
GW.

5.2. Nord Pool Power Market

Nord pool was established in 1991 for electricitgding among Nordic countries. It offers participatin the voluntary
market as well as market adjustment. The Europearepmarket has high competition compared withpgbeer market of other
countries. The price of electricity is decided adaag to zone wise demand similar to IEX. Most ocastrs have open access to
the transmission and distribution grids and funthene, trading of electricity provides numerous ops for the retailers to the
customers(Morey et al., 2016). In 2013, the totetdlled capacity for power generation in the Nordégion was 103.313
MW(Nordic Market Report, 2014). The Nordic elecitsicmarket consists of wholesale electricity markat a retail electricity
market. In Nomadic countries, about 50% of enemggpction is mainly from hydropower.

6. Conclusion

This paper presents an analysis of the powekehand modification of parameters used for esiimgamarket power. HHI
index and Concentration ratios (CR4, CR8) are ¢aled for the Indian power market. The resultshif paper are useful to study
the dynamic nature of market power and hence, faréuthis modified formulation would be benefictal evaluate the actual
market power. Power markets and various existincketastructures were also part of our discussibnaddition to this, various
developed power markets of the world have been mein
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