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ABSTRACT

The proposed work is tested on four areas, 48-bus System.

The main objective of the power sector deregulation process is more choices available to the customers and to reduce
electricity costs to the customers. The market models are able to facilitate competitions among generators, calculate total
generation costs, market clearing prices, costs of system securities, etc. Nodal pricing is a pricing system for purchasing and
selling electric energy in deregulated power systems. It takes into account bid prices for generation, the flow of power within
the transmission system and power transfer constraints. In order to maximize the social welfare in pool market, the elasticity
of the demand is assumed. The customer benefit here can be defined as the benefit that customer receive from consuming
the electricity and supplier benefit from selling the electricity in the pool market. The benefits can be calculated from the supply
and demand curve and Market Clearing Price (MCP). Here MCP is the considered single price for all the market participants.

Keywords : Electricity Market, Locational marginal Pricing, Market Clearing Price

(MCP), Uniform Price Market, End User Price, Electricity Market Model

. INTRODUCTION

The first step in deregulation process is separating the
generation, transmission and distribution. Then, competi-
tiveness is introduced in generation and distribution activi-
ties. Transmission congestion is a restriction on the flow of
power across a transmission system; this power flow, if not
restricted, would cause one or more branches within the
system to exceed certain technical limits (thermal, voltage,
stability or short circuit) under certain conditions.

A nodal price in an LMP system is the incremental in-
crease in total system cost associated with supplying the
next increment of load at a specific location or bus. In a
constrained system, the next increment of load at a given
bus is typically supplied by adjusting the output of more
than one generator, each contributing to the load in a ratio
dictated by the physical attributes of each system and the
location of the bus relative to other elements in the sys-
tem. Typically, the output of some generators must be de-
creased when the output of other generators is increased,
to prevent the flow on constrained lines from exceeding the
constraint. When there is no transmission congestion on an
electric system, the cost of serving the next increment of
load at any location within the system is the bid price of the
next unit in the order of economic dispatch. If there is con-
gestion, the next least-cost generator in the system cannot
serve incremental loads at certain locations. As a result,
system generation cannot follow economic merit order, and
prices at various locations within the system diverge. Gen-
erators pay the nodal price and loads pay the nodal price,
with the difference being the congestion charge. Owners
of firm transmission rights or congestion revenue rights,
get a credit equal to the congestion charge which can be
used as a financial hedge. Load-serving entities that do
not have firm transmission rights must either purchase firm
transmission rights or pay the congestion charge. Transac-
tions that cause the most congestion pay the highest price.

Therefore, there are incentives to make the most efficient
use of the system. The components of LMP[10] are

LMP = Generation Marginal Cost + Transmission
Congestion Cost + Cost of Marginal Losses.

There are three main forms of Deregulated electric power
industry differs in each country and among various regions
in the United States. The forms are the Optimal Power flow
model, the price area based model and the transaction
based model. Here Optimal Power Flow model is consid-
ered.

Il. INDIAN ELECTRICITY MARKET MODEL

The restructuring was started by inviting IPPs in its limited
competitive market. In 1992, the generation and transmis-
sion were separated and Power Grid Corporation of India
Limited (PGCIL) was entrusted with transmission network
for its better co-ordination. The unbundling of generation,
transmission and distribution at state level saw privatiza-
tion of distribution in some states. In 1998, Central Trans-
mission utility (CTU) at national level and State Transmis-
sion utilities (STUs) were formed. Private sector can now
invest in all the three areas of generation, transmission and
distribution [1], [2], [3].

TSO (Transmission System Operator) as prevalent in Eu-
rope and other Asian countries is found suitable for India. It
is because the main transmission company is government
owned and will be effective in providing non-discriminatory
open access and is solely responsible for planning and de-
veloping the transmission system which was found opera-
tionally and financially effective. ABT adopted by system
operator for load dispatch function was found effective in
maintaining nominal system voltage profile and frequency
[2], [3].
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Figure 1: Current Indian Power Market Structures

It is felt gainful experience from wholesale market should be
used to form competitive market at retail level which they find
bit immature for Indian Power industry at present [2], [3].

The Power system is divided into four areas at least includ-
ing one generating unit in each area from the major existing
generation plants in the country. Each area is assumed to be
interconnected to each other. Each area has its own demand
and supply.

Figure 2: Power Market Areas
lll. CALCULATION OF END USER PRICE
A. Determination of generation price

The Total cost of supply includes Operating and Maintenance
(O&M) Cost, Depreciation, Return on Fixed Asset, Power
Purchase and fuel cost for electric generation, cost f losses
and non-payment of electricity bills, cost of working capital
and regulatory fees, duties or levies that the licensee is liable
to pay. The total cost of Licensee in any year as determined
by is determined by Authority as:

TC = 0M+ DEF + Rod + RaWrc

Where,

RoAd = WACC x NA

ARREARS
—Zes

WACC = CoE x (15220 4 CoD x Gearing

RoWC = WACC = [RE'V »

REV = OM + DEP + RoA

B. Determination of Average Cost of Supply
The Average Cost of supply is taken as the ratio of discounted
annual cost of supply to the discounted energy volumes, with
discounting applied over the Tariff Period using the WACC as
given below,
yTP TG,
=L 4+ WACC)™)
yIP ENERGY,
n=171 + WACC)"

AC =

+ fNVENTORIES]

ENERGY = Z ENERGY; % (1— Aux;) % AVAIL;

C. Determination of Royalty Price

The Royalty Price is the average cost of supply lesser than
the ratio of discounted subsidy amounts to the discounted
royalty energy, with discounting applied over the tariff period
using the WACC and is as below:

rr SUR,
ey S0y (1+ WACC)™
yre ROVALTY, /
(1+waccm

RP = AL —

Any energy delivered by the Generation Licensee to a Dis-
tribution Licensee above the Royalty Energy is termed Ad-
ditional Energy and the price of additional energy is equal to
Average Cost.

D. Determination of End User Price
Average price for each customer group that is determined by

the authority in its price reviews according to the provision of
regulation,

e COST,
Za- / (1 + WACC)"

ETP {SA LES{ n

AP = % COLL /
(1 + WACC)»

Where, Cost of supply for a customer group can be calculated
as:

COST, = (1 + LOSS,) X PPP x SALES, + [P x IMPORT
* IMALLOC, (NETWORK,) + WG, — REV, — SUB,

Annual Network cost allocated to each customer group can
be calculated as:

NETWORK, = WACC x Z[ASSET,— % AALLOC; .|
i
+ Z[DEF, *® AALLOG; ] + Z[DMi X OMALLOC; .|
+ FEES x FALLOC,

Cost of working capital allocated to each customer group,
WC, = WACC = INV = IALLOC,
Power Purchase Price,

YAP;, x DOMESTIC;]
¥, DOMESTIC,

PPP =

IV. UNIFORM PRICE MARKET
A. Single Auction Market

It is adopted in country like Australia and UK where the load
forecast every five minutes is used to clear the quantity of
supply bids in pool market [4]. As increasing power demands,
in this proposal, complete market models for competitive gen-
erators are developed and tested using Power World Simula-
tor [12].

Here only the Generation Companies submit their offers and
it is stacked in increasing order of their bidding price. The
demand is just a total aggregate load forecast. The market
clearing price is obtained at the intersection point of demand
forecast and the supply bid curve. The objective function to
maximize social welfare in this case would be concerned with
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lowering of cost of generation. As such it can be written as
[8], [9], [11]:

n
. W
Minimize, | = Z BPS, x P, = 2‘ fie)
L fm1
St YR, P -PD =0

This is demand-supply balance.

Where, BPSi is the Generation Companies true marginal cost
or bid cost of Generation Company i.

B. Double Auction Market

In double Auction market both suppliers and buyers bid to sell
and buy from the market pool. The supply bid is stacked in in-
creasing order of its bid prices and buyers price in decreasing
order of its bid prices. The system price or the market clearing
price is obtained from the intersection of supply and demand
curve. In this kind of market the demand cleared is variable
[61,[7]. The double auction market in Fig. 3 is constructed as-
suming marginal price at load bus as demand bid price.

Figure 3: Demand-Supply curve and MCP in Double Auc-
tion Market.

The objective function of social welfare maximization based
on Nodal price can be written as follow [8]:

C. Day-Ahead Market simulation for Uniform Price Market

Total Substaticn 24 Houre Load Profile.
— Wit LOoad §

—arnimar Load

_— M\ ——Winter Lnad 7
- — F, e

Laadie MW
B
2

Figure 4: Twenty four Hours Load duration for Total Sub-
station

The peak load is taken as base load to normalize the 24 hours
load profile. The result is a normalized profile as given in below.
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Figure 5: normalized load profile.

The hourly market is simulated using the load profile in Fig.
4 & Fig. 5.The Market Clearing Price (MCP) is obtained for
d peak and minimum load of 136.84 MW and 81.539 MW
respectively as shown in Fig. 7.

Bt o L el Lt

Figure 6: MCP for one hour (uniform market pricing)

Similarly clearing for all other hourly load, we get the hourly
price profile as shown in Fig. 7.
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Figure 7: MCP profile for 24 hours (Uniform market price)

APPENDIX

 TC i the total oost of saoply
(M 15 e allowamcs for operating and mamtzsonce coits melndng any regnlviory md oder fees.
+  DEP is allowancs for depreciation of sssets.
¢ R s recmm oo fied assets
+  WACC is e weiphted sverage ot of capital
v DA 15 the vt vabor of ll the frued eets af the skt of the year
+  ROWC is the retum on working capal
v ARREARS s the ellowed days peorables, m days
+  AnTHVENTORIES i the allowancs for the mveatons:
v COE 15 the cost o egaty m % determuned by EEA
+  (rarmy rafio 1 the stendand rafo of dabt todotal foosd assets, 2 deterrmned by the Anthonity
v Colhas the cost of dabt, a5 perventage, bemg the wonghied everage mhenst of Licensee s Loen.
+  Tax i the peevailing rate of oompamy tamstion, 2 perentige

*  AC is the average cost of supply for the Licensee

TP is the mumber of years in the Tanff period.
#  TCnis the total cost of supply in vyear “n”
« ENERGYr is the energy volume in year “n”.

+  ENERGY 1 the anou] everpy vobame 1 any year, m GWh

v ENERGY, 1 the desan enxgy, mthe case of hydvoposser, or expected gy production, mthe
case of thermad plant, for plaot 7

+  ATK; 15 e allowance for awaliary consompion o plant T, & pereentage

¢ AVAIL; 15 e shibon availsbesty allowasce for plam 17, & perceatage

EP is the Royalty Price per kWh.
SUB, is the subsidy amount in year “n”
ROYALTY,, isthe amount of Royalty Energy in year “n".

-

-
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#  ASSET; is the net historical vahe of assefs i asset category ™1

» DEP, is the depreciation allowance for assefs in asset category 1"

* (M, is operating and maintenance allowance for cost category “T

» FEES is the allowance for fees and levies.

#  AALLOC;, 15 the allocation factor to Consumer category “C7 for asset-related costs in asset
category ‘1", as percentage, where Y. AALLPC; . =1

* OMALLOC;; is the allocation factor to customer “C” for O&M in cost category 1", as
percentage, where OMALLOC;, = 1

* FALLOCC s the allocation factor for fees, as a percentage, where ), FALLOCC;, = 1

# JALLOC, is the allocation factor fo customer category “C for mventories, as percentage
FIALLOC. =L

+ INVisthe allowance for the value of inventories,

* AP, 15 the additional price for generator 1.

*  DOMESTIC; is the volume of electricity supplied to the Licensee by generator “i” in GWh

# [P i3 the average import price per KWh

»  REV, is the estimated Non-Tariff revenue for the year arising from customer group “C™.

#  SALES, 15 the sales for the year atinbuied to customer group “C” inkWh

*  LOSS, 15 sum of technical and commercial loss allocated to customer group “C” | a5 a percentage.

# SUB, 15 amount of subsidy allocated to customer group “C.

#  COLL is the target collection rate set by the Authority for the Licensee, as percentage.

»  COST,, 1s the cost f supply allocated to customer group “C” m year “n”".

*  SALES,; is the volume of electricify sales expected from customer growp “C” m year “n” m
GWh

REFERENCES

1. A.F. Zooba, W.J. Lee, “The Globalization of Energy Markets in Asia,” IEEE PES General Meeting 2006, pp. 1-6, Oct. 2006. | 2. S.N. Singh, S.C. Srivastava, “Electric
Power Industry restructuring in India: Present Scenario and Future Prospect,” IEEE International Conference on Electric Utility Deregulation, Restructuring and Power
Technologies (DRPT2004), vol.1, pp. 20-23, April 2004. | 3. P. Bajpai, S.N. Singh, “An Electric Power Trading Model for Indian Electricity Market,” IEEE PES General
Meeting 2006, Oct. 2006. | 4. J. Wernerus, “A Model for studies related to Deregulation of an Electricity Market,” KTH-Stockholm, Master Thesis TRITA-EES-9503,
November 1995. | 5. S. Mohammad & A. Muwaffaq, Restructured Electric Power systems- Operation, Trading & Volatility, Markcel Dekker, Inc., Basel, Switzerland,
2001. | 6. S.N. Singh, S.C. Srivastava, “Electric Power Industry restructuring in India: Present Scenario and Future Prospect,” IEEE International Conference on Electric
Utility Deregulation, Restructuring and Power Technologies (DRPT2004), vol.1, pp. 20-23, April 2004. | 7. E. Hirst & B. Kirby, The Function, Metrics, and Prices for Three
Ancillary Services, Edison Electric Institute, Washington, DC, October 1998. | 8. S. G. Kim, “LMP as Market Signal for Reserve Supply in Energy and Reserve Integrated
Market,” IEEE PES PSCE 2006, pp.896-900, Nov. 2006. | 9. B. Kankar, B.H.J. Math & E.D. Jaap, Operation of Restructured Power systems, Kluweir Power Systems
series Series Editor: M.A. Pai, 2001. | 10. B. Joseph, The PJM Market, Chapter 13, pp. 451-477, PJM Interconnection LLC, Pennsylvania, USA, 2006. | 11. S.Mohammad
& S. Muwaffaq, Restructured Electrical Power Systems- Operation, Trading & Volatility, Marcel Dekker, Inc., NY, 2001. | 12. http://www.powerworld.com/products.asp

INDIAN JOURNAL OF APPLIED RESEARCH * 79



Sara Publishing Academy
Indian Journal Of Applied Research
Journal for All Subjects

Printed at Unique Offsel, Novatsing Rupam Estate, Opp. Abhay Estate, Tavdipura, Shahibaug, Ahmedabad



	File 01.pdf
	3.pdf
	2.pdf
	@1.pdf
	Page 1

	@2.pdf
	Page 1

	@3.pdf
	1.pdf
	Page 1
	Page 2

	l.pdf
	Page 2




	File 02.pdf
	3.pdf
	2.pdf
	@1.pdf
	Page 1

	@2.pdf
	Page 1

	@3.pdf
	1.pdf
	Page 1
	Page 2

	l.pdf
	Page 2




	File 03.pdf
	3.pdf
	2.pdf
	@1.pdf
	Page 1

	@2.pdf
	Page 1

	@3.pdf
	1.pdf
	Page 1
	Page 2

	l.pdf
	Page 2




	File 04.pdf
	3.pdf
	2.pdf
	@1.pdf
	Page 1

	@2.pdf
	Page 1

	@3.pdf
	1.pdf
	Page 1
	Page 2

	l.pdf
	Page 2




	File 05.pdf
	3.pdf
	2.pdf
	@1.pdf
	Page 1

	@2.pdf
	Page 1

	@3.pdf
	1.pdf
	Page 1
	Page 2

	l.pdf
	Page 2




	File 25.pdf
	3.pdf
	2.pdf
	@1.pdf
	Page 1

	@2.pdf
	Page 1

	@3.pdf
	1.pdf
	Page 1
	Page 2

	l.pdf
	Page 2







