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

ABSTRACT

I.	 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.

II.	 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

III.	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:

Where,

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,

Where,

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:

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,

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

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

Cost of working capital allocated to each customer group,

Power Purchase Price,

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 
[5], [9], [11]:

  
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 
[6],[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 

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.

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.

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.

Figure 7: MCP profile for 24 hours (Uniform market price)

APPENDIX
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