
 

*Corresponding Author: M. Prabavathi , Pondicherry University & Pondicherry Engneering College

Email  mpraba21@gmail.com   
 

Copyright © JASE 2014 on-line: jase.esrgroups.org

 

J. Automation & Systems Engineering 

 

Regular paper

 

Energy Trading in Restructured 

Industry

M. Prabavathi, R. Gnanadass

Abstract- Over the last decade, most elect
monopoly utilities to restructured competit
with power transactions through power ex
market structure consists of the central pow
paper  describes  the methodology to utilize
addition with the power procured  from  the
The methodology is demonstrated in the 
price for the various load conditions.  

Keywords:  Electricity market, bidding, market
mechanism 

 

1. INTRODUCTION 
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market models, determination of clearing
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Many numbers of strategic bidding

researchers.  These different method

categories [2].  Depending on the bidding m

solved by various conventional and

optimization model is formulated to 

Carlo simulation method is used to 

estimation of rival behavior.  Zhang

considering  uncertain bidding  emp

Relaxation (LR)  is used  to solve 

model has been developed to optimize

multi period auction and LR is used
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tricity industry around the world has been moved from 
tive electricity markets. Indian power market is trading 

er exchanges established in 2008. Practically Indian power 
ower share, state generation and power producers. This 
ilize the central share  and  state owned generation in 
the power  producers to meet  the daily  load  demand. 
 Indian utility system to determine the market clearing 

bidding, market clearing price, market clearing volume, trading 

, throughout the world, has been undergoing 

competition and for providing quality services, 

economical price.  In order to achieve power market 

s differ in how energy is procured [1]. Most of the 

pool model and bilateral contract to trade the 

ation companies submit offers consisting of set of 

the energy and the customer submit bids to buy 

 market operator clears the market and declares 

ilateral contract involves an agreement between 

icity for a specified period of time. For both 

clearing price is one of the prime important for 

bidding models have been suggested by different 

dologies can generally be grouped into three main 

bidding model strategic bidding problem can be 

and non-conventional methods.  A stochastic 

 model the strategic bidding in [3-4] and Monte 

 tune the parameters of the functions based on 

Zhang et al [5] have developed an  NLP  model  by  

employed  and  optimization method like Lagrange  

 the bidding  problem. Nonlinear programming 

ize bidding strategy of Generation Company fo r  

used to solve the nonlinear programming model [6]. 

 modeled as Mixed Integer Linear programming 
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model which has been applied to incorporate new bid structure as alternative to 

block bids considering start up and shut down cost in [7].  In most of the research 

work, the assumed supply and demand functions are linear.  In [8-10], that power 

suppliers are to bid a linear supply function and the coefficients of such function are 

selected in such a way that the expected profit is maximized.  To  solve strategic 

bidding  problem  a dynamic  programming based  method has  been  used  for the 

first time by  re- searcher  David [11]. Prices in competitive energy market may be 

influenced by individual participants exercising market power by means of strategic 

bidding. Game-theory-based methods are applied for the analysis and simulation of 

bid- ding strategy for generators in [12-13]. Haoming Liu et al [14] have proposed a 

new optimal bidding strategies model by considering risk factor, in which sealed 

auction with pay as bid settlement and stepwise bidding rules are adopted. The 

competitive electricity market involves complex market process because of using pair of 

price and quantity bids and application of analytical and statistical tools are 

difficult.  Hence nowadays heuristic algorithm is most commonly used to solve 

optimization strategic bidding problem. Evolutionary algorithm such as Genetic 

algorithm (GA) and genetic programming based techniques for bid- ding strategy 

problem in energy market were introduced in [15-16] respectively. Bajpai et al. [17] 

have proposed particle swarm optimization based approach to solve single supplier’s 

decision making problem in both block bid and linear bid model of an electricity 

market. 

In India, the electricity reforms were initiated with the aim of introducing 

competition in the electricity market. Under the Electricity Act enforced in1948, 

State Electricity Boards (SEBs) were established.  The process of power sector reform 

was implemented into following three stages [18]. In the first stage of reform, private 

companies were allowed to enter the generation of power business and the 

establishments of Independent power producers were encouraged at early 90s. The 

second stage involved the unbundling of the SEBs into generation, transmission, 

and distribution companies and setting up of State Electricity Regulatory Commission 

(SERC) and Central Electricity Regulatory Commission (CERC). The third stage 

involved to take the initiative in providing a general environment and to start 

Accelerated Power Development and Reform Program (APDRP) in 2003 for power 

sector reform by the central government. A review on power market restructuring in 

India [19-20] provides an insight into the factor that led it to their situations of power 

system. Indian electricity market structure is primarily considered by bilateral and 

multilateral contracts between generation plants owned by central and  state 

governments, Independent Power Producers (IPPs), surplus Captive power plant and 

the distribution utilities /SEBs.  Less than 5% of the total electrical energy 

produced in the country is being traded either through bilateral trading agreements 

or by power traders. CERC approved the setting up of power exchanges to promote 

power trading. Currently two power exchanges are operating in India. These 

exchanges have been developed as market driven economy where prices are decided 

by the forces of demand and supply. The main contributions of this paper over the 

current research problem on the bidding problems in the restructured electricity 

market are as follows. This paper mainly focuses on trading of power in Indian utility 

power system and describes pricing mechanism for power in Indian electricity market. 

Appropriate mathematical model is developed for the determination of market 

clearing process. The suggested pricing mechanism is tested on both the demand and 

supply side bidding circumstances in step bid market models. 



J. Automation & Systems Engineering 8-3 (2014): 187-196  
 

 
189 

This paper is structured as follows. Section 2 describes the market clearing 

mechanism. Section 3 explains the mathematical formulation of the strategic bidding 

problem in a day ahead market. Section 4 addresses the solution algorithm. Section 5 

illustrates conceptual analysis for a practical utility system and results are presented. 

Conclusive remarks are given in the section 5. 

 

2. MARKET CLEARING MECHANISM 

In competitive electricity market, each supplier willing to sell the energy is 

required t o  submit the offers and each customer willing to buy the energy is required 

to submit bids to market operator.  After collecting offers and bids from the market 

participants, the market operator forms an aggregated supplier curve and aggregated 

customer curve. The two curves are plotted on the coordinates of energy and price.  

The p o in t  of intersection of the supply and demand curves determines the market 

clearing price (MCP) and market clearing volume (MCV). This point is called 

equilibrium point.  At the equilibrium point, the offer price equals the bid price for the 

same volume of electricity.   The equilibrium price is such that the quantity that the 

suppliers are willing to offer is equal to the quantity that the customer desires to 

attain.  After MCP is determined, supplier bids with offer prices less than or equal to 

MCP and customer bids with offer prices above or equal to MCP are accepted.  All 

supplier bids greater than MCP and customer bids lower than MCP are rejected. 

There are two types of pricing rule, uniform market clearing price and pay as 

bid.  Under uniform price mechanism all supplier, though they offer below MCP, 

would obtain MCP and all consumers would pay the MCP even though they bid more 

than that price. While under pay as bid pricing mechanism, all suppliers have to pay 

what they offer as long as this is below or equal to the MCP and all consumer would 

pay the average bid price [21]. Energy trading through power exchange is introduced 

in many electricity markets. In India, Central Electricity Regulatory Commission 

(CERC) took an initiative to develop a common platform of electricity trading with 

its staff paper on July 2006 [22]. There  are two  power  exchanges  in India  which  are  

functioning  with  guidance  of CERC and price discovery mechanism  used in day 

ahead  market is double sided closed bid auction with an uniform market price [23]. 

 

3. PROBLEM FORMULATION 

A strategic bidding model for Independent power producer and large 

consumer is formulated in the following way.  Suppose that a system consists of ’m’ 

independent power suppliers. Each supplier is required to submit a block bid function 

which is given by following equation. 

����� =  �	�
,     ��  ≤ � ≤  ��
,   

                �	�� ,       ��
  ≤ � ≤  ���,   

                �	��,        ���  ≤ � ≤  ���,   

      ⋮             ⋮   ⋱     ⋮  

                                                                 �	��� ,     �����
  ≤ � ≤  ���� ,            � = 1, 2, ⋯  �.          
where  �	�
 denotes offering price of first block for the i

th
 supplier between the 

power quantity ai0 and ai1. 

The cumulative blocks of power for all suppliers can be written as  

���� =  �	
,     �  ≤ � ≤  �
 ,   

                 �	�,       �
  ≤ � ≤  ��,   

                  �	�,        ��  ≤ � ≤  ��,   

      ⋮             ⋮   ⋱     ⋮  

                    �	�,     ���
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where �	
 denotes offering price of first block for ‘m’ suppliers between the power 

quantity a0 and a1. 

Using Heaviside’s unit step function these equations are expressed as a single 

equation and is given by  

���� = �	
 + ��	� − �	
����
��� +  ��	� − �	���� 

��� + ⋯ + ��	� − �	��
���!"�
���.     

 

Similarly there are ‘n’ independent customers and each customer has #$ , �% =

1,2, ⋯ , &� blocks of power and is given by the equations 

'$��� =    �($
,        )$  ≤ � ≤  )$
,   

                   �($�,       )$
  ≤ � ≤  )$�,   

                   �($�,       )$�  ≤ � ≤  )$�,   

      ⋮             ⋮   ⋱     ⋮  

                                                                          �($*+
,           )$*+"�
  ≤ � ≤  )$*+

,            %

= 1, 2, ⋯  &.          

where  �($
 signifies the bidding price of first block for ‘j
th

’ customers between the 

power quantity bj0 and bj1. The cumulative blocks of power for all customers can be written 

as  

 

'��� =  �(
,     )  ≤ � ≤  )
,   

                  �(�,       )
  ≤ � ≤  )�,   

                   �(�,        )�  ≤ � ≤  )� ,   

      ⋮             ⋮   ⋱     ⋮  

                                                             �(* ,     )*�
  ≤ � ≤  )*$ ,            % = 1, 2, ⋯  &.       

where �(
 indicates the bidding price of first block for ‘n’ customers between the 

power quantity b0 and b1. 

Using Heaviside’s unit step function these equations are expressed as a single 

equation and is given by     

'��� = �(
 + ��(� − �(
��,�
��� +  ��(� − �(���, 

��� + ⋯ + ��(* − �(*�
��,-"�
���. 

The MCP of the system is obtained by the intersection of the aggregated supply 

curve and the aggregated demand curve.   

                                                               (i.e.) S (q) = D (q)  

This is nothing but the solution of F (q) = 0 where F (q) = S (q) – D (q).  

 

4. SOLUTION ALGORITHM 
Step by step algorithm of the proposed method for the computation of Market 

Clearing Price is given as follows. 

Step 1: Obtain fixed Central Generating Station (CGS) allocation, internal load   and own  

             generation of state electricity board. 

Step 2: Calculate the available generation of State (sum of CGS allocation and own 

generation)  

Step 3: Calculate net purchase / net sale which are the difference between load and 

available 

             generation. 

Step 4: obtain net sales bid of Independent power producer. 

Step 5: Obtain net purchase bid of customer. 

Step 6: Aggregates net sales bid and net purchase bid of all participants. 

Step 7: Form Aggregated supply and demand curve 

Step 8: Determine the market clearing price and scheduling quantity for all participants. 
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5. NUMERICAL EXAMPLE 
In order to illustrate the computational method, practical power system (i.e) 

Puducherry utility is taken as test system. There are three participants (State Electricity 

Board, Independent Power Producer and large consumer) assumed to bid in an electricity 

market with considering allocation of central share. This case demonstrates the market 

settlement with unconstrained transmission systems. The bidding strategy submitted by 

three participants with price cap of 10,000 is given in Appendix. In order to demonstrate the 

theoretical results to the analysis, real power price data can be taken. The daily load curve 

of Puducherry state is shown in figure 1. The peak and off peak demand values in figure 1 

show the extremes of load 195MW to 285 MW.  Market price for these demand values is 

assumed the range from 3500 to 10000Rs/MWh. CGS allocation is taken as 120 MW.  The 

net sale and net purchase of state electricity is determined as follows.  SEB has no 

generation upto the price of 3500 Rs/MWh. Because of no generation till the price of 3500 

Rs/MWh, net purchase will be 165MW.  It has to start its own generation of 30MW when 

the price increases above 3500 Rs/MWh upto 4200Rs/MWh. Total available generation for 

the price 7000Rs/MWh will be 135 MW.  For the price more than 7000Rs/MWh, it will 

sale 25MW in the market. The net sale /net purchase of state electricity board are 

determined by difference between its load and total available generation.  Net sales bids and 

purchase bid are obtained from the bidding strategy of other participants.   

The market operator aggregates the net sale and net purchase of all participants 

and aggregated supply and demand curve are illustrated against price. The point of 

intersection of two curves is known as market clearing price. Figure 2 shows the market 

settlement at peak load. It can be seen that market is cleared for 105MW with MCP equal to 

7000Rs/MWh.  It indicates that all suppliers winning in the market will be paid at the rate 

of 7000Rs/MWh for their quantity of power cleared and the customers winning in the 

market will have to pay at the same rate for their demand cleared in the market. 

 

 
 

Figure 1. Daily load Curve 
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 Similarly for off peak load of 195MW with CGS allocation of 120MW, 

aggregated supply and demand value can be calculated. Under off peak load condition, net 

purchase will be 75MW up to the price of 3500 Rs/MWh. Own generation of 25 MW will 

be started for the price above 3500 Rs/MWh.  State Electricity board will sale 15MW in the 

market while the prices increases above 6000 Rs/MWh. Now the net purchase / net sale of 

electricity board are obtained. The net sale bids and purchase bids of all participants are 

aggregated. Then aggregated supply and demand curve are drawn and meeting point of 

these two curves gives market clearing price at off peak demand which is given in figure 3. 

Here market is cleared for 70MW with MCP equal to 5500Rs/MWh.  It can be concluded 

that under peak load condition the MCP is greater than MCP at off peak demand. These 

market settlements under off peak load and peak load is given in table 1. 
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Figure 3. Aggregated supply and demand curve at off peak demand 



J. Automation & Systems Engineering 8-3 (2014): 187-196  
 

 
193 

Table.1 Market clearing mechanism for peak demand 

Price 

(Rs/MWh) 

 

SEB 

Purchase 

(MW) 

Consumer 

Purchase 

(MW) 

Aggregated 

Demand 

(MW) 

SEB 

Sales 

(MW) 

IPP 

Sales 

(MW) 

Aggregated 

Supply 

(MW 

0 75 80 155 0 0 0 

3500 75 80 155 0 0 0 

3501 50 80 130 0 25 25 

4200 50 80 130 0 25 25 

4201 30 60 90 0 45 45 

4800 30 60 90 0 45 45 

4801 30 50 80 0 45 45 

5000 30 50 80 0 45 45 

5001 20 50 70 0 60 60 

5500 20 50 70 0 60 60 

5501 20 50 70 0 90 90 

6000 20 50 70 0 90 90 

6001 0 50 50 15 90 105 

6500 0 50 50 15 90 105 

6501 0 50 50 15 105 120 

7000 0 50 50 15 105 120 

7001 0 25 25 15 105 120 

8000 0 25 25 15 105 120 

8001 0 0 0 15 120 135 

10000 0 0 0 15 120 135 

 

 
Table.2 Market clearing mechanism for off peak demand 

Price 

(Rs/MWh) 

 

SEB 

Purchase 

(MW) 

Consumer 

Purchase 

(MW) 

Aggregated 

Demand 

(MW) 

SEB 

Sales 

(MW) 

IPP 

Sales 

(MW) 

Aggregated 

Supply 

(MW 

0 165 80 245 0 0 0 

3500 165 80 245 0 0 0 

3501 135 80 215 0 25 25 

4200 135 80 215 0 25 25 

4201 115 60 175 0 45 45 

4800 115 60 175 0 45 45 

4801 115 50 165 0 45 45 

5000 115 50 165 0 45 45 

5001 90 50 140 0 60 60 

5500 90 50 140 0 60 60 

5501 90 50 140 0 90 90 

6000 90 50 140 0 90 90 

6001 75 50 125 0 90 90 

6500 75 50 125 0 90 90 

6501 60 50 110 0 105 105 

7000 60 50 110 0 105 105 

7001 30 25 55 0 105 105 

8000 30 25 55 0 105 105 

8001 0 0 0 25 120 145 

10000 0 0 0 25 120 145 
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It can be seen from table 1, under peak load condition, market is cleared at the 

price level of 7000 Rs/MWh.  At that price, the aggregated demand is 110MW (state 

electricity board and consumer), but the aggregated supply is only 105MW. Therefore this 

105MW will be shared by both state electricity board   and consumer. Similarly under off 

peak demand condition market clearing price is found to be 5500 Rs/MWh.  From table 2 at 

the price level of 5500 Rs/MWh, the aggregated demand and the aggregated supply 

are70MW and 60MW respectively. Hence aggregated supply 60MW will be shared by state 

electricity board and consumer. In this way market is cleared separately for each 15 minutes 

block in a day. Hence there will be distinct MCP and MCV for each 15 minutes block 

which is given in figure 4. From figure 4, it can be concluded that during peak hours market 

price is higher than that of off peak hours. 

 
 

 

 

6. CONCLUSION 
In the competitive electricity markets, a suitable trading mechanism is 

required for all participants in order to achieve the profit. This paper presents energy 

trading mechanism in an Indian restructured power market.  A conceptual study is 

carried out on bidding s t ra tegies  of power suppliers and the consumers for practical 

power system in which the stepwise protocol is utilized. Case studies demonstrates 

that such a structure allows participants to empower  with more information about 

the market settlement and enabling them to unilaterally push up prices given that 

certain circumstances are encountered. 
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APPENDIX I 

 

 SEB                              CGS = 120 MW                                PEAK DEMAND 

Price(Rs/MWh) 0 350

1 

4201 500

1 

600

1 

6501 7001 8001 1000

0 

Own 

generation(MW) 

0 30 50 75 90 105 135 190 0 

Load(MW) 285 285 285 285 285 285 285 285 285 

Net purchase(MW) 165 135 115 90 75 60 30 0 0 

Net sale(MW) 0 0 0 0 0 0 0 25 25 

 

SEB                                      

       CGS = 120MW                                               OFF PEAK 

DEMAND 

Price(Rs/MWh) 0 

350

1 4201 

500

1 

600

1 6501 7001 

800

1 10000 

Own 

generation(MW) 0 25 45 55 90 90 90 90 90 

Load (MW) 195 195 195 195 195 195 195 195 195 

Net Purchase(MW) 75 50 30 20 0 0 0 0 0 

Net sale (MW) 0 0 0 0 15 15 15 15 15 

 

Consumer  

Price(Rs/MWh) 0 4201 4801 7001 8001 10000 

Net purchase(MW) 80 60 50 25 0 

 

0 

 

IPP                 

Price(Rs/MWh) 0 3501 4201 5001 5501 6501 8001 10000 

Net sale(MW) 0 25 45 60 90 105 120 120 

 


