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Mixed integer linear programming based thermal unit commitment problem in deregulated environment
	

	This paper addresses the self-scheduling problem of determining the unit commitment status for power generation companies before submitting the hourly bids in a day-ahead market. The thermal unit commitment model is formulated as a deterministic optimization problem where expected profit is maximized using the 0/1 mixed-integer linear programming technique. This approach allows precise modelling of non-convex variable cost, nonlinear start-up cost, ramp rate limits and minimum up and down time constraints for thermal units. Model incorporates long-term bilateral contracts with contracted power and price patterns, as well as forecasted market hourly prices for day-ahead auction. Solution is achieved using the homogeneous and self-dual interior point method for linear programming as state of the art technique, with a branch and bound optimizer for integer programming. The effectiveness of the proposed model in optimizing the thermal generation schedule is demonstrated through the case study with detailed discussion. 
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1. Introduction

Unit commitment is one of the most important decision-making activities in electric power utilities. This is a non-linear, large scale, mixed-integer combinatorial optimization problem with constraints. The exact solution to the problem can be obtained only by complete enumeration, often at the cost of a prohibitively large computation time requirement for realistic generation system. For vertically integrated monopolistic environment, unit commitment was defined as scheduling generating units to be in service (on/off) in order to minimize the total production cost of utility and constraints such as power demand, spinning reserve, minimum up and down times are met. Restructuring of power systems has resulted in a market-based competition by creating an open market competitive environment. The objective of unit commitment is not to minimize production cost as before, but to find the schedule that produces the maximum profit for the generation company (GenCo). This new profit-based unit commitment problem determines how much power and reserve should be sold on market in order to make maximum profit.

2.  Notation

The notation used throughout the paper is stated below.

Indexes:
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	thermal unit index
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	time interval (hour) index considered in the time horizon


Constants:
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	price of bilateral contract 
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	spot price of energy at hour 
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	number of periods of the planning horizon
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	fixed cost of unit 
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	shut-down cost of unit 
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	minimum down time of unit 
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	slope of the block 
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 of the variable cost of unit 
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	cost of the 
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 discrete interval of the start-up cost of unit 
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	number of blocks of the piecewise linearization of the variable cost function
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	number of discrete intervals of the start-up cost function


3. Problem formulation

3.1. Objective function

The optimal thermal unit scheduling in a competitive market has to satisfy obligations from long-term bilateral contracts as well as to determine power profile for selling on electricity spot market based on forecasted prices. The objective function for the GenCo is to maximize the total profit and it can be expressed as follows:
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In equation (1) the first term is related to revenue from contracts between the GenCo and other market players (load serving entities, distribution companies, traders). The amount of power that the GenCo has agreed to serve at hour 
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 as a result of bilateral contract 
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 is 
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 and the price that the GenCo will be paid is 
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. With this contract, the GenCo’s revenue increases for 
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. The second term represents expected revenue from selling power 
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 on the spot market with forecasted spot price 
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. The third term represents the total costs referred on thermal units including fixed cost 
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, variable cost (fuel cost) 
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, start-up cost 
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 and shut-down cost 
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 of units according to the operational stages – if unit is committed, or started-up, or shut-down at the appropriate period, as stated in equation (2).

The variable costs (fuel costs) of thermal unit are usually modelled as a nonlinear function of the unit’s power output. Thermal units have a number of steam admission valves that are opened in sequence as the power output is increased. This is particularly emphasized for combined cycle gas turbine.

3.3. Long-term bilateral contracts and power for day-ahead market

In newly restructured electricity market, the GenCo and other market players (load serving entities, distribution companies) can sign long-term bilateral contracts to cover players needs that derives from the demand of their customers. These bilateral contracts cover the real physical delivery of electrical energy. The actors agree on different prices, quantities or different qualities of electrical energy. Also, duration of the contracts may differ, from medium-term (weekly, monthly) to long-term (yearly, few years). How much of their capacity and demand the GenCo and players will contract through bilateral contracts, and how much they will leave open for spot transactions, is their strategic and fundamental question. Basically, their reasons for contracting bilateral contracts are follows. Because of price volatility, the risk of market power and possible constraints in transmission network, the GenCo will estimate how much of its capacity will be contracted through bilateral contracts, and how much of capacity will be offered on the spot market. 

4. Case study

To illustrate the effectiveness of the proposed model we have presented illustrative case study. The model has been implemented and solved with the commercial optimization package MOSEK Solver Engine – Premium Solver Platform, version 6.0, Frontline System, Inc., on 3.0 GHz PC with 1 GB of RAM.

4.1. Input data

The GenCo generation system consists of 15 thermal units. Table 1 shows data of the thermal units with an initial status of units at the beginning of the planning period.

Table 1: Characteristics of the thermal units (Continued)

	unit
	T1 

(MW)
	T2 

(MW)
	F1 

($/MWh)
	F2 

($/MWh)
	F3 

($/MWh)
	v(0)
	p(0)

(MW)
	U0
(h)
	s(0)

(h)

	1
	70
	80
	44.64
	40.06
	43.28
	1
	75
	1
	0

	2
	55
	75
	36.78
	34.26
	36.78
	0
	0
	0
	1

	3
	100
	115
	33.22
	34.81
	35.61
	1
	90
	3
	0

	4
	125
	145
	41.05
	40.13
	42.01
	0
	0
	0
	2

	5
	150
	165
	40.67
	38.98
	41.33
	0
	0
	0
	12

	6
	90
	115
	43.98
	39.77
	42.12
	1
	115
	2
	0

	7
	125
	150
	38.43
	32.66
	36.55
	1
	155
	15
	0

	8
	125
	150
	38.43
	32.66
	36.55
	1
	155
	14
	0

	9
	135
	160
	31.20
	32.24
	38.09
	0
	0
	0
	2

	10
	100
	125
	33.44
	31.08
	32.26
	1
	130
	7
	0

	11
	160
	195
	30.02
	34.83
	34.83
	1
	200
	10
	0

	12
	295
	335
	29.93
	30.00
	30.97
	1
	390
	20
	0

	13
	250
	330
	29.71
	28.63
	28.12
	1
	370
	4
	0

	14
	265
	290
	28.04
	29.76
	31.25
	1
	320
	12
	0

	15
	265
	290
	28.04
	29.76
	31.25
	1
	280
	18
	0


Variable costs have been modelled using the piecewise linear approximation with three blocks. Start-up costs are modelled through 10 intervals as shown in Table 2. For simplicity and lack of space, we assumed that all units with capacity of up to 125 (MW) have start-up cost values as shown in Table 2. For all units with capacity between 125 (MW) and 215 (MW) data from Table 2 are multiplied with a factor of 1.6. For all units above 215 (MW) capacity data from Table 2 are multiplied with a factor of 3.4. 

5. Conclusion

This paper presents mixed-integer linear programming model that allows accurately and comprehensive representation the main technical and operating characteristics of thermal power units in the unit commitment problem on the spot market. Model incorporates the linear formulation of non-convex and non-differentiable variable costs, time-dependent start-up costs and inter-temporal constraints typically addressed as nonlinear. 
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