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I. Introduction 

  No state or country endowed with plenty of water sources or abundant coal and nuclear fuel. For reducing 

environmental pollution, thermal generation should be minimum. Hence, a mix of hydro and thermal power 

generation is necessary. The state that have a large hydro potential can supply excess hydro power during period 

of high water run-off to other states and can receive thermal power during period of low water run-off from 

other state. The states, which have a low hydro potential and large coal reserves, can use the small hydro power 

for meeting peak requirements. This makes the thermal station to operate at high load factors and to have 

reduced installed capacity with the result economy. In states, which have adequate hydro as well as thermal 

power generation capacities, power coordination to obtain a most economical operating state is essential. 

Maximum advantage of cheap hydro-power should be taken so that the coal reserves can be conserved and 

environmental pollution can be minimized. Most economical operating state of a hydro-thermal system. The 

hydro-thermal coordination is classified into long-term co-ordination and short term co-ordination.  

II. Reasearch Elaboration 

The hydro-thermal co-ordination is of two types:- 

(i) Long-term co-ordination - Typical long term co-ordination may be extended from one week to one year 

or several years. The co-ordination of the operation of reservoir hydro-power plant and steam plant 

involve the best utilization of available water in term of the scheduling of 

(ii) Short-term co-ordination - This type of hydro-thermal scheduling is required for one day or one week, 

which involves the hour-by-hour scheduling of all available generation on a system to get the minimum 

production cost for the given time. Such type of scheduling problem, the load, hydraulic inflow, and 

unit availabilities are assumed to be known. 

 Solution technique:- 

The problem is solved here using non-linear programming technique in conjunction with the first order gradient 

method. The Lagrangian  is formulated by augmenting the cost function of equation with equality constraints 

of equation  through Lagrange multiplier (dual variable) ,  and . Thus,  
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              [2.1] 

The dual variables are obtained by equating to zero the partial derivative of the Lagrangian with respects to the 

dependent variable yielding the following equation: 

 

 

  

                                                                                                                                                                 [2.4] 

And using equation [3.3.6] in equation [3.4.1], we get 

                                    

The dual variable for any subinterval may be obtained as follows: 

1. Obtained  from equation [2.2]. 

2. Obtained  from equation [2.3]. 

3. Obtained  from equation value of  from Eq. [2.4]   

The gradient vector is given by the partial derivative of the Lagrangian with respect to the independent 

variables. Thus,  

                           

 

For optimality, the gradient vector should be zero if there are no inequality constraints on the control variable.  

Algorithm:- 

1. Assume an initial set of independent variable  (m ) for all subintervals except the first. 

2. Obtain the value of dependent variables  using equation [2.5, 2.6 and  so on]. 

3.  Obtain the dual variable  and  using equation [2.2-2.5]. 

4. Obtain the gradient vector using equation [2.6] and check if all its elements are equal to zero within a 

specified accuracy. If so, optimum is reached. If not go to step 5. 

5. Obtain new value of control variables using the first order gradient method, i.e. 

 

 

When  is a positive scalar. Repeat from step 2. 

 

 

III. Problem 

Consider the problem with load given below in table-3.1 [6] and solve schedule hour by hour for a day. 

 

              
 

 Figure 3.1 Load Demand Curve  
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Table- 3.1    Load demands 
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IV. Result 

 

Result: - The problem  is a short-term hydro-thermal scheduling problem in  which the hydro and 

thermal units are scheduled hour by hour for a day (24-hour). The system load demand [6] is given in 

table-3.1. The problem solved here using MATLAB programming and results are provided in table-4.1 

   

        
Figure 4.1 Power Generation Results  

 

Table-4.1 MATLAB Result  

S.No. Hydro generation ( ) 

(MW) 
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(MW) 
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V. CONCLUSION 

A nonlinear programming technique in conjuction with the first order gradient method based approach has been 

proposed and demonstrated to solve the short term hydro thermal scheduling problem. Numerical result shows 

that highly near optimal solution can be obtained by this approach. The effectiveness of the developed program 

is tested for the system having one hydro and one thermal unit for 24 hour load demand. The test results on the 

fundamental hydrothermal generation system with one hydro unit and one thermal unit show the efficiency of 

our proposed formulation. Numerical results as well as Metlab results for a problem show that the proposed 

approach produce better schedules in term of total production cost and system constraints violations. As only 

objective function is relied on to guide the search towards the optimal solution in the first order gradient based 

algorithm. So it is possible to find more optimal solution by existing short term hydrothermal scheduling 

problem. So we conclude that this approach of hydrothermal scheduling method could be of help for the 

solution hydrothermal power generation system in the uncertain environment of the competitive electricity 

market.   
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