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Abstract- In this scheduling, the hydroelectric and thermal power generation is optimized to minimize the total operating cost 

(fuel cost) of the thermal plant. This problem of short term hydrothermal scheduling (STHTS) is complex due to consideration of 

equality and inequality constraints and nonlinearities. In this paper, teaching - learning based optimization (TLBO) algorithm is 

used to solve the problem of short-term hydrothermal scheduling (STHTS) . The proposed algorithm has been tested on the multi-

chain test system having four hydro units and one thermal. 
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 INTRODUCTION  

Most of the hydro-systems are having different 

characteristics mainly due to differences in availability of water, 
control constraints, non-uniform water flow, number of hydro 
stations and their locations etc. The problem is different when 
the plant is located on the same stream or on a different stream. 
To minimize overall cost of system available hydro resources 
has to be utilized fully. The hydrothermal problem includes long 
range problem and short range problem 

The Short-range hydro scheduling problem involves 

one day to one week or hour-by-hour scheduling of all 

generations on a system to achieve minimum production cost 

for the given time period. A set of starting conditions is given to 

get the optimized schedule with the minimum cost which is 

desired. The amount of water to be utilized for short-range 

scheduling problem is known from the solution of long-range 

scheduling problem. This problem is classified as: fixed head 

hydrothermal scheduling and variable head hydrothermal 

scheduling. Several methods for solving the problem of short-

term hydrothermal scheduling have been proposed. The 

classical methods of solving the scheduling problem are not 

suitable when the system size increases. Further the 

computational requirements also increase with the classical 

methods. Therefore, various evolutionary techniques such as 

particle swarm optimization (PSO) [1][2][3], constriction factor 

based particle swarm optimization technique (CFPSO) [4], 

evolutionary programming (EP) [5], genetic algorithm (GA) 

[6][7], differential evolution [8] [9] are used for hydrothermal 

scheduling. 
 The basic idea for the scheduling of hydrothermal plant 

is to meet the given load demand for the specified time horizon. 
The optimal scheduling of hydrothermal plant involves 
generation of power from hydro as well as thermal plants so as 
to minimize the total fuel cost of thermal plant.  

 

Thus the problem scheduling problem can be solved by 
minimizing the fuel cost of thermal plant while considering the 
various hydro plant constraints. The main constraints of 
problem include: cascaded nature of the hydraulic network, the 
time coupling effect of the hydro sub problem where the water 
inflow of an earlier time interval affects the discharge capability 
at a later period of time, the varying hourly reservoir inflows, 
the physical limitations on the reservoir storage and turbine flow 
rate, the varying system load demand and the loading limits of 
both thermal and hydro plants [6][10]. In short-term 
hydrothermal scheduling, the scheduling period is taken as one 
day to one week and involves hour-by-hour generation of the 
scheduling horizon to achieve the minimum production cost for 
the generation of power. The amount of water utilized for the 
short-range scheduling problem is known from the solution of 
long-range scheduling problem. A set of reservoirs conditions 
for hydro plants is given and the optimal hourly schedule of the 
desired objective i.e. minimizing the fuel cost, while satisfying 
the hydro system constraints, is obtained [11]. 

NEED OF HYDROTHERMAL SCHEDULING 
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The idea of hydrothermal coordination is to utilize all energy 
resources in most economic and efficient manner. The 
scheduling of hydroelectric plant is more complex than the 
scheduling of thermal plants. The hydroelectric plants are 
associated with the water discharge (i.e. water outflow from one 
plant is the water inflow for one or more downstream plant) 
from one reservoir to other and plays very significant role for 
the optimal power generation. It is vital to use the amount of 
water available by water reservoirs of hydro systems to full 
extent in hydrothermal integration. In hydro system, there is no 
fuel cost associated with power generated i.e. the charges are 
fixed for hydropower regardless of the amount generated. In 
hydrothermal systems the optimal cost is achieved by utilizing 
the available water resources for a given time horizon and run 
the hydro generation units according to the forecasted load 
demand so that the fuel cost for thermal generation is 
minimized. Thus the hydrothermal scheduling is important as 
the operating cost of thermal plant is very high, though their 
capital cost is low. On the other hand, the operating cost of 
hydroelectric plant is low, though their capital cost is high. So, 
it has been economical as well as convenient to have both 
thermal as well as hydro plants in the same grid. The 
hydroelectric plant can be started quickly and it has higher 
reliability and greater speed of response. Hence hydro plants can 
take up the fluctuating loads. In contrast to hydro plants, starting 
of thermal plant is slow and their response is slow as well. This 
is the reason why thermal plants run as base load plants and 
hydro plants run as peak load plant [2]. 

PROBLEM FORMULATION 

The optimal scheduling of multi-chain hydrothermal system is  

to meet the load demand over the scheduled horizon of 24 hours 

with one hour intervals while satisfying the various equality and 

inequality constraints of hydro and thermal power system 

network considering valve point loading effect of thermal unit 

and prohibited discharge zone of hydro units. 

A. Objective Function 

The total fuel cost for the equivalent thermal over the scheduled 

horizon is given by FC. The objective function with quadratic 

cost function for thermal units is expressed as: 

 

minimize FC =  

 
For more accurate results the fuel cost function, considering 

valve point effect, is the sum of quadratic function and 

sinusoidal function and is expressed as: 

 

B. Equality Constraints 

Various equality constraints for solving the problem of STHTS 

are discussed as 

 

 Power Balance 

 

 Power Generation 

 

 Hydraulic Continuity Equation 

 

 Reservoir End Condition 

 

C. Inequality Constraints 

These constraints are the limits pre specified in the problems and 

values must satisfies these constraints. The following are the 

constraints: 

 Thermal Generation 

 
 Hydro Generation 

 
 Water Generation 

 
 Reservoir Capacity 

 
 

 IMPLEMENTATION OF TLBO TO STHTS 

The TLBO algorithm is a population-based algorithm inspired 

by nature like other algorithms with a pre-defined population 

size. In all nature-based algorithms, initially the population is 

generated randomly and an individual in that population 

represents an optimal solution of the problem [13]. In this 

algorithm the population refers to the students in a particular 

class and subjects offered to those students are the design 

variables of the optimization problem. Thus the objective 

function value and the design variables constitute the solution 

representing knowledge of particular students. The teacher for 

the entire population is the best solution of that population. The 

design variables are actually the parameters involved in the 

objective function of the given optimization problem and the 

best solution is the best value of the objective function [14]. Like 

genetic algorithm, particle swarm optimization, artificial bee 

colony and harmony search, teaching-learning based 
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optimization is also a population-based technique which 

implements a group of solutions to proceed to the optimum 

solution.  

The TLBO algorithm can be implemented in the following steps 

as in 

 

Step I:  Define the optimization problem and generate random 

population according to population size (Pn) (students), number 

of generations (Gn) and number of design variables (Dn) 

(subjects) within the limits: 

 

 

Step II: Teacher Phase 

Calculate the mean of the population, i.e. the mean of the 

subjects of students as:- 

 
The best solution of the iteration will act as the teacher. This 

solution try to change the mean so that the best obtained 

solution will act as the new mean for next iteration. 

 

 
The difference between the two means is expressed as 

 
This difference is added to current solution to update its value 

 
Step III. Learner's Phase 

In this phase, they increase their knowledge by mutual 

interaction with each other and mathematically explained as 

 

for i=1:popsize 

 select two learner randomly Xi and Xl, where i≠l. 

If f(Xi )< f(Xl ) 

 Xnew,i= Xold,i+ri(Xi - Xl) 

else 

 Xnew,i= Xold,i+ri(Xl - Xi) 

end if 

end for 

Accept Xnew if it gives better function value. 

 

Step 4: Stop if the maximum generation number is achieved; 

otherwise  repeat from Step 2.Two feasible solutions are 

obtained, i.e. at the end of teacher phase and learner phase, and 

solution giving better function value (or optimized value) is 

preferred [16]. 

 

 

RESULTS  

 

TEST SYSTEM 

The hydraulic system is characterised by: 

 A multi-chain cascaded flow network 

 Reservoir transport delay between successive 

reservoirs 

 Variable head hydro plants 

 Variable natural inflow rates to each reservoir. 

  Variable load demands over scheduling period 

 
The short-term hydrothermal scheduling (STHTS) is studied on 

the multi-chain system for two cases - 

 STHTS with quadratic cost function 

 STHTS including the effect of valve point loading 

 

Case I: STHTS with quadratic cost function 
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Fig: 1 Water discharge (m3) of the hydro plants for STHTS 

with QCF 

 
Fig: 2 Reservoir Storage volume (m3) of the hydro plants 

for STHTS with QCF 

 
Fig: 3 Hydro generation, thermal generation and total load 

demand for STHTS with QCF 

 
Fig: 4 Fuel cost per hour for STHTS with QCF 

 

 Case-II: STHTS including the effect of valve point 

loading 

 

 
Fig: 5 Water discharge (m3) of the hydro plants for STHTS 

with VPL 
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Fig: 6  Storage volume of reservoirs (m3) of the hydro 

plants for STHTS with VPL 

 
Fig: 7 Hydro generation, thermal generation and total load 

demand for STHTS with VPL 

 
Fig: 8 Fuel cost per hour for STHTS with VPL 

 
TABLE 1: COMPARATIVE FUEL COST 

 

CONCLUSION 

THE algorithm presented in this paper has been applied to short-

term hydrothermal scheduling problem over the time horizon of 

24 hours with one hour time interval. The optimum solution for 

the fuel cost has been given by the algorithm. The test system 

used for this algorithm have four hydro units and one thermal 

unit and these units are arranged in multi-chain arrangement. 

The analysis has been extended for thermal unit considered to 

have quadratic cost function and cost function with valve point 

loading. It is concluded that the cost increases if valve point 

loading effect is considered. 
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