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Regular paper 

 
Optimal short-term hydro-
thermal scheduling using 

decomposition approach and GA 
based OPF 

 

A new approach to deal with the short-term generation scheduling for hydrothermal systems is 
proposed.  This paper presents an effective algorithm, which decomposes the short-term 
hydrothermal problems into hydro and thermal subproblems.  The hydro subproblem is solved 
using discharge proportional to demand method (DPDM) and local variation approach. 
Thermal subproblem is solved using lambda iteration technique including line losses.  Genetic 
algorithm (GA) based optimal power flow (OPF) is implemented to control the line flows.  A 9-
bus system with 4 thermal plants and 3 hydro plants and a 66-bus system with 12 thermal plants 
and 11 hydro plants are taken for investigation.  The results obtained by DPDM are compared 
with average inflow method (AIFM).  The investigations reveal that the proposed algorithm is 
relatively simple, reliable and efficient.  

Keywords: optimal power flow, decomposition approach, perturbation technique, genetic algorithm 
and hydrothermal scheduling.  

 

List of Symbols: 

am, bm, cm :  cost coefficients of the mth thermal plant 

ALij  :  inflow into the ith hydro reservoir during the jth time interval in CMS 

as, bs, cs :  cost coefficients of the slack bus plant 

Ci  :  correction factor for head variation of ith hydro plant 

Dij  :  discharge of the ith hydro reservoir during the jth time interval CMS 

Di max :  maximum discharge limit of the ith hydro reservoir in CMS 

Di min :  minimum discharge limit of the ith hydro reservoir in CMS 

Fmj :  fuel cost function of the mth thermal plant in the jth time interval 

G  :  constant used in the determination of hydro power generation 

Hoi  :  basic head of the ith hydro reservoir in meter 

N  :  number of time intervals 

NB  :  number of buses in the system 

NG  :  number of generating plants in the system NH + NT 

NL  :  the number of transmission lines in the system 

NH  :  number of hydro plants in the system 

NT  :  number of thermal plants in the system 



 
 

PDj  :  system demand during the jth time interval 

PHij  :  active power generation of the ith hydro plant during the jth time interval 

PLj  :  transmission loss during the jth time interval 

PTmj :  active power generation of the mth thermal plant during the jth time  

interval 

PTm max :  maximum generation limit of mth thermal plant 

PTm min :  minimum generation limit of mth thermal plant 

PTsj  :  active power generation of the slack bus plant during the jth time 

interval 

TFCj :  total fuel cost for the jth interval 

TPC :  total production cost 

Yij  :  water storage level in the ith hydro reservoir at the beginning of the jth   

time interval in Cubic Meter per Second-hour (CMS-hour) 

Yi max :  maximum water storage level limit in the ith hydro reservoir in CMS-

hour 

Yi min :  minimum water storage level limit in the ith hydro reservoir in CMS-

hour 

ΔYi  :  initial step size of water storage level 

φk  :  line phase angle of the k-th line  

1. Introduction 

 Short-term hydro-thermal scheduling of power systems aims at determining optimal 

hydro and thermal generations in order to meet the load demands over a schedule horizon 

of one day or a week while satisfying the various constraints on the hydraulic and power 

system network. The goal is to minimize total operation costs of thermal plants. The 

problem is a complex mathematical optimization problem with a highly nonlinear and 

computational expensive environment.   

Several methods have been developed to solve this problem, including dynamic 

programming (DP) [1, 2, 3], network flow programming (NFP) [4], decomposition 

approach (DA) and linear programming (LP) [5, 6, 7] method etc.  

DP is a powerful mathematical tool, and it can handle the constraints directly. 

However, DP needs to discrete reservoir levels as the determining state. When the system 

has more than one reservoir or has cascaded stations, the state space expands exponentially 

with problem size, and DP is suffered from the “curse of dimensionality”.   
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Network flow programming (NFP) is the most widely used method for 

hydropower scheduling since, comparing to other approaches, it is more effective in dealing 

with the water traveling time between stations in a river, especially when the river is 

branched. However, the computational efforts will drastically increase when there exist 

some convex branches in the flow network.   

Optimal short-term hydrothermal scheduling using decomposition approach (DA) 

and linear programming (LP) method presented an effective algorithm, which decomposes 

the problem into hydro and thermal subproblems and solves them alternatively.  Hydro 

subproblem is solved using a search procedure, the local variation method and the thermal 

subproblem is solved using the participation factors and LP method.   

Heuristic search algorithms like tabu search (TS) [8], genetic algorithm (GA) [9, 10], 
evolutionary strategy (ES) [11] and ant colony systems (ACS) [12] have been reported to 
have performed very efficiently in solving highly nonlinear hydrothermal scheduling 
problems since they do not place any restriction on the shape of the cost curves and other 
non-linearity in model representation. Although these heuristic methods do not always 
guarantee the globally optimal solution, they will provide a reasonable solution (near global 
optimal) in a short CPU time. 
 In this paper, an effective algorithm is proposed which uses the decomposition approach 

and solves the hydro subproblem using search through local variation method.  An initial 

feasible solution for hydro subproblem is obtained using Discharge Proportional Demand 

Method (DPDM).  Proper selection of an initial solution plays a major role in obtaining the 

optimum solution in optimization problems.  The initial solution obtained using DPDM 

helps much in obtaining the optimum solution.  The thermal subproblem is solved using 

lambda iteration technique including losses.  For the best hydrothermal schedule the line 

flow constraint is checked for its limits at each interval.  In order to speed up the solution 

process, GA based OPF is implemented to control the line flows for violated intervals [1, 

13].  The proposed algorithm has been tested on two sample systems, one with an Indian 

utility system comprising 66 buses, 93 transmission lines, 12 thermal plants and 11 hydro 

plants and other with an 9 buses, 11 transmission lines, 4 thermal plants and 3 hydro plants. 

 

2. Problem Formulation: 

 The time span of the day is subdivided into 24 equal hourly intervals and the load is 

assumed to remain constant over each interval.  The reservoir inflows, correction factors for 

head variations and generating units available for scheduling each interval are assumed as 

deterministically known.  In all hydro plants, evaporation and spill over of water in the 

hydro reservoirs are neglected. 

 The one-day hydrothermal scheduling problem is stated as [5]: 
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Determine the water discharge Dij for the ith reservoir, i = 1,2…NH during the jth 

discrete time interval, j = 1,2…N and the corresponding generation schedule of the hydro 

plants, PHij; i = 1,2…NH and the generation schedule of the thermal plants, PTmj; m = 

1,2…NT so as to minimize the total fuel cost during the day 

∑∑
= =

=
NT

1m

N

1j
mjmj )(PTFTPC                  (1) 

subject to the following constraints  
Hydro constraints: the characteristic equations of the hydro plants 

∑
=

+ ==++=
NH

1 k 
ikikijijij1ji 1,2,...Nj 1,2,...NH;  i ; Dμ  D - AL  Y  ,Y         (2) 

where  μik = 1 if reservoir i is down stream to reservoir k 
     = 0 otherwise 

the active power generation of hydro plants 

1,2,...Nj 1,2,...NH;  i  ;)/2]D,Y(YC/G)[1(HPH ij1jiijioiij ==++= +     (3) 

the limits on water storage level in reservoirs 

1,2,...Nj 1,2,...NH;  i; Y  Y  Y max iijmin i ==≤≤         (4) 

with Yi1 and Yi, N+1 fixed for i = 1,2,…NH 

the limits on water discharge 

1,2,...Nj 1,2,...NH;  i; D  D  D max iijmin i ==≤≤           (5) 

the limits on active power generation of hydro units 

1,2,...Nj 1,2,...NH;  i; PH  PH  PH max iijmin i ==≤≤         (6) 

Optimal power flow problem: 

1,2,...Nj ; c  PTb  PTa  )c  PTb  PT(a TFC
NT

s  m
1  m

ssjssj2smmjmmj2mj =+++++= ∑
≠
=

    (7) 

the power balance constraints 

                (8) 1,2,...NjPLPD PT ; j  j 
NT

1m
mj =+≥

=
∑

the limits on active power generation of thermal plants 

1,2,...Nj 1,2,...NT;  m; PT  PT  PT max mmjmin m ==≤≤         (9) 

the slack bus constraint 

1,2,....N  j ; P P P max ssjmin s =≤≤              (10) 

line flow operating constraints 
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φk ≤ φk, max; k = 1, 2, . . NL               (11) 

the power flow equations 

F(X, U, C) = 0                  (12) 

 

The state vector X comprises of the bus voltage phase angles and magnitudes.  The 

control vector U comprises of all the controllable system variables like real power 

generations.  The parameter vector C includes all the uncontrollable system parameters 

such as line parameters, loads, etc. 

 

3. Proposed Algorithm for the solution of hydrothermal scheduling: 

 The hydro thermal scheduling problem is solved in two phases.  In the first phase the 
initial feasible water storage trajectory is obtained using discharge proportional to demand 
method.  For this water discharge a hydrothermal scheduling is obtained.  In the next phase, 
the schedule is improved using local variation approach and lambda iteration technique to 
improve the hydrothermal schedule.  Line flow constraints are checked for its limits and 
GA based OPF is applied only to the intervals at which line flow constraint violates the 
limit.  The algorithmic steps for the implementation of the proposed algorithm is as follows: 
 

3.1:  Algorithm for initial water storage trajectory: 

Step 1. Choose an initial water storage trajectory for each hydro plant using discharge 

proportional to demand method.  Determine the water discharge Dij and the hydro 

plant output Phij for i = 1,2…NH and j = 1,2…N.   

Step 2. For each time interval, j = 1,2…N compute the difference between system demand 

and total hydro power generation, PDth, j.   

Step 3. PDth, j is considered as demand for the thermal units. 

Step 4. The thermal subproblem is solved using lambda iteration technique [1].  The 
fuel cost is calculated for each interval including transmission losses.  

  

3.1.1 Discharge proportional to demand method: 

Step 1. Obtain total demand (PDtot) by summing up the demands of the time intervals, j = 

1,2…N. 

Step 2. Obtain the total discharge (Di tot) by summing up the discharge of the time intervals, 
j = 1,2…N for each hydro plant i = 1,2…NH. 

Step 3. Calculate the initial feasible water discharge for each hydro plant using the formula: 
1,2,...Nj 1,2,...NH;  i ;D  )PD / (PD  D  tot itotjij ==×=   (13) 

 where, PDtot is the total system demand 

                        Di tot is the total discharge of all hydro plant i = 1,2…NH 
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3.2. Improving the water storage trajectory: 

Step 1. Set the hydro plant index, i = 1. 
Step 2. Set the time interval index, j = 1. 
Step 3. Perturb the storage level of the hydro plant at the end of jth interval by +ΔY. 
Step 4. Compute the discharge Dij and hydro generations, PHij for the ith plant in the jth 
interval. 
Step 5. Corresponding to the hydro generation PHij, compute the optimal thermal generation 
schedule, Pmj for the thermal plants m = 1,2…NT using lambda iteration technique. 
Step 6. Repeat steps 4 and 5 for (j + 1)th interval. 
Step 7. Compute the total cost for jth and (j + 1)th intervals.  Check for cost reduction by 
comparing pre-perturbed trajectory.  If cost is less, proceed to step 8.  Otherwise repeat 
steps 4 to 7 with a perturbation of -ΔY.  If the cost is less, go to step 8.  Otherwise, retain 
the pre-perturbed storage level and go to step 8. 
Step 8. Increment the interval index, j = j + 1.  If j < N go to step 3.  Otherwise go to step 9.  
Step 9. Increment the hydro plant index, i= i + 1.  If i < NH go to step 2.  Otherwise go to 
step10. 
Step 10. Repeat the above procedure until the maximum generation count is reached. 
 

3.3. Genetic algorithm based OPF: 

The outputs of the NT generators are determined so as to minimize the total operating cost 

subject to power balance constraint, generator limit constraint, slack bus constraint, power 

flow constraint and line flow constraint.  Initially, the outputs of the n = NT-1 “free 

generators” can be chosen arbitrarily within the limits while the output of the “slack 

generator” is constrained by the power balance equation.  It is assumed that the 1st 

generator is the slack generator.  For arbitrary outputs PTij, i = 1,2…n, the output of the 

slack generator is: 

∑
=

+=
1-NT

1i
ijLjDjj PT - P  P  PTs   ; j = 1,2,…,N                                                                      (14)  

The various steps of the algorithm for solving the OPF problem with line flow 

constraint are given below. 

 

3.3.1  Initialisation of parent population  

GA’s do not work on the real generator outputs themselves, but on bit string encodings of 

them.  The output of each one of the free generators is encoded in a 15-bit string, which 

gives a resolution of 215 = 32768 discrete power values in the range (Pi (min), Pi (max)).  These 

n strings are concatenated to form a concatenated solution bit string of 15×n bits called 

genotype.  Each genotype is decoded uniquely to an n-dimensional generator power output 

vector called the phenotype, which is a real solution to the problem.  The individuals in a 
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parent are the real power outputs of the committed units excluding the slack bus unit.  The 

initial parent population is generated randomly as follows. 

Consider the j-th parent, Ij = [P1 h, P2 h,….,Pi h,…, Pn h] of the population size Np.  The 

components of Ij are generated as Pi h ~ U(Pi (min), Pi (max)), where U(Pi (min), Pi (max)) denotes a 

uniform random variable ranging over U(Pi (min), Pi (max)).  The remaining parents are 

generated in the same way. 

The system transmission loss, slack bus generation and line phase angles are evaluated, by 

running decoupled load flow with unit generations of each parent.  The fitness value for 

each parent of the population is computed as 

∑
=

=++=
NL

1k
plim

k2lim
sh1jihij N1,2,..., j;φ k P k  ))(P(F  f                                                             (15) 

where k1 and k2 are penalty factors for the constraint violations, (Fi (Pi h))j is the total fuel 

cost for the j-th parent. 

 

⎪⎩

⎪
⎨
⎧

>

<
=
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minsh,shshminsh,lim
sh P P  if   P - P

P P  if   P - P
 P                                                       (16) 

 
 

⎪⎩

⎪
⎨
⎧ >

=
otherwise              0,        

φ  φ  if   φ - φ
 φ maxk,kmaxk,klim

k            (17) 

 

3.3.2  Reproduction 

Two genotypes are selected using Roulette wheel parent selection algorithm that 

selects a genotype with a probability proportional to genotypes relative fitness within the 

population.  Then, a new offspring genotype is produced by means of the two basic genetic 

operators namely crossover and mutation. 

 
3.3.3  Crossover 

If a probability test is passed, the two genotypes are combined (exchange bits) to 

from a new genotype, which incorporates characteristics from both parent genotypes.  The 

proposed genotype (offspring) is included to the next generation’s population. 

 
 
3.3.4  Mutation 

  With a small probability, random bits of the offspring genotype flip from 0 to 1 
and vice versa to give characteristics that don’t exist in the parent population. 
 
3.3.5  Selection 
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The entire population, including parent and offspring are arranged in descending 

order.  The best Np solutions, which survive are transcribed along with their elements to 

form the basis of the next generation. The above procedure is repeated until the given 

maximum generation count is reached.  

4. Results: 
The proposed algorithm has been tested on two sample systems, one with 9 buses, 

11 transmission lines, 4 thermal plants and 3 hydro plants and other an Indian utility system 

comprising 66 buses, 93 transmission lines, 12 thermal plants and 11 hydro plants.  Data for 

9-bus system is provided in the appendix.  

To prove the effectiveness of the discharge proportional to demand method 

(DPDM) it is compared with Average Inflow Method (AIFM) [5].  In the average inflow 

method the discharge during each interval is made equal to the average inflow, which is 

obtained by summing the inflows to the reservoir during all the intervals and dividing it by 

the number of intervals. 

 

 

Fig.1 : Cost Convergence of 9-Bus system
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Figure 1 and 2 shows the cost convergence characteristics of 9-bus and 66-bus systems 
respectively.   In both the systems optimum cost is obtained in less number of iterations 
using DPDM as compared to AIFM.  A number of trial studies were made on both the 
systems to choose the best initial incremental step size for ΔY and its subsequent reduction 
during trajectory perturbation from the convergence point of view.  It is observed that the 
initial value of ΔY equal to 30.0% of the initial discharge is the best choice, also its value 
should be reduced by 50% in the second and third iterations and thereafter maintained 
constant.    
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Fig. 2 Cost Convergence of 66-Bus System
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 Figure 3 and 4 gives the discharge trajectory of plant 1 in the 9-bus system for AIFM 

and DPDM.  In AIFM the initial Discharge trajectory is 200cms, so it takes more number of 

iterations to reach the optimum discharge.  In DPDM the initial discharge trajectory is very 

close to the final discharge and it takes less number of iterations to reach the optimum 

discharge. 

 

Fig.3. Discharge Trajectory For Plant –1 in 9-Bus 
System – AIFM 
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Fig.4. Discharge Trajectory For Plant –1 in 9-Bus 
System – DPDM
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Table 1 gives the comparison of optimal discharge obtained for the 9-bus system 

using AIFM and DPDM for 24 intervals. 
 
Table 1:  Comparison Of Optimal Discharge Obtained For 9-Bus System 

Optimal discharges of Hydro 
Plants in CMS (AIFM) 

Optimal discharges of Hydro 
Plants in CMS (DPDM) 

Interval 
(Hours) 

Plant 1 Plant 2 Plant 3 Plant 1 Plant 2 Plant 3 
1 166.75 41.33 104.78 130.80 118.23 77.29 
2 103.20 115.19 106.61 129.59 80.19 100.59 
3 105.47 126.51 111.45 97.26 114.10 127.46 
4 120.68 141.84 128.92 111.61 137.88 140.34 
5 299.71 196.31 174.52 285.63 199.74 211.59 
6 346.47 257.44 299.03 332.39 258.39 343.48 
7 232.03 318.71 330.42 259.10 309.22 332.52 
8 239.45 317.68 254.19 256.41 328.09 254.25 
9 217.21 254.16 248.41 230.20 274.74 245.65 

10 199.51 218.79 213.67 215.03 235.39 214.83 
11 188.17 189.63 198.80 205.92 201.81 201.89 
12 163.55 165.61 177.59 189.76 167.29 186.12 
13 183.49 177.97 157.83 185.22 187.65 188.89 
14 183.95 150.95 187.25 193.54 193.85 175.97 
15 162.43 186.00 199.64 193.57 183.45 197.82 
16 187.20 206.56 191.73 193.10 203.57 215.56 
17 212.65 247.28 237.25 223.68 256.13 251.73 
18 266.47 268.99 268.52 288.62 276.61 266.61 
19 256.64 286.61 235.48 278.49 277.45 246.09 
20 196.14 184.55 197.10 197.28 197.37 203.02 
21 200.20 202.14 200.19 156.73 155.82 159.96 
22 195.99 191.84 195.99 156.81 156.84 156.88 
23 192.00 180.09 196.08 153.56 147.41 153.81 
24 180.63 173.82 184.54 135.72 138.79 147.65 
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Figure 5 shows the daily load curve of the 66-bus utility system.  A set of 12 
limiting lines is chosen for observing line flow constraints for a 66-bus system.  Table 2 
gives the line phase angles of the violated line number 7.  AIFM gives the line violations at 
intervals 1,2,3,23 and 24.  Using GA based OPF the line flow violations are removed by 
adjusting the real power generations and the cost is increased from Rs. 4148421.38 to Rs. 
4194384.76.  DPDM gives the line violations at intervals 1, 2, 23 and 24.  Using GA based 
OPF the line flow violations are removed by adjusting the real power generations and the 
cost is increased from Rs. 4138117.65 to Rs. 4167539.94. 

Fig. 5 Load curve of 66-bus system
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Table 2.  Comparison of line phase angle (degrees) for AIFM and DPDM 

 
AIFM DPDM Interval Violated 

line no. 
Rating 

(degrees) Before OPF After OPF Before OPF After OPF 
1 2.7465 2.4152 2.6875 2.4236 
2 2.6597 2.4118 2.5394 2.4351 
3 2.4735 2.1903 - - 

23 3.2721 2.4340 2.9723 2.4329 
24 

7 2.44 

3.2756 2.4300 2.9961 2.4264 
 

5. Conclusion: 
 The proposed algorithm has been applied to solve the short-term generation scheduling 
for hydrothermal systems a 9-bus system and 66-bus Indian utility system.  The results 
reveal that the DPDM takes less number of iterations for its convergence as compared to 
AIFM.  The cost obtained in the initial and final solutions are less in DPDM.  Network flow 
constraints have been effectively enforced through GA based OPF.  The proposed approach 
is simple, reliable and efficient. 
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APPENDIX  
 
9-bus system data 
Generator data  

Cost coefficients Unit no. Bus no. Pmax (MW) Pmin (MW)
a 

(Rs/ MW2/h) 
b 

(Rs/ MW/h) 
c 

(Rs/h) 
1 1 600 60 1.0 50.0 0.0 
2 2 300 30 1.2 52.0 0.0 
3 3 300 30 1.6 56.0 0.0 
4 4 200 20 1.6 40.0 0.0 

 
Hydro plant data 

Description P1 
Bus no. 

5 

P2 
Bus no. 

6 

P3 
Bus no. 

7 
Ymax CMS - hour 3000 2750 3000 
Ymin CMS - hour 1320 720 1320 
Y0 CMS - hour 2330 2030 2330 
YF CMS - hour 2330 2030 2330 

Dmax CMS 350 390 370 
Dmin CMS 0.0 0.0 0.0 
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PHmax MW 600 500 550 
PHmin MW 0.0 0.0 0.0 

Water equivalent Ho/G  MW/CMS 1.78 1.28 1.58 
AL CMS 200 200 200 

 
24 hours load demand 

Hour Demand (MW) Hour Demand (MW) Hour Demand (MW) 
1 1200 9 1875 17 1875 
2 1190 10 1750 18 2050 
3 1220 11 1675 19 2000 
4 1300 12 1575 20 1650 
5 1800 13 1600 21 1300 
6 2175 14 1610 22 1275 
7 2100 15 1640 23 1250 
8 2000 16 1700 24 1200 

 
66-bus system data 

Generator data 
Cost coefficients Unit 

no. 
Bus 
no. 

Pmax 
(MW) Pmin (MW) a 

(Rs/ MW2/h) 
b 

(Rs/ MW/h) 
c 

(Rs/h) 
1 210 20 1.6 40.0 0.0 
2 210 20 1.6 40.0 0.0 
3 210 20 1.6 40.0 0.0 
4 

1 

210 20 1.6 40.0 0.0 
5 210 20 1.0 50.0 0.0 
6 210 20 1.0 50.0 0.0 
7 

2 
210 20 1.0 50.0 0.0 

8 60 10 1.2 52.0 0.0 
9 3 60 10 1.2 52.0 0.0 

10 110 10 1.6 56.0 0.0 
11 110 10 1.6 56.0 0.0 
12 

4 
110 10 1.6 56.0 0.0 

 
Hydro plant data 
Description P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 
Ymax CMS - 
hour 12000 21000 21000 21000 10000 30000 15000 8000 13000 13500 4500 

Ymin CMS - 
hour 0 0 0 0 0 0 0 0 0 0 0 

Y0 CMS - 
hour 10072 19946 19956 19956 8652 27530 13835 6333 11873 12888 3980 

YF CMS - 
hour 9912 19662 19670 19650 84017 27414 13694 6135 11668 12077 3901 

Dmax CMS 17.0 56.6 28.6 52.4 68.3 56.7 9.6 49.5 21.0 76.9 16.9 
Dmin CMS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
PHmax MW 40 160 175 180 48 100 70 140 60 65 60 
PHmin MW 0 0 0 0 0 0 0 0 0 0 0 
Water 2.35 2.83 6.05 3.43 0.70 1.77 7.26 2.83 3.10 0.78 3.53 
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equivalent 
Ho/G 
MW/CMS 
AL CMS 0.00 1.40 0.00 6.76 0.22 1.42 0.00 2.59 1.70 4.70 0.076 
 
24 hours load demand 

Hour Demand (MW) Hour Demand (MW) Hour Demand (MW) 
1 980 9 1520 17 1250 
2 1025 10 1610 18 1340 
3 1115 11 1655 19 1430 
4 1205 12 1700 20 1610 
5 1250 13 1610 21 1520 
6 1340 14 1520 22 1340 
7 1385 15 1430 23 1160 
8 1430 16 1295 24 1070 
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