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Abstract— In present scenario pumped storage hydrothermal 

system is becoming an important part of power systems for 

energy and water resource management. To maximize the 

water as fuel input in hydroelectric system pumped storage 

units are added with an advantage of operating in generating 

as well as pumping mode. Apart from minimizing the cost of 

power generation pumped storage unit resolves other 

practical problems like scarcity of water for drinking and 

irrigation. This paper has adopted time varying acceleration 

coefficient PSO (TVAC-PSO) technique with different PSO 

variants to solve hydrothermal scheduling (HTS) problem 

considering pumped-storage unit. The global best solution is 

compared with result obtained from PSO and heuristic 

optimization technique mentioned in paper and improved 

result is chosen. 
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I. INTRODUCTION 

The oldest class of large scale power generating technology 

is pumped storage plant [1–3] and still being built due to fast 

response and operational flexibility to demand changes. 

During peak load pumped-storage generators are operated 

and in light load periods water is pumped back to upper 

reservoir. Due to restructuring of power system in recent 

year optimal operation of power plant and efficient 

generation investments have taken strategic importance [4]. 

The trading of energy by pumped storage plant has 

enhanced the social wellbeing of markets. 

The optimum cost-effective planning of energy 

generation in power system is of utmost importance to 

power industry. The generation scheduling of hydrothermal 

system (HTS) considering pumped storage unit is related to 

optimization over a day. During power system forced 

generation outages pumped storage plant can be utilized as 

reserve unit when reservoir capacity of hydroelectric plant is 

marginal. The optimal power generated by pumped storage 

plant during peak load hours and quantity of water pumped 

back during off peak hours in such a way that the cost of 

power generation by thermal plant is minimized depending 

on the hydro, pumped hydro and thermal plants operating 

constraints. HTS with pumped storage unit is further 

complex than that of thermal system. HTS is a nonlinear 

problem concerning congregation of linear and non-linear 

constraints. 

Conventional methods based on direct search 

Techniques, gradient search techniques and so on requires 

hydro thermal system to be considered as convex or 

differentiable nature. But such assumptions do not result 

into the optimal solution leading to revenue loss steadily. 

Algorithms based on direct search and gradient search 

technique [5] is implemented for obtaining the optimal 

economic scheduling of HTS with pumped storage unit 

under practical constraints.  Based on the disadvantages 

related to conventional technique global search techniques 

like genetic algorithm (GA) [6-7], particle swarm 

optimization (PSO) [8], evolutionary programming (EP) [9-

10] and many more are efficient in obtaining the global best 

solution with non linear HTS problems. These global search 

techniques do not guarantee the global best results and 

always present a near to global solution with less response 

time. 

There are advantages and disadvantages related to 

global search techniques mentioned above; however for 

power system optimization problem PSO has gain 

recognition as the appropriate technique in obtaining 

optimal solution for generation scheduling in HTS. Due to 

its good performance and flexibility PSO has become a 

proficient technique for optimization applications in 

research fields.  

Several other features of PSO are: 

 No overlapping and mutation calculation.  

 Speed of the particle is helpful in search 

 Most optimal particle is useful in sending 

information to other particles during generation. 

 Preconditions are not required such as 

differentiability or continuity of objective 

functions. 

 Its coding is simpler than other heuristic techniques 

such as artificial bee colony (ABC), bacterial 

foraging optimisation algorithm (BFOA) etc...  

 Parameters to be tuned are few. 

Disadvantages of the basic PSO technique is less 

exactness in regulation of its speed and direction. Premature 

convergence of PSO and sensitivity of search ability is a 

disadvantage to this global search technique. Hence in 

optimization of little complex problems as multimodal 

problems, this PSO technique becomes problematic.  

Therefore new PSO variants with high explorative 

capability are important and valuable. Many researchers 

worked significantly to improve PSO performance by 

applying different variants as introduction of particle 

repulsion [15], random number generation techniques [11-

14], time varying acceleration coefficients [21-22], craziness 

[16], inertia weight variation [20], mutation [17-20], on 

optimization problems. In PSO, optimal solution search is 

conducted by considering particles population guide by 

random acceleration factors. While local search is controlled 

by component identified as cognitive component, global 

exploration of particles is controlled by social learning 

component.  

For achieving the global best solution these two 

components needs to be controlled efficiently. As explained 

by Keneddy and Eberhart [23], the excessive movement of 

particles occurs with high value of cognitive component and 

premature convergence occur due to higher value of social 

component.  These problems in non convex models can be 
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overcome by application of time varying acceleration 

coefficient (TVAC) [24]. This application strikes a balance 

between the two components during initial and latter part of 

search, thereby avoiding the premature convergence 

problems. The objective of this paper is to optimally plan 

the hydro thermal power generation allowing for the 

presence of pumped storage unit by modifying the social 

learning parameters in PSO. 

This paper is structured as follows: formulation of 

pumped storage Hydro thermal problem is in Section II. In 

Section III, original PSO is described in brief. The heuristic 

optimization technique over the problem is described in 

Section IV. PSO used with time varying acceleration 

coefficient is discussed in section V. The system simulation 

is briefed in Section IV. The paper is winded up in Section 

VII. 

II. PROBLEM FORMULATION 

The overall cost of the pumped storage hydro thermal unit 

over the scheduled horizon is given by F1. The objective 

function and associated constraints of the problem are 

formulated as follows: 

F1=∑Ti=1∑ngg=1[(a1g(g)+bg(i)×Pg(g,i)+cg(g)×Pg2(g,i)+|

dg(g)×sin{eg(g)×(Pming(g)-

Pg(g,i))}|]+k1+K2*(Pgps(l,i)+Ppps(l,i))                 (1) 

In the objective function equation (1)[25], Pg 

represent thermal power, Pps represent pumped storage 

power and the additional part with K1 and K2 as cost 

coefficient represents the operation and maintenance 

(O&M) cost of pumped-storage unit. 

Primary aim is to reduce the cost by satisfying the 

inequality and equality constraints. Power balance constraint 

is the main constraint in this problem. In the time horizon 

each interval power demand is meet by total power 

generated from thermal, hydro and pumped-storage plants.  

Pg(g,i)+Ph(j,i)+ɳg×Pgps(l,i)=Pd+ɳp×Ppps(l,i) (2) 

G= 1,......,Ng ;    j=1,......,Nh;      l=1;     i=1,......,T. 

In Equation (2) g represent number of thermal unit, 

j represent number of hydro units and i represent time 

interval in hours. Another constraint in the problem 

formulation is continuity equation of hydro reservoir 

network; reservoir volume and the delay in the transport of 

water from the upstream reservoir to the downstream 

reservoir. Reservoir volume is given by:  

Vh(j,i+1)=Vh(j,i)+Ih(j,i)-Qh(j,i)-Sh(j,i)+∑(Q(hn,i-

dkj)+Shn,i-dkj)   (3) 

J= 1,......,Nh ;   i=1,......,T. 

Time delay between the upper and lower reservoir 

is represented by d. 

The next constraint is the power produced by 

hydro-electric plant which depends on discharge rate of 

water. Hydrothermal power is given by: 

Ph(j,i)=c1j×v2h(j,i)+c2j×qh2(j,i)+c3j×Vh(j,i)×qh(j,i)+c4j×V

h(j,i)+c5j×qh(j,i)+C6j  (4) 

J=1,......Nh ;             i=1,......,T. 

Ph represent hydro power, V represents the volume 

in the reservoir. 

The multi chain hydrothermal scheduling problem 

has to be solved within decision variables and also to satisfy 

both equality constraints and inequality constraints. 

For STHTS decision variables are water discharge 

rate and thermal power. Both the decision variables 

represented by equation (5) and equation (6) need to be 

within the limits. 

1) Water discharge rate is given as: 

Qhjmin ≤ qhji ≤ qhjmax   (5) 

j=1,......,Nh ;          i=1,......,T. 

2) Thermal power of each thermal unit can be represent 

Pgimin ≤ Pggi ≤ Pgimax       (6) 

G=1,......,Ng ;          i=1,......,T.   

3) Storage volume of reservoir is represented as: 

Vhji0= Vhjiini t      (7) 

Vhjit=Vhjiend           (8) 

J=1,......,Nh ;          i=1,......,T.  

Equation (8) and (9) represent initial and end 

reservoir water volume condition.  

4) The output power generated by hydro unit and volume 

of the reservoir forms the inequality constraint. They 

must lie within the maximum and minimum limit for 

optimal solution. 

 Inequality constraint associated to the hydro power 

can be represented as: 

Phjmin ≤ Phji ≤ Phjmax   (9) 

J=1,......,Nh ;  i=1,......,T. 

 Inequality constraint related to reservoir volume 

can be represented as: 

Vhjmin ≤ Vhji ≤ Vhjmax   (10) 

j=1,…….Nh ;              i=1,……,T. 

5) Inequality constraint related to pumped storage hydro 

units considering its generating as well as pumping 

mode. 

Ppsg(l,i) ≥ 0  (11) 

L=1 ;            i=1,......T. 

Here l represent pumped storage unit index.                                                           

Ppsp(l,i) ≥ 0    (12) 

L=1;            i=1,......,T. 

S(j,i) ≥ 0      (13) 

J=1,......,Nh ;  i=1,......,T;     S represents spillage. 

III. AN OVERVIEW OF PSO 

In PSO particle swarm is initialized in the exploration space. 

All particle stores two values in its memory which are 

particles best experienced location and objective value 

called local best.  The best out of swarm represent as global 

best  position and objective value respectively. The position 

and velocity of particle in dimension d (position and time 

interval) is represented by the following : 

Pkd = (Pk1, Pk2, . . ., Pkd,)                               (14) 

Vkd = (Vk1, Vk2, . . ., Vkd)                                 (15) 

The velocity and position of particles are updated 

in iteration by following equation: 

Vkd (n+1) = w*Vkd(n) + C1*Xkd*(Plbkd - Pkd)+C2* 

Xkd*(Pbd -Pkd).      (16) 

Pkd(n+1)= Pkd(n)+ Vkd(n+1).   (17) 

Where w is inertial factor, c1and c2 are social 

learning rates factors and n represents the iteration number..  

X is a three dimension random number array which 

generates in the range of [0, 1].  Plb is the three dimension 

value of the particle’s local optimal position and Pb is global 

best position of dimension d, k is the particle population. 
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IV. HEURISTIC OPTIMIZATION TECHNIQUE 

Since high quality leader improves the efficiency of a 

swarm, as in a society best leader can make the search 

process effectual and results in success. In PSO, swarm 

leader (Ptb) is the efficient particle towards whom all 

particles are attracted. This heuristic optimization technique 

achieves the success by enhancing the swarm leader 

obtained from PSO. This enhancement of swarm leader in 

iteration would be more efficient and streamlined. In this 

technique inertial weight (w) and social learning rate factors 

(c1and C2) are modified and further in swarm leader four-

stage mutation strategy is applied. Now the obtained 

mutated Pg (particle best value) is compared with current Pg 

and if the mutated Pg has better fitness value than the 

current Pg, it takes the position of current Pg. This strategy 

is better and efficient since at each stage enhanced value is 

compared. 

Modification in inertial weight and social learning 

rate factors: 

W =(wmax-wmin)*exp((-b)*it)+wmin  (18) 

C1= (d2-d1)*(n/nmax)+d1                       (19) 

C2 = (d1-d2)*(n/nmax) + d2          (20) 

Where wmax and wmin are initial and final inertia 

weight factors, b is a reduction factor; d1 and d2 are 

constant factors. Nmax is the maximum iteration number. 

During the evolution process two cognizant parameters C1 

and C2 is changed dynamically.  Efficient search towards 

local best occurs with large C1 and with large C2 particle 

tend to move towards global best. In this initialization value 

of d1 is large compared to d2 so that particle explores local 

best in beginning and then exploits around global best at the 

end of process. In equation (18) and equation (19) values of 

wmax, wmin, b, d1, d2 is obtained from reference [26]. 

A. Different stages of mutation strategy:  

During first stage, Gaussian mutation is implemented as 

below: 

Pgb1(i,g)=Ptb(i,g)+(Ptmax(g)-Ptmin(g))*gau(i,g)       (21) 

Where Ptmax(g) and Ptmin(g) represent maximum 

and minimum bound limit of the particle, gau represents 

Gaussian, r is the random number between 0 to 1 and 

standard deviation denoted by h in Gaussian distribution. If 

the objective value at Ptb1 is better than Ptb then Ptb1 takes 

the position of Ptb. 

Ptb2(i,g)=Ptb(i,g)+(Ptmax(g)-Ptmin(g))*cau(i,g)          (22) 

Equation (22) is the second stage mutation of 

particles best value. Here s is the scale parameter of Cauchy 

distribution function. 

Ptb3(i,g)=1.2*(Pt(k-1,i,g)-Pt(k+1,i,g))+Ptb(i,g)        (23) 

In third stage DE based mutation strategy is 

applied. Consider random particle position (k-1) and (k+1), 

where k represent the population index. 

Ptb4= (Pmax-Pmin)- Ptb            (24) 

In equation (24) opposition-based mutation is 

applied. 

V. PSO USING TIME VARYING ACCELERATION COEFFICIENT 

The need and importance in following TVAC can be to 

upgrade the optimal search in the initial fraction of 

optimization and allow particles to congregate towards 

global  

Best at the end. By varying the acceleration 

coefficients c1 and c2 with time by such an approach that 

the cognitive component is descended while the social 

component is ascended as the search gains momentum. With 

higher value of cognitive component and lower value of 

social component at the beginning, particles move around 

the search space rather than moving toward the swarm best 

during initial stages. On the other hand, a lower value of 

cognitive component and a higher value of social factor 

allow the particles to congregate to the optimal result in the 

end of the optimization method. The acceleration factors are 

expressed as [27]: 

C1 = (C1f -c1i)*(iter/itermax) + c1i 

C2 = (C2f -c2i)*(iter/itermax) + c2i 

Where c1i, c1f, C2i and C2f are the values for 

cognitive and social learning acceleration factors. 

VI. SYSTEM SIMULATION 

The test system consists of three thermal plant, four 

hydroelectric plant and one pumped storage unit. A time 

delay exists between hydro units shown Table 1. Maximum 

power of 100 MW is considered for pumped storage unit in 

generating as well as pumping mode. The hydroelectric 

plant cost coefficient values, discharge limits, reservoir 

volume limits and power generation capacity is given in 

[25]. 

Hydro plant Upstream plant Time delay 

1 0 2 

2 0 3 

3 2 4 

4 1 0 

                      Table 1:  Transport delay in water 

S. No Optimization techniques Cost($) 

1 PSO 47779.29 

2 
Heuristic optimization 

Technique 
46192.40 

3 
Time varying acceleration 

coefficient PSO 
43678.69 

                      Table 2: Cost Comparison Table. 

 
Fig. 1: Power demand for 24 hrs. 

The demand data of this system is shown in Fig. 1 

where the period of scheduling is considered to be 24 h. Test 

System 1 has been evaluated. 
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Fig. 2: Cost for Each Iteration 

 
Fig. 3: Pumped Storage Power Output. 

TVAC-PSO result is compared with Heuristic 

optimization technique and basic PSO applied for test 

system 1 in fig 2 and table 2 shows that leader TVAC-PSO 

has improved the global best value or global best cost 

function. 

 
Fig. 4: Hourly Water Discharge Data. 

Thermal 

plant 
1 2 3 

A 100 120 150 

B 2.45 2.32 2.10 

C 0.0012 0.0010 0.0015 

D 160 180 200 

E 0.038 0.037 0.035 

Pgmax 175 300 500 

Pgmin 20 40 50 

Table 3: Thermal Plant Data 

Time P1 P2 P3 Ph1 Ph2 Ph3 Ph4 

1 102.68 148.61 139.75 95.84 67.31 0 195.72 

2 93.04 145.19 229.5 97.79 65.54 47.10 188.56 

3 33.94 159.36 168.90 103.20 64.77 45.67 207.18 

4 79.26 162.31 187.09 98.60 77.26 42.62 86.68 

5 89.70 124.40 139.66 103.99 52.52 47.88 112.03 

6 72.40 124.70 139.75 88.05 47.63 47.40 192.0 

7 124.50 143.99 229.52 67.92 56.35 54.22 205.45 

8 94.68 209.81 271.94 88.38 61.83 26.74 168.29 

9 102.67 240.58 293.17 94.54 47.01 52.58 164.84 

10 77.72 124.90 389.96 91.06 48.82 53.46 203.65 

11 102.67 209.81 319.20 93.14 61.79 0 220.22 

12 102.79 143.56 409.03 74.64 50.63 51.18 243.41 

13 102.70 146.15 361.75 97.68 72.98 53.61 177.36 

14 68.52 209.82 229.52 93.35 53.80 53.37 228.17 

15 36.58 209.81 229.52 90.64 75.44 56.53 221.08 

16 77.30 294.72 229.51 68.73 56.33 56.86 207.76 

17 102.64 209.78 267.38 95.01 51.49 22.26 206.33 

18 102.67 209.93 229.92 99.65 73.94 59.38 244.78 

19 102.65 130.91 319.32 92.45 54.80 35.13 242.17 

20 44.83 223.78 229.54 99.06 50.30 57.66 245.60 

21 109.84 124.88 229.55 94.03 71.69 27.42 158.57 

22 102.67 209.81 139.68 86.22 57.93 38.44 225.12 

23 98.93 40.0 319.30 93.74 86.13 57.28 246.48 

24 102.67 163.33 187.73 97.22 80.67 56.45 185.81 

Table 4: Periodically energy generation by thermal and Hydro plants 

VII. CONCLUSION 

The problem of generation scheduling of hydrothermal 

power system is analyzed for reducing the cost. Discrete 

nature of pumped storage plant causes more complexity to 

the hydrothermal generation system (HTGS). The TVAC-

PSO technique with controlling of social learning factor and 

cognizant parameters has improved the objective value 
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function as compared to the heuristic optimization technique 

developed by considering mutation strategies and basic PSO 

technique. The obtained result shows that the adopted 

technique can optimally schedule the pumped storage 

HTGS. The future works on this field of research comprises 

control of emission for hydrothermal power scheduling 

system stochastically as well as risk assessment for pumped 

storage participation in the electricity market. 
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