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Abstract 

The use of a cultural algorithm (CUA) to find out a solution for the problem 

of ''Short-term Hydrothermal Scheduling'' using a fuel value function, is 

proposed in the present study. The suggested method was examined on a 

multi-round flowed reservoir using an analogous thermal experiment 

device, and the findings were contrasted to current methods in the literature. 

The findings obviously demonstrate that the submitted approach achieves 

higher-quality results than current methods. 
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1  Introduction 

 
The conventional power system is mostly influenced by the thermal and 

hydro power generators. More recently, a new shift has been taken place in 

the thermal power generators where the combined heat and power or waste 

energy recovery systems are being used [1]. These include the gas 

expansion turbines, where fuel prices might be lower or zero [2]. Overall, it 

is clear that, there is scope for adjusting the operation of these generators 

which would eventually influence the economics of power generation [3]. 

The prime aim of Short-term Hydrothermal Scheduling (henceforth, SHS) is 

to find the best worth of obstetrics for hydroelectric and thermal power 

plants in order to reduce overall plant costs while meeting different 

hydraulic and thermal web chains [4]. The chains include "power balance, 

water balance, reservoir storage boundary conditions, turbine discharge rate 

limits, and hydro and thermal plant limits" [3]. In the current study, the 

curve's value of a thermal framework is called "non-convex" according to 

the impacts of  loaded point of valve. Furthermore, due to the different 

chains on hydraulic and thermal frameworks, as well as the impacts of 

valve-, SHS is a highly nonlinear complex optimization challenge [6, 7]. 

Heuristic optimization techniques such as hybrid differential equation 

(DE) [8], artificial neural networks [9], improved differential evolution [8], 

particle swarm optimization (PSO) technique [11], and Genetic algorithm 

[12], adaptive genetic algorithm [13], crisscross optimization [14] gray wolf 

optimizer [15] were applied to the problems of SHS in recent years. Such 

algorithms were found to be efficient in solving the problem of  SHS with 

no constraints on the thermal system's cost equation. Premature convergence 

is the key downside of the methods mentioned above. In particular, a hybrid 

algorithm that combines heuristics and deterministic approaches is 

considered as an effective solution for the complex and non- convex 

problems of optimization. 

Additionally, to find a typical solution for SHS problem with valve-

point effects, CUA method is utilized. Through the combination of 

stochastic and deterministic approaches for constructing a hybrid algorithm, 

stochastic methods are utilized at the beginning for overall examination 

where  deterministic methods are applied locally to detect the resolution got 

from stochastic approach. Accordingly, CUA is regarded as an initial search 

in the present study to find out the solutions for  achieving the overall 

optimum or close overall optimum.  
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Eventually, the findings of this submitted method are compared to a familiar 

instance  done  due to other methods. It is evident from the outcomes of 

simulation that the present hybrid method produces higher-quality solutions. 

 

2 Methodology 

 
2.1 Formulation of the Problem 

The SHS problem can be described as minimizing the value of thermal  over 

the total planning period while  remaining within the confines of the 

hydraulic and thermal systems. For SHS, the designing time is commonly 

one day or one week, and the planning interval  is one hour. The objective 

role and different  constraints for SHS are shown below [16-18]: 

 
Objective function: Min Ps The value of generating thermal power with 

valve-point effects can be expressed as 

 
         ∑ ∑ (    (    ))
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Constraints: 

System active power balance: 
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The hydropower generation Tsi,s is a function of water discharge rate and 

storage volume: 
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Thermal and hydropower generation limits 
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Water dynamic balance 

 
                      ∑ [     ]

 
      (5) 

 



 
 

 
 
 

2909 Ali Thaeer Hammid et al 

Reservoir storage volume limits 

 
                       (6) 

 
Hydro water discharge limits 

 
                      (7) 

 
 
2.2 Cultural Algorithm (CUA) 

Robell G. Reynolds created cultural algorithms as an adverbial complement 

used via progressive  algorithms that was largely based on genetic principles 

and the normal choice process. Cultural Algorithms for cultural analysis 

depend on theories of cultural evolution introduced in sociology and 

archaeology. According to these hypotheses, it is possible for cultural 

evolution to occur as a two-level legacy mechanism: "micro-evolutionary" 

and "macro-evolutionary" [19]. 

 Individuals are defined in terms of "behavioral characteristics" at the 

micro-evolutionary stage (which can be socially acceptable or unacceptable). 

Several socially motivated operators are used to pass on these behavioral 

patterns from generation to generation. Individuals may generate "mappa," or 

abstract representations of their experiences, at the macro evolutionary level. 

Individual mappa can be combined and updated to form "community mappa" 

employing a collection of generic or problem-specific operators. A 

communication connects both scales. 

 The micro-evolutionary scale points out to the information that people 

have accumulated over descents and utilized to direct their actions  within a 

population. In the cultural algorithm, Reynolds attempts to hold this double 

heritage  phenomenon. The aim is to boost the algorithm's learning or 

convergence rates so that it can respond to a larger number of problems [20]. 

 Cultural algorithms work in two dimensions. To begin, they work on the 

population space in the same way such as any evolutionary calculation 

technique that uses a group of individuals  that is called "a population". Each 

person has a unique set of characteristics that allow us to assess their fitness. 

Such individuals can be substituted over time by some of their offspring, who 

are acquired by applying a series of factors to the population. 

 The second space is the belief space, which stores the information gained 

by individuals as they evolved through the evolutionary process. Any person 

should be able to access the information in this space thus they are able to 

improve their actions. 
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 To integrate the two spaces, a communication protocol  defines the types 

of information that can be shared between them. Individual perspectives of a 

small group of people, for example, are integrated to upgrade the belief 

room. Such  selected group of people is generated using the acceptance 

function, which is extended to the entire population. The role effect, on the 

other hand, affects the population-modifying operators (such as 

recombination and mutation) as well as the selection operator. This role has 

the effect of causing individuals who have been introduced to the factors to 

process desired behavior while avoiding unfavorable behavior. The 

knowledge contained in the belief space is used to describe beneficial and 

unacceptable behaviors [21]. 

 

2.3 Implementation Culture Algorithm for HGS 

 
2.3.1 An individual's Structure  

 
It is important to identify the problem's control variables before using the 

CUA method. To manage the water dynamic balance constraint in a SHS  

challenge, water discharge rate from every reservoir is used as a dominance 

variable rather than hydro plant power generation. As a result, for M hydro 

plants and S intervals, an individual's structure is defined as follows: 

 

   

[
 
 
 
             
             
    
             ]

 
 
 
    (8) 

 
The total planning period S for a SHS  problem takes place in 1 day whereas 

the entrance t takes place in 1 hour. 

 
2.3.2. Estimation of Fitness 

It is important to estimate the fitness, for this the following steps are used: 

 

Step-1. Following the specification of the dominant variables (discharge rate) 

within their limitations, the storing size of every reservoir represents 

measured employing the evacuation average  and normal flows such as Eq 

(7). 

Step-2. Hydropower generation is estimated using Eq. (3). 
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Step-3. Eq. 3 is used to measure thermal power generation (4). 

Step-4. The constraint violations are measured using the various 
constraint equations. 
Step-5. Eventually, the enhanced fuel cost is estimated as follows: 

 

         ∑   
  
        

     (9) 
 

Sc denotes the total number of restrictions, Ki denotes the penalty value for 

the kth restriction, and Viok denotes the amount of violation of the kth 

constraint. 

 

2.3.3 The Essential Algorithm 

Step-1: Reading the information as well as the topology of the mutually 

connected hydrothermal framework. 

Step-2: As mentioned in sub-section 2.3.1, establish a primary population for 

S periods  and M hydro plants, ensuring that the total demonstrated changes  

are within the population's restrictions. 

Step-3: Calculate the number of generations. 

Step-4: As stated in sub-section 2.4.2, count each person's fitness feature in 

the initial population.  

Step-5: Using Eq. (1) to do variation  for creating generation from the parent 

population set, then make sure that all demonstrated changes variables of the 

generation occur in their upper and lower borders. 

Step-6: The people of the following production are produced  employing 

selection and cross-over as defined in Eqs. (8) and (9) respectively (9). 

Step-7: the steps 1–7 should be replicated until the greatest number of 

iterations arrives or one of the stopped conditions met. 

Step-8: The preferable cost obtained using the CUA approach is used as a 

starting point for fine-tuning the resolution to the overall optimum. 

Step-9: The gained resolution through the CUA method should be 
output.  

 

3 Results and Discussion 

 A  hydrothermal system [8] is utilized to validate the efficacy of the 

proposed hybrid process. A multi-constraint, four cascades of hydro-plant, 

and an identical thermal power system make up this device. The thermal 

plant's characteristics equation with the impact of the valve's loaded point, 

adapted from the source [8].  Case 1: simulation reflects that  do not take 

valve-point effects into account. The impacts of valve-point of the thermal 

generator are overlooked in this scenario. As a consequence, the thermal 
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 system's cost curve is convex. The proposed hybrid system was then used to 

construct 50 separate trails. Table 1 displays the preferable constantly plant 

discharges obtained using the suggested process. 

  

 
     Table 1. Constantly plant discharges (10

4 
m

3
/h) of Case 1. 

Hours Q1 Q2 Q3 Q4 

1 15.02 15.02 12.1 24.88 

2 11.45 11.35 10.02 24.61 

3 14.13 14.46 10.02 23.05 

4 15.02 14.68 10.39 25.02 

5 14.75 15.02 13.41 25 

6 15.02 15.02 10.02 25.01 

7 14.02 15.02 13.49 25.01 

8 14.48 15.02 13.87 24.55 

9 15.02 15.02 13.33 25.02 

10 15.02 14.85 10.02 25.02 

11 15.02 15.02 14.4 25.02 

12 13.49 15.02 13.86 25.02 

13 14.92 15.02 14.11 24.45 

14 14.98 9.15 11.71 24.78 

15 12.41 13.28 11.61 23.93 

16 9.53 12.61 18.45 19.36 

17 14.3 13.49 18.04 19.69 

18 10.13 9.81 18.05 21.01 

19 10.45 14.04 14.05 18.05 

20 12.63 14.91 14.53 19.11 

21 14.28 13.66 13.35 15.01 

22 9.43 15.02 19.06 17.16 

23 13.15 15.02 19.11 24 

24 15.02 15.02 13.15 25.01 

 

Table 2 provides a  differentiation of the overall  value fulfilled through the 

different approaches and the proposed method. The findings in Table 2 show 

that the proposed approach provides quality of resolutions higher than the 

current approaches mentioned in the literature.  

 
Table 2. Comparison of total cost for test system case 1. 

 

Method used for test system 1 Total cost in USD 

GA [12] 942,600 

PSO [11] 925,384 

DE [8] 914,343 

RCGA [22] 925,933 

Proposed CUA 914,301 
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 Figure 1 illustrates the convergence mechanism for both the proposed 

hybrid system and the classic CUA. Figure 2 illustrates the convergence 

mechanism of both the suggested hybrid approach and the classic CUA when 

valve-point effects are taken into account. 

 

 
Figure 1. Best cost distribution for case 1 for 50 runs. 

 
Case 2: Valve-point effects are taken into account in the simulation. The 

valve-point effects of the thermal system are taken into consideration in this 

case study. As a consequence, the thermal system's cost curve is nonconvex. 

The equation value of  the thermal framework is collected with sine terms to 

describe the valve-point results. The suggested hybrid method was used, and 

50 separate runs were performed. 

 

 
Figure 2: Convergence characteristic of case 1 
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 Table 3 displays the best hourly plant discharges obtained using the 

proposed approach. Table 3 contrasts the overall cost of the proposed hybrid 

system with the approaches available in the literature. It is evident from the 

findings that the proposed system achieves better results than the current 

method.  
              Table 3. Comparison of total cost for test system case 2. 

Method used for test system 2 Total cost in USD 

RCGA [22] 951,451 

DE [8] 947,498 

Proposed CUA 947,299 

 
 Figure 3 also displays the value distribution of 50 runs with middle 

amount. The distribution of preferable value for every trail versus its average 

cost is shown in Fig. 4. 

 
 

Figure 3: Best cost distribution for case 2 for 50 runs. 

 

 
 

Figure 4: Convergence characteristic of case 2. 
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4 Conclusions 

 
This paper proposes a CAU approach for resolving the short-term 

hydrothermal scheduling (SHS) issue while taking valve-point effects into 

account. CAU is employed at the beginning stage of searching  in the 

overall search space as well as the later searching in the proposed process. 

As a consequence, to detect the preferable resolution, the CAU approach is 

initially applied to the problem of SHS. This typical solution was found by 

the CAU approach as a primary situation for fine-tuning the resolution to 

the overall optimum or close overall optimum. The submitted approach was 

effectively employed to a experiment system with four hydro plants and a 

non-convex thermal plant. According to the simulation outcomes, the 

suggested hybrid approach provides higher-quality solutions in both 

situations, i.e. when valve-point effects are considered and when they are 

not. 
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