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 In Morocco, with the growing wind installed capacity it becomes crucial to 

perform further the operation and maintenance (O&M) process, the wind 

assets are exposed to several constraints and raindom of maintenances for 

incidents. The target of this work is to optimize the gross and net production 

while simultaneously adhering to the minimum turbine unavailability and 

minimizing all contractual power curtailments due to unforeseeable factors. 

The proposed system is modeled using technical and mathematical formulas 

composed of the main function and the associated constraints. The project's 

modularization ends with a complex mathematical system that is non-linear, 

non-differentiable and requires the genetic algorithm for optimal resolution. 

Using MATLAB to determine the optimized solution that represents the 

number of operational turbines per day, allowing for maximum production, 

minimizing curtailment, and reducing the unavailability of turbines. The 365-

vector containing the numbers of turbines per day will opimally define the 

long-term O&M strategy. 
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1. INTRODUCTION  

As Morocco and neighboring countries work towards boosting renewable energy (RE), the challenge 

emerges regarding the optimized management of the substantial ongrid RE generation. With the rapid and 

cumulative deployment of projects, the influx of intermittent and variable power sources poses operational 

complexities that impact the normal production plan. The proper strategy is needed to ensure an efficient energy 

system while maximizing the potential benefits of a clean energy transition. This study is dedicated to the use 

of genetic algorithms (GA) for improving the production and achieving optimal management of the assets.  

While previous research has delved into GA’s applications for power generation, its focus has 

primarily been on optimizing layouts, evaluating layers, the associated costs and managing hybrid systems [1]. 

However, this work expands beyond those areas by employing GA to the comprehensive optimization and 

effective management of wind projects. The assets are basically designed to generate as much electricity as 

possible while minimizing their operating costs and technical constraints. Therefore, optimizing the procedures 

ensures that the main technical parameters are optimised using the least charges and the most rate of availability 

for turbines, it also involves increasing the grid availability and reduce the different curtailments. 

The maintenance contractor plans preventive works in a systematic manner. The tasks follow a plan 

previously designed by the manufacturer to maintain the turbines in good working order while respecting the 

allowed availability [2]. As the contractual availability is a calculated rate based on downtime and running 

hours, it does not reflect the undelivered energy caused by preventive maintenance or corrective stops. The 

https://creativecommons.org/licenses/by-sa/4.0/
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losses in energy depends on how windy the day is. So, the question is how can we ensure that production is 

maximized while maintaining correct maintenance and respecting all the constraints. The following parts of 

this work will refer to GA optimizing process to define the most accurate configuration of the complex system 

for the 131 turbines. The adopted configuration will be analysed and transformed to Mathlab scripts allowing 

the resolution iterations of the GA tools [3]. 

 

 

2. METHOD 

2.1.  Modeling the problem 

This work is mainly based on an operational asset of 301MW. The project has 131 machines supplied 

by SG with a unit capacity of 2.3 MW. It operates in a wind range from 3 to 24 m/s. Starting from 12 m/s, it 

reaches the maximum power. The unavailability of resources disturbs the efficiency of production, the 

optimization of the objectives must be implemented by a method of multi-objective optimization and which 

allows more flexibility for key decisions. We consider the problem of production and losses of 131 turbines 

over 3 zones, the objective function defines the goal to maximize the production while taking into account 

various constraints [4]: Max=(Production-Losses). In Figure 1, the wind trubines are represented by (i,j) 

coordinates system for better modelisation. The process requires transforming the turbines into a form of data 

that is well recognized by the optimization models. Referring to the Figure 2, the graph theory is a set of points 

where the pairs wind turbines (WTG) which are directly connected by one or more links. 

 

 

 
 

Figure 1. Wind turbine coordinates using (i,j) system 

 

 

 
 

Figure 2. Graph theory for 2 WTG (i, i+1) 

 

 

The graph theory consists of a set of vertices denoted as “V” and a set of edges denoted as “E”. A 

simple directed graph is a type of graph with no multiple edges or loops, meaning each pair of vertices has at 

most one directed edge between them. It can be defined by its set of vertices and edges. The incidence function 

𝛄 associates each edge with a pair of vertices, defined as 𝛄: E → V × V [5]. Thus, the following definition: 
 

𝐆=(𝐄,𝐕) & 𝐆=(𝐄,𝐕,𝛄)  
 

as shown by the numbering of turbines in Table 1, zone 1 is equipped with 44 turbines. As well as figured in 

Table 2 with 87 turbines. 
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Table 1. Zone 1, turbines numbering 
Grappe Ligne Turbines Number 

15 1 113-114-115-116-117-118 6 

14 2 107-108-109-110-111-112 6 
13 3 101-102-103-104-105-106 6 

12 4 95-96-97-98-99-100 7 

11 5 88-89-90-91-92-93-94 6 

17 6 126 -127-128-129-130-131 6 

16 7 119-120-121-122-123-124-125 7 

 

 

Table 2. Zone 2 and 3, turbines numbering 
Grappe Ligne Turbines Number 

1 12 1-2-3-4-5-6-7-8-9 9 
5 10 37-38-39-40-41-42-43-44-45 9 

6 10 46-47-48-49-50-51-52-53-54 9 

7 9 55-56-57-58-59-60-61-62-63-64 10 

10 8 82-83-84-85-86-87 6 

2 12 10-11-12-13-14-15-16-17-18 9 

3 11 19-20-21-22-23-24-25-26-27 9 

4 11 28-29-30-31-32-33-34-35-36 9 
8 9 65-66-67-68-69-70-71-72-73 9 

9 8 74-75-76-77-78-79-80-81 8 

 

 

The wind turbine is dimensioned to provide a nominal power at a defined range of nominal wind speed 

following a determined power curve [6]. The annual production of is calculated from the measurements of the 

power curve which follows a Rayleigh distribution of the wind speed. For each turbine (N=8,760 h and  

𝑃𝑖: Power at turbine indexed -i- and F(V): cumulative probability distribution of Rayleigh & Vm: Mean wind 

speed). 

 

𝑃 = 𝑁 . ∑ [(𝐹(𝑉𝑖) − 𝐹(𝑉𝑖−1)]. [𝑃𝑖−1 + 𝑃𝑖] 2⁄131 
𝑖=1  𝐹(𝑉) = 1 − 𝑒−𝜋/4(

𝑉

𝑉𝑚
)2

  

 

The logic function with binary real values which will take into account the startup per turbine. It takes two 

main values that represent the status of each turbine, it eliminates several calculations that are not needed: 

 

𝜁 𝑖: [1. . .131] → [0.1]  

 

𝛇i=1 means that the turbine of index i is in service and 𝛇i = 0 is out of service. The electrical losses are primarily 

due to the Joule effect, consequently, for overhead and underground lines with equivalent manufacturing 

material and section, the losses are theoretically equal [7], [8]. Referring to the complete internal grid presented 

in Figure 3 combining the 3 zones of the wind farm to better model the data of the global system of functions 

(note that Ii is the current passing through the line between wind turbine number i and i+1). 

 

𝑃𝐿𝑇1 = ∑ (𝑅𝑖
131
𝑖=1 . 𝐼𝑖

2) & 𝑃𝐿𝐶 = ∑ (𝑅𝑐𝑖
12
𝑖=1 . 𝐼𝑐𝑖

2) + ∑ (𝑅𝑐𝑖𝑇𝐴𝐻
7
𝑖=1 . 𝐼𝑐𝑖𝑇𝐴𝐻

2)  

𝑃𝐿𝑃 = ∑ (𝑅𝑙𝑝𝑖
2
𝑖=1 . 𝐼𝑙𝑝𝑖

2) + (𝑅𝑙𝑝𝑇𝐴𝐻 . 𝐼𝑙𝑝𝑇𝐴𝐻
2)  

𝑃𝐻𝑇 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 = 𝑅𝐻𝑉 . 𝐼𝐻𝑉
2 & 𝑃𝐻𝑇 𝑔𝑟𝑖𝑑 𝑎𝑐𝑐𝑒𝑠𝑠 = 𝑅𝐻𝑉 . 𝐼𝐻𝑉

2  

 

2.2.  Technical constraints 

The theoretical power present in a kinetic energy from of a crossing wind, where Pw is the power (W), 

rho is the air density, A is the surface area and V is the wind speed. The power available increases dramatically 

with speed, as the cube of speed is the most important factor in the equation. It estimates the maximum amount 

of power that can be extracted: 𝑃𝑤 = 1 2⁄ 𝜑Α𝑉3. The turbine can only recover part of this power. It is the 

mechanical power available on the transmission shaft calculated according to 𝑃𝑚 = 1 2⁄ 𝐶𝑃𝜑π𝑅2𝑉3. The torque 

C is deduced as follows (𝑊2𝑖 = 1500 & 𝑚 = 𝑐𝑡𝑒): ∑ 𝑊2𝑖 . (𝐶1𝑖 𝑚⁄ − 𝐶2𝑖)
131
𝑖=1 ). The electrical losses in the internal 

grid are limited to 2.3% of the total energy over a given period (1). The voltage drops must not exceed certain 

values respectively 3% [9], 5% and 8% for LV, MV and HV [10].  

 
∑ 𝑅𝑖

131
𝑖=1 𝐼𝑖

2 + [∑ (𝑅𝑐𝑖
12
𝑖=1 𝐼𝑐𝑖

2) + ∑ (𝑅𝑐𝑖𝑇𝐴𝐻
7
𝑖=1 𝐼𝑐𝑖𝑇𝐴𝐻

2) + ∑ (𝑅𝑙𝑝𝑖
2
𝑖=1 𝐼𝑙𝑝𝑖

2) + (𝑅𝑙𝑝𝑇𝐴𝐻 𝐼𝑙𝑝𝑇𝐴𝐻
2) + (𝑅𝐻𝑉 𝐼𝐻𝑉

2) ≤ 2.3%. P Total (1) 

• ∆𝑈 𝑈⁄  𝐿𝑉 = ∑  131
j=1 ( P𝑗 . L𝑗 U𝑗

2⁄ ) (R𝑗 . cosρ + X𝑗 . sinρ) ≤ 3 %  

• ∆𝑈 𝑈⁄  𝑀𝑉 = ∑  12
j=1 (P𝑐𝑖 . L𝑐𝑖 U𝑐𝑖

2⁄ )(R. cosρ + X. sinρ). c𝑖 + ∑ (P𝐿 /U2) c𝑖𝑇𝐴𝐻 . [(R. cosρ + X𝑗 . sinρ)]. c𝑖𝑇𝐴𝐻
7
i=1 ≤ 5 %  

• ∆𝑈 𝑈⁄  𝐻𝑇 = (𝑃. 𝐿 𝑈2⁄ )𝐻𝑇 . (R. cosρ + X. sinρ)𝐻𝑇 ≤ 8 %  
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The availability is a contractual commitment between the project company and the turbine supplier. 

It is calculated per turbine for each month but the yearly average rate is the final ration to consider for the 

official reporting (monthly rate serves as internal key analysis) [11]. 

 
[T2 – (T1 − (T4  +  T3)] T2⁄   

 

- T2: means the total time and T1: the during the period T2 during which the wind Turbine is stopped. 

- T3: time in T2 where the turbine cannot operate due to site conditions. 

- T4: time in T2 where the turbine cannot operate due to any interruption by the grid or force majeure [12].  

 

Turbine Availability = 
[T2 – (T1−(T4 + T3)]

T2
 ≥ 97 % & Turbine Unavailability = 1 − 

[T2 – (T1−(T4 + T3)]

T2
 ≤ 3 % 

 

 

 
 

Figure 3. Internal electrical grid configuration for the 3 zones 

 

 

2.3.  Final formulation of the complex system 

The final configuration and optimization of the wind farm signifies the culmination of extensive 

engineering analysis and design. This comprehensive formulation has been intricately tailored to harness the 

potential of wind resources in the area, considering factors such as turbine placement, grid integration and 

technical. 

 

Max[∑ 𝜁𝑖 [(𝑁. [𝑒−𝜋/4(
𝑣𝑖

𝑣𝑚
)2 + 𝑒−𝜋/4(

𝑣(𝑖−1)

𝑣𝑚
)2].

[𝑃𝑖−1 +𝑃𝑖]

2
)]131 

𝑖=1 − 𝑊2𝑖(𝐶1𝑖 𝑚⁄ − 𝐶2𝑖) − 𝑅𝑖 . 𝐼𝑖
2 − [ ∑ (𝑅𝑐𝑖

12
𝑖=1 . 𝐼𝑐𝑖

2) + ∑ (𝑅𝑐𝑖𝑇𝐴𝐻
7
𝑖=1 . 𝐼𝑐𝑖𝑇𝐴𝐻

2) +

∑ (𝑅𝑙𝑝𝑖
2
𝑖=1 . 𝐼𝑙𝑝𝑖

2) + (𝑅𝑙𝑝𝑇𝐴𝐻 . 𝐼𝑙𝑝𝑇𝐴𝐻
2) + (𝑅𝐻𝑉 . 𝐼𝐻𝑉

2)]] 
 

▪ ∑ 𝜁𝑖
131 
𝑖=1  ≤ 131  

▪ 1 – [𝑇2 – (𝑇1 − (𝑇4 + 𝑇3) 𝑇2⁄ ]  ≤ 3 %  

▪ ∑  131
𝑗=1 ( 𝑃𝑗 . 𝐿𝑗 𝑈𝑗

2⁄ ) (𝑅𝑗 . 𝑐𝑜𝑠𝜌 + 𝑋𝑗 . 𝑠𝑖𝑛𝜌) ≤ 3 %  
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▪ (𝑃. 𝐿 𝑈2⁄ )𝐻𝑇 . (𝑅. 𝑐𝑜𝑠𝜌 + 𝑋. 𝑠𝑖𝑛𝜌)𝐻𝑇 ≤ 8 %  

▪ ∑  12
𝑗=1 ( 𝑃𝑐𝑖 . 𝐿𝑐𝑖 𝑈𝑐𝑖

2⁄ )(𝑅. 𝑐𝑜𝑠𝜌 + 𝑋. 𝑠𝑖𝑛𝜌). 𝑐𝑖 + ∑ (𝑃𝐿 /𝑈2) 𝑐𝑖𝑇𝐴𝐻 . [(𝑅. 𝑐𝑜𝑠𝜌 + 𝑋𝑗 . 𝑠𝑖𝑛𝜌)]. 𝑐𝑖𝑇𝐴𝐻
7
𝑖=1 ≤ 5 %  

▪ ∑ 𝑅𝑖
131
𝑖=1 𝐼𝑖

2 + [∑ (𝑅𝑐𝑖
12
𝑖=1 𝐼𝑐𝑖

2) + ∑ (𝑅𝑐𝑖𝑇𝐴𝐻
7
𝑖=1 𝐼𝑐𝑖𝑇𝐴𝐻

2) + ∑ (𝑅𝑙𝑝𝑖
2
𝑖=1 𝐼𝑙𝑝𝑖

2) + (𝑅𝑙𝑝𝑇𝐴𝐻 𝐼𝑙𝑝𝑇𝐴𝐻
2) + (𝑅𝐻𝑉 𝐼𝐻𝑉

2) ≤ 2.3%.𝑃 Total 

 

- 𝑉𝑚: average wind speed & 𝑉𝑖 : average wind speed at the point i & 𝑃𝑖  : production of turbine i. 

- 𝑊2: fast arm rotation speed, 𝑊1 : slow arm rotation speed & 𝑚 : multiplication ratio. 

- 𝐶1 : the torque at the level of the slow arm & 𝐶2 : the torque at the level of the fast arm. 

- 𝑅𝑖: line resistance between generator and foot station & 𝐼𝑖  : line current between generator and foot station. 

- 𝑅𝑐: the resistance of the 33 kV line & 𝐼𝑐  : the line current flowing in the 33 kV lines. 

- 𝑅𝑐𝑖𝑇𝐴𝐻: resistance of 33 kV line in TAH zone & 𝐼𝑐𝑖𝑇𝐴𝐻  : line current flowing the 33 kV lines in the TAH 

zone. 

- 𝑅𝑙𝑝: resistance of the 33 kV line & 𝐼𝑙𝑝 : the line current flowing in the 33 kV lines. 

- 𝑅𝐻𝑉: resistance of the 225 kV line & 𝐼𝐻𝑉: the line current flowing in the 225 kV lines. 

 

 

3. RESULTS AND DISCUSSION 

In GA a population of individuals is represented by strings of symbols called chromosomes, that 

represents a potential solution to the complex system. In the case of optimizing the production of a wind farm, 

each chromosome could represent a different configuration of the turbines and other components of the system. 

To evaluate each chromosome, a fitness function is used to measures the quality of the solution in terms of its 

ability to generate energy while respecting the constraints [13]. The objective function is typically nonlinear 

and nondifferentiable, which makes it difficult to use traditional optimization techniques. In a typical GA, the 

optimization process proceeds through a series of iterations, each of which involves selecting the fittest 

individuals from the current population as parents for the next generation. This selection is often based on a 

stochastic process that favors individuals with higher fitness scores. Once the parents are selected, a crossover 

operator combines their chromosomes to generate one or two offspring that inherit some of the traits of each 

parent [14]. The offspring may then be subject to random mutations that introduce small changes to their 

chromosomes, thereby increasing the diversity of the population. 

The new generation of offspring is then evaluated using the objective function, and the same steps are 

repeated till a stopping criterion is reached. This criterion can be based on a maximum number of iterations, a 

minimum level of fitness. In the case of optimizing wind energy production, GA could be used to explore 

configurations of turbines and other components, in order to find the optimal balance between energy 

production and maintenance requirements. The GA could also take into account environmental factors such as 

wind patterns and weather conditions to further improve the performance of the wind farm. 

 

3.1.  System model 

GA involves creating a population of candidate solutions and fitness functions for assessment. GA 

searches through a large space of candidates to find an optimal or nearoptimal solution. GA is highly effective 

at finding solutions to complex problems, especially when the problem space is large and difficult to search 

using traditional techniques [15], [16]. The different steps of a genetic algorithm are the creation of individuals, 

creation of the space of configurations, then, the adaptation to the environment (fitness), and last, the crossing 

and mutation to avoid genetic drift. Within the complete framework of this work, referring to the main goal of 

the objective function and the constraints, the proposed individual for the GA scripts is defined as:  

 

N=[𝑁1, 𝑁2, 𝑁3,......, 𝑁365]  

 

the “N” is the vector representing the number of turbines that needs to be available per day. The daily number 

“Ni” ensures the maximum of production in respect of the applied limitations, curtailment, maintenance 

schedule and other constraints. Starting from the defined individual “N”, the GA lunch the reproduction using 

the selection, crossover, and mutation operators to create a new population of individuals. The selection 

identifies the fittest individuals in the current population to be chosen as parents for the next generation. 

Crossover then combines the genetic information of the selected parents. Mutation introduces random changes 

into the offspring's genetic information to increase diversity in the new population. 

 

3.2.  Scripts for the functions and constraints 

Referring to the project basic design, the data on Table 3 shows the values for the current and different 

levels of voltge at all sections of the internal grid. Also, the exact lengths and distances with the cable sections 

for all sections of 690 kV, 33 kV, and 225 kV. These values are critical for optimizing the flow of electricity 

and ensuring efficient simulation and optimization of the formulated system. 
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Table 3. HV 225 kV grid and internal grid 33 kV technical data (including distances) 
Line i Line j S(mm²) L (m) R (Ω) X I (A) U (V) 

1 2 240 280.2 0.042 0.042 64 33000 
1 3 240 280.2 0.042 0.042 128 33000 

1 4 240 280.2 0.042 0.042 192 33000 

1 5 240 279.3 0.0418 0.0418 256 33000 
1 6 240 280.6 0.042 0.042 320 33000 

1 7 240 280.2 0.042 0.042 384 33000 

1 8 400 279.3 0.025 0.0418 448 33000 
1 9 500 280.2 0.02 0.042 513 33000 

A9 PYLONE 

MV 

630 200 0.02 0.042 576.62 33000 

PYLONE 

LV 

ATR 

LV/HV 

181 3450 0.63 0.51 409 33000 

ATR 
LV/HV 

AG1 630 100 0.02 0.042 576.62 33000 

1 11 240 280.2 0.042 0.042 64 33000 

1 12 240 280.2 0.042 0.042 128 33000 
1 13 240 280.2 0.042 0.042 192 33000 

1 14 240 279.3 0.0418 0.0418 256 33000 

1 15 240 280.6 0.042 0.042 320 33000 
1 16 240 280.2 0.042 0.042 384 33000 

1 17 400 279.3 0.025 0.0418 448 33000 

1 18 500 280.2 0.02 0.042 513 33000 
A18 PYLONE 

MV 

630 200 0.02 0.042 576.62 33000 

PYLONE 
MV 

ATR 
MV/HV 

181 3450 0.63 0.51 409 33000 

ATR 

MV/HV 

AG2 630 100 0.02 0.042 576.62 33000 

 

 

The following objective function script (fitness function Algorithm 1) represents the conclusive 

maximization process. It encapsulates a comprehensive set of constraints in Algorithms 2 and 3 and limitations 

in Algorithm 4, that the resolution process must meticulously account for, ensuring that the final outcome 

aligns with specified criteria and regulatory requirements. These adaptable scripts can be seamlessly integrated 

into various programming codes, facilitating the iterative optimization process by displaying each step's 

evolution with variable parameters and fixed values: 

 

Algorithm 1. Fitness function represents the conclusive maximization process 
function F=fitness (a,b,c,d,y,f,g,h,k1,k2,k3,k4,k5,k6) 

N=8760;F=0;a=0;b=0;c=0;s1=0;F=0;d=0;y=1500;f=0;g=0;h=0.04;k=64;v=12;m=85;k2=0;k3=0;k4=0;k5=

0;k6=0;l2=0;l3=0;k4=0;l4=0; 

 for i= 1:131 

 s=-N*[((- exp ((-(3.14/4) *(a/v) ^2))) + exp ((-(3.14/4) *(b/v) ^2)) *((c+d)/2)) -(y*(f/m-

g)) -(h*(k^2))]; s1=s1+s; 

 end 

 for i= 1:12 j2=(0.63*(k2^2)); l2=l2+j2; 

 end 

 for i= 1:7 j3=(0.63*(k3^2)); l3=l3+j3; 

 end 

 for i= 1:2 j4=(0.63*(k4^2)); l4=l4+j4; 

 end  

 j5=(0.63*(k5^2)); j6=(0.02*(k6^2)); c1=l2+l3+l4+j5+j6; F=(s1-c1);  

 end 

 

Algorithm 2. It represents the main technical constraints related the electrical line losses into the internal grid 

of the project 
function c1=contraint (k,k1,k2,k3,k4,k5);l1=0;l2=0;l3=0;l4=0;k=0;k1=0;k2=0;k3=0;k4=0;k5=0; 

 for i= 1:131; j1=(0.04*(k^2)); l1=l1+j1;  

 end 

 for i= 1:12; j2=(0.63*(k1^2)); l2=l2+j2; 

 end 

 for i= 1:7; j3=(0.63*(k2^2)); l3=l3+j3; 

 end 

 for i= 1:2; j4=(0.63*(k3^2)); l4=l4+j4; 

 end  

 j5=(0.63*(k4^2)); j6=(0.02*(k5^2)); c1=l1+l2+l3+l4+j5+j6; if c1 <= 0.23; c1 = c1; 

 end 
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Algorithm 3. It represents the availabilty limitations that is contractualy limited in the time rates 
function c2=contraint2(m, l, n); l=0; n=0; m=0; a=8760;  

 for i= 1:131; s=1-((8760-(l-(m+n)))/8760);  

 end   

 if (s <= 0.03); c2=s;   

 end   

 

Algorithm 4. It represents the tensions drops limitations for the different levels of voltage 
function c3=contraint3(p); p=1; 

 for i= 1:131; s=((p*83)/ (690^2)) *(0.04*0.8+0.04*0.6); c3=s; 

 end 

 if (s <= 0.03); c3=c3; else c3=0; 

 end 

 

3.3.  Results of the simulation 

The final modelisation ends with a linear constraint representing the system A*X ≤ B, where “A” is 

the matrix which contains the coefficients of the vector “X” and “B” is the vector of constants which delimits 

the constraints. Table 4 presented below shares the final results of Matlab Simulink, the outputs that the 

operation and maintenance (O&M) team must adopt to effectively schedule operations and maintenance on the 

turbines. These results provide critical insights into the availability of the turbines on a daily basis over the 

course of one operational year. Importantly, the number of available turbines per day is carefully calibrated to 

comply with all the constraints and limitations specified in the asset case study. 

Refeering to the based inpust in Table 3 that shows the reel values calculated or adopted for all 

technical limitations and constraints of the full GA system represented the equation A*X ≤ B, where 

successively: 

- A: Is the matrix data,  

- X: Is the variable vector & B: Is the constraints vector. 

 

[
 
 
 
 
 
 
 
 
 
−1 1 −1 −1 0 0 0 0 0 0 0 0 0
0 0 0 0 98.4 0 0 0 0 0 0 0 0
0 0 0 0 0 0.001 0 0 0 0 0 0 0
0 0 0 0 0 0 0.001 0 0 0 0 0 0
0 0 0 0 0 0 0 0.001 0 0 0 0 0
0 0 0 0 0 0 0 0 5.5 0 0 0 0
0 0 0 0 0 0 0 0 0 0.76 0 0 0
0 0 0 0 0 0 0 0 0 0 0.76 0 0
0 0 0 0 0 0 0 0 0 0 0 0.063 0
0 0 0 0 0 0 0 0 0 0 0 0 0.063]

 
 
 
 
 
 
 
 
 

 

 
𝑋 = [𝐶1 = 𝑎 𝐶2 = 𝑏 𝑇2 = 𝑐 𝑇1 = 𝑑 𝑇4 = 𝑒 𝑇3 = 𝑓 𝑃𝑏 = 𝑔 𝑃ℎ = ℎ 𝑃𝑚 = 𝑖 𝐼 = 𝑘 𝐼𝑐 = 𝑙 𝐼𝑝 = 𝑚 𝐼ℎ = 𝑛] 

 
𝐵 = [0.05 −0.97 0.03 0.08 0.05 249 0 0 0 0 0 0 0] 

 

The result in Figure 4 allows a clear vision about the yearly O&M mode. It is worth that the scheduled 

stops accounted for in the results reflect an average of 3 to 4 hours of continual work for planned interventions 

and up to 12 hours on average for incidents [17]. These stops are crucial and important for maintaining the 

optimal performance of the wind turbines and ensuring that they operate safely and efficiently over the long 

term. By careful consideration of the availability in the results, the O&M team can effectively plan and execute 

maintenance activities to minimize downtime and optimize turbine performance [18]. 

 

3.4.  Discussions 

The fields of O&M optimization were not treated in complete and full scope, means (data, grid, 

maintenance, contracts, limitations, and EIA). The modelisation as proposed for this work covers the main 

KPIs that are crucial for the reel operational management of the wind assets in Morocco. However, incidents 

and hazards that are not possible to be predicted in advance will remain at the O&M team for a daily or hourly 

handle referring to the incurred criticality. The presented method of this works contains all the steps needed to 

duplicate the same approach for others assets, it includes the functions and the scripts for MATLAB Silumink. 

GA process is effective in finding optimal solutions for many problems, there are some limitations 

and challenges to the reliability and efficiency levels [19], [20]. The challenges with GA are that they can 

sometimes get stuck in local optima, rather than finding the global optimum. This happens when the algorithm 

converges to a suboptimal solution that is the best in the local neighborhood, but not the best possible overall 

solution [21]. This can be especially difficult for problems with many variables and complex landscapes, as 

there may be many local optima that need to be avoided to find the global optimum. 

A 5-year warranty for turbine technologies can be a significant factor in the decision making process 

of RE projects [22]. It provides levels of inssurance to buyers that the technology is reliable and backed by the 
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manufacturer. It can also provide protection against unexpected failures or maintenance issues that may arise 

during the first years. For limited cases it may not be sufficient to address all potential issues that could arise 

with wind turbine technologies [23], [24], for example, some issues may not become apparent until several 

years into the turbine's lifetime, after the warranty has expired. In addition, the warranty may not cover all 

potential failure modes or maintenance issues, leaving the buyer responsible for additional costs or repairs. 

WTG suppliers offer guarantees that cover repairs for certain components or systems [25], [26]. The 

wind farm operators may choose to purchase insurance to protect against unexpected losses. In the event that 

a wind turbine stops functioning and requires repairs, the insurance policy may cover some or all of the costs 

associated with the downtime. It's worth noting that the specifics of guarantees and insurance coverage can 

vary depending on the manufacturer, the insurance provider, and the specific terms of the policy [27], [28]. 

 

 

Table 4. Results of GA simulation showing the must number of turbines per day 

 

 

 
 

Figure 4. Results of simulation on MATLAB Simulink 

 

 

 
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov.  Dec. 

N1 131 131 129 131 131 126 131 131 131 131 131 131 

N2 131 131 129 131 131 126 131 131 131 131 131 131 

N3 131 131 129 131 131 126 131 131 131 131 131 131 

N4 131 131 129 131 131 126 131 131 131 131 131 127 

N5 131 131 129 131 131 126 131 131 131 131 131 137 

N6 131 131 129 131 131 126 131 131 131 131 131 127 

N7 131 131 129 131 131 126 131 131 131 131 131 127 

N8 131 131 129 131 131 126 131 131 131 131 131 127 

N9 131 131 129 131 131 126 131 131 131 131 131 127 

N10 131 131 129 131 131 126 131 131 131 131 131 127 

N11 131 131 129 131 131 126 131 131 131 131 131 127 

N12 131 131 129 131 131 0 131 131 131 131 131 131 

N13 131 131 129 131 131 0 131 131 131 131 131 131 

N14 131 131 129 131 131 131 131 131 131 131 131 131 

N15 131 131 129 131 131 131 131 131 131 131 131 131 

N16 131 131 129 131 131 131 131 131 130 131 131 131 

N17 131 131 129 131 131 131 131 131 130 131 131 131 

N18 131 131 0 131 131 131 131 131 130 131 131 131 

N19 131 131 129 131 131 131 131 131 130 131 131 131 

N20 131 131 129 131 131 131 131 131 130 131 131 131 

N21 131 131 129 131 131 131 131 131 131 126 131 131 

N22 131 131 129 131 131 131 131 131 131 126 131 131 

N23 131 131 129 131 131 131 131 131 131 126 131 131 

N24 131 131 129 131 131 131 131 131 131 126 131 131 

N25 131 131 129 131 131 131 131 131 129 126 131 131 

N26 131 131 129 131 131 131 131 131 129 126 131 131 

N27 131 131 129 131 131 131 131 131 129 126 131 131 

N28 131 131 129 131 131 131 131 131 129 126 131 131 

N29 131 131 129 131 131 131 131 131 130 126 131 131 

N30 131 Na 129 131 131 131 131 131 130 126 131 131 

N31 131 Na 129 Na 131 Na 131 131 Na 126 Na 131 
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4. CONCLUSION 

The wind farms are exposed to several types of stops for maintenance or curtailments, some turbine’s 

stops are previously scheduled however others are hazardous depending on the criticality of the incident. The 

team that manages the operations refers to contractual clauses with the grid operator and the turbine 

manufacturer, also for some cases to the environmental limitations, those listed contractual clauses impact 

hugely the production profile and the finance balance. The target is to maximise the gross and net production 

while respecting the minimum rate for turbine unavailability and the forced contractual power curtailments. 

The modelization of the project ends with a complex mathematical system that requires the genetic algorithms 

script for optimal resolution. Through MATLAB, the GA refers to a proposed configuration of an individual 

that represents the solution format and then after the GA generates the population regrouping a family of 

individuals that will be exposed to the test in order to come out with the optimised individuals that represents 

the best theoretical solution. The optimised solution outputted by the GA trough Mathlab represents the 

numbers of turbines that must to be operational per day allowing to generate the maximum of energy production 

and minimise the curtailment through reduce the unavailability of the turbines. 

The solution shared in this work is practical during the lifetime of the O&M phase. The corresponding 

number of turbines that must be operational per day is the most optimised schedule to maximise the annual 

production and for better management of the assets during 20 years. Similar wind assets can follow the same 

process described in this article for the optimisation of the main KPIs. Overall, optimizing a wind farm requires 

a multidisciplinary approach, bringing together experts in wind energy, electrical engineering, and 

environmental science. With the right approach and expertise, it is possible to maximize the energy output of 

the wind farm while minimizing the costs and environmental impact associated with its operation. Actual needs 

of green energy (competitive LCOE) are now more oriented to the large-scale production of green hydrogen, 

knowing the technical process of water electrolysis, the full control and optimisation on the green energy supply 

is more critical for the efficiency of the O&M strategy. 

 

 

REFERENCES 
[1] M. El Jaadi, T. Haidi, and D. Bouabdallaoui, “Particle swarm optimization for the optimal layout of wind turbines inside a wind 

farm,” IAES International Journal of Artificial Intelligence, vol. 12, no. 3, pp. 1260–1269, Sep. 2023, doi: 

10.11591/ijai.v12.i3.pp1260-1269. 

[2] C. Inês, P. L. Guilherme, M. G. Esther, G. Swantje, H. Stephen, and H. Lars, “Regulatory challenges and opportunities for collective 

renewable energy prosumers in the EU,” Energy Policy, vol. 138, p. 111212, Mar. 2020, doi: 10.1016/j.enpol.2019.111212. 
[3] N. Elmouhi, A. Essadki, and H. Elaimani, “Robust control of wind turbine based on doubly-fed induction generator optimized by 

genetic algorithm,” International Journal of Power Electronics and Drive Systems, vol. 13, no. 2, pp. 674–688, Jun. 2022, doi: 

10.11591/ijpeds.v13.i2.pp674-688. 
[4] R. Malemnganbi and B. A. Shimray, “An integrated multiple layer perceptron-genetic algorithm decision support system for 

photovoltaic power plant site selection,” International Journal of Electrical and Computer Engineering, vol. 12, no. 2, pp. 1965–

1972, Apr. 2022, doi: 10.11591/ijece.v12i2.pp1965-1972. 
[5] R. V. Rao and B. K. Patel, “A subjective and objective integrated multiple attribute decision making method for material selection,” 

Materials and Design, vol. 31, no. 10, pp. 4738–4747, Dec. 2010, doi: 10.1016/j.matdes.2010.05.014. 

[6] Y. Y. Koay, J. D. Tan, S. P. Koh, K. H. Chong, S. K. Tiong, and J. Ekanayake, “Optimization of wind energy conversion systems 
– an artificial intelligent approach,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 11, no. 2, pp. 

1040–1046, Jun. 2020, doi: 10.11591/IJPEDS.V11.I2.PP1040-1046. 

[7] D. Gerada, A. Mebarki, N. L. Brown, K. J. Bradley, and C. Gerada, “Design aspects of high-speed high-power-density laminated-
rotor induction machines,” IEEE Transactions on Industrial Electronics, vol. 58, no. 9, pp. 4039–4047, Sep. 2011, doi: 

10.1109/TIE.2010.2098364. 

[8] D. J. B. Smith, B. C. Mecrow, G. J. Atkinson, A. G. Jack, and A. A. A. Mehna, “Shear stress concentrations in permanent magnet 
rotor sleeves,” in 19th International Conference on Electrical Machines, ICEM 2010, Sep. 2010, pp. 1–6, doi: 

10.1109/ICELMACH.2010.5608232. 

[9] A. J. Moses, N. Derebasi, G. Loisos, and A. Schoppa, “Aspects of the cut-edge effect stress on the power loss and flux density 
distribution in electrical steel sheets,” Journal of Magnetism and Magnetic Materials, vol. 215, pp. 690–692, Jun. 2000, doi: 

10.1016/S0304-8853(00)00260-2. 

[10] K. Herbandono and C. S. A. Nandar, “Adaptive robust control design to enhance smart grid power system stabilization using wind 
characteristics in Indonesia,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 12, no. 4, pp. 2182–

2190, Dec. 2021, doi: 10.11591/ijpeds.v12.i4.pp2182-2190. 

[11] H. Su and C. Jung, “Perceptual enhancement of low light images based on two-step noise suppression,” IEEE Access, vol. 6, pp. 
7005–7018, 2018, doi: 10.1109/ACCESS.2018.2790433. 

[12] R. Mkhaitari, M. Zazoui, and Y. Mir, “Underperformance analysis of wind turbines - Icing -,” E3S Web of Conferences, vol. 336, 

p. 00016, Jan. 2022, doi: 10.1051/e3sconf/202233600016. 
[13] Y. Sun, M. Fang, and Y. Su, “AGV path planning based on improved Dijkstra algorithm,” Journal of Physics: Conference Series, 

vol. 1746, no. 1, p. 012052, Jan. 2021, doi: 10.1088/1742-6596/1746/1/012052. 

[14] V. Bansal, R. Misra, G. D. Agarwal, and J. Mathur, “‘Derating Factor’ new concept for evaluating thermal performance of earth air 
tunnel heat exchanger: A transient CFD analysis,” Applied Energy, vol. 102, pp. 418–426, Feb. 2013, doi: 

10.1016/j.apenergy.2012.07.027. 

[15] G. Ye, G. Li, D. Wu, X. Chen, and Y. Zhou, “Towards cost minimization with renewable energy sharing in cooperative residential 
communities,” IEEE Access, vol. 5, pp. 11688–11699, 2017, doi: 10.1109/ACCESS.2017.2717923. 

[16] M. Asadi, K. Pourhossein, and B. Mohammadi-Ivatloo, “GIS-assisted modeling of wind farm site selection based on support vector 
regression,” Journal of Cleaner Production, vol. 390, p. 135993, Mar. 2023, doi: 10.1016/j.jclepro.2023.135993. 



                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 32, No. 3, December 2023: 1257-1266 

1266 

[17] A. H. Sule, A. S. Mokhtar, J. J. Bin Jamian, A. Khidrani, and R. M. Larik, “Optimal tuning of proportional integral controller for 

fixed-speed wind turbine using grey wolf optimizer,” International Journal of Electrical and Computer Engineering (IJECE), vol. 
10, no. 5, p. 5251, Oct. 2020, doi: 10.11591/ijece.v10i5.pp5251-5261. 

[18] M. Regad, M. Helaimi, R. Taleb, A. M. Othman, and H. A. Gabbar, “Control of hybrid power system based renewable energy 

generations using PID controller,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 11, no. 4, p. 1775, 
Dec. 2020, doi: 10.11591/ijpeds.v11.i4.pp1775-1784. 

[19] M. Harper, B. Anderson, P. James, and A. Bahaj, “Assessing socially acceptable locations for onshore wind energy using a GIS-

MCDA approach,” International Journal of Low-Carbon Technologies, vol. 14, no. 2, pp. 160–169, 2019, doi: 10.1093/ijlct/ctz006. 
[20] M. A. Baseer, S. Rehman, J. P. Meyer, and M. M. Alam, “GIS-based site suitability analysis for wind farm development in Saudi 

Arabia,” Energy, vol. 141, pp. 1166–1176, Dec. 2017, doi: 10.1016/j.energy.2017.10.016. 

[21] Z. Zhang, Y. Zhang, Q. Huang, and W.-J. Lee, “Market-oriented optimal dispatching strategy for a wind farm with a multiple stage 
hybrid energy storage system,” CSEE Journal of Power and Energy Systems, vol. 4, no. 4, pp. 417–424, Dec. 2018, doi: 

10.17775/CSEEJPES.2018.00130. 

[22] E. Gulski et al., “Discussion of electrical and thermal aspects of offshore wind farms’ power cables reliability,” Renewable and 
Sustainable Energy Reviews, vol. 151, p. 111580, Nov. 2021, doi: 10.1016/j.rser.2021.111580. 

[23] G. Higgs, R. Berry, D. Kidner, and M. Langford, “Using IT approaches to promote public participation in renewable energy 

planning: Prospects and challenges,” Land Use Policy, vol. 25, no. 4, pp. 596–607, Oct. 2008, doi: 
10.1016/j.landusepol.2007.12.001. 

[24] A. Borisavljevic, H. Polinder, and J. A. Ferreira, “On the speed limits of permanent-magnet machines,” IEEE Transactions on 

Industrial Electronics, vol. 57, no. 1, pp. 220–227, Jan. 2010, doi: 10.1109/TIE.2009.2030762. 
[25] R. Mkhaitari, Y. Mir, and M. Zazoui, “Assessing annual energy production using a combination of lidar and mast measurement 

campaigns,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 14, no. 4, p. 2398, Dec. 2023, doi: 

10.11591/ijpeds.v14.i4.pp2398-2408. 
[26] Y. Qin, Z. Li, J. Ding, F. Zhao, and M. Meng, “Automatic optimization model of transmission line based on GIS and genetic 

algorithm,” Array, vol. 17, p. 100266, Mar. 2023, doi: 10.1016/j.array.2022.100266. 
[27] J. J. Yang, M. Yang, M. X. Wang, P. J. Du, and Y. X. Yu, “A deep reinforcement learning method for managing wind farm 

uncertainties through energy storage system control and external reserve purchasing,” International Journal of Electrical Power & 

Energy Systems, vol. 119, p. 105928, Jul. 2020, doi: 10.1016/j.ijepes.2020.105928. 
[28] H. Jiang, S. Ning, Q. Ge, W. Yun, J. Q. Xu, and Y. Bin, “Optimal economic dispatching of multi-microgrids by an improved genetic 

algorithm,” IET Cyber-systems and Robotics, vol. 3, no. 1, pp. 68–76, Mar. 2021, doi: 10.1049/csy2.12008. 

 
 

BIOGRAPHIES OF AUTHORS  
 

 

Rachid Mkhaitari     he is a Ph.D. researcher at FSTM and graduated in 2015 as 

an engineer specializing in renewable energy from the ENSMR. Actually, working on wind 

energy performances and RE integration and the Main research direction is for the 

compliance of wind assets with the grid codes of HV operators in the Laboratory of Materials, 

Energy and Control Systems. He can be contacted at email: rachidmkhaitari@gmail.com. 

  

 

Yamina Mir     she is a state doctor, received the Ph.D. degree in Physics, now  

works at FSTM with experience as an animator in quality and energy management, a 

researcher in photovoltaics and energy efficiency. Also has experience as a quality auditor 

and technical expert in BVQI and SEMAC/IMANOR. She can be contacted at email: 

yaminamir47@gmail.com. 

  

 

Mimoun Zazoui     she is a state doctor, received the Ph.D. degree in Sciences of 

Physics. Expert in RE and solar systems. Actualy, he works at FSTM and Head of LPMCER 

Laboratory, head of thin films Materials and Photovoltaic Conversion. Vice-Chair of 

Development of Renewable Energy Moroccan Society. He manages the role of leader for 

many Research Projects. He can be contacted at email: zazouimimoun@yahoo.fr. 

 

https://orcid.org/0000-0003-2083-4451
https://scholar.google.com/citations?hl=fr&user=jTXbzjYAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=58036375900
https://www.webofscience.com/wos/author/record/IUO-2083-2023
https://orcid.org/0000-0001-7698-8797
https://www.scopus.com/authid/detail.uri?authorId=25926531300
https://orcid.org/0000-0003-2739-628X
https://scholar.google.com/citations?hl=fr&user=GMRBsHMAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=22996312300

