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 Irrigating the remote regions of southern Algeria, which generally use diesel 

generators, with clean, environmentally-friendly energy is a challenge. Taking 

into account the solar and wind potential of the Adrar region, a renewable 

system using both sources seems more cost-effective. The realization of hybrid 

renewable energy systems takes into account several technical, economic and 

environmental aspects. This study consists in finding an efficient and adequate 

energy supply for the irrigation of one hectare of date palm in the Adrar region. 

It proposes a mathematical modelling for the given problem in different 

possible models, for this, we used the basic concepts of multi-objective 

optimization (bi-objective), and the adaptation of the concept of genetic 

algorithms to find solutions. The theoretical foundations discussed in this 

research have enabled us to design and implement a software that optimizes the 

hybrid pumping system used for the irrigation of date palms by minimizing the 

total cost and reducing CO2 emissions produced by the diesel group. 
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1. INTRODUCTION 

It is well known that the optimal sizing methods of Hybrid systems can be classified into four categories: 

Intuitive method, analytical method, numerical method and intelligent method (Hontoria, Aguilera, and 

Zufiria 2005; Rawat, Kaushik, and Lamba 2016; Muhsen, Khatib, and Nagi 2017; Nekkache et al. 2018). 

Intuitive methods are the simplest, but they are less accurate and provide a rough estimation of the 

system component size. This method is based on the designer experience to determine the size of the 

                                                           
* Corresponding author, E-mail address: y.bakelli@cder.dz 

Tel : + 213 557 239 455 

https://doi.org/10.54966/jreen.v1i1.1252


Journal of Renewable Energies IREnDAYS’24 Algiers (2024) 127 – 135 

128 

PV system components according to ''worst month'' or yearly average values, including a certain safety 

margin. In this method, simple mathematical equations are used and the estimate is generally oversized. 

Analytical methods are simple and more accurate, relying on empirical relationships to calculate the 

sizing of the PV system components. These methods employ developed mathematical modelling for 

sizing a reliable and/or cost effective PV system. With these methods, the calculation of system's size is 

very simple and accurate, but their main drawback is the complexity of equation coefficient calculation 

("coefficient" depends heavily on the location and technical specifications of the system components). 

Numerical methods use a system simulation for each time and calculate the system's energy balance and 

the storage unit's State Of Charge (SOC). In general, the drawback of these methods is that they require 

long-term meteorological data and heavy calculations to best simulate system performance over a wide 

range of configurations. These long-term meteorological data are often used in many simulation 

software packages (PVSYST, HOMER, Retscreen, etc.) or in simulation environments such as 

MATLAB, TRANSYS, LABVIEW, etc.(M. Khattab et al. 2020; Yahyaoui et al. 2017; Sharma, Sharma, 

and Tiwari 2020; Al-Badi et al. 2018; Elkholy and Fathy 2016) 

Intelligent methods use artificial intelligence (AI) techniques such as artificial neural networks, fuzzy 

logic and nature-inspired metaheuristics.  

Metaheuristics are a class of intelligent self-learning algorithms for finding near-optimum solutions to 

hard optimization problems, mimicking intelligent processes and behaviors observed from nature, 

sociology, thinking, and other disciplines. Recently, a large class of metaheuristics has been used in 

many fields to solve complex optimization problems, due to their advantages over traditional 

optimization techniques. These methods are very accurate, reliable and can process incomplete data, but 

they require high computations.(Mazloumi et al. 2023; Nekkache et al. 2023; Ahmed and Demirci 2022; 

Monís et al. 2020) 

The review of PV systems sizing methods highlighted above, reveals the growing interest in the use of 

AI-based methods, particularly Metaheuristics. For this purposes, several recent metaheuristics have 

been applied in our study, some of them have been used for the first time in the PV pumping systems 

design. 

This study uses a genetic algorithm to solve the economic and environmental multi-objective sizing 

problem. The main novelty of this paper is that it considers different types of renewable energy 

combined with one non-renewable energy while taking environmental impacts and all life-cycle costs 

of the equipment into account. 

This paper is organized as follows: Section 2 presents the materials and methods where the optimization 

algorithm is described. Followed by the results and discussion of the algorithm in Section 3. Conclusions 

are drawn in Section 4. 

2. MATERIALS AND METHODS 

2.1 Hybrid PV/wind/diesel pumping system description 

The pumping system consists of a motor, a pump and a tank for the water storage. The interaction 

between the components allows the engine to convert the electrical energy provided by the hybrid 

system (PV-Wind-Diesel generator) into mechanical energy. The mechanical energy at the output of the 

engine makes it possible to run the pump, which will itself convert the mechanical energy received into 

hydraulic energy. 
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Thereafter, the water at the pump outlet will be stored in an adequate tank that depends on the water 

demand of the site to be irrigated. 

 

Fig 1. Schematic diagram of a hybrid PV/Wind/DG water pumping system with tank 

2.2 Hybrid PV/wind/DG pumping system mathematical model  

2.2.1 PV module modelling 

PV modules often operate at maximum power. This explains why the maximum power of the PV 

module/generator becomes an important point in PV module/generator modelling, and its estimation 

represents the main part of system component modelling. It can be modelled as follows: (Khenfous et 

al. 2018; Skoplaki and Palyvos 2009).  

𝑃𝑚 = 𝑃𝑚𝑎𝑥,𝑟𝑒𝑓 ∗ (
𝐺

𝐺𝑟𝑒𝑓
) [1 − 𝛾(𝑇𝑐 − 25)] (1) 

Where: Pmax,ref : Reference power under STC (1000 W/m2, 25°C), Tc: Module temperature (°C) and γ  

temperature coefficient of the power. 

2.2.2 Wind turbine model 

The most simplified model to simulate the power of a wind turbine can be described by:(Roy et al. 2022) 

𝑃𝑊(𝑣) =

{
 
 

 
 

                                   

𝑃𝑟 ∗ (
𝑉2 − 𝑣𝑆

2

𝑉2 − 𝑣𝑛
2),       (𝑣𝑆 < 𝑣 < 𝑣𝑛)           

𝑃𝑟,                          (𝑣𝑛 < 𝑣 < 𝑣𝑐)            

0,                                (𝑣 > 𝑣𝑐)                 

 (2) 

With: vS starting speed of the wind turbine, vn rated speed, vc Cut-off wind speed and Pr is the rated 

power. 

2.2.3 Diesel generator modelling 

Diesel generator modelling is based primarily on fuel consumption, which is linked to electrical power 

using the following model: (Dufo-López and Bernal-Agustín 2008; Khirennas et al. 2021). 

qGD(t) = a.PGD(t) + b.PGD.nom (3) 
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qGD (t) hourly fuel consumption. a and b [ l/kWh] characteristic constants of the diesel generator. PGD (t) 

power generated at time t. PGD.nom nominal power. 

2.2.4 Modelling the motor-pump unit 

Pumps are generally selected according to their operation, which depends on wellhead and flow rate. 

The motor-pump unit can be modelled using the following exponential model: (Bakelli, Hadj Arab, and 

Azoui 2012) 

𝑄𝑝𝑢𝑚𝑝(𝑃, ℎ) = ∝ (ℎ)𝑒𝑥𝑝
(
𝛽(ℎ)

𝑃𝑝𝑢𝑚𝑝
⁄ )

   (4) 

The coefficients α(h) and β(h) depend on the total head of the pump.h. 

With: 

α (h) = a0+ a1.h + a2.h2+ a3.h3 

β(h) = b0+ b1.h + b2.h2+ b3.h3 

2.2.5 System operation strategy 

To find the best configuration for your pumping system, it's important to define its operating strategy. 

This strategy takes into account the size of the tank, the amount of water pumped and the amount of 

water stored in the tank, which must meet load requirements at all times. The capacity and size of the 

water storage tank are generally taken in reference to autonomy days, which is often taken to be between 

1 and 3 days, depending on the availability of renewable resources. 

The tank's fill state depends on the hybrid energy system's output and load (demand) requirements. The 

following equation expresses the state of water tank storage: 

∆Q = Qpump + SOC – QL (5) 

 If ∆Q> 0: the remaining water is used to refill the reservoir. If the tank is completely full, the 

excess is discharged and SOC = SOCmax. 

 If ∆Q< 0: the total quantity of water cannot satisfy the load and SOC = SOCmin. In this case, the 

diesel unit is switched on at maximum power to fill the tank and satisfy the load. 

Thus, the power supplied to the pump becomes, Ppump = PPV + Pwind + Pdiesel 

Notations:  QL: Water load demand. Qpump: Pumped water quantity. Qmax: Maximum water quantity. 

SOC: Tank State Of Charge. PPV: Photovoltaic array power. Pwind: Wind turbine power. Pdiesel: Diesel 

power. Ppump: Power supplying the pump. Pnom: Pump rated power. 

2.3 Multi-objective optimization 

Most real-life optimization problems are described in terms of several objectives or criteria, often 

contradictory and sometimes complementary, which must be optimized simultaneously. (Heydari et al. 

2023). 

2.3.1 Decision variables 

Defining the decision variables for our model, we have:  
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NPV and NW ∈ ℕ+: integer variables that determines the number of photovoltaic modules and wind 

turbines respectively, needed to supply the electrical energy. The PV module used is SYP-50M-175 and 

the wind turbine is Whisper H80 1000W.  

 Dt ∈ {0, 1}: A binary variable worth 1 if the diesel unit is on at time t, 0 otherwise. 

 R ∈ ℝ+ : A positive real variable that determines the water tank capacity 

2.3.2 Constraints 

 Total water volume must meet the load demand 

 The power supplied to the pump must not exceed the pump's rated power 

 Tank capacity between a quarter and 3 times the maximum water quantity 

2.3.3 Objective functions 

Objective function of cost.  

The economic calculation of the pumping system is based on the costs of maintenance Cm, replacement 

Crep, operating Coper and initial investment ICcap of each system component (total life-cycle cost). Interest 

and inflation rates are considered in this study. Costs are given in Dollars. Its expression is given by the 

following equation: (Agajie et al. 2024) 

LCC = ICcap + Cm + Crep + Coper (6) 

The initial capital cost is the sum of the initial costs of all system components 

Table 1. Costs of each system component in Dollars 

Equipment  Unit cost (US$/W)  Maintenance cost (% 

of cost) 

Lifetime (years) 

PV module  1.5 1 25 

Wind turbine 3 3 20 

Diesel generator 700 $ 0 30 000 hours 

Motor-Pump 0.7 3 10 

Inverter 0.711 0 10 

Tank  130 $/m3 1 25 

Total installation cost 30% of PV, wind and diesel + 10% motor-pump unit 

 

Objective function of CO2 emissions.  

The total amount of CO2 produced by the diesel generator over 1 year is the correct measure of pollutant 

emissions and can therefore be used as a target to minimize. The CO2 emission function is written as 

follows: (Suryoatmojo 2014) 

𝐸𝐶𝑂2 = ∑ 𝛿𝑑𝑖𝑒𝑠𝑒𝑙 ∗ 𝑞𝐷𝐺(𝑡)

8760

1

 (7) 

δdiesel CO2 emissions per liter of diesel consumed 

Problem complexity.  

To measure the difficulty of a problem, we can calculate its algorithmic complexity by calculating its 

size: In terms of variables, our model (Strategy) comprises: 8760 binary, 2 integer and 1 continuous 
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variables. Moreover, in terms of constraints, it contains 8670 constraints of type (1), 8760 

constraints of type (2) and 1 constraint of type (3). 

Given the large problem size and mixed variables, and the fact that some non-linear constraints (type 1) 

are difficult to relax, this leads to NP-hard complexity. This model cannot be tested using solvers (exact 

methods), so we are turning to evolutionary solution methods. We are going to use evolutionary 

algorithms that exploit the principle of Darwinian genetics to solve NP-hard problems in general, and 

multi-objective optimization problems in particular. 

3. RESULTS AND DISCUSSION 

In what follows, we will describe the development environment for the resolution, and then adapt the 

method described in the previous section to our problem. Finally, we will present the application 

developed and how it works with the data provided by our center. 

3.1 Application presentation 

In this study, there are two objective functions to be minimized: lifetime cost and CO2 emission with 

three decision variables, namely: the number of PV modules, the number of wind turbines and the 

capacity of the water storage tank. Lower and upper limits are given for each variable. The input data 

for the simulation program are the meteorological data and the annual demand profile illustrated in the 

following figure 

 
 

  

Fig 2. Input Data of the simulation program 

3.2 Algorithm adaptation 

In this section, we present our adaptation of the NSGA II algorithm to solve our problem. To solve our 

problem, we have taken into account criteria concerning the state of the system at each initial population 

generation: every time the sum of the power supplied by the PV and wind generators exceeds the power 

of the pump, a reduction in the number of wind generators is affected. In our case, the first objective 

function is the sum of the unit, replacement and maintenance costs of each system component, the aim 
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being to minimize this function, and similarly for the second function, which is defined by the sum of 

the quantity of fuel used, multiplied by a constant. 

Minimizing these functions will therefore give a good balance between energy uses. To achieve this, we 

created a function that randomly activates the diesel generator instead of the wind generator. 

This algorithm is based on the principle of genetic algorithms: a population of individuals (solutions) 

evolving at the same time, each solution represented in the form of a chromosome. An artificial 

chromosome (usually in the form of a chain) represents each possible solution to the problem. In our 

case, an artificial chromosome represents the number of PV panels, wind turbines, fuel tanks and diesel 

consumption. 

3.3 Process and results 

The program was tested on real data for 2019 provided by the CDER center. 

The program generates a number of efficient solutions, and it is up to the decision-maker to choose the 

most suitable solution from these. 

 

 

Fig. 3. Graph of efficient solutions after several iterations 

 

We have taken results from several compilations of our method to compare with the results of the 

method used from CDER. 

Table 2. The results of the NSGA-II algorithm 

 Number of 

PV 

modules 

Number of 

wind 

turbines 

Tank 

capacity 

m3 

Number of 

operating hours 

of Diesel 

generator 

LCC 

($) 

CO2 

Emissions 

(kg) 

Solution 1 12 0 34  577 h 37202,037 1440,154 

Solution 2 10 0 28  626 h 37033,984 2091,593 

Solution 3 12 0 36  568 h 37401,408 1417,691 

Solution 4 15 1  41   238 h 46166.667 594.032 

3.4 The results of the algorithm 

The time taken to run the entire application for a size of 8760 hours over the twelve months of the year 

was 520,642 seconds, which is a fairly reasonable time considering the large size of the problem and its 

usefulness. 

The results obtained are therefore satisfactory and meet the desired objective. They demonstrate the 

performance and efficiency of the NSGA II algorithm. 
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The results show that a PV/Diesel/tank system is the best solution based on LCC, offering the lowest 

cost 37033,984 $ and the for the lowest CO2 emissions with 594.032 kg for a PV/Wind/Diesel/tank 

system.  

4. CONCLUSION 

For the optimal dimensioning of a hybrid water pumping system, consisting of photovoltaic (PV) 

modules, a wind generator, a motor-pump unit and a diesel unit with a tank, whose objective is to satisfy 

water needs while minimizing the total cost of the system and reducing CO2 emissions. 

After defining the system's operating strategy, we formulated the mathematical model that takes into 

account the problem's objective functions, constraints and set of decision variables.  

We chose a multi-objective evolutionary method to solve this bi-objective optimization problem. NSGA 

II enabled us to give the Pareto front, which contains the set of non-dominated solutions. 

The present work can be improved by adding: forecasting studies on meteorological conditions (wind 

speed, sunshine, temperature); adding another reliability objective, which will be maximized. As well 

as a comparative study between a system with and without water tank storage. 

REFERENCES  

Ferede Agajie E, Ferede Agajie T, Amoussou I, Fopah-Lele A, Basil Nsanyuy W, Khan B, Bajaj M, 

Zaitsev I, Tanyi E (2024). “Optimization of Off-Grid Hybrid Renewable Energy Systems for Cost-

Effective and Reliable Power Supply in Gaita Selassie Ethiopia.” Scientific Reports 14(1):10929. doi: 

10.1038/s41598-024-61783-z. 

Ahmed EEE, Demirci A (2022). “Multi-Stage and Multi-Objective Optimization for Optimal Sizing of 

Stand-Alone Photovoltaic Water Pumping Systems.” Energy 252:124048. doi: 

10.1016/j.energy.2022.124048. 

Al-Badi A, Yousef H, Al Mahmoudi T, Al-Shammaki M, Al-Abri A, Al-Hinai A (2018). “Sizing and 

Modelling of Photovoltaic Water Pumping System.” International Journal of Sustainable Energy 

37(5):415–27. doi: 10.1080/14786451.2016.1276906. 

Bakelli Y., Hadj Arab A, Azoui B (2012). “Modélisation d’un groupe moteur-pompe dans le banc 

d’essai de pompage photovoltaïque de l’URAER Ghardaïa.” Journal of Renewable Energies 15(1):103–

9. 

Dufo-López Rodolfo, Bernal-Agustín JL (2008). “Multi-Objective Design of PV–Wind–Diesel–

Hydrogen–Battery Systems.” Renewable Energy 33(12):2559–72. doi: 10.1016/j.renene.2008.02.027. 

Elkholy MM, Fathy A (2016). “Optimization of a PV Fed Water Pumping System without Storage 

Based on Teaching-Learning-Based Optimization Algorithm and Artificial Neural Network.” Solar 

Energy 139:199–212. doi: 10.1016/j.solener.2016.09.022. 

Heydari A, Majidi Nezhad M, Keynia F, Fekih A, Shahsavari-Pour N, Astiaso Garcia D, Piras G (2023). 

“A Combined Multi-Objective Intelligent Optimization Approach Considering Techno-Economic and 

Reliability Factors for Hybrid-Renewable Microgrid Systems.” Journal of Cleaner Production 

383:135249. doi: 10.1016/j.jclepro.2022.135249. 

Hontoria L., Aguilera J, Zufiria P (2005). “A New Approach for Sizing Stand Alone Photovoltaic 

Systems Based in Neural Networks.” Solar Energy 78(2):313–19. doi: 10.1016/j.solener.2004.08.018. 



Journal of Renewable Energies IREnDAYS’24 Algiers (2024) 127 – 135 

135 

Khenfous S, Kaabeche A, Bakelli Y, Mostefa Sba K (2018). “Optimal Size of Renewable Hybrid System 

Applying Nature-Inspired Algorithms.” Pp. 1–6 in 2018 International Conference on Wind Energy and 

Applications in Algeria (ICWEAA). Algiers: IEEE. 

Khirennas, A., Kaabeche A, Talha A, Bakelli Y (2021). “A New Optimal Sizing Methodology of 

Storage-Less PV System for Retrofitting Existing Diesel-Based Power Generation System within Mini-

Grids.” Energy Conversion and Management 250:114854. doi: 10.1016/j.enconman.2021.114854. 

M. Khattab N, Badr MA., El Shenawy ET, Sharawy HH, Shalaby MS 2020. “Economic Analysis of 

Stand-Alone Hybrid Wind/PV/Diesel Water Pumping System: A Case Study in Egypt.” in Modeling, 

Simulation and Optimization of Wind Farms and Hybrid Systems, edited by K. Y. Maalawi. IntechOpen. 

Mazloumi A, Poolad A, Mokhtari MS, Altman MB, Abdelaziz AY, Elsisi M (2023). “Optimal Sizing 

of a Photovoltaic Pumping System Integrated with Water Storage Tank Considering Cost/Reliability 

Assessment Using Enhanced Artificial Rabbits Optimization: A Case Study.” Mathematics 11(2):463. 

doi: 10.3390/math11020463. 

Monís JI, López-Luque R, Reca J, Martínez J (2020). “Multistage Bounded Evolutionary Algorithm to 

Optimize the Design of Sustainable Photovoltaic (PV) Pumping Irrigation Systems with Storage.” 

Sustainability 12(3):1026. doi: 10.3390/su12031026. 

Muhsen DH, Khatib T, Nagi F (2017). “A Review of Photovoltaic Water Pumping System Designing 

Methods, Control Strategies and Field Performance.” Renewable and Sustainable Energy Reviews 68, 

Part 1:70–86. doi: 10.1016/j.rser.2016.09.129. 

Nekkache A, Bouzidi B, Bakelli Y, Kaabeche A, Larbes C (2023). “Optimized Sizing of a Hybrid 

Renewable Water Pumping System Based on Recent Metaheuristic Algorithms : A Case Study in 

Algeria.” International Journal of Ambient Energy 1–37. doi: 10.1080/01430750.2023.2267569. 

Nekkache A, Bouzidi B, Kaabeche A, Bakelli Y (2018). “Hybrid PV-Wind Based Water Pumping 

System Optimum Sizing: A PSO-LLP-LPSP Optimization and Cost Analysis.” In 2018 International 

Conference on Electrical Sciences and Technologies in Maghreb (CISTEM). Algiers: IEEE p. 1–6. 

Rawat R, Kaushik SC, Lamba R (2016). “A Review on Modeling, Design Methodology and Size 

Optimization of Photovoltaic Based Water Pumping, Standalone and Grid Connected System.” 

Renewable and Sustainable Energy Reviews 57:1506–19. doi: 10.1016/j.rser.2015.12.228. 

Roy P, He JB, Zhao T, Veer Singh Y (2022). “Recent Advances of Wind-Solar Hybrid Renewable 

Energy Systems for Power Generation: A Review.” IEEE Open Journal of the Industrial Electronics 

Society 3:81–104. doi: 10.1109/ojies.2022.3144093. 

Sharma R, Sharma S, Tiwari S (2020). “Design Optimization of Solar PV Water Pumping System.” 

Materials Today: Proceedings 21:1673–79. doi: 10.1016/j.matpr.2019.11.322. 

Skoplaki E, Palyvos JA (2009). “On the Temperature Dependence of Photovoltaic Module Electrical 

Performance: A Review of Efficiency/Power Correlations.” Solar Energy 83(5):614–24. doi: 

10.1016/j.solener.2008.10.008. 

Suryoatmojo H (2014). “Optimal Sizing and Control Strategy of Hybrid PV-Diesel-Battery Systems for 

Isolated Island.” in 5th International Symposium on Advanced Control of Industrial Processes 

Hiroshima, JAPAN p 1-6. 

Yahyaoui I, Atieh A, Serna A, Tadeo F (2017). “Sensitivity Analysis for Photovoltaic Water Pumping 

Systems: Energetic and Economic Studies.” Energy Conversion and Management 135:402–15. doi: 

10.1016/j.enconman.2016.12.096. 


