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Abstract 

 

Due to some issues faced in rural areas such as increasing water demand, the limited reach of electricity, as well as the 

scarcity of fossil fuel and its negative impact on the environment, renewable energy water pumping systems emerges as 

an excellent solution to solve those problems. In this case, the components in the renewable energy water pumping 

system ought to be optimized to improve the effectiveness of the system. This study was aimed at developing and 

analyzing an optimization model for the sizing of solar-powered water pumping systems for domestic applications. The 

sizing algorithm was developed using Particle Swarm Optimization (PSO) in MATLAB software. As a result of the  

optimization, a summary of the main findings was provided, which include the optimal values for the number of solar 

panels, water tank capacity, and water pump power that minimize system costs and fulfill the water demand 

simultaneously. To investigate the performance of the proposed algorithm, several case studies have been evaluated by 

varying the total dynamic head (TDH) and water demands. In summary, TDH value primarily affects the number of PV 

panels and pump power, leaving the water tank capacity unchanged. However, the variations in water demand can 

impact all three parameters: the number of PV panels, water tank capacity, and water pump power. Overall, by applying 

the PSO method in the sizing algorithm of a solar-powered water pumping system, the cost could be minimized, and it 

would be able to cover the cost of water storage that supports the water demand of a certain application.  

 

Keywords: optimization; particle swarm optimization; solar-powered water pumping system; sizing algorithm; water 

demand 
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1.0 INTRODUCTION 

 

Solar PV power is utilized in a significant way for pumping water. In Algeria, particularly in rural areas, there is a 

significant potential to harness the power of solar and wind energy to drive water pumping systems using photovoltaic 

and wind sources. The presence of water, ample solar radiation, and wind make Hybrid Renewable Energy Water 

Pumping Systems (HREWPS) an ideal solution, and a primary source for water supply in the region [1]. The use of 

solar energy for water pumping is mostly done through PV-based and WT-based systems, which are the most popular 

ways of utilizing solar energy [2]. The advantage of using a combination of energy sources is that it increases the 

reliability of the system and reduces dependence on any single source of energy [3]. Despite its importance, solar 

pumping systems have not seen widespread adoption due to the high initial cost. This can be seen by the relatively low 

number of solar pumping systems that have been installed globally, which is around 60000 [4]. In India, the number of 

installed solar pumping systems is even lower, at just 5000 [5]. Therefore, it is important to properly size such systems 

to determine the optimal configuration (number of water pumps, wind turbines, PV panels, and the capacity of the water 
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tank) that makes the HREWPS more cost-effective. 

Generally, the optimum sizing of a PV system can be divided into four methods which are intuitive methods, 

analytical methods, numerical methods, and intelligent methods [6]. Among those four approaches, intuitive methods 

are considered the simplest as they are implemented based on the computation of system size. These methods often lead 

to under-sizing or over-sizing of systems as the effects of subsystems and uncertainties are ignored [7]. In this case, 

they are more suitable to be used to obtain an initial prediction of the system size [8]. In [9], a simple graphical 

construction is applied by the author to determine the optimum configuration of PV and wind generators. Ould Bilal 

used a simple calculation method for the sizing of a hybrid solar-wind-battery system while considering the 

minimization of the annualized cost and loss of load probability (LOLP) [10]. In [11], a simple sizing of a standalone 

PV power system for Dhaka is proposed by Bhuiyan et al. Besides, Chel et al also proposed a simplified method to size 

a building integrated PV system as well as the consideration of life cycle cost assessment [12]. 

For the numerical methods, they are focused on the system components like the PV module, wind turbine, and 

motor pump as well as the simulation of the power produced using weather data, water velocity, and the state of charge 

of the water tank. Eventually, the system performance and its reliability would be evaluated by considering the load 

demand. In terms of outcome, numerical methods provide more accurate results, and hence long-term meteorological 

data is required. Analytical methods are relatively simpler than numerical methods as they depend on is reliability 

curves. However, analytical methods are locally-dependent which means they are not applicable to an unconsidered 

location in the model [13,14]. Hence, intense computation is required to obtain the reliability curve which will 

eventually raise the difficulties of implementation. 

Artificial intelligent methods such as machine learning, metaheuristic, artificial neural network and fuzzy logic 

are also can be used for sizing optimization approach [15,16]. In [17], Bouzidi reviewed studies related to the 

development of a design method. He then made the conclusion that less attention has been paid to the sizing of the 

water tank storage, which significantly affects the system performance and expenses. Particle Swarm Optimization 

(PSO) is a heuristic technique that was first introduced by Kennedy and Eberhart in 1995. [18] It is a type of 

metaheuristic procedure, which is a global optimization algorithm that blends two techniques: exploration and 

exploitation. PSO is based on the principle of simulating the social behavior of birds flocking [19-21]. PSO is a type of 

evolutionary technique that starts by initializing a swarm of particles and then updates the velocity and position of each 

particle according to its fitness evaluations. In PSO, the inertia weight is adapted to control the velocity of particles, 

allowing them to move iteratively toward the best solution.  Due to its heuristic nature, PSO is well-suited for solving 

nonlinear and nonconvex constrained problems and finding global optima. Traditional model-solving algorithms can 

have some limitations such as an inflexible iteration process, lack of flexibility, and longer computation time [22]. 

In [23], the authors introduce an enhanced PSO-GWO algorithm, building upon the foundations of the PSO 

algorithm. By integrating the best position of individual experience from PSO, the proposed algorithm incorporates this 

information into the Grey Wolf Optimization (GWO) algorithm. By incorporating the strengths of both PSO and GWO, 

the proposed algorithm aims to improve the overall optimization performance and search capabilities in solving 

complex optimization problems. The Particle Swarm Optimization (PSO) algorithm has been widely adopted for its 

efficient global search capabilities, strong robustness, and ability to resist interference [24]. Authors in [25] focus on the 

application of the Particle Swarm Optimization (PSO) technique to determine the duty cycle for a DC-DC Cuk 

converter. The update mechanism for the duty cycle differs between PSO and conventional techniques. In the proposed 

approach, the particle size adjusts automatically in response to changing irradiance conditions, thereby facilitating the 

capture of the highest maximum power output. Additionally, the study conducts an analysis of the steady-state and 

dynamic behaviour of a Brushless DC (BLDC) motor-based water pump system integrated with the Cuk converter. The 

results demonstrate that employing PSO yields superior performance compared to the conventional Proportional and 

Integral (P&O) method, particularly in terms of faster tracking speed. [26] introduces a Fuzzy Inertia Weight-based 

Particle Swarm Optimization (PSO) Maximum Power Point Tracking (MPPT) technique. The proposed approach is 

designed to ensure system stability and deliver effective control performance, particularly in the presence of high 

nonlinearities and dynamics within the system. By incorporating Fuzzy-based dynamic inertia weights, the technique 

extends the search space nonlinearity for accurate tracking of the maximum power operating point (MPPT). As a result, 

the Fuzzy Logic Controller (FLC) integrated with PSO ensures faster tracking performance, reduces steady-state 

oscillations and improves overall efficiency. [27] focuses on the determination of optimal component sizes for an 

isolated Solar-Battery Micro-Grid (SB-MG). The objective is to determine component sizes that meet predefined 

standards for the percentage of unserved energy while minimizing the Levelized Cost of Energy (LCOE). To solve the 

optimization problem, the authors employ the Butterfly-PSO algorithm. The algorithm's effectiveness lies in finding the 

optimal component sizes that satisfy both the energy reliability requirements and cost considerations in the context of 

the isolated SB-MG.  

Additionally, PSO requires only a small number of parameters to be adjusted, and similar parameters can be 

applied to different applications, making it an attractive option for optimizing nonlinear functions [28]. PSO has been 

extensively studied and documented in many research studies [29,30,31]. The PSO approach was chosen in this study 

due to its characteristic of high accuracy which means that it could have better results in a cheaper and faster way. 

Furthermore, the implementation of the PSO approach only required very few algorithms and it simplified the 

development process as well as debugging stage.  
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Optimum sizing of PV systems is an algorithm adopted to find the best system configuration such as the 

number of PV panels and the capacity of a water tank. This algorithm plays an important role to make a system 

economically feasible (low and affordable cost) and technically reliable (able to fulfill the water demand). Once the PV 

system is properly optimized, it can guarantee the sufficiency of water demand for the end users and model the 

electricity required for the desired water pumping performance. However, there are several assumptions made in this 

study to reduce the complexity of the sizing algorithm and ease of traceability. For example, factors like partial shading, 

PV configuration, and the connection between grid systems are not considered in this case. Besides, the mean value of 

irradiance was determined from the input hourly irradiance data, and the water flow rate, Q was obtained from the mean 

value of water demand, D. By doing so, only the non-zero inputs will be covered while calculating the energy generated 

by solar panels and energy consumed by the water pump to maintain Q at its value (mean value of D). The initial 

remaining water is set at 5 m3 so that the minimum water tank storage could be the same or more than this value 

(depending on water demand, and water flow rate from the water pump). 

This paper is composed of four sections. Section 2 discusses the proposed sizing optimization model, while 

Section 3 describes the optimization results where several case studies have been considered. Finally, conclusions are 

presented in Section 4. 
 

 

2.0 THE PROPOSED SIZING OPTIMIZATION MODEL 

 

The proposed solar-powered water pumping system is illustrated in Figure 1. It consists of PV panels, a water pump, 

and a water storage tank. The total dynamic head is defined as the vertical height between the water pump and the water 

storage tank.  The main purpose of this water pump is to lift water from the lower elevation of the river to the higher 

elevation where the storage tank is located.  The flow rate of the water pump depends on various factors including the 

desired water demand, the distance between the river and the storage tank, and the total dynamic head.  

 
Figure 1. Illustration of the proposed water pumping system. 

 
The main objective of the proposed algorithm is to minimize the overall system cost as stated in equation (1). 𝑪𝑷𝑽, 𝑪𝑽, 

and 𝑪𝑾𝒂𝒕𝒕 are the cost for solar panels, water tank storage and water pump, which are set to a certain value of RM 

677/unit, RM320/ m3, and RM 6/Watt, respectively. Meanwhile,  𝑵𝑷𝑽, 𝑹𝒕𝒂𝒏𝒌 and 𝑷𝒎𝒂𝒙𝒑𝒖𝒎𝒑 are represent the number of 

PV panels, remaining water tank, and maximum power pump, correspondingly. These parameters are the output of the 

optimization process.   

 

                                 𝒇(𝑵𝑷𝑽, 𝑹𝒕𝒂𝒏𝒌, 𝑷𝒎𝒂𝒙𝒑𝒖𝒎𝒑) = 𝒎𝒊𝒏( 𝑪𝑷𝑽𝑵𝑷𝑽 +  𝑪𝑽 𝑹𝒕𝒂𝒏𝒌 + 𝑪𝒘𝒂𝒕𝒕𝑷𝒎𝒂𝒙𝒑𝒖𝒎𝒑)                                  (1) 

 

The following are the mathematical formulations involved in this sizing algorithm. Equation (2) is related to the 

calculation of power output from the PV panel, where it is involved the efficiency of solar panels, 𝜼𝑷𝑽, and hourly 

irradiance data, 𝑮𝒂𝒗𝒆. In this case, the surface area of a single PV panel, 𝑨𝑷𝑽 is considered as 1.6 m2. Equation (3) 

shows the calculation of the remaining water in the tank. This calculation involved the value of water flow rate,  𝑸  and 

water demand, 𝑫. The maximum remaining water,  𝑹𝒕𝒂𝒏𝒌 and the minimum remaining water,  𝑹𝒎𝒊𝒏 are determined 

respectively from the hourly remaining water in water storage, 𝑪𝒓𝒆𝒔(𝒕) as shown in the equation (4) and equation (5). 

Equations applied from (1) to (5) are referred to [32]. Meanwhile, equation (6) from [33] illustrates the calculation of 

the maximum power pump required for the proposed system. Meanwhile, equation (6) illustrates the calculation of the 
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maximum power pump required for the proposed system. It is determined by the value of water density, 𝒑, acceleration 

due to gravity, g, total dynamic head, TDH, water flow rate, and the efficiency of water pump, 𝑵𝑾𝑷.  

 

𝑷𝑷𝑽 = 𝜼𝑷𝑽  ×  𝑨𝑷𝑽 × 𝑮𝒂𝒗𝒆 × 𝑵𝑷𝑽                                                                                       (2) 
(𝒕 + 𝟏) = 𝑪𝒓𝒆𝒔(𝒕) + 𝑸 − 𝑫(𝒕)                                                                                   (3) 

𝑹𝒕𝒂𝒏𝒌 = 𝒎𝒂𝒙( 𝑪𝒓𝒆𝒔(𝒕) )                                                                                            (4) 

                                       𝑹𝒎𝒊𝒏 = 𝒎𝒊𝒏( 𝑪𝒓𝒆𝒔(𝒕) )                                                                                                   (5) 

𝑷𝒎𝒂𝒙𝒑𝒖𝒎𝒑 = 𝒑 ∗ 𝒈 ∗ 𝑻𝑫𝑯 ∗  Q /  𝑵𝑾𝑷                                                                       (6) 

 

The above mathematical equations are then formulated in the particle swarm optimization (PSO) algorithm for the 

optimization purpose. Figure 2 illustrates the general overview of the PSO process. In the initialization stage, all PSO 

parameters such as the number of particles, maximum iteration, learning factors, and initial inertia values are defined. 

For example, the number of particles is set as 100, and the maximum iteration is set as 50. Both learning factors, c1, and 

c2 are set as 2. In the declaration of objective and system constraints, the maximum and minimum number of solar 

panels are declared as 200 and 10 respectively. The remaining water in the water storage must be more than or equal to 

zero whereas the power generated by solar panels needs to be larger than the power consumed by the water pump 

operation. Personal best (Pbest) and Global best (Gbest) of interested variables like the number of PV panels, the water 

tank capacity, the power required for water pump operation, and the respective system cost will be consistently updated 

and stored from iteration to iteration. The system will examine whether the stopping criteria are met at the end of every 

iteration. If the stopping criteria are met, the output parameters such as the optimized number of PV panels, water tank 

capacity, power generated by PVs, the power required for water pump operation, and system cost will be displayed. 

Otherwise, the optimization will proceed to the mutation process and repeat the former process. 

 
Figure 2. Implementation of PSO in the Sizing Algorithm (Flowchart) 

 

 

3.0 RESULTS AND DISCUSSION 

 

To evaluate the performance of the proposed algorithm, two (2) case studies have been performed: Case 1: Fixed 

Demand while TDH is varied and Case 2: Varied Demand while TDH is fixed. Results and analyses for both cases are 

available in sub-section 3.1 and 3.2, respectively. 

 

3.1 Case 1: Fixed Demand while TDH is varied. 

 

The purpose of Case 1 is to investigate the effects of TDH on the performance of the proposed sizing algorithm of the 

proposed solar-powered water pumping system. This is important as TDH is one of the critical factors in sizing the 

water pumping system. It represents the total resistance that the pump must overcome to enable the water flows from 

the source to the tank smoothly. To see how various values of TDH would affect the system sizing, three different 

values of TDH were considered: 25 m, 50 m, and 100 m. Hence, Case 1 will be divided into three cases as listed below:  

 

Case 1:  Fixed demand and Varies TDH Value  

Case 1(a): TDH is equal to 25 meters. 

Case 1(b): TDH is equal to 50 meters. 

Case 1(c): TDH is equal to 100 meters. 
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The optimization results for these three cases are summarized in Table 1. From Table 1, it can be observed that the 

suggested number of PV panels for these three cases is 10, 14, and 28, respectively. As the number of PV panels 

increases, the total cost also increases, as it is directly proportional to the number of installed PV panels. Similarly, the 

capacity of the pump power increases as the TDH value increases, as more power is required to overcome the higher 

resistance. From this result, it shows that higher TDH will give a significant impact on the number of PV panels and the 

capacity of the pump power. 

 
Table 1. Optimization Result of Cases 1(a),1(b) and 1(c) 

Case 
Case 1(a) 

(TDH=25 m) 

Case 1(b) 

(TDH=50 m) 

Case 1(c) 

(TDH=100 m) 

Cost (RM) 106537.50 204893 405666 

No of PV 10 14 28 

Maximum water tank, 

Rtank (m3) 

12.875 12.875 12.875 

Power Required for 

Water Pump, Ppump 

(kW) 

0.664 1.328 2.657 

 

As can be seen from the same table, the maximum water in the storage tank, Rtank, has been remained unchanged 

which it consistently remains at 12.875 m3. This is due to the characteristics of the water pump storage system, which is 

independent of the variation in TDH at the water pump. As long as the water flow rate, Q, Hourly Water Demand, D, 

and the remaining water in the storage tank, Cres, are fixed, the maximum water tank, Rtank will keep constant from 

case to case. 

 

3.2 Case 2: Varied Demand while TDH is fixed. 

 

The purpose of the second study, Case 2 is primarily focused to investigate the effects of different water demands on 

the proposed system. To illustrate this case, three levels of water demand are considered: lower, medium, and higher. 

Hence, Case 2 will be divided as three cases below:  

 

Case 2:  Varies Demand and Fixed TDH Value 

Case 2(a): Lower Demand. 

Case 2(b): Medium Demand. 

Case 2(c): Higher Demand. 

 

The load profiles for these three demand cases are demonstrated in Figure 3, meanwhile the results of the proposed 

optimization sizing are summarized in Table 2. From the presented table, it can be seen that the proposed number of PV 

panels for Case 2(a), Case 2(b), and Case 2(c) are 14, 43, and 88, respectively. The result indicates that the fluctuation 

in water demand significantly influences the system sizing, as it directly impacts the dimensions of PV panels, water 

tank capacity, and water pump power. As the water demand gradually increases from lower to higher levels, the 

corresponding water flow rate, Q, also increases as it is depend on the mean water demand, D. Consequently, the 

energy required by the water pump to achieve the desired water flow rate of Q also rises. Consequently, it becomes 

necessary to increase the number of solar panels to support the increased demand for both power and water.  In Case 

2(a) and Case 2(c), the water demand, D, is concentrated during the time periods of 18:00-20:00 pm and 16:00-18:00 

pm, respectively. In contrast, for Case 2(b), the peak water demand occurs two times between 8:00-9:00 am and 17:00-

18:00 pm. Therefore, the maximum water tank capacity for Cases 2(a) and Case 2(c) is higher, as these conditions 

allow for water storage in advance, taking advantage of the relatively lower demand during earlier periods. This leads to 

the result that the maximum remaining water in the tank storage, Rtank, for Cases 2(a) and Case 2(c) is higher 

compared to Case 2(b). In summary, it can be noted that a comprehensive understanding of water demand enables the 

selection of appropriate pump sizes and system capacities. It helps avoid undersized or oversized systems, optimizing 

water supply while minimizing energy consumption and costs. Besides that, considering future demand patterns also 

would help the designer to design a proper system by taking account the factor of reasonable scale for future expansion. 
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Figure 3. Water Demand Profile 

 

 
Table 2. Optimization Result of Case 2 (a), Case 2(b) and Case 2(c) 

Case Case 2(a) Case 2(b) Case 2(c) 

Cost (RM) 204893 613222.43 1259939.81 

No of PV 14 43 88 

Maximum water tank, 

Rtank (m3) 

12.875 12.25 19.83 

Power Required for 

Water Pump, Ppump 

(kW) 

1.328 4.029 8.292 

 

 

3.0 CONCLUSION 

 

This paper presents the proposed sizing algorithm for the solar-power water pumping system for domestic applications 

based on Particle Swarm Optimization (PSO) approach. The main objective of the optimization model is to minimize 

the overall system cost and at the same time restricted to several constraints. The output of the optimization is in terms 

of the system cost, number of PV panels, water tank storage capacity, and water pump capacity. Several case studies 

have been evaluated to test the proposed optimization model by varying the values of the total dynamic head (TDH) and 

water demands. It can be concluded that these values have a great impact on the system sizing. In summary, proper 

identification of the water demand and correct selection of the TDH value are crucial steps in determining the system 

sizing to avoid issues of over-design or under-design.  
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