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This work investigates a small-scale reverse osmosis desalination system dedicated for off-grid communities lacking freshwater. This system, constituted of motor-pumps, desalination process and hydraulic network (pipes and valves), is powered by hybrid photovoltaic-wind turbine source. It exploits hydraulic storage in water tanks filled when renewable energy is available instead of electrochemical storage. Such specificity makes the power/freshwater supply a challenging issue for these communities. To maximize freshwater production of this autonomous system, a "systemic design approach" integrating couplings between architecture, sizing, and energy management is proposed. According to the specific system architecture and its component sizing, a specific quasi-static model-based energy management strategy (EMS) is developed. In this regard, the influence of the main component sizing on the system energy efficiency and the EMS performance is analyzed. This study proved the strongly coupling between power/water management and pump sizing. According to the iterative process of the systemic design approach, simulation results showed that the EMS objective is reached by increasing the brackish water storage tank capacity and improving the system energy efficiency. The latter is achieved by choosing the pumps-combination composed of three pumps having the lowest rated powers (0.37kW/0.37kW/1.5kW), but offering higher energy efficiency over other analyzed pumps-combinations.

Introduction

Reverse osmosis (RO) desalination applications have been becoming the primary choice to produce freshwater from brackish or sea water for many water-stressed regions [START_REF] Greenlee | Reverse osmosis desalination: water sources, technology, and today's challenges[END_REF][START_REF] Ghaffour | Technical review and evaluation of the economics of water desalination: Current and future challenges for better water supply sustainability[END_REF] not only for drinking, but also for agriculture [START_REF] Burn | Desalination techniques -A review of the opportunities for desalination in agriculture[END_REF].

Typically, these applications, especially small-scale units for off-grid communities, are powered by renewable energies [START_REF] Bourouni | Design and optimization of desalination reverse osmosis plants driven by renewable energies using genetic algorithms[END_REF][START_REF] Ali | Membrane technology in renewable-energy-driven desalination[END_REF][START_REF] Abdelkareem | Recent progress in the use of renewable energy sources to power water desalination plants[END_REF]. The most commonly used renewable energies to power such desalination units are the solar energy [START_REF] Ahmed | Solar powered desalination -Technology, energy and future outlook[END_REF][START_REF] Ghafoor | Techno-economic feasibility of solar based desalination through reverse osmosis[END_REF] and the wind energy [START_REF] Loutatidou | Wind-powered desalination for strategic water storage: Technoeconomic assessment of concept[END_REF][START_REF] Khan | A hybrid renewable energy system as a potential energy source for water desalination using reverse osmosis: A review[END_REF]. For example, according to the comprehensive review and the techno-economic feasibility carried out, respectively, in [START_REF] Ghaffour | Renewable energy-driven desalination technologies: A comprehensive review on challenges and potential applications of integrated systems[END_REF] and [START_REF] Ghafoor | Techno-economic feasibility of solar based desalination through reverse osmosis[END_REF], photovoltaic PV-RO desalination systems are considered better than other desalination combinations due to their availability in the market and economic feasibility; this has encouraged poor farmers in rural regions to use these systems to produce freshwater. Another technoeconomic analysis of several wind-driven variable flow RO systems in United Arab Emirates was conducted [START_REF] Loutatidou | Wind-powered desalination for strategic water storage: Technoeconomic assessment of concept[END_REF]. This analysis concluded that Wind-RO combination is an economic alternative to produce freshwater. However, although wind and solar energies are the most widespread and environmentally friendly Renewable Energy Sources (RESs) worldwide, both are of variable and intermittent nature due to unpredictable and rough changes in weather conditions (e.g. simultaneous cloudy sky or wind speed slowing down). For that, using single RES cannot always meet the electrical demand of the RO plant during the day [START_REF] Jurasza | A review on the complementarity of renewable energy sources: Concept, metrics, application and future research directions[END_REF].

Hybrid power generation systems, such as solar PV panels combined with wind turbine [START_REF] Khan | A hybrid renewable energy system as a potential energy source for water desalination using reverse osmosis: A review[END_REF], are becoming more suitable with the advantage that one RES could be available when the other is not [START_REF] Abdelkareem | Recent progress in the use of renewable energy sources to power water desalination plants[END_REF]. Such a temporal complementarity will increase the reliability and improve the environmental aspect of the desalination system [START_REF] Jurasza | A review on the complementarity of renewable energy sources: Concept, metrics, application and future research directions[END_REF]. On the other hand, standalone RO systems can be powered by different combinations of renewable energy sources (e.g. PV-RO, Wind-RO and PV/Wind-RO) with one or more energy storage device, such as batteries [START_REF] Khan | A hybrid renewable energy system as a potential energy source for water desalination using reverse osmosis: A review[END_REF],

super capacitors [START_REF] Soric | Eausmose project desalination by reverse osmosis and batteryless solar energy: Design for a 1 m 3 per day delivery[END_REF], fuel cell [START_REF] Clarke | Multi-objective optimization of renewable hybrid energy systems with desalination[END_REF][START_REF] Maleki | Design of a cost-effective wind/photovoltaic/hydrogen energy system for supplying a desalination unit by a heuristic approach[END_REF], and diesel generator backup [START_REF] Khalifa | Evaluation of different hybrid power scenarios to Reverse Osmosis (RO) desalination units in isolated areas in Iraq[END_REF]. A summary of different studied standalone small-scale RES-brackish water RO units in different sites around the world is reported in Table1. a major concern [START_REF] Al-Nory | An energy management approach for renewable energy integration with power generation and water desalination[END_REF], especially for remote and poverty areas. Therefore, minimizing or even suppressing the energy storage device such as electrochemical storage means is a challenging issue facing such standalone desalination systems, especially in the light of continuous freshwater supply.

In case of RES-RO desalination system without batteries, freshwater will be produced by a variable and discontinuously operated desalination system. That is, RO membrane will operate under variable feed pressure. It has been demonstrated that the operation of the RO membrane under variable power supply remains unaffected [START_REF] Richards | Renewable energy powered membrane technology: Impact of solar irradiance fluctuations on performance of a brackish water reverse osmosis system[END_REF][START_REF] Freire-Gormaly | Experimental quantification of the effect of intermittent operation on membrane performance of solar-powered reverse osmosis desalination systems[END_REF]. Moreover, several studies at the laboratory scale have demonstrated the possibility of operating RES-RO desalination units without battery storage device [START_REF] Mohamed | A direct coupled photovoltaic seawater reverse osmosis desalination system toward battery based systems -a technical and economical experimental comparative study[END_REF][START_REF] Riffel | Small-scale photovoltaic-powered reverse osmosis plant without batteries: design and simulation[END_REF][START_REF] Thomson | Laboratory demonstration of a photovoltaic-powered seawater reverse osmosis system without batteries[END_REF]. Another study concluded that it is possible to completely eliminate batteries in PV-RO systems; it needs to automatically adjust the operating point of the RO-pump with fluctuating solar energy [START_REF] Bilton | Photovoltaic reverse osmosis -Feasibility and a pathway to develop technology[END_REF]. An economic analysis was also conducted in [START_REF] Bilal | The Economic Analysis of Portable PhotoVoltaic Reverse Osmosis (PVRO) System[END_REF] for PV-RO system with and without battery, where results demonstrated that battery-less PV-RO system is more economically suitable than that using battery storage. A comprehensive review of desalination technologies powered by solar energy including solar PV-RO desalination systems without batteries was conducted in [START_REF] Sharon | A review of solar energy driven desalination technologies[END_REF]. It is concluded that coupling RO and PV systems is relatively straightforward, especially for small-scale units.

Another option to reduce the capital cost is to store water in a storage tank such as the example of using buffer tank for freshwater storage [30] [45]. Such an alternative enables to minimize the needed number of batteries and overcome the challenge of longer-term renewable energy variation. In ref. [START_REF] Kumarasamy | Optimal operation of battery-less solar powered reverse osmosis plant for desalination[END_REF], authors showed that the system productivity increased up to 36% by storing produced freshwater. It was demonstrated that a buffer tank can be considered as a surrogate energy storage device. The concept is that the generated renewable energy during sunny and/or windy days is a stored energy in the form of water. This can be considered very cost-effective and environmentally friendly alternative compared with RES-RO units using battery banks or diesel generator backup.

In this context, a focus on a standalone small-scale Brackish Water Reverse Osmosis (BWRO) desalination system in rural area is put forward in this paper. This system is powered by hybrid PV/Wind turbine source without electrochemical storage device, but exploiting hydraulic storage (brackish water and freshwater) in storage tanks. The idea is: i) to take advantage of storing the well brackish water and the produced freshwater in tanks when renewable energy is available, and ii) to exploit motor-pumps modularity (i.e. several pumping subsystems that can be switched on/off and tuned) versus the given generated power. For this sake, an experimental BWRO desalination unit at the laboratory scale (freshwater production of 300 liters/h) using an elevated brackish water storage tank was designed and mounted to investigate the feasibility and reliability of PV/Wind-BWRO desalination system in rural areas. A second storage tank is also used in this unit to store the produced freshwater, for later use when renewable energy is unavailable.

To overcome the variable and discontinuously operated PV/Wind-BWRO unit, a specific energy (power and water flows) management is then required in order to manage simultaneously power and water flows into the desalination system while fulfilling technological (power and pressure ranges) and functional (tank filling state) constraints of the system. The energy management strategy to be developed must take into consideration the strongly coupled system design: "water/power management and device sizing". In particular, the generated power from RESs is strongly coupled with the water process system efficiency. In addition to that, the coupling between sizing and management performance is of a paramount importance in this study. Therefore, it is mandatory to study the sizing of pumps and the different pump-combinations in the desalination system to get an optimal system design enabling to maximize as much as possible the freshwater production according to the available generated power. All of these aspects put forward the necessity of a "systemic design approach" integrating the strong coupling between architecture (modularity), sizing and flow (power, water) management. In this regard, authors in ref. [START_REF] Roboam | Optimal system management of a water pumping and desalination process supplied with intermittent renewable sources[END_REF] have investigated a global optimization approach taking account of the couplings between the system architecture, sizing and energy management. They proposed an optimization dispatching algorithm for sharing the variable input power between the three installed motor-pumps: the choice of the objective function for the optimization algorithm to evaluate the operating efficiency has been justified. The influence of the pump sizing on the system efficiency has been also analyzed.

This paper proposes a first design approach based on specific modeling and management strategy. It primarily aims to maximize as much as possible the water production of the system according to the renewable energy generation. First, a quasi-static modeling stemming from dynamic modeling of the experimental BWRO desalination test bench is developed for simulations. In order to validate the developed model, the latter is compared with the experimental model obtained from experimental characterizations of the BWRO test bench.

Then, an energy management strategy is developed using Deterministic Rule-based power sharing algorithm.

Such algorithm should conveniently dispatch the instantaneous generated power between the different water process subsystems into the studied system while taking into consideration: i) the aforementioned system constraints, and ii) the objective of maximizing freshwater production. For the sake of optimality, the sizing influence of both pump combinations and brackish water storage tank capacity on the energy management performance is then analyzed. As regards the capacity sizing of the freshwater storage tank, it is not studied during simulations and analysis, since it is viewed as an infinite storage tank (in simulations) aiming to store a maximum amount of produced freshwater.

This paper is organized as follows: the architecture and specifications of the BWRO desalination system are described in Section 2. The adopted systemic design approach is defined in Section 3. The analytical modeling of the studied system is detailed in Section 4. The EMS is described in Section 5. Section 6 is dedicated to analyze the simulation results. In this Section the influence of pumps and tank capacity sizing on the energy management performance are investigated and analyzed. Finally, main conclusions and prospects are summarized in Section 7. 

Nomenclature

Acronyms

Description of the BWRO desalination system

System architecture overview

The studied system, depicted in Fig. 1, consists of small-scale standalone brackish water pumping and desalination unit. It is mainly composed of two hydro-mechanical subsystems:

1) "Water Pumping Process" that uses well Pump(s) (WP) to pump brackish water from the well to an elevated storage tank T1. This process is dedicated for gravitational brackish water storage.

2) "Reverse Osmosis (RO) Desalination Process" enabling to produce freshwater using a RO membrane(s) fed by a High Pressure Pump (HPP). The HPP exploits the stored amount of brackish water in the tank T1

to feed the RO membranes under high pressure. The produced freshwater is stored in the tank T2.

This unit would be powered via a Direct Current (DC) bus with a variable generated power Pdc offered along wind speed and solar irradiation conditions (PV/Wind turbine) without battery storage.

The hydraulic architecture of the desalination system depicted in Fig. 2 is defined so that the desalination system includes two independent hydraulic subsystems decoupled through the elevated water storage tank T1. The latter presents the first key element of the chosen architecture. In other words, pumped brackish water from the well can be stored into the elevated tank T1, when renewable energy is available, for later or simultaneous use by the RO desalination process to produce freshwater. The latter in turn is stored in high capacity tank T2, for later use when the renewable energy is unavailable. This constitutes the second key element of the system architecture.

Therefore, the electrochemical storage device can be replaced by hydraulic storage (brackish water and freshwater) in water tanks. 

Experimental test bench

An experimental test bench, shown in Fig. 3, was designed and mounted in our research laboratory (L.S.E in ENIT-UTM, Tunis, Tunisia). The synoptic scheme of the experimental test bench is depicted in Fig. 4. The specifications of the presented test bench are reported in Table 2. This experimental unit is used for the experimental characterizations of the hydro-mechanical processes in order to validate the system model. Indeed, the two hydro-mechanical processes have been experimentally characterized and dynamically modeled in previous studies [START_REF] Khiari | Experimental prototype of reverse osmosis desalination system powered by intermittent renewable source without electrochemical storage: Design and characterization for energy-water management[END_REF][START_REF] Ali | Systemic design of a reverse osmosis desalination process powered by hybrid energy system: Bond graph modeling approach & experimental validation[END_REF][START_REF] Ali | Energy management of reverse osmosis desalination process powered by a hybrid renewable energy source[END_REF][START_REF] Khiari | Robust DC-bus voltage control for batteryless brackish water reverse osmosis desalination prototype operating with variable wind and solar irradiation[END_REF].

Based on the dynamic modeling of hydro-mechanical processes of the presented RO unit, a quasi-static modeling is developed for energy management which is described in Section 4. Inferior minimum limit level Lmin Inf : 0.2 m Superior minimum limit level Lmin Sup : 0.25 m Inferior maximum limit level Lmax Inf : 1.9 m Superior maximum limit level Lmax Sup : 2 m

Well motor

Characteristic specificity of the chosen architecture

Due to the hydraulic processes decoupling, the system has more degrees of freedom than conventional used architecture where motor-pumps are usually coupled in series (without brackish water storage tank). In fact, the system can independently operate as: i) "pumping system" by operating solely the water pumping process in case of low level of generated power, or ii) "RO desalination system" by operating solely the RO desalination process in case of high level of generated power, or also iii) "pumping and RO desalination system" in case of very high level of generated power. In the latter operating mode, the two hydraulic processes operate simultaneously to pump brackish water from the well to fill the storage tank and, in the same time, produce freshwater using the pumped brackish water from T1. Indeed, this configuration offers a great flexibility for the experimental characterization of each hydro-mechanical process.

Within this hydraulic configuration, the "gravitational water storage" involves an advantage of great importance in terms of energy efficiency improvement; this fact enables to take benefit of an additional free hydraulic energy boosting the RO desalination energy efficiency. As a result, freshwater productivity can be improved. This point has been highlighted in previous work [START_REF] Ali | Optimized Fuzzy Rule-based Energy Management for a Battery-less PV/Wind-BWRO Desalination System[END_REF]. Moreover, besides the advantage of being environmentally friendly, another advantage of using hydraulic storage over electrochemical storage device is the simplicity of such a configuration (no need to control laws), as well as it offers lower cost alternative (no need to additional power converters for control and no maintenance requirements).

On the other hand, the studied system is classified among complex energy systems. Its complexity is characterized by the combination of components of different natures and functionalities, all interacted within the system under study. Such heterogeneity leads to several physical phenomena coexistence, and several system constraints of different domains. These constraints can be listed as: i) functioning under variable energy supply (i.e. variable feeding power and pressures), ii) technological constraints of pumping devices (power ranges) and RO membrane (flow-pressure range), and iii) functioning constraints (i.e. filling state of the storage tank). This makes the modeling and the flow (power, water) management of the system a difficult task.

Given the diversification of the system constraints, it becomes necessary to move towards a new approach permitting to connect all system components by integrating "intra"-and "inter-disciplinary" coupling. This methodology is based on the "systemic design approach" [START_REF] Roboam | Systemic design methodologies for electrical energy systems: analysis, synthesis and management[END_REF] described in the following section.

Definition of the systemic design approach

The adopted systemic design approach is described in Fig. 5. It relies on the choice of: i) architecture and components, ii) sizing, and iii) development of control/management process. The design has to meet requirements defined by the bill of specifications. This consititutes a fundamental and preliminary step for the designer. Therefore, satisfying the bill of specifications needs a "synthesis" (i.e. structure determination) and "sizing" (i.e. parameters determination) that meet: i) these requirements while anticipating by "simulation" and "analysis" (Fig. 5) of the system being designed, ii) system performance, and iii) system constraints.

The systemic design approach is an iterative process based on three main phases:

-Phase 1: the choice of the system architecture (as defined in the previous section). This allows performing the modeling and simulation of these components.

-Phase 2: the optimal pre-sizing of the system components. Such a phase allows characterizing of these elements and specifying the instantaneous energy transfers during an idealized operating cycle. This leads to understand the energy behavior of the system.

-Phase 3: the optimization of the energy flows into the system with the objective of determining the optimal energy management of the system.

Therefore, following the energy optimization and the simulation of the system behavior it may happen that the components previously chosen are oversized or undersized. For that reason, the "system sizingenergy optimization" cycle is repeated several times off-line in order to refine the system specifications. The objective here is to design a system that should be well adapted to the energy management strategy which, in turn, will be implemented on-line. For this sake, several iterations are performed in this work as part of the systemic design by testing several combinations of different sized pumps and even different storage tank capacities. At each iteration, the architecture is defined, then, the system components are characterized and modeled based on the experimental set-up. This provides deep understanding of the system energy behavior. At the end of the cycle, the proposed energy management strategy is applied to the chosen architecture, and obtained results are analyzed.  Development of a system optimal sizing tool  Exploiting this tool for techno-economic analysis of the system Objectives Fig. 5. Optimization process of a complex energy system by the systemic approach

Systemic approach

System modeling

This study focuses on the steady-state functioning of the system in order to simplify the energy management task.

The quasi-static model constitutes a "power flow model" derived from dynamic energy behavior throughout the desalination chain. Therefore, in order to develop the quasi-static model of the hydro-mechanical system, several physical fields have to be considered. As depicted in Fig. 6, it consists of the following subsystems from right to left: hydraulic load, centrifugal pump, and three phase induction motor fed and controlled by a voltage source inverter. The subsystems are linked each other by power flow variables: electrical voltage and current (Vdc, Ip), motor-pump torque and speed (Tp, Ω), and pump flow rate and pressure (Qp, Pp=ρgHMT). The HMT describes the total dynamic head (in meter) which depends on hydraulic load and pressure losses in pipelines ∆Ppipe, ρ is the water density and g is the gravity acceleration. 

Hydraulic subsystems modeling

As depicted in Fig. 1 and Fig. 2, we have two different hydro-mechanical subsystems decoupled through a storage tank T1. The modeling task here depends on the hydraulic load type of each subsystem:

1) In case of typical load as for the "first water subsystem", where the water is moved from one level (the well) to another (i.e. an elevated tank) as shown in Fig. 2, a pressure drop in pipelines ΔPpipe occurs. The latter is caused by the height difference Hgeo (geodetic head that the pump must overcome), and the hydraulic losses depending on the pump water flow Qp=QWP [START_REF] Gülich | Centrifugal Pumps[END_REF][START_REF]Grundfos research and technology[END_REF]. Thus, the hydraulic load model of the first process (e.g. case of one well pump) is expressed by:

2 pipe geo WP P gH kQ     (1)
where, k is a constant.

2) The "second subsystem" is related to the water RO desalination process; it involves a complex and nonlinear hydraulic load (RO membrane + Control Valve (CV)) coupled to the HPP. The latter offers high water pressure to feed the RO membrane to produce freshwater. Based on the dynamic model of the RO membrane previously developed and detailed [START_REF] Ali | Systemic design of a reverse osmosis desalination process powered by hybrid energy system: Bond graph modeling approach & experimental validation[END_REF] and [START_REF] Turki | Bond Graph modeling and analysis of an autonomous reverse osmosis desalination process fed by a hybrid system (photovoltaic-wind)[END_REF], the static model of the RO membrane expressed by ( 3), ( 4) and ( 5) is deduced by neglecting the dynamic elements effect, with some approximations:

  2 feed mod ule valve reject P R R Q  (2) feed fresh membrane P Q R  (3) feed fresh reject Q Q Q  (4) 
Where, Qfeed and Pfeed denote respectively the feed flow rate and pressure of the RO membrane, Qfresh the produced freshwater flow rate, Qreject the rejected water flow rate (very salted water), and (Rmodule, Rvalve, Rmembrane) are the RO membrane parameters whose experimental values are reported in Table 3. Indeed, hydraulic losses into the RO process via the control valve CV (Fig. 2), the RO module and the RO membrane are modeled as resistances such as Rmodule, Rvalve, Rmembrane. It should be noted that a RO module can include one or several RO membranes coupled in series. In the studied case, each module contains one RO membrane.

Based on (2), ( 3) and ( 4), the static model of the hydraulic load (i.e. RO module) of the second process is deduced and expressed by [START_REF] Ali | Membrane technology in renewable-energy-driven desalination[END_REF] with respect to Qfeed.

  

RR P R Q RR RR          (5)
According to the hydraulic structure of the desalination process depicted in Fig. 2 

        (6) 
Where, PHPP denotes the proper pressure given by the HPP which is expressed in the next subsection by [START_REF] Ghafoor | Techno-economic feasibility of solar based desalination through reverse osmosis[END_REF], Ptank is the resulting pressure from the stored amount of brackish water in the tank T1, Hasp and Pasp denote respectively the brackish water aspiration height and pressure of the HPP.

Storage tank modeling

A storage tank is characterized by the stored water level L. The first tank T1 is modeled by ( 7) describing a timevarying model.

) tt WP HPP t L t t L t Q t Q t dt S        1 1 ( ) ( ) ( ( ) ( ) 
where, S1 being the surface area of T1, and (QWP and QHPP) denote respectively the well pump and the HP pump flow rates (i.e. input and output flow rates of the tank).

Hydro-Mechanical subsystem modeling

The static model of a centrifugal pump is obtained by neglecting the dynamic elements effect from its dynamic model performed in previous work [START_REF] Ali | Systemic design of a reverse osmosis desalination process powered by hybrid energy system: Bond graph modeling approach & experimental validation[END_REF]. Thus, the static part of a centrifugal pump is modeled as follows:

    2 p p p p P ,Q a bQ cQ       (8)     p p p p p T ,Q a bQ Q f       (9) 
Where, Pp being the water pump pressure, Qp the pump flow rate, Tp the pump torque, Ω the motor-pump angular speed, and fp is the coefficient of the hydraulic friction in the pump. The pump parameters (a, b, c, fp) have been experimentally identified and are reported in Table 3. 

Quasi-static model of a hydro mechanical process

With regard to the three-phase Induction Motor (IM) driving the centrifugal pump, the Power Field Oriented Control (PFOC) method has been applied through the associated inverter as depicted in Fig. 7. In such a case, the inverter is used to regulate the magnetic flux and control the torque being cascaded with the DC-link voltage control loop [START_REF] Turki | Control strategy of an autonomous desalination unit fed by PV-wind hybrid system without batter storage[END_REF][START_REF] Khiari | Power control strategy for PV/Wind reverse osmosis desalination without battery[END_REF]. In the Park's d-q reference frame linked to rotating field, the rotor flux is controlled through the d-axis (φrd = φr, φrq = 0). By neglecting power losses via the inverter (denoted ∆PIM in Fig. 6), the power balance is given by: dc p sq sq sd sd

V I V I V I  (10) 
As a result, based on the above equation and the original equations of the stator and rotor voltages in the d-q reference frame, while neglecting the dynamic elements (i.e. fast transients), the electrical power PIM feeding the motor-pump can be expressed versus the angular speed and the electromagnetic torque (Ω, Tm). The latter variables are in turn expressed versus pump flow rate Qp and are given by ( 11) and ( 12).

( , ) ( , ) 

m p p p m T Q T Q f      (11) 22 ( ) 4 ( ( ) 
Q Q a       (12) 
Where, Phyd-load denotes the hydraulic load pressure describing the analytical model of the hydraulic load of each hydro-mechanical process. It should be pointed out that the full expression of the motor-pump angular speed Ω(Qp) can be derived from ( 1) and ( 8) in case of "pumping process", and from ( 5), ( 6) and ( 8) in case of "desalination process", by choosing the positive root of the 2 nd order equation.

As a result, PIM can be expressed with respect to the pump flow rate Qp by (13). 

Q R R T Q Q T Q L L L             P ( 13 
)
where,

2 m sr s r r L R R R L     (14) 
The obtained equation ( 13) presents a nonlinear and multivariable expression of the feeding electrical power of the motor-pump with its corresponding hydraulic load. In order to determine the pump flow rate with respect to its feeding electrical power, ( 13) can be reversed by using the "fsolve" function under Matlab  software. The inverse expression (i.e. Qp=f(PIM)) describes the quasi-static model of a whole hydro-mechanical process in the desalination system.

Practical validation of the quasi-static model

In order to validate the developed models of the two hydro-mechanical processes, model-based simulation results are compared to the models extracted from experimental characterizations (in steady-state) of each hydromechanical process of the desalination experimental set-up (for more details on the experimental characterizations see sub-section 3.2) in ref. [START_REF] Ali | Optimized Fuzzy Rule-based Energy Management for a Battery-less PV/Wind-BWRO Desalination System[END_REF]). This comparison is illustrated by Fig. 8 that presents the water flow rate variation curves Qp=f(PIM) for the three used motor-pumps (WP1, WP2 and HPP) with respect to the drawn electrical power by each motor-pump. According to this, an energetic coherence between the dynamic and quasi-static models of each hydro-mechanical process has been proved. These results put forward the great worth of the quasistatic modeling to be used in order to set and optimize the energy management strategy which is defined and discussed in the next section. 

Energy management strategy

This section is divided into two parts. The first one is devoted for setting the energy management problem. The second part is dedicated to describe the energy management strategy (EMS) that is based on deterministic rules.

Setting the water/power management problem

As electrochemical storage is substituted by hydraulic storage in water tanks, the desalination system includes two decoupled and independent hydro-mechanical subsystems. The energy requirements of these subsystems are not the same depending on their operating points. The latter depend on both the hydraulic characteristic curve of the pump (imposed following the rotational angular speed of the motor-pump) and the hydraulic load characteristic curve of each pump. This needs to develop a specific EMS permitting to manage simultaneously the power and water flows into the system while fulfilling the technological (power and pressure ranges) and functional (tank filling state) constraints. The principle of the proposed EMS is defined such as the input variable generated power from RESs can be dispatched between the different pumping devices according to a power sharing factor (αi) defined as:

i p i dc   PP (15) 
With:

1 1 n i i      (16) 
min max
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Inf Sup min max

L L L   (18) 
Where Ppi and i denote respectively the electrical power that should be addressed to the i th motor-pump of the system, and its corresponding power sharing factor, Pdc denotes the input DC-link power to be dispatched, and n is the total number of pumping devices.

The objective of the EMS described by equations ( 15), ( 16), ( 17) and ( 18) is to maximize the freshwater production of the system according to the available renewable energy generation while respecting the system constraints. Maximizing freshwater production following the available renewable energy is beneficial in terms of freshwater storage that presents a new form of energy storage. The idea is to maximize and store freshwater, for later use when renewable energy is unavailable.

The power value Ppi for the i th switched-On pump is considered as reference value that should be given by the EMS based on [START_REF] Maleki | Design of a cost-effective wind/photovoltaic/hydrogen energy system for supplying a desalination unit by a heuristic approach[END_REF]. The choice of the Ppi value is constrained by both the power range of the i th motor-pump and the tank filling state confines as defined in ( 17) and [START_REF] Aybar | Solar powered RO desalination: investigations on pilot project of PV powered RO desalination system[END_REF], respectively. This principle is applied for all pumping devices. Thus, according to both input generated power and the T1 filling state, the i value is computed and subsequently the Ppi value of each pump is determined. Then, according to the power value Ppi and to the operation time of each pump the brackish water level in the tank T1 (defined by ( 7)) will be varied (i.e. increased or decreased). For example, in case of low value of 1 = (PWP1/ Pdc), the well pump (WP1) operates in the region of low efficiency due to the very low input power. For this reason, no remarkable increase in the water level can be noticed, but on the other side the high pressure pump (HPP) operates with high input power and good efficiency (i.e. PHPP = 2Pdc = (1-1) Pdc, in case of n = 2). This, advantageously leads to increase the freshwater production. On the opposite case with higher 1 values, WP efficiency can be improved and the brackish water level in the tank increases accordingly. This enables to increase the storage amount of brackish water in the tank for later use by the RO process when the renewable energy is available. It is also possible to simultaneously store brackish water in the tank and produce freshwater when the renewable energy is abundant (i.e. very high generated power supply). Therefore, the generated power from renewable sources is strongly coupled with the water process system efficiency: in particular, the importance of respecting pumping power limits as defined in [START_REF] Khayet | Optimization of solar-powered reverse osmosis desalination pilot plant using response surface methodology[END_REF] is put forward to prevent problematic operations that degrade efficiency and could also reduce the lifetime of pumps. The latter issue emphasizes the first coupling between "power and subsystems efficiency".

On the other hand, EMS performance is affected when modifying the sizing of motor-pumps. It depends on the choice of the motor-pump rated power: here respectively (0.75kW and 2.2kW) as initial combination in the desalination system, then (0.37kW and 2.2kW) as a second combination. Indeed, by choosing another motorpump with lower rated power, but with relatively high flow rate, energy efficiency of the motor-pump can be relatively improved with a lower power consumption Ppi. Consequently, EMS performance will be influenced.

This issue emphasizes the second coupling between "sizing and management performance".

A third coupling between "tank level and power management" has to be managed. Indeed, after a certain operation time of the WP(s), the maximum filling level of the tank T1 can be attained and subsequently WPs must be shut down. On the other hand, operating the HPP is only possible if the tank T1 is not empty.

Based on this strongly coupled system design (water management and pump sizing), a Deterministic Rule-based EMS is developed. It consists of deterministic energy dispatch that evaluates the system states of the desalination system based on set rules, then computes the respective energy dispatches.

It should be noted that the experimental desalination test bench installed in our research laboratory (L.S.E in ENIT-UTM, Tunis, Tunisia) presents a prototype including two pumping devices: one WP and one HPP. Indeed, the experimental test bench is exploited for two sizing steps: the first sizing is 0.75kW for well pumping and 2.2kW for the RO process, and the second sizing is respectively 0.37kW and 2.2kW whose characteristics are reported in Table 2. It is a simplified case study, but the methodology may be extrapolated to any number of subsystems. In this work, it can be extrapolated to three pumping devices: two parallel WPs functioning through exploiting pumps modularity versus the input power, and one HPP. So, in the next subsection the influence of both "pump sizing" and "modularity" on management performance are investigated and analyzed.

In this work, the suitable power range [Pmin -Pmax] of each pumping device has been experimentally identified (for more details see ref. [START_REF] Ali | Optimized Fuzzy Rule-based Energy Management for a Battery-less PV/Wind-BWRO Desalination System[END_REF]) while functioning with a given hydraulic load.

Rule-based EMS

According to the given power Pdc, and given the hydraulic loads characteristics, a modular approach (i.e. several motor-pumps that can be switched on/off and tuned) for energy management is applied to the studied system. This management approach is based on different operating modes that can be switched during the system operation.

Indeed, from the power ranges of motor-pumps, three main operating modes are considered and explained in Table 4. The operating mode preference essentially depends on: i) the given power supply Pdc, ii) the stored water level L in the tank T1 that must vary on its specified confines (Lmin Inf ≤ L ≤ Lmax Sup ), and iii) the operating power range of each pumping device [Pmin -Pmax].

Table 4 The possible operating modes of the BWRO desalination system

Operating mode Description Mode P Pumping mode: at least one WP is switched On, the HPP is shut down. During this mode, pumped brackish water (to be traited) is stored in the tank T1.

Mode D Deslination mode: all WPs are shut down and the HPP is switched On. During this mode, the stored brackish water in the tank is exploited to produce freshwater.

Mode P&D 'Pumping and Desalination' mode: the HPP and at least one WP are switched On. This mode is recommended when the genrated power is abundant.

Mode OFF

The system is shut down.

Regarding the storage tank T1, four limit levels (Lmin Inf , Lmin Sup , Lmax Inf , Lmax Sup ) are defined in this study. The idea of choosing such boundaries is to maintain the tank filling state within an acceptable range [Lmin Sup -Lmax Inf ].

Moreover, each limit interval ([Lmin Inf -Lmin Sup ], [Lmax Inf -Lmax Sup ]) permits to avoid respectively the tank emptying and overflow. These intervals make a "safety margin" against the successive occurrence of motorpumps-switched On/Off. For example, within the [Lmin Inf -Lmin Sup ] margin the HPP must be shut down in order to avoid emptying the tank and only the WP should operate to increase the water level if the renewable power is available. This may avoid the successive HPP-switched On/Off. The opposite case is considered for the [Lmax Inf -

Lmax Sup ] margin.

In order to study the influence of pump sizing and modularity on management performance, four pump combinations are proposed that are summarized in Table 5 and corresponding operating ranges are illustrated in Fig. 9. For example, for Comb.3 where the WP1, WP2 and HPP are used, three different power ranges have to be considered in the energy management that are respectively as follows: [120W-1020W], [120W-370W] and [620W-1800W]. Three additional limits are also added which are as follows: (2170W = 370W+1800W), (2820W = 1020W+1800W), and (3190W = 370W+1020W+1800W). As a result, nine power intervals are obtained to be tested on the input generated power Pdc in the rule-based power sharing algorithm. So, the decision making for power sharing depends on the Pdc value and the filling state of the storage tank as depicted in Fig. 9.

For example, if (Pdc = 700W ϵ [620W-1020W]) and (Lmin Sup < L < Lintermed) then (α1 = 1, α2 = 0 and α3 = 0). That means that the WP1 is set On (i.e. PWP1 = Pdc), and the {WP2 and HPP} are shut down (i.e. PWP2 = PHPP = 0). In this case, the system takes benefit of the total generated power to operate only in pumping mode in order to increase the brackish water storage amount in the tank. When the generated power increases (e.g. Pdc = 1000W)

and the brackish water level exceeds the intermediate level (i.e. L > Lintermed), then (α1 = 0, α2 = 0 and α3 = 1). In this case, the system operates only in desalination mode (i.e. PHPP = Pdc) to produce freshwater and the well pumps are both shut down (i.e. PWP1 = PWP2 = 0).

According to the different pump-combinations four different Deterministic Rule-based algorithms are developed and tested for energy management. One example of the developed rule-based algorithms is described through the flowchart depicted in Fig. 10 giving an idea on the mode preference according to the input power and the current water level in the tank. Indeed, the presented algorithm offers several degrees of freedom permitting to optimize the different pumps operation, namely: for the input electrical power by defining thresholds (PWP min , PWP max , PHPP min , PHPP max , Pmax=PWP max +PHPP max ), and for the storage tank by defining thresholds (Lmin Inf , Lmin Sup , Lintermed, Lmax Inf , Lmax Sup ). The intermediate level defined by ( 19) is a supplementary threshold limit defining the power dispatching strategy. So, as illustrated in Fig. 9 under this level (L ≤ Lintermed), the priority is addressed to the well pumping (brackish water storage) over the desalination process so that WP(s) can function as much as possible to fill the storage tank. In addition, when the renewable energy is abundant, it is possible to operate simultaneously the two processes while ensuring that: QWP ≥ QHPP in order to prevent emptying the tank. In this case, the system operates in pumping mode with "desalination mode in a moderate way". On the opposite, when L > Lintermed there is enough stored brackish water. This enables to switch the priority to the desalination process over well pumping leading to maximize the freshwater production. In addition to that, when the renewable energy is abundant both processes can operate simultaneously while ensuring that: QWP ≤ QHPP in order to prevent tank overflow. In this case, the system operates in desalination mode with "pumping mode in a moderate way". This strategy is implemented and described through the flowchart of one developed EMS that is illustrated in Fig. 10. Note that the flow rate Qpi of the i th pump is computed by inverting the expression (13) and using the reference feed power value of the i th pump calculated by [START_REF] Maleki | Design of a cost-effective wind/photovoltaic/hydrogen energy system for supplying a desalination unit by a heuristic approach[END_REF]. The task here is to compute the instantaneous values of the i factor enabling to reach the sought objective of EMS. Simulation results are analyzed in the next section. 

Inf Sup min max intermed 2 HPP WP LLQ L Q      (19) 

Simulation results analysis

This section is dedicated to analyze the EMS performance through simulations where different components sizing and different pump-combinations are considered.

The simulations have been accomplished using real data of hybrid PV/Wind power generation recorded every hour from January to December, 2007 of a region in Southeast Tunisia: Djerba-Midoun. The PV source is composed of 8 monocrystalline modules (from elysun) of 250Wp each, where the total generated power is of 2kWp. As for the wind turbine source, the Aeolos-H 2kW wind turbine is used with rated power of 2kW.

The different dispatch algorithms have been coded under Matlab © software using the simulation parameters reported in Table 6 where the considered sampling period is 2.5 minutes (i.e. the sampling period is Ts = 2.5 x 60 = 150s). Indeed, an interpolation has been performed on the recorded hourly power profile in order to modify the sampling period (Ts = 1h) which represents a long time interval for the proposed EMS. A daily and weekly power profiles, depicted in Fig. 11, were considered for tests and analysis. It should be noted that during simulations two RO membranes have been considered. Results of the developed EMS for each pump combination are reported in Table 7. These results are assessed in terms of freshwater production qfresh (in m 3 ) for the two presented power profiles. As it is previously explained, the main objective of the EMS is to maximize as much as possible the freshwater production while taking benefit of the available renewable energy. This permits to increase as much as possible the freshwater amount storage that will be used later when renewable energy is unavailable. In such a way, electrochemical storage device can be avoided. According to this criterion, best results (i.e. the higher produced freshwater amount) are indicated in bold type in Table 7. It can be deduced from this table that the most appropriate combination in terms of freshwater production is Comb.4 where two parallel identical well pumps with a rated power of 0.37kW each are used for the welling process. The pump modularity approach is applied here; according to the generated input power level the well pumping process can operate either a single pump (0.37kW), or simultaneously the two parallel pumps where the input power is shared between them. This approach has the advantage of operating only one pump WP2 with lower rated power (0.37kW), but with higher energy efficiency when the given input power is very low compared with the single pump WP1 (0.75kW). Then, when the input power level rises, the modularity approach offers the possibility to operate simultaneously more than one pump operating each with good energy efficiency.

Moreover, the influence of HPP sizing on the system efficiency is also analyzed: so the previously used HPP (EBARA EVM2 22F/2.2) is substituted now by a new HPP (rated power of 1.5kW instead of 2.2kW) and used for all previous pump combinations. The new HPP, where characteristics are reported in Table 8, was selected from the Grundfos manufacturer's catalog. Its electrical and hydraulic characteristic curves were taken from the Grundfos Product Center, an online tool proposed by Grundfos for the research and design of pumps. Simulation results for the different pump combinations with the new HPP are reported in Table 9. For the sake of visibility, the obtained results are illustrated in Fig. 12 and Fig. 13 where changes on the freshwater amounts are more visualized. It is noticed that the freshwater production is improved when using the new HPP whose rated power is lower than the first one, but with higher energy yield. On the other hand, besides to the influence of pump sizing, the influence of the brackish water storage tank sizing (capacities C1 and C2) on the management performance is also investigated by doubling the tank capacity (C2=4.36m 3 ). As it can be seen in Table 7, Table 9, Fig. 12 and Fig. 13 when doubling the hydraulic storage capacity, the freshwater production is improved for all combinations. This means that increasing the hydraulic storage capacity enables to improve the system productivity and the renewable energy use. The later in turn could play an important role in the energy optimization. In addition to that, Comb.4 is always still the most appropriate combination in terms of freshwater production, especially when using the new HPP (1.5kW -CRE 1-21).

All of the above mentioned findings highlight the great importance of:

-The strongly coupling between "the power and subsystems efficiency", and coupling between "the pump sizing and the energy management performance".

-The strongly coupling between "water management and pump sizing". It should be pointed out that designing the desalination system based on the modularity approach is advantageous for non-expert small communities enabling them to easily configure such a desalination unit. In such a case the system becomes flexible and is assembled from modular components such as motor-pumps, RO membranes and even the solar PV modules. So, non-experts have the possibility to reduce or extend in a second step the number of these modular components according to the community demand. This can reduce the capital cost, and makes its maintenance and repair tasks simpler and easier than conventional design approaches.

The adopted concept of storing the generated renewable energy during sunny and/or windy days in the form of water offers a simple, very cost-effective and environmentally friendly alternative, especially for small-scale desalination units. Nonetheless, this solution does not deal with the impact of frequent system shutdown or successive On/Off cycling of motor-pumps that may occur. Generally, this may increase the potential wear on motor-pumps and reduce their lifetime. For this purpose, the systemic design approach is applied in this work to investigate the suitable pump combination and sizing according to both the chosen architecture and the available renewable energy, in one-side. Indeed, this approach puts forward the strong coupling between the renewable generated power and the water process system efficiency, and coupling between device sizing (especially motorpumps) and energy management performance. Such a design approach can help to reduce the non-recommended successive On/Off cycling of motor-pumps and the frequent system shutdown. In the other-side, the proposed power sharing algorithm is developed so that successive On/Off of motor-pumps is minimized following the available PV/Wind generated power. This is achieved by including supplementary level limits (Lintermed, Lmin Inf , Lmin Sup , Lmax Inf , Lmax Sup ) on the brackish water storage tank T1. The idea is to operate the pump in a moderate way rather than setting it Off in some level intervals, and favoring single-pump operation rather than multi-pump operation in other level intervals making a safety margin against the successive occurrence of pumps-switched On/Off. Besides to the deterministic rules, fuzzy logic is also a useful tool that can be used in the energy management for this sake. For example, a genetic algorithm optimized fuzzy logic-based energy management strategy was previously developed by authors (ref. [START_REF] Ali | Optimized Fuzzy Rule-based Energy Management for a Battery-less PV/Wind-BWRO Desalination System[END_REF]) and applied to the first pump combination Comb.1 of the desalination unit with a storage tank capacity of 2.18 m 3 . This helps to reduce the number of successive On/Off of motor-pumps.

Conclusion

This work is within the context of complex energy system design. The principle of the adopted systemic design approach is to start from component system characterization, going through the modeling phase, to achieve an efficient energy management in real-time. In this regard, the system architecture was defined so that continuously freshwater productivity and supply are insured while taking into account the environmental and capital cost issues. This is achieved by means of integrating hydraulic storage (brackish water and freshwater) in water tanks when renewable energy is available instead of electrochemical storage device; the available renewable energy can be stored in the form of water. This is very advantageous and cost-effective in terms of energy storage. An experimental BWRO desalination test bench at the laboratory scale has been installed by authors according to the defined system architecture. It is considered as a prototype in order to investigate the feasibility and reliability of such autonomous desalination system in rural and poverty region for drinking and/or agriculture. The different hydraulic processes were previously experimentally characterized. Based on both previous experimental study and dynamic modelling, a quasi-static model of the whole desalination system was carried out and presented in this work for simulations and performance analysis. Then, a deterministic rule-based energy management strategy (EMS) was defined enabling to manage simultaneously the water and power flows into the system. The EMS was developed so that freshwater production is maximized according to the available generated power while fulfilling the technical and functional constraints of the system. Maximizing the system productivity and storing freshwater is beneficial from a continuous water supply perspective, especially when renewable energy is not available. For the sake of system design optimality, the influence of the component sizing (pumps and tank capacity) on the system efficiency and the energy management performance were investigated and analyzed in this work. Several pumps sizing and combinations for two different capacities of the brackish water storage tank are proposed. It was demonstrated that there is a strong coupling between "power and system efficiency", a coupling between "sizing and management performance", and also a third coupling between "tank level and power management". All of these couplings and their interrelationships are defined within the so-called systemic design approach.

Simulation results showed that by applying the modularity approach, the most convenient components sizing corresponds to the motor-pumps of lower rated powers, but offering higher energy efficiencies compared to those of higher rated powers. The same observation was noticed when increasing the capacity of the brackish water storage tank. These findings demonstrated that the available renewable energy use can be optimized and the freshwater production can be maximized by choosing the convenient system architecture and the optimized components sizing, highly correlated with the energy management strategy.

Another issue was highlighted in this work related to the influence of the successive switching On/Off of motorpumps on their lifetime. The adopted systemic design approach with the defined system architecture and the developed EMS enabled to initially reduce the number of pumps-switching On/Off events. However, this issue has to be addressed with the greatest accuracy. For instance, renewable energy forecast can be a viable solution to predict renewable power generation for the next time intervals. This enables to significantly improve the energy management performance while taking into consideration the constraint of motor-pumps lifetime by reducing the number of pumps-switching On/Off events.

All of these findings justify a deep and more sophisticated study to investigate global optimization approaches taking account of the couplings between the system architecture, sizing and energy management, while respecting the different system constraints.
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 6 Fig. 6. Synoptic of the quasi-static modeling of a single-pump hydro-mechanical process: a power flow model This section is divided into five parts: the first one is devoted for the modeling of the hydraulic subsystems (i.e. hydraulic loads). The second part presents the storage tank analytical model. The third part describes the hydromechanical subsystems modeling. Then, the analytical quasi-static model of a hydro mechanical process is presented in the fourth part. The last one is dedicated to the practical validation of the quasi-static model for each hydro-mechanical process.
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 7 Fig.7. Block diagram of the control strategy of a single-pump hydro-mechanical process
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 8 Fig.8. Comparison of the developed and experimental models for the different hydro-mechanical subsystems of (a) well pump WP1 (b) well pump WP2 and (c) high pressure pump HPP.
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 11 Fig.11. Daily (a) and weekly (b) PV-Wind generated electrical power profiles

Fig. 13 .

 13 Fig.[START_REF] Soric | Eausmose project desalination by reverse osmosis and batteryless solar energy: Design for a 1 m 3 per day delivery[END_REF]. Produced freshwater quantity (in m 3 ) for the different pump-combinations for a weekly power profile.

  

Table 1

 1 Summarry of the reported standalone small-scale RES-BWRO units (≤ 10m 3 /d) in the last decade

	Ref. Year Country	PV (kW)	Wind (kW)	Battery	Diesel	Hydrogen Freshwater	Energy
					(kW)	(m3/d)	Recovery (%)

Table 2

 2 Specifications of the experimental desalination test bench

	Components	Characteristics	Component constraints
	High Pressure Pump (HPP)		

Model: EBARA EVM2 22F/2.2 Type: centrifugal 3-ph motor pump Power output: 2.2 kW Rated Pressure: 8.17-18.6 bar Rated flow rate: 20-60 l/min Minimum absorbed electric power: 620 W Maximum absorbed electric power: 1800 W Well Pump 1 (WP1) Model: PEDROLLO CP158 Type: centrifugal 3-ph motor pump Power output: 0.75 kW Rated Pressure: 2.5-3.4 bar Rated flow rate: 10-90 l/min Minimum absorbed electric power: 120 W Maximum absorbed electric power: 1020 W Well Pump 2 (WP2) Model: LOWARA CEA70/3 Type: centrifugal 3-ph motor pump Power output: 0.37 kW Minimum absorbed electric power: 120 W Maximum absorbed electric power: 370 W

  , the feed pressure Pfeed of the RO module results from the sum of different pressures as follows:

	feed P	HPP P	tank P	asp P
		HPP P	Inf min () g L L	gH	asp

Table 3

 3 Hydraulic parameters of different components of the experimental desalination test bench

	Component	Parameter	Value	Unit
	HPP	a	0.0002317	Ns²/m²
		b	-0.0005198	Ns²/m²
		c	-0.002427	Ns²/m²
		fp	0.0038	Nms
	WP1	a	4e-5	Ns²/m²
		b	-1.767e-5	Ns²/m²
		c	0.0002	Ns²/m²
		fp	0.0019	Nms
	WP2	a	2.446e-5	Ns²/m²
		b	-6.507e-5	Ns²/m²

Table 5

 5 Different pump combinations

		Comb.1	Comb.2	Comb.3	Comb.4
	Pump combination	WP1/HPP	WP2/HPP	WP1/WP2/HPP	WP2/WP2/HPP
		(0.75/2.2 KW)	(0.37/2.2 KW)	(0.75/0.37/2.2 KW)	(0.37/0.37/2.2 KW)

Table 6

 6 

	Simulation parameters		
	Symbol	Description	Value	Unit
	k1	Number of samples in a day	553	samples
	k2	Number of samples in a week	4009	samples
	k3	Number of samples in a year	210217	samples
	Ts	Sampling period	150	s
	Tt	Total time for one day	82950	s
	FSmax	Maximum Filling State of the tank	100	%
	FSmin	Minimum Filling State of the tank	10	%
	FS0	Initial Filling State of the tank	60	%

Table 7

 7 Produced freshwater quantity (in m 3 ) according to component sizing

	Comb.1	Comb. 2	Comb.3	Comb.4

Table 9

 9 Produced freshwater quantity (in m 3 ) according to component sizing using the new HPP 1.5kW -CRE 1-21 Produced freshwater quantity (in m 3 ) for the different pump-combinations for a daily power profile.

		Comb.1	Comb.2	Comb.3	Comb.4
	Storage tank T1 capacity C1: 2.18 m 3			
	Daily power profile	12.05	11.97	12.07	12.1
	Weekly power profile	79.5	79.82	79.95	80.24
	Storage tank T1 capacity C2: 4.36 m 3			
	Daily power profile	12.31	12.28	12.35	12.34
	Weekly power profile	81.74	81.56	82.04	82.12
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