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)) and minimizing the Embodied Energy (EE). Dynamic simulator of the global system is developed with coupled smart energy management. The optimization study is preceded by a design of experiments method to modeling the real implemented system. The optimal sizing of the system's parameters is developed using the Genetic Algorithm NSGA-II. The best configuration of the proposed system is predicted on the basis of the objectives.

INTRODUCTION

It's obvious to say that climate change and water stress are interdependent. In fact, the global warming attacks the planet's humidity and the water's underground basins. Indeed, the current world population of 7.6 billion is reaching 8.6 billion by 2030, exceeding 9 billion in 2050 whom will be in increasing need of fresh-water. If nothing changes in the issue of water scarcity, by 2050 the number of the environmental refugees will be 5 times higher than the actual number [START_REF] Laimé | Bataille pour l'eau[END_REF][START_REF] Wolf | Shared Waters: Conflict and Cooperation[END_REF]. "Desalting", as it was known during World War II, is likely to be the technological escape for the world to tackle water fresh shortage [START_REF] Nugent | Assessing the lifecycle greenhouse gas emissions from solar PV and wind energy: A critical meta-survey[END_REF]. Nowadays it is indispensable to incorporate the environmental and the technical concern with the economic features into process design to contribute to decreasing the environmental effects [START_REF] Bonou | Life cycle assessment of onshore and offshore wind energy-from theory to application[END_REF][START_REF] Cherif | Environmental life cycle analysis of a water pumping and desalination process powered by intermittent renewable energy sources[END_REF] and to perform in the system reliability.

The sizing, modeling and design for complex systems like desalination based on renewable energy sources are complex tasks. By this way, sizing and optimizing of desalination based on renewable energy systems have been carried out by a number of researchers. In reference [START_REF] Maleki | Weather forecasting for optimization of a hybrid solar-wind-powered reverse osmosis water desalination system using a novel optimizer approach[END_REF], the authors proposed an optimization based on PSO, sizing and techno-economic assessment of renewable energy systems to supply electricity and fresh water where needed. Total Net Present Cost and lifetime CO2 emissions are the objectives functions. In reference [START_REF] Clarke | Multi-objective optimization of renewable hybrid energy systems with desalination[END_REF], the authors presented an optimization study of a hybrid solar-wind-powered RO water desalination plant. The multi-objective functions are: minimize the life cycle cost and not exceeding the maximum allowable loss of power supply probability.

In this framework, we optimize the relation integrating the environmental impacts in terms of Embodied Energy (EE) and Hydraulic Loss of Power Supply Probability (LPSP-H) specifically for a brackish water reverse osmosis desalination plant powered by hybrid PV/WT/Battery system for rural area. A dynamic simulator of the proposed system will be settled under metrological year data (wind speed, solar irradiance and temperature) of southern Tunisia. Next, a mathematical model of the objectives will be developed using the Design of Experiment (DOE) tool. The latter model will be used to predict the optimal configuration via the multiobjective genetic algorithm (NSGA-II) of the proposed system on the basis of the minimum embodied energy (environmental impacts) and the reliability of the system (LPSP). The optimization parameters that were chosen are: APV is PV array area, AWT is wind turbine swept area, Cn is the capacity of battery storage, MC is the Membrane Capacity, which represents the size of the model between motopump P2 and reverse osmosis desalination unit, Pe1 is the electrical power of the pump P1 and S3 is the area of water tower T3.

The remainder of the paper is organized as follows: First we will describe the studied system architecture and its electrical and hydraulic models. Dynamic simulator of the entire system will be developed under annual climatology information of southern Tunisia. An integrated energy management in the dynamic simulator will smartly disturb the produced energy between the hydraulic and electrochemical stocks. Afterwards, we will highlight the optimization issue and its objectives via a meta-model given by the design of experiments and the models of the Embodied Energy consumed by the global unit. Finally an optimal sizing of the proposed system will be the topic of discussion through results.

SYSTEM DESCRIPTION

The architecture of the desalination process coupled to hybrid powering PV/Wind/Battery system is shown in Fig. 1. The presented system consists of electrical part and hydraulic part. The electrical components are Photovoltaic (PV) panels, Wind Turbines (WT), Battery bank and converters (DC/DC & AC/DC). These different subsystems are coupled to the hydraulic part throw a DC Bus. The hydraulic part of the process consists on brackish water pumping (P1), reverse osmosis desalination unit with high pressure pump (P2), fresh water pumping (P3) for water storage and three water tanks (T1, T2 and T3) [START_REF] Cherif | Chapter 15: Environmental Life Cycle Analysis of Water Desalination Processes Sustainable Desalination Handbook[END_REF]. The hydraulic storage (water tower T3) and electrochemical storage (Battery) are the particularity of the proposed architecture. The profile load of the fresh water consumption, the wind speed, the solar irradiation and the ambient temperature have been recorded during one year with an hour acquisition period for a specific region in the south of Tunisia. A smart power management strategy controls the distribution of the produced electrical power between the three motor-pumps and the Battery. The Hybrid system for producing energy and water with the wind and of the sun must take into account variations in the load and renewable resources availability. Note that we choose to operate the motor-pumps P1 and P3 at a fixed speed (50Hz), while the motor-pump P2 operates at a variable speed for several fixed valve positions. Concerning the energy modeling of the pumps, we will present next the three pumps models designed for our study:



A Low Pressure Motor-pump for pumping Brackish Water from well.  A High Pressure Motor-pump for desalination.  A Low Pressure Motor-pump for storage water in water tour. It is imperative to define all the components with their energy models in order to size the proposed system [START_REF] Cherif | Environmental life cycle analysis of a water pumping and desalination process powered by intermittent renewable energy sources[END_REF][START_REF] Grundfos | The Centrifugal Pump[END_REF][START_REF] Rosa | Dow Filmtec Membrane Systems[END_REF]. We will define the wind turbine model, the photovoltaic generator model, the battery storage model, the pumps and tanks models. Thus, we could implement those equations on the simulation using MATLAB/SIMULINK. Also, the dynamic simulator including the smart power management between the electric and the hydraulic system's parts.

HYDRAULIC SYSTEM MODELING

The Desalination pump model

In this study, for modeling the desalination process, it is indispensable to use a single design parameter of the RO unit and the HP motor-pump because the characteristic Pressure/ Flow rate of the HP pump must be suitable to the size of the RO membrane. The hydraulic characteristics of the HP centrifugal pump are given according to the speed of motorpumps, the sizing of pumps and the reverse osmosis membrane using WinCAPS & ROSA softwares [START_REF] Grundfos | The Centrifugal Pump[END_REF][START_REF] Rosa | Dow Filmtec Membrane Systems[END_REF].

To develop motor-pump and membrane model in this application, the variable speed motor-pump of type CRN-(1S-36;3-29;10-18) and reverse osmosis membrane elements of type BW 30-(2540;4040;330;400) are used. The Fig. 2 illustrates the characteristic of the output flow rate Q2 in function of the consumed electrical power P2 designed to feed the motor-pump 2. The combinations of membrane_ motor pump identify a large scale variability of operating zones limited by the rotation speed. with MC (m 3 /day) is the membrane capacity. For frequency range between 30Hz to 50Hz, the electric power consumed by the motor-pump 2 is limited between Pe2min & Pe2max which the relation is given by the following expression: The fresh water produced is determined by the conversion ratio Tc of a set of characteristics of the conversion rates-Flow by the range of membranes BW for HP motor-pump for several rotation frequencies. The conversion ratio Tc is defined by
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To characterize the flow rate of the fresh water produced during the reverse osmosis process, a permeability rate of the membrane is associated in relation with the conversion ratio. The difference between the global flow rate and the permeate flow rate is the concentrate flow rate. The rate of permeability and rejection of the reverse osmosis is described by 
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where Q2p is the permeate flow and Q2c is the concentrate flow.

Pump model for water pumping

Using WinCAPS software, the obtained Fig. 3 illustrates the intersection of the load characteristic with three hydraulic characteristics of the range SP 14A (5; 7; 10) submerged motor-pumps. The three intersection points present the different operating points liable to the hydraulic loads for the different pump sizes. To calculate the electric power of this range of pumps, WinCAPS software generates, by the means of the three operating points found in the latter figure (Fig. 3), the relation between the output flow as a function of the electric power for the SP 14A-(5; 7; 10) pumps:
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where Pe1 is the electrical power and Q1 is the output flow (m 3 /h) of the pump P1.

The model of the fresh water storage pump

The motor-pump 3 is powered by three phase power at fixed frequency. So, it is indispensable to develop the relation relating the flow rate Q3 to the electrical power Pe3. The range of centrifuge pumps CRTE 4 was used. The hydraulic characteristics of the CRTE 4-(4; 6; 8) pumps from Grundfos with the load characteristic are presented in Fig. 4. (Grundfos) with the load characteristic. 
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where and Q3 is the output flow (m 3 /h) and Pe3 is the electrical power.

The tank model

For the three tanks used for our system we admit the following relation:

              t Q t Q S dt t dl out in 3 , 2 , 1 3 , 2 , 1 3 , 2 , 1 ) 3 , 2 , 1 ( 1   (7) 
with S: Tank's section (m 2 ) l : the height of water in the tank (m) Q: The flow of water

ELECTRIC SYSTEM MODELING

Wind Turbine model

The optimal produced power of wind turbine is given by the following equation [START_REF] Tong | Wind Power Generation and Wind Turbine Design[END_REF]: 
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Photovoltaic Generator model

The optimal produced power of PV system is obtained from multiplying the solar irradiation Ir (W/m 2 ) by the product of total efficiency and the panel's area (m 2 ) [START_REF] Duffie | Solar Engineering of Thermal Processes[END_REF]:
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The efficiency 𝜂 𝑃𝑉 is determined under standard test conditions: 
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Electrical Battery model

The charging state (SOC) [START_REF] Duffie | Solar Engineering of Thermal Processes[END_REF] and the discharging state of the battery [START_REF] Long | A genetic algorithm for unconstrained multi-objective optimization[END_REF] are expressions of the charging/discharging battery efficiency, the converters efficiency, the powers generated by the PV panels and wind turbine and the voltage of the DC bus. They depend on the previous charging/discharging state by sampling step t  .
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where ηch and ηdis are battery efficiencies during charging and discharging phase, Vbus is the DC bus voltage (48V), Pbat is the battery power , Cn is the battery capacity and Δt is the simulation time step which is equal to one hour.

The SOC limits are determined by: max min

SOC SOC SOC   (14) 
where SOCmin and SOCmax are the minimum and the maximum tolerable states for the battery safety (lifetime).

THE DYNAMIC SIMULATOR WITH SMART ENERGY MANAGEMENT

The design of the dynamic simulator with the integrated smart power management was established using MATLAB/SIMULINC. It contains subsystems of both hydraulic and electrical processes. It is based on the hydraulic and the electrical subsystem models previously established. The desired hydraulic LPSP is included in the "LPSP" subsystem. The output of this block is the probability of dissatisfaction of demand expressed in percent (%).

The coupled energy management drives to control the levels of hydraulic and electrochemical stocks to contribute to a smart management in the sake of generating the maximum of potable water with the maximum of produced electricity. We talk here about supervision and organisation between the motor pumps and the battery storage. Then, the approach of energy management was determined according to the structure of the global system and the priority of pumping, desalting or storage scenarios to avoid the overlap of pumps in each running zone while producing water.

The overlap condition is defined, particularly in our system, by [START_REF] Lohoff | The application of design of experiments and response surface methodology to the characterization of a direct methanol fuel cell stack[END_REF]. This condition will be a primordial constraint of the optimisation algorithm. Therefore, with the proposed system, 8 scenarios of hydraulic electricity consumption arise in function of levels in hydraulic tanks, the produced electricity and the stocked energy in battery constitute on its own scenarios of charging and discharging states of the battery in the bases of the storage level tank.

The hydraulic management scenarios are:  Scenario 0: Shutting down the system  Scenario 1: Storage mode via the motor pump (P3).  Scenario 2: Desalination mode by the motor pump (P2).  Scenario 3: Pumping mode by the motor pump of adduction (P1).  Scenario 4: Operating both motor pumps at the same time storage (P3) and desalination (P2).  Scenario5: Operating the two motor pumps at the same time (pumping (P1) and storage (P3)).  Scenario 6: Operating both motor pumps at the same time (pumping (P1) and desalination (P2)).  Scenario 7: Operating the three motor pumps at the same time (pumping (P1), desalination (P2) and storage (P3).

The hydraulic scenarios of pumping, desalting or stocking material are interconnected to electric scenarios of charging and discharging battery states through the motor-pumps. It is obvious to admit that the intermittence of the renewable energies pushes us to create a smart coupled energy management that involves the use of battery while the nonsatisfaction of the produced electrical energy. This intervention accentuates the fact that we look, in one hand, to avoid the water shortage and, in the other hand, to minimize the loss of electrical power production while excess renewable energy satisfaction. Otherwise, the optimal sizing of the battery's state of charge/discharge will endorse the limitation of the EE consumption and the powering of the storage pump.

Meteorological data are linked to the project site (South Tunisia: Djerba). Data on wind speed, irradiation and consumption profile are provided on a year with an acquisition every 60 minutes (hourly). Therefore, the duration considered for the simulations is a year. In addition to the High and Low levels of the tanks (CH and CL), a medium level (CM) is defined as sensor to avoid the discontinuity of running the motor pumps; which is known as Hysteresis effect.

The problem of Hydraulic/Electrical energy management is putted into question during the phases of the renewable electrical production's dissatisfaction. This latter case is the consequence of unexpected meteorological data or unbalanced complementarity of wind/solar irradiation that can't satisfy the demand of desalting according to the required quantity of potable water. Nevertheless, a pic of demanding potable water-even in optimal conditions of desalinationcauses this hydraulic lack. To overcome the hydraulic lack, a reservation of enough water in tanks and electrical energy in batteries should be managed in order to expect the phases of shortage.

DESIGN OF EXPERIMENTS AND OPTIMIZATION ALGORITHM

Optimization algorithm

In this paper, the optimization methodology concerns technical and environmental objectives by carrying to minimize the LPSP and the EE of the system. The objective of the optimization algorithm is to find the best configuration of the proposed system. The decision variables included in the optimization analysis are PV array area, wind turbine swept area, capacity of battery storage, membrane capacity (motopump P2 and desalination unit), the electrical power of the pump P1 and the area of water tower T3 that will give an LPSP=0% with a total EE cost as small as possible.

The first objective of the studied system is to fulfill the mission of ensuring produced water that is equal or exceeds the quantity of water demanded. This satisfaction rate is related to meteorological resources, the sizing system and the hydraulic load.

The rate of Hydraulic Loss of Power Supply Probability (LPSP) is measured by:

𝐿𝑃𝑆𝑃 𝐻 (%) = 100 × ∑ [Q Load_Hydrau i ×∆t] L 3 i ≤0 i=1 ∑ Q Load_Hydrau i ×∆t i=1 (16) 
With Q Load_Hydrau i is the flow of consumed water during the time ∆t and L 3 i ≤ 0 is the hydraulic failure when the third tank is empty during∆t.

In order to reduce environmental impact, EE has been introduced as a criterion. The EE indicator is studied in detail by reference [START_REF] Cherif | Environmental life cycle analysis of a water pumping and desalination process powered by intermittent renewable energy sources[END_REF]. So, in this paper the authors used the EE models in order to introduce them as criteria for sizing the studied system with the objective to minimize the environmental impacts. The methodology concept is presented in Fig. 5. Because of the complexity of the proposed system and to obtain quickly an optimal sizing (benefit in terms of convergence time), a mathematical model is developed using the Design of Experiments (DOE) method. Base on optimization algorithm (Genetic Algorithm NSGA-II) a mathematical model will be used to predict the optimal configuration of the system [START_REF] Long | A genetic algorithm for unconstrained multi-objective optimization[END_REF].

Meta-modelling the system

The sizing process by optimization can be treated in two ways:

 The constraints and the criteria ,that will be integrated and respected by the optimisation algorithm NSGA-II, must be defined and evaluated by the dynamic simulator which takes into account all the points treated by the data base involved throughout the process during one year.

 A meta-model of the process defines firstly equation of the running system objectives parameterized by the decision variables. This equation will be the outliner of the constraints and the criteria of the system. This stage shortens the time of data base treatment and running thru the dynamic simulator.

Furthermore, because of the complexity of the proposed system, the delay of convergence that would make our dynamic simulator to achieve the criteria and to respect the constraints in the same time is the definer of the chosen method. Meta-modeling the system is the asset in such problems. Using an appropriate experimental design that integrates decisive parameters, shorten the convergence time in few minutes [START_REF] Luo | Hybrid adaptive splines[END_REF][START_REF] Lohoff | The application of design of experiments and response surface methodology to the characterization of a direct methanol fuel cell stack[END_REF].

For the experimental design, we used a conception space of experiences, designed in a way to integrate the six parameters as decision variables. These parameters are the APV, AWT, Cn, MC, Pe1 and S3. The output of the dynamic simulator using those parameters is the first objective of our multi-objective optimization: Y=LPSP_observed. The Model Based Calibration Toolbox is the lock of our task of meta-modelling the system using the Design of Experiment (DOE).

To validate this Meta-Model, statistic measurement of the accuracy where systematically developed while the metamodel was settling. The linear model of LPSP admits some errors witch are limited by the controlled coefficient of determination: First of all, as it is shown in the Fig. 5, the system metamodel consists on creating data base of the outputs (𝑌 ̂ =LPSP-predicted) in function of the inputs by running the simulator. To escape the enormous background of data base, the hybrid spline technique using a linear model helps to define the meta-model relating the inputs to the output. Then an uploading of the simulated experiments by the dynamic simulator ends up the meta-modelling preparation.

RESULTS ANALYSIS

The aim of this work is essentially the optimization of the system sizing and the electrical energy management to supply the desalination of maximum required potable water in order to avoid the water shortage as much time as it is possible. This issue includes two optimization goals. First of all, it is indispensable to size the whole system including the electrical and hydraulic components. In our case, we optimized the sizing of the PV/Wind and batteries system, the sizing of water storage tanks, the pumps and the RO membrane capacity. Then, the constraints in our optimization problem are the pumps 'overlap condition which is defined by the authors of this work through the equation ( 15) and the rate of hydraulic Loss of power supply probability (LPSP-H=0%). The cost of EE is chosen as criteria to minimize due to the optimal sizing of the decision variables then the whole configuration of the system. While the LPSP-H is in fact a cost to pay, by this optimal sizing we seek for minimizing this As results, Based on DOE method and a database generated by the dynamic simulator, the predicted mathematical model that represents the variation of the output response (EE and LPSP) of the global system in function of input variables is given in Fig. 6. It is obvious that the embodied energy and the LPSP are in opposite phases. Meanwhile, the impact of decreasing the rate of LPSP, with a significant range, touches marginally the increase in the cost of EE. To select the optimal configuration for our process, we separated the investigated objectives, in order to letting the choice to the constructor of the aimed objectives according to its needs and perspectives: Environmental or Technical issue. The Figs. 8 and9 illustrate the evolution of the decision variables in the optimal fronts in function of the objectives. For an LPSP-H=0%, the optimal decision variables (input variables) obtained by the optimization algorithm, for our study, are: APV = 75 m²; AWT = 90 m²; Cn = 320 Ah; MC = 60 m 3 /day; Pe1 = 2550 W; S3 = 17 m².

For the previously set decision variables by the optimization task according to the constraints and the criteria fixed by the constructor, the Figs. 10, 11 and 12 show how the dynamic simulator runs depending on sizing results. The evolution of the battery SOC shows that the system operates with minimum electrochemical storage (320 Ah). 

CONCLUSION

The present work treats the improvement of a large-scale energy assessment approach of hybrid system multi-source coupled to battery storage for the powering of a brackish water desalination plant. The design of this type of systems is wellmatched with the concept of sustainable development. The optimization methodology treated technical and environmental objectives by carrying to minimize the LPSP and the EE of the system. The constraints of the optimization are mainly the respect of the permitted average of the main process to guarantee a regular energy management of the whole desalination system. The Design of Experiments facilitates the task of the optimization process. The results show that the mathematical model is well adapted for the optimization.
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 1 Fig. 1. The architecture of the desalination process coupled to hybrid powering system PV-Wind-Battery.

Fig. 2 .

 2 Fig.2. The output flow rate of motor-pumps CRN-(1S-36; 3-29; 10-18) as a function of the electrical power for different frequencies with the membranes BW 30-(2540; 4040; 330; 400). Thus, the flow rate of the HP pump is given by 552 . 0 534 . 0 21 2 0122 . 0 MC P Q e    (1)
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 3 Fig.3. Hydraulic characteristics of the pumps SP 14A-(5; 7; 10) (Grundfos) with the load characteristic.
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 4 Fig.4. Hydraulic characteristics of the CRTE 4-(4; 6; 8) pumps(Grundfos) with the load characteristic.

  with V: The wind speed (m/s)  : The air density (kg/m 3 ) AWT: The wind turbine swept area (m²) Cp: The turbine efficiency G  : The generator efficiency

  power point efficiency under standard test conditions, β is the generator efficiency temperature coefficient, ranging from 0.004 to 0.006 per °C and Tc,NOCT is the normal operating cell temperature when cells operate under standard operating conditions.The cell temperature Tc is an expression of the irradiation and Ta the ambient temperature (°C):

Fig. 5 .

 5 Fig. 5. The proposed sizing method by optimization and design of experiments.

  our study, R 2 = 0.98, where Yi: The objective of optimization (LPSP-H) according to each combination i of decision variables, 𝑌 𝑖 ̅ : The mean value of the optimization objective.

  while limiting as possible the Energetic cost.

Fig. 6 .

 6 Fig. 6. LPSP predicted model by the DOE. The Pareto front (embodied energy (MJ) versus LPSP (%)) obtained by the multi-objective optimization via the DOE method is shown in Fig 7. The parameters' rates of variation are: 50<APV(m 2 )<110; 30<AWT(m 2 )<100; 100<Cn(Ah)<500, 13.2 <MC(m 3 /day)<70; 800<Pe1<4000; 12<S3(m 2 )<22.
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 7 Fig. 7. The Pareto Front of the multi-objectives optimization.
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 89 Fig. 8. Evolution of the decision variables in the optimal fronts of the LPSP-H meta-modeling.
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 10 Fig.10. Hybrid power, photovoltaic power and wind system power.
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 11 Fig.11. The levels of water in the three Tanks.
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 12 Fig.12. The charging and Discharging state of the Battery.
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