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Water irrigation systems (WISs) are an important factor for agricultural development and food security. However, their energy supply is affected by several problems related to the use of diesel generators, especially in remote areas. This paper describes a new methodology used to design a cost-effective and sustainable solution to provide a water irrigation system with a demand of 40 kWh/day. A combined supply side management (SSM) and load shifting (LS) strategy, which is a component of the demand side management (DSM) concept for the design and optimization of irrigation systems, was implemented. HOMER was used to select the appropriate system based on the technical, economic and environmental criteria. A general comparison between the simulated scenarios (PV/Battery, PV/Battery/Diesel, and Diesel generator) was carried out using the cost of energy (CoE), the total net present cost (TNPC), CO2 emissions and the renewable energy fraction (REF). The results show that the PV/Battery/Diesel scenario is the most optimal and attractive. This optimal system was also simulated with the load shifting strategy. Compared to the system without LS, the results show that the LS offers a 19.25%, 20% and 10.70% reduction in CoE, TNPC and net CO2 emissions, respectively, in addition to the significant savings in the electricity bill cost and REF improvement.

Introduction

Electrical energy is one of the world's most important resources. As the world's population and economies grow, so does the demand for electricity. In fact, more than 70% of the global electricity demand is met by fossil fuels resources (oil, natural gas and coal) [1]. In remote and island regions, the demand for electricity is also increasing, usually supplied by diesel and/or other fossil fuel-based generation systems. Due to the rising cost and emissions of fossil fuels, the use of renewable energies is developing as stand-alone and hybrid energy systems [2]. According to Geographical Information System (GIS) analysis, the population of islands and remote areas is estimated at more than 740 million inhabitants worldwide [3].

In this case, the use of renewable electricity can provide sustainable access to electricity for different customers and applications, households, food preservation, agricultural cooling systems, academic institutes, industries and irrigation systems [4]. The use of hybrid energy production systems that could combine several alternative (PV, CSP and wind, etc.) and conventional (oil, gas and coal) energy sources plays an important role in power generation, and has been widely used to meet different levels of demand and application [5][6][7][8][9].

The optimal configuration of a hybrid energy system depends on the knowledge of local energy source specifications, technical and environmental conditions and load profiles, which leads to the complexity of the optimal design of a hybrid energy system (HES) [10]. One of the most important inputs in the design of this system is the load profile due to its effect and influence on the optimal sizing and HES components costs [11]. Moreover, it is challenging implementing renewable energy sources (RES) in a stand-alone system without a storage system (e.g. batteries) and a back-up source (mainly a diesel generator) due to its random nature [START_REF] Daud | Design of isolated hybrid systems minimizing costs and pollutant emissions[END_REF]. Therefore, a good design and system components sizing, such as the PV array, diesel generator and battery storage, are required to meet the load requirement on the one hand and to minimize the overall system cost, DG fuel consumption and therefore the reduction or elimination of CO2 emissions on the other hand [START_REF] Stathopoulos | The role of residential load-management in the support of RES based power generation in remote electricity grids[END_REF].

Literature review research and data

Optimal design and sizing of hybrid renewable energy systems (HRES), simulation and optimization is an important aspect. For this reason, many researchers have analyzed and evaluated, in many papers, the configurations, control strategies, criteria and optimization methodologies of the hybrid renewable energy system [START_REF] Yazdanpanah | Modeling and sizing optimization of hybrid photovoltaic/wind power generation system[END_REF]. The design, sizing and control of HRES have been presented in detail by Upadhyay [START_REF] Upadhyay | A review on configurations, control and sizing methodologies of hybrid energy systems[END_REF]. This work examines the different configurations, sizing methodologies, economic and technical criteria selection and energy management strategies in hybrid energy systems. Several configurations based on renewable energy sources for different applications are examined and discussed [START_REF] Amutha | Cost benefit and technical analysis of rural electrification alternatives in southern India using HOMER[END_REF][START_REF] Mahesh | Hybrid wind/photovoltaic energy system developments: Critical review and findings[END_REF]. Different optimization methods and techniques are used to find the optimal design of HRES such as software and computer simulation tools based on probabilistic, analytical, heuristic and numerical methods [2,[START_REF] Mahesh | Hybrid wind/photovoltaic energy system developments: Critical review and findings[END_REF]. Various software, algorithms and methodologies used for planning, sizing, evaluation and optimization of HRES are available in the literature [START_REF] Chauhan | A review on Integrated Renewable Energy System based power generation for stand-alone applications: Configurations, storage options, sizing methodologies and control[END_REF][START_REF] Al-Falahi | A review on recent size optimization methodologies for standalone solar and wind hybrid renewable energy system[END_REF]. Sinha and Chandel [START_REF] Sinha | Review of software tools for hybrid renewable energy systems[END_REF] provided an overview of existing simulation tools used for hybrid systems based renewable energies. HYBRID2, HOMER, i-HOGA, TRNSYS, RETScreen are the different commercially available computer tools, and the HOMER software is the most widely used software tool for hybrid system optimization and conception. The system advisor model (SAM) developed by the National Renewable Energy Laboratory (NREL) is also a powerful and useful software [START_REF] Bahramara | Optimal planning of hybrid renewable energy systems using HOMER: A review[END_REF].

Sustainable energy and water supply is essential for the social and economic development of any country in the world. In general, water pumping in remote areas is mainly limited to the use of diesel generators, which is a major problem due to its disadvantages such as maintenance problems, pollution and high operating cost [START_REF] Hachemi | Techno-economic evaluation of a hybrid PV/diesel water pumping system for different pumping heads[END_REF]. However, in the past decade, solar-powered irrigation systems have been rapidly expanding, have become more accessible and are expected to provide an appropriate solution to water scarcity for drinking water, agriculture irrigation and livestock needs on farms and in remote areas [START_REF] Saeed | Solar driven irrigation system for remote rural farms[END_REF][START_REF] Al-Smairan | Application of photovoltaic array for pumping water as an alternative to diesel engines in Jordan Badia, Tall Hassan station: case study[END_REF]. The rapid development of PV irrigation system is due to the lower cost of PV panel technology, the lower price of lithium-ion batteries and the rapid commercialization of the products [START_REF] Saeed | Solar driven irrigation system for remote rural farms[END_REF]. On the other hand, PV-powered water pumping solutions have many advantages, including robustness, operational safety, significantly lower life-cycle costs, longer system life and no negative environmental impact (non-polluting and quiet) [START_REF] Al-Smairan | Application of photovoltaic array for pumping water as an alternative to diesel engines in Jordan Badia, Tall Hassan station: case study[END_REF][START_REF] Elizabeth | Power control of hybrid energy systems with renewable sources (wind-photovoltaic) using switched systems strategy[END_REF].

Numerous studies have been conducted on the performance, feasibility and economic viability of the PV pumping system and have shown that the system can be economically compared to diesel generators. For example, Saeed in [START_REF] Saeed | Solar driven irrigation system for remote rural farms[END_REF] investigated an irrigation system powered by two types of sources: solar photovoltaic and solar thermal technology. This system can be used in small rural farms in sub-Saharan Africa. Furthermore, Al-Smairan [START_REF] Al-Smairan | Application of photovoltaic array for pumping water as an alternative to diesel engines in Jordan Badia, Tall Hassan station: case study[END_REF] developed the application of two systems to supply power to a water pump in a remote area of Jordan Badia. This application includes the realization of stand-alone photovoltaic and diesel generator projects. The author demonstrated that in this region, photovoltaic water pumping systems can be more cost-effective than diesel generators.

In India, Shinde [START_REF] Shinde | Solar photovoltaic water pumping system for irrigation: A review[END_REF] compared a PV and a diesel generator for water pumping systems with a capacity of up to 3 kWp to supply water to a village. The author concluded that the first one is more economically viable. A PVWP model was introduced in [START_REF] López-Luque | Optimal design of a standalone direct pumping photovoltaic system for deficit irrigation of olive orchards[END_REF] to obtain an optimal design of a stand-alone system for olive orchards in Mediterranean climate conditions. According to results of this study, the optimal configuration can lead to a reduction of the initial costs of the PV system and water savings. In [START_REF] Alkarrami | Optimal sizing of a stand-alone hybrid energy system for water pumping in Sirte, Libya[END_REF], a stand-alone PV/Wind/Battery hybrid system for water pumping application in the city of Syrte, Libya, is investigated. The techno-economic performance analysis of a stand-alone photovoltaic/wind energy system with storage applied to the irrigation system of the city of Alminia, Egypt, was performed using HOMER software in [START_REF] Rezk | Optimum size of battery-less energy sources autonomous hybrid power system for water pumping applications[END_REF]. In [START_REF] Vick | Analysis of off-grid hybrid wind turbine/solar PV water pumping systems[END_REF], Vick and Neal analyzed the individual operation of solar PV and wind turbine systems and off-grid PV/WT hybrid system for water pumping to identify the most suitable option for this location. Diaz-Mendez et al. [START_REF] Diaz-Mendez | Wind pumps for irrigating greenhouse crops: Comparison in different socioeconomical frameworks[END_REF] presented a simple methodology to compare photovoltaic water pumping systems and wind-powered water pumping systems in Cuba, Pakistan and Spain. The feasibility of photovoltaic powered irrigation systems as a function of location was studied by Kelley et al. [START_REF] Kelley | On the feasibility of solar-powered irrigation[END_REF].

In [START_REF] Gopal | Renewable energy source water pumping systems: A literature review[END_REF], the authors presented a review of research developments in the field of water pumping systems based on renewable energies (solar, biomass, wind and PV/WT hybrid, etc.), and more than one hundred published papers were briefly reviewed. The authors concluded that the use of renewable energies, especially solar and wind power, greatly reduces the dependence on conventional energy; it represents a positive environmental impact. The design of a stand-alone hybrid solar-wind system for water pumping system was optimized based on a techno-economic terms and evaluated annually using the PVSYST simulation software in [START_REF] Yahyaoui | Design and evaluation of a renewable water pumping system[END_REF]. In Saudi Arabia, the technical and economic performance analysis of using small wind turbines for water pumping was investigated by Rehman and Sahin [START_REF] Rehman | Wind power utilization for water pumping using small wind turbines in Saudi Arabia: A techno-economical review[END_REF]. The control of PV battery hybrid energy for water pumping system was also performed [START_REF] Massaq | Control of PV-Battery based hybrid water pumping system under sudden irradiance and speed changes[END_REF]. In [START_REF] Ferreira | Modeling, control and simulation of a small photovoltaic-wind water pumping system without battery bank[END_REF], the modeling and control of a small hybrid photovoltaic wind system without battery for water pumping system was analyzed by computational simulations.

In terms of optimization methods, several methods have been applied in the study of hybrid renewable energy systems [START_REF] Al-Falahi | A review on recent size optimization methodologies for standalone solar and wind hybrid renewable energy system[END_REF]. The i-HOGA (Hybrid Optimization by Genetic Algorithms) software was used by Carroquino et al. [START_REF] Carroquino | Sizing of off-grid renewable energy systems for drip irrigation in Mediterranean crops[END_REF] for the optimal design and cost optimization of an off-grid photovoltaic-diesel hybrid system applied to power a drip irrigation installation. Moní et al. [START_REF] Monís | Multistage bounded evolutionary algorithm to optimize the design of sustainable photovoltaic (PV) pumping irrigation systems with storage[END_REF] used an evolutionary algorithm to optimize the design of a sustainable photovoltaic water pumping system in Almería, Spain. A developed algorithm was used by Campana et al. [START_REF] Campana | Economic optimization of photovoltaic water pumping systems for irrigation[END_REF] for photovoltaic irrigation systems sizing and optimization, and a similar approach was applied by Yahyaoui et al. [START_REF] Yahyaoui | Energy and water management for dripirrigation of tomatoes in a semiarid district[END_REF]. In [START_REF] Hamidat | Systematic procedures for sizing photovoltaic pumping system, using water tank storage[END_REF], a systematic procedure was proposed and the load losses probability (LLP) method was considered for the photovoltaic irrigation systems sizing with water tank storage in four locations in Algeria. The optimal sizing of stand-alone photovoltaic water pumping with reliability and cost as objectives was performed using a multi-objective model by Olcan [START_REF] Olcan | Multi-objective analytical model for optimal sizing of stand-alone photovoltaic water pumping systems[END_REF]. In their work, Mérida et al. [START_REF] Mérida García | Comprehensive sizing methodology of smart photovoltaic irrigation systems[END_REF] optimally sized a smart photovoltaic irrigation system using a proposed multi-objective approach.

Figure 1. Global horizontal irradiation on the map of Algeria Located in north-west Africa, bordering the Mediterranean Sea, Algeria has an area of nearly 2.4 million km 2 that makes it the largest country on the continent. Algeria has a very diversified climate; more than 3000 hours of sunshine per year with a high level of radiation is the solar potential that exists in the most rural and remote areas of Algeria [START_REF] Bouraiou | Status of renewable energy potential and utilization in Algeria[END_REF], particularly in the Sahara area (southern regions) [START_REF]Solar Resource Map-global horizontal irradiation[END_REF]. Figures 1 shows the distribution of the Global Horizontal Irradiation potential (GHI) on the map of Algeria. In addition, the details of this solar potential are given in Table 1. During the last decade, several studies have been carried out on water pumping systems using renewable energy source. A techno-economic analysis was carried out to investigate the suitability of using PV in irrigation systems. The results were generally compared with the system powered by a diesel generator. The following are some case studies that have been carried out in the WIS study. For example, the comparison between wind water pumping and solar applications in the region of Adrar (southwestern Algeria) was carried out by Bouzidi [START_REF] Bouzidi | Viability of solar or wind for water pumping systems in the Algerian Sahara regions-case study Adrar[END_REF]. The author reported that the cost of pumping water when using wind systems is lower than the one generated by PV pump system.

In [START_REF] Labraoui | Design of photo voltaic pumping system using water tank storage for a remote area in Algeria[END_REF], the investigation on the ability of using photovoltaic system and water tank storage to supply irrigation for agricultural in remote areas in Batna (northeast Algeria) was carried out. According to the author, since photovoltaic watt is much more expensive than diesel watt, the incorporation of photovoltaic water pumping is not yet beneficial. Load management with its advantages is used in many applications and load types, load shifting and load conservation are the main areas of influence of load management concept [START_REF] Anjana | Intelligent demand side management for residential users in a smart micro-grid[END_REF], and this is not applied in the field of water pumping for system sizing and optimization. Bakelli and Kaabeche [START_REF] Bakelli | Optimal size of photovoltaic pumping system using natureinspired algorithms[END_REF] studied a stand-alone photovoltaic pumping system with water storage and proposed different meta-heuristic optimization methods such as the bat algorithm (BA), the gray wolf optimization algorithm (GWO) and the cuckoo search algorithm (CSA).

The papers available in the literature provide an important contribution. Several works have been carried out to study the optimal design and techno-economical optimization of water irrigation systems (WISs) powered by renewable energies. Software and mathematical models are used in the WIS study in different countries and locations. It can be seen that most of the case studies focus more on optimization related to net present cost (NPC), energy cost and component sizing, etc. In addition, the literature reviews show that most of the work has studied and evaluated irrigation systems powered by a single configuration. However, studying the feasibility of several configurations to select the best one is a step that can bring considerable technical and economic benefits, and this is the main gap in the available literature.

In addition, the effect and influence of load profile management in water pumping systems using DSM techniques such as load shifting, peak shaving and energy savings are not studied. On the other hand, to our knowledge, there are no comprehensive feasibility studies on water irrigation systems based on hybrid renewable energies for Algeria. To this end, this paper aims to address a number of knowledge gaps. A detailed techno-economic feasibility study of three different configurations proposed to meet the real load of an isolated irrigation system with low cost and low pollution was carried out. Particular attention was given to examining the load shifting strategy and assessing its effect in technical, economic and environmental terms using different parameters of analysis.

Energy supply and demand side management

Supply side management (SSM) refers essentially to electricity and covers all actions related to the supply of other energy resources such as fossil fuels and sustainable energies. SSM and DSM (also called load management) are two components of the power grid; both strategies are generally used to reduce peak loads and increase the grid load capacity [START_REF]Sustainable Energy Regulation and Policy Making for Africa[END_REF]. Regarding the benefits of SSM at the end-user level, SSM makes installed generation capacity more efficient to deliver energy at a lower cost ($/kWh), thereby reducing the cost of electricity bills [START_REF] Afua | A review of electrical energy management techniques: supply and consumer side (industries)[END_REF]. Of these opportunities, there is a strong need to focus on this type of management for the reliable design of energy systems with minimal cost under all operational conditions, in which case both the supplier and the end-user are profitable.

On the other hand, the definition of DSM covers all activities that aim at changing the electrical load profiles to improve the overall power system, from electricity production to end energy supply and end use. Moreover, they aim to improve energy efficiency and to optimize the allocation of resources so that electricity can be used more efficiently [START_REF] Gellings | The smart grid. Enabling energy efficiency and demand response[END_REF]. Based on the literature, the DSM approach includes six strategies which are peak clipping, load shifting, valleys filling, flexible load shape, strategic conservation and strategic load growth. Details of these strategies can be found in [START_REF] Tsaousoglou | Near-optimal demand side management for retail electricity markets with strategic users and coupling constraints[END_REF][START_REF] Palensky | Demand side management: Demand response, intelligent energy systems, and smart loads[END_REF][START_REF] Jabir | Impact of demand-side management on the reliability of generation systems[END_REF][START_REF] Gellings | Evolving practice of demand-side management[END_REF].

Methodology and case study simulation

The design of a hybrid energy system is influenced by many factors such as site location and energy resource intensity. Therefore, the first step is to choose a suitable location with a great resource potential (solar, wind, etc.). A site in M'sila (north-eastern Algeria) was chosen as a case study in this paper. M'sila, with an area of 18.718 km 2 , is a semi-arid region classified as high plains, with an average received solar energy of 1900 kWh/m 2 /year, and an average sunshine duration estimated at 3000 h/year, as shown in Table 1. The locality has a vast potential of solar energy and receives a total yearly solar energy of about 6316.42 MJ/m 2 . The study site is located at a latitude of 35.66° N, a longitude of 4.5° E, and the average altitude above sea level is nearly 442 m, as shown in Figure 2.

Figure 2. Geographical location of the selected site

Electric load profile shifting

The electric power load demand represents the energy need to pump the required volume of water which is dedicated to the irrigation of an isolated farm with a surface area of about 9 hectares. The farm is cultivated with the products necessary to feed the sheep, such as barley, hay and grass as well as olive trees, with an estimated water demand of 100 m 3 /day. The energy consumption depends on the operating time of the pump per day and its nominal power. The pump operates 8 hours a day, 4 hours of operation from 06 a.m.to 9 a.m. and 4 hours of operation from 06 p.m. to 09 p.m. The annual average electricity consumption is 40 kWh/day with a peak load of 9.6 kW. In the first four hours (06 a.m. to 09 a.m.), the pumped water is used directly in the irrigation system and supplied by PV panels. In the second part (night or cloudy day), the pump is supplied by batteries' storage as there is no solar energy available. This results in the high cost of the PV/Battery water pumping system. However, in the proposed system, the night load (06 p.m. to 9 p.m.) is shifted (load shifting) from 12 a.m. to 03 p.m. time to maximize PV self-consumption and to reduce the need for batteries. In addition, a water storage tank is added. In this case, the pump is powered by the photovoltaic system at the maximum moment and with the storage battery at the minimum moment, then the stored water is delivered at night from a storage tank without any need for electrical energy.

The idea of adding a water storage tank is to minimize the investment cost of the power supply system and to take advantage of the self-consumption of solar energy to store water for later use. The sizing of the water storage tank is an essential process to complete the design of the water pumping system to avoid additional energy costs. It is important to note that the different costs of the storage tank (investment and maintenance costs) depend on the tank size and construction technology. However, in our case, these costs are not included in the analysis because the storage tank was built free of charge by the agricultural authorities.

This section describes load shifting (LS) strategy as a technique in load management concept. Load shifting can be used for a variety of purposes and objectives, such as: combining peak clipping and valley filling and shifting loads from peak to off-peak periods, thereby reducing energy costs [START_REF] Jabir | Impact of demand-side management on the reliability of generation systems[END_REF][START_REF] Gellings | Evolving practice of demand-side management[END_REF]. In this paper, the net effect of load shifting from one moment to another without changing the total energy consumption is used to maximize PV self-consumption. Figure 3 shows the consumption profile before and after applying load shifting strategy. The proposed measures and objectives in both supply side and demand side management is shown in Figure 4.

Figure 3. Load profile with and without load shifting strategy Figure 4. Techno-economic and environmental objectives of proposed case study

Solar resource assessment

Meteorological data (solar irradiation, wind speed and temperature) were obtained from the Surface Meteorology and Solar Energy NASA and the PVGIS database [START_REF]NASA surface meteorology and solar energy[END_REF][START_REF]Photovoltaic Geographical Information System (PVGIS)[END_REF]. The monthly average profiles of solar irradiation, wind speed, ambient temperature and clearness index are shown in Figures 5 and6, respectively. The solar radiation becomes very important between April and September and the peak occurs in July, the less solar potential is observed in the winter months. The monthly average global solar radiation at the site ranged between 2.19 kWh/m 2 /day in December to 7.42 kWh/m 2 /day in July month. The average monthly solar radiation and clearness index are 4.78 kWh/m 2 /day and 0.564, respectively. However, the monthly average wind speed measured at 10 m height is 4.52 m/s, which is varies from minimum of 4.06 m/s in September to a maximum of 5 m/s observed in April month. While the monthly average ambient temperature is estimated at 17.39°C. 

Sustainability in energy supply

In this work, a simulation model was used to find the best technical and economic system between three scenarios proposed to meet a real load profile of an isolated irrigation system on the M'sila site in Algeria, based on supply management criteria. The three proposed systems are as follows: PV/Battery, PV/Battery/Diesel and Diesel Generator only. The objective is to answer the following question: which is the most efficient system and what will be the benefits in technical, economic and environmental terms?. To do this, the HOMER (Hybrid Optimization of Multiple Energy Resources) software was used to model and evaluate HRES. It is a software tool that performs the three main tasks of simulation, optimization and sensitivity analysis of such an energy system.

Both renewable and conventional sources can be modeled, including wind power, PV array, biomass, battery storage, converter and diesel generator, etc. HOMER has been used in various studies around the world to evaluate simple and hybrid energy systems, both on and off-grid modes [START_REF] Mahesh | Hybrid wind/photovoltaic energy system developments: Critical review and findings[END_REF][START_REF] Sinha | Review of software tools for hybrid renewable energy systems[END_REF][START_REF] Bahramara | Optimal planning of hybrid renewable energy systems using HOMER: A review[END_REF]. The total NPC is the main economic result in this software, considering the data inputs, which is the value by which it ranks all the system configurations for optimal sizing and optimization of the system over the lifetime of the project. Compared with other similar software such as TRANSYS, RETScreen, Hybrid2, MATLAB and PVSOL, HOMER has unique features such as a wide choice of system architectures, variety and combination of renewable energy resources [START_REF] Sinha | Review of software tools for hybrid renewable energy systems[END_REF][START_REF] Thierry Odou | Hybrid off-grid renewable power system for sustainable rural electrification in Benin[END_REF][START_REF] Chambon | Techno-economic assessment of biomass gasification-based mini-grids for productive energy applications: The case of rural India[END_REF][START_REF] Kaur | Techno-economic analysis of photovoltaic-biomass-based microgrid system for reliable rural electrification[END_REF][START_REF] Prashant | Study of grid integrated biomass-based hybrid renewable energy systems for Himalayan territory[END_REF]. In addition, is found to be the most appropriate and flexible one to provide more detailed information in terms of optimization and sensitivity analyses. The justification and the reasons for selecting HOMER tool over other available software is summarized in Table 2 System optimization involves determining the optimal value of each decision variable, which includes the size of the PV array, the battery and diesel generator capacities, the size of the DC/AC converter and the total cost of the system. In this paper, after system simulation and optimization, a comparison between the best optimal configurations in the first, second and third scenarios is presented. Figure 7 presents the proposed optimization approach. Figure 7. Flowchart of the proposed optimization processes

Scenario 1: PV/Battery system

In this first scenario, the hybrid energy system consists of a local photovoltaic generator, a battery storage system and a DC/AC converter. The battery storage is used to store excess energy to meet demand during the evening period or during periods of PV energy shortage. The PV will meet demand either by using the produced PV energy directly or indirectly by the PV energy stored in the batteries. The diagram of this hybrid system is shown in Figure 8(a).

Scenario 2: Hybrid PV/Battery/Diesel system

In this proposed scenario, the hybrid system consists of a photovoltaic module, a diesel generator and a battery accumulator with DC/AC converter. The PV generator meets the demand during the day and the excess energy from PV system is stored in the battery units to meet the load when there is no availability of PV production. If the demand is not satisfied, the diesel generator set is switched on to meet the load demand. The schematic block of the PV/Battery/Diesel hybrid system is developed as shown in Figure 8(b).

For the control of hybrid energy systems, Load Following (LF) and Cycle Charging (CC) strategies are modeled by HOMER and used to control the operation of the simulated system to meet the load with the most economical choice. This choice is obtained from the simulation of hundreds of possible combinations of HES [START_REF] Jiang | Hybrid energy system with optimized storage for improvement of sustainability in a small town[END_REF].

In this work, the CC dispatch strategy was considered during the control and simulation of the hybrid PV/Battery/Diesel energy system which is described as follows:

• If PPV(t)=PL(t), all PV production is injected to supply the load;

• If PPV(t) > PL(t), there is an excess of energy that will not be fed into the load; then the excess energy is transferred to the storage batteries if SOC(t) < SOCmax until the SOC is equal to SOCmax or there is no surplus power; • If PPV(t) < PL(t), the load demand cannot be satisfied by the PV energy produced; the equilibrium between power supply and load demand is achieved by the storage system if SOC(t)>SOCmin; however, if SOC(t) = SOCmin, the batteries can no longer discharge, so the diesel generator (DG) will start supplying the load. PPV(t) and PL(t) are solar PV output and load demand at the time (t), SOCmin and SOCmax are the minimum and maximum state of charge of the battery, respectively.

Scenario 3: Diesel generator only

In this scenario, only the diesel generator is considered as an electrical energy source to supply the load as shown in Figure 8(c). The fuel used by the DG has the following properties: lower calorific value of 43,2 MJ/kg, density of 820 kg/m 3 , carbon content of 88 % and 0,33 % is the level of sulfur content.

(a) (b) (c) Figure 8. Simulated scenarios, PV/Battery system (a), hybrid PV/Battery/Diesel system (b), and Diesel generator only (c)

Hybrid energy system modeling and sizing

The design and optimization of hybrid systems has been examined and presented in several studies. The difficult problem of designing, optimizing and optimally selecting a system based on renewable energy is mainly due to its intermittent nature. The proposed configurations have five main components: PV panels, diesel generator, a converter, battery storage and the electrical load. The mathematical modeling of system components is performed by HOMER, it is an important step before system sizing and optimization because it provides information on the performance of the system components under various operating conditions.

Photovoltaic array modelling

PV module it is a collection of solar cells connected in series and in parallel, consists in producing electricity using the photovoltaic phenomenon by converting solar irradiation from the Sun. The power generated by the PV system is estimated by the Eq. (1) [START_REF] Kaur | Techno-economic analysis of photovoltaic-biomass-based microgrid system for reliable rural electrification[END_REF].
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where, CPV (kW) is the rated capacity of the PV array under standard test conditions, DPV (%) is the degrading factor, GT (kW/m 2 ) is the solar radiation incident on the PV array, GT ,STC is the incident radiation under standard test conditions (1 kW/m 2 ), aP (%/°C) is the temperature coefficient of power, Tc and TC,STC are the temperature of the PV cell (°C) and the temperature of the PV cell under standard test conditions (25 °C), respectively. The overall irradiation on an inclined surface G(β) is defined as the sum of the following three type of irradiations as in Eq. ( 2).
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(2) where, B(β), D(β) and R(β) are the direct, diffuse, and the reflected irradiation, respectively.

Diesel generator

Since the functioning of the photovoltaic system is limited by the influence of weather conditions on energy production, due to this variation it is necessary to couple this system with storage technologies and a backup generator to ensure an uninterrupted and secure electricity supply. Diesel generator is one of the most components used as a backup source, its performance is characterized by the fuel consumption at any time interval, which is expressed by Eq. (3) [START_REF]HOMER's Calculations[END_REF].

D G G F aT b P = +
(3) where, is fuel consumption in (l/h), is the fuel curve intercept co-efficient (0.0165 l/h/kW), b is the fuel curve slope (0.267 l/h/kW), is the rated capacity of diesel generator and is diesel power generation. The efficiency of diesel generator can be calculated by using Eq. (4).

3600 G G D D D P F LHV η ρ × = × × (4)
where, is the density of diesel (kg/l), is fuel consumption (l/h), and is the lower heating value of diesel in (kJ/kg).

Battery model

It is difficult to implement a standalone system based on renewable sources without any storage device, this is due to the random nature of this type of production [START_REF] Daud | Design of isolated hybrid systems minimizing costs and pollutant emissions[END_REF]. One of the most used technologies is the battery, which is used to store the extra energy produced by the system and provide the surplus energy that is needed by the load. The state of charge of the battery (SOC) can be calculated by Eq. (5) [START_REF] Isa | A techno-economic assessment of a combined heat and power photovoltaic/fuel cell/battery energy system in Malaysia hospital[END_REF].

( ) ( ) ( ) ( ) 1 / i Battery Battery bus SOC t SOC t P t V t η + = + × × ∆ (5) 
where, SOC (t) is the amount of stored energy in the batteries in the last day, ηBattery is the battery efficiency and P i Battery (t) is the total power stored in the battery in the same day. On the other hand, the battery bank can be discharged to a certain level which can be calculated by the DoD as in Eq. ( 6).

( )

min max 1 SOC DoD SOC = - × ( 
6) Here, SOCmin and SOCmax are respectively the lower and upper limit of charging status and DoD is the depth of discharge.

Inverter/converter modelling

Since the system contains two busses DC and AC bus, here the main purpose of the inverter is to transform the direct current DC into alternative current AC. The inverter efficiency can be expressed by the following Eq. ( 7) [START_REF] Brka | The interplay between renewable penetration, costing and emissions in the sizing of stand-alone hydrogen systems[END_REF].

out in inv P P η = (7) 
where, Pin (kW) is the DC power input, Pout (kW) is the AC output power and ηinv (%) is the inverter efficiency.

Evaluation criteria and economic model

Technical, economic and environmental aspects are the three important factors in assessing the sustainability of any hybrid energy system. Some of these criteria include TNPC, CoE, REF and CO2 emissions.

Total net present cost (TNPC)

Minimizing the total net present cost (TNPC) is considered as an objective function in this paper. HOMER software uses life cycle costs, which include initial system investment cost, replacement cost, maintenance and fuel cost. The total NPC of system is calculated by Eq. (8) as follows [START_REF] Kaur | Techno-economic analysis of photovoltaic-biomass-based microgrid system for reliable rural electrification[END_REF][START_REF] Prashant | Study of grid integrated biomass-based hybrid renewable energy systems for Himalayan territory[END_REF].

( )

, tot P C TNPC CRF i T = (8)
where, Ctot is the total annual cost and CRF (i, Tp) indicates on the capital recovery factor of investment which is expressed by the following Eq. (9) [START_REF] Thierry Odou | Hybrid off-grid renewable power system for sustainable rural electrification in Benin[END_REF][START_REF] Kaur | Techno-economic analysis of photovoltaic-biomass-based microgrid system for reliable rural electrification[END_REF].

( ) ( ) ( ) 1 , 1 1 p p T p T i i CRF i T i + = + - (9) 
where, Tp is the project lifetime (25 years), i is the annual real interest rate (6%), which is calculated by using the Eq. (10) as follow:

( )

' % 1 i f i f - = + (10)
Here, ' (%)is the nominal interest rate and f is the annual inflation rate in (%).

Cost of energy (CoE)

The CoE which is also called the Levelized Cost of Electricity (LCOE), is an important factor used as evaluation criteria, defined as the average cost per kWh of electrical energy produced by the system. The CoE is obtained by dividing the annualized cost of generated energy by the total useful energy generation as in Eq. (11) [START_REF] Prashant | Study of grid integrated biomass-based hybrid renewable energy systems for Himalayan territory[END_REF].

($/kWh) A served C CoE E = (11)
where, CA is the total annualized cost in ($/yr) defined by Eq. ( 12), and Eserved is the total served electric load in (kWh/yr).

& A A cap A rep A O M C C C C - - - = + + (12 
) with, CA($/y) including the annualized capital cost CA-cap, the annualized replacement cost CArep, and the annualized O&M cost CA-O&M.

Environmental evaluation and CO2 emissions

The analysis of total CO2 emissions is also discussed in this paper, the emissions of an hybrid electric system can be calculated by using Eq. ( 13) [START_REF] Halabi | Flexible hybrid renewable energy system design for a typical remote village located in tropical climate[END_REF]. 2 3.667

CO f f f c T m HV CEF X = × × × × (13 
) where,TCO2 is the total amount of carbon dioxide, mf is the fuel quantity, HVf is the fuel heating value, and CEFf is the carbon emission factor (ton carbon/TJ) and Xc is the oxidized carbon fraction.

Renewable energy fraction

Renewable energy fraction (REF) is defined as is the portion of the system's total energy production originating from renewable power sources, REF calculated by HOMER using Eq. ( 14) [START_REF]HOMER's Calculations[END_REF].

1 nonren S E REF E = - (14)
where, (kWh/yr) is the electricity production from non-renewable sources, S is the electrical energy (kWh/yr) served.

Technical and economical input data

It is necessary to study the structure of the three systems proposed by the HOMER software to model the project by entering the technical and economic characteristics of the various components, notably the photovoltaic panels, batteries and converters. Economic data input includes the investment, replacement, operating and maintenance costs of each component. On the other hand, meteorological data (solar radiation and temperature) and the load profile are required in the optimization step. Figure 9 provides a summary of the input and output parameters of HOMER.

Figure 9. Schematic diagram of HOMER inputs and outputs data The software performs a simulation over a full year (8760 hours) to meet the technical and economic constraints imposed and to classify the configurations and then sort the optimal systems according to TNPC values. The system with the lowest total net present cost value is the most optimal. The technical and economic details of all components were taken from [START_REF] Dekkiche | Sizing and optimization of a standalone hybrid system for electrification of a remote site at Ouled Fares, Algeria[END_REF] and are summarized in Table 3 

Simulation results and discussion

The studied hybrid system was optimized to provide with a continuous power supply an isolated pumping load demand of 40 kWh/day with a peak demand of 9.6 kW. The simulation results show different combinations of optimal scenarios with different values of CoE, TNPC, and REF. This section discusses the calculation according to the above formulas, the presentation and analysis of the results.

Supply side management results and techno-economic analysis

After using the input data, HOMER optimized the architecture of the system to meet the annual load demand of 14,490 kWh/day with the objective of achieving an annual capacity shortage of 0%. Each system was simulated using the following initial conditions: solar radiation=4.78 kW h/m 2 /day, load demand=40 kWh/day, diesel fuel price=0.7 $/L and project lifetime of 25 years in addition to the economic details of components. In this work, a comparative analysis was carried out between the three optimal configurations resulting from the SSM step to determine the best optimal configuration. The satisfaction of energy demand, system cost, emissions and the share of renewable energy were based on the criteria established in the comparison. Then, the optimal system was analyzed and a comparative study in both cases with and without a load shifting strategy was carried out to highlight the benefits of using this strategy.

Results of scenario 1: PV/Battery

Figure 10 provides some possible combinations with their cost characteristics for the first scenario. The optimal configuration among the 17850 simulated combinations consists of 30 kW of PV panels, 42 batteries of nominal capacity 4 kWh (Hoppecke 16 OPzS 2000) and 10 kW converter rated power. The total power photovoltaic generation is 50,722 kWh/year to supply the AC primary load of 14,490 kWh. The maximum PV output, capacity factor and the PV penetration are 30.3 KW, 18.1% and 350%, respectively. The excess of electricity of this system is 32,893 kWh/year (64.8%) with a capacity shortage of 0%, 0.1% unmet electric load, and a renewable energy fraction of 100%. Figure 11 shows the average monthly PV power output. The maximum PV system output was recorded during the months of May to August due to the presence of high solar irradiation, while it was low during the other months. From an economic point of view, the TNPC, CoE and operating cost of this system are $71,660, 0.387 $/kWh and 1,488 $/year, respectively, with a total annualized cost of 5,606 $/year.

Figure 10. Simulation results ranked by the value of TNPC Figure 11. Average monthly solar PV production Figure 12 presents information on the battery's state of charge using the frequency histogram and monthly statistics over the course of a year. The seasonal and monthly profile of the battery's SOC is also shown. From the frequency histogram, the 85%, 90%, and 95% state of battery charge values take on probabilities of 10%, 29%, and 20%, respectively. The probability that the battery is fully charged with a 100% SOC is 26%. However, the probability that the battery's SOC reaches the critical value of 30% is less than 1%. Monthly statistics show that the average state of charge of the battery for the March to October period is approximately 90%, while it is approximately 80% and the minimum average SOC is 75% for the months of January and December, respectively.

As shown in the diagram of the SOC of the battery bank with the color red, the battery is fully charged and very often left unused with a SOC of 100% especially between 9:00 a.m. and 6:00 p.m. for the February to October period, except for a few days. The battery is mainly discharged in the morning and in the evening after 6 p.m., it reaches state of charge values of about 80 to 90%. It has only reached critical values for a few days in January, February, November and December, obviously due to the lack of solar energy, while it is charged between 10 a.m. and 6 p.m. by the photovoltaic system, i.e. after the first part of the consumption was completed. The results show that the annual energy input and output of the battery are 12,998 kWh and 11,260 kWh respectively. The annual throughput of the battery, which is defined as the amount of energy that passes through the battery in a one-year year, is estimated at 12,142 kWh/year, with annual losses estimated at 1,664 kWh.

Figure 12. Battery state of charge over the year (PV/Battery scenario)

Results of scenario 2: PV/Battery/Diesel

In this scenario, 196350 cases (combinations) are carried out by HOMER and compared in relation to the total net present cost and CoE for the site studied to obtain an optimal configuration for the PV/Battery/Diesel hybrid energy system. The results of the simulation of the optimal combinations change depending on the system configuration (Figure 13).

Figure 13. Screenshot of feasible solutions and their cost characteristics The analysis of the simulation results showed that the optimized system in this second scenario consists of 10 kW of PV modules, 7 kW of diesel generator and 23 batteries and 9 kW of converter rated power, with a total net present cost of $54,801 and an operating cost of Figure 14. Daily photovoltaic output power over the year Figure 15 shows the monthly power contribution of the different production units (PV and diesel generator). As shown in Figure 16, the output power of the PV array decreases during the winter months (January, February, November and December) compared to the summer period, and this is due to the low average solar radiation at the study site during this period. The results obtained indicate that during the months of May and August, the solar photovoltaic production is high because the maximum solar radiation was recorded during these months.

Figure 15. Monthly average electricity generation The PV array produces a total of 15,851 kWh/year during 4,380 hours of operation with a rated capacity, average power, maximum power and capacity factor of 10.0 kW, 1.81 kW, 9.48 kW and 18.1%, respectively. The LCOE of the PV system is estimated at 0.0660 $/kWh with a PV penetration rate of 109%. Figure 16. Annual profile of photovoltaic generation

The contribution of the diesel generator in this system is intense during the winter months when there is not much solar production, especially in January, February, November and December (Figure 17). However, the diesel is relatively inactive during the months of March to October, as the PV system and storage batteries can adequately meet the demand required during these periods. The results show that the annual generator run time is 691 hours with a capacity factor of 7.22%, generating a total of 4,430 kWh/year over its 21.7-year lifetime. As a result, it consumes approximately 1,495 liters of fuel per year with a specific consumption of 0.337 L/kWh, giving a fixed production cost and electrical efficiency of 0.958 $/hour and 30.1%, respectively. Figure 17. Electrical power generation of diesel generator The PV/Battery/Diesel hybrid system produces 1,778 kWh (8.77%) of excess electricity, recording 0% of the unsatisfied electrical load and 1.23% of the capacity shortage. Figure 18 shows that the maximum excess electricity is observed during the summer months due to the excellent solar radiation, while a slight surplus is recorded in the other months.

Figure 18. Annual excess electricity profile Figure 19 shows the daily profile of the battery SOC over the year for this system. The batteries are discharged to contribute with the photovoltaic system to power the first part of the load (6 a.m.-9 a.m.), reaching critical SOC values for a few days during the months of January to March and October to December. The generator was restarted and operated when the power of the photovoltaic system and the batteries were not sufficient. The average SOC of the battery for these months is estimated at 60%, while it is approximately 70-80% for the months of April to September. 20 Figure 19. Battery state of charge for the PV/Battery/Diesel hybrid system After 10 a.m., the batteries are charged by the photovoltaic system and reach a 100% state of charge during most of April to September. At 6:00 p.m., the PV output power became zero, the battery is discharged to supply the required load with the diesel generator, and reaches a low or critical state of charge for a few days, especially during the winter months, such as January to March and October to December. In this case, the annual throughput of the battery is estimated at 13,752 kWh/year, of which 14,762 kWh/year and 12,753 kWh/year are the input and output energy of the batteries.

Results of scenario 3: Diesel only

For the third scenario (Diesel generator), the optimized architecture of the system requires a 9 kW diesel generator to meet the demand with a capacity factor of 18.4% and 2,919 hours is the operating time in the year to produce 14,542 kWh/year consuming 5,737 L/year with a fixed production cost of 1.23 $/hour. Figure 20 shows the monthly electricity production of the system. The DG has a specific fuel consumption of 0.395 L/kWh and an average electrical efficiency of 25.8%. The operating system cost, TNPC and CoE of the optimized power system in this scenario are 6,377 $/year, $84,601, 0.457 $/kWh respectively. Table 4 

Emissions analysis

Since greenhouse gas emissions are a major concern, the annual amount of each pollutant in the three proposed systems is discussed in this work to find out which system has low CO2 emissions. Table 5 shows the total amount of each pollutant produced annually by the power system based on simulated scenarios. In the first scenario (PV/Battery), the results show zero emissions because of the value of the 100% renewable fraction and because the origin of the pollutants is due to the fuel consumption of the diesel generator. The environmental pollution of the hybrid system designed in the second scenario (PV/Battery/Diesel) is 4042.122 kg/year. However, the highest level of CO2 emissions is observed using only a diesel generator with 15515.54 kg/year. 

Comparison between simulated scenarios

This section benchmarks the system's efficiency using various criteria such as the total net present cost, energy cost, emissions, renewable fraction and annual electricity production. Table 6 summarizes the results of the techno-economic and environmental simulations of the optimal combinations of all simulated scenarios. The three proposed scenarios can be used to meet energy demand, but at different costs. However, the optimal solution is sought to ensure a more reliable and cost-effective system. The results of a general comparison between the three simulated scenarios are summarized as follows:

• From an economic point of view, the optimization results show that PV/Battery/Diesel based power system is more economical, the TNPC, CoE and annualized costs in this system are lower than in scenario 1 (PV/Battery) by about 24% and about 36% less than in the third scenario (Diesel only); • From an environmental point of view, as CO2 emissions are of great concern, the emissions of the PV/Battery/Diesel system are almost negligible compared to those of the diesel system only, only 4042.122 kg/year of CO2 are emitted compared to 15515.54 kg/year in the scenario of diesel generator, i.e. the system avoids about 26% of the annual emissions, it is more viable as it can fill the load with reduced emissions. Based on the results of the above optimization and techno-economic analysis between the three simulated scenarios, it can be seen that the configuration of Scenario 2 is considered the best solution, which offers the lowest TNPC, CoE, emissions and operating costs.

Other economic parameters are also calculated in this study, such as simple payback period, internal rate of return (IRR), discounted payback period, return on investment (ROI) and present worth. The payback period is an index that indicates the number of years required to recover an investment made for the project. The payback period is obtained by comparing one system with another. Therefore, a reference system, usually a conventional energy system, is required. The system based on a diesel generator is chosen as the base case for this study. The simple payback period and the discounted payback period obtained for the PV/Battery scenario compared to the base case of the diesel system are 9.23 and 13.5 years, respectively. The present worth, which is the difference between the current system's TNPC and the base case, is estimated at $12,940, and 1,012 $/year is the annual worth of the system. The return on investment of this system, which is defined as the annual savings relative to the initial investment, is estimated at 9.94% with an internal rate of return of 8.76%.

The results show that the optimal PV/Battery/Diesel hybrid system has a simple payback period and a discounted payback period of 5.03 and 5.58 years, respectively. It also has a present worth of $29,799 and an annual worth of 2,331 $/year. Compared to the base case, this positive present value obtained for the project indicates that the PV/Battery/Diesel hybrid system saves money during operation. In addition, a return on investment of 19.2% and an IRR of 19.8% are also recorded for this configuration.

Effect of load shifting analysis under PV/Battery/Diesel scenario

The optimized system was simulated with the previous similar initial conditions, where only the load shifting strategy was applied. Table 7 gives the overall system results in terms of system components sizing, total net present cost, annualized cost, cost of energy, energy production, CO2 and other factors, the achieved savings were also calculated. In the case without load shifting, the optimized system consists of 10 kW of PV modules, 7 kW of diesel generator, 23 batteries and 9 kW of converter. The total NPC was estimated at $54,801 at the CoE of 0.296 $ per kWh with an operating cost of 2,443 $/year. The diesel generator produced 4,430 kWh in the year (22%), and operated for 691 $/year with an annual fuel consumption of 1,495 L. 78% of the energy (15,851 kWh/year) was produced by the PV generator at a renewable energy fraction of 78.2%. The excess energy was estimated at 1,778 kWh/year, or 8.77% of the total energy production. In terms of pollution, the total emissions of the hybrid system designed in the no-load shifting case were estimated at 4042.122 kg/year, representing 3,936 kg of CO2, 9.71 kg of CO, 1.08 kg of UHC, 0.732 kg of PM, 7.9 kg of SO2 and 86.7 kg of NOX.

The control strategy and the reaction of the different components of the PV/Battery/Diesel hybrid energy system under study are illustrated on two days in summer and winter in Figures 21 and22, respectively. It can be seen that all the different components of the proposed system fully provide the required load of the pumping system, resulting in a zero capacity shortage.

Figure 21. Daily system operation during a winter day (January) Figure 22. Daily system operation on a summer day (July) In the comparison between the two cases without load shifting and when load shifting is applied, the results in the case with LS are better than in the case without load shifting. The optimized system with load shifting case consists of 10 kW of PV modules, 6 kW of diesel generator and 10 batteries, load shifting saved 10 storage batteries and 1 diesel generator compared to a system without LS. Due to the maximization of PV self-consumption, there is no need to use a high number of storage batteries. The application of load shifting to primary load reduces the operating costs, the TNPC, the CoE of system by 19.17%, 19.25% and 21.08%, respectively. This results in a savings of 0,822 $/year in annualized cost and 10,501 $ in the total net present cost, as shown in Figure 23.In addition, a reduction in the monthly number of battery charge/discharge cycles is achieved. The annual battery throughput is reduced from 13,752 kWh/year to 6,479 kWh/year, of which 7,273 kWh/year (52.88%) is achieved through load shifting strategy. The load shifting strategy also affects the operation of the DG, resulting in a decrease in annual fuel consumption from 4042.122 L to 1335 L, and would save 2.51% of diesel (432,367 L) per year. Moreover, the contribution of the diesel generator is also reduced from 22% to 20%. The system is capable of generating excess power. There is an increase in excess power from 1,778 kWh/year (8.77%) to 2,427 kWh/year (12.3%) if the load is shifted. This surplus can be used if an increase in load demand without the need to increase production. Figure 24 shows the average monthly electricity production of the optimal system in both cases. The total emissions in the case with load shifting are 3609.755 kg/year. Therefore, the proposed system provides a considerable reduction in emissions, more than 432.367 kg/year less CO2 than in without load shifting case. Figure 23. Net present cost of each components Figure 24. Monthly average electric production of system in both cases For comparison purposes, the CoE for water pumping system was compared with the results obtained in different locations using different configurations such as Libya, Oman, Egypt, Spain (Table 8). The CoE of 0.239 $/kWh obtained for the optimal configuration (PV/Battery/Diesel) in this study is lower than the one reported in several reports [START_REF] Carroquino | Sizing of off-grid renewable energy systems for drip irrigation in Mediterranean crops[END_REF][START_REF] Kazem | Design, measurement and evaluation of photovoltaic pumping system for rural areas in Oman[END_REF][START_REF] Rehman | A wind-solar PV hybrid power system with battery backup for water pumping in remote localities[END_REF][START_REF] Querikiol | Performance evaluation of a micro off-grid solar energy generator for Islandic agricultural farm operations using HOMER[END_REF][START_REF] Khattab | Feasibility of hybrid renewable energy water pumping system for a small farm in Egypt[END_REF]. The CoE of 0.457 $/kWh for the diesel generator configuration in this study is lower than the CoE of the diesel system in [START_REF] Al-Smairan | Application of photovoltaic array for pumping water as an alternative to diesel engines in Jordan Badia, Tall Hassan station: case study[END_REF] and [START_REF] Kazem | Design, measurement and evaluation of photovoltaic pumping system for rural areas in Oman[END_REF], at 0.580 $/kWh and 1.228 $/kWh, respectively. In general, the CoE obtained in the optimal configuration is acceptable, sometimes higher and sometimes lower than the other results, and this is mainly due to the potential and climatic conditions of the site, as well as the input economic data. The CoE obtained in this study makes the water pumping system using this configuration a cost-effective option for irrigation applications in this rural area. 

Conclusion

Irrigation and energy must be technically and economically produced, distributed and used with high feasibility and efficiency. This paper provided a model for the optimal planning of an electricity source to meet the actual load of a small isolated irrigation system. On the demand side, a load shifting strategy was developed to study the influence of the load profile on the sizing and optimization of the system. The objective of supply side management is to provide a sustainable, reliable, cost-effective and environmentally friendly system.

To this end, three main scenarios were considered: PV/Battery, PV/Battery/Diesel, and Diesel generator systems. Modeling, simulation and optimization of the three autonomous systems were carried out using HOMER software. A general comparison was made between the three optimal systems when the load shifting concept is applied, the satisfaction of demand, the overall cost of the system (TNPC and CoE) and emissions are the criteria used in the selection of the optimal power system. The results of the optimization show that the PV/Battery/Diesel hybrid system seems to be the optimal and best solution.

A technical-economic comparison between the load shifting strategy with and without was also presented. The optimal system in the no-load-shift case consisted of 10 kW of PV panels, a 7 kW diesel generator, 23 battery units with a nominal capacity of 4 kWh and a 9 kW converter to meet the load requirements of 40 kWh/day. The results showed that 15,851 kWh/year (78%) of the energy was produced by the PV system and 4,430 kWh/year (12%) by the DG which worked 691 h/year using 1,495 L of diesel, with 1,778 kWh/year of excess energy (8.77%). TNPC, CoE and CO2 emissions from the system are $54,801, 0.296 $/kWh and 3609,755 kg/year respectively. However, load management based on load shifting saves 13 batteries, one diesel generator, $10,501 in TNPC and 0.057 $/kWh (19.25%) in CoE and 0,822 $/kWh (19.17%) in annualized cost. The REF was increased from 78.2% to 80.4%. The results also show the load shifting acts on diesel generator operation, the decrease in contribution and operating time. This can save 168 L/year of fossil fuel and would avoid a total annual CO2 emission of about 10.70% (432,367 kg/year).

The high utilization rate of renewable generation and the high reliability of electricity supply are the main features of the presented hybrid energy system that is used in water irrigation systems. The implementation and integration of load management technology into existing and future power supply systems can contribute to the reduction of load and peak loads as well as to the reduction of component size, costs and is environmentally friendly. 
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Table 1 .

 1 Potential of solar energy in Algeria

	Areas	Coastal	High	Sahara
		area	plains	
	Surface (%)	4	10	86
	Area (km 2 )	95.27	238.174	2.048.297
	Mean daily sunshine duration (h)	7.26	8.22	9.59
	Average duration of sunshine (h/year)	2650	3000	3500
	Received average energy (kWh/m 2 /year)	1700	1900	2650
	Solar daily energy density(kWh/m 2 )	4.66	5.21	7.26

Table 2 .

 2 . Summary of software tools for hybrid systems

	Tools	HOMER	TRNSYS HYBRID 2 RETScreen i-HOGA
	Design optimization					
	Data input in time series format					
	CO2 analysis					
	BG					
	Net metering					
	User friendly	High	Medium	Medium	Low	Low

  lists the technical and economic simulation results of each optimized scenario.Figure20. Monthly electricity production of diesel generator Table4. Summary of technical and economical results

			Technical results			Economical results	
	Scenario	PV	Diesel	Batteries	Converter	ICC	Operating	TNPC	CoE
		(kW)	(kW)	(unit)	(unit)	($)	cost ($/y)	($)	($/kWh)
	PV/Battery	32	/	42	10	52,634	1,488	71,660	0,387
	PV/Battery/Diesel	10	7	23	9	23,571	2,443	54,801	0.296
	Diesel only	/	9	/	/	3,078	6,377	84,601	0.457

Table 5

 5 

	. Emissions from different system configurations	
	Emissions	PV/Battery PV/Battery/Diesel Diesel only
	Carbon dioxide (CO2)	0	3,936	15,108
	Carbon monoxide (CO)	0	9.71	37.3
	Unburned hydrocarbons (SO2)	0	1.08	4.13
	Particulate matter (NOx)	0	0.732	2.81
	Sulfur dioxide (UHC)	0	7.9	30.3
	Nitrogen oxides (PM)	0	86.7	333
	Total (kg/yr)	0	4042.122	15515.54

Table 6 .

 6 Summary of relative simulation results of different scenarios

	System	PV/Battery	PV/Battery/Diesel	Diesel only
	AC primary load (kWh)	14,490	14,490	14,490
	PV array (kWh)	50,722	15,851	/
	Diesel generator (kWh)	/	4,430	14,542
	Total energy output (kWh)	50,722	20,281	14,542
	Excess energy (kWh)	32,893	1,778	51.8
	TNPC ($)	71,660	54,801	84,600
	CoE ($/kWh)	0.387	0.296	0.457
	Renewable fraction (%)	1.00	0.782	0.00
	Annual CO2 emissions (kg)	0	4042.122	15515.54

Table 7 .

 7 Result of PV/Battery/Diesel system with and without load shifting

			System components			
		PV	DG	Battery	Converter	Battery. Annual
		(kW)	(kW)	(unit)	(kW)	thro. (kWh/yr)
	Without LS	10	7	23	9	13,752
	With LS	10	6	10	9	6,479
	Savings	0	1	13	0	7273
			Net present costs			
		Capital	Replace.	O&M	Fuel	Salvage	Total
		($)	($)	($)	($)	($)	($)
	Without LS	23,571	10,581	9,317	15,284	-3,953	54,801
	With LS	19,641	8,057	5,859	13,650	-2,916	44,291
	Savings	3,930	2,524	3,458	1,634	-1,037	10,510
			Annualized costs			
		Capital	Replace.	O&M	Fuel	Salvage	Total
		($/y)	($/y)	($/y)	($/y)	($/y)	($/y)
	Without LS	1,844	828	729	1,196	-309	4,287
	With LS	1,536	630	458	1,068	-228	3,465
	Savings	0,308	198	271	0,128	-81	0,822
		Operating	TNPC	CoE	RF	CO2	Fuel
		cost ($/y)	($)	($/kWh)	(%)	(kg/y)	(L)
	Without LS	2,443	54,801	0.296	78.2	4042.122 1,495
	With LS	1,928	44,291	0.239	80.4	3609.755 1,335

Table 8 .

 8 Energy cost comparison with different case studies

	Location	Renewable	Configuration	Power	Cost	Ref
		resources	used	kWh/day	($/kWh)	
	Jordan	5.7 kWh/m 2 /day	PV Diesel	12.875	0.20 0.580	[24]
	Sirte, Libya	5.66 kWh/m 2 /day 5.57 m/s	PV/Battery/Wind	52	0.49	[28]
	Alminia, Egypt	5.97 kWh/m 2 /day 4.1 m/s	PV/Wind	110	0.113	[29]
	Bancales, Spain	4.43 kWh/m 2 /day 4 m/s	PV/Diesel/Battery PV/Wind/Diesel/Battery	20	0.24 0.26	[38]
	Pueyez, Spain	4.68 kWh/m 2 /day 3.28 m/s	PV/Battery	9	1.08	[38]
	Sohar, Oman	5.55 kWh/m 2 /day	PV/Battery Diesel	2.2 2.2	0.309 1.228	[70] [70]
	Nejran, S-Arabia	6.94 kWh/m 2 /day 2 m/s	PV/Wind/Battery	54	0.509	[71]
	Riyadh, S-Arabia	5.78 kWh/m 2 /day 3 m/s	PV/Wind/Battery	54	0.40	[71]
	Cebu, Philippines	-	PV/Battery	5.35	0.202	[72]
	Sinai, Egypt	6.86 kWh/m 2 /day 5.53 m/s	PV/Wind/Battery	12	0.758	[73]
	M'sila, Algeria	4.78 kWh/m 2 /day	Diesel only PV/Battery PV/ Battery/Diesel	40 without LS	0.457 0.387 0.296	This study
			PV/ Battery/Diesel	40 with LS	0.239	

REF Renewable energy project analysis software RETScreen System advisor model SAM State of charge SOC Supply side management SSM Standard test condition STC program TRNSYS Water irrigation system WIS Wind turbine WT

Abbreviations

Alternating current