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Fig. 5 shows the components and their connections of the 
isolated microgrid considered in this paper. 

The growing rise of renewable technologies, especially 
those with uncertain power generation like wind and PV, leads 
to need for a diversity of storage solutions to smooth 
intermittency and ensure secure supply. The type of these 
solutions directly depends on the resources and terrain of 
particular regions and locations. Among different electricity 
storage technologies, battery energy storage and pumped-
storage system are more common and practical in the real 
world. Therefore, these technologies have been analyzed and 
compared here from different points of view in order to justify 
the choice of pumped-storage system in this work[8], [15]. 

From environmental point of view impacts of batteries are 
more related to their disposal at the end of their life, and to the 
extraction of the resources to produce new batteries. Pumped-
storage system may cause more environmental impact. 
However, in most construction of new pumped-storage, sites 
are selected where impacts can be mitigated to acceptable 
levels.[19]–[21] 

From technical point of view batteries have shorter 
installation time, can provide fast response times and usually 
are located close to generation or load centers [19]. However, 
they have not demonstrated the ability to provide a full range 
of ancillary services needed to support the grid yet. A 
particular consideration for batteries is degradation. Batteries 
degrade as they age, which decreases the amount of energy 
they can store. To maintain a steady capacity for storage as 
batteries degrade, battery plants will require ongoing staged 
installation and replacement of batteries. In comparison, 
pumped-storage system is a reliable technology and is able to 
meet the needs of the grid and provide sustained output for up 
to a century without degradation.[1], [22]–[25] 

IV. PV SYSTEM MODELLING 

Fig. 6 shows a simplified scheme of a standalone PV 
system with DC–DC buck converter. 

This section is devoted to PV module modelling which is a 
matrix of elementary cells that are the heart of PV systems. 
The modelling of PV systems starts from the model of the 
elementary PV cell that is derived from that of the P–N 
junction .[26]  

 
Fig.6. A PV system with a DC–DC buck converter 

A. Ideal photovoltaic cell 

The PV cell combines the behavior of either voltage or 
current sources according to the operating point. This behavior 
can be obtained by connecting a sunlight-sensitive current 
source with a P–N junction of a semiconductor material being 
sensitive to sunlight and temperature. The dot-line square in 
Fig. 7 shows the model of the ideal PV cell. The DC current 
generated by the PV cell is expressed as follows 

ܫ ൌ ௉௏,஼௘௟௟ܫ െ ௦,஼௘௟௟ܫ ൬݁
௏
௔௏௧ െ 1൰                                                           ሺ1ሻ 

The first term in Eq. (1), that is Ipv,cell, is proportional to 
the irradiance intensity whereas the second term, the diode 
current, expresses the non-linear relationship between the PV 
cell current and voltage. A practical PV cell, shown in Fig. 1, 
includes series and parallel resistances [10]. The series 
resistance represents the contact resistance of the elements 
constituting the PV cell while the parallel resistance models 
the leakage current of the P–N junction. 

This model is known as the single diode equivalent circuit 
of the PV cell. The larger number of diodes the equivalent 
circuit contains, the more accurate is the modelling of the PV 
cell behavior, however, at the expense of more computation 
complexity. The single diode model is shown in Fig. 7 is 
adopted for this study, due to its simplicity. 

 
Fig. 7. The Equivalent circuit of an ideal and practical PV cell. 

B. PV module modelling 

Commercially photovoltaic devices are available as sets of 
series and/or parallel-connected PV cells combined into one 
item, the PV module, to produce a higher voltage, current and 
power, as shown in Fig. 8. 

The equation of the I–V characteristic of the PV module is 
obtained from Eq. (1) by including the equivalent module 
series resistance, shunt resistance and the number of cells 
connected in series and in parallel. 

ܫ ൌ ௣ܰ ൭ܫ௉௏ െ ௦ܫ ቆ݁
௤ሺ௏ାூ.ோೞሻ
௔ேೞ௄் െ 1ቇ൱ െ

ሺܸ ൅ .ܫ ܴ௦ሻ

ܴ௦௛
                         ሺ2ሻ  

Where Vt the PV cell thermal voltage in Eq. (1) is 
substituted by that of the module thermal voltage given by 

௧ܸ ൌ
ேೞ௄்

௤
and Ns and Np are respectively the number of cells 

connected in series and in parallel forming the PV module. 

The constant an expressing the degree of  ideality of the 
diode may be arbitrary chosen from the interval (1, 1.5) .[27] 
The light generated current of PV cell depends linearly on the 
irradiance and is also influenced by the temperature: 

௉௏ܫ ൌ ൬
ܩ

ௌ்஼ܩ
൰ ൫ܫ௉௏௡ ൅ ௜ሺܶܭ െ ௌ்ܶ஼ሻ൯                                                  ሺ3ሻ 

Ipvn is the nominal light-generated current provided at 
GSTC, TSTC which refers to the values at nominal or 
Standard Test Conditions (1 kW/m2, 25°C). The nominal 
light-generated current is not available in the datasheet of the 
PV panel but estimated as [28]: 

௉௏௡ܫ ൌ ൬
ܴ௦ ൅ ܴ௦௛

ܴ௦
൰  ௦௖௡                                                                           ሺ4ሻܫ

-The second term in Eq. (2) is the diode current that is 
function of the voltage and current coefficients given by the 
equation below: 

௦ܫ ൌ
௦௖௡ܫ ൅ ܶ∆ூܭ

݁
௏೚೎೙ା௄ೇ∆்

௔௏೟ െ 1

                                                                                ሺ5ሻ 
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Fig 12. The irradiance of 1 day 30th July 2018. 

 
Fig 13. Wind speed of 1 day 30th July 2018. 

Fig 14, Fig 15, Fig 16 shows the wind generator current,  wind 
generator voltage, and wind power generator respectively. 

Fig 17 presents the power generated by PMSG wind turbine 
for 1 day of wind speed data. The variation in the speed wind 
under time caused unstable phenomena of the wind system 
influence on the realiabilité and robustness of wind generator 
at all. 

For this and author reasons, it should add a speed regulator to 
control and stabilized the rotor speed under this wind speed 
variation. 

 
Fig 14.Wind generator current. 

 
Fig 15. Wind generator voltage. 

 
Fig 16.Wind generator power 

Fig 17, Fig 18, Fig 19 Presents electromagnetic torque, rotor 
speed and stator current of wind generator presented in PMSG 
machine. 

These schemes show clearly the impact of the wind variation 
speed in electromagnetic torque and stator current, this 
variation caused many effects with the time and damaged the 
machine. 

To conserve the wind system, many propositions in the 
literature are proposed to stabilize wind generation with new 
techniques of intelligence control. 

 
Fig 17. Electromagnetic Torque of PMSG machine. 

 
Fig 18. Rotor speed of PMSG machine. 

 
Fig 19. Stator current of PMSG machine. 

Fig 20 show PV results such as PV voltage, PV current and 
PV power for 1 day of irradiance (30th July 2018) in ADRAR 
region. 

This result shows the performance of the PV panels 
(Sunpower SPR-305-WHT) used in this paper without 
consideration of temperature. 

This results will be deferent if take consideration all 
atmospherics condition including Temperature because of its 
negative effects.   
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Implementing an autonomous water desalination system 
powered by RESs in remote areas is still being a problematic 
issue that needs to be carefully addressed to guarantee 
freshwater supply. Energy management represents the major 
problem of such a system and the proposed approach in this 
paper could be used to solve the problem in real-time, but an 
experimental validation needs to be carried out on the 
experimental test bench to confirm the simulation results and 
the feasibility of the proposed FLEMS. 
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