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Abstract

This paper presents an optimization method foylarid (wind-solar) autonomous system designedpfanping water. This
method is based on mathematical models demonstfarethe analysis and control of the performancetttd various
components of the hybrid system. These models geoain estimate of recoverable solar energy depgrmlinthe climatic
conditions of a given area and a determinatiorhefd@nergy produced by a solar panel. These motkelsshow evaluation of
the electrical energy produced by the wind generdloreover, this optimization method is based animizing of the factor
lack of energy to generate (LEG) by variation & thuration of pumping and the angel of inclinatidrpanels. To validate this
method, a case study was performed on an instajylsttm in the region of "Sidi Makhlouf' in south€Fanisia. The results
confirm that it is technically advantageous to tegewable energy for pumping water.
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1. Introduction

Since the 19th century, the world has sufferedhfseveral complex problems that seriously affeetenvironment such as the
significant increase in the planet temperature thedncreased concentrations of greenhouse gasienmss These problems have
led to a climate change and especially the decriapeecipitation, which affects significantly thmotential of water. Like all
Southern countries, Tunisia is also suffering framter scarcity due to the global warming and clenegltange. To meet water
needs, several strategies have been followed imsiBLrOne of the solutions is pumping water usingilable renewable energy.
The potentialities regarding renewable resourcegra@rgy are important in Tunisia. The solar endeyyan ideal exhibition,
Tunisia benefits from a privileged geographicalipms which assures a very good sunshine valuendutie complete year. These
values are considered between a minimum of 1550 kv year in the northwest of the country and a maxmof 1900 kwh /
m 2 / year in the center and the Gulf of Gabes.

The country already start on a mega-projecbtErgpower production (2000 MW) intended for the@est towards Europe which
consists in producing electricity by using the G8éhnology (Concentration of the solar energy)altest in the Tunisian desert.
The first wind power station of electricity prodiat was created in 2000 in Sidi Daoud, in the nea#t of the country. It is a
power station with the capacity of 20MW. The TuarsiCompany of Electricity and Gas (STEG) intendsa¢complish an
extension project of this wind station to increaseapacity to 53.6MW, which corresponds to 1.5%he total power production.
The national objective is to reach 100MW by 2008h@ et al, 2011).

In the literature, we notice that there is a bifledénce between the methods of modeling, espgdiilthe photovoltaic systems
which is related to the estimation of the sun réwlia There are several authors which are intedestehe modeling of the sun
radiation. Among these works, we can quote R.F Neewih and al. (2003) who developed a model relatettie cloudiness of a
site for the estimation of the density of the globalar flow in the city of Gabes. There is alse #&mpirical method of Perrin
Brichambaut (1980) to model an incidental radiatomiecompose it into several radiations which \argording to the height of
the sun, the angle of incidence, weather and #te sf visibility of the atmosphere.
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Amar et al. (2008) have statistically analyzed whied energy potential of the Sidi Daoud site (TiajisWeibull and Rayleigh
parameters at a height of 30m have been estimatbdiged to describe the distribution and behaviegnoual wind speeds and
their frequencies at site. Zghal et al. (2011) @nés an investigation of the wind power potenti&ihg real wind data for five sites
in Tunisia: Jendouba, Bizerte, Sfax, Gafsa andislaihe Weibull distribution functions and the Bdteory are applied to
describe the wind speed distribution and to deteaitei the wind power density for these sites. Atsathematical models are used
to calculate the recoverable wind power and thedwimergy produced by a wind turbine

In this context, this study was conducted in asg@mm with the Regional Commission for AgriculturBlevelopment in
Medenine (CRDA), whose objective to guarantee néeergy for an autonomous hybrid system for pumpiater by choosing
the optimal characteristics of the different comgats of the installation (wind generator, photoaioltpanels). Therefore, a study
of the exploitation of solar and wind energy foceletralized power generation is performed. The atges and disadvantages of
using each source were analyzed to determine stecbafiguration of the system. In addition, a gtoflthe pumping system and
the characteristics of the drilling have been catgal: in this study, we tried to determine the mptn pumping duration that we
can fix to the existing installation.

2. Theoretical study

2.1 Hybrid system presentation

The hybrid generator is constituted of a wind gatwrand photovoltaic field. To be able to transfahe hybrid energy into
electricity and exploit the Moto-pump, it is necassto arrange an energizing system that ensueesdhversion of energy. The
command system ensures the control of the differemponents. The system is shown in Figure 1.

Eq | ¢--z-=-mm----m-o-e- .

Command Moto Q

systen pump

Figure 1. Schematic presentation of an autonomous hybrigtsyst
2.2 Modeling of the photovoltaic panels

2.2.1 Modeling of the Solar Radiance

The most important characteristic of a photovolfznel lies is power that it can supply which isesgially related to the solar
radiation given in the area. So, the modeling efphotovoltaic field starts by the modeling of #war radiation, which depends
on azimuthal coordinates of the sun and on thetegahcoordinates of the earth. The position & sun is spotted all the time of
the day and of the year by two different systemsamirdinates: equatorial and horizontal coordinaleslocate the position of the
sun in the equatorial system, we use two coordindibe declination anglé™ and the hour angles”.

The declination 8” is the angle, which makes the direction of the suth its projection on the equatorial plan, whish
approximately given by the following formula (YaBg07; Kolhe 2003):

~( 360
0 =23, 45.sn{—x 0+ 284)
365 (1)
where j is the calendar day of a year (until B&8)

The hour ®” is the angle included between the meridian pasbiy the South and the projection of the sun onetipgatorial
plan; it measures the course of sun in the sky.hibhely angle can be calculated as follows (Yai2z687):

w=15.TSV-12) )

where TSV is the true solar time, which is equadirnte legal corrected by a due gap aside betwesiotigitude of the place and
the longitude references (Perrin 1963).
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TSv= TL- DEF(CCHMJ ®3)
60
where:
e TL: legal time given by a watch
« DE: time difference with regard to the meridiarGreenwich, equal to 1 for Tunisia.
e )\ Longitude of place.
The correction of the equation of time “CC” is givy the following equation (Perrin 1963):
CC=9,87.si @D(j— 81) |- 7,53.c 53@](_ 81y 1,5 'Hqgﬁoﬂj—( 4)
365 365 365

To locate the position of the sun in the sky, alanordinates system, entitled system of azimiytlwalordinates or horizontal
coordinates is used. The horizontal mark is fortmgthe plan of the astronomical horizon and theiearline of the place. In this
mark, the coordinates represent the height of thensted “h” and the azimuthy".

The height of the sun “h” is given by (Yaiche 206auladgar 1980):

sinh= sing .sid+ co® .ca¥d .cas (5)

where:o is the latitude of the region.
The azimuth of the suny” is the included angle between the projectionhef direction of the sun on the horizontal plan el
south direction (Perrin 1963).

= arcsin(co® .siw .coSh (6)

The modeling of the solar irradiations is very cdiogied due to the climatic variations. The empgiriecnethod of Perrin
Brichambaut (Perrin 1963) predicts the energy kexkby photovoltaic cells.
In order to reduce the error, we have to deterrfireglobal radiation received by a horizontal pi@R’, calculated as follows
(Perrin 1963):
Gy, = Dy + l4.sinh (7)

For a clear sky, the direct solar radiatiay) {$ given by the following relations (Perrin 19@8n Slama 2010):

_ -1
Iy _1230.ex;{m)] (8)

The diffuse radiation “p on a surface is given by (Perrin 1963):
D, =125.(sinh§"** 9)

The radiation received by any plan is the resuliwaf forms: the direct solar radiationy"land the diffuse solar radiation D
Consequently, the global radiation received bytittel plane of the cells noted {Gwill be then (Perrin 1963):

G =14.cod +D; (10)
where: (i) is the angle of incidence on a inclipdah given by the relation (Zarai 2010):
COS = CcO%®) .co& .cog(-Lf 4 sth .sih¢ S (12)

wherep is the incline angle of the photovoltaic panels.
D, is the diffuse radiation received by the titledagtr calculated by (Perrin 1963):



14 Laamari et al. / International Journal of Engineegi, Science and Technology, Vol. 7, No. 2, 20151 p26

D, [@jo (*_goﬁj a6, (12)

where:a* is the Albedo coefficient corresponds to the ficédnt of reflection of the ground situated inffitaf the sensor.
According to the formula of Schwartz (Schawartz @98he actually energy received by a tilted plaam be expressed as
follows:

2
E =~5306 (13)

where Sgis the maximal duration of sunshine (hour) givgr(Mechlouch 2003; Sanjay Kumar 2010):

S$ = % Darcos( - t@ Otg) (14)

2.2.2. Modeling of the photovoltaic generator

The most important characteristic for the modelofga photovoltaic generator is the determinationthedf electrical energy
produced by a specific surface tilted,/E This energy depends on the total energy recebyethe photovoltaic panel YEand the
total surface of the field '3’ (Zghal 2012).

Epv = Er m]t |:Spv (15)

The total efficiency #,” of a photovoltaic panel is expressed as follo#ghal 2012):

n =, @+BLUT. - T,)) (16)
where:
* 1, is the panel output determined from the efficientghotovoltaic cell that constitutes the panel;
« B is the temperature coefficient. It varies betw8g04 and 0,006;
« T, is the reference temperature of the panel (génegual to 25 °C);
e T. is the cells temperature.
The Cells temperature depends on the ambient teyerand the solar radiance received by the p#redn be determined as
follows (Zghal 2012):

17)

NOCT-
T =T,+ Gh[ﬁ -I;,NOCTJ

Gnocr

where:
* T, is the ambient temperature;
* NOCT: is the nominal temperature of cells;
* Tanoct =20 °C;
* GNOCT =800 W/rﬁ

The panel outputr,” and the nominal temperature of cells are the pelm@racteristics delivered by the constructor.

The total area “g” of the photovoltaic panels is given by:

Spy = Ny ON, ON (18)

where:
* S... surface of one cell;
¢ Ng number of cells in series.
* Ny number of cells in parallel.

2.3Modeling of the wind generator
The characteristics of the wind generators diffenf one type to another and from a manufacturesther of the same power.
The most important parameter is the output powaichvstrictly depends on the speed of the wind &t the area of the wind
turbine.

The wind speed varies using the height to the gitdtti according to the following function (Zghal 2@):
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V{HJ (19)
VO HO
where:

* V: wind speed at the heighpH

« n: coefficient that varies between 0,1 and 0,4. [bheest values correspond generally to the strareyed vice versa.

The transmitted power by wind generato”“B generally deduced from the wind power using gower coefficient “Cp”
(Zghal 2011):

R = % [, [p B0V (20)
For a wind turbine, the available energy “Ew” otryday unit of surface, is calculated by the expi@s¢éBen Amar 2006):
E, = 24[R (21)
2.4Modeling of the motor-pump

The necessary electric energy,“o raise a certain quantity of water Q ¥amy] on a certain height during a day is calculate
from the formula (22). This energy is reciprocallpportional to the efficiency on the group motamp used (Hrayshat 2004).

= Gy tHMTLQ (22)

Ry

E,

where:
« Cy (hydraulic constant) is an hydraulic constant.<Cy.c =9.806fns? x 16 kg m? = 9806 kg.nf.s?

9.806(ns? x 16 kgm?® A
= 3600 = 2,725 kg.hd.m
1h
* Rp: efficiency of the group motor-pumps is from 3085%, depending on the type of pump and engine.
e HMT: total manomatric height (m)

2.50ptimization criteria

Tools of the system optimization from the differequations of the various states of the studietesysvill be presented. In this
study, a technical model for the determination #rel classification of the optimal characteristiétlee various elements of an
autonomous hybrid system is developed. This maibbsed on two main factors: the lack of energgeioerate “LEG” and the
surplus of energy produced “SEP”.

To determine the consumer’s total consumptiors iidcessary to calculate the daily energizing fiBgdhat can be obtained as
follows:

qD[T, THMT

= (23)

B, =
p

where ¢ is the debit of pumping water (I/s) andsBhie duration of pumping water (h/day).
In fact, it is noted that the total energy produbgahe hybrid system ‘& given by formula (24), can or cannot satisfy thegly
demand of energy.

Eh = Ew + Epv (24)

So, three different situations can arise duringdhgtime which depends on the quantity of energgded and the total energy
produced:
* E, < B;: If the total energy produced is less than thdydmrerage needs, there is a lack of produced gndigs lack of
energy produced can be expressed as follows (Z§dl):
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LEG(t) = (B (9~ B () Bong (25)

Nond IS the inverter efficiency.
« Ep = Bj: If the produced total energy equals the comgtion, there is neither an excess nor a lack.
« E, > Bj: If the produced energy is larger than tleedh of the user, so the produced power is in excess
From the determination of;Bwe will try to present the optimal characteristaf the different components of the installatidn.
attain this objective, we are based on the critefiack (LEG).
The determination of optimal characteristics willagantee us the presentation of an optimal autonerhgbrid system.

3. Case study

As previously mentioned, a mathematic model forté@hnical optimization of the autonomous hybridteyn (solar-wind) is
disposed. As a case of study, this model is apptiexhalyze a project which is designed to guartite energizing demands of a
station for pumping water located in Medenine, Biai

3.1 Presentation of the station:

The concerned pumping station is situated in thaisian southeast in Figure 2, exactly in the Naththe governorate of
Medenine. The equatorial coordinates of the citileflenine are characterized by latitude: 33,35 INartd longitude: 10 East

Briz: altew Q'.I : ’,

W“‘%nd Tunis o

Jendwm : byl p
Siliana o R
Le kef e ﬂhgﬁ Sou 1 .-
igiroan %as"r

: &5 Mahdis
Kaszerens

Figure 2. Geographic map of Medenine

Its geographical position (height 116 m) and thHeeotveather conditions make the city of Medenineelies from a dry climate
and a remarkable solar potential assured by hidiresaof radiation all over the year. Besides, tieigion of Southern Tunisia
South is also characterized by a pluviometry averagtween 100 and 150 [mm.year-1], despite, longge of drought. The
governorate of Medenine is characterized by a naidewind potential, with annual recoverable wincergy of about 269
kWh.m-2.year-1 (Ben Amar 2006).

The existing station is essentially equipped byhatpvoltaic generator, a wind turbine and a commsysiem of hybrid energy
(photovoltaic and wind energy) to produce electnzaver needed to pump water.

» The photovoltaic generator: it is composed of tegle-crystal modules Isofoton (155), texturizedantireflexive layer. A
module is characterized by a nominal power of 5518%, a nominal tension of 12V and a return supetvisetween 14
% and 17 %, as “Tablel”. The photovoltaic paneks iastalled with a titled angel 35° near to thétlate of the site
33.35°.
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Table 1. Detailed photovoltaic field configuration

Panel’s characteristics Isofton 155
Peak power voltage Vn (V) 12
Peak power Pc (Wc) 55 £ 10%

Short circuit current Isc (A) 3.38

Open circuit voltage V. (V) 21.6

Current of maximal power Imax (A) 3.16

Voltage of maximal power Vmax (V) 17.4
Normal operating cell temperature TONC (°C) 47

» The wind generator: the wind turbine installedhia station at a level 18m is Whisper 200 with &palts starting up speed
is 3.1 m/s and its nominal power is 1kW for a spektll.6 m/s, “Table 2.

Table 2. Detailed wind generator configuration

Turbine’s characteristics Whisper 200
Rotor diameter (m) 2.7
Start up wind sped (m/s) 3.1
Rated power (W) 1000 W at 11.6 m/s
kilowatt hours per month (kWh/month) 1580 kWh/month at 5.4 m/s
Survival wind speed (m/s) 55
Warranty (year) 5

Using the meteorological data of the wind speed tiwedcharacteristic curve (Figure 3) that is swgaplby the manufacturer
which describe the power of wind generator as atfan of the wind speed, the electrical energy $isgdy the wind turbine for
every day during the entire year can be calculated.

DS

2
5 0 16 20 25 3 35 40 45

ms 23 45 BB 90 113135158 160 203

Instantaneous Wind Speed

Figure 3. Curve of the output power of the wind turbine WIeis@00 according to the wind speed [catalog Whisper

=

Power Duipot [

The curve of the power at the exit of the wind gatm Whisper 200 installed in the present staiemonstrates an almost
hyperbolic aspect.
« The pump motor: is an electro submerged pump typmd@os with a nominal power 0.75 CV = 0.55 kW.
« The inverter: is a sinusoidal converter with anuifgnsion of 24V/DC and the output tension isehpbase 220V/AC.
» The reservoir: a pond of water storage featurigladrical shape of 6m diameter and 2.5m altitutiemaximal capacity
of storage is estimated to 42.m
« The well: the characteristics are the followind-igure 4.

. i Nd(m) | 47
L " P by Ns(m) | 28
. — Hr 15
,J,,I il Ny i —
..... Rm_ e Hg(m) | 483
HMT(m) | 533

Figure 4. Presentation of the station
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The total manometric height (HMT) of a pump is tiiference of pressure in meters of column of watetwween the openings
of aspiration and expulsion. This height can bewated as follows:

AMT =H, * (26)

Hg:Hr+Nd (27)

where:

Hg :geometrical height enters the pumped groundwadgnamic level) and the plan of use

P. : pressure losses correspond in most to 10 %edtiotial geometrical height.

Ng the static level of a well or a drilling is thesthnce between the ground and the surface of #terwefore pumping.

Nq : the dynamic level is the distance between tloerm and the surface of the water for a given dgtpumping.

The difference between the dynamic level and thgcskevel is called dewateringRs the acceptable maximal dewatering before

stopping the pump.
3.2 Test of the availability of water in the well

Every well must be tested before being equippede st include two step: first one is measuring rieeximum debit of
pumping water that we can never exceed and thendestep is checking whether the well is a renewablece of water or not.

The first test consists on pumping water with diéfe debit and measuring the dynamic level on @ofgime. The discharge
debit of pumping which the dynamic level remainm@dt constant after a few minutes is consideretth@snaximal debit of the
well. For the studied well, the maximal debit isuafto 3.35 I/s. Moreover, the installed pump sHobé optimized with the

maximum debit of the well.

Dynamic level (m)

o @™ 4 & @ @ @ @
Time (mr)
Figure 5. Emptying curve of the well with a debit of 3.35 I/

The second test consists on controlling the rista@idynamic level after stopping pumping water.sAewn in Figure 6, the rise
goes in a normal way. So, we can deduct that teisisva source of renewable water and we cantusihiout risks.
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Figure 6. Rise curve of the dynamic level of the well

The studied well is located in a site where theeeahers wells to irrigate some nearby farms.i®ayrder to protect them, the
Commissionership "CRDA" limits to 0.5 I/s by he&ahe maximum discharge that we can never exceleel.afea to irrigate
covers a surface of lhectare.

4. Results and discussion

As previously mentioned, the objective of our studyto analyze from the technical point of view, amtonomous hybrid
(photovoltaic-wind) system. The above mentioned hoét will be used for this analysis. We have exphbithe different
mathematical models to implement a Matlab simutatiode.

4.1 Recoverable energies by the photovoltaic system

The principal objective of this part is the detaration of solar energy characteristics et all ptazed all times. In this context,
we will present the different specification of theed solar energy in Medenine, Tunisia as paramsttidy. Therefore, the
comparison is based on the theoretical data casmilfor the region of Medenine and the meteoroligitata measured by the
National Institute of the Meteorology of TunisiaMedenine.

Figure 7 shows the variation of theoretical and snead duration of sunshine in Medenine. The cuilvthe real duration of
sunshine presents very important fluctuations from day to another in comparison with the curveheftheoretical duration of
sunshine length which presents a parabolic profite period of the real duration of sunshine vabietsveen 0 and 12.5h. Indeed,
the length of the theoretical duration of sunshiages between 9.78h and 14.21h.

In order to optimize the hybrid unit for the protioa of the needed electrical energy for water pingpa comparison between
the theoretical and measured performance of thmsts sought. Indeed, the comparison concerngtbduction of the annual
electrical energy susceptible to be collected whth values of the energy really collected. At pngésand since the breakdown of
the wind turbine in January, 2009 after the desiwacof one blade, only a comparison of the pholiao production only is
achieved. The measures presented in this studyhwéitend over a period of time of one year showdaiy variation of the
electrical energy produced by the existing solargta

Figure 8 presents the measured and the theoret@ibl production of the electrical energy supplied the photovoltaic
generator during one year. One notice that theecafthe measured electric energy presents a ftiogispeed at the rate of days,
which presents a profile similar to the theoreticatve yet a lower level, is remarkable. The ddliictuations in the electric
energy production are mainly due to the lack ot protocols that register the standing ordethefdata. Also notice that the
measured values of the maximal intensity of théyddectric production is always below the thearativalues.
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Figure 7. Variation of the daily duration of sunshine in M#@ihe for one year

The gap between measured and simulated profilgpki@ed by many factors, the most important is fémet to apply a model
based on the hypothesis of a clear sky in all ddgag the year with a maximal radiation calculag¢dmidday 12h which is
extended for all the day. However, the profile adiiation is extremely variable along one day. Meegpthe real energy received
(theoretical and measured) by the fields is prapoal to the duration of sunshine (theoretical amshsured) and as it is shown in
Figure 7, there is a gap between the profile ofleasured duration of sunshine and the calculaied o

Epv measured Epv theoretical

Epw (kivhiday)

o I | 1 1 | |
] 50 100 150 200 250 300 350

day

Figure 8. Comparison between the measured and the thedradiitavariation of the electrical energy suppliegthe
photovoltaic generator during one year

4.2 Recoverable energies by the wind generator

Based on the wind speed given by the meteorologat, we notice that the curve presents a vecguating behavior along the
year. The wind speed can reach peaks of 9 m/s,Jeves there are little windy days the averagedpegéuces to 3m/s. Figure 9
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presents the daily wind speed measured in a seh &8 m. To calculate the wind speed at the Htedd 18m, we have used
formula (19).

Wind speed (mv/s)

O 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350

day
Figure 9. Daily variation of the wind speed in Medenine year 2002 at a height of 18m

Based on the meteorological data of wind speedtlamaharacteristic curve of the power at the ekivimd generator Whisper
200 installed in the station which is given by ffig 2 of the appendix according to the wind speeslwere able to calculate the
electrical energy supplied by the wind turbinedgery day during one year, the result is preseinmt&idgure 10.

20

18+ B

16+ *

14 - -

12+ *

10+ B

Ew (Kwh/day)

| [
0 | | | | |

0 50 100 150 200 250 300 350
day

Figure 10.Daily variation of the electrical energy recovetydthe wind generator during one year

4.3 Recoverable energies by the hybrid system

The objective of this part is the determinatiorr@foverable energy by the hybrid system. In thigtext, the energy recovered
by the wind generator is added to the measuredygmecovered by the photovoltaic field, Figure 11.
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Figure 11.Daily variation of the recovered energy by the lglsystem fo3=35°

The daily variation of the recovered hybrid enepggsent an important fluctuation which due to tlietbiations presented on
the curves of the measured energy recovered bgahels for incline angle equal to 35° and the vwendrgy. In a first level, we
look for optimizing the existing system by reducthg lack of energy. We studied the influence ef pnmping water duration on
the number of lack's days and the lack of energgenerate probability (LEG) for different pumpingrdtion (2h, 3h, 4h, 5h, 6h,
7h), Figure 12.

B N© ofdays —*%—— LEG (kWh)
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[==)
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Figure 12.Influence of the duration of pumping on the laélepnergy (LEG) and the number of the days of lack

We notice that the change of the pumping duratifiluénce on the daily average needg é®d the lack of energy (LEG).

Figure 12 shows that the increasing of pumping wateation increases the daily need of energy eesalt the lack of energy
and the number of lack’s days become more impartadeed, the duration D = 2h is the optimal purgpituration of this station
with a yearly lack equal to 3.62 kWh and there isva days (6 days) when the of electric energy rigenbt satisfied, Figure 13.
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Figure 13.Lack of energy (LEG) for a pumping duration D = 2h.

Figure 13 present the lack of energy of the hylssidtem for a pumping duration D = 2h. There isdays when the energy
produced is less than the needs energy. Among thegs there is two days successive (388d 308) and the others are not
successive. According this result, there is no péilack on water because of the reservoir voluer4~ 12 times the daily need
on water). The duration 2h is insufficient to sigtithe needs for irrigation of the cultivated sedatherefore we assume to fix the
pumping duration to 5h and to determine the optimzine angle of the photovoltaic panels.
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Figure 14.Influence of the inclination angle on the numbkthe days of energy lack

In the previous research works (Perrin 1963; Sctmwa®80; Zghal 2012), the authors express thatofftamal incline angle
equals to the site latitude. During the winter nisntinsufficient energy is supplied hence an amgieeh minimizes the lack of
energy in this period of the year is chosen. Whenangle increases, the energy is more importantriter months however it
decreases in summer months. In the same way, sala#s of the incline angle are of favor in summenths. We notice that the
change of the incline angle is followed by a vaoiatof the recovered solar energy. Similar obséowafor the number of the days
when there is lack of energy. As effect, Figureptdvide a minimum value of tilt angle 55° for a dtion pumping D = 5h. So,
the angle 55° is considered as the optimal angli@atination which is suitable for the site withlgr81 days of lack and LEG
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equal to 23.83kWh for a pumping duration. On thieeothand (angle equal to 35°), the day numbera¥ is 45 with an energy
lack equal to 27.84 kWh. The values of total endagyan angle of 55° is more important than thaigalof the total energy for an
angle of 35° in the winter and autumn months andrisely for the summer and spring period.
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Figure 15.Lack of energy (LEG) for a pumping duration D = 5h

In this setting, Figure 14 shows a presentatiothefiack energy for the optimal incline angle 5Bie number of days lack is 31

Figure 15 present the lack of energy of the hylsgidtem for a pumping duration D = 5h. There is aysdwhen the energy
produced is less than the needs energy. Among thege the maximum of successive days of lack gniergwo days there.
Therefore, we don’t have a risk of lack on wateraese of the reservoir volume 42 5 times the daily need on water).

5. Conclusion

The study is realized in association with the regla&commissionership of agricultural developmeniMeaidenine (CRDA) for the
use of the renewable energy for the decentralizedyztion of electricity. To apply our theoretiGggdproach constituted on the
technical optimization of an autonomous hybrid ggesystem for pumping water located in the Southarnisia by developing
an algorithm allowing the determination of the ol properties of the installation that answer tbguirements of the user. In
this study, the following procedure is used:

« test the availability of water of the well,

» estimation of the energy needs of the consumer,

» estimation of the electrical energy produced byphetovoltaic system,

 estimation of the electrical energy produced bwitired system,

» estimation of the electrical energy produced byhyierid system ( wind solar energy),
« technical optimization of the hybrid unit for pumpgiwater.

The technical analysis of the energy needs of tifitloa and the quantity of energy using variousisol wind sensors requires
the determination of the lack of energy producedsLBetermining the variation of this parameter ascfion of the pumping
water duration and the incline angle of the paradlews to verify the autonomy of the pumping plaard to adjust the
characteristics of the various elements of the ewmion system. Finally, we notice that the optirti@a of a hybrid unit for
pumping water existing in an isolated site, is Wwgrbf being studied because of its economic andremmental benefits. The
results of the simulation show that the solar epasgan ideal solution in Medenine and introducangvind generator into an
autonomous photovoltaic system to reduce the pearfidack of electrical energy, is interesting.

Nomenclature

a Coefficient which varies from 0,1 tal0,
B Temperature coefficient
B Daily energy needs (kWh/day)

CcC Correction of the equation of time
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Hydraulic constant (kg.h#ref)
Wind power coefficient
Duration of day (hour)
Duration of pumping water in day (hour)
Time difference with regard to the menda Greenwich (hour)
Instantaneous diffuse solar radiation (Wf/m
Diffuse solar radiation on inclined plaith/n)
Energy produced by the hybrid system (kWh)
Energy necessary to raise a certain gyaoftivater “Q” (kwWh)
Electrical energy produced by a spedificface tilted (kWh)
Actually energy received by a tilted makWh/nf)
Annual energy supplied by a wind turbiryeulnit of surface (Wh)
Factor translating the losses and tlsmatches fixed to 0.7
Global hourly horizontal radiation (Wh/m
Actually energy received by a tilted plake/h/nv)
Sun height (degrees)
Height of the wind generator (m)
Global head of water (m)
Head of the reservoir (m)
Total manometric head (m)
Angle of incidence on a inclined plaegrees)
Direct solar radiation (Whfjn
Calendar day of a year (until 1 t&36
Lack of energy to generate (kwWh)
Coefficient which varies from 0,1 teatO0,
Dynamic level (m)
Nominal temperature of cells (°C)
Number of cells in parallel
Static level (m)
Number of cells in series
Pressure losses (m)
Transmitted power (W)
Blade swept area{m
Surplus of energy produced (kWh)
Dewatering level (m)
Efficiency of the group motor-pumps
Surface of one cell fin
Surface of a photovoltaic module?jm
Maximal duration of period of sunshine (ho
Daily quantity pumped of water’(day)
Debit of pumping water (I/s)
Ambient temperature (°C)
Cells temperature (°C)
Legal time given by a watch (hour)
Reference temperature of the panel (gdigeequal to 25 °C) (°C)
True solar time (degrees)
Wind speed (m/s)
Wind speed at the height (th/s)

Albedo corresponds to the coefficiehteflection of the ground situated in front of thensor

Incline angle (degrees)

Latitude of the place (degrees)
Declension of the sun (degrees)
Density of water (kgAn

Density of air (kg/M

Hourly angle (degrees)
Longitude of place (degrees)
Azimuth of the sun (degrees)
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NMana  Inverter efficiency
My Panel output

, Total efficiency of a photovoltaic panel
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