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ABSTRACT KEYWORDS
Wind power has experienced strong growth over thelast decadein view of Renewable energy;
its benefits for the environment, technological advances and related Production concessional;
government incentive programs. |ts characteristic inexhaustible source of Weibull parameters;
energy and clean made it a privileged field of scientific research and Wind energy potential;
devel opment Technological mainly in Europe. Therate of evolution of this Mapinfo.

technology is about 25%. To reduce its energy dependence, Morocco is
oriented towards development including the mobilization of renewable
energy sources such as wind power. Indeed, Morocco, its favorable
geographic location, has a significant wind energy potential estimated at
6,000 MW. Potential energy solar, geothermal and wind existingin Morocco,
their use for economic development of certain regions appear favorable.
Of its agricultural, and given the potential wind energy determined by the
preliminary study, the implementation of wind turbines pumping in the
Wilaya of Tangier-Tetouan becomes an obligation. The choice of awind
inevitably wind characterization of theimplantation site, where the attention
that must necessarily bring to estimate the local energy potential. The
purpose of this subject is the establishment of the wind atlas of the wilaya
region Tanger-Tétouan. First, a statistical study of wind measurements
based on Weibull distribution which will allow usto determine the annual
average wind speeds. Thisallowed the establishment of awind map of the
study area. The second part is devoted to the estimation of wind energy
potential in the valley of Tangier-Tetouan and the delimitation of the atlas
of the power density of the region. The results showed that the site
(Tetouan-Ksar Sghir) is the windiest of the study area.
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INTRODUCTION

Thedifferential hegting of theearth’s surface by the
sun causes the displacement of large massesof air on
the ground, that is to say the wind. Systems for the
conversion of wind energy convert wind energy into
electricity or other forms of energy. Thewind energy
has experienced tremendous growth over thelast de-
cade, asthisenergy isrecognized asan ecologicd and
economic production of el ectricity. World energy de-
mandisincreasing, instability and uncertainty pricesof
foss| fuels, dectricity market liberaization andincreased
environmental awarenessin recent yearshaverenewed
interest in the development of renewable energies.
Among them, thewind holdsaprivileged postionthanks
toitstechnologica advancesand itsassociated costs
comparatively low. Wind energy today isalot about it
andtakealittlestarringroleof renewableenergies. This
isprobably dueto itsdynamism and growth very strong
59% intheworldin 20101, far beyond all expecta-
tions, but also becauseit touchesasensitive sector in
Morocco, the production of electricity, whichisalso
characterized by structurd change. By itstechnica po-
tential, economic and environmental. Morocco, asin
other countriescan meet certaininternational commit-
ments, particularly Directiveglobal production of clean
eectricity. Thewindisinitamajor partin Morocco,
60% of potential supply, which represents 10 000 to
14 000 MW installed by 2020, Thewindisafactor
that the study isvery complex, itscharacterizationis
based on severa parameters such asthe measurement
of wind speed and direction, the effect of soil rough-
ness, obstaclesto atmospheric stability, etc.. Itisclear
that to determinethewind potential of asite, it must
passthrough the stati stical measurementsof wind speed.
Inview of the agricultural region Tanger-Tétouan, it
would beinteresting to explorethepossibilitiesthat can
be offered by the use of wind energy for pumping wa-
ter or other. Todo this, we must first quantify theavail-
ableenergy fied through the establishment of thewind
map of theregion.

Wind energy intheword

Since 2009, wind energy is the second largest
sourceof renewableéectricity (268.2 TWh)[X but till
very far fromtheorigina energy hydrolic. It Represent
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1.3% of thetotal electricity production and 7% of re-
newabledectricity™. Nearly half (48.9%) occurredin
Western Europe. Other major producing regionsare
North America(27.9%), the East Asiaand Southeast
(12.2%) and South Asia (6.7%)!*°. Growth of wind
energy isthefastest growing photovoltaic knew after
that. Indeed, all regionsof theworld haveawindin-
dustry experiencing double-digit growth over the pe-
riod 1999-20011. Wind energy is currently the most
renewabl e energy to even concurencer hydro power.

Figurel: Producingwind in theworld*?

Wind energy in Morocco

Moroccoisparticularly well placed intermsof the
wind asit offerstwo large coastlines - those mentioned
above - the sea winds, weather patterns as
uncorrelated. Thewind takeson anew dimensionin
Morocco TheKingdom hasrecently acquiredthelarg-
est wind energy park inAfrica With acapacity of 140
GW (MW)®, thispark hasbeen trained to Meloussa,
34 km north of Tangier. Cost of production: 250 mil-
lion™, Wind energy isone of thedurable solutionsto
thefight against stressenergy. Energy based onwind, it
isthekey to energy development for the countrieswho
holdit. Morocco hastoillustrateto greet effect by erect-
ing to Meloussa, 34 km from Tangier, thelargest wind
farminAfrica Moroccoisontrack to solveitsoffer-
ingsand expand renewableenergy. By 2020, the project
will significantly increasethe share of renewable ener-
gies. Thisfdlswithintheframework of thestrategicvi-
sion of Morocco intendsto diversify itsenergy mix.

MATERIALSAND METHODS

Sudy area

Aninitia survey of stationslocatedintheregion
has shown that there are three Stations considered,
namely: Tangier, Tetouan-Elkser Sghir, Chafchaoun
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(Figure2). Thesethreesitesdiffer intheir respective
cimate Mediterranean, mountainousand especidly be-
cause of thelocation of the station Chafchaounin a
bowl. | must say that the study was oriented stations
that have continuous measurements data sorting times
for speed andwind directions(TABLE 1).

CARTE DE LA REGION TANGER TAZA TETOUAN
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TABLE 1: Weather stationsground located inthestudy area

i i Period M ast
Site Longitude Latitude measurement height
(DEG)  (DEG) o o

KSARSGHIR ~ 00973334" 35°50"18" 5 10

w N
005°48105" 35°45'54"

TANGER a $ . o
CHEFCHAOUEN 009°1547" 35°09'55 . o

w N

Facilitiesfor wind measur ementsstations

sy | -

Figure3: Wind measurement station 60 metersinstalled in
the Tangier region

Tlat Taghramt site, located 25 km from thecity of
Tangier. Thewind measurement station 60 meterswas
ingtdledin May 2006"°. Annud averagewind speed at
60 m: 8.8 m/ swind speed at 60 meters: 23.2m/ s
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wind measurement stations 10 and 60 metershave 3to
4 |evel s depending on the positions of the anemom-
eters, 2levdsof postionsweethervanesand Tele-moni-
toring systemwith datatransmission viaGSM and an-
emometerscaibrated by specidized ingtitutesin Ger-
many, measuring devices+ the pressure, temperature
and humidity. Datal oggerswith storage capacities of
wind datafor oneyear full measure.

THEORITICAL L STUDY

Webull digribution

TheWeibull distribution® can describe the phe-
nomenaof life of amaterial, component or system. It
candsomodd thewaitingtimeof thefirstfailure, or the
time between two consecutivefailures. Sowhat arethe
laws of paramount importancein quality control and
aboveall reliability. The model most widely used to
trand atethevariation of wind speed isthelaw of His
Weibull probability density isintheformi*” ;

f(v)= é)(%) g e o

By equating thefrequenciesto probabilities, the prob-
ability dengity f (V) isthefrequency distribution of the
measured speeds. k and C are parameterscommonly
caled Weibull parameters. The parameter k (form fac-
tor) isdimensionlessand characterizesthe shape of the
frequency digtributionwhile C determinesthequaity of
thewind (scaefactor). It hasthe dimens on of aspeed.
Thedetermination of these parametersalowstheknowl-
edgeof thedistribution of windfor agiven site.

Distribution hybrid Weibull

Thehybrid distribution Weibul ™ isused when the
frequency of calm windsrecorded at agiven site, is
greater than or equal to 15%. Indeed, thisratio can not
be neglected and should be taken into account when
thegtecharacterizationintermswind. Thisdigtribution
iswritten:

k ~(*
fW=0- )OO e ac >0 @
f(v)= ff, at v=0
Where ff,, represents the frequency of calm winds;,
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f (v) isthefrequency of occurrence; k : The param-
eter (formfactor); ¢ : Determinesthequdity of thewind
(scalefactor).

Calculation of averagewind speeds

To know theimportance of wind at agiven point, it
sufficesto determinetheweighted annua arithmetic
average speed ca culated onasampleof 10 yearsmini-
mum. Thelatter givesan order of magnitudeof thewind
peed at agiven site. Inaddition, windsvary differently
depending on the season, day and year. Thisvariation
must be determined sinceit alowsto adapt the system
szingwind energy needs, which may vary according to
season, day or year. The seasonal variation is deter-
mined by the education institution on amonthly scale.
Thediurna variationisestablished inthetimescale.
Multi variation requiresiong seriesdedlt acrosstheyear.
A statistical analysisof data sorting hourly rates and
their distributionsto data classes were conducted for
different siteswith the use of theWeibull distribution.
To determine the parameters (k, ¢) which best fit the
frequency histogram of observations, usudly caledthe
method of momentsor themaximum likelihood. Once
these parameters are determined, the average wind
gpeedisca culated using thefollowing expression:

V= j vf (v)dv 3)
0

Wherethefollowing expression:

v=cr(l+ %) (4)

where 7 isthegammafunctiongivenasfollows:

©)

Method of theaveragevelocity and thestandard
deviation

If theaverage speed and gandard deviation < v >&
asteareknown (they can beestimated fromthedistri-
bution), the shape parameters, k isdetermined by ask-
ing thefollowing approximetion.

1.086
O
K=l —— ©)
<>

7(X) = Texp(—t). tx—l
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Thescding factor isthen determined by:

<v>
(1+1 @
k

Calculation of wind power density

Strong averagewind power available, coupled with
amassflow of air at a speed <V> and acting on an
areaA of aturbinewhed iswritten:

<P>z%pA<V3> (8)

p denotesthedensity, parameter varyingwith latitude
and temperature. But generdly considered constant and
averaging around 1.25 kg/m3 at thefollowing condi-
tions

T=20°CandP=1 atm.

Theabove expression showsthat the power avail-
ablevarieswith averagewind speed Cubic. Thelatter
isdetermined from Statistics dataprocessing raw wind
and the calculation of frequenciesthan agiven thresh-
old speed. Theaveragewind energy availableat agiven
steinasecond (power) per unit areaof aturbinewhed
IS

— 3

p =§PV ©)
Thefunction of the cubic average speeditiswritten:

V= [V Wy
0
Aswel| asaverage speed, average speed cubic writing:

(10)

E 3
Vi=c@+) (W

Spatial inter polation measures

Thewind atlas was drawn using the M apinfol?
based oninformation systems (GIS) resulting fromthe
method of analysisMerise. A thematic analysisaver-
age speedsiscarried out using the method of inverse
distance weighting modeled by Mapinfo@. It allows
the calculation of the valueto anode (SO) of mesh by
analysisof neighboring point (Si) defined by asearch
radius. It consistsin assigning each score point, held
inselectingaweight inversaly proportiona tothedis-
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tance between this point and thecrude estimatenode  Speed and wind power densitiesavailable

(S0).
RESULTSAND DISCUSSION

Distribution of thewind speed

The classfication of frequency Wind performed on
anannud basisfor thethreesitesisrepresented by the
histogramsof Figures4,5and 6.

First, we present and discusstheresultsof thedis-
tribution of wind sites The study areaisnoted that for
thesite-Tétouan ksarsghir, 35% of the data are accu-
mulatedintherangeof 9m/sto 11m/sandtherange
of thevelocity distribution extendsto 16 m/ s. By cons,
for the site of Tangier, 23% of dataspeedsto7m/s
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Figure4: Wind dlstrlbutlon of site T étouan-ksar sghir
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Figure5: Wind distribution of site Tangier
andonly 9% areintherangeof 4m/sto7m/s.Asthe
site Chafchaoun, 24% of the dataarerecorded in the
rangeof3m/sto6m/sandthespeedinterva extends
dightlyto13m/s.

Using themethod of maximum likelihood applied

tothedistribution, the shapefactor k suggeststhe shape
of thecurve. A highvalueof kimpliesanarrow distri-

| Chafchaoun
£, ailing
11

0 2 4 6 8 11131517

V. M/S
C— Ajustement par Hybride weibull

Ajustement parweibull
Figure6: Distribution wind of site Chafchaoun

bution withwinds concentrated around avalue, whereas
alow valueof kimplieswindswidely dispersed. The
scalefactor Cindicatesthe position of themode of the
curve, asshowninFigures4, 5, 6. Itsvalueishigh for
windy sitesand low for low wind sites. values  of the
parametersk and c for different stationsin theregion
weredetermined. Thisallowed the calculation of the
average speed and average power density for different
stesintheregionsuchasshownin TABLE 2.

Thus, theform factor k suggeststhe shape of the
curve. A highvaueof kimpliesanarrow distribution
with windsconcentrated around avaue, whereasalow
valueof kimplieswindswidely dispersed. Thescae

TABLE 2: Résultats de I’étude statistique

Site K CMI/S) V(M/S) P(W/m2)
ElKsar sghir Tétouan 2.80 823 10.129 165.28
Tanger 214 729 9764 11853
Chafchaoun 179 5.87 7.122 98,31

factor Cindicatesthe position of themodeof thecurve,
asshowninFigures4,5, 6. Itsvalueishigh for windy
sitesand low for low wind Sites.

We notethat thesiteisthewindiest, Elksar sghir
with averagewind speed of about 9.12m/s.
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Thetopographica stuation Chafchaoun gation (lo-
catedinabowl) isverified by thelow vaueof theaver-
age speed recorded.

Atlaswind speed 10 m

Thewind map of thevalley of Tangier-Tetouan'?
estimated at 10 m abovethegroundisshowninFigure
7.Arangeof variation of the speed averageof from2.5
m/st09.4 m/s. The coastal zone of Tangier inthe
study areais characterized by average wind speeds

chefchaoune
*

Figure 7: Atlasof the averagewind speed in thevaII;y of
Tangier-Tetouan estimated at 10 m abovetheground SSE.
NASA (1983-2012)

above 10 m/ s. We notethat the neighboring munici-
paitiesof, and Elkser Sghir such as Taghramt - Tetouan
and Dhar Saadane (whose center islocated 22 km south
east of Tangier as the crow flies) and the Beni area
Megmel (whose center islocated 12 km east of Tangier
asthecrow flies) have an average speed closeto 12m
/' s.Wecan say that thewindiest areaof thevaley isthe
region of Tangier with neighboring municipalities.

Atlasof thepower density availableat 10 m

It wasfound that the density of wind power varies
between 165.2W/m2 the station-Tétouan ksar sghir
and 118.5W/m2intheareaof Tangier, onthestation

Figure8: Atlasof the power density of thewind frorr;the
valley of Tangier-Tetouan estimated at 10 mabovetheground

(3]
Chafchaoun, theaveragevaueis98, 31 W/m2. In other
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words, the region of Tetouan-ksar sghir remainsthe
most energetic placeinthevdley.

CONCLUSION

Wind energy contributesto the satisfaction of the
needsof the country into electrical energy usingana-
tiona energy sourcevirtualy freeand clean. Iltsmain
limitation liesin itsdependence onwind patterns. Wind
energy remainsasource of fuel economy that doesnot
guarantee therequired power. Note, however, that the
repair daily average wind speedsincorporatesthedaily
load curve. Thematic analyzes of the study areashowed
that thelittoral zone, such as Tangier and the surround-
ingcommunitiessuch as, Tlat-Taghramt, arethewindi-
est Valey Tanger-Tétouan. Thus we can conclude that
Elgser Sghir remains the most appropriate place to
implement aprofitableand efficient wind turbine sys-
temfor pumpingwater for irrigation, astheseareasare
used for agriculture. Perspective, wewill focusonthe
microclimate of theregion Tanger-Tetouan and thein-
fluence of all parameters such as soil roughness, the
effect of an obstacle on the wind speed region. Mo-
rocco has been able, thanksto the new arrangements
and thefinancing obtai ned, raisethewind energy sec-
tor. With thisdesireto reach 3800 MW of capacity in
2020, anew industrid opportunity isopen. After manu-
facture masts, other componentsare designedfor local
production createsjobs, asocia asset that addsto the
environmental chdlenge,
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