
- 2 1 9 -

WIND ENERGY RESEARC H AN D APPLICATION I N MAURITIU S 

Y Boodhoo, Meteorologica l Service , Vacoa s 

INTRODUCTION 

As par t o f th e Governmen t o f Mauritiu s pla n t o diversif y it s us e o f alternativ e 
energy sources , th e Mauritiu s Meteorologica l Offic e (MMO ) initiate d a 
programme t o evaluat e bot h th e win d an d sola r energ y potentia l o f Mauritius . 
This pape r describe s th e attempt s t o asses s win d power . 

A numbe r o f problem s wer e encountered , i n particula r th e us e o f anenogram s 
which mean t tha t compilatio n o f hourl y mean s wa s ver y tim e consuming . 
Secondly initia l sitin g o f station s i n agricultura l area s raise d doubt s a s t o 
whether thi s woul d provid e a  comprehensiv e pictur e o f th e windpowe r potentia l 
of Mauritius . Thu s followin g initia l wor k usin g dat a collecte d i n 1980 , th e 
Government agree d t o suppor t a  UND P projec t t o mak e a  prope r evaluatio n t o 
conclude al l th e windies t site s i n Mauritius . 

Following a  brie f explanatio n o f th e calculatio n o f win d power , thi s pape r 
decribes th e dat a obtaine d i n 198 0 fro m th e origina l weathe r stations . Finall y 
the preliminar y finding s fo r th e comprehensiv e evaluatio n no w i n progres s wil l b e 
presented. 

As suggested b y Ren e (1981) , power i n th e win d ca n als o b e expresse d b y 

WIND POWER 

The theor y behin d win d powe r i s simpl e (Goldin g 1976) . Th e kineti c energ y o f 
the ai r i n motio n i s expressed b y 

(1) 

Where M  is the mas s an d V , th e velocit y o f th e ai r parcel . I f D  i s th e densit y o f 
air passin g throug h a  cross-sectiona l are a o f A  the n th e mas s o f tha t ai r i n uni t 
time i s given b y 

M =  DAY 

hence th e kineti c energ y pe r uni t tim e i s given b y 

D ca n b e compute d fo r th e standar d atmospheri c pressur e 100 0 Hp , absolut e 
temperature 290°K , usin g th e ga s equatio n i n th e for m 

(3) 

Putnam (1984 ) suggeste d 35 % a s th e maximu m factio n o f powe r i n th e win d 
which coul d b e extracted . Goldin g (1976 ) ha s show n tha t thi s efficienc y ca n b e 
increased t o 59.3% . Wit h thi s efficiency , equatio n (3 ) become s 

(4) 

P = 0.593 KAV 8 (5) 

(2) 
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Where C  i s numbe r o f win d spee d classes , F j th e frequenc y o f occurrenc e o f 
winds i n th e jt h class , an d V j th e media n win d spee d o f th e jt h class . Th e ba r i n 
equation (6 ) indicate d averag e values . Wit h hourl y win d speed s available , Ren e 
asserts tha t th e powe r potentia l availabl e i n th e win d i s simply expresse d b y 

(6) 

P =  0.955 DV 3 (7) 

Equation (7 ) can b e use d upo n th e assumptio n tha t th e frequenc y distributio n i s a 
Rayleigh one . 

ANALYSIS OF 198 0 DAT A 

Raw dat a fro m anenogram s fo r seve n station s wer e use d t o obtai n hourl y mean s 
which ca n b e use d t o comput e simpl e statistica l dat a require d t o estimat e 
available win d powe r an d win d speed , treate d her e simpl y a s a  scala r quantity , 
and th e atmospheri c pressure . 

Raw dat a fro m anenmogram s fro m seve n station s wer e use d t o obtai n hourl y 
means whic h ar e the n use d t o comput e simpl e statisca l parameter s lik e 
correlation coefficient s an d standar d deviations . Th e seve n station s considere d 
are mostl y inlan d th e the y ar e al l th e sa m standar d heigh t o f 1 0 metre s abov e 
ground level . Medine , Plaisanc e an d Digu e Sech e ar e respectivel y 1 , 2  and 3  k m 
from th e se a shore . Vacoa s i s a t th e sit e o f th e Mai n Meteorologica l Office , 
whereas Plaisanc e i s locate d o n th e premise s o f th e airport . Tabl e 1  give s th e 
mean monthl y win d speed s a t eac h station . 

To fin d th e frequenc y o f anticyclone s passin g nea r Mauritiu s i n 1980 , 
atmospheric pressur e a t 160 0 hours , loca l time , o f on e station , Plaisanc e wa s 
plotted agins t day s o f th e year . I t shoul d b e note d tha t th e pressur e fluctuation 
at an y poin t ove r th e islan d woul d giv e th e sam e resul t sinc e th e islan d i s smal l 
compared t o a  synopti c scal e o f a n anticyclone . Change s i n atmospheri c 
pressure a t an y on e poin t woul d b e fel t almos t anywher e withi n minutes . Th e 
pressure vairation , couple d wit h th e variatio n o f th e mea n 1 0 minute s win d spee d 
at th e sam e synopti c hour , give s a n indicatio n o f th e meteorologica l situation . 

The criteri a fo r determinin g th e exi t o f a n anticyclon e an d th e entr y o f anothe r 
one are : 

(a) a  win d spee d o f les s tha n 2. 5 m/se c fo r tw o days , and/o r 

(b) a  fairl y stee p fal l paralle l t o th e lo w wind . 

Daily synopti c chart s fo r thi s are a hav e bee n consulte d t o bac k u p th e 
conclusions reache d above . Th e frequenc y o f anticyclone s affectin g Mauritiu s 
has bee n foun d t o b e 11. 4 days . Ou t o f thes e 3  ar e lul l day s o n a n average . 
Using th e abov e criteri a a  bac k u p system mus t b e mad e read y fo r 3  out o f ever y 
11.4 day s (Boodho o 1984) . 

The result s ar e displaye d i n th e for m o f a  win d energ y ma p i n Figur e 1 . Contrar y 
to expectation s an d assumption s lon g establishe d a t th e Meteorologica l Offic e o f 
Mauritius, ver y promisin g result s hav e bee n foun d alon g th e Nort h Eas t coas t o f 
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Mauritius, wherea s formerl y i t wa s take n fo r grante d tha t th e win d spee d wa s 
greatest ove r th e hig h ground s an d t o th e sout h east . Thi s findin g ha s bee n 
confirmed b y the mor e extensive survey described below . 

UNDP WIND ENERGY EVALUATION 

As mentioned i n the introduction , th e positionin g o f weathe r station s use d in the 
1980 survey di d no t cove r al l th e potentiall y importan t area s o f th e island . Th e 
UNDP finance d programme , implemente d b y the Meteorologica l Servic e i s being 
conducted t o loo k mor e comprehensivel y a t th e feasibilit y o f utilisin g win d 
resources t o supplemen t existin g electrica l generatio n an d a s fa r a s possibl e t o 
meet futur e increase d electri c powe r needs in Mauritius . 

Ten sites (Figure 2 ) were selected wher e anenometers wer e erected. Thes e were 
mostly alon g th e south , sout h eas t an d nort h easter n coast s an d a  fe w ove r th e 
Central Plateau . Thes e site s ha d bee n shortliste d fro m mor e tha n 3 0 site s 
chosen accordin g t o meteorologica l characteristics . A t on e location , Bigara , 
four sensor s wer e installe d alon g a  20 0 metr e towe r a t th e 10 , 30 , 7 2 and 12 2 
metre levels . Th e aim her e wa s to fin d th e win d profil e inlan d as any generato r 
installed woul d mos t certainl y b e abov e th e standar d 10-metr e leve l a t whic h 
anenometers are generally installed . 

The instrument s i n th e fiel d consis t o f a  cu p anenomete r an d win d van e 
combination manufacture d b y Weathe r Measur e Corporatio n (Mode l W20 0 SP) . 
The anenometers wer e brought t o Mauritiu s already calibrated b y the contractor , 
the Battelle Memoria l Institute i n Washington State, USA. Eac h anenomete r wa s 
connected t o a  dat a fiel d uni t (th e Win d Prospector' s Instrument , abbreviate d 
WPI) which perform s fiel d processin g o f th e dat a an d store s th e result s (Figur e 
3). 

The dat a ar e collecte d fro m th e site s eac h mont h althoug h th e storag e capacit y 
of th e WP I is abou t 4 0 days . Th e dat a extracte d fro m th e WP I is stored o n a n 
audiocassette tape . Processin g i s greatl y simplifie d sinc e th e WP I die s a 
considerable amoun t o f processing . Th e instrumen t acquire s win d spee d an d 
direction dat a onc e ever y 1. 5 seconds . Thes e dat a ar e average d ove r a  6  min 
interval, then processed by the WPI to yield the following win d statistics: 

(a) Win d speed frequency histogram . 

(b) Join t distributio n o f win d speed versu s wind direction. 

(c) Join t distributio n o f win d speed versu s time of day . 

(d) Join t distributio n o f win d direction versu s time of day . 

(e) Turbulenc e intensit y frequenc y histogra m (usin g standar d 
deviations based on the 1. 5 second sampling). 

The WPI also records the peak gust speed (between dat a extractions) . 

For fina l analysi s audiocassette s ar e rea d throug h a  demodulato r int o th e 
graphics termina l o f a  Hewlett-Packar d bot h a t Battell e an d a t th e 
Meteorological Office . 
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RESULTS AND CONCLUSION S 

Table 2  give s som e o f th e mai n characteristic s ove r th e perio d Augus t 198 3 -
June 1984 . Figur e 2  present s th e sam e result s i n th e for m o f a n energ y map . 
Coastal area s ar e b y fa r th e windies t place s o f Mauritiu s wit h th e southern , 
eastern an d eve n nort h easter n coast s receivin g th e mos t win d energ y flux . A s 
mentioned earlier , thi s i s contrar y t o wha t ha s bee n assume d a t th e Mauritiu s 
Meteorological Office . Formerl y i t wa s take n fo r grante d tha t th e sout h eas t 
coast whic h fall s directl y unde r th e prevailin g sout h eas t trad e wind s an d th e 
high ground s ar e th e windiest . However , th e trad e wind s strikin g th e islan d 
which act s a s a n obstacle , ar e deflecte d sideway s thu s deprivin g th e highe r 
central area s o f th e islan d o f mos t o f it s wind s (Figur e 4) . 

The win d profil e a t Bigar a show s tha t frictio n greatl y reduce s th e win d clos e t o 
the ground . However , abov e 3 0 metre s win d spee d become s mor e o r les s 
constant (Figur e 5 ) a t nearl y twic e th e spee d measure d a t th e 1 0 metr e level . 
Since win d energ y i s directl y proportiona l t o th e cub e o f th e speed , th e win d 
power wil l b e man y time s highe r a t 3 0 tha n 1 0 metre s level . A t th e 1 0 metr e 
level th e windies t site s ar e alon g th e coast s wher e th e investigatio n i s bein g 
carried on . Bu t th e result s a t Bigar a ar e importan t becaus e mos t generator s ar e 
located aroun d th e 3 0 metr e level . Bigar a coul d als o b e th e bsa t candidat e sit e 
as i t carrie s th e leas t percentag e o f cal m period s (betwee n 3  an d 4 % o f th e 
time). 

Although th e surve y demonstrate s considerabl e potentia l fo r a  win d energ y 
exploitation programm e i n Mauritius , a  numbe r o f point s nee d t o b e born e i n 
mind. 

a. Th e investmen t cos t i s extremel y hig h an d an y generato r shoul d repa y th e 
investment i n no t les s tha n 2 0 years . Thi s applie s particularl y t o a  cas e 
like Mauritiu s wher e 99 % of th e lan d i s electrified . 

b. I t mus t b e mad e certai n tha t th e ver y hig h wind s an d gust s experience d 
during tropica l cyclone s wil l no t damag e th e generators . S o fa r ver y few , 
if any , generator s eve n a t th e famou s tes t centr e i n Colorado , US A hav e 
been expose d t o an d resiste d gust s o f th e orde r o f 8 1 m/se c a s 
experienced durin g cyclone s i n Mauritius . 

If win d generator s ar e installed , thes e shoul d b e limite d t o mediu m capacit y an d 
used fo r subsidiar y purposes , e g pumpin g wate r o r caterin g fo r th e need s o f smal l 
enterprises. Howeve r i f a  suitabl e cyclone-proo f (o r nearl y so ) syste m become s 
available, win d energ y coul d b e use d t o suppl y betwee n 5 % and 10 % o f th e tota l 
energy need s (whic h amount s t o aroun d 10 0 Meg a Watt s a t present ) o f Mauritius . 

RODRIGUES 

A simila r investigatio n ha s bee n conducte d o f th e win d regim e ove r th e islan d o f 
Rodrigues. A s a  resul t a  smal l 2. 5 K w generato r ha s bee n installe d a t Ans e 
Quitor. Th e performanc e o f thi s generato r ha s bee n ver y encouraging . Th e 
Government o f Mauritiu s i s no w considerin g th e feasibilit y o f installin g fou r 
similar generator s a t Por t Su d Est , Ans e Ally , Rivier e Coco , an d Le s Graviers . 
Wind speed s ar e relativel y highe r (Tabl e 3 ) than ove r Mauritius . 

Unlike Mauritiu s th e terrai n o f Rodrigue s i s s o varie d tha t despit e it s smal l siz e 
(roughly 10 9 km 2) electrification , whic h i s extremel y expensive , i s confine d t o 
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only th e mai n areas . Henc e win d ma y hav e a n importan t rol e i n supplyin g energ y 
on thi s island . Th e win d pum p a t Ans e Quito r wa s primaril y intende d t o pum p 
water fro m borehole s t o a  reservoi r fo r distributio n t o households . S o 
encouraging ar e th e result s tha t th e wate r storag e capacit y ha s bee n doubled . 
Even so , ther e i s a  surplu s o f electrica l energ y whic h i s shortl y t o b e distribute d 
to a n agglomeratio n o f abou t 1 8 house s i n Ans e Quitor . Th e tota l pumpin g 
system outpu t fro m th e dat e o f commissionin g o n 2 4 Ma y 198 3 u p t o th e en d o f 
April 1984  wa s approximatel y 1. 7 millio n gallon s o f wate r pumpe d ove r a  perio d 
of 178 8 hour s o f operation . Thes e figure s hav e mor e tha n double d u p t o th e 
present. 

CONCLUSION 

The surve y o f Mauritiu s ha s show n a  majo r potentia l fo r exploitin g win d energ y 
at variou s sites . However , th e win d energ y programm e need s t o conside r it s 
exploitation i n relatio n t o th e energ y resource s an d capita l investmen t costs . 
The cas e fo r exploitin g win d energ y i s muc h cleare r fo r Rodrigues , wher e 
electricity generatio n b y othe r mean s i s less universall y available . 

This win d energ y programm e i s stil l i n progres s an d dat a presente d her e ar e onl y 
the preliminar y findings . However , th e change s shoul d b e s o smal l a s no t t o 
substantially affec t th e conclusions . 
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TABLE 1: Correlatio n matrix for daily mean speed for 1980 

TABLE 2: Standar d deviation values 

Stations 
Plaisance 
FUEL 
D Seche 
Mon Deser t Alm a 
Medine 
Pamplemousse 

Vacoas 
0.79 
0.31 
0.29 
0.32 
0.31 
0.29 

Plaisance 

0.30 
0.31 
0.33 
0.18 
0.23 

FUEL 

0.51 
0.63 
0.61 
0.66 

D Seche 

0.82 
0.44 
0.76 

MDA 

0.52 
0.83 

Medine 

0.67 

Station 
Standard 
deviation 

Vacoas 

0.65 

Plaisance 

0.87 

FUEL 

1.82 

D Seche 

1.42 

MDA 

1.37 

Medine 

1.23 

Pamplemousse 

1.28 
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TABLE 4: Win d characteristics ove r Mauritius , Augus t 198 3 - Jun e 198 4 

Four anenometer s wer e installe d o n a  tal l towe r a t Bigar a o n th e 32 , 100 , 
240 an d 40 0 f t levels . 

Area 
Anse All y 
Les Gravier s 
Port Su d Es t 
Riviere Coc o 
Pointe Cano n 

Mean wind speed (m/s ) 
4.7 
5.9 
9.5 
6.4 

10.2 

* 

TABLE 5: Wind s over Rodrigue s 

Station 

Grand Bassi n 
Bois Chér i 
Gris Gri s 
St Feli x 
B Ombr e 
U Par k 
G Por t 
Palmar 
St Antoin e 
MGI 
Bigara* (3 2 ft ) 
Bigara (10 0 ft ) 
Bigara (24 0 ft ) 
Bigara (40 0 ft ) 

Mean 
speed (m/s ) 

5.14 
3.6 
6.07 
4.11 
5.0 
3.68 
5.38 
4.66 
5.21 

3.95 
3.24 
6.15 
7.57 
8.1 

Standard 
deviation 

1.96 
1.68 
2.55 
2.0 
2.62 
1.89 
2.72 
1.72 
2.23 

1.94 
1.82 
2.15 
2.98 
3.36 

Mean Energy 
flux (w/ m ) 

112.65 
44.0 

216.77 
74.53 

154.6 
54.7 

199.4 
82.9 

151.82 

72.58 
140.24 
184.42 
384.35 
570.66 

Calm ( % of tim e 
wind speed 2  m/s ) 

6.87 
19.37 

3.17 
18.11 
22.02 
24.44 
18.70 
8.9 

12.55 
30.23 

3.00 
4.02 
4.97 
4.23 
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FIGURE 1: Locatio n of anenometers for the Meteorological Service 
Isochrone of wind power (W/m2) for 1980 
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FIGURE 2: Locatio n of new sites 
Isochrone of wind power (W/m2) based on UNDP financed programme 
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FIGURE 3: Th e system - it s parts 
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FIGURE 4: Relie f ma p of Mauritiu s in feet &  metre s 

Shaded areas show high wind energy potential . 
Arrows show probable deflection o f wind . 
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FIGURE 5 : Win d profile o f Bigar a 
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FIGURE 6: Rodrigue s - physica l an d politica l 

Location o f actua l win d generato r 
Proposed site s fo r th e installatio n o f 4  additional generator s 
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