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1 INTRODUCTION 

WindVision développe un projet de 12 éoliennes dans la province de Namur, sur la commune de 
Gesves. La carte de la figure 1 permet de situer le projet. 

A ce stade du projet, WindVision souhaite estimer la production annuelle du futur parc et sélectionner 
l'éolienne qui offre les meilleures perspectives de rentabilité économique. 

Cette étude s'appuie sur les données météorologiques des stations de I1nstitut Royal Météorologique 
(IRM) et le logiciel WAsP. 

Figure 1 Plan de situation du parc éolien 



2 MÉTHODOLOGIE 

Pour estimer le productible du parc éolien, il est nécessaire de connaître le régime local du vent à 
hauteur d'axe de chaque éolienne qu'on combine ensuite avec sa courbe de puissance. 

Le logiciel WAsP a été utilisé pour reconstruire le régime de vent à l'emplacement et à la hauteur 
souhaitée (extrapolation horizontale et verticale des vitesses). 

Le principe de WAsP est schématisé à la Figure 2. WAsP utilise les données météorologiques d'une 
station de référence nettoyée des effets locaux pour calculer le vent géostrophique, représentatif du 
vent régional. Le vent sur site est ensuite reconstruit en appliquant au vent régional les 
caractéristiques du terrain. Les effets locaux pris en compte par WAsP sont le reBef, la rugosité et les 
obstacles. 

Vent t r .. 
synoptique '*" 1r--)001 
Min. 5 ans 

1 

Atlas du vent 
régional 

! 
Relief, rugosité, 
obstacles 

Figure 2 Méthode WAsP 

Relief, rugosité. 
obstacles 

Vent local 

WAsP nécessite donc en entrée des données météorologiques plus des données numériques de reliefl 

de rugosité et des obstacles. 



3 DESCRIPTION DU PROJET 

WindVision développe un projet de 12 éoliennes sur la commune de Gesves, dans la province de 
Namur. La carte de la Figure 3 reprend la configuration du parc éolien et les coordonnées Lambert des 
éoliennes sont données au tableau 1. 

WindVision envisage d'y installer des éoliennes d'un diamètre de rotor compris entre 82 et 94 mètres 
et d'une hauteur d'axe de 100 mètres. La distance minimale qui sépare deux éoliennes s'élève à 440 
mètres, soit 4.7 fois le diamètre du rotor de 94 mètres. 

Agure 3 Configuration du parc éolien de Gesves 

Tableau 1 Coordonnées Lambert et altitude des éoliennes 

x y Altitude (ml 

Tl 202334 122863 260.1 

T2 202624 122413 260.5 

T3 201931 122506 259.4 

T4 202197 122137 264.5 

T5 201563 122191 261.3 

T6 201866 121789 265.0 

T7 201443 121595 265.0 

T8 203313 123885 260.9 

T9 202999 123534 265.0 

no 203340 123203 255.2 



T11 202641 123181 265.0 

T12 202947 122726 260.9 



7 CONCLUSION 

Les estimations de production ont été calculées à partir des données météorologiques de Beauvechain 
et Florennes et du logiciel WAsP. 

A 100 m d'altitude, la vitesse moyenne du vent sur site s'élève à 6.6 mis et les vents dominants 
proviennent du secteur sud-ouest. 

Les résultats de production sont repris au tableau suivant pour trois types d'éoliennes et s'appuient sur 
les courbes de puissance adaptées à la densité de ['air du site. 

Les prévisions de production ne prennent pas en compte les pertes électriques et les périodes 
d'indisponibilité de l'éolienne. 

Table 5 Prévisions de production pour le parc éolien de Gesves 

1 MM92 E82 GE 2.3 

Hauteur axe (m) 100 98 100 

Diamètre rotor (m) 92.5 82 94 

Puissance installée (MW) 24 24 27.6 

Puissance nominale 2 2 2.3 
unitaire (MW) 

Production annuelle 64330 59505 67050 
(MWh) 

Pertes sillages (%) 8.2 8.2 8.4 

Pertes électriques (%) a a a 
Indisponibilité technique a a a 
(%) 

Facteur capacité (h) 2680 2480 2430 



ANNEXE A: COURBES DE PUISSANCE 
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PARK - Power Curve Analysis 
Calculalion: 12 E82 h 98m, Sial Florennes & Beauvechain 92-01 WTG: 1 • Em,m:OIl E_8l ~mlO 62 0 '01 ~.""lI<>N== Ja'"""l' 2tlQ5. tlt.<l ho>;;"" ~a D m 

Name: Calculaled powercurve January 2005 
Source: Enercon 

SourcelDale Crealed by Crealed Edited Stop wind speed Power control CT curve type 
[mis] 

01/01/2005 USER 14/03/2003 26/05f2006 25.0 Pitch User defined 

HP curve comparison- Nole: For standard airdensity and weibull k parameter= 2 

Vmean [rn/sI 5 6 7 8 9 10 
HP value [MWh] 2,447 3,991 5,587 7,138 8,444 9,602 
ENERCON E-B2 2000 82.0 IO! hub: 98.0 m (2) [MWh] 2,995 4,688 6,386 7,937 9,273 10,365 
Check value [%] -18 -15 -13 -10 -9 -7 
The table shows c:omparison ba!waen annual energy production calculeled on basis of simplilied "HP,cuNes" which assume \ha! 0111 WTG's perfoITns quile similer - only specifie power loading (kV m 
single/dual speed or stall/pitch decideslhe calculeled velues. ProduetJom; are withoul wake 105505. 
Forfurther details, ask at the Oanish Energy Agency for projec! raport J.nr. 51171100-0016 or Se€! WindPRO manuel chapter 3.5.2. 
The melhod is refined in EMD report "20 Ooleiled Casa Siudies comparing Projoci Doslgn Calculetions and aclu>!1 Energy Productions for Wind Energy Projec!s worldwide", jen 2003. 
Use !he table 10 avalueta if the 9iven power cUNe is reasonable· if Ihe cheCk value ara lower !han -5%, lhe power cUf\le probably isloo oplimistic due 10 uncertainty in powar cuf\le me>!suremen 

Power curve Power, Efficiency and energy vs. wind speed 
Original data from Windcat, Air densUy: 1.225 kgfm3 Data used in calculation, Air density: 1.206 kglm3 
Wind speed Power Ce Wind speed Ct curve Wind speed Power C, Inlarval Energy Acc.Energy Reletive 

[ml,] [kW] [ml,] [mis] [kW] [mis] [MWh] [MWh] [%] 
1.0 0.0 0.00 1.0 0.00 1.0 0.0 0.00 0.50-1.50 0.2 0.2 0.0 

2.0 3.0 0.12 2.0 0.79 2.0 3.0 0.12 1.50- 2.50 4.1 4.3 0.1 

3.0 25.0 0.29 3.0 0.78 3.0 24.6 0.29 2.50- 3.50 25.6 29.9 0.6 

4.0 82.0 DAO 4.0 0.78 4.0 80.7 0.40 3.50·4.50 84.7 114.6 2.3 
5.0 171.3 0.43 4.50· 5.50 191].8 305.4 6.3 

5.0 174.0 0.43 5.0 0.78 6.0 316.0 0.46 5.50- 6.50 335.1 640.5 13.1 
6.0 321.0 0,46 6.0 0.78 7.0 523.7 0.48 6.50-7.50 489.1 1,129.6 23.2 
7.0 532.0 0.48 7.0 0.78 B.O 802.3 0.49 7.50- 8.50 616.5 1.748.0 35.8 
B.O 815.0 0.49 8.0 0.78 9.0 1,161.60.50 8.50· 9.50 697.3 2,445.3 50.1 

9.0 1,180.0 0.50 9.0 0.78 10.0 1,591.0 0.50 9.50-10.50 693.5 3,138.8 64.3 

10.0 1,612.0 0.50 10.0 0.78 11.0 1,673.60.4410.50-11.50 593.2 3,732.1 76.5 

11.0 1,890.0 0.44 11.0 0.78 12.0 1,991.30.3611.50·12.50 442.4 4,174.5 85.6 
13.0 2,050.0 0.2912.50-13.50 298.8 4,473.3 91.7 12.0 2,000.0 0.36 12.0 0.78 14.0 2,050.0 0.2313.50-14.50 186.3 4,659.6 95.5 

13.0 2,050.0 0.29 13.0 0.68 15.0 2,050.0 0.1914.50-15.50 108.1 4,767.7 97.7 
14.0 2,050.0 0.23 14.0 0.47 16.0 2,050.0 0.1615.50·16.50 58.6 4,826.3 98.9 
15.0 2,050.0 0.19 15.0 0.37 17.0 2,050.00.1316.50·17.50 29.5 4,855.8 99.5 
16.0 2,050.0 0.16 16.0 0.29 16.0 2,050.00.1117.50-18.50 13.6 4,869.6 99.11 

17.0 2,050.0 0.13 17.0 0.24 19.0 2,050.0 0.0916.50-19.50 6.0 4,1175.6 99.9 

18.0 2,050.0 0.11 18.0 0.20 20.0 2,050.0 0.0819.50-20.50 2.4 4,8n.9 100.0 

19.0 2,050.0 0.09 19.0 0.17 21.0 2,050.00.0720.50-21.50 0.9 4.878.6 100.0 

20.0 2,050.0 O.OB 20.0 0.15 
22.0 2,050.0 0.0621.50-22.50 0.3 4,879.1 100.0 
23.0 2,050.0 0.0522.50-23.50 0.1 4,879.2 100.0 

21.0 2,050.0 0.07 21.0 0_13 24.0 2,050.0 0.0523.50-24.50 0.0 4,879.2 100.0 
22.0 2,050.0 0.06 22.0 0.11 25.0 2,050.0 0.04 24.50-25.50 0.0 4,879.2 100.0 
23.0 2,050.0 0.05 23.0 0.10 
24.0 2,050.0 0.05 24.0 0.09 
25.0 2,050.0 0.04 25.0 0.08 

Pow cr curvc Cc and Ct curve 
Data used in calculation 0.5- -1 

, / \ 
1 

2,000 

p' 
...... Ce __ CI 

1,BOO . a _0.8 

1,600- f \\ 1,400 
0.3- 0.6 

~ 1,200 / r \ :a 1,000- r 
~ j 02 0.4 a 
"- 800 , 600 / 

J' 1 0.1- i. -0.2 400 

1 1 "'" 200 - ~ 
0- / 0- a , , , , , , 

a 5 10 15 20 25 0 5 10 15 20 25 
Wind speed [mls1 Wind speed [mfs] 
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i~ARK . Lu. V~ Analysis 
: 12 MM92 h 100m, Sial Florennes & Beauvechain 92·01WTG: 1 • RE~"'IA lU 2U<ïl ~2 5 '0' Mo"U<t1>d PC IWIC02~lJ<.BllMln, Il .... ,~t 100 ~ m 

i~~me, Measured PC (WIC0255LK805/02) 
WindConsult 

SourcelDate Created by Created Ediled Stop wind speed Power control CT curve type 
[m'sI 

19/12/2005 USER 7/08/2003 28/07/2006 20.0 Pilch Standard pilch 

IHP curve comparison- Nole: For standard air density and weibull k parameter = 2 

Vmean [mis] 5 6 7 8 9 10 

HP value IMWh] 0 0 0 0 0 0 

MM 92200092.5 ID! hub: 100.0 m (2) IMWh] 3,223 5,014 6,738 8,225 9,385 10,189 

Check value [%] 
The table shows compurlson between unnual energy production I:lIlculated on basis of simplified ·HP·curves~ which assume thal ull WTG's performs quite simitar - only specific power loading 
single/dual speed or slallfpilch decides Ihe calculated values. Productions ara wilhoul wuke lossas. 
For further datails, ask al the Danlsh Enargy Agency for projecl report J.nr. 51171fOQ·0016 or see WindPRO manua! chapter 3.5.2. 
The method is rafined in EMD report "20 Delailed Case Studies comparing Projec! Design Calculation5 and aclual Energy Productions for Wind Energy Projec!s worldwide~, jan 2003. 
Use the table ID evuJuale if Ihe given power curve 15 reasonable· if the check value are lower Ihan ·5%, Ihe power curve probably 15100 optimisUc due 10 unœrlainly in power curve 

Power curve Power, Efficiency and energy vs. wind speed 
:.?riginal data from Windcat, Air density: 1.225 kg/m3 Dala used in calculation, Air density: 1.206 kg/m3 

i Power Ce Wind speed Ct curve Wind speed Power Ce Inlerva! Enargy Acc.Energy Relative 

[ri] {kW] {mls] [mis] [kW] [mis] [MWh] IMWh] [%] 
·25.5 0.00 1_0 0.10 1-0 0_0 0.00 0.50~ 1.50 0_0 0_0 0_0 

-1.1 0.00 2_0 0.10 
3_5 28.20.16 3.0 0.10 2_0 0_0 0.00 1.50- 2.50 0_0 D-O 0_0 

4_0 75.4 0.28 4.0 0.80 3_0 0_0 0.00 2.50- 3.50 11.7 11.7 02 
4.5 121.4 0.32 5.0 0.82 4_0 71.6 0.28 3.50- 4.50 70.4 82.1 1_6 
5.0 178.3 0.35 6.0 0.84 5_0 181.7 0.36 4..50~ 5.50 194.7 276.8 5.3 
5.5 267.4 0.39 7_0 0.79 
6_0 346.4 0.39 8.0 0.72 6_0 339.3 0.39 5.50~ 6.50 362.6 639.4 12.1 
6.5 464.50.41 9.0 0.66 7_0 595.5 0.43 6.50- 7.50 549.5 1,189.0 22.6 
7.0 607.8 0.43 10.0 0.59 8_0 940.3 0.45 7.50- 8.50 710.5 1,899.4 36.1 
7.5 766.4 0.44 11.0 0.53 9_0 1,305.8 0.44 8.50- 9.50 796.1 2,695.6 51.2 
8_0 944.2 0.45 12.0 0.46 
8.5 1,147.60.45 13.0 0.40 10.0 1,701.6 0.42 9..50-10.50 769.5 3,465.0 65.8 

9.0 1,322.0 0.44 14.0 0.33 11.0 1,953.3 0.36 10.50·11.50 632.9 4,097.9 77,8 
9.5 1,564.70.45 15.0 0.28 12.0 2,006.7 0.29 11.50~12.50 456.8 4,554.7 86.5 
10.0 1,719.00.42 16.0 0.23 13.0 2,025.0 0.23 12.50-13.50 302,3 4,857.0 92.3 
10.6 1.894.6 0.39 17.0 0.20 
11.0 1.970.6 0.36 18.0 0.16 14.0 2,021,0 0.18 13.50-14.50 187.5 5,044.5 95.8 
11.5 2.004.4 0.33 19.0 0.13 15.0 2,020.1 0.15 14.50-15.50 109.1 5,153.6 97.9 
12.0 2,014.1 0.29 20.0 0.12 16.0 2,020.0 0.12 15.50-16.50 59.3 5,212.9 99.0 
12.5 2,026.0 0.26 21.0 0.12 17.0 2,020.0 0.10 16.50~17.50 30.0 5,242.8 99.6 
13.0 2,025.1 0.23 22.0 0.11 
13.5 2,024.0 0.20 23.0 0.11 18.0 2,020.0 0.09 17.50~18.50 14.0 5,256.9 99.9 
13.9 2,021.00.19 24.0 0.10 19.0 2,020.0 0.07 18.50-19.50 6_1 5,263.0 100.0 
14.5 2,021.0 0.16 20.0 2,020.0 0.06 19.50-20.50 1-B 5,264.7 100.0 
15.0 2,020.0 0.15 
15.4 2,020.0 0.14 
20.0 2,020.0 0.06 

Power curve Cc and Ct curvc 

Data used În calculaïion 0.5-

/I~ 1 

1 

2.000 r ...... Ce_CI 

1.BOO 0.4- 08 
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~ 1 

0.3 0.6 

~>-200- / - ~ ~ :t; 1.000 
;, 

1 02 -0.4 
6'- 800 'l 

600 
j , 

1 0.1 ...... _02 
400- - ~ 
200 / ~ -' 

./ 
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Wind speed [mis] Wind speed [mis] 
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PARK· Power Curve Analysis 
Calculation: 12 GE2.3 h 100m, Sial Florennes & Beauvechain 92-01 WTG: I_GE WIN!> E"ERllV OE'J noo ... U\O''''"", 1~2!lOl.!l'" hel\t>t l00Jlm 

!IIame: Man. 10·2003 
Source: Manufacturer 

SourcelDate Created by Crealed Ediled Stop wind speed Power control CT curve type 
[mIs] 

02l10f2003 EMD 5/11/2003 5/11/2003 25.0 Pitch Standard pl!ch 
According to document 2.3_PCD_aIlCornp_GE45.7xx daled 2/10-2003 

HP curve comparison. Note: For standard air density and weibull k parameler= 2 

Vmean [ml,] 5 6 7 8 9 10 
HP value [MWh] 3,199 5,054 6,967 8,803 10,321 11,680 
GE WIND ENERGY GE 2.3 2300 94.0 10! hub: 100.0 m (2) [MWh] 3,322 5,240 7,156 8,902 10,404 11,630 
Check value [%J -4 -4 ·3 -1 -1 0 
Tha labla shows companson belween annual energy production calculaled on basis of simplined "HP·curves" whlch assuma \hal ail WTG's perfonTIs quire similar - only specific power loading (k m ~2) ar 
single/dual speed or slalllpilch decides Iha calculalad values. Producllons are wilhoul wake lasses. 
For further delails, ask at Iha Oanlsh Energy Agency for projecl report J.nr. 51171/00-0016 or see WimlPRO manual chapler 3.5.2. 
The me\hod i5 refined ln EMO report "20 Oelailed Case Siudles comparing Project Design Calculations and aclual Energy Produc!lons for Wind Energy Projecls worldwide", jan 2003. 
Use the tabla 10 evaluale irlhe given powar curva Is raasonabla - if \ha check value ara lower Ihan ·5%, Ihe power CUlVa probably is 100 optimist!c due 10 uncertainly in power curva measummenL 

Power curve Power, Efficiency and energy vs. wind speed 
Original data fram Windcat, Air density: 1.225 kg/m3 Daia used in calculalion, Air densily: 1.206 kgfm3 
Wind speed Power Ce Wind speed CI curve Wind speed Power C, Interval Enargy Acc.Energy Relalive 

[m/sJ [kW] [mf51 [mlsj lkWj [mlsl [MWhj [MWh] [%] 
3.0 8.0 0.07 1.0 0.10 1.0 0.0 0.00 0.50-1.50 0.0 0.0 0.0 

4.0 71.0 0.26 2.0 0.10 2.0 0.0 0.00 1.50- 2.50 0.0 0.0 0.0 

5.0 lB7.0 0.35 3.0 0.10 3.0 7.9 0.07 2.50- 3.50 15.8 15.8 0.3 

6.0 363.0 0.40 4.0 O.BO 4.0 69.9 0.26 3.50-4.50 78.6 94.5 1.7 
5.0 184.0 0.35 4.50- 5.50 203.9 298.4 5.4 

7.0 609,0 0.42 5.0 0.82 6.0 357.3 0.40 5.50- 6.50 376.3 674.7 123 
8.0 934.0 0.43 6.0 0.84 7.0 599.4 0.42 6.50- 7.50 557.9 1,232.6 225 
9.0 1,352.0 0.44 7.0 0.79 ,., 919.3 0.43 7.50- 8.50 709.1 1,941.7 35.4 
10.0 1,780.0 0.42 8.0 0.72 9.' 1,330.7 0.44 8.50- 9.50 792.8 2,734.4 49.8 

11.0 2,113.0 0.38 9.0 0.66 10.0 1,755.60.42 9.50-10.50 n8.6 3,513.1 64.0 

12.0 2,259.0 0.31 10.0 0.59 11.0 2,091.30.3810.50-11.50 667.2 4,180.2 76.2 

13.0 2,295.0 0.25 11.0 0.53 12.0 2,243.50.3111.50-12.50 501.6 4,681.8 65.3 
13.0 2,267.1 0.2512.50-13.50 339.4 5,021.3 91.5 

14.0 2,300.0 0.20 12.0 0.46 14.0 2,300.0 0.2013.50-14.50 212.3 5,233.5 95.4 
15.0 2,300.0 0.16 13.0 0.40 15.0 2,300.00.1614.50·15.50 123.8 5,357.4 97.7 
16.0 2,300.0 0.13 14.0 0.33 16.0 2,300.00.1315.50·16.50 67.3 5,424.7 96.9 
17.0 2,300.0 0.11 15.0 0.2B 17.0 2,300.0 0.1116.50-17.50 34.0 5,456.7 99.5 
18.0 2,300.0 0.09 16.0 0.23 18.0 2,300.0 0.0917.50-18.50 16.0 5,474.7 99.11 
19.0 2,300.0 0.08 17.0 0,20 19.0 2,300.0 0.0818.50-19.50 6.9 5,481.6 99.9 

20,0 2,300.0 0.07 18.0 0.16 20.0 2,300.0 0.0719.50-20.50 2.8 5,484.4 100.0 

21.0 2,300.0 0,06 19.0 0.13 21.0 2,300.0 0.0620.50-21.50 1.0 5,485.4 100.0 

22.0 2,300.0 0.05 20.0 0,12 22' 2,300.0 0.0521.50-22.50 0.3 5,485.7 100.0 
23.0 2,300.0 0.0522.50-23.50 0.1 5,485.8 100.0 

23.0 2,300.0 0.05 21.0 0.12 24.0 2,300.0 0.04 23.50-24.50 0.0 5,485.9 100.0 
24.0 2,300.0 0.04 22.0 0.11 25.0 2,300.0 0.04 24.50-25.50 0.0 5,485.9 100.0 
25.0 2,300.0 0.04 23.0 0.11 

24.0 0.10 

Paw er curve Cc and Ct curve 
Data used in calcu!alion 0.5-

J 
1 

2.200 
-II- Ce __ CI 
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~ 1,400- li ~\ ~ f "::' 1,200 
ID f ~ 1,000 0.2 0.4 
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600 J ~ 1 1 
0.1- -0.2 

400 

l' 1 :-:1 ~ 
200 

T'" 0 , , , 
2s 

o ., , , , 0 
0 , 10 15 20 0 5 10 15 20 25 

Wind speed [m's1 Wind speed [mfs] 

WmdPRO IS developed by EMD In/ama/lOnal AIS, Mels Jemasve) 10, DK-9220Aalborg 0, nt. +4596354444, Fax +45 96 35 44 46, a-mail. wmdpro@amd.dk 



ANNEXE B: CALCULS DE PRODUCTION 



12 E82 h Stat Florennes & Beauvechain 92-01 

Model 

I ;~'~~;:::;~ Settlngs 
1 calculalion mode 

Rosult for WTG al hub altitude 
Hub altitude abollo soa lovol (asl) 
Annual mean lemperalura al hub ail 
Prossure al WTGs 

Decay Constanl 

statistics 

N.O. Jensen (RIS0/EMD) 

lndillidual par WTG 
1.206 kg/m3 to 1.207 kg/m3 
353.2 m 10 363.0 m 
7.0 oC 10 7.0 ec 
969.5 IIPa to 970.7 hPa 

0.075 

BE 10.00 m Beauvechain 1992·200Uib 
BE 10.00m Florennes 1992-2001 .lib 

Distance 
[km} 

45 
36 

Weight 
[%J 

45 
55 

Key results for height 98.0 m above ground level 
Lambert (BE) 

À NewWTG 

28/07/2006 15:56/1 

3E nv 
Vaartstraat 61 
BE·l000 Brussel 
+3222175868 

Scale 1 :50,000 
@SiteDala 

Easl North Name of wind distribution Type Wind energy 
[kWh/m2] 

2,583 

Mean wind speed 
Imls] 

Equivalent roughness 

A 202,337 122,550 Gesves WAsP (RVEA00111, 0, 0, 11) 

Calculated Annual Energy for Wind Farm 
Annual Energy 

combination Result Result·l0.0% 
IMWh] [MWh] 

facm 59,504.0 53,553.6 

Park 
Efficiency 

[%J 
91.8 

Mean WTG energy 
IMWh] 

4,958.7 

Capaclty Factor for 
Result Result-10.0% 

[%] [%1 
28.3 25.5 

Calculated Annual Energy for each of 12 new WTG's with total 24.0 MW rated power 

6.6 

WTG type Power curve Annual Energy Park 
Terrain VaUd Manufacl. Type Power Diam. Height Creator Name Result Result-10.0% Efficiency Mean 

wind 

IkW] lm] lm] 
1 A Yas ENERCON E-82 2,000 82.0 98.0 USER Calculated powercurve January 2005 
2A Yas ENERCON E-82 2,000 82.0 98.0 USER Calculaled powercurve January 2005 
3A Yas ENERCDN E-82 2,000 82.0 98.0 USER Calculated powercurve January 2005 
4A Yas ENERCON E-82 2,000 82.0 98.0 USER Calcu!ated powercurve January 2005 
SA Yas ENERCDN E-82 2,000 82.0 98.0 USER Calculated powercurve January 2005 
6A Yas ENERCON E-82 2,000 82.0 98.0 USER Calculated powercurve January 2005 
7A Yas ENERCON E-82 2,000 82.0 98.0 USER Calculated powercurve January 2005 
BA Yas ENERCDN E-82 2,000 82.0 98.0 USER Calculated powercurve January 2005 
9A Yas ENERCON E-82 2,000 82.0 98.0 USER Calculated powercurve January 2005 

1DA Yas ENERCDN E-82 2,000 82.0 98.0 USER Calculated powercurve January 2005 
11 A Yas ENERCON E-82 2,000 82.0 98.0 USER Calculated powercurve January 2005 
12 A Yas ENERCON E-82 2,000 82.0 98.0 USER Calculated powen::urve January 2005 

siting 
Lambert (BE) 

1 New 
2 New 
3 New 
4 New 
5 New 

East North 

202,334 
202,624 
201,931 
202,197 
201,563 

122,863 
122,413 
122,506 
122,137 
122,191 

Z Row data/Description 
[ml 
264 ENERCON E-82 2000 82.0 101 hub: 98.0 m (2) 
265 ENERCON E-82 2000 82.0 101 hub: 98.0 m (3) 
261 ENERCON E-82 2000 82.0 lDI hub: 98.0 m (4) 
265 ENERCON E-82 2000 82.0 lDI hub: 98.0 m (5) 
255 ENERCON E-82 2000 82.0 lOI hub: 98.0 m (6) 

IMWh] [MWh] 
4,879.2 4,391 
4,957.3 4,462 
4,847.4 4,363 
4,950.1 4,455 
4,998,1 4,498 
5,050.0 4,545 
5,200.3 4,680 
4,964.4 4,468 
4,899.5 4,410 
5,002.0 4,502 
4,878.1 4,390 
4,877.6 4,390 

WindPRD is developsd by EMD In/smllliona/ AIS, M'Ils Jamesvaj 10, D/{-9220 Aalborg CI, TIf. +45963544 44, Fal( +45 96 35 44 46, e·mail: windpro@amd.dk 

[%] 
90.2 
90.4 
90.4 
90.6 
95.3 
92.9 
97.4 
92.1 
91.0 
91.8 
89.8 
89.8 

speed 
[mIs] 

6.5 
6.6 
6.5 
6.6 
6.5 
6.6 
6.5 
6.5 
6.5 
6.6 
6.6 
6.6 

2.2 
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PARK - Main Result 
Calculalion: 12 EB2 h 9Bm, Stat Florennes & Beauvechain 92-01 

... continued {rom previous page 
Lambert (BE) 

East North Z Row data/Description 
[ml 

6 New 201,866 121,789 265 ENERCON E-B2 2000 82.0 101 hub: 98.0 m (7) 
7 New 201,443 121,595 261 ENERCON E-82 2000 82.0 101 hub: 98.0 m (B) 
8 New 203,313 123,885 260 ENERCON E-82 2000 82.0 101 hub: 98.0 m (9) 
9 New 202,999 123,534 261 ENERCON E-82 2000 82.0 101 hub: 98.0 m (10) 

10 New 203,340 123,203 259 ENERCON E-82 2000 82.0 ID! hub: 98.0 m (11) 
11 New 202,641 123,181 265 ENERCON E-82 2000 82.0 101 hub: 98.0 m (12) 
12 New 202,947 122,726 261 ENERCON E-82 2000 82.0 101 hub: 98.0 m (13) 

WlndPRO 15 developed by EMD Intemn/lOnal AIS, NIS/s JamaSV6j 10. DK·9220 Aelborg 0, nt. +4596 35 44 44, Fax +45 96 35 44 46, a·marl: wmdpro@emd.dk 
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3E nv 
Vaartslraat 61 
BE-1000 Brussel 
+322217 58 68 

27/07/200614:28/2.5.2.63 

PARK - Main Result 
Calculation: 12 GE2.3 h 100m, SIal Florennes &Heauvechain 92-01 

Wake Model 

CalculaI/on Scltlngs 
Air denslly œlcullltion mods 
Resull for WTG al hub altitude 
Hub altitude aboya sea level (asl) 
Annual maan lemperalure al hub ail. 
Pressure at WTGs 

Waka Modlll Pilramlltars 
Wake Decay Constant 

Wlnd data 
Wind slalislics 

N.O. Jensen (RIS0/EMD) 

Individual per WTG 
1.206 kg/m310 1.207 kglm3 
355.2 m 10 365.0 m 
6.9 oC 10 7.0·C 
969.3 hPa 10 970.5 hPa 

0.075 

BE 10.00 m Beauvechain 1992-2001.1ib 
BE 10.0Dm Florennes 1992·2001 .lib 

Distance 
[km] 

45 
36 

Weight 

[%1 
45 
55 

Key results for height 98.0 m above ground level 
Terrain Lambert (BE) 

J.. NewWTG 
Scale 1 :50,000 

{9 Sile Daia 

East North Name of wind distribution Type 

A 202,337 122,550 Gesves WAsP (RVEA00111, 0, 0, 11) 

Wind energy 
{kWh/m2} 

2,583 

Mean wind speed 
[ml,] 

6.6 

Calculated Annual Energy for Wind Farm 

WTG combination 

Wind farm 

Annual Energy 
Result Result~10.0% 

[MWh] [MWh] 
67,051.5 60,346.4 

Park 
Efficiency 

[%] 
91.6 

Mean WTG energy 
[MWh] 

5,587.6 

Capaclty Factor for 
Result Resu1t~10.0% 

[%] [%} 
27.7 24.9 

Calculated Annual Energy for each of 12 new WTG's with total 27.6 MW rated power 
WTG type Powercurve Annual Energy 

Terrain Valid ManufacL Type Power Diam. Height Creator Name Result ResuJt~ 10.0% 

[kW] [ml [ml [MWh] [MWh] 
1 A Ye, GE WIND ENERGY GE2.3 2,300 94.0 100.0 EMO Man. 10-2003 5,485.9 4,937 
2A Ye, GE WIND ENERGY GE2.3 2,300 94.0 100.0 EMO Man. 10-2003 5,590.8 5,032 
3A Ye, GE WIND ENERGY GE2.3 2,300 94.0 100.0 EMO Man. 10-2003 5,473.9 4,927 
4A Ye, GE WIND ENERGY GE2.3 2,300 94.0 100.0 EMO Man. 10-2003 5,600.9 5,041 
5A Ye, GE WIND ENERGY GE2.3 2,300 94.0 100.0 EMO Man. 10-2003 5,617.9 5,056 
6A Ye, GE WIND ENERGY GE2.3 2,300 94.0 100.0 EMO Man. 10-2003 5,710.3 5,139 
7A Ye, GE WIND ENERGY GE2.3 2,300 94.0 100.0 EMO Man. 10-2003 5,854.8 5,269 
BA Ye, GE WIND ENERGY GE2.3 2,300 94.0 100.0 EMO Man. 10-2003 5,585.3 5,027 
9A Ye, GE WIND ENERGY GE2.3 2,300 94.0 100.0 EMO Man. 10-2003 5,503.5 4,953 

10 A Ye, GE WIND ENERGY GE2.3 2,300 94.0 100.0 EMO Man. 10-2003 5,640.0 5,076 
llA Ye, GE WIND ENERGY GE2.3 2,300 94.0 100.0 EMO Man. 10-2003 5,465.6 4,937 
12 A Ye' GE WIND ENERGY GE 2.3 2,300 94.0 100.0 EMO Man. 10-2003 5,502.5 4,952 

WTG siting 
Lambert (BE) 

East North Z Row data/Description 
[ml 

1 New 202,334 122,863 264 GE WIND ENERGY GE 2.3 2300 94.0 101 hub: 100.0 m (2) 
2 New 202,624 122,413 265 GE WIND ENERGY GE 2.3 2300 94.0 101 hub: 100.0 m (3) 
3 New 201,931 122,506 261 GE WIND ENERGY GE 2.3 2300 94.0 ID! hub: 100.0 m (4) 
4 New 202,197 122,137 265 GE WIND ENERGY GE 2.3 2300 94.0 ID! hub: 100.0 m (5) 

Equivalent roughness 

2.2 

Park 
Efficiency Mean wind 

speed 
[%] [m/s1 

89.8 6.6 
90.3 6.6 
90.4 6.5 
90.7 6.6 
94.8 6.5 
93.0 6.6 
97.1 6.5 
91.8 6.6 
90.5 6.6 
91.7 6.6 
89.5 6.6 
89.8 6.6 

WindPRD is developed by EMD International AIS, Niels Jemesvaj 10, DK-9220 Alllborg 0, TIf. +4596 35 44 44, Fax +45 96 35 44 46, a-mail: windpro@emd.dk 
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PARK· Main Result 
Calcula!ion: 12 GE2.3 h 100m, SIal Florennes & Beauvechain 92-01 

... continued (rom previous page 
Lambert (BE) 

East North Z Row data/Description 

[ml 
5 New 201,563 122,191 255 GE WIND ENERGY GE 2.3 2300 94.0 101 hub: 100.0 m (6) 
6 New 201,866 121,789 265 GE WIND ENERGY GE 2.3 2300 94.0 IO! hub: 100.0 m (1) 
7 New 201,443 121,595 261 GE WIND ENERGY GE 2.3 2300 94.0 101 hub: 100.0 m (8) 
B New 203,313 123,885 260 GE WIND ENERGY GE 2.3 2300 94.0 101 hub: 100.0 m (9) 
9 New 202,999 123,534 261 GE WIND ENERGY GE 2.3 2300 94.0 101 hub: 100.0 m (10) 

10 New 203,340 123,203 259 GE WIND ENERGY GE 2.3 2300 94.0 101 hub: 100.0 m (11) 

11 New 202,641 123,181 265 GE WIND ENERGY GE 2.3 2300 94.0 101 hub: 100.0 m (12) 
12 New 202,947 122,726 261 GE WIND ENERGY GE 2.3 2300 94.0 ID! hub: 100.0 m (13) 

WindPRO!s developed by EMD In/ema/JOnal AIS, NJe/s JemflsveJ 10, DK-9220 Aalborg 0, Tif. +4596 35 44 44, Fax +45 96 35 44 46, e-mml: wmdpro@emd.dk 
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12 MM92h 1 SIal Florennes & Beauvechain 92-01 

1 i 
Result for WTG at hub altitude 
Hub altitude abo"e sea le"e! (asl) 
Annua! mean lempelalure al hub aiL 
Pressure al WTGs 

Model Paromctcrs 
Decay Constant 

Wind data 
Wind slatislics 

N.O. Jensen (RIS0/EMD) 

Indi"iduel par WTG 
1.206 kglm3 to 1.207 kglm3 
355.2 m to 365.0 m 
6.9 nc to 7.0 oC 
969.3 hPa 10 970.5 hPa 

0.075 

BE 10.00 m Beauvechain 1992-2001.lib 
BE 10.00m Florennes 1992-2001 .lib 

Dislance 
Ikm] 

45 
36 

Weighl 
[%] 

45 
55 

Key results for height 100.0 m above ground level 
Lambert (BE) 

J.. NewWTG 
Scale 1 :50,000 

o Sile Daia 

East North Name of wind distribution Type Wind energy 
[kWh/m2J 

2,614 

Mean wind speed 
[mis] 

Equivalenl roughness 

A 202,337 122,550 Gesves WAsP {RVEA00111, 0, D,11) 

Calculated Annual Energy for Wind Farm 
Annual Energy 

combinalion Result Result-10.0% 
[MWh] [MWh] 

Wind farm 64,331.5 57,898.3 

Park 
Efficiency 

(%1 
91.8 

Mean WTG energy 
[MWh] 

5,361.0 

Capaclty Factor for 
Result Result-10.0% 

[%I [%J 
30.6 27.5 

Calculated Annual Energy for each of 12 new WTG's with total 24.0 MW rated power 

6.6 

WTG type Power curve Annual Energy Park 

2.2 

Terrain Valid Manufact. Type Power Diam. Height Circle Creator Name 
radius 

Resull Result-10.0% Efficiency Mean 
wind 

[kW] [ml [ml [ml 
1 A No REpower MM 92 2,000 92.5 100.0 USER Measured PC {WIC0255LK805f02) 
2A No REpower MM 92 2,000 92.5 100.0 350.0 USER Measured PC (WIC0255LK805/02) 
3A No REpower MM 92 2,000 92.5 100.0 USER Measured PC {WIC0255LK805f02) 
4A No REpower MM 92 2,000 92.5 100.0 USER Measured PC (WIC0255LK805f02) 
5A No REpower MM 92 2,000 92.5 100.0 USER Measured PC (WIC0255LK805/02) 
6A No REpower MM 92 2,000 92.5 100.0 USER Measured PC (WIC0255LK805f02) 
7A No REpower MM 92 2,000 92.5 100.0 USER Measured PC (WIC0255LK805/02) 
BA No REpower MM 92 2,000 92.5 100.0 USER Measured PC (WIC0255LK805f02) 
9A No REpower MM 92 2,000 92.5 100.0 USER Measured PC (WIC0255LK805f02) 

10 A No REpower MM 92 2,000 92.5 100.0 USER Measured PC (WIC0255LK805f02) 
11 A No REpower MM 92 2,000 92.5 100.0 USER Measured PC (WIC0255LK805f02) 
12 A No REpower MM 92 2,000 92.5 100.0 USER Measured PC (WIC0255LK805f02) 

WTG siting 
Lambert (BE) 

1 New 
2 New 
3 New 
4 New 
5 New 

East North 

202,334 
202,624 
201,931 
202,197 
201,563 

122,863 
122,413 
122,506 
122,137 
122,191 

Z Row data/Description 
[ml 
265 REpower MM 92 2000 92.5 101 hub: 100.0 m (2) 
265 REpower MM 92 2000 92.5 101 hub: 100.0 m (3) 
261 REpower MM 92 2000 92.5 101 hub: 100.0 m (4) 
265 REpower MM 92 2000 92.5 ID! hub: 100.0 m (5) 
255 REpower MM 92 2000 92.5 JO! hub: 100.0 m (6) 

[MWh] [MWh] 
5,264.7 4,738 
5,362.2 4,826 
5,252.4 4,727 
5,370.8 4,834 
5,385.4 4,847 
5,476.9 4,929 
5,608.9 5,048 
5,364.9 4,828 
5,285.4 4,757 
5,409.3 4,868 
5,268.1 4,741 
5,282.6 4,754 

WindPRD;s developed by EMD Inlenwl!on,,1 AIs. Niels Jemes"ej 10, DK-9220 Aalbory 0, TIf. +4596354444. Fax +45 96 35 44 46. e-mail: windpro@amd.dk 

(%] 
90.1 
90.6 
90.6 
91.0 
94.8 
93.2 
97.1 
92.2 
90.8 
91.9 
89.7 
90.1 

speed 
[mis] 

6.6 
6.6 
6.5 
6.6 
6.5 
6.6 
6.5 
6.6 
6.6 
6.6 
6.6 
6.6 
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Main R"""lt 
r· 12 MM92 h 100m, SIal Florennes & Beauvechain 92-01 

(rom previous page 
Lambert (BE) 

East North Z Row datalDescription 
[ml 

6 New 201,B66 121,769 265 REpower MM 92 2000 92.5 101 hub: 100.0 m (7) 
7 New 201,443 121,595 261 REpower MM 92 2000 92.5 lot hub: 100.0 m (8) 
8 New 203,313 123,885 260 REpower MM 92 2000 92.5101 hub: 100.0 m (9) 
9 New 202,999 123,534 261 REpower MM 92 2000 92.5 ID! hub: 100.0 m (10) 

10 New 203,340 123,203 259 REpower MM 92 2000 92.5 ID! hub: 100.0 m (11) 
11 New 202,641 123,161 265 REpower MM 92 2000 92.5101 hub: 100.0 m (12) 
12 New 202,947 122,726 261 REpower MM 92 2000 92.5 101 hub: 100.0 m (13) 

WindPRO 15 developed by EMD Iniemllimnai AIS, Nlels Jemesvej 10, DK-9220 Aalborg D, 11f. +4596354444, Fax +45 96 35 44 46, a-mll/J. wrndpro@amd.dk 




