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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 Ia figure 1 permet de situer le projet.

A ce stade du projet, WindVision souhaite estimer la production annuelle du futur parc et sélectionner
I'8olienne qui offre les meilleures perspectives de rentabilité éconamique.

Cette étude s'appuie sur les données météorologiques des stations de I'Institut Royal Météoralogique
(IRM} et le logiciel WAsP.
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Figure 1 Plan de situation du parc olien




2 METHODOLOGIE

Pour estimer le productible du parc éolien, il est nécessaire de connaitre e régime local du vent &
hauteur daxe de chaque eolienne qu'on combine ensuite avec sa courbe de puissance,

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

Le principe de WAsP est schématisé a 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 relief, la rugosité et les
obstacles.

Atlas du vent 1 Vent local
régional

Vent ‘/&"u. i
synoplique 3P|

T2

Min. 5 ans

P Relief, rugosité,

i
Relief, rugosité, !

E
obstacles

cbsiacles e

; ;
,."" \ i i.r "_.,,:__”"-E:"'_?’ T ; ;F‘“,L:_
= Sr - g : i \:@m‘}?] : I s -«.[l» e
Station raférance Y K:—’ ety Site Cimplantation
e, e

Figure 2 Methode WAsP

WASP nécessite donc en entrée des données météorologiques plus des données numérigues de relief,
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
eoliennes sont données au tableau 1

Namur. La carte de la Figure 3 reprend la configuration du parc éolien et les coordonnées Lambert des

WindVision envisage d'y installer des éoliennes d'un diamétre de rotor compris entre B2 et 94 métres
et d'une hauteur d'axe de 100 métres. La distance minimale qui sépare deux éoliennes s'éleve a 440
métres, soit 4.7 fois [e diamétre du rotor de 94 métres
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Figure 3 Configuration du parc eolien de Gesves

Tableau 1 Coordonnées Lambert et altitude des éaliennes
X ¥ Altitude (m)
T1 202334 122863 260.1
T2 202624 122413 260.5
T3 201531 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
Ti0 203340 123203 255.2




T11

202641

123181

265.0

Ti2

202047

122726

260.9




7 CONCLUSION

Les estimations de production ont été calculées & partir des données météorologigues de Beauvechain
et Florennes et du lagiciel WAsP.

A 100 m d'altitude, la vitesse moyenne du vent sur site s@léve & 6,6 m/s et les vents dominants
proviennent du secteur sud-ouest.

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

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

Table 5 Prévisions de production pour le parc éolien de Gesves

MMS2 EB2 GE 2.3
Hauteur axe {m) 100 98 100
Diametre 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
(MWwh)
Pertes sillages (%) 8.2 8.2 8.4
Pertes électriques (%) 0 0 0
Indisponibilite technique 0 0 0
(%)
Facteur capacité (h) 2680 2480 2430




ANNEXE A: COURBES DE PUISSANCE




WindPRO 2 version 2.5.2.63 mars 2006

rr"rqu:r::: FrnenTage
BWE497_WindVision_Gesves_V2 2B/07/2006 15:54 /1
Licersedf user.
3E nv
Vaarnsiraal 61

BE-1000 Brussel
+322 217 58 68

Caindaied

27/07/2006 14:21/2.5.2.63

'PARK - Power Curve Analysis
Calculation: 12 EB2 h 98m, Stat Florennes & Beauvechain 92-01 WTG

1 - ENERCOM £-82 2060 52,0101 Catnudated poverasye January 2005, Hun heigra SE0m.

Name: Calculaled powercurve January 2005
Source: Enercon
Source/Date  Created by Crealed Edited Stop wind speed  Power contral  CT curve type
[mis]
01/01/2005 USER 14/03/2003 26052006 25.0 Pitch User defined

#HP curve comparison- Note: For standard air density and waibull k parametar = 2

Vmean [mis] 3 6 7 B 9 10
HP valuga [MWh] 2,447 3,991 5587 7,138 8,444 9,602
ENERCON E-82 2000 82.010! hub: 98.0 m {2) fMWh] 2,935 4,688 6,386 7,937 9,273 10,365
Check value %] -13 «15 -13 -10 9 «7

Tha table shows comparison between annual energy produclion calculsled on basis of simplified "HP.curves” which assume that ali WTG's perorms guile simifar - only specific power loading (kW
single/rual speed or stallfpitch decides the caleulaled values, Productions are without wake lossas.

For further delails, ask at (he Danish Energy Agency far project repart J.or. 511714/00-0016 or sea WindPRO manual chapter 3.5.2.

The malhod is refined in EMD report "20 Delailed Case Siudies comparing Projec Design Calculations and actusl Erergy Productions for Wind Enargy Projects woridwide™, jan 2003,

Use the table 1o avaluata if tha givan power curve is reasonable - i the check value are lowar than -5%, Ihe power curve probably is 100 opltimistic due 10 uncertzinly in power curve measuremenl

Power curve Power, Efficiency and energy vs. wind speed
Original data from Windcat, Air density: 1.225 kg/m3 Data used in calculation, Air density: 1.206 kg/m3
Wind speed Power Ce Wind speed Ctcurve Wind speed Power Ce  Intarval Energy Acc.Energy Relalive
[mis] [kw] [mis] Imis) (kW] [wis]  MWh] MWy (%]
1.0 0.0 0.00 1.0 0.00 1.0 (L0 0.00 0,50-1.50 8.2 0.2 0o
20 30 002 20 078 50 607 25035 256  2mp 08
43'3 25'3 gfg i'g g‘;’g a0 80.7 0.0 350-450 BA7 1146 23
: 2.0 0. . . 5.0 1713 043 4.50-550 1908 305.4 6.3
S0 174.0 0.43 5.0 .78 6.0 360 046 550-650 3350 B40.5 134
6.0 321.0 046 6.0 0.78 7.0 5237 048 650-7.50 4831 41206  23.2
7.0 532.0 0.48 7.0 0.78 B.O 8023 0,49 7.50-8.50 6185 1,748.0 35.6
B.O a15.0 0.49 8.0 0.78 80  1,161.6 0.50 050-9.50 £97.3 24453 501
80 11800 050 9.0 07e 110 10736 04410801160 Az amsl  76s
1?‘3 }'ggg'g g'ig 1?‘8 g';g 124 10913 0.3611.50-1250 4424 44745  B56
120 Uit - 0.78 138 20500 02812501350 2088 44733 617
- 2,000,0 038 120 : 1486 20500 02313501450 1863  4,650.6 955
13.0 2,050.0 0.29  13.0 0.68 154 20500 0.1814.50-1550 081  4VER?  8R.T
14.0 2,050.0 £.23 14.0 0.47 160 20500 0.1615.50-16.50 588 48263 989
15.0 2,050.0 018 150 0.37 17.6 20500 0.1316.50.17.50 295 48558 985
16.0 2,050.0 016  16.0 0.29 180 20500 0.1117.50-1850 138 48506  09.4
17.0 2,050.0 0.13 17.0 0.24 8.0 2,050.0 0.0%18.54-19.50 64 4,875.8 88,9
20.0 20500 Q.0819.50-20.50 24 48773  100.0
18.0 2,050.0 01 180 0.20 21.0 20500 0.07T2050-2150 08 48788 1000
19.0 20500 008 190 a.a7 22.0 5 21.50-22.50 0.3 48791  100.0
200 20500 008 200 0.15 0 2,800 0.06 21.50.22. 4 4878 -
- sHad, . 930 20500 0.0522.50-2350 04 48782 1000
21.0 2,050.0 0.07  21.0 0.13 240  2,0500 0.052350-2450 04 48782 1000
22.0 2,050.0 0.06 220 0.1 250  2,0500 0.0424.50.2550 0.0  4879.2  100.0
23.0 2,050.0 0.05 23.0 0.10
24.0 2,050,0 0.05 24.0 0.00
25.0 2,050.0 0.04 25.0 0.08
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PARK - Power Curve Analysis
alcuiation' 12 MM82 h 100m SFIorennes & eauvechain g

Name: Measured PG (WICDO255LKB05/02)
Source: WindConsult

Source/Date  Created by  Crealed Edited Stop wind speed  Powercontrol T curve iype
[m/s}
19/12/200% USER 7!08/2003  2B/07/2006 20.0 Pitch Standard pitch

EHP curve comparison- Nate: For standard air density and weibull k parameter = 2

Vmean [mis] 3 =] 7 B £} 10
HP value [MWh] 0 0 0 0 1} 0
REpower MM 22 2000 92.5 1O1 hub: 100.0 m {2) [Mwh] 3,223 5,014 6738 8,225 9385 10,188
Check value [%]

The table shows comparison between annual energy production calculated on basis of simplified *HP-curves® which assuma thal all WTG's performs quite similar - only specific pawar loading (kv
single/dual speed or stallfpilch dacides the calculated values. Productions are wilhoud woka lossas.

Far further delails, ask al the Danish Energy Agensy Tor projest report Jar, 5317 1/00-0416 or ses WindPRO manuat chapler 3.5.2.

The mathoed is rafinad in EMD repart "20 Detalled Case Sludies comparing Project Design Calsulations and actual Enemy Produdions for Wind Energy Projects worldwide™, jan 2003.
Use tha able ta evaluate if tha given power curve is reasonable - if the chack value are lower than -5%, the powar curve probably is too optimishic due ta uncertainly in powar curve measurgment |

Power curve Power, Efficiency and energy vs. wind speed

Originat data from Windcat, Air density: 1.225 kg/m3 Data used in calculation, Air density: 1.206 kg/m3

Wind speed Power Ce Wind spead Gt curve Wind speed  Power  Ce Interval Enargy  Acc.Energy  Relative
L [mis] [mis] kW] Ern/s] [MWh} [MWh} £95]
26 s 10 e 1.0 0.0 000 050-150 0.0 0.0 0.0
a5 282 096 30 010 2.0 00§00 150-2.50 0.0 0.0 0.0
4.0 5.4 .28 4.0 0.80 3.0 0.0 0.00 2.50- 3,50 1.7 M7 0.2
g-g 1_'2’:]; ggg gg g-gs 4.0 716 0.28 3.50- 4.50 70.4 82.1 1.6
5‘_5 257:4 0"39 70 .75 5.0 181.7 036 4.50-550 194.7 276.8 5.3
i 3464 08 84 072 6.0 3383 039  550-650 3626 639.4 12.1
8.5 464.5 0.41 o0 0.56 7.0 5055 0.43 6.50-7.50 549.5 1,189.0 22.6
;g gg;g 323 :‘“113 ggg 8.0 940.3 DAS 7.50-B.50 710.5 1,888.4 36.1
B:D 944:2 045  12.0 046 9.0 1,305.8 0.44 8.50-93.50  796.1 2,695.6 51.2
85 11478 045 130 0.40 10.0 17016 D42  B.AD-1050 76B.5 3,465.0 65.8
8.0 1,322.0 9.44 140 0.33 11.0 19533 036 10.50-1t.50 6328 4,087.9 77.8
1905;] 1.3‘15;'6 g:g :gg ggg 2.0 2,006.7 0.29 11.50-1250 456.8 4,554.7 86.5
i06 18948039 170 P 13.0 20250 0.23 1250-13.50 302.3 4,857.0 92.3
1.0 18706 036 180 016 14.0 2,016 1B 13.50-14.50 1875 5,044.5 958
118 20044 033 180 13 15.0 20201 0,15 14,50-15.50 1001 5,153.6 97.9
152 33;2{1} ggg ggg g:g 16.0 2,020.0 012 15.50-16.50 548.3 5,212.9 09.0
13‘_0 2:025:1 0223 220 011 17.0 2,020.0 010 16.80-17.50 30.0 5,242.8 99.6
135 20240020 230 o1 18.0 2,0200 0.0% 17.50-1850  14.0 5,256.9 99.9
139  2,021.0 018 240 p.io 19.0 2,020.0 0.07 18.50-19.50 6.1 5,263.0 100.0
145 2,021.0 016 20.0 2,020.0 0.06 19.50-20.50 18 5,264.7 100.0

150 2,020.0 0.15
154 2,0200 0,14
200 2,020.0 ¢.O06

Pow er ¢curve Ce and Ctocurve
Data used in cakulation 0.8 1
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PARK - Power Curve Analysis
Calculation: 12 GE2.3 h 100m, Stat Florennes & Beauvechain 92—01WTG: - GE VIND ENERISY GF 23 7300 54 10! s, 102003, Huc hekht: 190.6m

Name: Man. 10-2003
Sowrce:  Manufactuser

Sousce/Date  Creasted by  Crealed Edited Stop wind speed  Powerconirol T curve type
fmis]
02/10/2003 EMD 5/11/2003  5/11/2003 25.0 Pitch Standard pitch

According to document: 2.3_PCD_allComp_GE45.7xx dated 2/10-2003

HP curve comparison- note: For standard air density and weibull k parameter = 2

Vmean [mis) 5 5] 7 8 9 10
HP value [MWhH 3,199 50534 6867 8803 10,321 11,680
GE WIND ENERGY GE 2.3 2300 94.0 10! hub: 100.0 m {2} [MWhH 3,322 5240 7,156 8002 10404 11,630
Cheack value [%] -4 -4 -3 -1 -1 1]

The lable shows comparison between annual ensrgy production calculzied on basis of simpliked *HP-curves™ which assume that all WTG's performs quila similar - only specific powsr Inading (kVy
single/dual speed or stallfpilch detides lhe calculaled vaiues. Productions are wilhoul wake jesses.

For further details, ask at the Cranish Energy Agancy for project report J.nr. 51171/00-0016 or see WindPRO manual chapter 3.5.2.

The mathed is rafined in EMD seporl "20 Detailed Case Studies comparing Project Design Calculations and aclual Energy Productions far Wind Energy Projects worldwide®, jan 2603.

Lisa tha Izble tn svakiaie if the given powsar curve is reasonabla - if the chack value ara lower than -5%, the power curve probably is too optimistic due 1o unserainty in power curve massurament!

Power curve Power, Efficiency and energy vs. wind speed
Criginal data from Windcat, Air density: 1.225 kg/m3 Data used in calculation, Air density: 1.206 kg/m3
Wind speed Power Ce Wind speed Ctcurve Wind speed Pawer Ce Ialerval Energy Acc.Energy Relalive
[mis) [hw] [mis} el (kW) [mis]  [MWEH)  [MWh] (%)
3.0 B.0 0.07 1.0 0.10 148 G0 000 0.50-1.50 a0 0.0 6.0
4.0 1.0 0.26 ap 0.40 24 0.0 040 1.50-250 0.0 0.0 0.0
oA ' ’ 34 79 0067 250-350 158 15.8 D3
g'g ;g;'g g‘gg 3'3 g';g 44 669 026 13.50-450 78.6 94.5 17
- e - - 54 1840 0.35 450-550 203.8 208.4 5.4
7.0 609.0 0.42 5.0 a.82 6.0 357.3 040 550-650 3763 6757 123
B.0 934.0 0.43 6.0 0.84 7.0 5084 D42 650-7.50 S557.8  1,2326 225
9.0 1,352.0 0.44 7.0 0.79 8.0 9193 043 750-8.50 7081 18417 354
10.0 1,780.0 D42 B.O 0.72 9.0 1,330.7 044 B50-060 7928 27344 498
11.0 2.113.0 0.38 8.0 0.66 10.8a 1,755.6 042 9.50-10.50 7786 34,5131 4.0
; o0 ) 0.59 11.0 2,091 0.38 t0.50-11.50 667.2 4,802 762
.1|§ g i'gggg gg; 13 g 0.53 120 22435 0.3111.50-1250 5016 46818  B52
- dindg ’ : 130 2.287.1 02512501350 3384 50013 914
14.0 23000 020 420 0.46 140 23000 D204350-14.50 2123 52335 954
15.0 2,300.0 016 13.0 0.40 150 2,004 0.1634.50.1550 1238 53574  O7.7
16.0 2,300.0 013 4.0 0.33 160 2,300 0,13 1550-1650 673 54247  DBS
17.0 2,300.0 0.11 15.0 0.28 17.0 2,000 0.1116.50.17.50 340 54587 D95
18.0 2,300.0 0.08  16.0 0.23 180 23004 0.0917.50-1850 160 54747 000
10,0 2,300.0 0.08 17.0 0.20 18.0  2,300.4 0,08 18,50-19.50 68 5481.6 99.9
200 2,300.0 0.07 18, 0.16 20,0 2,30040 0.07 19.50-20.80 28 54844 1004
21.0 27000 0.06 19 g 013 210 234000 0.0620,50-21.50 1.0 54854 100
’ Quiueaetieg - - 220 273000 0.0521.50-2250 0.3 54857 1004
220 23000 005 200 0.12 220 22000 00522502350 01 54858 1000
23.0 23000 0.OS 210 0.12 240 23000 D.OA2350-20.50 0O 54858 1000
240 2,300.0 0.04 22.0 0.1 250  2,300.0 (.04 24.50-2650 08 54858 1000
25.0 2,300.0 .04 23.0 0.1
24.0 0.10
Pow er curve Ce ard Ctourve
Data used in calculation 05 1
5 gD B B 1 ]
22005 N -@- Ceg ~ow Cf

2oun3 ¥ 0a] Nl | -
o ¥ f }/ 5

X

= 1,400 / 03] 08
N [ ] i
= 12003 7/ ) A
£ 1,000 02 04
o 1 7
" g ; : Q\L |
:z; 01 ’ \“% ) 0.2
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PARK - Main Result
Calculation: 12 E82 h 88m), Stat Florennes & Beauvechain 92-01 -

Wake Madel N.O. Jensen (RISB/EMD)

Calculation Settings

Alr ¢ansily calculation mode Individual per WTE

Resull for WTG at hub altilude 1.206 kg/m3 to 1.207 kg/m3

Hub allittde above sea leval {asl) 3532 mio 363.0m

Annual mean lemperalure at hub gl 7.0°Clo 7.0°C

Prassure at WiGs 969.5 hPa to 8§70.7 hPa

Wake Medol Paramesors

Wale Decay Constant 0.075

Wind data

Wind stalistics Distance  Weight
Tkm] {%]

BE 10.00 m Beauvechain 1992-2001.lib 45 a5

BE 10.00m Florennes 1992-200+1 .lib 36 85

IGEswe

Scale 1:50,000

A NewWTG o Site Data
Key results for height 98.0 m above ground level
Terrain Lambert (BE)
East Nonh  Name of wind distribution Type wind energy  Mean wind speed Equivalent roughness
[kWh/im2] [vs]
A 202,337 122550 Gesves WAsP (RVEADD111,0, 0, 11) 2,583 6.6 2.2
Calculated Annual Energy for Wind Farm
Anpual Energy Park Capacity Factor for
WTG combination Result  Resull-10.0%  Efficiency  Mean WTG energy Rasult Result-10.0%
[MWhj {MWh] [%a} [MWh] [%0] [%]
Wind farm 59,504.0 53,553.6 91.8 4,0858.7 28.3 255

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

WTG type Power curve Annual Energy Park

Tarrain Valid Manufact,. Type Power Diam. Height Creator Name Resull Resul-10.0% Efficiency Mean
wind
speed
kW] [m]  [m] [MwWh} {MWh] [%] {mis]
1A Yes ENERCON E-82 2000 820 98.0 USER Calutated powercurve fanuary 20058 4,879.2 4,391 90,2 6.5
2a Yes ENERCON E-82 2,000 82.0 9B.0 USER Calculaled powercurve January 2005 4,857.3 4,462 90.4 6.6
3A Yes ENERCON E-82 2000 820 98.0 USER Calcufated powercurve January 2005  4,847.4 4,363 904 6.5
4 A Yes ENERCON E-82 2000 820 98.0 USER Calculaled powercurve fanuary 2005 4,950.1 4,455 0.6 6.6
5 A Yes ENERCON E-82 2,000 820 B88.0 USER Calculated powercurve January 2005 4,9981 4,438 953 6.5
6 A Yes ENERCON E-82 2,000 820 980 USER Calcuated powercurve January 2005 5,050.0 4,545 929 6.6
7A Yes ENERCOM E-B2 2,000 820 98.0 USER Calculated powercurve January 2005 5,200.3 4,680 974 65
8 A Yes ENERCON E-82 2,000 820 9380 USER Calculated powercurve January 2005  4,954.4 4,468 821 6.5
9A Yes ENERCON E-82 2,000 82.0 98.0 USER Calculated powercurve January 2005  4,898.5 4,410 9140 6.5
10 A Yes ENERCON E-82 2,000 820 980 USER Calculzted powercurve January 2005 5,002.0 4,502 918 6.6
11 A Yes ENERCON E-82 2,000 82.0 830 USER Calculaled powercurve January 2005 4,878.1 4,390 83.8 6.6
12A Yes ENERCON E-82 2,000 820 98.0 USER Calculated powercurve January 2005 4,877.6 4,350 888 6.6

WTG siting

Lambert {BE)
East Morth Z Row data/Description
[m)

1 New 202,334 122,863 264 ENERCON £-82 2000 82,0 10| hut: 98.0 m (2)
2 New 202,624 122413 265 ENERCON E-82 2000 82.0 101 hub: 98.0 m (3)
3 New 201,831 122,606 251 ENERCON E-82 2000 82.0 IO hub: 98.0 m (4)
4 New 202,197 122,137 265 ENERCON E-82 2000 B2.0 10! hub: 98.0 m (5)
5 New 201,663 122,181 255 ENERCON E-82 2000 B2.0 [0l hub: 98.0 m (6)
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PARK - Main Result
a[culation: 12 EB2 h 98m, Stat Florennes & Beauvechain 92-01

_..confinued from pravious page
Lambert (BE)
East Morih Z Row data/Descriplion
[m]

6 New 201,866 121,789 265 ENERCON E-82 2000 82.0 101 hub: 98.0 m (7)

7 New 201,443 121,585 261 ENERCON E-82 2000 62.0 10! hub: 88.0 m (8)

B New 203,313 123,885 260 ENERCON E-82 2000 82.0 10! hub: 98.0 m (9)

9 New 202,999 123,534 261 ENERCON E-82 2000 82.0 10! hub: 98,0 m {10)
10 New 203,340 123,203 253 ENERCON E-82 2000 82.0 (O hub: 88.0 m {11)
11 New 202,641 123,181 265 ENERCON E-B82 2000 82,0 {O! hub: 88.0 m {12)
12 New 202,947 122,726 261 ENERCON E-82 2000 82.0 0! hub: 98.0 m (13)
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PARK - Main Result
Calculation: 12 GE2.3 h 100m, Stat Florennes & Beauvechain 92-01

Wake Model M.0. Jensen (RISEVEMD}

Calculation Settings

Air densily calculation mads Ingividual per WTG

Rasuil for WTG at hub allilude 1.206 kg/im3 to 1.207 kgim3

Hub allitude ahove saa lavel (asl) 355.2 m iz 365.0m

Annual mean lemparature alhub all. 6.9°C1lo7.0°C

Pressure at WTGs 969.3 hPa 1o 870.5 hPa

Wake Modol Parametsrs

Waka Decay Constant 0075

Wind data

Wind stalistics Distance Weight
[km] [%]

BE 10.00 m Beauvechain 1992-2001.lib 45 45

BE 10.00m Florennes 18992-2001 .lib 36 55

Y

Scale 1:50,000

A NewWTG Site Dala
Key results for height 98.0 m above ground level
Terrain  Lambert (BE)
East Norh  Name of wind distribution Type Wind energy  Mean wind spaed Equivalent roughness
{kWh/m2} [ms]
A 202337 122,550 Gesves WhaAsP (RVEADOT1 1,4, 0, 11) 2,563 6.6 22
Calculated Annual Energy for Wind Farm
Annual Energy Park Capacity Factor for
WTG combination Result  Result-10.0%  Efficiency Mean WTG enargy Result Result-10.0%
[MWHh] {MWh] [%] [MWh] [%] [%]
Wind farm 67,051.5 60,346.4 21.6 5,687.6 277 24.9

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

WTG type Power curve Annual Energy Park
Terrain  Valid Manufach Type Power Diam. Height Creator Name Resull  Resuli-10,0%  Efficiency Mean wind
speed
[kw}  [m] [m] IWh] [MWh] [ [mis}
1A Yes OGEWINDENERGY GE23 2300 540 1000 EMD Man. 10-2003 5,485.9 4,937 89.8 6.6
2A Yes OEWINDENERGY GE23 2300 54.0 1000 EMD Man. 10-2003 5,590.8 5,032 20.3 6.6
3A Yes GEWINDENERGY GE23 2300 94.0 1000 EMD Man. 10-2003 5473.9 4,927 20.4 6.5
4 A Yes GEWINDENERGY GE23 2300 940 1000 EMD Man. 10-2003 5,600.9 5,041 20.7 6.6
5A Yes GEWINDENERGY GE23 2300 94.0 1000 EMD Man. 10-2003 5617.9 5,086 94.8 6.5
B A Yes GEWINDENERGY GE23 2300 94.0 10000 EMD Man. 10-2003 87103 5,139 93.0 6.6
A Yes GEWINDENERGY GEZ23 2300 94.0 1000 EMD Man. 10-2003 5,854.8 5,269 97.1 6.5
8A Yes GEWINDENERGY GEZ23 2,300 94.0 1000 EMD Man. 10-2003 5,565.3 5,027 91.8 B.6
9A Yes GEWINDENERGY GE23 2300 94.0 1000 EMD Man. 10-2003 6,503.5 4,953 90.5 6.6
10 A Yes GEWINDENERGY GE23 2300 94.0 10040 EMD Man. 10-2003 56400 5,076 9.7 ;4]
1A Yes GEWINDENERGY GE23 2300 940 1000 EMD Man. 10-2003 5,4B5.6 4,937 B9.5 B.6
12 A Yes GEWINDENERGY GE23 2300 940 1000 EMBD Masn. 10-2003 5,502.5 4,952 89.8 6.6
WTG siting
Lambert {BE)}
East Marth Z Row data/Descriplion
[m}

1 New 202,334 122,863 264 GE WIND ENERGY GE 2.3 2300 24.0 1O} hub: 100.0 m {2)
2 New 202,624 122413 255 GE WIND ENERGY GE 2.3 2300 94.0 1Ol hub: 100.0 m (3)
3 New 201,831 122,506 261 GE WIND ENERGY GE 2.3 2300 94.0 10! hub: 100.0 m (4)
4 New 202,197 122137 255 GE WIND ENERGY GE 2.3 2300 94.0 10! hub; 100.0 m {5)

WindPRQ is developed by EMD Internalional AlS, Niels Jemesvaj 10, D-9220 Aathorg B, T, +45 86 35 44 44, Fax +45 56 35 44 46, e-mail: windpre@emd.ak
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201,563
201,868
201,443
203,313
202,999
203,340
202,641
202,947

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

...confinued from previous page
Lambert {BE}

Narth

122131
121,788
121,595
123,885
123,534
123,203
123,181
122,726

BWE497_WindVision_Gesves V2

Z Row data/Dascription
[m]
255 GE WIND ENERGY GE 2.3 2300 94.0 10! hub

2671 GE WIND ENERGY GE 2.3 2300 94.0 10! hub

: 100.0 m {6)
265 GE WIND ENERGY GE 2.3 2300 94.0 10! hub:

100.0 m (7)

: 100.0 m (B)
260 GE WIND ENERGY GE 2.3 2300 94.0 101 hub:
261 GE WIND ENERGY GE 2.3 2300 94.0 10! hub:
259 GE WIND ENERGY GE 2.3 2300 94.0 10! hub:
265 GE WIND ENERGY GE 2.3 2300 84.0 10! hub:
261 GE WIND ENERGY GE 2.3 2300 94.0 101 hub:

100.0 m (9)

100.0 m (10)
100.0 m (11)
100.0 m {12)
100.0 m {13}

PrintertPege

2B/07/2006 15:57 12
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PARK - Main Result _ )
Calculation : 12M92 h 100m tat lorennes‘ & Béauvechain 92-01

Wake Model MN.0. Jensen (RISSEMD)

Calculatian Settings

Air densily caleulation moda Individua per WIG

Resull for WTG at hub allilude 1.206 kgim3 to 1.207 kg!m3

Hub attituda ahove sea levet (asl) 355.2 m lo 365.0m

Annug! mean lemparalure alhubk all. 68%C o 7.0°C

Prassure at WiGs 969.3 hPa ta 870.5 hPa

Wake Model Parometers

Wake Decay Constant a.075

Wind data

Wind siatislics Distance Weighi
[km) [%%]

BE 10.00 m Beauvechain 1982.2001.lib a5 45

BE 10.00m Florennes 1992-2001 .lib k1] 55

Scale 1:5,00
(@ Site Data
Key results for height 100.0 m above ground level

Terrain Lambert (BE}

East Morth  Name of wind distribution Type Wind energy  Mean wind speed  Equivalent roughness
[kWh/m2] jmis]
A 202,337 122,550 Gesves WAsP (RVEAD011 1,0, 0, 11) 2,614 6.6 22

Calculated Annual Energy for Wind Farm

Annual Energy Park Capacity Factor for
WTGE combination Resull  Result-10.0%  Efficiency  Mean WTS energy Rasult Result-10.0%
[MWh} [Mwh] {%] [MWh] £%] [%]
Wind farm 54,331.5 §7.898.3 91.8 5,361.0 0.6 27.5

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

WTG type Power curve Annual Energy Park

Tarrain Valid Manufact. Type Power Diam. Height Circle Creator Name Result Result-10.0% Efficiency Mean
radius wind
spead
kv fm]  [m] [m] [MWh] [MWh] [%] [mis]
1A No REpower MM82 2,000 92.5 100.0 USER Measured PG (WICO255LKB05/02)  5,264.7 4,738 90.1 6.6
2A No REpower MM32 2,000 225 100.0 350.0 USER Measured PC (WICO255LKB05/02) 5,362.2 4,826 90.6 6.6
3A No REpower MMB82 2,000 225 1000 USER Measured PC (WICO255LKB05/02} 5,252.4 4,727 906 6.5
4 A No REpower MMS2 2,000 92.5 100.0 USER Measured PC (WICO255LKB0O5/02}  5,370.8 4,834 91.0 6.8
5A No REpower MM 82 2,000 925 100.0 USER Measured PC (WICO255LKB05/02} 5,385.4 4,847 948 6.5
6A No REpower MM 82 2,000 92.5 100.0 USER Measured PG (WICD255LKB0O5/02) 5,476.9 4,928 93.2 6.6
TA No REpower MM 92 2,000 925 100.0 USER Measured PC {(WICO255LKB05/02} 5,608.9 5,048 97.1 6.5
8 A Ne REpower MM BS2 2,000 925 100.0 USER Measured PC (WIC0O2556L.K805/02} 5,364.9 4,828 922 6.6
9A Ne REpower MMY2 2000 92.5 100.0 USER Measured PC {(WICO255LKB05/02} 5,285.4 4,757 9.8 6.6
10 A No REpower MM 82 2,000 925 100.0 LUSER Measured PC (WICO256LKB05/02) 5,408.3 4,868 9189 6.6
1A No REpower MM82 2,000 92.5 100.0 USER Measured PC (WICO255LK805/02) 5,266.1 4,741 89.7 66
12 A No REpower MMS92 2,000 925 1000 USER Measured PC (WICO255LK805/02) 5,282.6 4,754 801 8.6

WTG siting

Lambert {BE)
East North Z Rowdata/Description
[rm}

1 New 202,334 122,863 265 REpawer MM 82 2000 92.5 10! hub: 100.0 m (2)
2 New 202,624 122,413 255 REpowar MM 92 2000 92.5 1G] hub: 100.0 m (3)
3 New 201,831 122,506 261 REpower MM 92 2000 92.5 10! hub: 100.0 m (4)
4 New 202,197 122,137 265 REpower MM 92 2000 92.5 10! hub: 100.0 m (5)
5 New 201,563 122,181 255 REpower MM 92 2000 92,5 JO? hub: 100.0 m (6)

Qg8
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PARK - Main Result
Calculation: 12 MM92 h 100m, Stat Florennas & Beauvechain 92-01

...canlinved fram previous page
Lambert (BE)
East North Z Row data/Description
[mj

6 New  201,B66 121,789 265 REpower MM 92 2000 92.5 101 hub: 1000 m {7}

7 New 201,443 121,595 261 REpower MM 92 2000 92.5 10! hub: 100.0 m (B}

B New 203,313 123,885 260 REpower MM 92 2000 92.5 10! hub: 100.0 m (8)

o New 202983 123,534 26t REpower MM 92 2000 92.5 I hub: 100.0 m {10)
10 New 203,340 123,203 258 REpower M 92 2000 §2.5 10! hub: 100.0 m {11)
11 Mew 202,641 123,181 265 REpower MM 92 2000 92.5 101 hub: 100.0 m {12)
12 New 202,947 122,726 261 REpower MM 92 2000 82.5 101 hub: 100.0 m (13}

WindPRQ is developed by EMD International AIS, Niafs Jernesve] 10, DK-8220 Aalborg ©, TH. +45 86 35 44 44, Fex +45 96 35 44 46, e-mail: windpro@emd.dk





