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PARK - Main Result

Calculation: 2023-04-17 Celleno 7x Siemens SG170 6.6MW 115m HH Layout 2023-01
Seti

u
AEP scla’Ied to a full year based on number of samples
Scaling factor from 23,1 years to 1 year: 0,043

Calculation performed in UTM (north)-WGS84 Zone: 33
At the site centre the difference between grid north and true north is: -1,9°

Wake

Wake Model: N.O. Jensen (RIS@/EMD) Park 2 2018
Wake decay constant

Wake decay constant: 0,070 HH:100m Mixed farmland
Reference WTG: T01

ﬁcaler/wind data

ame EMD Default Meso Scaler
Terrain scaling Meso-scale Data Downscaling
Micro terrain flow model WAsP IBZ from Site Data
Used period 01.01.1999 01:00:00 - 01.02.2022
Meteo object(s) EMD-WRF ERA5_N42,55_E012,13

EMD-WRF ERA5_N42,52_E012,13

EMD-WRF ERA5_N42,54_E012,09
Horizontal interpolation  Distance weighted with selected meteo objects
Displacement height Omnidirectional from objects
WASP version WAsP 12 Version 12.08.0022

Power correction
Power curve correction (adjusted IEC method, improved to match turbine control)

Min  Max Avg Corr. Neg. corr. Pos. corr.

[%] [%] [%]
Air density
From air density settings [°C] 13,1 134 133
From air density settings [hPa] 953,2 959,1 956,5
Resulting air density [kg/m3] 1,160 1,166 1,163
Relative to 15°C at sea level [%] 94,7 952 950 -3,0 3,0 0,0 Scale 1:50.000
A New WTG
Calculated Annual Energy for Wind Farm
Specific resultsx) Wind speed
WTG combination ~ Result  GROSS (no loss) Wake loss Capacity Mean WTG  Full load free wake reduced
PARK Free WTGs factor result hours
[MWh/y] [MWh/y] [%] [%] [MWh/y] [Hours/year] [m/s] [m/s]
Wind farm 117.268,3 120.770,8 29 29,0 16.752,6 2.538 6,0 59

=) Based on wake reduced results and any curtailments.

Calculated Annual Energy for each of 7 new WTGs with total 46,2 MW rated power

WTG type Power curve Annual Energy Wind speed
Valid Manufact. Type-generator Power, Rotor Hub  Creator Name Result Wake loss free reduced
rated  diameter height
[kw]  [m] [m] [MWhjy]  [%] [m/s]  [m/s]
1Yes Siemens SG-170-6.600 6.600 170,0 1150 USER Mode 0 - SIEMENS 6,6 MW SG-170 17.200,1 20 6,13 6,06
2 Yes Siemens SG-170-6.600 6.600 170,0 1150 USER Mode 0 - SIEMENS 6,6 MW SG-170 16.688,8 2,3 6,02 5,94
3Yes Siemens SG-170-6.600 6.600 170,0 1150 USER Mode 0 - SIEMENS 6,6 MW SG-170 17.061,9 2,0 6,00 5,93
4 Yes Siemens SG-170-6.600 6.600 170,0 1150 USER Mode 0 - SIEMENS 6,6 MW SG-170 16.683,6 1,0 5,87 5,84
5Yes Siemens SG-170-6.600 6.600 170,0 1150 USER Mode 0 - SIEMENS 6,6 MW SG-170 16.757,7 1,5 6,01 5,95
6 Yes Siemens SG-170-6.600 6.600 170,0 1150 USER Mode 0 - SIEMENS 6,6 MW SG-170 16.308,4 58 6,08 5,90
7 Yes Siemens SG-170-6.600 6.600 170,0 1150 USER  Mode 0 - SIEMENS 6,6 MW SG-170 16.567,7 55 6,13 5,95

Annual Energy result includes shown losses. Additional losses and uncertainty must be considered for an investment decision.

WTG siting

UTM (north)-WGS84 Zone: 33 Calculation period

Easting  Northing Z Row data/Description Start End

[m]

1 New 262.299 4.715.068 399,6 TO1 01.01.1999 01.02.2022
2 New 262.915 4.714.600 375,0 T02 01.01.1999 01.02.2022
3 New 263.961 4.713.798 369,7 T03 01.01.1999 01.02.2022
4 New 264.280 4.713.301 348,3 T04 01.01.1999 01.02.2022
5 New 260.617 4.712.849 380,0 TO5 01.01.1999 01.02.2022
6 New 261.892 4.712.901 364,7 T06 01.01.1999 01.02.2022
7 New 261.653 4.712.019 360,0 T07 01.01.1999 01.02.2022

windPRO 3.6.366 by EMD International A/S, Tel. +45 69 16 48 50, www.emd-international.com, support@emd.dk 17.04.2023 13:18 /1 Win d PRO .



Project: Licensed user:
2022-05 Celleno Dr. C.P. Beulshausen Wind Consultant
Am Husalsberg 7
DE-30900 Wedemark
49 5130 7054
Dr. C.P. Beulshausen / cp.beulshausen@online.de

Calculated:

17.04.2023 13:17/3.6.366
PARK - Production Analysis

Calculation: 2023-04-17 Celleno 7x Siemens SG170 6.6MW 115m HH Layout 2023-01 WTG: All new WTGs, Air density varies with WTG position 1,160 kg/m2 - 1,166 kg/m3
Directional Analysis

Sector 0N 1 NNE 2 ENE 3E 4ESE  5SSE 6S 7SSW  8WSW  9W 10 WNW 11 NNW Total

Model based energy [MWh] 7.269,6 67.440,8 1.7344 659,3 2.1069 2.629,7 7.910,3 15.143,6 9.276,6 4.118,2 1.7945 686,9 120.770,8
-Decrease due to wake losses [MWh] 216,1 1.397,2 62,6 32,1 273,5 170,5 276,9 503,8 304,9 143,2 83,4 38,3 3.502,6
Resulting energy [MWh] 7.053,5 66.043,6 1.671,8 627,2 1.833,4 2.459,2 7.633,3 14.639,8 8.971,7 3.975,0 1.711,2 648,5 117.268,3
Specific energy [kWh/m2] 738
Specific energy [kWh/kW] 2.538
Decrease due to wake losses [%)] 3,0 2,1 3,6 4,9 13,0 6,5 3,5 3,3 3,3 3,5 4,6 56 2,90
Full Load Equivalent [Hours/year] 153 1.430 36 14 40 53 165 317 194 86 37 14 2.538

Energy vs. sector
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PARK - Power Curve Analysis

Calculation: 2023-04-17 Celleno 7x Siemens SG170 6.6MW 115m HH Layout 2023-01 WTG: 1 - Siemens SG-170 6600 170.0 !0!, Hub height: 115,0 m

Name: Mode 0 - SIEMENS 6,6 MW SG-170
Source: SIEMENS

Source/Date Created by Created Edited  Stop wind speed Power control CT curve type Generator type Specific power
[m/s] kW/m2
16.07.2021 USER  07.10.2004 16.09.2021 23,0 Pitch User defined Variable 0,29
based on document: D2849164-001 SGRE ON SG 6.6-170 Standard Ct and Power Curve Rev.0 Mode AM 0
edited by cpb 2021.09.16

HP curve comparison - Note: For standard air density

Vmean [m/s] 5 6 7 8 9 10
HP value Pitch, variable speed (2013) [MWh] 11.445 17.316 22.937 27.907 32.074 35.390
Siemens SG-170 6600 170.0 !O! Mode 0 - SIEMENS 6,6 MW SG-170 [MWh] 11.609 17.472 23.042 27.872 31.748 34.592
Check value [%] -1 -1 0 0 1 2

The table shows comparison between annual energy production calculated on basis of simplified "HP-curves" which assume that all WTGs performs quite similar - only specific power loading (kW/m#2)
and single/dual speed or stall/pitch decides the calculated values. Productions are without wake losses.

For further details, ask at the Danish Energy Agency for project report J.nr. 51171/00-0016 or see the windPRO manual.

The method is refined in EMD report "20 Detailed Case Studies comparing Project Design Calculations and actual Energy Productions for Wind Energy Projects worldwide", jan 2003.

Use the table to evaluate if the given power curve is reasonable - if the check value are lower than -5%, the power curve probably is too optimistic due to uncertainty in power curve measurement.

Power curve Power and efficiency vs. wind speed
Original data, Air density: 1,225 kg/m3 Data used in calculation, Mean air density: 1,160 kg/m3
W"E‘jnjg]ee" Py @ W'"[‘j“ j's’]eed Ceeurve Wind speed Power Cp
3,0 89,0 024 30 0,95 [m/s] [kw]
W ooy a3 om 1,0 0,0 0,00
50 gm0 om0 om 2,0 0,0 0,00
55 10400 045 55 0,83 3,0 79,1 0,22
€5 I7m0os 6 om 4,0 305,7 0,36
7S 20w 78 ap 5,0 714,1 0,43
55 o0 047 85 om 60 13011 046
90 46000 045 90 0,77 7,0 2.110,6 0,47
00 Se00 om0 08 80  3.169,5 0,47
I R
ORI R R 1,0 61234 0,35
15 Gm00o0m s oz 120 64450 0,28
145 Gme0o0l 145 o0x 13,0 6.559,0 0,23
155 Gaooois 135 ob 140 65904 0,18
160 66000 0,12 16,0 0,16 15,0 6.598,0 0,15
I s e o
B Swnoe =2 o 180  6.600,0 0,09
15 Gme0 o006 135 oop 190  6.3360 0,07
25 5o 0o s 00 200  6.072,0 0,06
210 58080 0,05 21,0 0,06 21,0 5.808,0 0,05
2o sowo oo e oo 220  5.544,0 0,04
5o Swoon mo o 230 5.280,0 0,03
Power curve Cp and Ct curve
For air density: 1,160 kg/m3 and reference climate data For air density: 1,160 kg/m3 and reference climate data
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PARK - Wind Data Analysis
Calculation: 2023-04-17 Celleno 7x Siemens SG170 6.6MW 115m HH Layout 2023-01 Wind data: 3 - T03; Hub height: 115,0

Site coordinates Winddata for site
UTM (north)-WGS84 Zone: 33 - i
East: 263.961 North: 4.713.798 Sector Free mean wind speed \s/\rl)ael:ii reduced mean wind Frequency
T03 o
Masts used [m/s] (m/s] (%]
. . . . ON 7,0 7,0 4,7
Distance weighted with selected meteo objects 1 NNE 89 89 303
EMD-WRF ERA5_N42,55_E012,13 2 ENE 32 3.2 7.4
3E 2,6 2,6 6,7
4 ESE 3,4 3,3 7,6
5 SSE 3,8 3,2 5,7
6S 4,8 4,8 7,7
7 SSW 6,4 6,4 11,1
8 WSwW 6,2 59 9,3
9IW 5,3 53 54
10 WNW 4,4 4,2 2,7
11 NNW 3,9 3,9 1,3
All 6,0 59 100,0
Wind distribution

Energy Rose (WTG) (kWh/m?2/year)

N

Frequency [%)]

Wind speed [m/s]

M wake reduced M free

Mean wind speed (m/s)

NNW 5 NNE

]
S, |

ENE

Wsw ESE

I Free mean wind speed [l Wake reduced mean wind speed
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PARK - Map

Calculation: 2023-04-17 Celleno 7x Siemens SG170 6.6MW 115m HH Layout 2023-01

0 500 1000 1500 2000 m

Map: Air detail , Print scale 1:50.000, Map center UTM (north)-WGS84 Zone: 33 East: 262.448 North: 4.713.544
A New WTG
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