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PROGETTO DEFINITIVO

Impianto di produzione di energia elettrica da fonte eolica "Acquaforte" di potenza
nominale pari a 47.6 MW e relative opere connesse da realizzarsi nei comuni di
Celleno, Montefiascone e Viterbo.
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acustica, energia, ambiente (settore IAF: 34).

Consulenze specialistiche

Committente
APOLLO Wind srl
Via della Stazione 7 39100
Bolzano (Bz)
Data Descrizione Redatto Verificato Approvato
Maggio 2023 Prima emissione GDS GMA GzZU
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PARK - Main Result

Calculation: 2024-03-20|Celleno|7 x SG170-6.6MW 115m HH|Layout 2024-03|EYPA

Setup
AEP scaled 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 T01
At the site centre the difference between grid north and true north is: -1.9°
Strappaceci A a

Wake ’ eselo
Wake Model: N.O. Jensen (RIS@/EMD) Park 2 2018 s Fastellc T02
Wake decay constant

Wake decay constant: 0.070 HH:100m Mixed farmland

Reference WTG: T01|SG 6.6-170 6600 hub: 115.0 m (TOT: 200.0 m)

Scaler/wind data Ly % A
Name EMD Default Meso Scaler 0 Fastang TO3
Terrain scaling Measured Data Scaling (WAsP Stability / A-Parameter)
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 A A
Displacement height Omnidirectional from objects
WASP version WASP 12 Version 12.09.0010 T05

3perts

T06

Power correction :
Power curve correction (adjusted IEC method, improved to match turbine control) . | SPODS e

Min  Max Avg Corr. Neg. corr. Pos. corr. ¥ * s r
%] [%] [o6] — /
Air density e "'*-"’""---e-.l.-o,?_ * yd
From air density settings [°c] 13.1 135 133 e T04
From air density settings [hPa] 953.2 960.0 956.6 (C) OpensStreetMap contributors, Data OpenStreetMap and contributors, ODbL
Resulting air density [kg/m3] 1.160 1.167 1.163
Relative to 15°C at sea level [%] 94.7 953 950 -2.9 -2.9 0.0 Scale 1:50 000
A New WTG

Calculated Annual Energy for Wind Farm

Specific resultsa) 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 116 534.5 120 421.2 3.2 28.8 166478 2522 6.0 5.9

a) 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 free reduced
rated  diameter height loss
kwl  [m] [m] [MWhiy]  [%]  [m/s]  [m/s]

TO1 Yes Siemens SG-170-6 600 6 600 170.0 115.0 USER  Mode O - SIEMENS 6,6 MW SG-170 17 101.6 22 6.12 6.04
TO2 Yes Siemens SG-170-6 600 6 600 170.0 115.0 USER  Mode O - SIEMENS 6,6 MW SG-170 16 586.6 25 6.01 5.93
TO3 Yes Siemens SG-170-6 600 6 600 170.0 115.0 USER  Mode O - SIEMENS 6,6 MW SG-170 16 932.6 1.6 5.96 5.92
TO4 Yes Siemens SG-170-6 600 6 600 170.0 115.0 USER  Mode O - SIEMENS 6,6 MW SG-170 16 591.0 2.2 599 5.92
TO5 Yes Siemens SG-170-6 600 6 600 170.0 115.0 USER  Mode O - SIEMENS 6,6 MW SG-170 16 704.7 16 6.01 5.94
TO6 Yes Siemens SG-170-6 600 6 600 170.0 115.0 USER  Mode O - SIEMENS 6,6 MW SG-170 16 236.7 6.0 6.07 5.89
TO7 Yes Siemens SG-170-6 600 6 600 170.0 115.0 USER  Mode O - SIEMENS 6,6 MW SG-170 16 381.4 6.3 6.12 5.90

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

WTG siting
UTM (north)-WGS84 Zone: 32 Calculation period
Easting  Northing Z  Row data/Description Start End

[m]
TO1 New 754911 4715678 399.6 T01|SG 6.6-170 6600 hub: 115.0 m (TOT: 200.0 m) 01/01/1999 01/02/2022
TO2 New 755559 4715255 375.0 TO2|SG 6.6-170 6600 hub: 115.0 m (TOT: 200.0 m) 01/01/1999 01/02/2022
TO3 New 756 659 4 714 529 369.7 T0O3|SG 6.6-170 6600 hub: 115.0 m (TOT: 200.0 m) 01/01/1999 01/02/2022
TO4 New 755223 4712 450 340.2 T04|SG 6.6-170 6600 hub: 115.0 m (TOT: 200.0 m) 01/01/1999 01/02/2022
TO5 New 753390 4 713 345 380.0 TO5|SG 6.6-170 6600 hub: 115.0 m (TOT: 200.0 m) 01/01/1999 01/02/2022
TO6 New 754 659 4 713 487 364.7 T06|SG 6.6-170 6600 hub: 115.0 m (TOT: 200.0 m) 01/01/1999 01/02/2022
TO7 New 754 483 4712591 360.0 TO7|SG 6.6-170 6600 hub: 115.0 m (TOT: 200.0 m) 01/01/1999 01/02/2022
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PARK - Production Analysis

RENEWABLE POWER

Calculation: 2024-03-20|Celleno|7 x SG170-6.6MW 115m HH|Layout 2024-03|EYPA WTG: All new WTGs, Air density varies with WTG position 1.160 kg/m3 - 1.167 kg/m3

Directional Analysis

Sector ON 1 NNE 2 ENE 3E 4 ESE 5 SSE 6S 7 SSW 8 WSW 9W 10 WNW 11 NNW
Model based energy [MWh] 82974 665832 1611.2 670.2 22305 2736.8 8381.8 145927 8610.1 3951.7 20017 753.9
-Decrease due to wake losses [MWh] 2949 15533 50.5 51.8 327.3 80.1 364.7 576.6 230.2 171.7 165.4 20.2
Resulting energy [MWh] 8002.4 65029.9 1560.7 618.4 1903.2 2656.7 8017.1 14016.1 8379.9 3780.0 1836.2 733.8
Specific energy [kWh/m?Z]

Specific energy [kWh/kw]

Decrease due to wake losses  [%] 3.6 2.3 3.1 7.7 14.7 2.9 4.4 4.0 2.7 4.3 8.3 2.7
Full Load Equivalent [Hours/year] 173 1408 34 13 41 58 174 303 181 82 40 16

Energy vs. sector

Energy [MWh/year]

w w
(%] 192]
w (%)

NNE
ENE
SSW
Wsw
WNW
NNW

Sector

Il Annual Energy [l Wake Losses

Total
120 421.2
3886.7
116 534.5
733
2522
3.23
2522
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PARK - Power Curve Analysis

Calculation: 2024-03-20|Celleno|7 x SG170-6.6MW 115m HH|Layout 2024-03|EYPA WTG: TO06 - 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/mz
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] 11445 17 316 22937 27 907 32074 35390
Siemens SG-170 6600 170.0 !0O! Mode 0 - SIEMENS 6,6 MW SG-170 [MWh] 11 609 17 472 23 042 27 872 31 748 34 592
Check value [%0] -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: 1.164 kg/m3
W\rifnisleed P[?(vvx(le]r Cp Wir\[:ig]eed Ct curve Wlnd Speed POWer Cp

3.0 890 024 3.0 0.95 [m/s] [kwW]

i Tmoow 45 om 1.0 0.0 0.00

5o rm0om s op 2.0 0.0 0.00

55 10400 045 55 0.83 3.0 79.7 0.22

6.0 1376.0 0.46 6.0 0.83

65 17710 046 65 0.84 4.0 307.1 0.36

78 aooar 75 om 5.0 716.8 0.43

85 3ore00ar 53 abe 6.0 1305.7 0.46

90 46000 045 90 0.77 7.0 21179 0.47

o om0 e 08 oms 8.0 3180.3 0.47

io o0 0m ilo  osl 9.0  4387.3 046

115 64240 030 115 0.44 10.0 5450.8 0.41

12.0 6510.0 0.27 12.0 0.38

125 65560 024 125 034 11.0 6 132.1 0.35

155 osw0 01 135 07 120 64488 0.28

145 esn0 01 145 on 130  6560.2 0.23

15 cemoois 138 o 140 65907 0.18

160 66000 012 160 016 15.0 6598.1 0.15

o om0 ol 1o  ois 160  6600.0 0.12

175 66000 0.09 175 012 17.0 6 600.0 0.10

18.0 6 600.0 0.08 18.0 0.12

185 64680 007 185 0.10 18.0 6 600.0 0.09

15 04000 195 008 190  6336.0 0.07

mo omooe xoo on 200 60720 0.06

210 58080 005 210 0.06 21.0 5808.0 0.05

70 Sowo oor 26 oo 220  5544.0 0.04

5o Gamooos o oot 230  5280.0 0.03

Power curve Cp and Ct curve
For air density: 1.164 kg/m3 and reference climate data For air density: 1.164 kg/m3 and reference climate data
6 500 - 0.5 mCp o Ct r1
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PARK - Wind Data Analysis

Calculation: 2024-03-20|Celleno|7 x SG170-6.6MW 115m HH|Layout 2024-03|EYPA Wind data: T06 - TO6|SG 6.6-170 6600 hub: 115.0 m (TOT: 200.0 m); Hub height: 115.0

Site coordinates Winddata for site
UTM (north)-WGS84 Zone: 32

East: 754 659 North: 4 713 487 Sector Free mean wind speed Wake reduced mean wind  Frequency

T06 - TO6|SG 6.6-170 6600 hub: 115.0 m (TOT: 200.0 m) [m/s] ?ESE? [%]
Masts used ON 7.2 7.0 5.1
Distance weighted with selected meteo objects 1 NNE 9.0 8.7 30.0
EMD-WRF ERA5_N42,54_E012,09 > ENE 33 3.3 71
3E 2.8 2.8 6.6
4 ESE 3.4 3.4 7.8
5 SSE 3.7 3.5 5.9
6S 5.6 5.2 7.9
7 SSW 6.4 6.1 10.8
8 WSW 5.6 5.6 9.1
9w 5.0 4.7 5.4
10 WNW 4.8 4.8 2.8
11 NNW 4.0 4.0 1.4
All 6.1 5.9 100.0

Wind distribution

Energy Rose (WTG) (kWh/m?2/year)
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Strada Tevering
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Map: EMD OpenStreetMap , Print scale 1:25 000, Map center UTM (north)-WGS84 Zone: 32 East: 755 025 North: 4 714 064
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A New WTG
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