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Sintesi

Questo rapporto presenta la stima preliminare della produzione annuale di energia per il progetto del
parco eolico di Ruvo di Puglia in Italia, con una capacita di 57,6 MW.

| calcoli sono stati effettuati utilizzando dati a mesoscala ad alta risoluzione (EMD-WRF Europe+ che
coprono un periodo di 20 anni).

Il cliente ha fornito il layout che consiste in 8 turbine eoliche V172-7.2. Sono state prese in considerazione
due diverse soluzioni di altezza del mozzo, 114 e 150 m.

Non sono stati presi in considerazione parchi eolici vicini.

La produzione annua di energia & riassunta nella tabella 1. Sono state calcolate le perdite di scia e di rete
elettrica ed é stata stimata una somma forfettaria per altre perdite.

Una serie di ragioni rende questi risultati preliminari e da considerare con grande attenzione:

e L'input e costituito da dati di vento simulati da un modello a mesoscala, con una risoluzione
orizzontale di 3x3 km: questi dati possono essere notoriamente errati rispetto alla verita sul
terreno, in particolare su terreni complessi. Solo le misurazioni in loco possono garantire con
precisione un investimento di questo tipo.

e | dati sono stati ridimensionati utilizzando precedenti esperienze nella regione, ma in un terreno
diverso e distante. Sebbene questa procedura sia certamente utile (piuttosto che lasciare i dati
completamente non calibrati), comporta ancora una significativa incertezza.

Per tutti i motivi sopra esposti, i risultati numerici indicati nella Tabella 1 possono essere considerati solo
indicativi e, in termini di produzione e suoi derivati, sono influenzati da incertezze nell'ordine del 20%.
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Tabella 1. Riepilogo dei risultati.

Descrizione del progetto

Impaginazione 1 2

Tipo di turbina V172-7.2 V172-7.2
Altezza mozzo [m] 114 150
Numero di turbine 8 8
Capacita installata [MW] 57.6 57.6
Velocita media del vento a lungo termine [m/s] @ 6.4 6.6
altezza del mozzo

Produzione lorda [GWh/a] 161 170
Produzione netta (P50) [GWh/a] 144 152
P50 - Fattore di capacita [%] 29 30
Incertezza (20 anni) [%] 20 20
P90 (20 anni) [GWh/a] 107 113
P90, Fattore di capacita [%] 21 22
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Consigli

Per garantire una riduzione dell'incertezza e portare le stime a un livello bancabile, devono essere
effettuate misurazioni in loco per almeno 12 mesi consecutivi, come raccomandato nelle "Linee guida
tecniche per le turbine eoliche, TR6" [1] e MEASNET "Valutazione delle condizioni del vento specifiche
del sito" [2].

Una corretta progettazione della campagna di misura & fondamentale per massimizzare le possibilita di
ottenere la minima incertezza ottenibile sulla misurazione del vento e sull'estrapolazione del flusso.

A seconda dei vincoli sociali e ambientali — che non sono stati resi noti in questa fase — potrebbe esserci
spazio per migliorare I'attuale assetto.
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1 Scopo

Questo rapporto presenta la stima preliminare della produzione annuale di energia, basata sui dati eolici di
un modello a mesoscala per il progetto del parco eolico di Ruvo di Puglia in Italia con una capacita di 57,6

MW.
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2 Descrizione del sito

2.1 Ubicazione

Il centro del parco eolico si trova a circa 7,5 km a sud-ovest della citta di Ruvo di Puglia, in Italia.

Mola di Bari,

<3

Gravina in
=N

Figura 1. Mappa OpenTopo della regione, con il layout preliminare come simboli rossi.

2.2 Descrizione del terreno

Le turbine previste si trovano su un piccolo altopiano, con il terreno che sale rapidamente verso sud-
ovest, verso I'Appennino, e piu dolcemente digrada verso il mare in direzione opposta.

Come dati digitali di elevazione, il TIN Italy DEM, 10 m di dati grigliati trasformati in curve di livello
equidistanti di 5 m, e stato utilizzato per 20 x 20 km intorno al sito.

La rugosita e stata compilata dalle banche dati di copertura del suolo Corine 2018, griglia di 100 m per
un'area di 60 x 60 km intorno al sito.
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3 Metodologia

Ai fini della valutazione preliminare del rendimento energetico, si ritiene opportuno I'uso di dati a mesoscala.

| calcoli sono stati effettuati utilizzando 20 anni di dati eolici provenienti da un nodo di rete del modello
a mesoscala ad alta risoluzione WRF (EMD-WRF Europe+)*. La posizione del nodo a mesoscala pud essere
vista nella Figura 2.

| dati @ mesoscala sono stati ridimensionati a livello di microscala del sito utilizzando una procedura [3]
in cui i dati a mesoscala vengono elaborati da WAsP [4]. Il processo utilizza prima il terreno a mesoscala
(fornito da EMD) sui dati a mesoscala, quindi i dati del terreno a microscala sulle turbine.

A causa della natura dei dati a mesoscala in cui le velocita del vento sono spesso compensate, i risultati

iniziali della velocita del vento sono stati ulteriormente scalati di un fattore (1,018), sulla base
dell'esperienza precedente nella regione. Questo passaggio in qualche modo aiuta a ridurre l'incertezza,
ma allo stesso tempo si basa su condizioni del terreno diverse e distanti, e quindi di per sé comporta
un'incertezza significativa.

Il set di dati risultante & stato quindi estrapolato a ciascuna localita del WTG per valutare il microclima
specifico, quindi utilizzato per stimare la produzione di energia.

SP151
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Figura 2. Ubicazione del nodo dati a mesoscala (simbolo arancione) e delle turbine pianificate.

1Sono stati ottenuti dati su mesoscala ad alta risoluzione EMD-WRF Europe+. Il modello a mesoscala ha una risoluzione spaziale

di 0,03°x0,03° o circa 3x3 km con risoluzione temporale oraria. | dati ERA5 delllECMWF (http://www.ecmwf.int) sono stati
utilizzati come set di dati sui confini globali. Le altezze modellate sono 200, 150, 100, 75, 50, 25, 10 m AGL. [5]

10/39



‘ - EMD International A/S

4 Dati del vento

Seguendo il metodo di downscaling descritto in precedenza, i dati sul vento a lungo termine utilizzati
per le stime preliminari sono presentati di seguito, per una posizione rappresentativa (WTG 8).

Tabella 2. Velocita media del vento settoriale e frequenza dei dati del vento a 20 anni nella posizione di
WTG 8, 150 m AGL.

Posizione 150 m s.I.m.
Settore Velocita del ven.to m?die Frequenza

aritmetiche 1%]

[ m/s]

ON 5.6 11.8
1 NNE 4.2 6.7
2 ENE 3.8 4.2
3 E 3.7 3_2
4 ESE 3.8 27
5 SSE 6.0 3.9
65 9.2 10.3
7 SSW 7.2 8.7
8 WSW 7.7 8
oW /o3 8.8
10 WNW 7.0 19.1
11 NNW 5.3 12.6
Tutto 6.4 100

La frequenza a lungo termine e la distribuzione dell'energia per i dati a mesoscala EMD-WRF Europe+ a
150 m AGL indicano una direzione principale dell'energia eolica da ovest-nord-ovest (Figura 3).
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Frequenza (%) Energia Rosa (WTG) (kWh/m2/anno)

N

ENE

ESE

SSO SSE

SSO SSE

Figura 3. Distribuzione di frequenza ed energia in posizione WTG 8, 150 m AGL basata su 20 anni di
dati EMD-WRF Europe+ downscaled.
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5 Risultati

5.1 Previsioni sulla resa energetica

Sulla base della risorsa eolica stimata, del layout, delle curve di potenza standard e della densita dell'aria
regolata, é stata calcolata la previsione energetica preliminare. | risultati sono presentati nella Tabella 3.

Le perdite sono state calcolate (scie e rete elettrica) o dato un valore standard, per ottenere la
produzione netta.

Il livello di incertezza sulle previsioni annuali del rendimento energetico & elevato a causa dell'uso
esclusivo di dati a mesoscala e stimato nell'ordine del 20%.

Si noti che per una valutazione preliminare come quella qui condotta, non é ritenuto pertinente e
potrebbe persino essere fuorviante presentare una valutazione dettagliata delle perdite e
dell'incertezza.

Tabella 3. Risultati, P50 e P90.

Risultati

Impaginazione 1 (114 m HH) 2 (150 m HH)
Capacita installata [MW] 57.6 57.6
Produzione lorda [GWh/a] 161 170
Perdite di scia [%] 2.9 2.6
Perdite totali incl. perdite di scia [%] 10.6 10.4
Produzione netta (P50) [GWh/a] 144 152
Incertezza (20 anni) [%] 20 20
P90 (20 anni) [GWh/a] 107 113
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LOSS
Method #) Loss Loss
[%] [GWh/y]
. Wake effects
Wake effects, all WTGs Calculation 2.9 4.7
. Availability
Turbine availability Estimate 3.0 4.8
Balance of plant (Substation) Estimate 0.2 0.3
. Turbine performance
High wind hysteresis Calculation 0.1 0.1
Other turbine performance Estimate 1.0 1.6
Electrical
Electrical losses Estimate 3.2 5.2
Environmental
Performance degradation not due toicing  Estimate 0.5 0.8
High and low temperature Calculation 0.1 0.2
Curtaiment
Other
LOSS, total 10.6 17.0
LOSS
Method *) Loss Loss
[%] [GWh/y]
Wake effects
Wake effects, all WTGs Calculation 2.6 4.5
Availability
Turbine availability Estimate 3.0 5.1
Balance of plant (Substation) Estimate 0.2 0.3
Turbine performance
High wind hysteresis Calculation 0.1 0.1
Other turbine performance Estimate 1.0 1.7
Electrical
Electrical losses Estimate 3.3 5.5
Environmental
Performance degradation not due toicing  Estimate 0.5 0.8
High and low temperature Calculation 0.1 0.2
Curtaiment
Other
LOSS, total 10.4 17.6

Figura 4. Perdite incluse nei calcoli, in % e GWh/a: sopra, per il mozzo da 114 m, sotto, per il mozzo da
150 m.
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Appendix A. Calcolo del parco - 114 m HH
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PARK - Main Result
Calculation: 231006_8xV172 @114 m

Setup
AEP scaled to a full year based on number of samples
Scaling factor from 20.0 years to 1 year: 0.050

Calculation performed in UTM (north)-WGS84 Zone: 33
At the site centre the difference between grid north and true north is: 1.0°

Wake

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

Wake decay constan!
Wake decay constant:

Reference WTG: 1

Scaler/wind data
Name

Terrain scaling
Micro terrain flow model WAsP IBZ from Site Data
Used period

Meteo object(s)
Displacement height
WASP version

Meso Scaler
Meso-scale Data Downscaling

01/01/2001 01.00.00 - 01/01/2021

t
: 0.090 DTU default onshore  Hub height independent

EMD-WRF Europe+ (ERAS)_N41.067535_E016.46872 (2)

Omnidirectional from objects
WASP 12 Version 12.08.0032

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

Min Max Avg Com. Neg. Pos.

corr. corr.
%] (%] [%]

Alr density

EMD-WRF Europe+ (ERAS) N41.067535 £016.46872 (2) - 100.00m  [°C] 55 394 155

From air density settings [hPa]  956.0 969.7 962.1

Resulting air densi [kg/m] 1.07%6 1.251 1.162

Relative to 15°C at sea level [9%] §7.8 1021 948 34 34 00

Calculated Annual Energy for Wind Farm

Specific resultsx)

Scae 1:100,000

A Newwic

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] [my/s]
Wind farm 156,205.4 160,914.7 2.9 309 19,525.7 2,712 6.4 6.3

=) Based on wake reduced results and any curtailments.

Calculated Annual Energy for each of 8 new WTGs with total 57.6 MW rated power

WTG type

Valid Manufact. Type-generator Power, Rotor Hub
rated  diameter height
[kw]  [m] [m]

V172-7.2-7,200 7,200 172.0 114.0 EMD

Power curve
Creator Name

1Yes VESTAS

2Yes VESTAS V172-7.2-7,200 7,200 172.0 114.0 EMD
3Yes VESTAS V172-7.2-7,200 7,200 172.0 114.0 EMD
4 Yes VESTAS V172-7.2-7,200 7,200 172.0 114.0 EMD
5Yes VESTAS V172-7.2-7,200 7,200 172.0 114.0 EMD
6 Yes VESTAS V172-7.2-7,200 7,200 172.0 114.0 EMD
7 Yes VESTAS V172-7.2-7,200 7,200 172.0 114.0 EMD
8 Yes VESTAS V172-7.2-7,200 7,200 172.0 114.0 EMD

Level 0 & 0S - Calculated - PO7200 - 07-2022
Level 0 & 0S - Calculated - PO7200 - 07-2022
Level 0 & 0S - Calculated - PO7200 - 07-2022
Level 0 & 0S - Calculated - PO7200 - 07-2022
Level 0 & 0S - Calculated - PO7200 - 07-2022
Level 0 & 0S - Calculated - PO7200 - 07-2022
Level 0 & 0S - Calculated - PO7200 - 07-2022

Annual Energy Wind speed

Result Wake free reduced
loss
[MWhfy] [%] [m/s]  [m/s]
Level 0 & 0S - Calculated - PO7200 - 07-2022  20,061.0 3.1 6.46 6.36

19,947.4 21 640 6.31
19,920.2 31 642 6.32
20,115.7 21 643 6.35
19,225.6 27 629 6.21
19,267.3 23 627 6.20
19,318.5 46 638 6.24
18,349.7 35 617 6.07

Annual Energy results includes shown losses. For expected NET AEP (expected sold production), see report Loss & Uncertainty.

WTG siting
UTM (north)-WGS84 Zone: 33

Calculation period

Easting Northing Z Row data/Description Start End
[m]

1 New 620,594 4,548,218 344.3 1 01/01/2001 01/01/2021
2 New 619,923 4,547,025 339.4 2 01/01/2001 01/01/2021
3 New 620,781 4,546,252 338.4 3 01/01/2001 01/01/2021
4 New 619,868 4,547,939 340.3 4 01/01/2001 01/01/2021
5 New 622,790 4,545,940 325.0 5 01/01/2001 01/01/2021
6 New 623,046 4,544,553 311.7 6 01/01/2001 01/01/2021
7 New 624,139 4,545,263 315.0 7 01/01/2001 01/01/2021
8 New 624,715 4,545,798 289.58 01/01/2001 01/01/2021
windPRO 4.0.518 by EMD International A/S, Tel. +45 69 16 48 50, www.emd-ir jonal.com,

ok o003 075371 WIiNndPRO .
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PARK - Production Analysis

Calculation: 231006_8xV172 @114 m WTG: All new WTGs, Air density varies with WTG position 1.164 kg/m3 - 1.170 kg/m3
Directional Analysis

Sector ON 1NNE 2ENE 3E 4ESE  5SSE 6S 7 Ssw 8 Wsw IW 10 WNW 11 NNW Total

Model based energy [Mwh] 12,504.1 3,219.8 1,796.8 1,223.7 1,287.0 52981 27,9525 17,8449 18,1154 19,825.0 40,2253 11,6220 160,914.7
-Decrease due to wake losses [MWh] 567.6 91.0 145.5 41.2 69.4 78.5 502.9 319.1 654.6 3456 1,589.4 304.4 4,709.3
Resulting energy [MWh] 11,936.5 3,128.7 1,651.4 1,182.6 1,217.7 5,219.7 27,449.6 17,525.8 17,460.8 19,479.3 38,635.9 11,317.5 156,205.4
Specific energy [kWh/m?] 840
Specific energy [kWh/kw] 2,712
Decrease due to wake losses [%] 45 2.8 8.1 34 5.4 1.5 1.8 1.8 3.6 17 4.0 2.6 293
Full Load Equivalent [Hours/year] 207 54 29 21 21 91 477 304 303 338 671 196 2,712

Energy vs. sector

40,000

35,000

30,000
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EMD International A/S

Project: Description: Licensed user:

Ruvo Disclaimer: EMD International A/S
EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy Niels Jernes Vej 10
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by DK-9220 Aalborg @
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject 9
matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of +45 6916 4850

action, shall be limited to the total amount paid to EMD International for the services provided as part of this Stela Maris Zanchettin / sza@emd.dk
consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense ~ Caicuiated:
of the Client. 06/10/2023 10.08/4.0.518

PARK - Power Curve Analysis

Calculation: 231006_8xV172 @114 m WTG: 1 - VESTAS V172-7.2 7200 172.0 0!, Hub height: 114.0 m
Name: Level 0 & 0S - Calculated - PO7200 - 07-2022

Source: Manufacturer

Source/Date Created by Created Edited Stop wind speed Power control CT curve type Generator type Specific power
[m/s] kw/m2
08/07/2022 EMD 25/02/2022 06/10/2022 25.0 Pitch User defined Variable 0.31
Based Vestas Document no.: 0127-1584 VO1.

HP curve comparison - Note: For standard air density

Vmean [m/s] 5 6 7 8 9 10
HP value Pitch, variable speed (2013) [MWh] 11,840 18,085 24,147 29,566 34,148 37,822
VESTAS V172-7.2 7200 172.0 !0! Level 0 & 0S - Calculated - PO7200 - 07-2022 [MWh] 11,639 17,897 23,956 29,281 33,613 36,862
Check value [%] 2 1 1 1 2 3

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/m2
T oy 7 Y pasd Croin Wind speed Power Cp
30 320 008 3.0 057 [m/s] [kw]
i moo: 30 om 1.0 0.0 0.00
y mme 4 20 0.0 0.00
55 9990 042 55 0.82 3.0 21.1 0.06
¢ imem & o 4.0 264.2 031
75 peoos 75 om 5.0 671.3 0.40
85 emoos s orm 6.0 1,263.5 043
S0 4gs0 045 50 07 7.0 2,081.6 0.45
100 59040 041 100 083 8.0 3,144.6 0.46
05 Gminon e on 90 44307 045
15 7,080 033 115 045 10.0 5,630.8 0.42
35 Jisooxm 15 om 11.0  6,605.2 0.37
85 acoon 135 oz 120 7,977 0.30
W apes W2 b 130 71956 0.24
150 72000 015 150 0.19 14.0 7,200.0 0.19
o 7xcoon 180 ol 150  7,200.0 0.16
$o Tmcoom o on 160 72000 0.13
g5 gisooes ps o 170 7,200.0 0.11
;gg ssoon ds oo 180  7,124.0 0.09
Bs :ﬁs:o.n 006 185 gl«a 19.0 6,789.0 0.07
0 64720 0. g .
05 eazoons s oo 200 64720 0.06
30 5360 008 210 006 21.0 5,946.0 0.05
ii: s:gg;:g o g:g g::s 22.0 5,069.0 0.04
B0 4000 10 003 23.0 4,121.0 0.03
%o imoow w0 om 20 92990 0,02
245 27180 001 245 0.02 25.0 2,328.0 0.01
25.0 2,328.0 0.01 250 0.02
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
. e =m m =] 05— -
/ 7 m Cp o Ct B
7 ] 1 I

.//'

Power [kW]

/i

o [ e o T T 0O T T T 71— 0

20 25 0 5

10 15 10 15
Wind speed [m/s] Wind speed [m/s]

WindPRO 4.0.518 by EMD International A/S, Tel, +45 69 16 48 50, www.emd-international.com, dk on020230753/3  WiNdPRO .
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EMD International A/S

Project: Description:
Ruvo Disclaimer:

Licensed user:

EMD International A/S

EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject
matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of

action, shall be limited to the total amount paid to EMD International for the services provided as part of this
consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense

of the Client.

PARK - Wind Data Analysis

Calculation: 231006_8xV172 @114 m Wind data: 1 - 1; Hub height: 114.0

Site coordinates

UTM (north)-WGS84 Zone: 33
East: 620,594 North: 4,548,218
1=

Masts used

Take nearest

Wind distribution

-
°

N © w»

o

w

Frequency [%]

W

~

ol b oo b b b b e

W wake reduced [ free

Mean wind speed (m/s)
N

B Free mean wind speed | Wake reduced mean wind speed

com,

Niels Jernes Vej 10
DK-9220 Aalborg @
+45 6916 4850

Stela Maris Zanchettin / sza@emd.dk

Calculated:

06/10/2023 10.08/4.0.518

Free mean wind speed Wake reduced mean wind Frequency

Winddata for site

Sector

[m/s]

ON 5.6
1 NNE 4.3
2 ENE 4.0
3E 3.7
4 ESE 37
5 SSE 57
6S 8.6
7 SSW 7.3
8 WSwW 7.9
9IW 7.6
10 WNW 72
11 NNW 5:2
Al 6.5

ak

windPRO 4.0.518 by EMD International A/S, Tel. +45 69 16 48 50, www.emd-ir

speed

[m/s]
5.6
4.3
4.0
3.7
3.6
5.7
8.5
7.0
74
7.4
7:2
52
6.4

Energy Rose (WTG) (kWh/m2/year)

N

010203075374 WiNndPRO .

[%]

1152
6.6
4.1
3.0
2.6
39

10.5
9.2
8.1
9.2

20.0

113

100.0
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- EMD International A/S

Project: Description: Licensed user:

Ruvo Disclaimer: EMD International A/S
EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy Niels Jernes Vej 10
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by DK-9220 Aalborg @
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject 9
matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of +45 6916 4850

action, shall be limited to the total amount paid to EMD International for the services provided as part of this Stela Maris Zanchettin / sza@emd.dk
consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense ~ Caicuiated:
of the Client. 06/10/2023 10.08/4.0.518

PARK - Wind Data Analysis
Calculation: 231006_8xV172 @114 m Wind data: 8 - 8; Hub height: 114.0

Site coordinates Winddata for site
UTM (north)-WGS84 Zone: 33

East: 624,715 North: 4,545,798 Sector Free mean wind speed Wake reduced mean wind Frequency

8-8 speed
3 [m/s] [m/s] [%]
;‘T(s“ "se‘s’t oN 5.4 5.4 1.2
il 1 NNE 4.1 4.1 6.6
2 ENE 3.7 37 4.1
3E 36 36 3.0
4 ESE 36 36 26
5 SSE 56 5.6 39
6S 8.6 8.6 10.5
7 SSW 7.0 6.8 9.2
8 WSW 7.4 6.9 8.1
9w 7:1 6.9 9.2
10 WNW 6.7 6.6 20.0
11 NNW 5.0 5.0 11.3
Al 6.2 6.1 100.0
Wind distibution Energy Rose (WTG) (KWh/m2/year)
114
104 N
93
= 83
= L3 ENE
> E|
2 6
g 3
o 55
o E|
LK 4? E
33
25
1
3 ESE

o

10 15 25
Wind speed [m/s]

W wake reduced [ free

Mean wind speed (m/s) Frequency (%)
N

B Free mean wind speed | Wake reduced mean wind speed

WindPRO 4.0.518 by EMD International A/S, Tel, +45 69 16 48 50, www.emd-international.com, dk o00230753/5  WINAPRO .
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EMD International A/S

Project: Description:
Ruvo Disclaimer:

Licensed user:
EMD International A/S

EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy Niels Jernes Vej 10

material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by - i\ 9554 A2ibor, P’

inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject 9

matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of +45 6916 4850

action, shall be limited to the total amount paid to EMD International for the services provided as part of this Sll::eliaahd Maris Zanchettin / sza@emd.dk

consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense

of the Client.

PARK - WTG distances
Calculation: 231006_8xV172 @114 m

Cal
06/10/2023 10.08/4.0.518

S 175,000

WTG distances
V4 Nearest WTG Z Horizontal Distance in
distance rotor diameters
[m] [m] [m]
1 3443 4 3403 777 4.5
2 3394 4 3403 915 5.3
3 3384 2 3394 1,155 6.7
4 3403 1 3443 777 4.5
5 325.0 6 311.7 1,410 8.2
6 311.7 7 315.0 1,303 7.6
7 315.0 8 2895 786 4.6
8 289.5 7 315.0 786 4.6
Min 289.5 289.5 777 4.5
Max 344.3 3443 1,410 8.2
& nawwis
windPRO 4.0.518 by EMD International A/S, Tel. +45 69 16 48 50, www.emd-ir ional.com,

ok o003 075376 WIiNndPRO .
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EMD International A/S

Project: Description:

Ruvo Disclaimer:
EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject
matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of
action, shall be limited to the total amount paid to EMD International for the services provided as part of this
consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense
of the Client.

PARK - Time varying AEP
Calculation: 231006_8xV172 @114 m

Windfarm: 57.6 MW based on 8 turbines of type VESTAS V172-7.2 7200 172.0 !0!.
Selection: All new WTGs

Licensed user:

EMD International A/S
Niels Jernes Vej 10
DK-9220 Aalborg @

+45 6916 4850

Stela Maris Zanchettin / sza@emd.dk
Calculated:

06/10/2023 10.08/4.0.518

Calculated mean yield per month and hour [MWh]. The result includes wake losses and any curtailment losses.

Values are scaled to a full year, see correction factors at main result page.

Hour/Month 1 2 3 4 5 6 7 8 9
[MWh]

0 796 780 831 743 742 540 563 507 511

1 808 796 833 724 746 577 585 533 541

2 811 800 832 728 732 601 609 549 551

3 796 801 841 728 740 630 619 552 565

4 798 791 849 738 724 639 624 565 566

5 791 781 866 724 714 628 632 563 570

6 797 777 852 718 648 535 576 537 551

7 792 775 832 601 483 363 399 393 469

8 792 734 695 482 413 314 326 297 331

9 699 607 576 426 380 266 292 252 283

10 573 546 552 406 359 243 268 230 260

11 534 507 531 404 364 266 299 231 249

12 512 488 517 408 407 328 364 286 254

13 509 501 524 441 415 346 404 336 278

14 511 509 543 427 406 339 390 360 298

16 520 512 560 428 397 322 356 334 296

16 561 508 558 419 406 289 322 298 285
17 651 536 550 416 411 274 295 257 263
18 671 620 596 443 395 237 253 238 284
19 693 677 672 527 466 248 255 243 320
20 715 700 748 627 565 309 295 280 378
21 746 727 797 702 652 376 371 324 419
22 775 743 811 735 703 446 458 407 453
23 795 759 827 739 734 501 519 464 482

Grand Total 16,647 15,973 16,796 13,735 13,002 9,619 10,072 9,036 9,459

10 11 12 Grand Total
564 688 798 8,061
570 698 793 8,204
564 695 784 8,256
548 693 794 8,307
541 679 800 8,314
540 679 789 8,279
530 680 795 7,997
509 685 787 7,088
412 645 785 6,227
351 539 707, 5,378
329 471 600 4,838
315 450 571 4,723
317 442 542 4,865
318 444 537 5,053
330 443 517, 5,072
329 441 508 5,004
341 481 548 5,017
393 552 625 5,224
449 594 683 5,463
490 618 706 5,917
518 634 728 6,496
542 651 751 7,058
560 666 768 7,525
567 676 777, 7,838

10,929 14,243 16,695 156,205

Hour/Month 1 2 3 4 5 6 7 8 9 10 11 12 Grand Total
[Mw]

0 25.7 27.8 26.8 24.8 239 18.0 18.2 16.4 17.0 18.2 229 25.7 221

1 26.1 28.4 26.9 24.1 24.1 19.2 18.9 17:2. 18.0 18.4 233 25.6 225

2 26.2 28.6 26.8 24.3 236 20.0 19.6 177 18.4 18.2 23.2 253 226

3 25.7 28.6 27.1 24.3 23.9 21.0 20.0 17.8 18.8 17.7 23.1 25.6 22.8

4 257 28.3 27.4 24.6 234 21.3 20.1 18.2 18.9 17.5 22,6 25.8 22.8

5 255 27.9 27.9 24.1 23.0 20.9 204 18.2 19.0 17.4 22,6 25.5 22.7

6 25.7 27.8 27.5 239 20.9 17.8 18.6 17.3 18.4 17.1 22.7 25.6 219

7 25.5 277 26.8 20.0 15.6 12.1 12.9 12.7 15.6 16.4 22.8 254 19.4

8 25.6 26.2 224 16.1 13.3 10.5 10.5 9.6 11.0 13.3 215 253 17.1

9 22.5 21.7 18.6 14.2 12.2 8.9 9.4 8.1 9.4 11.3 18.0 22.8 14.7

10 18.5 19.5 17.8 13.5 11.6 8.1 8.7 7.4 8.7 10.6 15.7 19.3 13.3

11 17:2 18.1 17.1 13.5 11.7 8.9 9.7 7.4 8.3 10.2 15.0 18.4 12.9

12 16.5 17.4 16.7 13.6 13.1 10.9 11.7 9.2 8.5 10.2 14.7 17.5 13.3

13 16.4 17.9 16.9 14.7 13.4 11.5 13.0 10.8 9.3 10.2 14.8 17.3 13.8

14 16.5 18.2 17.5 14.2 131 11.3 12.6 11.6 9.9 10.6 14.8 16.7 13.9

15 16.8 18.3 18.1 14.3 12.8 10.7 115 10.8 9.9 10.6 14.7 16.4 13.7

16 18.1 18.2 18.0 14.0 13:1 9.6 10.4 9.6 9.5 11.0 16.0 17.7 13.7

17 21.0 19.1 17.7 13.9 133 9.1 9.5 8.3 8.8 12.7 18.4 20.2 14.3

18 21,7 2211 19.2 14.8 1217 7.9 8.2 7.7 9.5 14.5 19.8 22.0 15.0

19 223 24.2 21.7 17.6 15.0 8.3 8.2 7.9 10.7 15.8 20.6 22.8 16.2

20 23.1 25.0 24.1 20.9 18.2 10.3 9.5 9.0 12.6 16.7 211 235 17.8

21 24.1 25.9 25:7 23.4 21.0 12.5 12.0 10.5 14.0 17.5 21.7 24.2 19.3

22 25.0 26.5 26.2 24.5 22.7 14.9 14.8 13.1 15.1 18.1 222 24.8 20.6

23 25.6 27.1 26.7 24.6 23.7 16.7 16.7 15.0 16.1 18.3 225 251 21.5

Grand Total 22.4 23.8 22,6 19.1 17.5 134 13.5 12.1 13.1 14.7 19.8 22.4 17.8

windPRO 4.0.518 by EMD International A/S, Tel. +45 69 16 48 50, www.emd-ir jonal.com, ak

oo1020307.53/7  WindPRO .
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EMD International A/S

Project: Description:

Ruvo Disclaimer: )
EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject
matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of
action, shall be limited to the total amount paid to EMD International for the services provided as part of this
consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense
of the Client.

PARK - Time varying AEP

Calculation: 231006 _8xV172 @114 m

Windfarm: 57.6 MW based on 8 turbines of type VESTAS V172-7.2 7200 172.0 !0!.
Selection: All new WTGs

Licensed user:

EMD International A/S

Niels Jernes Vej 10

DK-9220 Aalborg @

+45 6916 4850

Stela Maris Zanchettin / sza@emd.dk

Calculated:

06/10/2023 10.08/4.0.518

Calculated mean yield per month and hour [MWh]. The result includes wake losses and any curtailment losses.

Values are scaled to a full year, see correction factors at main result page.

Monthly yield

[MWh]

Diurnal mean yield

7,000
s,soof /
s,ooc? \ /-
5,500 /.

[MWh]
E
° u
s 8

windPRO 4.0.518 by EMD International A/S, Tel. +45 69 16 48 50, www.emd-ir jonal.com, dk
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EMD International A/S

Project:
Ruvo

PARK - Time varying AEP

Description:
Disclaimer:
EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy

material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by

inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject

matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of
action, shall be limited to the total amount paid to EMD International for the services provided as part of this

consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense
of the Client.

Calculation: 231006_8xV172 @114 m

Windfarm: 57.6 MW based on 8 turbines of type VESTAS V172-7.2 7200 172.0 10!.
Selection: All new WTGs
Calculated mean yield per month and hour [MWh]. The result includes wake losses and any curtailment losses.

Licensed user:
EMD International A/S

Niels Jernes Vej 10

DK-9220 Aalborg @

+45 6916 4850

Stl::eLidMaris Zanchettin / sza@emd.dk

Cal
06/10/2023 10.08/4.0.518

Hours Hours Hours Power Power
[%] accumulated [MW]  (MW/WTG)
197 2.2 197 57.6 7.2
576 6.6 772 55.1-57.6 69-72
191 2:2 963 526-551 6.6-6.9
155 1.8 1118 50.1-52.6 6.3-6.6
144 1.6 1263 47.6-50.1 59-6.3
147 1.7 1409 45.1-476 56-5.9
145 17 1555 42.6-451 53-56
147 1.7 1702 40.1-426 5.0-53
146 17 1848 376-40.1 47-50
149 7 1997 35.1-37.6 44-4.7
151 17 2148 326-351 41-44
155 1.8 2303 30.1-326 3.8-4.1
167 1.9 2470 27.5-30.1 34-3.8
177 2.0 2647 25.0-275 3.1-34
198 2:3 2845 225-250 28-31
215 25 3060 20.0-225 25-28
233 2.7 3293 17.5:20.00 2:2~25
257 29 3550 15:0=17.5 119722
299 3.4 3849 12,5+=15.0. 1.6+1.9
355 4.1 4204 10.0--325 1.3-1.6
437 5.0 4641 75-100 0.9-13
548 6.2 5188 5.0-7.5 0.6-0.9
724 8.3 5912 2.5=5:0 0.3-0.6
1256 143 7168 0.0-25 0.0-0.3
1598 18.2 8766 0.0 0.0
Duration curve 57.6 MW WindFarm
» l—l\
54 T
52 A
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383 -0
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§ 283 i
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E W
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145 TS
123 \.\
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P R o
E .
01 e e
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000
Hours
WindPRO 4.0.518 by EMD Intemational A/S, Tel, +45 69 16 48 50, www.emd-i com, ok o903 075379 WiNndPRO .
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EMD International A/S

Project: Description: Licensed user:

Ruvo Disclaimer: EMD International A/S

EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy Niels Jernes Vej 10
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by - i\ 9554 A2ibor, P:)
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject 9
matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of +45 6916 4850

action, shall be limited to the total amount paid to EMD International for the services provided as part of this Stela Maris Zanchettin / sza@emd.dk
consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense ~ Caicuiated:
of the Client. 06/10/2023 10.08/4.0.518

PARK - Scaling info
Calculation: 231006_8xV172 @114 m

Scaler settings

Name Meso Scaler

Terrain scaling Meso-scale Data Downscaling
RIX correction No RIX correction
Displacement height from objects

Micro terrain flow model SDO

Site Data: SDO

Obstacles:

All obstacles used

Roughness:

Terrain data files used in calculation:

C:\Users\sza\Documents\WindPRO Data\Consultancy\Ruvo\ROUGHNESSLINE_Ruvo_0.wpo

Min X: 602,116, Max X: 642,030, Min Y: 4,526,595, Max Y: 4,568,008, Width: 39,913 m, Height: 41,413 m
Orography:

Terrain data files used in calculation:

C:\Users\sza\Documents\WindPRO Data\Consultancy\Ruvo\CONTOURLINE_ONLINEDATA_0.wpo
Min X: 559,556, Max X: 645,341, Min Y: 4,535,728, Max Y: 4,570,857, Width: 85,784 m, Height: 35,129 m

Post calibration

Overall factor 1.0180

Overall offset 0.0000

By sector No

By month No

By hour No

By wind speed No

WindPRO 4.0.518 by EMD International A/S, Tel. +45 69 16 48 50, www.emd-ir jonal.com, ak oono2030753/10  WindPRO .

26/39



- EMD International A/S

Project: Description: Licensed user:

Ruvo Disclaimer: EMD International A/S
EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy Niels Jernes Vej 10
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by DK-9220 Aalborg @
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject 9
matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of +45 6916 4850

action, shall be limited to the total amount paid to EMD International for the services provided as part of this Stela Maris Zanchettin / sza@emd.dk
consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense ~ Caicuiated:
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PARK - Map

Calculation: 231006_8xV172 @114 m

Map-da .:©0pen5n'eefMap:,

[ N .
0 500 1000 1500 2000 m
Map: OpenTopoMap , Print scale 1:40,000, Map center UTM (north)-WGS84 Zone: 33 East: 622,291 North: 4,546,385
A New WTG
WindPRO 4.0.518 by EMD International A/S, Tel, +45 69 16 48 50, www.emd-international.com, ok oonop0230753/11  WiNndPRO .
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Project: Description:
Ruvo Disclaimer:

EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject

Licensed user:

EMD International A/S
Niels Jernes Vej 10
DK-9220 Aalborg @

matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of +45 6916A 4850 .
action, shall be limited to the total amount paid to EMD International for the services provided as part of this Stela Maris Zanchettin / sza@emd.dk
consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense ~ Coicuted:

of the Client.
PARK - Main Result
Calculation: 231006_8xV172 @150 m

Setup
AEP scaled to a full year based on number of samples
Scaling factor from 20.0 years to 1 year: 0.050

Calculation performed in UTM (north)-WGS84 Zone: 33
At the site centre the difference between grid north and true north is: 1.0°

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

06/10/2023 10.09/4.0.518

Wake decay constan!

t
Wake decay constant: 0.090 DTU default onshore  Hub height independent

Reference WTG: 1

Scaler/wind data
Name

Terrain scaling
Micro terrain flow model WAsP IBZ from Site Data
Used period

Meteo object(s)
Displacement height
WASP version

Meso Scaler
Meso-scale Data Downscaling

01/01/2001 01.00.00 - 01/01/2021

EMD-WRF Europe+ (ERAS)_N41.067535_E016.46872 (2)

Omnidirectional from objects
WASP 12 Version 12.08.0032

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

Min Max Avg Com. Neg. Pos.

corr. corr.
%] (%] [%]

Alr density

EMD-WRF Europe+ (ERAS) N41.067535 E016.46872 (2) - 100.00m  [°C] 57 392 153

From air density settings [hPa] 9516 9659 958.0

Resulting air densi [kg/md] 1.072 1.247 1.158

Relative to 15°C at sea level [9%] §7.5 1018 945 33 33 00

Calculated Annual Energy for Wind Farm

Specific resultsx)
WTG combination ~ Result  GROSS (no loss) Wake loss Capacity Mean WTG  Full load

Scae 1:100,000

A Newwic

Wind speed
free wake reduced

PARK Free WTGs factor result hours

[MWhy/y] [MWh/y] [%] [%]
Wind farm 165,422.2 169,925.0 2.6 3258
) Based on wake reduced results and any curtailiments.

[MWh/y] [Hours/year] [m/s] [m/s]
20,677.8

2,872 6.6 6.5

Calculated Annual Energy for each of 8 new WTGs with total 57.6 MW rated power

WTG type Power curve
Valid Manufact. Type-generator Power, Rotor Hub  Creator Name
rated  diameter height
[kw]  [m] [m]
1Yes VESTAS V172-7.2-7,200 7,200 172.0 150.0 EMD
2 Yes VESTAS V172-7.2-7,200 7,200 172.0  150.0 EMD
3Yes VESTAS V172-7.2-7,200 7,200 172.0 150.0 EMD
4 Yes VESTAS V172-7.2-7,200 7,200 172.0  150.0 EMD
5Yes VESTAS V172-7.2-7,200 7,200 172.0  150.0 EMD
6 Yes VESTAS V172-7.2-7,200 7,200 172.0  150.0 EMD
7 Yes VESTAS V172-7.2-7,200 7,200 172.0  150.0 EMD
8 Yes VESTAS V172-7.2-7,200 7,200 172.0  150.0 EMD

Annual Energy Wind speed

Result Wake free reduced
loss

[MWhfy] [%] [m/s] [m/s]
26 6.68 6.59

Level 0 & 0S - Calculated - PO7200 - 07-2022  21,139.3

Level 0 & 0S - Calculated - PO7200 - 07-2022  21,013.2 21 6.63 6.54
Level 0 & 0S - Calculated - PO7200 - 07-2022  20,878.0 33 6.64 6.53
Level 0 & 0S - Calculated - PO7200 - 07-2022  21,202.2 1.8 6.65 6.58
Level 0 & 0S - Calculated - PO7200 - 07-2022  20,484.5 23 654 6.46
Level 0 & 0S - Calculated - PO7200 - 07-2022  20,448.3 24 652 6.43
Level 0 & 0S - Calculated - PO7200 - 07-2022  20,493.5 3.8 6.60 6.47
Level 0 & 0S - Calculated - PO7200 - 07-2022  19,763.3 29 642 6.33

Annual Energy results includes shown losses. For expected NET AEP (expected sold production), see report Loss & Uncertainty.

WTG siting
UTM (north)-WGS84 Zone: 33
Easting Northing
[m]
1 New 620,594 4,548,218 344.3 1
2 New 619,923 4,547,025 339.4 2
3 New 620,781 4,546,252 338.4 3
4 New 619,868 4,547,939 340.3 4
5 New 622,790 4,545,940 325.05
6 New 623,046 4,544,553 311.7 6
7 New 624,139 4,545,263 315.0 7
8 New 624,715 4,545,798 289.58

Calculation period
Z Row data/Description Start End

01/01/2001 01/01/2021
01/01/2001 01/01/2021
01/01/2001 01/01/2021
01/01/2001 01/01/2021
01/01/2001 01/01/2021
01/01/2001 01/01/2021
01/01/2001 01/01/2021
01/01/2001 01/01/2021

windPRO 4.0.518 by EMD International A/S, Tel. +45 69 16 48 50, www.emd-ir jonal.com,

ok o003 075271 WIiNndPRO .
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Ruvo Disclaimer: EMD International A/S
EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy Niels Jernes Vej 10
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by DK-9220 Aalborg @
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject 9
matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of +45 6916 4850

action, shall be limited to the total amount paid to EMD International for the services provided as part of this Stela Maris Zanchettin / sza@emd.dk
consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense ~ Caicuiated:
of the Client. 06/10/2023 10.09/4.0.518

PARK - Production Analysis

Calculation: 231006_8xV172 @150 m WTG: All new WTGs, Air density varies with WTG position 1.160 kg/m3 - 1.166 kg/m?3
Directional Analysis

Sector ON 1NNE 2ENE 3E 4ESE  5SSE 6S 7 Ssw 8 Wsw IW 10 WNW 11 NNW Total

Model based energy [Mwh] 14,089.0 3,539.5 2,068.4 1,447.1 14959 5870.6 29,3841 17,979.6 18,755.8 20,234.8 40,2199 14,840.2 169,925.0
-Decrease due to wake losses [MWh] 610.0 94.3 1533 45.4 734 75.3 449.7 292.8 590.3 2955 1,469.0 353.8 4,502.8
Resulting energy [MWh] 13,479.0 3,445.2 1,915.1 1,401.7 1,422.5 5,795.3 28,934.4 17,686.8 18,165.4 19,939.3 38,751.0 14,486.4 165,422.3
Specific energy [kWh/m?] 890
Specific energy [kWh/kw] 2,872
Decrease due to wake losses [%] 43 2.7 7.4 31 4.9 1.3 1.5 1.6 3.1 1.5 37 2.4 2.65
Full Load Equivalent [Hours/year] 234 60 83 24 25 101 502 307 315 346 673 251 2,872

Energy vs. sector

40,000

35,000

30,000

25,000

20,000-]

15,000

10,000

Energy [MWh/year]

5,000

02

w

woow
@w @
W«

NNE
ENE
SsW
Wsw

WNW
NN

Sector

W Annual Energy [l Wake Losses

WindPRO 4.0.518 by EMD International A/S, Tel, +45 69 16 48 50, www.emd-international.com, dk o003 075272 WINAPRO .
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Project: Description: Licensed user:

Ruvo Disclaimer: EMD International A/S
EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy Niels Jernes Vej 10
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by DK-9220 Aalborg @
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject 9
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PARK - Power Curve Analysis

Calculation: 231006_8xV172 @150 m WTG: 1 - VESTAS V172-7.2 7200 172.0 0!, Hub height: 150.0 m
Name: Level 0 & 0S - Calculated - PO7200 - 07-2022

Source: Manufacturer

Source/Date Created by Created Edited Stop wind speed Power control CT curve type Generator type Specific power
[m/s] kw/m2
08/07/2022 EMD 25/02/2022 06/10/2022 25.0 Pitch User defined Variable 0.31
Based Vestas Document no.: 0127-1584 VO1.

HP curve comparison - Note: For standard air density

Vmean [m/s] 5 6 7 8 9 10
HP value Pitch, variable speed (2013) [MWh] 11,840 18,085 24,147 29,566 34,148 37,822
VESTAS V172-7.2 7200 172.0 !0! Level 0 & 0S - Calculated - PO7200 - 07-2022 [MWh] 11,639 17,897 23,956 29,281 33,613 36,862
Check value [%] 2 1 1 1 2 3

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: 1.156 kg/m2
T oy 7 Y pasd Croin Wind speed Power Cp
30 320 008 3.0 057 [m/s] [kw]
i amoon a0 om 1.0 0.0 0.00
$5 Tsoow 5 os 20 0.0 0.00
55 9990 042 55 082 3.0 20.4 0.06
¢ imem & o 4.0 262.7 031
75 peoos 75 om 5.0 668.5 0.40
85 emoos s orm 6.0 L2587 043
S0 4gs0 045 50 07 7.0 2,074.0 0.45
100 59040 041 100 083 8.0 3,133.4 0.46
05 Gminon e on 90 44152 045
15 7,080 033 115 045 10.0 56144 0.42
35 Jisooxm 15 om 11.0  6,590.6 0.37
85 acoon 135 oz 120 7,940 031
e maow w o 130 71953 0.24
150 72000 045 150 019 14.0 7,200.0 0.20
o 7xcoon 180 ol 150  7,200.0 0.16
T ool e am 160  7,2000 0.13
ps zimooe ps o 170 7,200.0 0.11
;gg ssoon ds oo 180  7,124.0 0.09
Bs ::s:o.n 006 185 glaa 19.0 6,789.0 0.07
0 64720 0. g g
05 cao00s 25 oo 200 64720 0.06
30 5360 008 210 006 21.0 5,946.0 0.05
ii: s:gg;:g o g:g g::s 22.0 5,069.0 0.04
B0 4000 10 003 23.0 4,121.0 0.03
Mo isooos Mo oo 20 92990 0,02
245 27180 001 245 0.02 25.0 2,328.0 0.01
25.0 2,328.0 0.01 250 0.02
Power curve Cp and Ct curve
For air density: 1.156 kg/m3 and reference climate data For air density: 1.156 kg/m3 and reference climate data
oS EEB-g 05 -
/ 7 m Cp o Ct B
7 ] 1 I

.//'

Power [kW]

o [ e o T T 0O T T T 71— 0

20 25 0 5

10 15 10 15
Wind speed [m/s] Wind speed [m/s]

WindPRO 4.0.518 by EMD International A/S, Tel, +45 69 16 48 50, www.emd-international.com, dk on00230752/3  WiNAPRO .
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EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy Niels Jernes Vej 10
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by DK-9220 Aalborg @
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject 9
matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of +45 6916 4850

action, shall be limited to the total amount paid to EMD International for the services provided as part of this Stela Maris Zanchettin / sza@emd.dk
consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense ~ Caicuiated:
of the Client. 06/10/2023 10.09/4.0.518

PARK - Wind Data Analysis
Calculation: 231006_8xV172 @150 m Wind data: 1 - 1; Hub height: 150.0

Site coordinates Winddata for site
UTM (north)-WGS84 Zone: 33

East: 620,504 North: 4,548,218 Sector Free mean wind speed Wake reduced mean wind Frequency

it speed
' [m/s] [m/s] [%]
;‘T(St‘ "se‘s’t oN 58 5.8 118
BSIHears: 1 NNE 4.4 4.4 6.7
2 ENE 4.0 4.0 4.2
3E 3.8 3.8 3.2
4 ESE 3.8 3.8 2.7
5 SSE 6.1 6.1 39
6S 9.2 9.0 10.3
7 SSW 7:b 7.2 8.7
8 WSwW 8.2 77 8.0
9IW 8.0 7.8 8.8
10 WNW 74 74 19.1
11 NNW 5:5 5.5 12.6
All 6.7 6.6 100.0
Wind ditnbution Energy Rose (WTG) (KWh/m2/year)
10
3 N
73 NNW NNE
8
g 73
& 6]
S 3
g 53
g 1
i
34
23
14
03
10 15
Wind speed [m/s]
W wake reduced [ free
Mean wind speed (m/s)
N
B Free mean wind speed | Wake reduced mean wind speed
windPRO 4.0.518 by EMD International A/S, Tel. +45 69 16 48 50, www.emd-ir jonal.com, ok o003 075274 WiNndPRO .
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Ruvo Disclaimer: EMD International A/S
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PARK - Wind Data Analysis
Calculation: 231006_8xV172 @150 m Wind data: 8 - 8; Hub height: 150.0

Site coordinates Winddata for site
UTM (north)-WGS84 Zone: 33

East: 624,715 North: 4,545,798 Sector Free mean wind speed Wake reduced mean wind Frequency

8-8 speed
[m/s] [m/s] [%]

Masts:tisad oN 56 5.6 1.8

Take nearest 1 NNE 42 42 6.7
2ENE 3.8 3.8 42
3E 3.7 3.7 32
4 ESE 38 38 2.7
5 SSE 6.0 6.0 3.9
65 9.2 9.2 103
7 SSW 7.2 7.0 8.7
8 WSW 7.7 72 8.0
ow 7.5 7.3 8.8
10 WNW 7.0 6.9 19.1
11 NNW 53 5.3 1256
Al 6.4 63  100.0

Wind distribution

Energy Rose (WTG) (kWh/m2/year)

—
=)

[FRE P PR P PR P PR PRy FE R e fe

N
NNW NNE

@ w0

~

ENE

LI

Frequency [%]

S

w

-

ESE

o

10 15
Wind speed [m/s]

W wake reduced [ free

Mean wind speed (m/s) Frequency (%)
N

B Free mean wind speed | Wake reduced mean wind speed

WindPRO 4.0.518 by EMD International A/S, Tel, +45 69 16 48 50, www.emd-international.com, dk o003 0752/5  WINAPRO .

33/39



EMD International A/S

Project: Description:
Ruvo Disclaimer:
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EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy Niels Jernes Vej 10

material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by - i\ 9554 A2ibor, P’

inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject 9

matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of +45 6916 4850

action, shall be limited to the total amount paid to EMD International for the services provided as part of this Sll::eliaahd Maris Zanchettin / sza@emd.dk
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PARK - WTG distances
Calculation: 231006_8xV172 @150 m

Cal
06/10/2023 10.09/4.0.518

S 175,000

WTG distances
V4 Nearest WTG Z Horizontal Distance in
distance rotor diameters
[m] [m] [m]
1 3443 4 3403 777 4.5
2 3394 4 3403 915 5.3
3 3384 2 3394 1,155 6.7
4 3403 1 3443 777 4.5
5 325.0 6 311.7 1,410 8.2
6 311.7 7 315.0 1,303 7.6
7 315.0 8 2895 786 4.6
8 289.5 7 315.0 786 4.6
Min 289.5 289.5 777 4.5
Max 344.3 3443 1,410 8.2
& nawwis
windPRO 4.0.518 by EMD International A/S, Tel. +45 69 16 48 50, www.emd-ir ional.com,

ok o003 075276 WIiNndPRO .
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Project: Description:

Ruvo Disclaimer:
EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject
matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of
action, shall be limited to the total amount paid to EMD International for the services provided as part of this
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PARK - Time varying AEP
Calculation: 231006_8xV172 @150 m

Windfarm: 57.6 MW based on 8 turbines of type VESTAS V172-7.2 7200 172.0 !0!.
Selection: All new WTGs

Licensed user:

EMD International A/S
Niels Jernes Vej 10
DK-9220 Aalborg @

+45 6916 4850

Stela Maris Zanchettin / sza@emd.dk
Calculated:

06/10/2023 10.09/4.0.518

Calculated mean yield per month and hour [MWh]. The result includes wake losses and any curtailment losses.

Values are scaled to a full year, see correction factors at main result page.

Hour/Month 1 2 3 4 5 6 7 8 9
[MWh]

0 842 822 857 758 756 548 576 507 526

1 850 833 860 745 761 578 590 524 552

2 856 841 863 747 744 600 607 539 559

3 836 841 873 748 755 633 621 545 571

4 836 833 886 754 742 639 624 557 572

5 836 822 904 743 734 631 632 555 578

6 834 818 886 750 704 592 617 541 561

7 827 814 879 678 548 402 437 437 517

8 841 800 778 535 446 335 346 317 367

9 790 690 625 457 403 284 311 267 306

10 643 593 584 431 380 258 285 243 278

11 580 544 561 428 385 282 316 243 266

12 552 518 547 432 428 345 383 300 269

13 548 531 552 466 436 364 425 352 293

14 552 540 574 453 428 357 411 378 316

16 567 546 592 455 419 338 375 351 315

16 622 550 597 449 429 303 340 314 304
17 714 591 598 453 439 291 312 273 289
18 730 679 657 497 434 258 272 260 319
19 745 732 722 575 517 280 284 271 360
20 764 746 794 675 614 342 328 307 410
21 794 771 836 739 688 408 406 347 446
22 823 788 844 762 735 467 483 426 470
23 842 802 855 761 755 513 535 473 495

Grand Total 17,824 17,043 17,724 14,492 13,680 10,049 10,518 9,325 9,936

10 11 12 Grand Total
583 728 841 8,346
591 741 840 8,463
580 740 831 8,507
570 735 842 8,570
561 720 844 8,568
559 721 833 8,549
546 719 832 8,402
533 721 829 7,621
475 710 830 6,780
392 613 792 5,928
355 519 671 5,240
337 483 622 5,046
337 471 586 5,169
338 474 578 5,359
351 476 560! 5,395
356 481 560 5,354
375 532 612 5,428
436 609 688 5,692
500 653 745 6,002
532 663 762, 6,444
549 681 780 6,990
573 691 800 7,500
587 707 812 7,905
593 718 822 8,163

11,610 15308 17,913 165,422

Hour/Month 1 2 3 4 5 6 7 8 9 10 11 12 Grand Total
[Mw]

0 27.2 29.4 27.6 25.3 24.4 18.3 18.6 16.4 17.5 18.8 24.3 27.1 229

1 27.4 29.7 27.7 24.8 245 19.3 19.0 16.9 18.4 19.1 24.7 27:1 23.2

2 27.6 30.0 27.8 24.9 24.0 20.0 19.6 17.4 18.6 18.7 24.7 26.8 23.3

3 27.0 30.0 28.2 249 244 211 20.0 17.6 19.0 18.4 24.5 27.2 23.5

4 27.0 29.7 28.6 25.1 239 21.3 20.1 18.0 19.1 18.1 24.0 27.2 23.5

5 27.0 294 29.2 24.8 23.7 21.0 204 17.9 19.3 18.0 24.0 26.9 234

6 26.9 29.2 28.6 25.0 227 19.7 19.9 17.5 18.7 17.6 24.0 26.9 23.0

7 26.7 29.1 284 22.6 17.7 13.4 14.1 14.1 17.2 17.2 24.0 26.7 20.9

8 27.1 28.6 25.1 17.8 14.4 11.2 11.2 10.2 12.2 15.3 23.7 26.8 18.6

9 255 24.6 20.2 15.2 13.0 9.5 10.0 8.6 10.2 12.6 20.4 25.5 16.2

10 20.8 212 18.8 14.4 12.3 8.6 9.2 7.8 9.3 11.4 173 21.7 14.4

11 18.7 19.4 18.1 14.3 12.4 9.4 10.2 7.8 8.9 10.9 16.1 20.1 13.8

12 17.8 18.5 17.6 14.4 13.8 11.5 12.4 9.7 9.0 10.9 15.7 18.9 14.2

13 17.7 19.0 17.8 15.5 14.1 12.1 13.7 11.4 9.8 10.9 15.8 18.6 14.7

14 17.8 19.3 18.5 15.1 13.8 119 13:3 12.2 10.5 11.3 15.9 18.1 14.8

15 18.3 19.5 19.1 15.2 13.5 11.3 12 11.3 10.5 11.5 16.0 18.1 14.7

16 20.1 19.7 19.2 15.0 13.8 10.1 11.0 10.1 10.1 12.1 17.7 19.7 14.9

17 23.0 211 19.3 15.1 14.2 9.7 10.1 8.8 9.6 14.1 20.3 2222 15.6

18 23.6 24.2 21.2 16.6 14.0 8.6 8.8 8.4 10.6 16.1 21.8 24.0 16.4

19 24.0 26.1 233 19.2 16.7 9.3 9.2 8.7 12.0 17.2 22.1 24.6 172

20 24.6 26.7 25.6 225 19.8 11.4 10.6 9.9 13.7 17.7 22.7 25.2 19.2

21 25.6 27.5 27.0 24.6 222 13.6 13.1 112 14.9 18.5 23.0 25.8 20.5

22 26.5 28.1 27.2 25.4 23.7 15.6 15.6 13.7 15.7 18.9 23.6 26.2 217

23 27.2 28.6 27.6 25.4 24.3 17.1 17.3 15.2 16.5 19.1 23.9 26.5 22.4

Grand Total 24.0 254 23.8 20.1 18.4 14.0 14.1 12.5 13.8 15.6 21.3 24.1 18.9
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- EMD International A/S

Project: Description: Licensed user:
Ruvo Disclaimer: EMD International A/S
EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy Niels Jernes Vej 10
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by DK-9220 Aalborg @
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject 9
matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of +45 6916 4850

action, shall be limited to the total amount paid to EMD International for the services provided as part of this Stela Maris Zanchettin / sza@emd.dk
consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense ~ Caicuiated:
of the Client. 06/10/2023 10.09/4.0.518

PARK - Time varying AEP
Calculation: 231006 _8xV172 @150 m

Windfarm: 57.6 MW based on 8 turbines of type VESTAS V172-7.2 7200 172.0 !0!.

Selection: All new WTGs

Calculated mean yield per month and hour [MWh]. The result includes wake losses and any curtailment losses.
Values are scaled to a full year, see correction factors at main result page.

Monthly yield
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EMD International A/S

Project:
Ruvo

PARK - Time varying AEP

Description:
Disclaimer:
EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy

material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by

inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject
matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of

action, shall be limited to the total amount paid to EMD International for the services provided as part of this

consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense
of the Client.

Calculation: 231006_8xV172 @150 m

Windfarm: 57.6 MW based on 8 turbines of type VESTAS V172-7.2 7200 172.0 10!.
Selection: All new WTGs
Calculated mean yield per month and hour [MWh]. The result includes wake losses and any curtailment losses.

Licensed user:
EMD International A/S

Niels Jernes Vej 10

DK-9220 Aalborg @

+45 6916 4850

Stl::eLidMaris Zanchettin / sza@emd.dk

Cal
06/10/2023 10.09/4.0.518

Hours Hours Hours Power Power
[%] accumulated [MW]  (MW/WTG)
308 3:5 308 57.6 7.2
709 8.1 1017 55.1-57.6 69-72
204 2.3 1221 526-551 6.6-6.9
156 1.8 1376 50.1-52.6 6.3-6.6
144 1.6 1521 47.6-50.1 59-6.3
138 1.6 1658 45.1-476 56-5.9
140 1.6 1799 42.6-451 53-56
136 1.5 1934 40.1-426 5.0-53
137 1.6 2071 376-40.1 47-50
140 1.6 2210 35.1-37.6 44-4.7
135 1:5; 2345 326-351 41-44
139 1.6 2485 30.1-326 3.8-4.1
150 1.7 2635 27.5-30.1 34-3.8
163 1.9 2798 25.0-275 3.1-34
182 2:1. 2980 225-250 28-31
198 23 3178 20.0-225 25-28
212 24 3390 17.5:20.00 2:2~25
247 2.8 3636 15:0=17.5 119722
285 3.3 3922 12,5+=15.0. 1.6+1.9
346 3.9 4267 10.0--325 1.3-1.6
422 4.8 4689 75-100 0.9-13
541 6.2 5230 5.0-7.5 0.6-0.9
715 8.2 5946 2.5=5:0 0.3-0.6
1228 14.0 7174 0.0-25 0.0-0.3
1592 18.2 8766 0.0 0.0
Duration curve 57.6 MW WindFarm
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Project: Description: Licensed user:

Ruvo Disclaimer: EMD International A/S

EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy Niels Jernes Vej 10
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by - i\ 9554 A2ibor, P:)
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject 9
matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of +45 6916 4850

action, shall be limited to the total amount paid to EMD International for the services provided as part of this Stela Maris Zanchettin / sza@emd.dk
consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense ~ Caicuiated:
of the Client. 06/10/2023 10.09/4.0.518

PARK - Scaling info
Calculation: 231006_8xV172 @150 m

Scaler settings

Name Meso Scaler

Terrain scaling Meso-scale Data Downscaling
RIX correction No RIX correction
Displacement height from objects

Micro terrain flow model SDO

Site Data: SDO

Obstacles:

All obstacles used

Roughness:

Terrain data files used in calculation:

C:\Users\sza\Documents\WindPRO Data\Consultancy\Ruvo\ROUGHNESSLINE_Ruvo_0.wpo

Min X: 602,116, Max X: 642,030, Min Y: 4,526,595, Max Y: 4,568,008, Width: 39,913 m, Height: 41,413 m
Orography:

Terrain data files used in calculation:

C:\Users\sza\Documents\WindPRO Data\Consultancy\Ruvo\CONTOURLINE_ONLINEDATA_0.wpo
Min X: 559,556, Max X: 645,341, Min Y: 4,535,728, Max Y: 4,570,857, Width: 85,784 m, Height: 35,129 m

Post calibration

Overall factor 1.0180

Overall offset 0.0000

By sector No

By month No

By hour No

By wind speed No
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Project: Description: Licensed user:

Ruvo Disclaimer: EMD International A/S
EMD International A/S does not warrant, guarantee or make any representations regarding the delivered consultancy Niels Jernes Vej 10
material caused by errors or omissions in the delivered data. EMD cannot be held liable for erroneous results caused by DK-9220 Aalborg @
inaccuracy, limitations or malfunctioning of models or software used. For any claim whatsoever related to the subject 9
matter of this consultancy service, the liability of EMD International A/S for actual damages, regardless of the form of +45 6916 4850

action, shall be limited to the total amount paid to EMD International for the services provided as part of this Stela Maris Zanchettin / sza@emd.dk
consultancy service. Separate insurance cover for extended liability can be provided upon request, but at the expense ~ Caicuiated:
of the Client. 06/10/2023 10.09/4.0.518

PARK - Map

Calculation: 231006_8xV172 @150 m

Map-da .:©0pen5n'eefMap:,

[ N .
0 500 1000 1500 2000 m
Map: OpenTopoMap , Print scale 1:40,000, Map center UTM (north)-WGS84 Zone: 33 East: 622,291 North: 4,546,385
A New WTG
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