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1. Introduzione

Il presente documento rappresenta la valutazione preliminare di ventosita e di produzione del
sito eolico situato nel comune di Villanova Monteleone, Provincia di Sassari (Sardegna). Il
progetto ha una potenza massima di immissione in rete complessiva pari a 50,4 MW e consiste
nella installazione di 7 aerogeneratori il cui modello commerciale di riferimento risulta avere le
seguenti caratteristiche dimensionali: diametro del rotore pari a 170 m ed una altezza la mozzo

paria 115 m.

2. Descrizione del sito

L'area di ubicazione degli aerogeneratori & caratterizzata da una complessita orografica media

con un’ altezza compresa tra 382 e 462 metri sul livello del mare.

Attualmente, I'uso del suolo & in gran parte agricolo. Vi & scarsa copertura vegetazionale arborea
e percio I'area di studio si caratterizza per una rugosita media, caratteristica favorevole per lo

sfruttamento eolico.

Gli aerogeneratori sono stati posizionati a livello territoriale sulla base di un criterio di massimo
sfruttamento della risorsa eolica e di ottimizzazione della resa energetica dell'impianto tenendo

conto dei vincoli tecnici, ambientali e paesaggistici.
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FIGURA 1 - INQUADRAMENTO PARCO EoLICO “ALAS 2"

Si riportano nella tabella seguente le coordinate geografiche di ubicazione delle turbine nel

sistema di riferimento UTM WGS84.

ID Turbina Est Nord Comune

WTG01 457931 4485434 VILLANOVA MONTELEONE
WTG02 457479 4484862 VILLANOVA MONTELEONE
WTGO03 457301 4483715 VILLANOVA MONTELEONE
WTG04 456560 4483366 VILLANOVA MONTELEONE
WTGO05 457073 4485750 VILLANOVA MONTELEONE
WTGO06 456568 4485444 VILLANOVA MONTELEONE
WTG07 457055 4486286 VILLANOVA MONTELEONE

TABELLA 1 — COORDINATE GEOGRAFICHE DI UBICAZIONE DELLE TURBINE NEL SISTEMA DI RIFERIMENTO
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3. Risorsa Eolica e Producibilita’

3.1 Caratteristiche delle Stazione di Misura

Per la caratterizzazione anemologica del sito sono stati utilizzati i dati misurati presso le stazioni
di misurazione anemometrica installate sul sito dalla RWE Renewables Italia Srl in data
20/11/2020 nel Comune di Ittiri, presso la turbina WTGO3 dell'impianto “Alas”! e in data

13/03/2021 nel Comune di Villanova Monteleone presso la turbina WTGO07 dello stesso impianto.

La stazioni anemometriche sono state installate seguendo le norme IEC 61400 per quanto
riguarda il posizionamento dei sensori e le dimensioni caratteristiche delle diverse parti che

compongono la sua struttura.

Si riportano nella seguente tabella le coordinate della posizione delle stazioni anemometriche nel

sistema di riferimenti UTM WGS 84 Fuso 32.

ID Est Nord Altitudine
Stazione a':ft?:iometr'ca 461974 4489916 452 m
Stazione a.nemometrlca 459500 4489050 470 m
Villanova

TABELLA 2 — COORDINATE GEOGRAFICHE DI UBICAZIONE DELLE STAZIONE ANEMOMETRICHE

In appendice sono allegati:

e Report diinstallazione

e Certificati di Calibrazione dei sensori

Le stazioni presentano le seguenti caratteristiche:

Stazione Anemometrica Ittiri:

° Altezza: 99 metri

° Periodo di misurazione: 20 novembre 2020 / 23 marzo 2023.

Stazione Anemometrica Villanova:

! 'impianto eolico "Alas" & stato presentato da RWE Renewables Italia nel 16/12/2020 presso il Ministero
dell’Ambiente e della Sicurezza Energetica.
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. Altezza: 99 metri

° Periodo di misurazione: 15 marzo 2021/ 23 marzo 2023.

Si riportano nelle seguente tabelle le caratteristiche dei sensori installati nelle stazioni

anemometriche.

Strumento | Altezza Sensore Tipo Numero di Orientazioni Copertura dei
(m) serie (°) dati (%)
AN1 99 Anemometro THIES F.C. 01180272 Top 82,49
AN2 95 Anemometro THIES F.C. 07101411 25 99,50
AN3 95 Anemometro RISOE P2546C 40655 205 99,17
AN4 74 Anemometro THIES F.C. 0207766 25 99,41
ANS 74 Anemometro RISOE P2546C 40657 205 99,55
ANG6 49 Anemometro THIES F.C. 0709397 25 99,55
AN7 49 Anemometro RISOE P2546C 70978 205 99,54
Wv1 93 Banderuola THIES F.C. 10200118 25 99,55
WV2 47 Banderuola THIES F.C. 1020119 25 99,55
VAISALA
T1 96 Termometro HMP155 1830818 - 99,50
VAISALA
T2 46 Termometro HMP155 1830821 - 99,55
Pressure 96 Barometro THIES - 99,59
Logger Data Logger ORBIT 360 5774312697
TABELLA 3 - SENSORI INSTALLATI NELLA STAZIONE ANEMOMETRICA DI ITTIRI
Strumento | Altezza Sensore Tipo Numero di Orientazioni Copertura
(m) serie (°) dei dati (%)
l'hies FC Advanced Il
AN1 99 Anemometro 4.3351.10.000 01212599 Top 89,40
l'hies FC Advanced Il
AN2 95 Anemometro 4.3351.10.000 01212600 25 93,04
RiSo WS
AN3 95 Anemometro P2546C-OPR 40656 205 93,24
Thies FC Advanced
AN4 74 Anemometro 4.3351.10.000 01212595 25 93,94
RiSo WS
74
ANS5S Anemometro P2546C-OPR 40654 205 94,05
Thies FC Advanced
ANG6 74 Anemometro 4.3351.10.000 01212590 25 94,52
RiSo WS
AN7 74 Anemometro P2546C-OPR 40653 205 94,38
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Thies FC
Wwv1 93 Banderuola 4.3151.00.173 12200127 205 99,52
Thies FC
WV2 47 Banderuola 43 15e1‘°‘_ 00173 12200131 205 99,52
T1 96 Termometro Vaisala HMP155 54941089 0 99,52
T2 46 Termometro Vaisala HMP155 $4941090 0 99,52
Pressure 97 Barometro Thies 3.1157.10.000 1210246 - 99,51
Logger Data Logger Kintech Orbit 360 7212412928

TABELLA 4 - SENSORI INSTALLATI NELLA STAZIONE ANEMOMETRICA DI VILLANOVA MONTELEONE

Ciascun sensore anemometrico & stato calibrato da parte di una struttura accreditata dal

MEASNET. La stazione e conforme alle raccomandazione della IEC (IEC, 2017).

FIGURA 2 - ROSA DEI VENTI DEL SITO "ALAS 2"

m/s 0° 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330°

0-0,5 0,051 | 0,076 | 0,046 | 0,036 | 0,044 0,046 0,025 | 0,046 | 0,040 0,027 0,044 0,038

0,5-1,5 0,303 | 0,282 |1 0,432 | 0,482 | 0,586 | 0,558 | 0,421 | 0,464 | 0,352 0,312 | 0,394 | 0,314

1,5-2,5 0,544 | 0,449 | 0,527 | 0,754 | 1,003 1,013 0,910 | 0,537 | 0,598 0,619 0,948 0,940

2,5-3,5 0,752 | 0,624 | 0,605 | 0,763 | 0,917 1,567 1,176 | 0,660 | 0,596 0,849 1,616 1,612

3,5-4,5 0,803 | 0,617 | 0,666 | 0,801 | 0,815 1,664 1,525 | 0,731 | 0,636 1,420 2,008 1,730

4,5-5,5 0,740 | 0,501 | 0,611 | 0,891 | 0,659 1,340 1,441 | 0,929 | 0,632 1,475 2,134 1,820

5,5-6,5 0,695 | 0,364 | 0,485 | 1,119 | 0,638 1,083 1,395 | 0,693 | 0,522 1,393 2,075 1,247

6,5-7,5 0,617 | 0,219 | 0,453 | 0,982 | 0,539 0,954 1,266 | 0,464 | 0,440 1,460 1,835 1,106

7,5-8,5 0,324 | 0,188 | 0,388 | 0,885 | 0,371 0,862 1,222 | 0,343 | 0,346 1,045 1,197 0,708

8,5-9,5 0,152 | 0,236 | 0,367 | 0,596 | 0,247 | 0,653 0,931 | 0,247 | 0,177 | 0,660 | 0,900 | 0,346
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9,5-10,5 | 0,069 | 0,185 | 0,251 | 0,316 | 0,206 0,343 0,442 | 0,249 | 0,183 0,440 0,897 0,209
10,5-11,5 | 0,019 | 0,131 | 0,177 | 0,169 | 0,135 0,249 0,164 | 0,152 | 0,133 0,396 0,796 0,145
11,5-12,5 | 0,010 | 0,070 | 0,148 | 0,139 | 0,105 0,051 0,042 | 0,089 | 0,093 0,308 0,796 0,156
12,5-13,5 | 0,008 | 0,048 | 0,133 | 0,065 | 0,046 0,011 0,025 | 0,084 | 0,059 0,194 0,523 0,095
13,5-14,5 | 0,002 | 0,021 | 0,040 | 0,042 | 0,015 0,004 0,019 | 0,053 | 0,046 0,133 0,384 0,069
14,5-15,5 | 0,000 | 0,004 | 0,015 | 0,034 | 0,004 0,002 0,006 | 0,019 | 0,023 0,072 0,238 0,036
15,5-16,5 | 0,000 | 0,002 | 0,002 | 0,023 | 0,000 0,000 0,006 | 0,011 | 0,029 0,044 0,148 0,034
16,5-17,5 | 0,000 | 0,002 | 0,000 | 0,010 | 0,000 0,000 0,002 | 0,008 | 0,013 0,027 0,088 0,015
17,5-18,5 | 0,000 | 0,000 | 0,000 | 0,011 | 0,000 0,002 0,002 | 0,006 | 0,006 0,032 0,112 0,008
18,5-19,5 | 0,000 | 0,000 | 0,000 | 0,006 | 0,000 0,000 0,000 | 0,000 | 0,004 0,015 0,078 0,000
19,5-20,5 | 0,000 | 0,000 | 0,000 | 0,006 | 0,000 0,000 0,000 | 0,000 | 0,006 0,002 0,065 0,000
20,5-21,5 | 0,000 | 0,000 | 0,000 | 0,011 | 0,000 0,002 0,000 | 0,000 | 0,000 0,000 0,057 0,000
21.5-22.5 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 0,002 0,000 | 0,000 | 0,000 0,000 0,027 0,000
22.5-23.5 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 0,000 0,000 | 0,000 | 0,000 0,000 0,006 0,000
23.5-24.5 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 0,000 0,000 | 0,000 | 0,000 0,000 0,006 0,002
24.5-25.5 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 0,000 0,000 | 0,000 | 0,000 0,000 0,004 0,002
25.5-26.5 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 0,000 0,000 | 0,000 | 0,000 0,000 0,004 0,000
26.5-27.5 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 0,000 0,000 | 0,000 | 0,000 0,000 0,000 0,000
27.5-28.5 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 0,000 0,000 | 0,000 | 0,000 0,000 0,000 0,000
28.5-29.5 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 0,000 0,000 | 0,000 | 0,000 0,000 0,000 0,000
29.5-30.5 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 0,000 0,000 | 0,000 | 0,000 0,000 0,000 0,000

Overall 5,088 | 4,018 | 5,349 | 8,141 | 6,329 | 10,404 | 11,017 | 5,787 | 4,932 | 10,924 | 17,379 | 10,633

TABELLA 5 - DISTRIBUZIONE DEL VENTO AD ALTEZZA MOZZO
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FIGURA 3 - MAPPA DEL VENTO LAYOUT "ALAS 2"

3.2 Profilo verticale del vento

La velocita media all’altezza del mozzo & stata estrapolata sulla base della seguente legge di

potenza
U= U0(Z/20)p
Dove:
u = velocita del vento incognita alla altezza Z dal suolo;
uo = valore noto della velocita; alla altezza di riferimento the Z0;

p = coefficiente del profilo verticale del vento .
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Questa equazione € una relazione empirica ampiamente utilizzata nella valutazione della risorsa
eolica. Spesso la difficolta’ principale consiste nel determinare I'esponente del profilo verticale tra
il sensore posizionato nel punto piu alto della stazione anemometrica e I'altezza del mozzo della
turbina. Un presupposto comunemente considerato & che I'esponente del profilo verticale non

cambia con l'altezza.

Al fine di estrapolare la velocita del vento all'altezza del mozzo pari a 115 m e stato utilizzato il
valore dell’esponente del profilo verticale misurato presso la stazione anemometrica. La velocita
media del vento prevista, alla altezza del mozzo di 115 m, applicando tale coefficiente risulta pari

a 5,94 m/s.

Per la creazione delle distribuzioni di frequenza della velocita del vento all'altezza del mozzo ai fini
della modellazione del flusso del vento e dei calcoli della produzione di energia sono stati utilizzati
gli esponenti del profilo verticale calcolati per ogni singolo record di 10 minuti presso la stazione

anemometrica.
3.3 Correlazione di lungo periodo

Per stimare la produzione media di energia durante la vita del progetto, & tipicamente necessario
correlare i dati misurati sul sito con i dati a piu lungo termine misurati presso una stazione
meteorologica (di riferimento) e/o un set di dati di rianalisi su un periodo coerente considerato
rappresentativo del lungo termine. Questo metodo implica di stabilire relazioni statistiche tra set
di dati simultanei nel sito e quelli delle fonti di riferimento, quindi selezionare fonti di riferimento
adeguate in base alla attendibilita di queste relazioni e all'incertezza associata. Queste relazioni
vengono prima valutate utilizzando una serie di tecniche e quindi, ove giustificato, viene condotto
il processo MCP (Measure — Correlate — Predict) per estendere il periodo di misurazione in loco al

fine di renderlo rappresentativo del lungo termine.

E stata condotta una revisione delle fonti di riferimento a lungo termine per determinare se
fossero presenti incongruenze in questi set di dati e per escludere potenzialmente qualsiasi fonte
di riferimento come non rappresentativa del clima eolico regionale. Per verificare la validita di
questi rispettivi dataset in esame, sono stati esaminati gli andamenti annuali della velocita del

vento, oltre alle correlazioni tra le fonti di riferimento di lungo periodo.

Le equazioni di regressione lineare sono state determinate utilizzando le velocita medie
giornaliere del vento simultanee presso la stazione di Ittiri e ogni potenziale riferimento. La

correlazione pil forte e stata trovata con la stazione di riferimento VORTEX ERAS (r2 = 0.89).
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. Velocita del
Velocita vento di
. Fonte di Altezza di media
Sito e . . R2 . lungo
riferimento misura (m) misurata .

5] termine
(m/s)
Ittiri Vortex ERAS 99 0,894 5,737 5,864

TABELLA 6 — CORRELAZIONE TRA VELOCITA DEL VENTO MISURATA E A LUNGO TERMINE

3.4 Stima della produzione nel lungo periodo

La produzione di energia del progetto “Alas 2” proposto € stata stimata utilizzando il software

Openwind®.

Openwind é stato sviluppato da AWS Truepower ed e’ un software specialistico a supporto per la
progettazione, I'ottimizzazione e la valutazione di progetti di energia eolica. L'input primario & una
griglia di risorse eoliche generata da un modello numerico del flusso del vento, in questo caso il
sistema SiteWind®. Altri input includono elementi del layout e le specifiche tecniche come le
posizioni della turbina, I'altezza del mozzo, la curva di potenza e i coefficienti di spinta delle
turbine. Il sistema SiteWind e il software Openwind e le loro applicazioni in questo progetto sono

brevemente descritti di seguito.
3.5 Software SiteWind

I modelli numerici del flusso del vento vengono utilizzati per calcolare la variazione della risorsa

eolica in un'area del progetto a causa delle variazioni del terreno e della rugosita superficiale.
AWS Truepower ha sviluppato il sistema SiteWind per eseguire questi calcoli.

SiteWind utilizza modelli su mesoscala e microscala per simulare il clima del vento su un'ampia
gamma di scale. Il modello su mesoscala valuta le condizioni climatiche regionali e simula
complessi fenomeni meteorologici come i venti catabatici (discendenti), la canalizzazione
attraverso i passi di montagna, le brezze lacustri e marine, i getti di bassa quota e le inversioni di
temperatura. Il modello in microscala tiene conto delle influenze localizzate della topografia e dei
cambiamenti di rugosita della superficie e produce una mappa e una griglia dettagliate delle
risorse eoliche. Come passaggio finale, la velocita e la direzione previste vengono correlate con i

dati misurati in sito provenienti dagli anemometri installati all'interno dell'area del progetto.
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Questo metodo é risultato essere piu accurato nel complesso rispetto ai soli modelli di flusso del

vento su microscala.

Il modello su mesoscala utilizzato per questa analisi € il Mesoscale Atmospheric Simulation System

(MASS), un modello meteorologico utilizzato in applicazioni commerciali e di ricerca.

MASS é stato eseguito in una serie di griglie annidate, con la griglia piu interna con una risoluzione
spaziale di 1,2 km. Utilizzando i dati meteorologici regionali, MASS ha simulato le condizioni
meteorologiche storiche per un campione rappresentativo di giorni. L'output di MASS é stato
quindi accoppiato a WindMap — un modello a conservazione di massa — che e stato elaborato su
una scala di 50 m. Infine, I'output di WindMap & stato adattato sulla base della velocita del vento

e della distribuzione della direzione del vento misurate all’anemometro di sito.
3.6 Software OpenWind

Una volta elaborato il modello della risorsa eolica, il file della griglia viene importato in Openwind
per definire la risorsa eolica per I'area del progetto. | parametri Weibull nel file vengono convertiti
in rapporti di accelerazione mettendo in relazione la velocita del vento in ciascun punto della
griglia, con la velocita in corrispondenza dell’anemometro di riferimento. Associando i dati del
modello a un file di istogramma della velocita del vento per 'anemometro di riferimento, il
programma é in grado di aggiustare la distribuzione della velocita sulla base della distribuzione
della velocita reale osservata nel punto di misura. Questo metodo di solito produce una stima piu
accurata della produzione di energia rispetto all'affidarsi alle sole distribuzioni del vento

modellate.

AWS Truepower utilizza I'Openwind Deep Array Wake Model (DAWM) per calcolare le perdite
energetiche per effetto di scia. Questo modello contiene in realta due modelli di calcolo delle scie
separati che operano in modo indipendente. Il primo € il modello Eddy Viscosity, che si basa
sull'approssimazione agli elementi finiti delle equazioni di Navier-Stokes assumendo scie
assialmente simmetriche con forma Gaussiana della sezione trasversale, come originariamente
postulato da Ainslie. Le equazioni del modello assicurano che la quantita di moto e la

conservazione della massa siano osservate simultaneamente.

Come input, il modello di scia richiede l'intensita della turbolenza ambientale all'altezza del
mozzo, che influenza il deficit di scia iniziale dietro ogni turbina e la velocita di dissipazione della

scia; la distribuzione della frequenza di velocita e direzione, basata su una griglia della risorsa
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eolica e sui file degli anemometri associati; le posizioni delle turbine; e le curve del coefficiente di

spinta della turbina.

In risposta all'evidenza che i modelli di scia convenzionali come il modello Eddy Viscosity
sottostimano le perdite di scia in array profondi (multi-file) di turbine eoliche, AWS Truepower ha
implementato un secondo modello progettato per gestire tali situazioni. Questo modello & basato
su una teoria sviluppata da Frandsen, il quale ha postulato che I'effetto di un layout di turbine
eoliche sull'atmosfera potrebbe essere rappresentato come una regione di maggiore resistenza
superficiale, rappresentata da una specifica lunghezza di rugosita superficiale. Dal momento in cui
il flusso del vento investe la prima fila di turbine, viene creato uno strato limite interno (IBL),
all'interno del quale il profilo del vento & determinato dalla rugosita determinato dal layout
piuttosto che dalla rugosita ambientale. Questo IBL cresce con la distanza sottovento tra le
turbine, e una volta che la sua altezza supera l'altezza del mozzo della turbina, la velocita
dell'altezza del mozzo che colpisce le turbine piu lontane sottovento viene progressivamente
ridotta. Secondo la teoria di Frandsen, la rugosita effettiva del layout € compresatral me 3 m, o
tipica di una foresta, per le velocita medie e le distanze tipiche delle turbine. AWS Truepower ha
modificato il modello Frandsen per trattare ogni turbina come un'isola isolata di rugosita, una
modifica necessaria per consentire modifiche rapide al layout della turbina per I'ottimizzazione
dell'array. Inoltre, si assume che I'IBL creato da ciascuna turbina sia centrato sull'altezza del mozzo

della turbina.

Combinando i due modelli, la DAWM definisce implicitamente le zone "superficiali" e "profonde"
all'interno di un layout di turbine. Nella zona poco profonda, dominano gli effetti di scia diretta
delle singole turbine e il modello Eddy Viscosity (EV) non modificato viene utilizzato per calcolare
le perdite di scia; nella zona profonda, I'effetto di matrice profonda € piu evidente e quindi viene
impiegato il modello di rugosita. Il DAWM e stato convalidato in diversi progetti sia offshore che

onshore.
3.7 Producibilita lorda

Si riporta nella tabella il risultato di producibilita calcolata per il progetto al lordo delle perdite energetiche
generali:
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Potenza di Velocita’ Energia Lorda NCF?
Modello Altezza .
. progetto media [m/s] [GWh/y] (%)
turbina mozzo
[(Mw]
SG170
3 115 50,4 5,94 113,79 21,73
7,2MW

TABELLA 7 — VALORE DI PRODUCIBILITA LORDA

3.7 Perdite energetiche generali

a) Perdite per effetto scia (Wake effect)

Le turbine eoliche alterano il flusso del vento libero che le investe, tale alterazione puo ridurre la

produzione di energia di un progetto eolico. Le perdite dovute a questo effetto scia sono suddivise

nelle seguenti categorie:

- Effetto scia interno del progetto: questa perdita rappresenta |'effetto scia delle turbine

all'interno del progetto analizzato.

- Effetto scia di progetti esistenti o futuri: questa perdita rappresenta |'effetto scia di

progetti esistenti o pianificati e situati adiacenti al progetto analizzato per i quali sono

disponibili informazioni sufficienti per effettuare una stima precisa del loro impatto sul

progetto oggetto di studio. Non ci sono turbine previste in prossimita del progetto “Alas

27,

b) Perdite Elettriche

Perdite elettriche operative: si verificano perdite in tutti i componenti elettrici del progetto

eolico, inclusi il trasformatore elettrico, il sistema di collegamento elettrico es il trasformatore

ubicato in sottostazione di utente. Queste perdite derivano dalla progettazione dell'impianto

elettrico.

Il valore tipico del 3% assunto nel presente studio tiene conto di tutte le perdite elettriche di

trasformazione e nei conduttori tra i terminali di bassa tensione della turbina (dove l'uscita &

misurata in un test della curva di potenza) e il contatore di entrata situato sul lato di alta tensione

della sottostazione elettrica.

2 Net capacity factor

31 modello di turbina utilizzato per il progetto Alas 2 fa riferimento a una turbina da 7,2 MW con diametro di 170
metri, come modello commerciale di riferimento & stata presa in considerazione la SG170 da 7,2 MW.
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Autoconsumo del parco eolico: questa perdita & destinata a tenere conto degli autoconsumi delle

turbine eoliche.

c) Perdite per riduzione della performance degli aerogeneratori

Regolazione della curva di potenza: questa perdita tiene conto delle prestazioni reali previste
della turbina rispetto alle prestazioni modellizzate utilizzando la curva di potenza trasmessa dal

fornitore.

Isteresi nel controllo dei venti elevati: per la maggior parte delle turbine, una volta che la velocita
del vento supera la velocita del vento massima di funzionamento della turbina (velocita di cut-off)
e la macchina si spegne, il software di controllo attende che la velocita scenda al di sotto di una
soglia di velocita inferiore rispetto a quella massima (la velocita di ripristino dopo l'interruzione)
prima di consentire il riavvio della turbina. Questa attesa comporta I'energia persa in questo ciclo
di isteresi. Il coefficiente di isteresi viene calcolato sulla base dei dati del vento misurati nel sito e

delle velocita di spegnimento e ripristino specificate dal produttore delle turbine.

Regolazione della curva di potenza specifica del sito: questa perdita e stata inclusa per tenere
conto dell'impatto stimato del flusso inclinato (non orizzontale) sulla produzione di energia, dei

valori estremi del profilo verticale e dell'effetto dell'intensita della turbolenza.

d) Perdite di tipo ambientale

Degrado delle pale: questa perdita riflette le modifiche all'efficienza aerodinamica delle pale della
turbina nel tempo ed e costituita da componenti a lungo e breve termine. Gli impatti a lungo
termine derivano dalla normale usura e sono causati da fattori quali gli effetti permanenti
dell'esposizione al sole, della sabbia trasportata dal vento e del ciclo di
congelamento/scongelamento dell'umidita all'interno delle microfratture delle pale. Questi
fattori in genere influenzano il bordo anteriore della pala e determinano un degrado delle
prestazioni nel tempo. Gli effetti a breve termine derivano generalmente dall'accumulo di insetti
e sporcizia. Questo fattore e stimato sulla base della previsione di accumulo di polvere e insetti

nell'area e dalla frequenza delle precipitazioni, che puliscono le pale.

Ghiaccio: questa perdita riflette la diminuzione dell'efficienza aerodinamica del rotore causata

dall'accumulo di ghiaccio sulle turbine durante il funzionamento dell'impianto, nonché gli arresti
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delle turbine causati da un eccessivo accumulo di ghiaccio. Le perdite di ghiaccio sono stimate dai
dati meteorologici del sito, compresa la frequenza e la durata previste delle precipitazioni gelide

e della formazione di ghiaccio di brina.

Arresto per bassa/alta temperatura: questo valore di perdita viene calcolato in base all'energia
che verra persa quando la turbina si spegne a causa di temperature al di fuori dell'inviluppo di

progetto operativo.

Accesso al sito: le condizioni meteorologiche avverse possono limitare I'accesso ad alcuni siti, il
che pud compromettere la produzione di energia in siti particolarmente remoti poiché i tempi di
risposta per le riparazioni sono maggiori. Questa situazione si verifica spesso in aree soggette a
forti nevicate. Questa perdita e stimata in base ai dati meteorologici e ad altre informazioni

specifiche del sito.

e) Perdite per Curtailments

Gestione dei settore di vento: se le turbine sono distanziate I'una dall'altra a meno di tre diametri
di rotore, il produttore pud imporre una strategia di riduzione direzionale per limitare le perdite

di fatica sulle turbine interessate causate dalla turbolenza indotta dalla scia.

Riduzione della produzione imposta dal Gestore di Rete: perdite dovute alla riduzione di livello

di produzione della rete elettrica per motivi collegati alla gestione del dispacciamento elettrico;

Sfarfallio di rumore e ombre: se il parco eolico & tenuto a rispettare determinati standard
operativi a causa di vincoli ambientali, & possibile stimare una perdita di riduzione ambientale. La
produzione pud essere ridotta a causa di problemi di habitat, limitazioni del rumore, sfarfallio

delle ombre e altri problemi ambientali simili.

f) Perdite per Disponibilita

Disponibilita della rete elettrica: questa perdita rappresenta le interruzioni del sistema di
connessione e della sottostazione. Tipicamente viene assegnato un valore dello 0,2%, che

corrisponde a 2 eventi all'anno di durata media di 8 ore.

Disponibilita del BoP e della turbina: questa perdita e relativa alla disponibilita delle opere di
impianto (Balance of Plant) e della turbina. Tempi di fermo della turbina coperti dalle garanzie di

disponibilita e tempi di fermo della turbina aggiuntivi a causa di eventi di forza maggiore,
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manutenzione programmata e ritardi di riparazione dovuti a venti forti o mancanza di pezzi di

ricambio, che in genere non sono coperti dalle garanzie tradizionali.

Siriportano nella tabella seguente i valori assunti per le diverse voci di perdita. Le perdite generali

complessive risultano paria 84,4 %.

Voce di perdita Efficienza [%]

Effetto Scia 92,0
Elettriche 97,0
Performance delle turbine 97,9
Ambientale 99,0
Curtailments 100,0
Disponibilita 97,5
RISULTATO 84,4

TABELLA 8 — PERDITE PER TIPOLOGIA

3.8 Risultati

Si riportano nella tabella seguente i risultati di producibilita energetica stimata con riferimento al
layout costituito da N. 7 turbine aventi un diametro del rotore di 170 m e un'altezza del mozzo di
115 m e una singola capacita pari a 7,2 MW, usate come modello di riferimento per la tecnologia
ipotizzata. L'energia elettrica al netto delle perdite generali & stata calcolata pari a 95,998

GWh/anno che corrispondono a 1905 ore equivalenti.

Modello Altezza BERICL Velocita’ Produzione - .Ore .
turbina o220 progetto media [m/s] netta NCF (%) Equivalenti
[MW] [GWh/anno] (h)
SG170
115 50,4 5,94 113,793 21,73 1905
7,2MW

TABELLA 9 - RISULTATI PER IL SITO "ALAS 2"
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Altezza Veloci | Produzione Ore

. . Elevazione ta del Netta NCF . .

WTG Easting | Northing mozzo Equivalenti

(m) - vento | (MWh/ann @ (h)
(m/s) o) )

WTGO01 | 457931 | 4485434 396 115 5,9 12827 20,34 1782
WTGO02 | 457479 | 4484862 382 115 57 12224 19,38 1698
WTGO03 | 457301 | 4483715 420 115 5,9 13932 22,09 1935
WTGO04 | 456560 | 4483366 436 115 5,6 12748 20,22 1771
WTGO5 | 457037 | 4485710 462 115 6,4 15260 24,19 2119
WTGO06 | 456510 | 4485310 446 115 6,2 15008 23,79 2084
WTGO7 | 457047 | 4486280 427 115 6,1 14000 22,19 1944

TABELLA 10 - RISULTATI PER SINGOLO AEREOGENERATORE
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Appendice
Report di installazione — Anemometro Ittiri
L\ MET MAST Tempiate coce: | OTR15M0
IDNAMIC INSTALLATION REPORT e
CUSTOMER

RWE-Renewables ltalia S.r.l.

Via Andrea Doria, 41
00192 Roma

MEASURING MAST NAME

ITTIRI (SS) H99

LOCATION

ITTIRI

MET MAST CODE

MM2

Installation report
Annexes to the work procedure

Date: 20/11/2020 Author:
Daniele De leso K, |
= 3 i
IDMAMIC TALIA S RL.
E.B. 22 km 5 A PP Sodets sopoea ad afhds d drezons & coomdnamenio -
HII Pistreicin (BIY) — [TALY i parte @ Manesforse Fanic Hokdng 5.7 B v @ 0 3
T, =35 0824 323557 - Fax. +35 0824 353563 REAd BN 12337 - Capiale Sociie € 500000000 Lv. by Pc

E-mall Iilslianamic.com Eko Wb wwaw ldnamic oom Iscr. rel g ieprd Benevenio CF. & PLVA 474590623



Parco Eolico “Alas 2" - Progetto Definitivo

Relazione Tecnico-Descrittiva Generale

r

F

F R
ur

RWE resource assessment

Tempiate coode: | DTP.1S.MO
. QVL- , MET MAST Release date | 022017
IDNAMIC INSTALLATION REPORT Redsonnum: | 1
ag. 2021
Annex - A1 to the work procedure
Measuring station first installation report
Measurement Station of ITTIRI (SS) H89
Station Code MM2
Grid Mlap datum: Altitude: Zone: | Longitude X: EST | Latitude ¥: MORD
UTM Eurcpean 1950 gt. s.l.m. 452 32T AG2057 4450110
Grid Mlap datum: Altitudine: Zone: | Longitude X: EST | Latitude ¥: MORD
UTM WGES 84 gt. s.l.m. 452 32T 461574 4489916
? il Prevalence ground Miix of rock and ground Prevalence rock
X
T ) Uncultured | Seeded Orchard | Residential Industrial | Pasture
Termrain usags X |
E - Absent Bare Stain Forest Scattered trees
Vegetation X
— - : -
Morphology lain [ I;II | Walley | Highland |  Peak [ Ridge
phon erial Mum ype 1o OIS oo len;
onientation orientation
| Spesd Sensor at m 89 01180272 THIES F.C. —- ON TOP ONTOP
Speed Sensor at m 85 ori01411 THIES F.C. — 2020 300 cm
Speed Sensor at m 85 ADGSD RISOE P2546C —- 2r 300 em
| Speed Sensor at m 74 0207766 THIES F.C. — 2020 30cm
Speed Sensor at m 74 ADG3T RISOE P2346C —- 2r J00cm
N Speed Sensor at m 40 (RN THIES F.C. — 2020 J0cm
S [Speed Sensoratm 4l ToaTE RISOE P2546C — 2r 300cm
T Wind Vane at m 23 10200118 THIES F.C. 22 2020 J0cm
Wind Vane at m 47 10200119 THIES F.C. 22 2020 J0lem
R [Eemmeteraimo = THIEE = Box Box
] Themmo-hygrometer at m2d 1830818 VAISALA HMP133 - 180° -
M Themno-hygrometer 3t mac 7 155 = 180 =
E :
N Logger aTT41 2687 Orbit 360
) i Rk HO 4 2000c4 Lamp 3t $5m, 4 3204 1amp &t S0m and a 32cd lamp at 33m
Memory Cand Orbit 350 ‘ORBIT 360
5 Mast strucine Type Telaves HE Helght- m 53
Shisided three-core cable Shislded Cabila Lenght: m
Shislded bwo-corne cabie Shislded Cabla Lenght: m
Copper grounding caie @35 Lenght: m 106
Lighining rod {boam maounted at 0° Norih) Cenghi- m
Giounding rod Lenghi- m
M | Installation Company IDNAMIC ITALIA S.r.l.
3 Installation date Date: 20/M11/2020
N Datalogger measurement start time Date: 20/11/2020 Time: 13:00
T
| . . . .
n | Imstallation comectness check and real time verification (See Annex 7) | YES HO
G
Date: Mounting responsible:
2001172020 |Daniele De leso Signature )
Technical department responsible: Signature
IDMAMIC ITALIA S RL.
E.E. 212, km 3 A PP Sodets opoeta & afthda d dresons & oominamenio -
S20120 Fiatreicing (BM) = TALY o parie ol Manbeforte: Farflic Hoiding 511, vy © @l: -
T, =35 0E24 923550 - Fax. +35 0E24 953563 REAd BN 123376 - Capiaie Sociaie & 5000 000,00 Ly,

E+at Iaikaidnamic.com Sko Web: wwaw idnamic.com

Iscr. nied R impr.dl Benevenio CF. & PUVA 474550629
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f\nnex - A2 to the work procedure

Measuring station first installation report

Measurement Station of

ITTIRI (SS) H99

Station Code MM2

Description Supplier | Notes

r

-

Al

v

’

r
’
’
r
r

NW-HZ2MZO0OVEON rpROCHO SO~
YVYyVYVYY

’

”

Elenco componenti strutturali ed elettrici

n. 1 Tramo di base M450 con montanti tubolari 40x5 mm acciaio tipo
$355, diagonali tondo 12mm S275;

n. 6 tralicci intermedi M450 mm di lato da m 3,00 con montanti tubolari
40x5 mm acciaio tipo S355, diagonali tondo 12mm S275;

n. 25 Tralicci intermedi 450 mm di lato da m 3,00 costituito da tubolare
40x3 acciaio tipo S235, diagonali tondo 12mm S275;

n. tramo punta superiore 450, 3,00 costituito da tubolare 40x3 acciaio
tipo $235, diagonali tondo 12mm S275;

n. 1 supporto parafulmine di @ 42 da m 3 rosso;

n. 11stralli di adeguata lunghezza (vedi fig. 1) composti da funi in acciaio
zincate @ 8;

n. 1 piastra di base 1200x1200 con relativi picchetti di ancoraggio
formato T40;

n. 12 piastre per fondazioni (fig. 3);

n. 99 morsetti per cavi d'acciaio

n. 33 tenditori a focella @ 16;

n. 1 calata di rame per scarico a terra;

n. 2 dispersori di terra in acciaio ramato da m 1,50 (uno per il data-logger
ed uno per il sistema parafulmine);

n. 1 captatore di fulmini in rame;

n. 1 casselld bux i velu-resing con ddegudie stdlfe per aliioygyguamenio
data logger;

Data logger;

Sensorefi di velocita,

Sensorefi di direzione;

Sensoreli di temperatura;

Sensore/i di umidita;

Sensoreli di pressione;

» Altri tipi di sensori indicati dal committente;

Cavi per collegamenti elettrici ai sensori/data logger.

M |Installation Company IDNAMIC ITALIA S.r.l.

(0]

y |Instaliation date Date: 20/11/2020

N

T [Datalogger measurement start time | Date: 20/11/2020 Time 13:00

|

g Installation correctness check and real time verification (See Annex 7) NO
Date: Mounting responsible: ? ' 0
20/11/2020 Daniele De leso Signalure ~ W0 FREEN,

IDNAMIC ITALIA SRL

£.8.212, km S Area PP
82020 Pletreicin (BN) = [TALY
Ted. <35 0824 353550 - Fax. +39 0824 333563

E-mall ta@ionamic.com SRoWeb: www.dnamic.com 2Cr. nel Reg ivpr.d Senevento C.F. & PIVA Q1474550623

Sodets 00peta 3 ¥VEA O direZione & Coominaments

o parte & Moreforts Fantic Hoaing 271, A OIL‘
REA SN 12337 - Captye Socive € £ 000.000,00 L. b AN ® Pc
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ANNEX - A 3/1 to the work procedure

Measuring station first installation report

Measurement Station of

ITTIRI (SS) H99

Station Code

SECTION CODES

» 3
50 ”
93 a
w B
Lo bl
a 22
2l 4
e 2%
% s
” el
L 22
(23 2
L] 2%
L b
s 19
L u
51 7
48 16
a5 133
a "
» 13
an 1
n i
30 10
w7 @

RIS AN
nanwn
331z
annw
3z
313113
31313
51313
annn
RIS BES
313112
131z
3312
nn
namn
ung
333
313113
nan
nn
332
anx
unmun
s
3
313113

TRAMOS LIOEROS

MM2

T 7]‘1‘;‘ :

313011
sz
Nans
313112

33
113331

Yramos

Metrus

Date: 20/11/2020

Operator signature: Daniele De leso

’ \

IDNAMIC ITALIAS.RL.

£.8 212 km S A PP

82020 Pletreicing (BN) — ITALY

Ted. 350824 323550 - Fax. +39 0824 383563

E-malb ItyaQianamic.com S8R0 Web: www.dnamic.com

Socets Z0pgety 3I ¥V O drezione & CoOMINamentS

oy parts 0 Mont=forte Parrlio Holding Sr).

REAd BN 123375 - Coptie Sociye € 5.000.000,00 Lv.

=, nel Reg impr.d Senevento C.F. & P.IVA 01474550623
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ANNEX — A 3/1 to the work procedure

Measuring station first installation report

Measurement Station of

ITTIRI (SS) H99

R

...
= A R e e R E D EE R R EEEEE RS EREE)

A T e T e T e T T T e T O e e T T T TR T T TP T T I T

e

Station Code

MM2

L

A ¢ S

S Tomer Meanen Cee

i st b Bagrnsrs € 0 #0335, Mwiard
Vo At S+ VA by A it

Vo 0 W St A8 8 P10 S i i 00 v 8

-
e St pon 4 00 b et
.

s
bl

b ooy e gy | e o g o § 0% =

T Tewe Smatann anrae o we Eamoterge £ 8 0W0. P00 B o i)
.
.

T G e it dn. S (1 S,

Teteves
Ruall Cona

14763 Sarkage oe Cor
W

™

Date: 20/11/2020

Operator signature: Daniele De leso

¢ {)

TOWER PROJECT
- For a better resolution, check the ITTIRI-TowerProject annex
>'\
il .

IDNAMIC ITALAS.RL.

£.8 212 km S Ares PP

82020 Pletreicing (BN) — ITALY

Ted. +39 084 323350 - Fax. +35 0824 323583

E-nol ItNadionamic.com SR0 Web: www. dnamic.com
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o parts o Monteforee Parflio Hoding 87

REA SN 123375 - Copiae Sociyie € 5.000.000,00 Lv.
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ANNEX — A 3/1 to the work procedure

Measuring station first installation report

Measurement Station of

ITTIRI (SS) H99

Station Code

TOWER PROJECT - LIGHTS

MM2

|

1

-1
P"nge"n ITTIRI \”sl.l "nnl abe

ferra A segretanone dur ot T

The beaconing System has been installed

in accordance with the provisions of the aviation organizations

(PROT ENAC-TSU-17/09/2020-0017086)

Date: 20/11/2020

- For a better resolution, check the ITTIRI-H99VistaFrontEnavEnac annex

—————
Operator signature: Damele De leso

A O :‘*'»'
IDNAMIC ITALIASRL
£.8 212 km S Ama PP Socets soppeT 33 A 0 dreZione & cooinaments =
82020 Pletreicins (BN) - [TALY @ parte O Montsforte Pantio Hoding 871 M rina © o ’ L
Tel. +33 0824 333350 - Fax. +39 0824 3835853 REAd BN 123375 - Capityie Sociyle € 5.000.000,00 Lv. g AcC

E-mait a@ionamic.com SRoWeb: wwwianamiccom ks nel Reginpr.d Senevento C.F. & P.IVA 01474550629
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ANNEX - A 3/2 to the work procedure

Measuring station first installation report

Measurement Station of ITTIRI (SS) H99
Station Code MM2

TOWER LAYOUT
- For a better resolution, check the ITTIRI-H99Layout annex

Fomdarions dsl canin 1A 300/ 40M 430 10M Oemtats 6 108" 2087

-
BOOM 77 — ——
Cosrfiaate ponto N 4233 SLAT" £ "3r5.00" 13t S000TS 4400018 =
YOUT M S48tV
Favder SOM 1 00 104
Tancay $0-46-500 1897150

The foundations are orientated at 65° - 185° - 305°

Date: 20/11/2020 Operator signature: Daniele De leso
; ) : N
PPOCIR ¥ a
IDNAMIC ITALIAS.RL.
£.8. 212 km 3 Area PP Sodets Z0pJeta 37 JiA & direzione & coominamento & -
82020 Pletreicina (BN) - [TALY o parts O Monteforte Panflic Hoding S T RINA @ ‘l‘-
Ted. «35 0824 333350 - Fax. +39 0824 323563 REAJ BN 123375 - Coptaie Sociyle € 5.000.000,00 Lv. A AcC |

E-mall aQidnamic.com SRO Web: www. anamic.com 2cr. nel Reg impr.d Benevento CF. & P.IVA 01474350629
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ANNEX - A 41 to the work procedure
Measuring station first installation report
Measurement Station of ITTIRI (SS) H99

Station Code MM2

BEACONING LIGHTS CIRCUIT DIAGRAM:
- For a better resolution, check the Annex BCNG_ELCTR_Ittiri

20Qahr 2V

1 100 f 2&nom

[

Date: 2001172020 Operator signature: Daniele De leso

N i,
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ANNEX - A 4/2 1o the work procedure

Measuring station first installation report

Measurement Station of ITTIRI {55} H99

Station Code MM2

ANEMOMETERS CIRCUIT DIAGRAM:

For a better resolution, check the Annex Orbit360_ Counters

2 ¥ 1

Date: 20/11/2020 Operator signature: Daniele De leso

N
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ANNEX - A 4/3 to the work procedure

Measuring station first installation report

Measurement Station of ITTIRI {SS} H99
Station Code MM 2

ANALOGIC CIRCUIT DIAGRAM:

For a better resolution, check the Annex Orbit360_Analogic

2 v 1

B B
A : A

Date: 2011172020 Operator signature: Daniele De leso

|CDREAMIC ITALIA S.RL.

E.& HZ km 5 Ama PP Sodetd sopoeta ad st d dinedone = coordinramenio -
B0 Fheteicirs (B8) — ITALY i Fari= f Mariforse Farrlic Hoiding 571, B v @ @l !

Te. +3% 0824 353550 - Faw. +3% 0924 553553 REA d BN 123375 - Caplsie Sociaee € 5 000.000,00 Lv. ] - L
E-ail [miafyionamicoom Sho el wwaldnamicom  bson nel Regirpr.d Benevenin C.F. & PVA 47455629
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ANNEX - A 4/4 to the work procedure

Measuring station first installation report
Measurement Station of ITTIRI (SS) H99
Station Code MM2

ALIMENTATION CIRCUIT DIAGRAM:

For a better resolution, check the Annex Orbit360 _PS

B . B
A A

Date: 2011172020 Operator signature: Daniele De leso

o

IDHAMIC ITALA S RL.

E.E. 12, km 9 Are=a PP S0Ceta sopgeta ad A di dinszione = CooriRamEnD =
ECI20) Pietrmicins (M) — [TALY da parie o Mamefore Parrlio Hodling 810, i @ @ll
T, =35 0824 SE3550 - Fax. +3% D824 323563 REA o BM 123375 - Caplaie Sociae € 5 000 000,00 Ly, e e e o PLiC

E-mall Malkayidnamic.oom Elo Wb wwa Idnamic.com Iscr. ped Fsg iepr.dl Benevenio CLF. & PUVA 01478550629 e e e v e e
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ANNEX - A 5/1 to the work procedure

Measuring station first installation report

Measurement Station of ITTIRI (SS) H99
Station Code MM2

Wind speed sensors height and orientation
ANE 99 m/TOP ANE 95 m/202° ANE 95 m/22°

Date: 20/11/2020 Operator signature: Daniele De leso
¢ ()
LS o2y
IDNAMIC ITALIAS.RL.
£.5. 212, km 3 Ama PP “acen zogge 33 32418 O Grazons = coomiramens =
B2020 Flatreicing (BN) - TALY @ parie & Moo Parlic Hodng 571 5 Rivy © o I L
Tei_ +33 0824 363550 - Fax. +35 0824 352553 REAd BN 123376 - Capte Socive € 5.000.000,00Lv. L AC

E-mait IiaQionamiccom Sho'Web: wwwianamic.com  kscr. nel Reg impr.d Senevento CF. & PIVA 014745506229




Report di installazione — Anemometro Villanova

AV MET MAST Tenpe moe | S e
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CUSTOMER

RWE-Renewables Italia S.r.l.
Via Andrea Doria, 41
00192 Roma

MEASURING MAST NAME

VILLANOVA (S3) H99

LOCATION

VILLANOVA MONTELEONE

MET MAST CODE

01

Installation report
Annexes to the work procedure

Date: 15/03/2021 Author
Daniele De leso e S Y

IDNAMIC ITALLS SRL

BB HZ emY Arvea AP Sodetd soppefa ad aithtd d direzdione = coondrameno -
E020 Fler=icna (2M] - TALY o pate o hiomisforts Farrlio Hoidrg S0 kv 6 all
Tei. +39 DE24 953550 - Fae +39 504 253563 REAd BN 123375 - Caplaie Sociale € 5.000.000,00 Ly, a1 = PLC

E-mall ksnsmicoom Sho Weln W anamic.oom k=T, rel Reg irprdl Benevenio TF. & PUA 4 T8550628 s . e e e e s+ pamm
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Release date;
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Annex - A1 to the work procedure

Measuring station first installation report

Measurement Station of

VILLANOVA (SS) H99

Station Code

01

Grid Map datumn: Altitude: 40.5R122 B.5216T
Decimal / degrees WGS 84 gt. s.lLm. 470 |
Girid Map datum: Altitudine: Zone | Lomgitude X: EST | Latitude ¥: NORD
UTM WGS 84 qgt. s.lm. 470 | 32T 458500 4489050
? il Prevalence ground Mix of nock and ground Frevalencs mock
X
T . Uncultured Seeded Onchard Residential Industrial FPasture
E Temain usage X
- Absent Bare Stain Forest Scattered trees
egetation X
Morphology P‘l;ln Hill | Valley Highland Feak Ridge
_
- - Type & model Direction Booms Boom lenght
Description Channel | Serial Number orientation | orientation
Speed sensor atm 39 Frq 1 2T anced 1T
E 43351.10.000 Tor 0.8 m
Speed sensor at m 95 Frq 2 212600 TTJEf];ud\DEmd w0 300 m
Speed sensor atm 33 Frq 3 AE5G Pzt_ii-‘m W5 n 3.00 m
Speed sensorat m T4 Frq 4 212595 TTagf];ud\DEud 02 3.00 m
Speed sensor at m T4 Frq 3 a4 Pzt_ii-‘m W5 n 3.00 m
Speed sensorat m T4 Frq & 212590 TTagf];ud\DEud 0= 300 m
Speed sensorat m T4 Frq 7 40653 le?i"m W5 7" 300 m
Wind Wane atm 33 Anl 1 1200127 Thies FC 4.315100.173 20 e 3.00m
ind vane at m 4T Anl2 TE0TH Thie= TC 3L0H173 20 S 3.00 m
Fressure sensor 3 m 91 Anl 3 120G Thies JTIETIIEE Box
Thermo-Hygrometer a& m 96 Anl 34 | 54541089 Vaisala HMP1E5 0: [
Themmao-Hygrometer 2t m 46 Anl&T 54541030 Vaisaly HAMP155 [ i
Diatalogger m 7212412926 | Fambech Orbat 360 Box
Power Supply System ~YES~ NO One 130 W Solar Panel with two 12V 1 130Ah batteries
Beaconing system ~JES— N 1x2000cd at 95m + 1x32ed at 50m
Memory Card Orbit 360
Mast struchure type TELEVES 450 XL Height: m 53
Copper grounding cable B35 Lenght: m 105
Lightning rod (boom mounted at 45° Morth) N45* - @35 @10 Lenght: m 2.00 + 1.00
Grounding rod 2 Lenght m 200X 1.5
E Installation Company IDHAMIC ITALIA S.r.l.
: Installation date Date: 15/03/2021
T Datalogger measurement start time Date: 15/03/2021 Time: 15:00

Date:
15/03/2021

Mounting responsible:
Daniele De leso

Installation correctness check and real time verification (See Annex 7)

Signature

DHAMIC ITALLA SRL
E.E. T, km3 A AP
B0 Plefnsicing (BM] — ITALY

T, +39 0824 923550 - R +39 0524 953553
Evat iladidnamicoom Sko Welr wwavidnamic.com

Socets soppeta ad At d dinezione & coordramento

da

di Momisforie: Parfio Hoiding Sr).

REA.d BN 123375 - Capinie Sociale € 5.000.000,00 Lv.
Iscr. nel Reg irprd Benevenin T.F. & PUVA 474550629
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Annex - A1 to the work procedure

Measuring station first installation report

Measurement Station of

VILLANOVA (SS) H99

Station Code 01
SENSORS’ SLEI'F'E & OFFSET )

Description Height | Serial Number Type & model Slope Difset Channel
Speed sensor EE] 212599 Thle:;sl:sm?cgm n 004628 01277 Frg 1
Tpeed sensor o5 T 25 T U Avamced 2036 013138 T2
Spead sensor ¥ 4068 et 062015 023174 Frg3
Tpeed sensor rr s AR s — T PRI Frad
=pead sensor ” et =T 0.62025 011620 Fra >
Tpead sensor L] A ZF0 mfagfl.’lﬂﬁﬂ 0.04632 012452 Fq&
=pead sensor - s . 061157 020238 Fra ¥

Wind Vane EE] TEN02T Thie: FC 43150100173 00 T Anl 1

Wind Vane a7 TEN03 Thtiez FC 4315000173 Lo 0 Anl Z

Fressure Sensor a7 1210246 Thiez 31057 10000 & - Anl 5
Temperature Sensor EL 54941089 Vaisals HMEP155 100 A0 Anl 3
Humidity Sensor EL SA541089 Vai=h BAMFIF 100 0 Anl 4
Temperature Sensor 45 54941050 Vaisala HRFTES 10 A0 Anl &
Humidity Sensor I 54541090 Vaimlh HAMFI55 0 0 AnlT

Motes about the installation:

The installation has been successfully completed and everything was working propery.

Attached to the mail, you can find all the calibration certificates of the Anemometers, as well as the Setup file of the Logger.

E Installation Company IDMNAMIC ITALIA S.r.l.
: Installation date Diate: 15/03/2021
T Datalogger measurement start time Diate: 15/03/2021 Time: 15:00
- P
g Installation correctness check and real ime verification (See Annex 7) | ¥ES. | NO
Date: I'l.-'l-::l..ln_'Jrrg responsible: "
15/03/2021 |Daniele De leso Signature 2
CNAMIC ITALLS SRL
BB 2Z kmS Ames AP Sodets soppeEa ad At o direzione & coondnamenin -
20120 Pletnsicina (3H) — TALY da parte dl Moisforis Fanfic Hoidng 5. o e S @lf

Tei. +35 0824 923550 - Fan +35 0524 953553

Evat iladidnamicoom Sko Weln wwawdnamic.com

REA.d BN 123375 - Caplnie Sociake € 5.000.000,00 Ly,

Iscr. nel Reg irpr.d Benevenin T.F. & PUVA [1474590629
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Annex - A2 to the work procedure
Measuring station first installation report
Measurement Station of VILLANOVA (S5) H99
Station Code 01
Description Supplier Motes
n.33 meters sections IDMAMIC M450
n.1 ancheoring base plate IDMAMIC M450
S |n. 1 lightning rod support (Mastill) IDMAMIC @35
T |n_11 steel cables IDNAMIC @8 — @11
5 n. 99 cable clamps IDMAMIC —
C [N 32 cable tumbuckles IDMAMIC 16
T |n. 9 sensor booms IDMAMIC 3.00m
U |n. 1 copper grounding cable IDMAMIC 104 m
E n. 2 Grounding rods IDMAMIC 2.00x1.5m
L 1 ligtning rod IDMAMIC N45® - @10
n. 1 datalogger + box IDMNAMIC Kintech Orbit 360
C
0
'IH:" Motes:
0
N
E
N
T
S
M |Installation Company IE]NAMIC ﬁ.ﬂ.LIA S.r.l
O
u Installation date Diate: 15/03/2021
M
T Datalogger measurement start ime | Date: 15/03/2021 Time: 15:00
|
g Installation corectness check and real time verification (See Annex 7) MO
Date: Mounting responsible:
Daniele De leso Signature :
15/03/2021
DMAMIC ITALIA S RL
B.E. HZ, km3 A AP Sodets sopgpeEs ad At d I:l'EH:\r\e_e CoondinaeEn L
SRR T s nme e L e Y o L kiva © 0 mc

Evail nikaFidnamicoom Sko Web wwaw dnamic.com Iy mel RegL iepr.dl Benevenis CLF. & PUA D4T4550623 s s e e
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ANMNEX - A 31 fo the work procedure

Measuring station first installation report

Measurement Station of

VILLANOVA (55) H99

Station Code

01

The Beaconing System has been installed in compliance with

the provisions of the aviation authorities
PROT ENAC-TSU-17/09/2020-0017086:

For a better resolution, check the Annex “Villanova H33 - EnavEnac.pdf’ attached to the E-mail

b

5,
Y
', Wista dallalto
=
i
s
S
i
.'r.
o I = Ih | =
/ i %l ’
J = | momem T Dl
" Progatta ITT IR vim frontalke R [ a%

Scharre o segraladina Aurms e asirm

Date: 15/03/2021

—
Operator signature: Daniele De leso

IDHAMIC ITALIA S RL

£ MZ km3 Ay AP

B0 Pietnsicing (BM] — TALY

Ted. +35 DA24 323500 - Fan. +39 0504 523553

Evat iladidnamicoom Sho Weln wwawidnamic.com

Sodets soppety ad st d diregone & coondnameno
ida parts di Moni=foris Parflio Hoidng Sr).

REAd BN 123375 - Capiaie Sociale € S.000.000,00 Ly
Iy, mel e ieprdl Benewvenis CLF. & P.AA D4T4550622
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ANNEX — A 3/1 to the work procedure

Measuring station first installation report

Measurement Station of

VILLANOVA (SS) H99

Station Code

01

wer a s s

-
e

-e'
Y NN R AL A s

.

T DL Y

R L

Met Mast Project:

pa

o

MATTRISL STRING T
B e

. -
3 T S Gt Pale meen V| ST e (e e S | Wioe St
Cae terhee de b wwasese || Dry O

Telnes " TOere SR BANIC TR TALS_JENS 106w E2an
R E. Cores ~ e -
16705 S Comgooesty ANTOA -
Vo - Taama e vy
- P

For a better resolution, check the Annex “Villanova Tower.pdf” attached to the E-mail

Date: 15/03/2021

Operator signature: Daniele De leso

y e BN
o - |

IDNAMIC ITALIASRL

£.8. 212 km 3 Ama PIP Socets sogpeta 3J VIS d direziore & coordiramento =

82020 Plarmicina (2N — ITALY i parts o Mont=forts Pario Haiding 25). T RINA © @\L

Tel. +33 0824 333550 - Fax +38 DE4 933553 REAd BN 123375 - Capityie Sociale € £.000.000,00 Lv. ! AC

E-mait tyla@idnamiccom SRo Wedx www.ianamic.com

cr. nel Reg impr.dl Senevento CF. & PIVA 01474550623
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ANNEX — A 3/1 to the work procedure

Measuring station first installation report

Measurement Station of

VILLANOVA (SS) H99

Station Code

01

Lightning Rod Configuration

T Layact 7 vy KA T R s v O e RS WP e DTt

-
anvsrbrk a0 s habbring s A W

Lightning rod end sensar on (op

[ r= == fosasd |EE
et | v [ 50 ] o
| v [ o e | ﬂ“‘c
= -]
= LT

0TI = = P

For a better resolution, check the Annex “Lightning Red VILLANOVA pdf” attached to the E-mail

Date: 15/03/2021

__ __
Operator signature: Daniele De leso

IDHAMIC ITALLA SRL

E.E. T, km3 Arms AP

B0 Plefnsicing (BM] - ITALY

T, +39 0824 923550 - R +39 0524 953553

Evat iladidnamicoom Sko Welr wwavidnamic.com

Socets soppeta ad At d dinezione & coordramento

o Haidng 2.1

ida parte di Monisforis Pam 1.
REAd BN 123375 - Capinie Sociale € 5.000.000,00 Ly
Iscr. nel Reg irprd Benevenin T.F. & PUVA [474550629
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Tempiate code:
Release date:
Revision nunt.

DTR.1SMO
022017

8of28

ANNEX - A 3/2 to the work procedure

Measuring station first installation report

Measurement Station of

VILLANOVA (SS) H99

Station Code

01

LAYOUT OF THE TOWER

L T T —

| DO 777

| St porte S AURT 4308 OETIRAT BN 40T Samoes
|

Cawdon I 1RV

Tawwbas AREVEEM 150100

Goegle Earth

AYDVUT 1 BT WAST 2T 1L

S
|

For a better resolution, check the Annex “VILLANOVA Layout.pdf” attached to the E-mail

The anchors are oriented at 15° - 135° - 255°
The foundations are placed at 35-45-50-55m from the tower.

Date: 15/03/2021

Operator signature: Daniele De les

{ R

IDNAMIC ITALIAS RL

£.8. 212 km 3 Area PP Societs s0pgets 3d STt d drezione & coordnamentd
82020 Pletrsicina (SN} - ITALY da parts & Monisforis Paric Hoiding 25J. t RINA ©
Tei. +39 0824 383550 - Fax +39 0204 983583 REA BN 123375 - Capiie Socie € £.000.000,00 L.

E-mol talaQionamiccom SR Web wwwianamiccom st el Regivpr.d Serevent CF. & P.IVA 01474350629

°|Unc
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ANMNEX - A 41 to the work procedure

Measuring station first installation report

Measurement Station of VILLANOVA (SS) H99

Station Code 01

ANALOGIC DIAGRAM:

2 - 1

w

2 i T

For a better resolution, check the Annex “Orbit360_ANLGS pdf” attached to the E-mail

Date: 15/03/2021 Operator signature: Daniele De leso

bt e By
1

IDHAMIC ITALLA SR L

£5. 212 km3 e PP Societs soggets ad At d drezione & coondnameni »
B2020) Pletreicing () — [TALY ca parie ol Monisforis Parrio Hoiding 2. v © @l:
Tei. +35 0824 S53550 - Fare +39 DED4 883563 REAJ BN 123375 - Capfie Socie € 500000000 Ly 4

Email ilaidnamiccom Sho Welr swwidnamicoom Isc. fel Reg mprd Benevenin C.F. & P.VA 47450620
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ANNEX - A 4/1 to the work procedure

Measuring station first installation report

Measurement Station of

VILLANOVA (SS) H99

Station Code

01

ANEMOMETER DIAGRAM:

v 1
CRBIT 360
B b ™ B
i pll—
E : P L PRt i'_
A . = ‘ = A
2 A 1 )

For a better resclution, check the Annex “Orbit360_CNTRS. pdf” attached to the E-miail

Date: 15/03/2021

Operator signature: Daniele De leso

IDHAMIC ITALIA S RL
E.E. HZ, km3 Arms AP

B0 Pletresicing (SM] — ALY
Tei. +35 0824 923550 - Fant +35 0504 923563

Evat iladidnamicoom Sko Welr wwavidnamic.com

Socets soppeta ad At d dinezione & coordiramento

da di Momisforie: Parfio Hoiding Sr).

part=
REAd BN 123375 - Capfale Sociale € 5.000.000,00 Lv.
kscr. mel RegL ieprdl Berevenin ©F. & P.VAD4TA550623
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ANNEX - A 4/1 to the work procedure

Measuring station first installation report

Measurement Station of

VILLANOVA (SS) H99

Station Code

01

ALIMENTATION DIAGRAM:

2 ¥

A A
2 4 1
For a better resolution, check the Annex “Crbit360_P 5. pdf attached to the E-mail
Date: 15/03/2021 Operator signature: Daniele De leso
" 1 L |
——

IDMAMIC ITALIA SRL
E.E 212, km 3 Ama AP Sodett soppeEa ad At d drezione = coondnamens »
2020 Plemsicina (3K) = TALY 3 part o honiforts Faro Hoidng Sr). s 5 @ll
Te. +3% DE24 BE35E0 - Faw +35 DE04 BE3553 REAd BN 123375 - Capinie Sociaie € 5.000.000,00 Ly i ! PLC

Eait iadidnamicoom Sho Web wvwawidnamic.com ks, red Feg irpr.dl Senevenin TF. & PUVA M4 T4550629
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ANNEX - A 5/1 to the work procedure

Measuring station first installation report

Measurement Station of

VILLANOVA (SS) H99

Station Code

01

Wind speed sensors height and orientation

SPEED 99 m/TOP*®

SPEED 95m/202°

SPEED 95m/22°

Date: 15/03/2021

Operator signature: Daniele De leso

s BNy
|
IDNAMIC ITALIAS RL
£.8. 212 xm 3 Area PIP Socets s0ppets 3 ¥ o dirszione & coordinamento =
£2020 Pletrsicina (SN) - ITALY 3 porte a Moniefons Panio Hoding 511 * rixa © °’L
Te. +39 0824 333550 - Fax +39 0204 333553 REAd BN 123375 - Coplyie Sociye € 500000000 Ly,

E-mait talaionamiccom S2oWedr wwwianamiccom  iscr. el Regivor.d Seneventd CF. & P.IVA 01474550629




Certificati di calibrazione — Anemometro Ittiri

Svend Ole Hansen ApS EOEERING

SCT. JBRGENS ALLE 5C - DK-1515 K@BENHAVN V' - DENMARK FLUID
TEL: (+45) 23 253838 - WWW.SOHANSEMN.DE DYNAMICS

CERTIFICATE OF CALIBRATION

Calibrated item

Type WindSensor P2546C-0FE Cup Anemometer

Serial no. 40655

Manufacturer WindSensor, Frederikeborgvej 399, 4000 Foskilde Denmark
ltem received May 29, 2020

Remarks -

Calibration

Calibration institute Svend Ole Hansen ApS, Sct. Jorgens Alle 5C, DE-1615 Esbenham V
Procedure IEC 61400-12-1-2017, Annex F

Client WindSensor, Fredenksborgve) 399, 4000 Roskilde Denmark
Calibrated by Calibrator, vm Vo S

Date of calibration  May 31, 2020

Approved by Calibration engineer, sfo

Post calibration He

Re-calibration due -

Certificate

Certificate no. 20.02.01399
Date of issue June 03, 2020
lzsued by ca

Humber of pages 4

Accreditation

Agpcredited to IS0 17025:2017 by DANAE. DANAEK is signatory to the Furopean co-operation for Accreditation
(EA) Mulhlateral Agreement and to the International Laboratory Accreditation Cooperation (ILAC) Mutual

The calibrafion mstitute 1= approved by MEASNET and IECEE.

$2 DANAK

CAL Regnr. 452

VAT no. DK 1116 20 37 PAGE1OF 4



Calibration conditions
Turbulence intensity

Air temperature

Barometric pressure
Relative humidity

Air density

Flow inclination
Anemometer yaw orientation
Remarks

Calibration results
Calibration equation

CERTIFICATE MO, 20.02.0139%

1-2 %4 (alongwind)

35.0 °C (average value)
1024.2 hPa (average valus)
279 % (average value)
1.15 kg/m® (average value)
=2

Mot relevant

(nome)

v [m's] = 0.62066- £ [Hz] + 0.21486

The calibration equation 15 obtaned from a hnear regression of the reference ar velocity upon the Device Under Test
The calibration results relate only to the calibrated tem

Succession  Velocity

Uncertainty DUT output  Residual,

pressure  temperahwe  density  veloctty, v w.(k=2) Frequency, f d
# [Pa] [c kgm’] [mf] [ms] [Hz] [ms]
2 10.17 351 115 4.205 0.025 64832 -0.022
4 1554 352 115 5.198 0.029 B.0265 0.001
& 2206 352 115 6.194 0.033 9.6267 0.004
g 13 351 115 7128 0.037 11.1410 -0.002
10 13.06 350 115 B.133 0.042 12.7433 0.009
12 47.76 349 115 9.110 0.045 143108 0.013
13-last 58.36 349 115 10,069 0.050 15.8849 -0.005
11 T0.55 349 115 114071 0.055 17.4951 -0.002
9 83,69 350 115 12.060 0.059 19.0315 0.033
7 97.713 351 115 13.034 0.064 20,6573 -0.002
5 11270 351 115 13998 0.069 223248 -0.010
3 12941 351 115 15.000 0.073 238254 -0.002
1-first 144 52 349 1.15 15545 0.077 252066 -0.014

This certificate must not be reprodoced, except m full, without the wistten approval of Svend Ole Hansen ApS

PAGE 2 OF 4



CERTIFICATE NO. 20.02.01399

Visual presentation of calibration results
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Frequancy. 1. [Hz] Frequency, 1. [Hz]
Linear regression results
Method Least squares linear regression
Slope 0.62066 (m/s)Hz
Offset 021486 m's
Coefficient of correlation p=1059%004
Standard error of estimate 0.014] m/s
Slope standard ermror 0.00066 (m's)yHz
Offset standard error 001125 m's
Slope and offset covariance  -0.000007004 (m/s)*Hz
Remarks Linsanty comphes with IEC £1400-12-1:2017, Armex F.

Uncertainties

The uncertainties stated under Calibration results relate to the reference ar velocty at each calibration point. The
uncertamty 15 the total combined uncertainty at 25 % confidence level {(coverage factor k= 2) m accordance with
EA-4/02. The wneertainty comphes with the requirements m IEC 61400-12-1:2017, Annex F. The uncertainty due to

the wind turnel correchion fimetion has been documented to be 0.1 %2 (k=2

The slope and offeet uncertainbies and ther covanance stated under Linear regracsion results ave related to the hinear
regression only, and do not relate to the reference air velocity wncertainties. The slope and offset uncertamties have

v =11 degrees of freedom.

This certificate muxt not be reprodoced, except m full, without the wistten approval of Svend Ole Hamsen ApS

PAGE3 OF 4



CERTIFICATE NO. 20.02.01399

Calibration wind tunnel

ID DK1

Test section Octagonal, hew =1.20x1.75m
Effective area of test section 2.10 m*

Setup report SOH document no. 18.1.001

Blockage ratio* ~1.0 % (Anemometer and mounting pole)

* The effect of blockage is taken into account in the calibration results.

Equipment used

Function D Model / comments Re-calibration due
QC Anemometer 11641 11641 -

Mounting - Mounting tube, diameter = 25 mm -

Tunnel Temperatwe T3 PT100 Temperature sensor 2021-03-05
Differential Pressure 1501197 FCOS560 Pressure manometer 2021-03-08
Relative Humidity  Z0420014 HMW71U Humidity transmitter 2021-03-05
Barometnc Presswe  U4220037 PTB100AAnalogue barometer 2021-03-05
Pitot tube A37AB Ellipsoidal tip pitot tube 2027-02-22
Data acquisition PCI-DAS6036  Computer Board. 16 bit A/D data acq. board -
Computer - PC dedicated to data acquisition -

Calibrations of the relevant equupment are camied out by external accredited mstitutions, and are fraceable to national
standards. A real-time analy=is module within the data acquisition software detects pulse frequency.

Setup photo

The shown anemometer 1s of the same type as the one calibrated.

End of certificate

Thas certificate must not be reproduced, except m full, without the wiitten approval of Svend Ole Hansen ApS PAGE 4 OF 4



Svend Ole Hansen ApS

SCT. JBRGENS ALLE 5C - DK-1815 K@EENHAVN V - DENMARK
TEL: {+45) 33 2538 38 - WWW.SOHANSEN.Di

Calibrated item
Type

Serial no.
Manufacturer

Item received
Remarks

Calibration
Calibration institute
Procedurs

Client

Calibrated by

Date of calibration
Approved by

Post calibration

Re-calibration due

Certificate
Certificate no.
Date of issue
Izzued by
Number of pages

Accreditation

WIND
EMGINEERING
FLUID
DYMNAMICS

CERTIFICATE OF CALIBRATION

WindSensor P2546C-0FF. Cup Anemometer

40657

WindSensor, Fredenksborgvey 399, 4000 Foskilde Denmark
May 29, 2020

Svend Ole Hansen ApS, Sct. Jergens Alle 5C, DE-1615 Esbenhawm WV
IEC 61400-12-1:2017, Annex F

WindSensor, Fredenksborgvey 399, 4000 Foskilde Denmark
Calibrator, jm o= H.l"f.e/.

May 31, 2020

Calibration engineer, sfo

No

il
Fl

20.02.01401
Tune 03, 2020

ca

4

Apcredited to IS0 170252017 by DAMNAE. DANAE 1= signatory to the European co-operation for Accreditation
(EA)Y Multlateral Agreement and to the International Laboratory Accreditation Cooperation (ILAC) Mutual

Recogmbion Arrangement.

The calibration mstitute 1= approved by MEASNET and IECEE.
A
J-"".-' s

 $2 DANAK

CAL Repor 452

IECRE

AT ro. DK 11 1620 37 PAGE 1 OF 4



Calibration conditions
Turbulence intensity

Air temperature

Barometric pressure
Relative humidity

Air density

Flow inclination
Anemometer yvaw orientation
Remarks

Calibration results
Calibration equation

CERTIFICATE NO. 20.02.01401

1-2 %% (alongwind)

354 °C (averzge valus)
1024 2 hPa (average value)
275 % (average valus)
1.15 kg'm? (average value)
=02°

Mot relevant

(nome)

v [m/s] = 0.62035- £ [Hz] + 0.21931

The calibration equation is obfained from a linear regression of the reference air velocity upon the Device Under Test
The calibration results relate only to the calibrated item

Succession  Veloorty

Air Aw Eef air Unecertainty DUT output Fesidual,

pressure  temperzhure  demsity  velocrty, v w.(k=2) Frequency, f d
# [Fa] 'l kgm’] [m's] [mns] [Hz] [m's]
2 10.15 355 1.15 4203 0.025 6.4464 -0.016
4 15.36 35.5 1.15 5.171 0.029 B.0153 -0.021
& 21.76 355 1.15 6.154 0.033 9.5659 0.001
2 2338 354 1.15 7.151 0.037 11.1591 0.009
10 3813 353 1.15 8144 0.042 12.7265 0.030
12 4762 353 1.15 9.101 0.048 143101 0.004
13-last 5841 352 1.15 10.079 0.051 15.85828 0.006
11 70.24 353 1.15 11.053 0.055 17.4411 0.014
9 B350 353 1.15 12.060 0.059 19.0870 0.000
7 97.68 354 1.15 13.038 0.064 20,6878 -0.015
5 112.62 35.5 1.15 14.001 0.069 22 2090 0.004
3 12899 355 1.15 14.953 0.073 238200 -0.013
1-first 144 32 352 1.15 15842 0.077 25.1908 -0.004

This certificate must oot be reprodoced, except m full, without the written approval of Svend Cle Hansen ApS

PAGE 2 OF 4



CERTIFICATE NO. 20.02.01401

Visual presentation of calibration results
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Frequancy. T. [Hz] Frequency, T [Hz]

Linear regression resulis

Method Least squares lnear regression

Slope 0.62035 (m/s)H=

Offset 0.2193] ms

Coefficient of correlation p=0999503

Standard error of estimate 00146 m's

Slope standard ermor 0.0006% (m's) H=

Offset standard error 0.01168 m's

Slope and offset covariance  -0.000007551 (m/s)*Hz

Remarks Lmearity complies with TEC §1400-12-1:2017, Annex F.
Uncertainties

The ncertainties stated under Calibranion results relate to the reference aw velocity at each calibration point. The
uncertamty is the totzl combined uncertaimty at 95 %6 confidence level (coverage factor k=12) m accordance with
EA-4/02. The uncertainty complies with the requrements m IEC 61400-12-1-2017, Annex F. The uncertainty dus to
the wind tummel comrection fimction has been documented to be 0.1 % (k= 2.

The slope and offsef uncertainties and thewr covanance stated under Linear regrassion resulis are related to the linear
regression only, and do not relate to the reference air velocrty uncertainhes. The slope and offset uncertambies have

v=11 degrees of freadom.

This certificate must oot be reprodoced, except m full, without the written approval of Svend Ols Hansen ApS PAGE 30F 4



CERTIFICATE NO. 20.02.01401

Calibration wind tunnel

1D DE1

Test section Oetagonal, loow =1 20x1.75m
Effective area of test section 210 o®

Setup report S0H document no. 18.1.001

Blockage ratio* ~1.0 % (Anemometer and mounting pols)

* The effect of blockage is taken inte account in the calibration results.

Equipment used

Function m Model / comments Re-calibration due
QC Anemometer 11641 11641 -
Mountmg - Mounting tube, diameter = 25 mm -

Tunnel Temperaiure T3 PT100 Tempershwe sensor 2021-03-05
Differential Pressure 1501197 FCOS560) Presmure manometar 2021-03-08
Relative Humidity 20420014 HWWT 1U Humidity fransmitter 2021-03-05
Barometnc Presswe  TH220037 FTE100AAnalogue barometer 2021-03-05
Prict tube A3ITAB Ellipsoidal fip pitot fube 2027-02-22
Data acqusition PCI-DASE036  Computer Board. 16 bit A'D data acq. board -
Computer - PC dedicated to data acquisition -

Calibrations of the relevant equipment are camied out by external aceredited mstitutions, and are traceable to national
standards. A real-time analy=is module within the data acquisition soffware detects pulse frequency.

Setup photo

The shown anemometer 15 of the same type as the one calibrated.

End of certificate

This cerfificate must oot be reprodoced, except m full, without the wiitten approval of Svend Cle Hapsen ApS PAGE 4 OF 4



Svend Ole Hansen ApS EENG

SCT. JBRGENS ALLE 5C - DK-1815 K@BENHAVN YW - DENMARK FLUID
TEL: (+45) 23 2538 35 - WWW.SOHANSEM.DK DYMNAMICS

Calibrated item
Type

Serial no.
Manufacturer

Item received
Remarks

Calibration
Calibration institute
Procedurs

Client

Calibrated by

Date of calibration
Approved by

Post calibration

Re-calibration due

Certificate
Certificate no.
Date of issue
Izsued by
Number of pages

Accreditation

CERTIFICATE OF CALIBRATION

WindSensor P2546C-0PR. Cup Anemometer

40578

WindSensor, Fredenksborgve) 399, 4000 Foskilde Denmark
October 02, 2020

Svend Ole Hansen ApS, Sct. Jergens Allé 5C, DE-1615 Eabenhawn V
IEC 61400-12-1-2017, AnnexF

WindSensor, Fredenksborgve) 399, 4000 Foskilde Denmark
Calibrator, jab '

October (4, 2020

Calibration engineer, sfo

Mo

20.02.02289
October 06, 2020

ca

4

Apcredited to IS0 170252017 by DANAE. DANAEK is signatory to the Furopean co-operation for Accreditation
(EA) Multlateral Azreement and to the International Laboratery Acereditation Cooperation (TLAC) Mutual

. @2 DANAK o .

CAL Regnr. 4572 —
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CERTIFICATE NO. 20.02.02289

Calibration conditions

Turbulence intensity 1-2 % (alengwind)

Air temperature 32.0 °C (average valus)
Barometric pressure 991 8 hPa (average valus)
Relative humidity 35.0 % (average valus)
Air density 1.12 kg'm’ (average value)
Flow inclination =0.2"

Anemometer yaw orientation Mot relevant

Remarks {none)

Calibration results

Calibration equation v [m's] = 0.61958- f [Hz] + 022191

The calibration equation 15 cbtamed from a linear regression of the reference awr velocity upon the Device Under Test
(DUT) output. The residual 15 the deviation of the calibration equation predichion from the reference air velocity.

The calibrafion results relate only to the cabbrated tem

Succession  Velooity Aar A Fef air Uncertainty DUT oufput Residual,
presoure  temperature  density veloctty, v w.(k=2) Frequency, f d
# [Fa] | kem’]  [m'] [m's] [Hz] [m'z]
2 978 3210 112 4.170 0.025 6.4161 -0.027
4 14.90 321 112 5.149 0.029 7.938% 0.008
& bl ] 3210 112 6.145 0.033 958091 -0.018
8 28.50 319 112 7.11% 0.037 11.1136 0.011
10 3695 319 112 8.105 0.041 12,7094 0.005
12 4635 318 112 9.078 0.048 14 2768 0.010
13-last 56.92 318 112 10.05% 0.050 158656 0.005
11 68.66 318 112 11.049 0.055 17.4230 0.032
g B1.28 319 112 12.023 0.059 190328 0.005
7 9543 320 112 13.030 0.064 20,6696 0.001
5 10981 321 112 13978 0.068 222435 -0.025
3 126.06 322 112 14.979 0.073 238231 -0.004
1-first 142 24 319 112 15.906 0.077 153311 -0.011

This certificate must not be reprodoced, except m fiull, without the wiitten approval of Svend Ole Hansen ApS PAGE 2 OF 4



CERTIFICATE NO. 20.02.02289

Visual presentation of calibration results
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Frequancy. T [Hz] Frequency, T. [Hz]

Linear regression results
Method Least squares linear regression
Slope 0.61958 (m's)H=
Offset 0.22191 mfs
Coefficient of correlation p= 0999990
Standard emor of estimate 00174 m's
Slope standard emror 0.00082 (m's)H=
Offset standard error 001382 m's
Slope and offset covariance  -0.000010563 (m/5)*Hz
Remarks Linearity complies with IEC 61400-12-1:2017, Annex F.

Uncertainties

The uncertainties stated under Calibration results relate to the reference an velocity at each calibration poant. The
uncertamty 15 the total combined uncertzmty at 95 % confidence level {coverage factor k= 2) m accordance with
EA-4/02. The wncertainty complies with the requirements m [EC 61400-12-1:2017, Annex F. The uncertainty dus to
the wind turmel comection fimetion has been documented to be 0.1 % (k= 2).

The slope and offset uncertainties and thewr covanance stated under Linsar regrassion results are related to the linear
regression only, and do not relate to the reference awr velocity wneertamnhies. The slope and offset uncertamtes have

v=11 degrees of freadom.

This certificate mist not be reprodoced, except m full, without the wiitten approval of Svend Ole Hansen ApS PAGE 30F 4



CERTIFICATE NO. 20.02.02289

Calibration wind tunnel

ID DKl

Test section Octagonal, bew =120x1.75m
Effective area of test section 2.10 ’

Setup report SOH document no. 18.1.001

Blockage ratio* ~1.0 % (Anemometer and mounting pole)

* The effect of blockage is taken into account in the calibration results.

Equipment used

Function D Model / comments Re-calibration due
QC Anemometer 11641 11641 -

Mounting - Mounting tube, diameter = 25 mm -

Tunnel Temperatwe T2 PT100 Temperature sensor 2022-03-16
Differential Pressure 9904031 PPC500 Pressure manometer 2022-05-14
Relative Hunudity 34650038 HMW71U Humidity transmitter 2022-03-16
Barometric Pressme 34350042 PTB100AAnalogue barometer 2022-03-12
Pitot tube A37AB Ellipsoidal tip pitot tube 2027-02-22
Data acquisition USB-1608GX  Computer Board. 16 bit A/D data acq. board -
Computer - PC dedicated to data acquisition -

Calibrations of the relevant equipment are camed out by external accredited mstitutions, and are traceable to national
standards. A real-time analysis module withmn the data acquisition software detects pulse frequency.

Setup photo

The shown anemometer 15 of the same type as the one calibrated.

End of certificate

This cestificate must not be reproducad, except m full, without the wiitten approval of Svend Ole Hansen ApS PAGE 4 OF 4
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Calibrated item
Type

Serial no.
Manufacturer

Item received
Remarks

Calibration
Calibration institute
Procedure

Client

Calibrated by

Date of calibration
Approved by

Post calibration

Re-calibration due

Certificate
Certificate no.
Date of issue
Izsued by
Humber of pages

Accreditation

CERTIFICATE OF CALIBRATION

Thies 4.3350.10.000

0207766

ADOLF THIES GmbH & Co KG, Hauptstrasse 76, 37083 Géttingen, Germany
September 07, 2020

Svend Ole Hansen ApS, Sct. Jorgens Alle 5C, DE-1615 Eobenhawvm V
I[EC 61400-12-1:2017, AnnexF
IDMAMIC Ttaha S5xI 5.5 212 km @ Area PIP, 8202 Pietrelema (BN}, Ialy
C.alibmtor, fim e iz r
Lo sy
September 12, 2020
Cabbration engineer, sfo
Mo

20.02.02079
September 18, 2020
ca

4

Accredited to IS0 170252017 by DANAE. DANAEK 1= signatory to the Buropean co-operation for Accreditabion
(EA) Multlateral Azreernent and to the International Laboratory Accreditznion Cooperation (ILAC) Mutual

CAL Regnr 452 —

AT rio. DK 11 1620 37 PAGE1 OF 4



Calibration conditions
Turbulence intensity

Air temperature

Barometric pressure
Relative humidity

Air density

Flow inclination
Anemometer yaw orientation
Remarks

Calibration results
Calibration equation

CERTIFICATE NO. 20.02.02079

1-2 % (alongwind)

27.3 °C (averzge value)
1011.0 hPa (average valus)
40.3 % (average valus)
1.17kg'm’? (zverage vals)
=02"

Mot relevant

(none)

v [ms] = 0.04793- £ [Hz] + 0.28099

The calibration equation 15 obtamed from a hinear regression of the reference awr velocity upon the Device Under Tast
The calibrafion results relate only to the calibrated tem.

Succesmion  Velocity A Aw Bef air Uncerfainty DUT output  Residual,
pressure  tempershore  denmity  wveloortv, v w (k=2  FPregquency, f d
# [Pa] ra kgm'] [m's] [m/s] [Hz] [m/s]
2 10.32 273 1.17 4207 0.025 819736 -0.003
4 15.54 274 1.17 5164 0.025 101.5947 -0.006
& 2207 273 1.17 6153 0.033 1227240 -0.010
8 2955 273 1.17 7.120 0.037 142 5224 0.007
10 BM 272 1.17 £8.098 0.041 163.2554 -0.008
12 4806 272 1.17 9.078 0.048 183 3940 0.007
13-last 58.73 272 1.17 10.035 0.050 203.7862 -0.014
11 70.59 272 1.17 11.003 0054 223 2695 0.020
9 8411 273 1.17 12012 0.059 2441379 0.029
7 9755 274 1.17 12938 0.063 264.1020 -0.002
5 11338 275 1.17 13950 0.068 284 6654 0.025
3 125.88 275 1.1&6 14.875 0.072 304.8537 -0.023
1-first 14518 273 117 15836 0.076 324 8550 -0.021

This certificate must not be reprodoced, except i full, withous the wisten approval of Svend Ole Harsen Ap5

PAGE 2 OF 4



CERTIFICATE NO. 20.02.0207%

Visual presentation of calibration results
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Linear regression results
Method Least squares lmear regression
Slope 0.04793 (m/s)Hz
Offset 0.28099 m's
Coefficient of correlation p = 0999950
Standard error of estimate 0.0175 m's
Slope standard emor 000006 (m's)yHz
Offset standard error 0.0139] m's
Slope and offset covariance  -0.000000835 (m/s)*Hz
Remarks Lmeanty comphes with TEC 61400-12-1:2017, Amnex F.

Uncertainties

The uncertainties stated under Calibration results relate to the reference an velocity at each calibration point. The
uncertamty is the totzl combined uncertzinty at 95 %o confidence level (coverage factor k= 2) m accordance with
EA-4/02. The wneertainty comphes with the requirements m [EC 61400-12-1:2017, Annex F. The uncertainty due to
the wind tunnel comechion fimetion has been documented to be 0.1 % (k= 2).

The slope and offset uncertainiies and thewr covanance stated under Linear regrassion resuliz are related to the linear
regression only, and do not relate to the reference air velocity wneerfainhes. The slope and offset uncertambes have

v =11 degrees of freedom.

Ths certificate must not be reproduced, except m full, without the wiithen approval of Svend Ols Hapsen ApS PAGE 3 0F 4



CERTIFICATE NO. 20.02.02079

Calibration wind tunnel

ID DK1

Test section Octagonal, loew =120x1.75m
Effective area of test section 2.10 o’

Setup report SOH document no. 18.1.001

Blockage ratio* ~1.3 % (Anemometer and mounting pole)

* The effect of blockage is taken into account in the calibration results.

Equipment used

Function iy} Model / comments Re-calibration due
QC Anemometer 03113415 03113415 -
Mounting - Mounting tube, diameter = 35 mm -

Tunnel Temperature T2 PT100 Temperature sensor 2022-03-16
Differential Presswre 9904031 PPC500 Pressure manometer 2022-05-14
Relative Humidity =~ X4650038 HMW71U Humidity transmitter 2022-03-16
Barometnc Pressure  X4350042 PTB100AAnalogue barometer 2022-03-12
Pitot tube A37AB Ellipsoidal tip pitot tube 2027-02-22
Data acquisition USB-1608GX  Computer Board 16 bit A/D data acq. board -
Computer - PC dedicated to data acquisition -

Calibrations of the relevant equipment are camied out by external accredited institutions, and are traceable to national
standards. A real-time analysis module within the data acquisition software detects pulse frequency.

Setup photo

The shown anemometer 15 of the same type as the one calibrated.

End of certificate

Ths certificate must not be reproduced, except m full, without the wnitten approval of Svend Ole Hansen ApS PAGE 4 OF 4
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Calibrated item
Type

Serial no.
Manufacturer

Item received
Remarks

Calibration
Calibration institute
Procedurs

Client

Calibrated by

Date of calibration
Approved by

Post calibration

Re-calibration due

Certificate
Certificate no.
Date of issue
Issued by
Humber of pages

Accreditation

CERTIFICATE OF CALIERATION

Thies 4.3350.10.000

0709397

ADOLF THIES GmbH & Co.KG, Hauptstrasse 76, 37083 Géttingen, Germany
September 07, 2020

Svend Ole Hansen ApS, Sct Jergens Allé 5C, DE-1615 Eobenhavn V

IEC 61400-12-1:2017, Annex F

IDWNAMIC Itaha Sl 5.5 212 km 9 Avea PIP, 82020 Pietraloma (BN}, kaly
Calibrator, fim oo Ml

September 12, 2020

Calibration engineer, sfo

Mo

20.02.02075
September 18, 2020
ca

4

Accredited to IS0 170252017 by DANAE. DANAE 15 signatory to the Furopean co-operation for Accreditzhon
(EA) Multlateral Agreement and to the International Laboratory Accreditation Cooperation (TLAC) Mutual

Remgmu-:n Amangement.
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Calibration conditions
Turbulence intensity

Air temperature

Barometric pressure
Relative humidity

Air density

Flow inclination
Anemometer yaw orientation
Remarks

Calibration results
Calibration equation

CERTIFICATE NO. 20.02.02075

1-2 % (alongwind)

284 °C (average value)
1012.1 hPa (average valus)
39.8 % (average value)
1.16 kg'm® (average vale)
=[02"

Mot relevant

(none)

v [m/s] = 0.04802- £ [Hz] + 024842

The cabibration equation 15 obtamed from a linear regression of the reference awr veloaty upon the Device Under Test
The calibration results relate only fo the calibrated item.

Succesmon  Velooity

Uncertainty DUT output  Residual,

presure  temperzhwe  density  velocrty, v (k=2 Frequency, f d
# [Fa] | kgm'] [ms] [m's] [Hz] [ms]
2 10.26 284 116 4201 0.025 821211 0.009
4 1553 284 116 5.169 0.029 102.7235 -0.012
& 2150 284 116 6.138 0.033 122.5043 0.007
8 2643 283 116 7114 0.037 1427226 0.012
10 EYE.7) 283 116 B.069 0.041 163.1085 -0.012
12 4757 282 116 9.043 0.046 183 5502 -0.020
13-last 58.74 282 116 10.048 0.050 2040577 0.000
11 70.37 283 116 11.000 0.054 223 4825 0.019
g 8348 284 116 11.983 0.059 2443547 0.000
7 9743 285 116 12948 0.063 2643544 0.004
5 11279 285 116 13933 0.068 2849035 0.003
3 128 38 186 116 14.895 0.072 305.4127 -0.020
1-first 14512 283 116 15.799 0.076 323.5589 0.012

This certificate must not be reprodoced, except n full, withour the written approval of Svend Ole Hansen ApS

PAGE 2 OF 4



CERTIFICATE MO, 20.02.02075

Visual presentation of calibration resulis
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Linear regression results
Method Least squares hnear regression
Slope 0.04802 (m's)Hz
Offset 024847 m/s
Coefficient of correlation p=0999995
Standard error of estimate 00131l mv's
Slope standard ermor 0.00005 (m's)yHz
Offset standard error 0.01043 m/'s
Slope and offset covariance  -0.000000470 (m/s)*Hz
Remarks Lmneanity complies with IEC §1400-12-1:2017, Annex F.

Uncertainties

The wncertainfies stated wnder Calibration results relate to the reference an velocity at each calibration point. The
uncertamty 15 the totzl combined uncertainty at 95 %6 confidence level (coverage factor k=2) m accordance with
EA-3/02. The uwneertainty complies with the requirements m IEC 61400-12-1:2017, Annex F. The uncertainty dus to
the wind furmel comrechon fimetion has been documented to be 0.1 % (k= 2).

The slope and offset uncertzinfies and ther covanance stated under Linear regrassion resulis are related to the linear
regreszion onky, and do not relate to the reference air velocrty imecertainties. The slope and offsef uncertamtes have

v=11 degrees of freedom.

This certificate must not be reprodoced, except m full, without the wiitten approval of Svend Ole Hapsen ApS PAGE 3 OF 4



CERTIFICATE NO. 20.02.02075

Calibration wind tunnel

ID DK1

Test section Octagonal, hew=120x1.75m
Effective area of test section 2.10 w’

Setup report SOH document no. 18.1.001

Blockage ratio* ~1.3 % (Anemometer and mounting pole)

* The effect of blockage is taken into account in the calibration results.

Equipment used

Function D Model / comment: Re-calibration due
QC Anemometer 03113415 03113415 -
Mounting - Mounting tube, diameter = 35 mm -

Tunnel Temperature T2 PT100 Temperature sensor 2022-03-16
Differential Presswre 9904031 PPC500 Pressure manometer 2022-05-14
Relative Humudity 34650038 HMW71U Humidity transmitter 2022-03-16
Barometnc Presswe  X4350042 PTB100AAnalogue barometer 2022-03-12
Pitot tube A37AB Ellipsoidal tip pitot tube 2027-02-22
Data acquisition USB-1608GX  Computer Board. 16 bit A'D data acq. bord -
Computer - PC dedicated to data acquisition -

Calibrations of the relevant equipment are camed out by external accredited mstitutions, and are traceable to national
standards. A real-time analysis module within the data acquisition software detects pulse frequency.

Setup photo

The shown anemometer 15 of the same type as the one calibrated.

End of certificate

Thas certificate must not be reproduced, except m full, without the wnitten approval of Svend Ole Hansen ApS PAGE 4 OF 4



Svend Ole Hansen ApS ennEERNG

SCT. J2RGENS ALLE 5C - DK-1815 K@BENHAVN WV - DENMARK FLUID
TEL: (+45) 33 2538 38 - WWW.SOHANSEN.DE DY MAMICS

Calibrated item
Type

Serial no.
Manufacturer

Item received
Remarks

Calibration
Calibration institute
Procedure

Client

Calibrated by

Date of calibration
Approved by

Post calibration

Re-calibration due

Certificate
Certificate no.
Date of issue
Izzued by
Number of pages

Accreditation

CERTIFICATE OF CALIBRATION

Thies 4.3352.10.000
01180272

ADOLF THIES GmbH & Co KG, Hauptstrasse 76, 37083 Géttingen, Germany
March 20, 2020

Svend Ole Hansen ApS, Sct Jergens Alls 5C. DE-1615 Esbenham V

IEC 61400-12-1:2017, AnnexF

IDNAMIC Itaha Sl 55 212 km % Area PIP, 32020 Pietrelema (BN, laly
Calibrator, ca (i L
Apml 01, 2020

Calibration engineer, sfo

Mo

20.02.00809
Apnil 14, 2020

ca

Accredited to IS0 170252017 by DANAE. DANAE 1= signatory to the European co-operation for Accreditahon
(EA) Mulhlateral Azreement and to the International Laboratory Accreditation Cooperafion (TLAC) Mutual

Becogmfion Arrangement.

The calibrafion mstitute is approved by MEASNET and IECEE.

S g DANAK .

CAL Reg.nr. 452

VAT no. DK 11 16 20 37 PAGE10OF 4



Calibration conditions
Turbulence infensity

Air temperature

Barometric pressure
Relative humidity

Air density

Flow inclination
Anemometer yaw orientation
Remarks

Calibration results
Calibration equation

CERTIFICATE NO. 20.02.00809

1-2 % (alongwind)

317 °C (average value)
1010.2 bhPa {average value)
21.7 % (average value)
1.15 kg'm® (average value)
=02"

Mot relevant

(none)

v [ms] = 0.04625- £ [Hz] +0.22923

The cabibration equation 15 obtained from a linear regression of the reference amr velocity upon the Device Under Test
The calibrafion results relate only to the calibrated rfem.

Succesmon  Velocity A Aar Raf air Uncertainty DUT ouiput  Residual,
pressure  tempershoe  density  veloctty, v we(k=2) Frequency, f d
# [Pa] "cl kzm’] [m'] [ms] [Hz] [m/s]
2 985 317 115 4.138 0.025 843619 0.007
4 1532 318 115 5.163 0.029 106.7845 -0.004
& 21.30 31E 115 6.088 0.033 126.5549 0.006
8 2862 317 115 7.056 0.037 147 6790 -0.003
10 3738 317 115 B.064 0.041 169.1711 0.011
12 45.89 3l6 115 9.031 0.046 190.3659 -0.003
13-last 57.27 3l6 115 9979 0.050 210.7991 0.001
11 69.06 316 115 10.959 0.055 232 4703 -0.022
9 8179 31.7 115 11.927 0.059 2529991 -0.003
7 95.78 317 115 12.908 0.064 2742740 -0.006
5 110.61 31E 115 13.872 0.068 2050537 -0.003
3 12599 31E 115 14.804 0.072 315.1324 0,000
1-first 141.75 314 1.15 15.693 0.076 333.9514 0.019

This certificate st not be reprodoced, except m full, without the written approval of Svend Ole Harssn ApS

PAGE 2 OF 4



CERTIFICATE MO, 20.02.0080%

Visual presentation of calibration results

]

— 0
- = . "
=1 = E B -
R : |
/x i
a T T T T T T T T -0 T T T T T T
0 105 Eal] 315 41 ] 1015 Fil 315 L7y
Frequency. T. [Hz] Frequency, 1. [Hz]
Linear regression resulis
Method Least squares hinear regression
Slope 0.04625 (m's)H=
Offset 032923 m's
Coefficient of correlation p= 0995997
Standard error of estimate 0.0101 m's
Slope standard emror 000004 (m's)Hz
Offset standard error 0.00807 m's
Slope and offset covariance  -0.000000272 (m/s)*Hz
Remarks Linearity comphlies with TEC 61400-12-1:2017, Armex F.
Uncertainties

The uncertainties stated under Calibration results relate to the reference am velocty at each calibration point. The
uncertamty is the total combined uncertainty at 95 %6 confidence level (coverage factor k= 2) n accordance with
EA-4/02. The uncertainty complies with the requirements m IEC 61400-12-1:2017, Annex F. The uncertainty due to
the wind tummel comrechion fumction has been documented to be 0.1 % (k= 2).

The slope and offset uncertainfies and thewr covanance stated wnder Linsar regression results are related to the linear
regression only, and do not relate to the reference air velocrty uncertainties. The slope and offset uncertamties have
v=11 degrees of freedom

Thiz certificate mist not be reproduced, except m fill, without the written approval of Svend Ola Hansen ApS PAGE 3 0OF 4



CERTIFICATE NO. 20.02.00809

Calibration wind tunnel

ID DKl

Test section Octagonal, hxw=120x1.75m
Effective area of test section 2.10 o’

Setup report SOH document no. 18.1.001

Blockage ratio* ~1.3 % (Anemometer and mounting pole)

* The effect of blockage 1s taken into account in the calibration results.

Equipment used

Function D Model / comment: Re-calibration due
QC Anemometer 03113415 03113415 -
Mounting - Mounting tube, diameter = 35 mm -

Tunnel Temperatwre T3 PT100 Temperzture sensor 2021-03-05
Differential Presswe 1501197 FCOS560 Pressure manometer 2021-03-08
Relative Humidity  Z0420014 HMW71U Humidity transmitter 2021-03-05
Barometnc Pressure  U4220037 PTB100AAnalogue barometer 2021-03-05
Pitot tube A37AB Ellipsoidal tip pitot tube 2027-02-22
Data acquisition PCI-DAS6036  Computer Board. 16 bit A/D data acq. board -
Computer - PC dedicated to data acquisition -

Calibrations of the relevant equipment are camied out by external accredited mstitutions, and are traceable to national
standards. A real-time analysis module within the data acquisition software detects pulse frequency.

Setup photo

The shown anemometer 15 of the same type as the one calibrated.

End of certificate

This certificate must pot be reproduced, except m full, without the wnitten approval of Svend Ole Hansen ApS PAGE40OF 4



WIND

Svend Ole Hansen ApS ENGINEERING

SCT. JBRGENS ALLE 5C -

DE-1815 K@GBENHAVN W - DENMARK FLUID

TEL: {+45) 23 253838 - WWW.SOHANSEM. DK OYMAMICS

Calibrated item
Type

Serial no.
Manufacturer

Item received
Remarks

Calibration
Calibration institute
Procedurs

Client

Calibrated by

Date of calibration
Approved by

Post calibration

Re-calibration due

Certificate
Certificate no.
Date of issue
Izsued by
Humber of pages

Accreditation

CERTIFICATE OF CALIBRATION

Thies 4.3351.10.000

07101411

ADOLF THIES GmbH & Co KG, Hauptstrasse 76, 37083 Géttingen, Germany
March 20, 2020

Svend Ole Hansen ApS5, Sct. Jergens Alle 5C, DE-1615 Eebenhawm WV

IEC 61400-12-1-2017, AnnexF

IDNAMIC Itaha S, 5.5. 212 km 9 Avea FIP, 82020 Pietrelema (BN, aly
Calibrator, ca {iL
Apnl 01, 2020

Calibration engineer, sfo

Ho

20.02.00810
Aprl 14, 2020

ca

4

Accredited to 130 170252017 by DANAE. DANAEK 1= signatory to the European co-operation for Accreditahon
(EA) Multlateral Agreement and to the Infernational Laboratory Accreditation Cocperation (TLAC) Mutual

Fecogmhion Arrangement.

;I_“f“’f’_ meAK IECRE

CAL Begmr 452

VAT no. DK 11 16 20 37 PAGE 1 OF 4



Calibration conditions
Turbulence intensity

Air temperature

Barometric pressure
Relative humidity

Air density

Flow inclination
Anemometer yaw orientation
Remarks

Calibration results
Calibration equation

CERTIFICATE NO. 20.02.00810

1-2 %5 (alongwind)

319 °C (average valua)
10099 hPa (average value)
217 % (average valus)
115 kg'm® (average value)
=0.2°

Mot relevant

(none)

v [mfs] = 0.04621- f[Hz] + 0226359

The calibration equation 15 obfained from a lnear regression of the reference ar veloaty upon the Device Under Test
The calibration results relate only to the calibrated ttem.

Succesmon  Velooty

Uncertainty DUT output  Residual.

pressure  temperashmwe  density  veloctty, v we(k=2) Frequency. d
# [Pa] A kgm’]  [m's] [m/'s] [Hz] [m/s]
2 10.14 319 115 4,202 0.025 85.9267 0.005
4 1523 320 115 5.149 0.029 106.6213 -0.004
& 2141 320 115 6.106 0.033 127 0648 0.008
8 28.78 319 115 7079 0.037 148 5821 -0.013
10 1717 318 115 8044 0.041 169 4056 -0.010
12 45.76 318 115 9.021 0.046 1902793 0.002
13-last 57.20 317 115 9977 0.050 2108632 0.007
11 68.80 318 115 10.943 0.054 231 9440 -0.001
9 E185 318 115 11936 0.059 253 2939 0.005
7 95.03 319 115 12.863 0.063 273.1481 0.0l
5 11015 320 115 13.850 0.068 295 0672 -0.011
3 126.80 319 115 14858 0.073 316.7465 -0.004
1-first 141.42 317 115 15,654 0.076 334 5584 -0.001

This certificate must not be reproduced, except m full, withour the writhen approval of Svend Ole Hapsen ApS

PAGE 2 OF 4



CERTIFICATE NO. 20.02.00810

Visual presentation of calibration results

b - i
- L = 3
=1 - E o T B
N :
f"’-} =
21— — — — -1 — — —
a 15 el 315 450 ] 1015 0 315 ]
Frequency, T. [Hz] Fraquency, 1. [Hz]
Linear regression results
Method Least squares lmear regression
Slope 0.0462] (m's)yHz
Offset 022659 m/'s
Coefficient of correlation g =0999938
Standard error of estimate 0.0087 m's
Slope standard emmor 0.00003 (m's)yHz
Offset standard error 000699 m/'s
Slope and offset covariance  -0.000000204 (m/s)y*Hz
Remarks Lmeanty complies with [EC 61400-12-1:2017, Amnex F.
Uncertainties

The uncertainhes stated wnder Calibration resulis relate to the reference aw velooty at each calibration point. The
uncertamiy 15 the total combined uncertainty at 95 %% confidence level (coverage factor k= 2) m accordance with
EA-4/02. The uncertainty comphes with the requrements m [EC 61400-12-1:2017, Annex F. The uncertainty due to
the wind tunnel comrechion fimction has been documented to be 0.1 % (k= 2).

The slope and offset uncertzmbies and thewr covanance stated under Linear regrassion rasults are related fo the linear
regression only, and do not relate to the reference awr velooity wneertamnties. The slope and offset uncertambes have

v=11 degrees of freedom.

This cerfificate ot not be reproduced, except m full, without the wrstten approval of Svend Ole Hapsen ApS PAGE 3 0OF 4



CERTIFICATE NO. 20.02.00810

Calibration wind tunnel

ID DKl

Test section Octagonal, hoew =120x1.75m
Effective area of test section 2.10 o’

Setup report SOH document no. 18.1.001

Blockage ratio* ~1.3 % (Anemometer and mounting pole)

* The effect of blockage is taken into account in the calibration results.

Equipment used

Function D Model / comment: Re-calibration due
QC Anemometer 03113415 03113415 -
Mounting - Mounting tube, diameter = 35 mm -

Tunnel Temperatwe T3 PT100 Temperature sensor 2021-03-05
Differential Presswre 1501197 FCOS560 Pressure manometer 2021-03-08
Relative Humudity ~ Z0420014 HMW?71U Humidity transmitter 2021-03-05
Barometnic Presswe  U4220037 PTB100AAnalogue barometer 2021-03-05
Pitot tube A37AB Ellipsoidal tip pitot tube 2027-02-22
Data acquisition PCI-DAS6036  Computer Board 16 bit A/D data acq. board -
Computer - PC dedicated to data acquisition -

Cahbrations of the relevant equipment are carmied out by external accredited mstitutions, and are traceable to national
standards. A real-time analysis module within the data acquisition software detects pulse frequency.

Setup photo

The shown anemometer 15 of the same type as the one calibrated.

End of certificate

Thas certificate must not be reproduced, except m full, without the written approval of Svend Ole Hansen ApS PAGE 4 0OF 4



VAISALA CALIBRATION CERTIFCATE

¥

Mmmmmnln-nu&n-nq

ik 18 150 5001 150 14001 wred Certificate Numbser: HEL201910023

e DTN

Insrement: Hurmisity and Temperature Prabe HILP 155 Approved by:

Onder code: ABGBT1ADAZA W04 Diill» ) by SAM

Sedal Number. 51830618 18 403
Manutacturer: Valeala Oyf, Finkasa ;‘ GAkA W 06 M o&u 20
Ca Ibration date: 2020-04-29 Locator Valaa on Firland

The ansdog cutputs of the nskument were calbirated ty using working standands of the manulacturer The culputs wece foroad by digtal input % three ouloes valuas and
measured with a calbrated vohmater

Ihnnmuupm&nummlmoimwmmumdum-n d y of multiplied' by tho covarage factor k = 2, which fer o normat
corresponds 10 2 coverage p Wity of approxi y 85 %. The FRIULS e acnatie % the iternsionl system of unis (51) Beough netions!
merology nstiutes {NIST USA, MKES Finend. ochnnbnl)onh ISQMEC - 7025 accreditod calltrason laborakcias.

Analog output channel 1 calibration results
el 1 T-40. 60°CO. 5V
ﬁ%mww Coserved ouput " Ciftorenca Aczapiance kenit

Passifail
vl vi V] vy .
5000 0.5000 [ol_oo $000S Pass
so;ao 2. 1 0001 40.0020 Pass
5000 45001 D001 +0 005 " Pass

Amalog output channel 2 calibration results

Chansal 2 scakng: RH 0. 100% 0., §
Dutpat foeced lo Obsorved ouput Differance Acseptance limit PassiFail
[v] IR} v V]
05000 0.5000 [ 00357 20,0026 Pass
2 5000 7 5001 00001 =0 0025 Fams
4 S50C0 4. Q00cs 200020 Fass

Reference equipment used in calibration

F'%m |ld¢ns’ Kb |m1m Number |Mn Oante |

Cadlbration uncertainties (k=2, ~35% confidence level):

Vokage @ 00005 V y
Ambient conditions:

Humidity [%RH] Yemp <1 P [wPa)

2:-4 2342 1006 = 20

Vaissia Oyj | PO Box 26, FI-00621 MHelsingl, Finkand

Fhomsa =358 0 BO4 91 | Fax +358 0 8049 227

Emal heipdeshfvaisaia.com | www. vaisala com

Dosviciie Vantaa, Findand | VAT FI012441€2 | Business 1D 0124416-2 Page 1 of 1



VAISALA CALIBRATION CERTIFICATE

It proe writen pesmiasion by the laung lesscariay
Winkala i 20 BO01 550 14001 and

ADUP 2110 cartfiad corpany Certificats Number: HEL201510024
T

Instrument: Humigiy and Tempersture Probe HMP155 Approved by:

Order Code: AJGETTAGAZA - ADA

. Lo g BB
Sais Number: S1630818 uouusmno
S Gown /HMELLSE Fomicn

Manufacturer: Vasala Oy, Finena "?“'
Caibration Date: 2020-04.29 Loeum Vaw O,

Th hurridity sevce of the instrument wos calibroled by comparing e instnment's humidity reading to a g e hurmidity ing. The r
humidiy reading was calulated based o two-fréssure humidity genamtion principle. Lsing the measwremant rosuls of SALUISN! POSSIe and werpersiure and
calbration chamber pressure and temperature.

The temperature sensor(s) of he insyument was calibrated by comparing the instrument s semparature readings 1o a reference thenmaomester,
The reporied expanded uncentainty of messurement is staled as the standand uncerainty af measuremant mulliphed by 1he coversge fAckr k « 2, which for a nomal

disnbution coresponds to a coverage protabilty of approximately 95 % The measurement resuts are traceabie 1o the nternational system of units (S4) #wough
NABaNA! metralogy insutes (NIST USA. MIKES Finland, or equivalent) or vis ISCNEC 17025 sccrediad calbration sboratorkes.

Humidity calibration results
T Refersnce ~ Reference Chserved Observed Humidity Accoptance
Humidity Temperature Humicity Temperature Error Limit PassiFail
[8H | [*c} ljalgﬁl 1°c [wRM]) [%RH]
00 2282 Q 22312 00 210 Pass
160 2282 147 2282 03 =1 Pass
Y] 2209 326 2263 Y 1 Foss
%n 22.83 [£X] 2283 ¥ s Pass
22. 751 2283 00 =10 Pass
3 2284 852 2283 oa S Pass
Temperature calibration resulta
Referonce Qbservec Acceptance
Temperature Temperatuwe Error Limant PassiFail
c] | ] [*C} [‘c)
2283 22 8! 000 010 Pass
Acditional temperature probe calibration results
Referance Obaerves Acceptance
Temp Temperature Error Limat PassiFail
(<] (<] ['C) [cy

Reference equipment used in calibration

allbeason Date Caiibration Due Cate
PT U307 »

€12

24
e
8453

Calibration uncertainty (k=2, ~9#5% confidence level):
Humigity £ 0.8 %R @ 0. 40 %RH. £ 10 %RH & 40...55 URH
Tamperature £+ 010°C

Ambilent conditions:
Hunadity [ %R ) Temperature [*C]  Pressure {hPa]
2214 2122 1008 £ 20

Valnats O | PO Bex 26, FI-00421 Heirkl Finkns

Fhors +353 9 60 B | Fac« M8 & 094G 207

Emed COAT, | W s core

Dompcie Vorraa, Finkand | VAT FID12¢4162 | Business ID 01244183 LU CRE ]



VAISALA CALIBRATION CERTIFICATE

the gesr wvrien ty the aung Y
Wikanla Ig 150 G001 150 18007 and Cantificate Number: HEL201810045
AQAP 2110 cetifed comaang
instrument: Humicty and Tempeesiurs Probe HMP166 Approved by:
Qrdor cote: AJGE11ADAZATADA
gl byl 5:&?53‘.’2’« 5522 +03.00
Manufacturer- Vaisaia Oy} Fintand S o W
Cadbration date: 2020.04.28 Loc-m Vasaa Oy Finland

The analog oulputs of 1 instrumant west calivsled by wseg workng standaris of e manmndacheer. The ouputs ware forced by digital inpet 1o three outut values and
messured with a caitrsied votmeter.

mmomummamwmuﬂm«ulmusmo ity of mudtphed by the coverage facior k = 2. which for @ normsd
disnbution corre: ds o a 06 pectabiity of app ly 86 %. The reaurls are lracestie 1o he nismations system of units (S1) Brough natonal
mdrohgylnululss (NIST USA. MIKES finlang, or IQMM)N via ISONEC 17025 socredied calbiration laboratones

Aralog output channel 1 calibration results
Channel 1 scaling: T 40 E0°CO 5V

Dulput forced to Obsarved ouwput Difference Accapiance lesi Pasnall
V] (vl (v v
o!ano 0.5002 0002 Ws Pass
2.5000 2.5000 . +0 0025 Fass
[ &m0 | 4500 0001 Fass
Aralog output channel 2 callbration results
Chanosl 2 scabng: RH0..100% 0.5V
[ 3wtput forced to Obsarved oulput | Difference Acceptance limi PaasiFail
V] V] (V] [V]
0.5000 500 0002 30 0005 Fass
00 B002 0002 Fas:
£.5000 5008 ) 200025 Pai
Reference equipment used in calibration
T entity Numbe - Centi Number alibwation Cate
% 18463 C03551 18.10.30

Calibration uncertainties (k=2, ~95% confidence level):

Voktage + 0.0006 V ‘
Amblent conditions:

Hunidity [%RH] Tomp e Pra {hPa)

2¢v4 B2 1008+ 20

Vaisata Oy | PO Box 26, F1.00421 Hekinds Finkind

Phore +358 0 804 91 | Fax +350 9 3540 2227

Email halpoesu@uaisala com | waww. visals com

Domicle Vanian, Frinnd | VAT FI01242162 | Busness 1D 01244162 Page 1 o1



CALIBRATION CERTIFICATE

This cansicate may 0N be ISISELCRT N AAL Mgt Wi

VAISALA

1 (X waen g Wve g 1
Vi I8 15O 9007, 150 14001 e
AQAP 211D satified campany Certilicate Number: IIHEUD.wlﬁO
Instrument: Mumidity and Temperature Probe HMP155 Approved by:
Ordor Code: ASGBTIAQAZA ADA
Mnl Number: 51830821 ; Du lo%?ﬁsﬁ’m BE:37 +03.00
Vaisaln Oy, Finang G’ MMt
cumuon Date: mozrs Locaticn: “”"“’W Finlang

Ths mumidity sensor of $ve instrument was calbrated by companng 1he nsinment's bumdity pwoa
huddity reading ‘was cakculied based an fwo-p Framidity gi
calbrston chambear pressure and temperanse.

humidity reading. The rfs
mmnmmmwhoﬂmrmmumtmmd

Tha temperature sensce(s) of the nabument was calbrated by comparng the instrument's temperatune readings & a referancs tharmometer.

The reported expanded ity of oy vl (s slaled as the standand uncenainty of messurement mullipted by the coverage facior k = 2, which for a nomal
gisriution cormesponds (o a coverage Frobabilly of approximately 68 %. The measarement resuts are fraceatin 10 1he internationsl §ysssm of Lnits (S7) Brough
NASONAI metralogy nshtutes (NIST USA. MIKES Finland, of aquivient) or vié ISONEC 17025 accredied calbration aboratories.

Humidity calibration results
[ Reference Roference ~ Observed Obsorved Humidity Acceptance
Hum|dity Temperature Humicky Temperature Error Limic PansiFail
[%SRH] [c [%RH]) 1] [ 1 [ 1
a0 22 00 2282 1 21 Fass
150 22.82 14, 22 8 Q3 21, ___Pass
0 2283 325 . 4 21 Pass
% 0 2269 %v 22 & 33 21 Pags
1 3 : 22.8: [3) * T
&1 gﬁ a5 22 B 01 = Pass _
Temperature calibration results
™ Reference “Obsarvec Acceptance
Temperature Temperatura Error Lima PassiFail
1'c] < ['C] [‘c1
2283 W 000 4010 Pass
Acditional temperature probe calibration results :
Refarance Thsurves “Acc ce
Temperature Temperatuce Error Limie PassiFall
i€l <] [c} [c1
Reference aquipment used in calibration
identity Number C uj r al pon Date Calibration Due Date
18489 K008-C03549 1 -10.31
18465 —|Ko0B-Codsss 2019-10-29 2020-10-31
16737 KOGB-CO4150 4217 2020-06-30
18405 |mwcosasa A0ZS 10.a1
18453 |coast 131030 2020-10-31

Calibration uncertainty (k=2, ~86% confidence level):
Humidity £ 0.6 %RM @ 0._40 %RH, + 1.0 %RH 3 40, 95 %RH
Tempemnlure 2010 °C

Ambient conditions:
Hunidity [ %RH ] Tomp [*<] P mPa)
224 22 1008 £ 20

Vaisahy O | PO Bow 29, FHOET Hewral Frknc
Frore +359 9 B¢ W1 | Fou #2569 B39 2227

Ervad heipdesufvanela core |

e viaaka core

Oorects Vartsa, Firkend | VAT FIRI244 162 | Bastrns 1D 01244382

Page 1ol 1



Certificati di calibrazione — Anemometro Villanova

Svend Ole Hansen ApS amEERG

SCT. JBRGENS ALLE 5C - DK-1815 K@BENHAVN W - DENMARK FLUID
TEL: (+45) 33 2538 38 - WWW .SOHANSEN. DK DYMAMICS

CERTIFICATE OF CALIBRATION

Calibrated item

Type Thies 4.3351.10.000

Serial no. 01212600

Manufacturer ADOLF THIES GmbH & Co KG, Hauptstrasse 76, 37083 Gottingen, Germany
Item received Tammary 14, 2021

Remarks -

Calibration

Calibration institute  Svend Ole Hansen ApS, St Jergens Alls 5C, DE-1615 Esbenhavm V
Procedure IEC 61400-12-1:2017, Annex F

Client IDNAMIC Itaha SrI, 5.5 212 km 9 Arvea PIP, 82020 Pietrelema (BN), kaly
Calibrated by Calibrator, fim T

Date of calibration Jamuary 16, 2021

Approved by Calibration engineer, sfo

Post calibration Mo

Re-calibration due -

Certificate

Certificate no. 21.02.00142
Date of issue Tammary 19, 2021
Izzued by ca

HNumber of pages 4

Accreditation

Accredited to IS0 170252017 by DANAE. DAMAK is signatory to the European co-operation for Accreditahon
(EA) Multlateral Agreement and to the International Laboratory Accreditation Cooperation (ILAC) Mutual
Recogmtion Arrangemant.

Theubhiummshhmemwmmdbvmmm

W DANAK ik S | ECRE

|
CAL Regrr 452

VAT ro. DK 11 1620 37 PAGE1 OF 4




Calibration conditions
Turbulence intensity

Air temperature

Barometric pressure
Relative humidity

Air density

Flow inclination
Anemometer yaw orientation
Remarks

Calibration results
Calibration equation

CERTIFICATE NO. 21.02.00142

1-2 %o (alongwind)

26.6 °C (average value)
1018.2 hPa (average valus)
21.2 % (average value)
1.13 kg'm® (average value)
=(.2°

Mot relevant

(none)

v [m's] = 0.04623- £[Hz] + 0.23236

The calibration equation 1s obtained from a linear regression of the reference air velocity upon the Device Under Test
The calibrafion results relate only to the calibrated item.

Succesmon  Veloeity Ay Aar Ref air Uncertainty DUT output Fesidual,
pressure  tempershore  demsity  wveloctty, v w.(k=2) Frequency, f d
# [Pa] ["cl kem'] [m'] [ms] [Hz] [m/s]
2 10.40 266 118 4.197 0.025 856607 0.005
4 15.69 267 118 5.158 0.029 1065704 -0.002
3 nn 267 118 6.138 0.033 127.3797 0.017
8 20 86 266 118 7114 0.037 148 5791 -01034
10 1839 266 118 8.066 0.041 1687574 -0015
12 43.52 265 118 9.066 0.046 190.8532 0.011
13-last 59.31 265 118 10.024 0.050 211.5290 0.012
11 71.51 266 118 11.008 0.055 2332225 -0.007
9 8477 266 118 11987 0.059 253 8243 0.019
7 99.01 267 118 12957 0.064 2749706 0.012
5 11475 268 118 13950 0.068 206 6969 0.001
3 131.13 268 118 14.913 0.072 317.8005 -0012
1-first 14630 265 118 15.743 0.076 3356431 -0.007

This certificate muzst oot be reproduced, except m full, without the wiitten approval of Svend Ole Hansen ApS
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CERTIFICATE NO. 21.02.00142

Visual presentation of calibration results
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Frequancy, . [Hz] Frequency, 1. [Hz]
Linear regression results
Method Least squares lnear regression
Slope 0.04623 (m's)Hz
Offset 023236 m's
Coefficient of correlation p=0995992
Standard error of estimate 0.0156 m's
Slope standard ermror 0.00006 (m's)}Hz
Offset standard error 0.01247 m/'s
Slope and offset covariance  -0.000000646 (m/s)* Hz
Remarks Linearity complies with IEC 61400-12-1:2017, Armex F.
Uncertainties

The uncertainfies stated under Calibration results relate to the reference am velocity at each calibration poant. The
uncertamnty 1s the total combined uncertainty at 95 % confidence level (coverage factor k= 2) m accordance with
EA-4/02. The uncertainty comphes with the requrements m IEC 61400-12-1:2017, Annex F. The uncertainty due to
the wind turmel comrection fimetion has been documented to be 0.1 % (k= 2).

The slope and offset uncertainties and their covanance stated under Linear regrassion rasults ave related to the linear
regression only, and do not relate to the reference air veloctty uncertainties. The slope and offset uncertainties have

v=11 degrees of freedom.

This certificate must oot be reprodoced, except m full, withiout the wiitten approval of Svend Ole Hansen ApS PAGE3OF4



CERTIFICATE NO. 21.02.00142

Calibration wind tunnel

ID DKl

Test section Octagonal, boew =120x1.75m
Effective area of test section 2.10m?

Setup report SOH document no. 18.1.001

Blockage ratio* ~1.3 % (Anemometer and mounting pole)

* The effect of blockage is taken into account in the calibration results.

Equipment used

Function i Model / comments Re-calibration due
QC Anemometer 03113415 03113415 -
Mounting - Mounting tube, diameter = 35 mm -

Tunnel Temperature T2 PT100 Temperature sensor 2022-03-16
Differential Pressure 9904031 PPC500 Pressure manometer 2022-05-14
Relative Humidity ~ X4650038 HMW71U Humidity transmitter 2022-03-16
Barometnc Presswre  X4350042 PTB100AAnalogue barometer 2022-03-12
Pitot tube A37AB Ellipsoidal tip pitot tube 2027-02-22
Data acquisition USB-1608GX  Computer Board 16 bit A/D data acq. board -
Computer - PC dedicated to data acquisition -

Calibrations of the relevant equipment are cammied out by external accredited mstitutions, and are traceable to national
standards. A real-time analysis module within the data acquisition software detects pulse frequency.

Setup photo

The shown anemometer 15 of the same type as the one calibrated.

End of certificate

This certificate must not be reproduced, except m full, without the wnitten approval of Svend Ole Hansen ApS PAGE 4 OF 4



Svend Ole Hansen ApS S

SCT. JERGENS ALLE 5C -

DK-1815 K@BENHAVN W - DENMARK FLUID

TEL: {+45) 33 2538 38 - WWW.SOHANSEN. DK DYMNAMICS

Calibrated item
Type

Serial no.
Manufacturer

Item received
Remarks

Calibration
Calibration institute
Procedurs

Client

Calibrated by

Date of calibration
Approved by

Post calibration

Re-calibration due

Certificate
Certificate no.
Date of issue
Izzued by
HNumber of pages

Accreditation

CERTIFICATE OF CALIBRATION

Thies 4.3351.10.000
01212599

ADOLF THIES GmbH & Co KG, Hauptstrasse 76, 37083 Géttingen, Germany
Jamuary 14, 2021

Svend Ole Hansen ApS, Sct. Jergens Allé 5C, DE-1615 Esbenham V

IEC 61400-12-1:2017, AnnexF

IDNAMIC Itaha 5rI, 5.5 212 km 9 Avea PIP, 82020 Pietrelema (BM), Ialy
Calibrator, fim Gtoe Ma ol

Jammary 16, 2021

Calibration engineer, sfo

Ho

21.02.00134
Janmary 19, 2021

ca

4

Accredited to IS0 17025:2017 by DANAE. DANAK 1= signatory to the Furopean co-operation for Accreditation
(EA) Multilateral Agreement and to the International Laboratory Accreditation Cooperation (ILAC) Mutual

2 DANAK ol |

CAL Regnr 452 —

VAT no. DK 11 16 20 37 PAGE 1 OF 4



Calibration conditions
Turbulence intensity

Air temperature

Barometric pressure
Relative humidity

Air density

Flow inclination
Anemometer yaw orientation
Remarks

Calibration results
Calibration equation

CERTIFICATE NO. 21.02.00134

1-2 % (alongwind)

25.7 °C (average valus)
1019.5 hPa (average valus)
21.9 % (average valus)
1.19 kg/'m’ (average value)
=[.2°

Mot relevant

(none)

v [m's] = 0.04628- £[Hz] +0.22772

The calibration equation 15 obtamed from a lnear regression of the reference ar velocity upon the Device Under Test
The calibrafion results relate only to the calibrated item.

Succesmon  Veloarty

Air Air  Refair Uncertainty DUT output Residual

pressure  temperzhwe  density  veloctty, v w (k=2) Frequency, f d
# [Fa] Y| kgm’] [m's] [m's] [Hz] [ms]
2 1040 257 119 4188 0.025 859580 -0.017
4 15.71 258 118 5.150 0.029 106.5204 -0.007
& 2216 258 118 6.116 0.033 127.1556 0.004
] 3032 257 119 7.152 0.037 149 4458 0.009
10 38.66 257 119 B8.076 0.041 1692474 0.016
12 43.58 256 119 9.052 0.048 1906691 0.001
13-last 5947 256 119 10.016 0.050 211.6685 -0.007
11 T1.64 257 119 10.994 0.054 2323920 0.011
9 8516 257 119 11988 0.059 2541471 -0.001
T 9915 258 118 12938 0.063 2745740 0.004
5 115.05 259 118 13938 0.068 295 8648 0.019
3 130.69 259 118 14.855 0.072 316.3325 -0.012
1-first 14661 256 119 15.725 0.076 335.2598 -0018

This certificate must not be reprodoced, except m full, without the wiitten approval of Svend Ole Hapsen ApS

PAGE 2 OF 4



CERTIFICATE NO. 21.02.00134

Visual presentation of calibration results
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Frequency. 1. [Hz] Frequency, 1. [Hz]
Linear regression results
Method Least squares limear regression
Slope 0.04628 (m/s)H=
Offset 022772 m's
Coefficient of correlation p=05999905
Standard error of estimate 0.0124 m/'s
Slope standard emmor 0.00004 (m's)Hz
Offset standard error 0.00995 m's
Slope and offset covariance  -0.000000412 (m/s)*Hz
Remarks Lmearity comphes with [EC §1400-12-1:2017, Amnex F.
Uncertainties

The uncertainfies stated umder Calibration resulis relate to the reference am velocity at each calibration point. The
uncertamty 1s the totzl combined uncertainty at 25 % confidence level {coverage factor k= 2) mn accordance with
EA-4N2. The uncertainty complies with the requirements m [EC 61400-12-1:2017, Annex F. The uncertainty due to
the wind tunnel comechion fimefion has been documented to be 0.1 % (E=2).

The slope and offset uncertainfies and their covanance stated under Linsar regrassion rasults are related to the linear
regression only, and do not relate to the reference air velocity uncertainties. The slope and offset uncertamtes have

v=11 degrees of freedom.

This certificate must not be reprodoced, except m full, withou the written approval of Svend Ole Hansen ApS PAGE 30F 4



CERTIFICATE NO. 21.02.00134

Calibration wind tunnel

D DKl

Test section Octagonal, loew =1.20x1.75 m
Effective area of test section 2.10 w*

Setup report SOH document no. 18.1.001

Blockage ratio* ~1.3 % (Anemometer and mounting pole)

* The effect of blockage is taken into account in the calibration results.

Equipment used

Function D Model / comments Re-calibration due
QC Anemometer 03113415 03113415 -
Mounting - Mounting tube, diameter = 35 mm -

Tunnel Temperature T2 PT100 Temperature sensor 2022-03-16
Differential Presswre 9904031 PPC500 Pressure manometer 2022-05-14
Relative Hunudity ~ X4650038 HMW71U Humidity transmitter 2022-03-16
Barometric Presswre 4350042 PTB100AAnalogue barometer 2022-03-12
Pitot tube A37AB Ellipsoidal tip pitot tube 2027-02-22
Data acquisition USB-1608GX Computer Board. 16 bit A/D data acq. board -
Computer - PC dedicated to data acquisition -

Calibrations of the relevant equipment are carmied out by external accredited mstitutions, and are traceable to national
standards. A real-time analysis module within the data acquisition software detects pulse frequency.

Setup photo

The shown anemometer 15 of the same type as the one calibrated.

End of certificate

Ths certificate must not be reproduced, except m full, without the wnitten approval of Svend Ole Hansen ApS PAGE 4 OF 4




Svend Ole Hansen ApS eI

SCT. JERGENS ALLE 5C -

DK-1815 K@BENHAVN W - DENMARK FLUID

TEL: {+45) 33 2538 38 - WWW.SOHANSEN. DK DYMNAMICS

Calibrated item
Type

Serial no.
Manufacturer

Itemn received
Remarks

Calibration
Calibration institute
Procedure

Client

Calibrated by

Date of calibration
Approved by

Post calibration

Re-calibration due

Certificate
Certificate no.
Date of issue
Izzued by
HNumber of pages

Accreditation

CERTIFICATE OF CALIBRATION

Thies 4.3351.10.000
01212595

ADOLF THIES GmbH & Co KG, Hauptstrasse 76, 37083 Géttingen, Germany
Jamuary 14, 2021

Svend Ole Hansen ApS, Sct. Jorgens Allé 5C, DE-1615 Esbenham V

IEC 61400-12-1:2017, AnnexF

IDNAMIC Itahia SrI, 5.5 212 km 9 Avea PIP, 82020 Pietrelema (BN), laly
Calibrator, fim oo Ma o

Jammary 16, 2021

Calibration engineer, sfo

Mo

21.02.00132
Jamuary 19, 2021

ca

4

Accredited to IS0 170252017 by DANAE. DANAEK is signatory to the Furopean co-operation for Accreditation
(EA) Multilateral Agreement and to the International Laboratory Accreditation Cooperation (ILAC) Mutual

T

2 DANAK &
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VAT no. DK 11 16 20 37 PAGE1 OF 4



Calibration conditions
Turbulence intensity

Air temperature

Barometric pressure
Relative humidity

Air density

Flow inclination
Anemometer yaw orientation
Remarks

Calibration results
Calibration equation

CERTIFICATE MO. 21.02.00132

1-2 % (alongwind)

235 °C (average value)
10198 hFa (average valus)
22.0 % (average valus)
1.19 kg'm’? (average value)
=0.2°

Mot relevant

{none)

v [mfs] = 0.04624- £ [Hz] + 023622

The calibration equation 15 obtaned from a lnear regression of the reference air velocity upon the Device Under Test
The calibration results relate only to the calibrated item.

Succession  Velocity

Air Air  Ref ar Uncertainty DUT ouput Residual,

presoe  tempershmwe  density  velocrty, v w.(k=2) Frequency, f d
# [Pa] | ko'l  [m'f] [ms] [Hz] [ms]
2 1045 255 119 4.157 0.025 86.1226 -0.021
4 15.82 256 119 5.165 0.029 106 8638 -0.012
3 2252 255 119 6.162 0.033 1282101 -0.002
8 2082 255 119 7.080 0.037 1479197 0.014
10 38.77 254 119 8.084 0.041 169 4815 0.011
12 4358 254 119 9.048 0.046 190.0587 0.024
13-last 59.27 254 119 9994 0.050 211.0369 -0.001
11 7196 254 119 11.013 0.055 232 8087 0.012
9 8475 255 119 11.953 0.059 2533838 0.000
7 99.56 256 119 12957 0.064 275.5971 -0.022
5 114 83 257 119 13917 0.068 2953493 0.024
3 13132 257 119 14.852 0.072 316.7531 0.000
1-first 146 83 253 119 15.727 0.076 335.5432 -0.025

This certificate must ot be reproduced, except m full, withour the written approval of Svend Ole Hansen ApS

PAGE 20F 4



CERTIFICATE MO, 21.02.00132

Visual presentation of calibration resulis
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Frequency. 1. [Hz] Frequency. 1. [Hz]
Linear regression results
Method Least squares lnear regression
Slope 0.04624 (m/s)Hz
Offset 0.23622 ms
Coefficient of correlation p=0.5999950
Standard error of estimate 0.0174 m/'s
Slope standard ermor 0.00006 (m's)Hz
Offset standard error 0.01386 m's
Slope and offset covariance  -0.000000799 (m/s)*Hz
Remarks Lmearity comphes with [EC 61400-12-1:2017, Amnex F.
Uncertainties

The uncertainties stated under Calibration results relate to the reference am velooty at each calibration point. The
uncertamty 15 the total combined uncertainty at 95 % confidence level (coverage factor k= 2) m accordance with
EA-4/02. The uncertainty complies with the requirements m [EC 61400-12-1:2017, Annex F. The uncertainty due to
the wind tunnel comection fimetion has been documented to be 0.1 % (k= 2).

The slope and offset uncertainfies and their covanance stated under Linear regrassion results are related to the linear
regression only, and do not relate o the reference air velocity uncertainties. The slope and offset uncertamnties have

v=11 degrees of freedom.

This certificate must not be reproduced, except m full, withous the written approval of Svend Ole Hansen ApS PAGE 30F 4




CERTIFICATE NO. 21.02.00132

Calibration wind tunnel

ID DK1

Test section Octagonal, boew =1.20x1.75 m
Effective area of test section 210’

Setup report SOH document no. 18.1.001

Blockage ratio* ~1.3 % (Anemometer and mounting pole)

* The effect of blockage is taken into account in the calibration results.

Equipment used

Function D Model / comments Re-calibration due
QC Anemometer 03113415 03113415 -
Mounting - Mounting tube, diameter = 35 mm -

Tunnel Temperatwe T2 PT100 Temperature sensor 2022-03-16
Differential Presswre 9904031 PPC500 Pressure manometer 2022-05-14
Relative Humudity 34650038 HMW71U Humidity transmitter 2022-03-16
Barometnc Pressuwre 4350042 PTB100AAnalogue barometer 2022-03-12
Pitot tube A37AB Ellipsoidal tip pitot tube 2027-02-22
Data acquisition USB-1608GX  Computer Board. 16 bit A/D data acq. board -
Computer - PC dedicated to data acquisition -

Calibrations of the relevant equipment are camied out by external accredited mstitutions, and are traceable to national
standards. A real-time analysis module withmn the data acquisition software detects pulse frequency.

Setup photo

The shown anemometer 15 of the same type as the one calibrated.

End of certificate

This certificate must not be reproduced, except m full, without the wiitten approval of Svend Ole Hansen ApS PAGE 40OF 4



Svend Ole Hansen ApS eI

SCT. JERGENS ALLE 5C -

DK-1815 K@BENHAVN W - DENMARK FLUID
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Calibrated item
Type

Serial no.
Manufacturer

Itemn received
Remarks

Calibration
Calibration institute
Procedure

Client

Calibrated by

Date of calibration
Approved by

Post calibration

Re-calibration due

Certificate
Certificate no.
Date of issue
Izzued by
HNumber of pages

Accreditation

CERTIFICATE OF CALIBRATION

Thies 4.3351.10.000
01212590

ADOLF THIES GmbH & Co KG, Hauptstrasse 76, 37083 Géttingen, Germany
Jamuary 14, 2021

Svend Ole Hansen ApS, Sct. Jorgens Allé 5C, DE-1615 Esbenham V

IEC 61400-12-1:2017, AnnexF

IDNAMIC Itahia SrI, 5.5 212 km 9 Avea PIP, 82020 Pietrelema (BN), Kaly
Calibrator, fim oo Hx il

Jammary 16, 2021

Calibration engineer, sfo

Mo

21.02.00130
Jamuary 19, 2021

ca

4

Accredited to IS0 170252017 by DANAE. DANAEK is signatory to the Furopean co-operation for Accreditation
(EA) Multilateral Agreement and to the International Laboratory Accreditation Cooperation (ILAC) Mutual

Su= ¢ DANAK IECRE
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CAL Fegnr 457 —
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Calibration conditions
Turbulence intensity

Air temperature

Barometric pressure
Relative humidity

Air density

Flow inclination
Anemometer yaw orientation
Remarks

Calibration results
Calibration equation

The calibration equation 15 obtamed from a lnear regression of the reference air velocity upon the Device Under Test

CERTIFICATE NO. 21.02.00130

1-2 %o (alongwind)

25.3 °C (average value)
1020.2 hPa (average value)
221 % (average valus)
1.19 kg'm’ (average value)
=0.2°

Mot relevant

{nome)

v [ms] = 0.04632- £ [Hz] +0.22452

The calibrafion results relate only to the calibrated item.

Succesmon  Veloeity Ao Aar Ref air Uncertainty DUT output Residual,
pressure  temperzhwe  demsity  veloctty, v w(k=2) Frequency, f d
# [Pa] | kegw']  [m's] [m's] [Hz] [m/s]
2 10.38 253 119 4182 0.025 854731 -0.002
4 15.85 254 119 5.167 0.02%9 106.5200 0.008
3 2232 254 119 6.131 0.033 127.7929 -0.013
8 30.10 253 119 7119 0.037 1491928 -00ls
10 38.77 253 119 8.080 0.041 169 5545 0.002
12 4826 252 119 9.014 0.046 1894753 0.014
13-last 59.84 252 119 10.037 0.050 211 8641 0.000
11 7131 253 119 10.958 0.054 231.7478 -0.001
9 8529 253 119 11985 0.05% 2533711 0.025
7 99.47 254 119 12945 0.063 2746523 -0.002
5 11516 255 119 13930 0.068 295.7030 0.008
3 13129 255 119 14873 0.072 316.5658 -0014
1-first 14659 252 119 15.708 0.076 334 4751 -0.009

This certificate must not be reproduced, except m full, withour the written approval of Svend Ole Hansen ApS

PAGE 2 OF 4




CERTIFICATE NO. 21.02.00130

Visual presentation of calibration results
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Frequency, 1. [Hz] Frequency, 1. [Hz]

Linear regression resulis

Method Least squares Imear regression
Slope 0.04632 (m/s)Hz
Offset 022452 m/s

Coefficient of correlation p=0999995
Standard error of estimate 0.0123 m's

Slope standard ermror 0.00004 {m/s)Hz

Offzet standard error 0.00982 m's

Slope and offset covariance  -0.000000402 (m/s)*Hz

Remarks Limeanty comphes with TEC 61400-12-1:2017, Annex F.
Uncertainties

The uncertainfies stated under Calibration resulis relate to the reference am velocity at each calibration point. The
uncertamty 1s the total combined uncertainty at 25 % confidence level (coverage factor k= 2) mn accordance with
EA-4/02. The uwncertainty complies with the requirements m IEC 61400-12-1:2017, Annex F. The uncertainty dus fo
the wind tunnel correction fimetion has been documented to be 0.1 % (k= 2).

The slope and offset uncertainfies and their covanance stated under Linear regression rasults are related to the linear
regression only, and do not relate to the reference air velocity uncertainties. The slope and offset uncertamtes have

v=11 degress of freedom.

This certificate mmest ot be reproduced, except m full, withour the written approval of Svend Ole Hansen ApS PAGE 30F 4



CERTIFICATE NO. 21.02.00130

Calibration wind tunnel

ID DKl

Test section Octagonal, boew =1.20x1.75 m
Effective area of test section 2.10 o’

Setup report SOH document no. 18.1.001

Blockage ratio* ~1.3 % (Anemometer and mounting pole)

* The effect of blockage is taken into account in the calibration results.

Equipment used

Function D Model / commentz Re-calibration due
QC Anemometer 03113415 03113415 -
Mounting - Mounting tube, diameter = 35 mm -

Tunnel Temperature T2 PT100 Temperzture sensor 2022-03-16
Differenhal Pressure 9904031 PPC500 Pressure manometer 2022-05-14
Relative Humidity 34650038 HMW71U Humidity transmitter 2022-03-16
Barometnc Presswe 34350042 PTB100AAnalogue barometer 2022-03-12
Pitot tube A37AB Ellipsoidal tip pitot tube 2027-02-22
Data acquisition USB-1608GX  Computer Board. 16 bit A/D data acq. board -
Computer - PC ded:cated to data acquisition -

Calibrations of the relevant equipment are camied out by external accredited mstitutions, and are traceable to national
standards. A real-time analysis module withm the data acquisition software detects pulse frequency.

Setup photo

The shown anemometer 15 of the same type as the one calibrated.

End of certificate

This certificate must not be reproducad, except m full, without the wnitten approval of Svend Ole Hansen ApS PAGE 40F 4
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Calibrated item
Type

Serial no.
Manufacturer

Item received
Remarks

Calibration
Calibration institute
Procedure

Client

Calibrated by

Date of calibration
Approved by

Post calibration

Re-calibration due

Certificate
Certificate no.
Date of issue
Izzued by
HNumber of pages

Accreditation

CERTIFICATE OF CALIBRATION

WindSensor P2546C-OFR Cup Anemometer
40656

WindSensor, Frederiksborgvej 399, 4000 Roskilde Denmark
May 29, 2020

Svend Ole Hansen ApS, Sct. Jergens Alls 5C, DE-1615 Eabenhavn V
IEC 61400-12-1:2017, AnnexF

WindSensor, Fredenksborgve 399, 4000 Roskilde Denmark
Calibrator, jvm . T »/.«"'4/.

May 31, 2020

Calibration engineer, sfo

HNo

20.02.01400
Tume 03, 2020

ca

4

Accredited to IS0 170252017 by DANAE. DAMAK is signatory to the Furopean co-operation for Accreditation
(EA) Multilateral Agreement and to the Intemnational Laboratory Accreditation Cooperation (ILAC) Mutual

Fecogmbion Arrangement.
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Calibration conditions
Turbulence intensity

Air temperature

Barometric pressure
Relative humidity

Air density

Flow inclination
Anemometer yaw orientation
Remarks

Calibration results
Calibration equation

CERTIFICATE NO. 20.02.01400

1-2 % (alongwind)

352 °C (average valus)
10242 hPa (average valus)
27.7 % (average value)
1.15 kg/'m® (average value)
=0.2°

Mot relevant

{nome)

v [m's] = 0.62015- £[Hz] +0.23174

The calibtration equation 15 obtaimed from a linear regression of the reference ar velocity upon the Device Under Test
The calibration results relate only to the calibrated item.

Succession  Velocity

e Air  Fefar Uncerfainty DUT output Residual,

pressure  temperzhwe  density veloctty, v e (k=2) Frequency, f d
# [Pa] a kem']  [m'4] [ms] [Hz] [m's]
2 10.09 353 115 4.150 0.025 6.4119 -0.018
4 1553 354 115 5.199 0.029 B8.0185 -0.006
& 21.85 353 115 6.165 0.033 95467 0.013
8 2034 353 115 7.143 0.037 11.1401 0.003
10 3782 352 115 8.110 0.042 127100 -0.004
12 4784 351 115 9.120 0.046 14 3129 0.012
13-last 38.27 35.1 115 10.064 0.050 15.8363 0.011
11 7035 351 115 11.060 0.055 174584 0.000
9 8354 352 115 12.052 0.059 19,0810 -0.013
7 9757 353 115 13.027 0.064 206014 0.019
5 11236 353 115 13981 0.069 221735 -0.002
3 12904 353 115 14.952 0.073 23.7927 -0.004
1-first 144 60 35.1 115 15854 0.077 252100 -0.012

This certificate mmust not be reproduced, except m full, withous the wrttten approval of Svend Ole Hansen ApS

PAGE 2 OF 4



CERTIFICATE NO. 20.02.01400

Visual presentation of calibration results
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Frequancy. 1. [Hz] Frequency. 1. [Hz]

Linear regression results

Method Least squares lmear regression

Slope 0.62015 (m/s)He

Offset 023174 m's

Coefficient of correlation p= 0999905

Standard error of estimate 0.0117 m/'s

Slope standard emmor 0.00035 (m's)Hz

Offset standard error 0.00936 m's

Slope and offset covariance  -0.000004851 (m/s)*Hz

Remarks Lmearity comphes with [EC §1400-12-1:2017, Amnex F.
Uncertainties

The uncertainfies stated under Calibration resulis relate to the reference am velocity at each calibration point. The
uncertamty 1s the totzl combined uncertainty at 25 % confidence level {coverage factor k= 2) mn accordance with
EA-4N2. The uncertainty complies with the requirements m [EC 61400-12-1:2017, Annex F. The uncertainty due to
the wind tunnel comechion fimefion has been documented to be 0.1 % (k= 2).

The slope and offset uncertainfies and their covanance stated under Linsar regrassion results are related to the linear
regression only, and do not relate to the reference air velocity uncertainties. The slope and offset uncertamtes have
v=11 degrees of freedom.

This certificate must not be reprodoced, except m full, withoue the written approval of Svend Ole Hansen ApS PAGE 30F 4




CERTIFICATE NO. 20.02.01400

Calibration wind tunnel

1D DK1

Test section Octagonal, bew =1.20x1.75m
Effective area of test section 2.10m*

Setup report SOH document no. 18.1.001

Blockage ratio* ~1.0 % (Anemometer and mounting pole)

* The effect of blockage 1s taken mto account in the calibration results.

Equipment used

Function D Model / comments Re-calibration due
QC Anemometer 11641 11641 -

Mounting - Mounting tube, diameter = 25 mm -

Tunnel Temperature T3 PT100 Temperzture sensor 2021-03-05
Differential Pressure 1501197 FCO560 Pressure manometer 2021-03-08
Relative Humidity  Z0420014 HMW71U Humidity transmitter 2021-03-05
Barometnc Pressure  U4220037 PTB100AAnalogue barometer 2021-03-05
Pitot tube A37AB Ellipsoidal tip pitot tube 2027-02-22
Data acqusition PCI-DAS6036  Computer Board. 16 bit A/D data acq. board -
Computer - PC dedicated to data acquisition -

Calibrations of the relevant equipment are carmied out by external accredited mstitutions, and are traceable to national
standards. A real-time analysis module within the data acquisition software detects pulse frequency.

Setup photo

The shown anemometer 1s of the same type as the one calibrated.

End of certificate

Thas cestificate must not be reproduced, except m full, without the written approval of Svend Ole Hansen ApS PAGE 4 OF 4



Svend Ole Hansen ApS

SCT. JERGENS ALLE 5C -
TEL: (+45) 23 2538 38 - WWW.SOHANSEN.OH

Calibrated item
Type

Serial no.
Manufacturer

Item received
Remarks

Calibration
Calibration institute
Procedure

Client

Calibrated by

Date of calibration
Approved by

Post calibration

Re-calibration due

Certificate
Certificate no.
Date of issue
Izzued by
HNumber of pages

Accreditation

WIND
EMGINEERIMG
FLUID
DYMNAMICS

DK-1815 K@BENHAVN W - DENMARK

CERTIFICATE OF CALIBRATION

WindSensor P2546C-0FF. Cup Anemomseter

40654

WindSensor, Fredenksborgvej 399, 4000 Foskilde Denmark
May 29, 2020

Svend Ole Hansen ApS, Sct. Jevgens Alle 5C, DE-1615 Esbenhavn V
IEC 61400-12-1:2017, Annex F

WindSensor, Fredenksborgve) 399, 4000 Foskilde Denmark
Calibrator, jvm g /a"f.e/.

May 31, 2020

Calibration engineer, sfo
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|
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20.02.01398
TFune 03, 2020
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4

Accredited to IS0 170252017 by DANAE. DAMAK 1= signatory to the European co-operation for Accreditation
(EA) Multilateral Azreement and to the International Laboratory Accreditation Cooperation (ILAC) Mutual

A1 g,
bl

T

$2 DANAK

CAL Fegnr. 452

IECRE
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Calibration conditions
Turbulence intensity

Air temperature

Barometric pressure
Relative humidity

Air density

Flow inclination
Anemometer yaw orientation
Remarks

Calibration results
Calibration equation

CERTIFICATE NO. 20.02.01398

1-2 % (alongwind)

35.0 °C (average value)
10259 hPa (average value)
284 % (average value)
1.15 kg/'m® (average value)
=.2°

Mot relevant

{nome)

v [m's] = 0.62025- £[Hz] +0.21620

The calibtration equation 15 obtamed from a linear regression of the reference ar velocity upon the Device Under Test
The calibration results relate only to the calibrated item

Succesmon  Velocrty

Air Aw  Refair Uncertainty DUT output Residual

pressure  temperzhwe  density  veloctty, v e (k=2) Frequency, f d
# [Pa] Y| s I [ms] [Hz] [m's]
2 947 351 115 4.180 0.025 6.3935 -0.021
4 15.06 352 115 5113 0.028 7.8583 -0.003
3 2135 351 115 6.087 0.033 9.4361 0.018
8 2861 351 115 7046 0.037 11.0054 0.004
10 3744 350 115 8.060 0.041 12 6487 -0.002
12 47.09 349 115 9.038 0.046 142133 0.006
13-last 5755 349 115 9.990 0.050 157644 -0.004
11 69.32 349 115 10.965 0.054 173135 0.010
9 8246 350 115 11961 0.059 18 9250 0.007
7 96.24 351 115 12924 0.064 20 4389 -0.001
5 11220 351 115 13956 0.069 22 1692 -0.011
3 128 40 351 115 14929 0.073 23.7077 0.008
1-first 144 36 34.9 115 15824 0.076 251828 -0.012

This certificate must not be reprodoced, except m full, without the wiitten approval of Svend Ole Hansen ApS

PAGE 2 OF 4




CERTIFICATE NO. 20.02.01398

Visual presentation of calibration results

k] 0
s e z
gm ; a - f o w M= 2
B ;
S = R S -
0 & 15 £ 32 0 & 16 2 iz
Frequency. T. [Hz] Frequency, 1. [Hz]
Linear regression results
Method Least squares linear regression
Slope 0.62025 (m/'s)He
Offset 0.21620 m's
Coefficient of correlation p=0.999995
Standard error of estimate 0.0111 m's
Slope standard emmor 0.00052 (m/s)Hz
Offset standard error 0.00878 m's
Slope and offset covariance  -0.000004282 (w5} Hz
Remarks Lmearity comphes with IEC §1400-12-1:2017, Armex F.

Uncertainties

The uncertainties stated under Calibration results relate to the reference aw velocity at each calibration point. The
uncertamty 15 the total combined uncertainty at 95 % confidence level (coverage factor k=2) m accordance with
EA-4/02. The uncertainty complies with the requirements m IEC 61400-12-1:2017, Annex F. The uncertainty due to
the wind tunnel comrechion fimefion has been documented to be 0.1 % (k= 2).

The slope and offset uncertainfies and their covanance stated under Linear regression results are related to the linear
regression only, and do not relate to the reference air velocity uncertainties. The slope and offset uncertamnties have

v=11 degrees of freedom.

This certificate must ot be reprodoced, except m full, without the written approval of Svend Ole Hapsen ApS PAGE 30F 4



CERTIFICATE NO. 20.02.01398

Calibration wind tunnel

D DK1

Test section Octagonal, boew =120x1.75m
Effective area of test section 2.10’

Setup report SOH document no. 18.1.001

Blockage ratio* ~1.0 % (Anemometer and mounting pole)

* The effect of blockage is taken into account in the calibration results.

Equipment used

Function iy Model / comments Re-calibration due
QC Anemometer 11641 11641 -
Mounting - Mounting tube, diameter = 25 mm -

Tunnel Temperatwe T3 PT100 Temperature sensor 2021-03-05
Differential Presswe 1501197 FCOS560 Pressure manometer 2021-03-08
Relative Hunudity ~ Z0420014 HMW71U Humidity transmitter 2021-03-05
Barometnc Presswe  U4220037 PTB100AAnalogue barometer 2021-03-05
Pitot tube A3TAB Ellipsoidal tip pitot tube 2027-02-22
Data acquisition PCI-DAS6036  Computer Board. 16 bit A/D data acq. board -
Computer - PC dedicated to data acquisition -

Calibrations of the relevant equipment are carmied out by external accredited mstitutions, and are traceable to national
standards. A real-time analysis module withmn the data acquisition software detects pulse frequency.

Setup photo

The shown anemometer 1s of the same type as the one calibrated.

End of certificate

Ths certificate must not be reprocuced, except m full, without the written approval of Svend Ole Hansen ApS PAGE 4 OF 4



Svend Ole Hansen ApS

SCT. JBRGENS ALLE 5C - DK-1815 K@BENHAVN W - DENMARK
TEL: (+45) 23 2538 38 - WWW.SOHANSEN. DK

Calibrated item
Type

Serial no.
Manufacturer

Item received
Remarks

Calibration
Calibration institute
Procedure

Client

Calibrated by

Date of calibration
Approved by

Post calibration

Re-calibration due

Certificate
Certificate no.
Date of issue
Izzued by
Number of pages

Accreditation

WIND
ENGINEERING
FLUID
DYNAMICS

CERTIFICATE OF CALIBRATION

WindSensor P2546C-0PF. Cup Anemometer

40653

WindSensor. Frederiksborgvej 399, 4000 Roskilde Denmark
May 29, 2020

Svend Ole Hansen ApS, Sct. Jergens Alls 5C, DE-1615 Esbenham V
IEC 61400-12-1:2017, Annex F

WindSensor, Fredenksborgve) 399, 4000 Foskilde Denmark
Calibrator, jvm g /a"f.ef.

May 31, 2020

Calibration engineer, sfo

Mo

|
¥

20.02.01397
Tune 03, 2020

ca

4

Accredited to ISO 170252017 by DANAE. DANAK is signatory to the European co-operation for Accreditation
(EA) Multlateral Agresment and to the International Laboratory Accreditation Cooperation (ILAC) Mutual

A0,

IECRE

“ &2 DANAK

CAL Regor 452
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Calibration conditions
Turbulence intensity

Air temperature

Barometric pressure
Relative humidity

Air density

Flow inclination
Anemometer yaw orientation
Remarks

Calibration results
Calibration equation

CERTIFICATE NO. 20.02.01397

1-2 % (alongwind)

34.7 °C (average valus)
1024.1 hPa (average valus)
28.3 % (average value)
1.15 kg/'m® (average value)
=0.2°

Mot relevant

{nome)

v [m's] = 0.62152- £[Hz] +0.20238

The calibtration equation 15 obtaimed from a linear regression of the reference ar velocity upon the Device Under Test
The calibration results relate only to the calibrated item.

Succesmion  Welocity A Aar Ref air Unpecertainty DUT output Residual,
pressure  temperzhwe  density veloctty, v e (k=2) Frequency, f d
# [Pa] a kem']  [m'4] [ms] [Hz] [m's]
2 10.15 34.7 115 4.158 0.025 6.4497 -0.013
4 1536 348 115 5.165 0.029 79768 0.005
& 2172 348 115 6.141 0.033 95531 0.002
8 2026 34.7 115 7127 0.037 11.1453 -0.002
10 3750 346 115 8.111 0.042 127587 -0.021
12 4773 346 115 9.101 0.046 143254 -0.005
13-last 3845 3435 115 10071 0.050 15 8458 0.020
11 70.66 346 115 11.074 0.055 17.4571 0.022
9 8333 346 115 12.027 0.059 19.0210 0.003
7 97.68 34.7 115 13.023 0.064 20,5924 0.022
5 11259 348 115 13982 0.069 221588 0.008
3 12933 34.7 115 14985 0.073 23 8118 -0.016
1-first 144 79 34.5 115 15849 0.077 252133 -0.024

This certificate mmust not be reproduced, except m full, withous the wrttten approval of Svend Ole Hansen ApS

PAGE 2 OF 4




CERTIFICATE NO. 20.02.01397

Visual presentation of calibration results

E] (8]
Eu — o E
- i A =
£ FC P R B
£ . ” ’
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Q & 16 24 32 ] & 16 32
Frequancy, . [Hz] Frequency, 1. [Hz]
Linear regression results
Method Least squares lnear regression
Slope 0.62152 (m/s)Hz
Offset 020238 m's
Coefficient of correlation p=0595992
Standard error of estimate 0.0163 m's
Slope standard ermror 0.00077 (m/'syHz
Offset standard error 0.01301 m's
Slope and offset covariance  -0.000009381 (m/s)*/Hz
Remarks Linearity complies with IEC §1400-12-1:2017, Armex F.
Uncertainties

The uncertainiies stated under Calibration resuliz relate to the reference am velocity at ezch calibration point. The
uncertamnty 1s the total combined uncertainty at 95 % confidence level (coverage factor k= 2) m accordance with
EA-4/02. The uncertainty comples with the requrements m IEC 6§1400-12-1:2017, Annex F. The uncertainty due to
the wind turmel comrection fimetion has been documented to be 0.1 % (k= 2).

The slope and offset uncertzinties and their covanance stated under Linear regrassion results are related to the linear
regression only, and do not relate to the reference air veloctty uncertainties. The slope and offset uncertanties have
v=11 degress of freedom.

This certificate must not be reproduced, except m full, withour the writhen approval of Svend Ole Hansen ApS PAGE 30F 4



CERTIFICATE NO. 20.02.01397

Calibration wind tunnel

D DKl

Test section Octagonal, heew =1.20x1.75 m
Effective area of test section 2.10 ’

Setup report SOH document no. 18.1.001

Blockage ratio* ~1.0 % (Anemometer and mounting pole)

* The effect of blockage is taken into account in the calibration results.

Equipment used

Function D Model / comments Re-calibration due
QC Anemometer 11641 11641 -

Mounting - Mounting tube, diameter = 25 mm -

Tunnel Temperatwe T3 PT100 Temperature sensor 2021-03-05
Differential Pressure 1501197 FCOS560 Pressure manometer 2021-03-08
Relative Hunmudity ~ Z0420014 HMW71U Humidity transmitter 2021-03-05
Barometnic Presswe  U4220037 PTB100AAnalogue barometer 2021-03-05
Pitot tube A37AB Ellipsoidal tip pitot tube 2027-02-22
Data acquisition PCI-DAS6036  Computer Board. 16 bit A/D data acq. board -
Computer - PC dedicated to data acquisition -

Calibrations of the relevant equipment are camied out by external accredited mstitutions, and are traceable to national
standards. A real-time analy=is module withmn the data acquisition software detects pulse frequency.

Setup photo

The shown anemometer 15 of the same type as the one calibrated.

End of certificate

Thus certificate must not be reproduced, except i full, without the written approval of Svend Ole Hansen ApS PAGE 4 OF 4
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