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1. PREMESSA

La presente relazione tecnica si riferisce alla valutazione d’'impatto derivante da emissioni
sonore a bassa frequenza generate dal futuro parco eolico Bitti - Terenass, da realizzare nel
territorio ricompresso nei comuni di Bitti, Onani (NU) e Budduso (SS).

La Valutazione € stata eseguita dal Dott. Forestale Carlo Poddi iscritto nell’elenco dei tecnici
competenti in acustica ambientale della Regione Sardegna, con il numero 46.

Premesso che il quadro normativo vigente non considera tale fenomeno, la presente relazione
testimonia la valutazione da parte del proponente delle problematiche eventuali inerenti la
trasmissione di rumori in bassa frequenza che, da recenti studi, pare possano determinare disturbi

di tipo otoneurologico.

2. DEFINIZIONI
Bassa frequenza: un rumore che ha un’energia acustica significativa nella gamma da 8 a 100

Hz.

Infrasuono: rumore in bassa frequenza che ha uno spettro con componenti significative al di
sotto dei 20 Hz: si percepisce non come un suono ma piuttosto come una pressione. La
valutazione di infrasuoni & ancora a livello sperimentale e attualmente non & contemplata dalle

normative internazionali.

3. RICETTORI
Le scelte progettuali relativamente al posizionamento degli aerogeneratori sono state

determinate attraverso il rispetto della normativa nazionale e regionale per lindividuazione
dell’area e il rispetto delle distanze minime di sicurezza dai ricettori individuati, dallo stato dei
luoghi, dalla dimensione degli aerogeneratori e dal rispetto dell’area di influenza tra di essi, nonché
dall’esigenza di collocarli vicino a strade esistenti o ad una idonea viabilita, al fine di escludere e
per quanto possibile limitare tutti gli impatti prevedibili sul luogo che potrebbero disturbare le
attivita agricole e zootecniche presenti in questa regione.

Il posizionamento ultimo degli aerogeneratori, infatti, & stato regolarmente studiato e concordato
con tutti i proprietari dei terreni sui quali ricade l'iniziativa.

Al fine di avere un quadro piu possibile definito, anche in base alla tipologia stessa del ricettore,
e stata condotta una campagna di rilevamento di tutti i potenziali recettori, a tal proposito si
rimanda all’elaborato progettuale PA-R.6.
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Nelle report fabbricati PA-R.6 con i dati censiti presso i Comuni di appartenenza si € optato di
utilizzare la seguente classificazione per tipologia di destinazione, ove le prime due categorie (1. e
2.) corrispondono alle definizioni di cui al punto 4.3.3 D.G.R. N.3/17 del 16/01/2009 e sono
considerati “Punti Sensibili”:

1. Nuclei e case sparse nell’agro, destinati ad uso residenziale

2a. Corpi aziendali ad utilizzazione agro-pastorale con presenza continuativa di personale in
orario diurno

2b. Corpi aziendali ad utilizzazione agro-pastorale con presenza continuativa di personale in

orario notturno

Fabbricato ad utilizzazione agro-pastorale con presenza discontinua di personale

Ricovero attrezzi/mezzi

Fabbricato in abbandono

Aerogeneratori esistenti

ook

In sede progettuale, le distanze minime dai ricettori cosi individuati sono state di 500 metri dai
fabbricati in cui sia stata accertata la presenza stabile, anche stagionale, di un nucleo familiare,

quantunque formato anche da un solo individuo.

Dalle indagini effettuate durante i sopralluoghi effettuati, le interviste e durante i sopralluoghi in
fase sia diurna che notturna, non sono risultati presenti fabbricati definiti “punti sensibili”

inclusi nelle prime due classi di cui sopra.

Per quanto attiene gli altri ricettori/fabbricati, al fine di definire gli eventuali recettori per I'analisi
degli effetti del rumore a bassa frequenza proveniente dagli aerogeneratori, si & optato di
estendere lindagine per verificare la presenza di fabbricati che potessero contenere “punti
sensibili”, fino a 1.000 metri di distanza progressiva.

Dall’indagine effettuata nella zona interessata dal Parco Eolico Bitti - Terenass, oggetto

dello studio, non sono presenti fabbricati classificati residenziali o con presenza

continuativa diurna o notturna, nella fascia d’intorno dei 1.000 metri.

Per le diverse tipologie di fabbricati presenti in una distanza di 1.000 metri da tutti gli
aerogeneratori previsti si rimanda agli elaborati progettuali PA-R.6 e PA.Tav.21.
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4. CONSIDERAZIONI
Partendo da un quadro generale di rispetto della normativa vigente, si cala la presente analisi

relativa ad una problematica oggetto di recenti studi che riguarda il rumore a bassa frequenza
(LFN).

Tali studi, che sono ancora in fase di ulteriore definizione, mettono in evidenza una diversa
sensibilita dell’orecchio umano alle basse frequenze e solo una minima parte della popolazione &
in grado di percepirle.

In vari paesi del mondo fra cui Danimarca, Australia, Stati Uniti, Giappone sono stati stanziati
fondi per capire se esista una correlazione tra queste emissioni a bassa frequenza e alcune
patologie che i residenti in zone limitrofe ai parchi eolici incominciano a manifestare.

Si tratta di vari problemi otoneurologici che possono manifestarsi con insonnia e cefalea fino a
problemi cardiovascolari.

Fino ad oggi, al fine di proteggere gli esposti al rumore, si sono usati degli strumenti che
cercassero di simulare al meglio la risposta dellorecchio umano. Le curve di ponderazione
internazionalmente riconosciute non consentono, pertanto, di stimare I'esposizione alle bassissime
frequenze, non essendoci peraltro dei limiti di riferimento.

E importante ricordare che le alte frequenze si propagano molto vicino alle turbine stesse,
mentre le frequenze piu basse e le frequenze infrasoniche possono propagarsi a centinaia di metri.
Queste infatti non vengono assorbite dalle pareti, e nemmeno dal paesaggio.

Il suono a bassa frequenza pud viaggiare su lunghe distanze e penetrare negli edifici e nei
veicoli e non diminuisce in modo rilevante le sue proprieta quando cambia I'elemento come ad
esempio dall’aria al tessuto.

La difficolta nel valutare tale tipo di fenomeni & che in realta vengono percepiti e non
propriamente uditi. A volte la sorgente di questi suoni € completamente ignota e non puo essere in
nessun modo individuata, mentre in altri casi € posta a distanze notevoli dal 'punto di impatto'.

Tra le fonti pit note di questo tipo di suoni si annoverano anche le caldaie, i bruciatori e le
ventole, che possono dare origine a fenomeni di risonanza a bassa frequenza all'interno degli

edifici, ma anche i treni, le metropolitane, i camion, compressori e canalizzazioni di ventilazione.

5. RUMORE IN BASSA FREQUENZA ASSOCIATO AGLI AEROGENERATORI
L'emissione di rumore da una turbina eolica moderna contiene energia diffusa su tutta la

gamma di frequenze del campo dell’'udibile e, come la maggior parte dei suoni ha qualche livello di
energia nel campo degli infrasuoni. Le prime turbine eoliche installate negli Stati Uniti nel 1980
furono progettate con le lame sottovento rispetto alla torre che veniva investita dal vento,
generando turbolenze, prima di colpire le pale. Cio generava un forte impulso a bassa frequenza,

contenente livelli significativi di energia nella gamma degli infrasuoni. Come conseguenza di
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questo il disegno degli aerogeneratori € stato profondamente modificato cercando di spostare piu
possibile le pale sopravento rispetto alla torre. Oltre alle turbolenze generate dalla torre sono state
eliminate anche le turbolenze derivanti dallinterazione fra le stesse pale, aumentandone la
distanza reciproca.

La conseguenza diretta di questi sviluppi & stata quella di ridurre drasticamente gli effetti delle
turbolenze e la generazione di elevati livelli di rumore a bassa frequenza.

Il rumore delle turbine moderne € normalmente chiaramente udibile da un ascoltatore che pud
facilmente percepire un suono che contiene quasi esclusivamente alte frequenze. Nel momento in
cui l'ascoltatore si allontana dal sito, il livello di rumore diminuisce a causa della distanza
crescente. Il carattere del rumore, inoltre, cambia a causa del fattore di assorbimento dell'aria il cui
effetto cresce allaumentare della frequenza, il che significa che I'energia associata alle alte
frequenze viene ridotta maggiormente rispetto a quella che accompagna le basse frequenze.
Questo effetto pud anche essere osservato con il rumore del traffico stradale o fonti naturali, come
il mare, dove per lunghe distanze diminuiscono le componenti di frequenza piu alte rispetto alle
frequenze piu basse.

Al momento non si conosce se le turbine eoliche siano, dunque, una fonte significativa di
rumore a bassa frequenza o infrasuoni ma, come per il rumore proveniente da qualsiasi altra
sorgente sonora, con la distanza le componenti ad alta frequenza vengono ridotte
significativamente rispetto a quelle a bassa frequenza il cui livello complessivo risulta comunque
molto basso.

Ad oggi non ci sono studi riconosciuti che possano affermare effetti diretti sulla salute umana
provenienti da emissione a bassa frequenza generati dalle turbine eoliche. Gli studi che vengono
portati avanti da un lato tendono a collegare inequivocabilmente i malesseri di carattere
otoneurologici alle basse frequenze generate dagli aerogeneratori, altri studi affermano che tali
malesseri siano invece generati dal livello di percezione e predisposizione del recettore.

Le sorgenti sonore in esame consistono in n° 11 generatori eolici e si &€ provveduto a studiare
considerando singolarmente i contributi dei diversi aerogeneratori. Gli aerogeneratori sono tutti del
tipo Siemens Gamesa S.G. 6.0-170 (6 MW di potenza), aventi un rotore a 3 pale collocato a 115

m di altezza dal terreno.

6. NORMATIVA DI RIFERIMENTO
Si e scelto di approfondire I'analisi del rumore a bassa frequenza, indicato anche con LFN (Low

Frequency Noise), attenendosi al “principio di precauzione”, anche in assenza di normative
specifiche nazionali o regionali, si propone di poter assumere come base di questa analisi la
norma danese n° 1284 del 15/12/2011 “Statutory Order on Noise from Wind Turbines”.
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7. METODO DI CALCOLO
La normativa italiana definisce le basse frequenze quelle comprese nel campo tra 20 e 200 Hz.

La normativa danese, invece, restringe il campo alle frequenze tra 10 Hz e 160 Hz e propone un
metodo di calcolo legato a questo spettro di frequenze.

Il livello previsionale del rumore a bassa frequenza, valutato secondo la curva di ponderazione
A e misurato in bande di 1/3 di ottava da 10 Hz a 160 Hz incluso, viene calcolato all'interno degli
edifici sulla base di valori teorici di attenuazione acustica dell'involucro edilizio dettati dalla stessa
norma. La norma prevede un differenziale massimo tra impianti accesi e spenti di 20 dBA
allinterno dell’edificio con vento di 8 m/s alla quota di riferimento, ovvero all'altezza del mozzo
dell’aerogeneratore, che si assume essere una sorgente puntiforme.

| dati di ingresso da utilizzare in bande di terzi d’'ottava, per quanto attiene gli aerogeneratori
Siemens Gamesa S.G. 6.0-170 da 6 MW sono riferiti alla massima condizione operativa, (Mode 0,
con vento a 8 m/s), lo stesso utilizzato nel calcolo previsionale, poiché per tali macchine la casa
costruttrice non fornisce i valori di potenza acustica emessa nelle diverse condizioni di vento, con
tutti i valori dichiarati dal costruttore relativi al livello di potenza acustica ponderato in curva A e allo
spettro di emissione in bande di 1/3 di ottava per frequenze da 20 Hz a 10 kHz. Quindi cio avrebbe
portato ad utilizzare- i dati cosi desunti dalla scheda tecnica della Siemens Gamesa S.G. 6.0-170,
in considerazione che non si € riusciti a reperire i dati ufficiali della casa costruttrice.

Il Livello del rumore a bassa frequenza negli edifici piu vicini si calcola mediante la seguente
equazione:

LpALF = LWA ref - 10 x log(d2) — 11[dB] + ALgLF - ALs - ALa,

ove:

- d e la distanza dal mozzo della turbina fino al punto di calcolo del ricettore sensibile.

- ALgLF ¢ la correzione per l'effetto del suolo alle basse frequenze (Tab. 1.4 Normativa
Danese).

- ALs ¢ l'isolamento acustico alle basse frequenze (Tab. 1.4 Normativa Danese)

- ALa = aa x d; il coefficiente di assorbimento.

Il livello totale di pressione sonora ponderato-A di una singola turbina, LpALF,tot nell’edificio, &
dato dalla sommatoria dei livelli di pressione acustica LpALF,i in ciascuna banda di 1/3 di ottava da
10 Hz a 160 Hz; come espresso dalla equazione: LpALF,tot = 10 x log _ 100.1xLpALF,i

Questo ¢ il contributo di Livello di rumore di una sola turbina nel ricettore sensibile considerato.

Per calcolare il livello di pressione acustica totale prodotto in un ricettore sensibile dalle turbine

di un parco eolico si devono sommare i contributi di rumore immesso da ciascuna turbina:
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LpALFtot,globale = 10xlog(i100,1xLpALF,tot,i) = 10 x log (100,1xLpALFtot,1 +
100,1xLpALF,tot,2 + ...)

Si riportano i valori definiti per il calcolo e si precisa che si sarebbe scelto di utilizzare gli stessi
per un valore di ventosita, superiore alla media registrata che & lo stesso che € stato utilizzato
anche per il calcolo previsionale come ulteriore precauzione e cioé usando i valori riferiti ad una
velocita del vento allaltezza del mozzo di 8 m/s di cui si riporta la tipica distribuzione delle
frequenze della potenza del suono emesso nel suo spettro sia in banda di 1/3 ottava da 63Hz fino
a 8kHz che in banda di 1/1 ottava da 10Hz a 160 kHz per entrambe le intensita di vento (6-8 m/s):

Typical Sound Power Frequency Distribution
Typical spectra for Ly, in dB(A) re 1 pW for the corresponding centre frequencies are tabulated below
for 8 and 8 m/s referenced to hub height.

11 oct. band
center freq. 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

AM 0 79.9 1867 889899 931 | 928 | 88.3 | 76.5
Table 3: Typical 1/1 octave band spectrum for 63 Hz to 8 kHz at 6 m/s

111 oct. band
center freq. 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

AM O 86.2 1 93.0 952962 | 994 | 991 | 946 | 828
Table 4: Typical 1/1 octave band spectrum for 63 Hz to 8 kHz at 8 m/s

1/3 oct. band
center freq.

10 | 125 | 16 20 25 31.5 40 50 63 80 100 125 | 160

AM 0 433[46.3[49.6 [52.7] 55.7 | 60.9 [ 3.9 | 70.1 | 743 | 77.8 | 80.1 [82.0 ] 83.2

Table 5: Typical 1/3 octave band spectrum for 10 Hz to 160 kHz at 6 m/s

1/3 oct. band
center freq.

10 | 125 | 16 20 25 31.5 40 50 63 80 100 125 | 160

AM 0 496|526 |559[59.0] 620 | 67.2 | 70.2 | 76.4 | 80.6 | 84.1 86.4 | 883 | 89.5

Table 6: Typical 1/3 octave band spectrum for 10 Hz to 160 kHz at 8 m/s
For a detailed description of Application Mode — AM 0, please refer to Flexible Rating Specification
(D2316244-003).

SGRE and its affiliates reserve the right to change the above specifications without prior notice.

Il calcolo solitamente viene effettuato su quelli che si considerano i recettori (fabbricati

residenziali) ricadenti in una fascia di 1000 metri, oltre la quale il contributo che viene apportato al
LpALF tot-globale € minimo. | recettori individuati sono maggiormente influenzati dagli effetti di piu
aerogeneratori vicini.
Allo scopo di individuare i punti sensibili da considerare ai fini sia del calcolo dellimpatto
previsionale per il rispetto dei limiti acustici di legge che della verifica del rumore a bassa
frequenza, sono stati censiti tutti i fabbricati nel’area interessata dal progetto a seconda delle
caratteristiche e della destinazione d’uso degli stessi.

Ai fini di classificare la sensibilita di ogni fabbricato censito, si €& utilizzata la seguente
classificazione per tipologia di destinazione, ove le prime due categorie corrispondono alle
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definizioni di cui al punto 4.3.3 D.G.R. N.3/17 del 16/01/2009 e dell’'art.82 delle NTA del PPR di cui
sopra:

1. Nuclei e case sparse nell’agro, destinati ad uso residenziale

2a. Corpi aziendali ad utilizzazione agro-pastorale con presenza continuativa di personale in
orario diurno

2b. Corpi aziendali ad utilizzazione agro-pastorale con presenza continuativa di personale in

orario notturno

Fabbricato ad utilizzazione agro-pastorale con presenza discontinua di personale

Ricovero attrezzi/mezzi

Fabbricato in abbandono

Aerogeneratori esistenti

oo AW

In base alla classificazione sopra esposta solo i fabbricati delle classi 1. e 2. costituiscono “punto
sensibile” ai fini delle previsioni della D.G.R. N.3/17 del 16/01/2009. Intendendo per punto sensibile
tutti i fabbricati in cui la permanenza pud essere diurna e/o notturna ma continuativa.

In tutti i casi di fabbricati presenti in una distanza progressiva di 1000 m. risultano rientranti nella
classe n.3 e seguenti. Infatti, si tratta di locali prevalentemente utilizzati per la mungitura e per il
ricovero notturno del bestiame. In questi casi la presenza umana € limitata alle attivita di mungitura
e foraggiamento, operazioni che prevedono la permanenza per una parte molto limitata della
giornata.

La presenza di ulteriori fabbricati quali vani appoggio e /o altri piccoli edifici indicano chiaramente
un uso agroforestale saltuario degli stessi edifici.

Dai risultati acquisiti, la tipologia prevalente risulta essere in classe 3 come fabbricati agricoli
funzionali alla conduzione delle diverse tipologie di attivita agro-zootecniche (sia bovini che ovini)
per lo piu tutte di tipo estensivo.

Ne e scaturito comunque che non sono presenti, anche in una distanza progressiva di 1.000 metri
da ogni aerogeneratore previsto, fabbricati delle classi 1. e 2. che costituiscono “punto sensibile” ai
fini delle previsioni della D.G.R. N.3/17 del 16/01/2009, ma risultano essere prevalentemente
fabbricati ad utilizzazione agro-pastorale, in cui la presenza umana € limitata alle attivita di
mungitura, foraggiamento e conduzione al pascolo del bestiame, operazioni che prevedono la
permanenza per una parte molto limitata della giornata. Le misure fonometriche ed i sopralluoghi
effettuati infatti hanno evidenziato tale caratteristica agricola anche dal punto di vista acustico
dell’area indagata.

Si € quindi evidenziato che in un buffer di 1.000 m dagli aerogeneratori non € presente alcun
fabbricato che rappresenti un punto sensibile ai sensi delle normative nazionali e regionali in
materia (D.P.C.M 1/3/1991, D.P.C.M 14/11/1997, L. 447/1995, D.G.R. N.3/17 del 16/01/2009). E
che potesse essere oggetto di calcolo e studio degli effetti del rumore a bassa frequenza.
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Risultano essere presenti “punti sensibili” come fabbricati delle classi 1. e 2a. e 2b. a distanze ben
oltre i 1.000 m., che la normativa danese utilizzata in questo caso come normativa di riferimento,
indica come distanza limite per la valutazione degli effetti del rumore a bassa frequenza.
Nelle aree oltre i 1.000 m di distanza dagli aerogeneratori gli studi svolti dimostrano che le
caratteristiche emissive degli aerogeneratori generano valori di emissione ed immissione
trascurabili e quindi non & necessario svolgere analisi di impatto acustico oltre tale distanza.

Quindi sui fabbricati censiti nell'intorno di 1.000 m., non essendo ritenuti ai sensi della D.G.R
3/17 punti sensibili, non si & ritenuto necessario effettuare il calcolo, anche in considerazione
dellinfluenza di un solo aerogeneratore.

Quindi risulta palese il rispetto dei limiti previsti dalla normativa di riferimento danese.

8. CONCLUSIONI
Basandosi sulla assenza totale di “punti sensibili” in un intorno di 1.000 m. ai sensi della D.G.R

3/17 su cui dovrebbe ricadere l'influenza degli aerogeneratori di progetto, si puo affermare che per
il parco eolico oggetto di studio i valori massimi globali riscontrabili sono al di sotto dei 20 dB
proposti dalla normativa danese utilizzata come riferimento per la conduzione di questa analisi.

Si sottolinea che tutti gli aerogeneratori sarebbero stati considerati in modalita operativa Mode0
(la stessa utilizzata nel modello previsionale effettuato tramite il Software CADNAA+) ed
utilizzando la curva di potenza riferita ad un vento a 8 m/s.

Si ritiene pertanto che le scelte effettuate dal proponente sull’impiego di aerogeneratori di ultima
generazione posizionate secondo il layout proposto nel rispetto delle norme vigenti, sia una misura
sufficiente a garantire la salute delle persone rispetto allo stato attuale delle conoscenze in materia

di immissioni di rumore alle basse frequenze.

10
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Application of the Developer Package

The Developer Package serves the purpose of informing customers about the latest planned product
development from Siemens Gamesa Renewable Energy A/S and its affiliates in the Siemens Gamesa
group including Siemens Gamesa Renewable Energy S.A. and its subsidiaries (hereinafter “SGRE”).
By sharing information about coming developments, SGRE can ensure that customers are provided
with necessary information to make decisions.

Furthermore, the Developer Package can assist in guiding prospective customers with the indicated
technical footprint of the SG 6.0-170 in cases where financial institutes, governing bodies, or permitting
entities require product specific information in their decision processes.

All technical data contained in the Developer Package is subject to change owing to ongoing technical
developments of the wind turbine. Consequently, SGRE and its affiliates reserve the right to change the
below specifications without prior notice. Information contained within the Developer Package may not
be treated separately or out of the context of the Developer Package.

Disclaimer of liability and conditions of use

To the extent permitted by law, neither Siemens Gamesa Renewable Energy A/S nor any of its affiliates in the
Siemens Gamesa group including Siemens Gamesa Renewable Energy S.A. and its subsidiaries (hereinafter
“SGRE”) gives any warranty of any type, either express or implied, with respect to the use of this document or parts
thereof other than the use of the document for its indented purpose. In no event will SGRE be liable for damages,
including any general, special, incidental or consequential damages, arising out of the use of the document, the
inability to use the document, the use of data embodied in, or obtained from, the document or the use of any
documentation or other material accompanying the document except where the documents or other material
accompanying the documents becomes part of an agreement between you and SGRE in which case the liability of
SGRE will be regulated by the said agreement. SGRE reviews this document at regular intervals, and includes
appropriate amendments in subsequent issues. The intellectual property rights of this document are and remain
the property of SGRE. SGRE reserves the right to update this documentation from time to time, or to change it
without prior notice.

The information contained in the Developer Package may not be used as legally binding
documentation and cannot be used in contracts between SGRE and any other parties.

D2056872_011 SG 6.0-170 Developer Package
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Introduction

The SG 6.0-170 is a new wind turbine of the next generation Siemens Gamesa Onshore Geared product
platform called Siemens Gamesa 5.X, which builds on the Siemens Gamesa design and operational
experience in the wind energy market.

With a new 83.5 m blade and an extensive tower portfolio including hub heights ranging from 100 m to
165 m, the SG 6.0-170 aims at becoming a new benchmark in the market for efficiency and profitability.

This Developer Package describes the turbine technical specifications and provides information for the
main components and subsystems.

For further information, please contact your regional SGRE Sales Manager.
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Technical Description

Rotor-Nacelle

The rotor is a three-bladed construction, mounted upwind of the tower. The power output is controlled
by pitch and torque demand regulation. The rotor speed is variable and is designed to maximize the
power output while maintaining loads and noise level.

The nacelle has been designed for safe access to all service points during scheduled service. In addition
the nacelle has been designed for safe presence of service technicians in the nacelle during Service
Test Runs with the wind turbine in full operation. This allows a high quality service of the wind turbine
and provides optimum troubleshooting conditions.

Blades

Siemens Gamesa 5.X blades are made up of fiberglass infusion & carbon pultruded-molded
components. The blade structure uses aerodynamic shells containing embedded spar-caps, bonded to
two main epoxy-fiberglass-balsa/foam-core shear webs. The Siemens Gamesa 5.X blades use a blade
design based on SGRE proprietary airfoils.

Rotor Hub

The rotor hub is cast in nodular cast iron and is fitted to the drive train low speed shaft with a flange
connection. The hub is sufficiently large to provide room for service technicians during maintenance of
blade roots and pitch bearings from inside the structure.

Drive train

The drive train is a 4-points suspension concept: main shaft with two main bearings and the gearbox
with two torque arms assembled to the main frame.

The gearbox is in cantilever position; the gearbox planet carrier is assembled to the main shaft by means
of a flange bolted joint and supports the gearbox.

Main Shaft
The low speed main shaft is forged and transfers the torque of the rotor to the gearbox and the bending
moments to the bedframe via the main bearings and main bearing housings.

Main Bearings
The low speed shaft of the wind turbine is supported by two tapered roller bearings. The bearings are
grease lubricated.

Gearbox
The gearbox is 3 stages high speed type (2 planetary + 1 parallel).

Generator

The generator is a doubly-fed asynchronous three phase generator with a wound rotor, connected to a
frequency PWM converter. Generator stator and rotor are both made of stacked magnetic laminations
and formed windings. Generator is cooled by air.

Mechanical Brake
The mechanical brake is fitted to the non-drive end of the gearbox.

Yaw System
A cast bed frame connects the drive train to the tower. The yaw bearing is an externally geared ring with
a friction bearing. A series of electric planetary gear motors drives the yawing.

D2056872_011 SG 6.0-170 Developer Package
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Nacelle Cover
The weather screen and housing around the machinery in the nacelle is made of fiberglass-reinforced
laminated panels.

Tower

The wind turbine is as standard mounted on a tapered tubular steel tower. Other tower technologies are
available for higher hub heights. The tower has internal ascent and direct access to the yaw system and
nacelle. It is equipped with platforms and internal electric lighting.

Controller
The wind turbine controller is a microprocessor-based industrial controller. The controller is complete
with switchgear and protection devices and is self-diagnosing.

Converter

Connected directly with the Rotor, the Frequency Converter is a back to back 4Q conversion system
with 2 VSC in a common DC-link. The Frequency Converter allows generator operation at variable
speed and voltage, while supplying power at constant frequency and voltage to the MV transformer.

SCADA

The wind turbine provides connection to the SGRE SCADA system. This system offers remote control
and a variety of status views and useful reports from a standard internet web browser. The status views
present information including electrical and mechanical data, operation and fault status, meteorological
data and grid station data.

Turbine Condition Monitoring

In addition to the SGRE SCADA system, the wind turbine can be equipped with the unique SGRE
condition monitoring setup. This system monitors the vibration level of the main components and
compares the actual vibration spectra with a set of established reference spectra. Review of results,
detailed analysis and reprogramming can all be carried out using a standard web browser.

Operation Systems

The wind turbine operates automatically. It is self-starting when the aerodynamic torque reaches a
certain value. Below rated wind speed, the wind turbine controller fixes the pitch and torque references
for operating in the optimum aerodynamic point (maximum production) taking into account the generator
capability. Once rated wind speed is surpassed, the pitch position demand is adjusted to keep a stable
power production equal to the nominal value.

If high wind derated mode is enabled, the power production is limited once the wind speed exceeds a
threshold value defined by design, until cut-out wind speed is reached and the wind turbine stops
producing power.

If the average wind speed exceeds the maximum operational limit, the wind turbine is shut down by
pitching of the blades. When the average wind speed drops back below the restart average wind
speed, the systems reset automatically.
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Technical Specifications

Rotor Generator
TYPE ceveeeeeeeeeeeea, 3-bladed, horizontal axis LY, 1T Asynchronous, DFIG
Position.........cccccceiee. Upwind
Diameter..........ccooeeeeene 170 m Grid Terminals (LV)
Swept area.................... 22,698 m? Baseline nominal power .6.0 MW/ 6.2 MW
Power regulation ............ Pitch & torque regulation Voltage.......cooovveiiiiiiien, 690V

with variable speed Frequency............coeoeee. 50 Hz or 60 Hz
Rotor tilt ...........ccceeiien. 6 degrees

Yaw System

Blade TYPE..oeieiiieieieieieiiieieieies Active
TYPE oo Self-supporting Yaw bearing................... Externally geared
Blade length................... 83,5m Yawdrive.......cccoeeeeienn. Electric gear motors
Max chord.........ccccccn... 45m Yaw brake............ccoeen. Active friction brake
Aerodynamic profile........ Siemens Gamesa

proprietary airfoils Controller
Material...........cccoeeeiienne G (Glassfiber) — CRP TYPE v Siemens Integrated Control

(Carbon Reinforced Plastic) System (SICS)
Surface gloss................. Semi-gloss, < 30 /1502813 SCADA system ............. SGRE SCADA System
Surface color................. Light grey, RAL 7035 or

White, RAL 9018 Tower

TYPE vt Tubular steel / Hybrid

Aerodynamic Brake
TYPE oo Full span pitching Hub height ..................... 100 m to 165 m and site-
Activation ............cccueeeee Active, hydraulic specific
Load-Supporting Parts Corrosion protection ...... Painted
Hub ..o, Nodular cast iron Surface gloss ................ Semi-gloss, <30/ 1S0-2813
Main shaft...................... Nodular cast iron 1670] (o) SR Light grey, RAL 7035 or
Nacelle bed frame.......... Nodular cast iron White, RAL 9018
Mechanical Brake Operational Data
TYPE oo Hydraulic disc brake Cut-in wind speed .......... 3mls
Position.........cccccoeie. Gearbox rear end Rated wind speed .......... 11.0 m/s (steady wind

without turbulence, as
defined by IEC61400-1)

Nacelle Cover Cut-out wind speed ....... 25 m/s
TYPE o Totally enclosed Restart wind speed......... 22 m/s
Surface gloss.................. Semi-gloss, <30/ 1S02813
(67010 SNSRI Light Grey, RAL 7035 or Weight
White, RAL 9018 Modular approach........... Different modules

depending on restriction
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Nacelle Arrangement

The design and layout of the nacelle are preliminary and may be subject to changes during the
development of the product.

Iltem Description Iltem Description
1 Canopy
2 Generator 8 Blade bearing
3 Blades 9 Converter
4  Spinner/hub 10 Cooling
5 Gearbox 11 Transformer
6  Control panel 12 Stator cabinet.

13  Front Control Cabinet
14  Aviation structure

D2056872_011 SG 6.0-170 Developer Package
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Nacelle Dimensions

The design and dimensions of the nacelle are preliminary and may be subject to changes during the
development phases of the product.
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Several modularized solutions are designed to optimize nacelle and hub transportation, subject to
project specific conditions.
e 3 modules (heaviest module <95t): Hub, nacelle, drive train
e 4 modules (heaviest module <79t): Hub, nacelle, drive train, transformer
e 6 modules (heaviest module <62t): Hub, nacelle, gearbox, main shaft, transformer and
generator
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Preliminary Elevation Drawing
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Tower dimensions

SG 6.0-170 is offered with an extensive tower portfolio ranging from 100 m - 165 m, including the
baseline 115 m and 165 m catalogue towers. All towers are designed in compliance with local logistics

requirements.

Preliminary information:

- Tower hub height 115 m llIA. Tapered tubular steel tower.

Section 1 Section 2 | Section 3 Section 4 Section 5
External diameter upper flange (m) 4.700 4.436 4.427 4.021 3.503
External diameter lower flange (m) 4.700 4.700 4.436 4.427 4.021
Section's height (m) 13.564 18.200 23.800 26.880 29.970
Total weight (T) 84.958 84.328 84.548 71.771 63.863
Volume (CBM) 228 363 470 584 498
- Tower hub height 165 m IlIA. Hybrid design (concrete + steel)
Concrete Steel Steel Steel
Section 1 Section 2 Section 3 Section 4
External diameter upper flange (m) 4.668 4.300 4.300 3.574
External diameter lower flange (m) 7.888 4.300 4.,300 4.300
Section's height (m) 100.29 17.970 21.385 21.531

Information about other tower heights and logistic will be available upon request.

Foundation Dimensions and loads

The SG 6.0-170 foundation design inputs for T115 can be found on the following documents:
D2372547.

Foundation loads inputs for T115 m can be found on the following document: D2370721

Detailed information about foundation loads will be available upon request

D2056872_011 SG 6.0-170 Developer Package

Restricted © Siemens Gamesa Renewable Energy 2020 12/39



SIEMENS Gamesa

RENEWABLE ENERGY

SG 6.0-170 Developer Package 2020-02-28
D2056872/011

Design Climatic Conditions

The design climatic conditions are the boundary conditions at which the turbine can be applied without
supplementary design review. Applications of the wind turbine in more severe conditions may be
possible, depending upon the overall circumstances. A project site-specific review requires that the
Employer complete the “Project Climatic Conditions” form.

All references made to standards such as the IEC and ISO are further specified in the document “Codes
and Standards”. The design lifetime presented in the below table only applies to the fatigue load analysis
performed in accordance with the presented IEC code. The term design lifetime and the use thereof do
not constitute any express and/or implied warranty for actual lifetime and/or against failures on the wind
turbines. Please see document for “design lifetime of wind turbine components” for more information.

Subject ID Issue Unit Value
0. Design 0.0 | Design lifetime definition - IEC 61400-1"
lifetime 0.1 | Design lifetime years 20 | 25
1. Wind, 1.1 | Wind definitions - IEC 61400-1
operation 1.2 |IEC class - A B
1.3 Mean air density, p kg/m?3 1.225 1.225
1.4 Mean wind speed, Vave m/s 7.5 7.5
1.5 | Weibull scale parameter, A m/s 8.46 8.46
1.6 | Weibull shape parameter, k - 2 2
1.7 | Wind shear exponent, a - 0.20 0.20
1.8 Reference turbulence intensity at 15 m/s, I - 0.16 0.14
1.9 | Standard deviation of wind direction Deg
1.10 | Maximum flow inclination Deg 8 8
1.11 | Minimum turbine spacing, in rows D - -
1.12 | Minimum turbine spacing, between rows D - -
2. Wind, 2.1 | Wind definitions IEC 61400-1
extreme 2.2 | Air density, p kg/m? 1.225
23 Reference wind speed average over 10 min at m/s 375
hub height, Vret )
2.4 Maximum 3 s gust in hub height, Veso m/s 52.5
2.5 | Maximum hub height power law index, a - 0.11
2.6 | Storm turbulence - N/A
3. Temperature 3.1 | Temperature definitions - IEC 61400-1
3.2 | Minimum temperature, stand-still, Tmin, s Deg.C -30
3.3 Minimum temperature, operation, Tmin, o Deg.C -20
3.4 Maximum temperature, operation, Tmax, o Deg.C 402
3.5 | Maximum temperature, stand-still, Tmax, s Deg.C 50
4. Corrosion 4.1 | Atmospheric-corrosivity category definitions - ISO 12944-2
4.2 | Internal nacelle environment (corrosivity - C3H (std)
category) 2C3H (high C)
4.3 | Exterior environment (corrosivity category) - C3H (std)
2C3H (high C)
5. Lightning 5.1 | Lightning definitions - IEC61400-24:2010
5.2 | Lightning protection level (LPL) - LPL1

T Al mentioning of IEC 61400-1 refers to to IEC 61400-1:2018 Ed4.

2 Maximum power output may be limited after an extended period of operation with a power output close to nominal power. The
limitation depends on air temperature and air density as further described in the High Temperature Ride Through specification.
D2056872_011 SG 6.0-170 Developer Package
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Subject ID Issue Unit Value
6. Dust 6.1 | Dust definitions - IEC 60721-3-4:1995
6.2 Working environmental conditions mg/m? Cor/;\c\;leer:?rgzo?lu(ss)ts%
time)
- 0.05 mg/m?®
6.3 | Concentration of particles mg/m3 Peak Dust
Concentration (95%
time)
- 0.5 mg/m?3
7. Hail 71 Maximum hail diameter mm 20
7.2 Maximum hail falling speed m/s 20
8. Ice 8.1 Ice definitions - -
8.2 |lce conditions Daysly 7
r
9. Solar 9.1 | Solar radiation definitions - IEC 61400-1
radiation 9.2 Solar radiation intensity W/m?2 1000
10. Humidity 10.1 | Humidity definition - IEC 61400-1
10.2 | Relative humidity % Up to 95
11. Obstacles 11.1 | If the height of obstacles within 500m of any turbine location height exceeds 1/3 of
(H — D/2) where H is the hub height and D is the rotor diameter then restrictions may
apply. Please contact Siemens Gamesa Renewable Energy for information on the
maximum allowable obstacle height with respect to the site and the turbine type.
12. Precipitation® | 12.1 | Annual precipitation | mm/yr | 1100

3 The specified maximum precipitation considers standard liquid Leading Edge Protection. For sites with higher annual
precipitation and/or longer lifetime, it is recommended to consider optional reinforced Leading Edge Protection.
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Flexible Rating Specifications

The SG 6.0-170 is offered with various operational modes that are achieved through the flexible
operating capacity of the product, enabling the configuration of an optimal power rating that is best suited
for each wind farm. The operating modes are broadly divided into two categories: Application Modes
and Noise Reduction System Modes*.

Application Modes

Application Modes ensure optimal turbine performance with maximum power rating allowed by the
structural and electrical systems of the turbine. There are multiple Application Modes, offering flexibility
of different power ratings. All Application Modes are part of the turbine Certificate.

SG 6.0-170 can offer increased operation flexibility with modes based on AM 0 with reduced power
rating. These new modes are created with same noise performance of the corresponding Application
Mode 0 but with decreased rating and improved temperature de-rating than the corresponding
Application Mode 0. In addition, the turbine’s electrical performance is constant for the full set of
application modes, as shown on the table below.

The SG 6.0-170 is designed with a base wind class, applicable to AM 0, of IEC IlIA for 20 year lifetime

as well as IEC IlIB for 25 year lifetime. All other Application Modes may be analysed for more demanding
site conditions.

Full List of Application Modes

Electrical Performance BT
o . . Acoustic With Max active
Rotor Application [Rating| Noise | Power Curve Emission ower and
Configuration mode [MW] |[dB(A)]| Document P .
Document | Cos Phi | Voltage | Frequency electrical

Range range capabilitie55
[0.951.

SG 6.0-170 AM O 6.2 106 D2075729 D2359593 0.9 12]Un | 3% Fn 30°C
[0.951.

SG 6.0-170 AM-1 6.1 106 D2356499 D2359593 0.9 12]Un | 3% Fn 33°C
[0.951.

SG 6.0-170 AM-2 6.0 106 D2356509 D2359593 0.9 12]Un | 3% Fn 35°C
[0.951.

SG 6.0-170 AM-3 59 106 D2356523 D2359593 0.9 12]Un | 3% Fn 37°C
[0.951.

SG 6.0-170 AM-4 5.8 106 D2356539 D2359593 0.9 12]Un | 3% Fn 38°C
[0.951.

SG 6.0-170 AM-5 5.7 106 D2356376 D2359593 0.9 12]Un | 3% Fn 39°C
[0.951.

SG 6.0-170 AM-6 5.6 106 D2356368 D2359593 0.9 12]Un | 3% Fn 40°C

4 1t should be noted that the definition of various modes as described in this chapter is applicable in combination with standard
temperature limits and grid capabilities of the turbine. Please refer to High Temperature Power De-rating Specification and

Reactive Power Capability Document for more information
5 Please Refer to “High Temperature Power De-rating Specification” for more details’
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Noise Reduction System (NRS) Modes

The Noise Reduction System is an optional module available with the basic SCADA configuration and
it therefore requires the presence of a SGRE SCADA system to work. NRS Modes are noise curtailed
modes enabled by the Noise Reduction System. The purpose of this system is to limit the noise emitted
by any of the functioning turbines and thereby comply with local regulations regarding noise emissions.

Noise control is achieved through the reduction of active power and rotational speed of the wind turbine.
This reduction is dependent on the wind speed. The Noise Reduction System controls the noise settings
of each turbine to the most appropriate level at all times, in order to keep the noise emissions within the
limits allowed. Sound Power Levels correspond to the wind turbine configuration equipped with noise
reduction add-ons attached to the blade.

The activation of NRS modes depend on the tower type selection. This information can be provided
upon request.

Acoustic Max temperature
Rotor Rating | Noise Power Curve S With Max active power
) . NRS Mode Emission -
Configuration [MW] | [dB(A)] Document D and electrical
ocument S
capabilities
SG 6.0-170 N1 6.00 105.5 D2323420 D2359593 30°C
SG 6.0-170 N2 5.80 104.5 D2314784 D2359593 30°C
SG 6.0-170 N3 5.24 103.0 D2314785 D2359593 30°C
SG 6.0-170 N4 512 102.0 D2314786 D2359593 30°C
SG 6.0-170 N5 4.87 101.0 D2314787 D2359593 30°C
SG 6.0-170 N6 4.52 100.0 D2314788 D2359593 30°C
SG 6.0-170 N7 3.60 99.0 D2314789 D2359593 30°C

Control Strategy

The Application Modes are implemented and controlled in the Wind Turbine Controller. The NRS modes
are also handled in the SCADA, however it shall also be possible to deploy custom NRS modes from
the SCADA to the Wind Turbine Controller.

6 Please refer to “High Temperature Power De-rating Specification” for more details’.
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Electrical Specifications

Nominal output and grid conditions

Nominal power ..........
Nominal voltage .........

Power factor correction.....

Power factor range.....

Generator

TYPE e
Maximum power.........

Nominal speed...........

Generator Protection
Insulation class ..........

Winding temperatures
Bearing temperatures.
Slip Rings

Grounding brush........

Generator Cooling

Cooling system ..........
Internal ventilation......
Control parameter ......

Frequency Converter
Operation
Switching

Switching freq., grid side...

Cooling .....cuvvvveeeiennnns

Main Circuit Protection

Short circuit protection
Surge arrester............

Peak Power Levels
10 min average ..........

6200 kW

690 V

Frequency converter
control

0.9 capacitive to 0.9

inductive at nominal

balanced voltage

DFIG Asynchronous
6350 kW @30°C ext.
ambient

1120 rpm-6p (50Hz)
1344 rpm-6p (60Hz)

Stator H/H

Rotor H/H

6 Pt 100 sensors

3 Pt100

1 Pt 100

On side no coupling

Air cooling

Air

Winding, Air, Bearings
temperatures

4Q B2B Partial Load
PWM

2.5 kHz

Liquid/Air

Circuit breaker
varistors

Limited to nominal

Grid Capabilities Specification

Nominal grid frequency..... 50 or 60 Hz
Minimum voltage............... 85 % of nominal
Maximum voltage.............. 113 % of nominal
Minimum frequency........... 92 % of nominal
Maximum frequency.......... 108 % of nominal
Maximum voltage imbalance

(negative sequence of

component voltage). ......... <5%
Max short circuit level at
controller’s grid

Terminals (690 V) ............. 82 kA

Power Consumption from Grid (approximately)
At stand-by,No yawing....... 10 kW
At stand-by, yawing........... 50 kW

Controller back-up

UPS Controller system......
Back-uptime ....................
Back-up time Scada.........

Online UPS, Li battery
1 min
Depend on configuration

Transformer Specification
Transformer impedance
requirement......................
Secondary voltage............
Vector group........ccoeeeeeeeee

8.5% -10.5%
690 V

earthed)

Earthing Specification

Earthing system................ Acc. to IEC62305-3 ED

1.0:2010

Foundation reinforcement .
electrodes

Foundation terminals ........ Acc. to SGRE Standard

HV connection.................. HV cable shield shall be

connected to earthing system

All data are subject to tolerances in accordance with IEC.
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Simplified Single Line Diagram

N

|
|
| GENERATOR
|
|

STATOR MUDULE

........................

MAIN TRANSFORMER

Max Current........cc.oceuvene...

Nominal voltage ...............
Frequency .......ccccoceeieieieiee
Impedance voltage ..........
Loss (Po /Pk75°c)
Vector group
Standard

Transformer Monitoring
Top oil temperature............
Oil level monitoring sensor...
Overpressure relay

7.11 kA + harmonics at
nominal voltage + 10 %
30/0.69 kV

50 Hz

9.5% + 8.3% atref. 6.5
MVA

4.77/84.24 kW

Dyn11

IEC 60076

ECO Design Directive

PT100 sensor
Digital input
Digital input

Liquid inside transformer
Cooling liquid at heat
exchanger

Transformer Earthing
Star point

| | / \ CONTACTOR e
\J 2N — — T
<~ -X/—
[\ \ // \ \)/ /
|| cearsox \ |
l ! ................................................................................................. CU_NV_ER.T_EB_MQD_ULE_,
(|
\ %
\\ /‘ CIRCUIT BREAKER E]
\
CONTACTOR |}:| gﬁ%}»éARGE
POWER BLOCK
ROTOR GRID
INDUCTOR INDUCTOR
—— = —~—
Transformer Specifications ECO 30 kV

Transformer Transformer Cooling
TYPE oo Liquid filled Cooling type............ KFWF

K-class liquid

Glysantin

The star point of the

transformer is connected to

earth
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Switchgear Specifications

General

The switchgear will be chosen as factory-assembled, type-tested, and maintenance-free high-voltage
switchgear with single-busbar system. The device will be metal-enclosed, metal-clad, gas-isolated, and
conforms to the stipulations of IEC 62271-200.

The switchgear vessel of the gas-insulated switchgear is classified according to IEC as a “sealed
pressure system”. It is gas-tight for life. The switchgear vessel accommodates the busbar system and
switching device (such as vacuum circuit breaker, three-position switch disconnecting and earthing).
The vessel is filled with sulphur hexafluoride (SF6) at the factory. This gas is non-toxic, chemically inert,
and features a high dielectric strength. Gas work on site is not required, and even in operation it is not
necessary to check the gas condition or refill, the vessel is designed for being gas tight for life.

To monitor the gas density, every switchgear vessel is equipped with a ready-for-service indicator at the
operating front. This is a mechanical red/green indicator, self-monitoring and independent of
temperature and variations of the ambient air pressure.

MV cables connected to the grid cable- and circuit-breaker feeders are connected via cast-resin
bushings leading into the switchgear vessel. The bushings are designed as outside-cone system type
“C” M16 bolted 630 A connections according to EN 50181. The compartment is accessible from the
front. A mechanical interlock ensures that the cable compartment cover can only be removed when the
three-position switch is in the earthed position.

The circuit-breaker operates based on vacuum switching technology. The vacuum interrupter unit is
installed in the switchgear vessel together with the three-position switch and is thus protected from
environmental influences. The operating mechanism of the circuit-breaker is located outside the vessel.
Both, the interrupters and the operating mechanisms, are maintenance-free.

Padlock facilities are provided to lock the switchgear from operation in disconnector open and close
position, earth switch open and close position, and circuit breaker open position, to prevent improper
operation of the equipment.

Capacitive Voltage detection systems are installed both in the grid cable and the circuit breaker feeders.
Pluggable indicators can be plugged at the switchgear front to show the voltage status.

The switchgear is equipped with an over-current protection relay with the functions over current, short
circuit and earth fault protection. The relay ensures that the transformer is disconnected if a fault occurs
in the transformer or the high voltage installation in the wind turbine. The relay is adjustable to obtain
selectivity between low voltage main breaker and the circuit breaker in the substation.

The protective system shall cause the circuit breaker opening with a dual powered relay (self-power
supply + external auxiliary power supply possibility). It imports its power supply from current
transformers, that are already mounted on the bushings inside the circuit breaker panel and is therefore
ideal for wind turbine applications.

Trip signals from the transformer auxiliary protection and wind turbine controller can also disconnect the
switchgear.

The switchgear consists of two or more feeders*; one circuit breaker feeder for the wind turbine
transformer also with earthing switch and one or more grid cable feeders** with load break switch and
earthing switch.

The switchgear can be operated local at the front or by use of portable remote control (circuit breaker
only) connected to a control box at the wind turbine entrance level.
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* Up to four feeders.
** SGRE to be contacted for possible feeder configurations of circuit breaker and grid feeder combinations.

The switchgear is located below the tower structure. The main transformer, LV switchgear and
converters are located on the nacelle level above the tower.

Grid cables, from substation and/or between the turbines, must be installed at the bushings in the grid
cable feeder cubicles of the switchgear. These bushings are the interface/grid connection point of the
turbine. It is possible to connect grid cables in parallel by installing the cables on top of each other. The
space in the MV cable compartments of the switchgear allows the installation of two connectors per
phase or one connector + surge arrester per phase.

The transformer cables are installed at the bottom of the circuit breaker feeder. The cable compartment
is accessible from the front. A mechanical interlock ensures that the cable compartment cover can only
be removed when the three-position switch is in the earthed position.

Optionally, the switchgear can be delivered with surge arresters installed in between the switchgear
and wind turbine transformer on the outgoing bushings of the circuit breaker feeder.
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Grid cable feeder

Circuit breaker feeder
Degree of protection, vessel

Internal arc classification IAC:

Pressure relief
Standard
Temperature range

Grid cable feeder (line
cubicle)

Rated current, Cubicle
Rated current, load breaker
Short time withstand current
Short circuit making current
Three position switch
Switch mechanism

Control

Voltage detection system

Cable riser or line
cubicle

Circuit breaker
IP65

A FL20 KA 1s
Downwards
IEC 62271
-25°C to +45°C

630 A

630 A

20 kA/1s

50 kA/1s

Closed, open, earthed
Spring operated

Local

Capacitive

*Cable clamps are not part of switchgear delivery.

Protection
Over-current relay
Functions

Power supply

Interface- MV Cables
Grid cable feeder

Cable entry
Cable clamp size (cable outer
diameter) **

Circuit breaker feeder
Cable entry

Interface to turbine control
Breaker status

SF6 supervision

External trip

SG 6.0-170 Developer Package 2020-02-28
D2056872/011
Technical Data for Switchgear
Switchgear
Make TBD Circuit breaker feeder
Type TBD Rated current, Cubicle 630 A
Rated voltage 20-40,5(Um) kV Rated current circuit breaker 630 A
Operating voltage 20-40,5(Um) kV Short time withstand current 20 kA/1s
Rated current 630 A Short circuit making current 50 kA/1s
Short time withstand current 20 kA/1s Short circuit breaking current 20 kA/1s
Peak withstand current 50 KA Three position switch Closed, open, earthed
Power frequency withstand 70 kV Switch mechanism Spring operated
voltage Tripping mechanism Stored energy
Lightning withstand voltage 170 kV
Insulating medium SFe Control Local
Switching medium Vacuum Coail for external trip 230V AC
Consist of 2/3/4 panels Voltage detection system Capacitive

Self-powered
50/51 50N/51N
Integrated CT supply

630 A bushings type C
M16

Max 2 feeder cables
From bottom

26 - 38mm

36 - 52mm

50 - 75mm

630 A bushings type C
M16

From bottom

1 NO contact
1 NO contact
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Grid Performance Specification, 50 Hz

This document describes the grid performance of the Siemens Gamesa 5.X, 50 Hz wind turbine.
Siemens Gamesa Renewable Energy (SGRE) will provide wind turbine technical data for the
developer to use in the design of the wind power plant and the evaluation of requirements compliance.
The developer will be responsible for the evaluation and ensuring that the requirements are met for the

wind power plant.

The capabilities described in this document are based on the assumption that the electrical network is
designed to be compatible with operation of the wind turbine. SGRE will provide a document with
guidance to perform an assessment of the network’s compatibility.

Fault Ride Through (FRT) Capability

The wind turbine is capable of operating when voltage transient events occur on the interconnecting
transmission system above and below the standard voltage lower limits and time slot according to
Figure 1 and Figure 2.

This performance assumes that the installed amount of wind turbines is in the right proportion to the
strength of the grid, which means that the short circuit ratio (Sk/Sn) and the X/R ratio of the grid at the
wind turbine transformer terminals must be adequate.

Evaluation of the wind turbine’s fault ride through capability in a specific system must be based on
simulation studies using the specific network model and a dynamic wind turbine model provided by
SGRE. This model is a reduced order model, suitable for balanced simulations with time steps
between 4-10 ms.

The standard voltage limits for the Siemens Gamesa 5.X, 50 Hz wind turbine are presented in Figure 1
between 0 - 70 seconds.

HVRT & LVRT Voltage Profile

Siemens Gamesa 5.X
14

1,13
60, 1.25

1,1.25

60, 1.13

1,113

60, 0.9
10, 0.85

2
]

10, 0.8 60, 0.85

2.854, 07107

Voltage (p.u.)

=
o

04

——LVRT Guaranteed profile LV

——HVRT Maximum profile 1V, derating allowed
0.2

0.45,0.06205 ——HVRT Minimum profile LV

0.45,0

0
0 10 20 30 40 50 60 70

Time (s)
Figure 1. High and Low voltage limits for Siemens Gamesa 5.X, 50 Hz wind turbine in the range of 0-70 seconds. The nominal
voltage is 690 V
(i.e. 1 p.u.).
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Power Factor (Reactive Power) Capability

The wind turbine can operate in a power factor range of 0.9 leading to 0.9 lagging at the low voltage
side of the wind turbine transformer, considering a voltage level equal or higher of 0.95pu. Depending
on the voltage behaviour (higher or lower, inside maximum permissible margins), the Reactive Power
maximum capability is modified accordingly.

The control mode for the wind turbine is with reactive power set-points or Local Voltage Control mode
(external set-points of voltage).

Supervisory Control and Data Acquisition (SCADA) Capability

The SGRE SCADA system has the capability to transmit and receive instructions from the
transmission system provider for system reliability purposes depending on the configuration of the
SCADA system. The project specific SCADA requirements must be specified in detail for design
purposes.

Frequency Capability

The wind turbine can operate in the frequency range between 46 Hz and 54 Hz, making a difference
between a steady state operation (full simultaneity): £3%, and transients’ events (limited simultaneity):
18%, over rated frequency.

Simultaneities of main operation parameters shall be considered for evaluating the permitted operation
ranges, mainly:

Active Power level

Reactive Power provision
Ambient Temperature
Voltage level of operation
Frequency level of operation

And the total time that the turbine is operating under such conditions.

Voltage Capability

The voltage operation range for the wind turbine is between 85% and 113% of nominal voltage at the
low voltage side of the wind turbine transformer. The voltage can be up to 130% for 1s, see Figure 1.
The wind turbine’s target voltage shall stay between 95% and 105% to support the best possible
performance by staying within the operation limits.

Beyond £10% of voltage deviation, automatic voltage support algorithms could execute Reactive
Power control, to secure a continuous operation of the Wind Turbine Generator and maximizing the
availability, overriding external control and setpoints of Reactive Power.

Flicker and Harmonics
Flicker and Harmonics values will be provided in the power quality measurement report extract in
accordance with IEC 61400-21 Edition 2.

Reactive Power -Voltage Control
The power plant controller can operate in two different modes:
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- Q Control — In this mode reactive power is controlled at the point of interconnection, according to
a reactive power reference

-V Control — Voltage is directly controlled at the point of interconnection, according to a voltage
reference

The SCADA system receives feedback/measured values from the Point of Interconnection depending
on the control mode it is operating. The wind power plant controller then compares the measured
values against the target levels and calculates the reactive power/voltage reference. Finally,
references are distributed to each individual wind turbine. The wind turbine’s controller responds to the
latest reference from the SCADA system and will generate the required response accordingly from the
wind turbine.

Frequency Control

The frequency control is managed by the SCADA system together with the wind turbine controller. The
wind power plant frequency control is carried out by the SCADA system which distributes active power
set-points to each individual wind turbine, to the controllers. The wind turbine controller responds to
the latest reference from the SCADA system and will maintain this active power locally.

All data are subject to tolerances in accordance with IE
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Grid Performance Specification, 60 Hz

This document describes the grid performance of the SG5.X, 60 Hz wind turbine. Siemens Gamesa
Renewable Energy (SGRE) will provide wind turbine technical data for the developer to use in the design
of the wind power plant and the evaluation of requirements compliance. The developer will be
responsible for the evaluation and ensuring that the requirements are met for the wind power plant.

The capabilities described in this document are based on the assumption that the electrical network is
designed to be compatible with operation of the wind turbine. SGRE will provide a document with
guidance to perform an assessment of the network’s compatibility.

Fault Ride Through (FRT) Capability

The wind turbine is capable of operating when voltage transient events occur on the interconnecting
transmission system above and below the standard voltage lower limits and time slot according to Figure
1 and Figure 2.

This performance assumes that the installed amount of wind turbines is in the right proportion to the
strength of the grid, which means that the short circuit ratio (Sk/Sn) and the X/R ratio of the grid at the
wind turbine transformer terminals must be adequate.

Evaluation of the wind turbine’s fault ride through capability in a specific system must be based on
simulation studies using the specific network model and a dynamic wind turbine model provided by
SGRE. This model is a reduced order model, suitable for balanced simulations with time steps between
4-10 ms.

The standard voltage limits for the Siemens Gamesa 5.X, 60 Hz wind turbine are presented in Figure 1
between 0 - 70 seconds.
HVRT & LVRT Voltage Profile
Siemens Gamesa 5.X

60, 1.25

1,125

1,113 60, 1.13

60, 0.9
10, 0.85

e
o

10,0.8 60, 0.85

2.854, 0.7107

Voltage (p.u.)

o
o

0.4

—— LVRT Guaranteed profile LV
—— HVRT Maximum profile LV, derating allowed

0.45, 0.06205 — HYRT Minimum profile LV

0.45,0
0 10 20 30 40 50 60 70
Time (s)
Figure 1. High and Low voltage limits for Sieemns Gamesa 5.X, 60 Hz wind turbine in the range of 0-
70 seconds. The nominal voltage is 690 V (i.e. 1 p.u.).
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Power Factor (Reactive Power) Capability

The wind turbine can operate in a power factor range of 0.9 leading to 0.9 lagging at the low voltage
side of the wind turbine transformer, considering a voltage level equal or higher of 0.95pu. Depending
on the voltage behaviour (higher or lower, inside maximum permissible margins), the Reactive Power
maximum capability is modified accordingly.

The control mode for the wind turbine is with reactive power set-points or Local Voltage Control mode
(external set-points of voltage).

Supervisory Control and Data Acquisition (SCADA) Capability

The SGRE SCADA system has the capability to transmit and receive instructions from the transmission
system provider for system reliability purposes depending on the configuration of the SCADA system.
The project specific SCADA requirements must be specified in detail for design purposes.

Frequency Capability

The wind turbine can operate in the frequency range between 55.2 Hz and 64.8 Hz, making a difference
between a steady state operation (full simultaneity): £3%, and transients’ events (limited simultaneity):
1+8%, over rated frequency.

Simultaneities of main operation parameters shall be considered for evaluating the permitted operation
ranges, mainly:

Active Power level

Reactive Power provision
Ambient Temperature
Voltage level of operation
Frequency level of operation

And the total time that the turbine is operating under such conditions.

Voltage Capability

The voltage operation range for the wind turbine is between 85% and 113% of nominal voltage at the
low voltage side of the wind turbine transformer. The voltage can be up to 130% for 1s, see Figure 1.
The wind turbine’s target voltage shall stay between 95% and 105% to support the best possible
performance by staying within the operation limits.

Beyond +10% of voltage deviation, automatic voltage support algorithms could execute Reactive Power
control, to secure a continuous operation of the Wind Turbine Generator and maximizing the availability,
overriding external control and setpoints of Reactive Power.

Flicker and Harmonics

Flicker and Harmonics values will be provided in the power quality measurement report extract in
accordance with IEC 61400-21 Edition 2.

Reactive Power -Voltage Control

The power plant controller can operate in two different modes:
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¢ Q Control — In this mode reactive power is controlled at the point of interconnection, according
to a reactive power reference

e V Control — Voltage is directly controlled at the point of interconnection, according to a voltage
reference

The SCADA system receives feedback/measured values from the Point of Interconnection depending
on the control mode it is operating. The wind power plant controller then compares the measured values
against the target levels and calculates the reactive power/voltage reference. Finally, references are
distributed to each individual wind turbine. The wind turbine’s controller responds to the latest reference
from the SCADA system and will generate the required response accordingly from the wind turbine.

Frequency Control

The frequency control is managed by the SCADA system together with the wind turbine controller. The
wind power plant frequency control is carried out by the SCADA system which distributes active power
set-points to each individual wind turbine, to the controllers. The wind turbine controller responds to the
latest reference from the SCADA system and will maintain this active power locally.
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Reactive Power Capability, 50 and 60 Hz

This document describes the reactive power capability of SG 6.0-170, 50/60 Hz wind turbines during
active power production. SG 6.0-170 wind turbines are equipped with a B2B Partial load frequency
converter which allows the wind turbine to operate in a wide power factor range.

The maximum amount of Reactive Power to be generated or consumed depends on a wide range of
parameters, some of them not possible to consider in a general way as they are fully dependent on the
site and grid conditions.

Between others, the Reactive Power Capability at a given Operating Conditions depends on existing
Active Power, internal temperature of Wind Turbine Generator components, external ambient
temperature, Grid conditions (voltage level, frequency level, etc.) and impact, thermally, in high inertial
systems. So, the required operation time in worse conditions is also a parameter to be considered.

Online maximum capabilities estimation is executed by the Reactive Power Controller algorithm, to
provide the possibility of maximizing the Capabilities in favorable grid and site conditions.

Reactive Power Capability Curves
The estimated minimum reactive power capability for the wind turbine at the LV side of the wind turbine
transformer will be presented in the following Figures.

Figure 1 shows the guaranteed reactive power capability depending on the generated Active Power at
various voltages at the LV terminals, starting by 90% of rated voltage.

The reference external temperature is set to maximum (SG 6.0-170, 6.2MW, 30°C ext Temp).

Maximum capabilities when reducing ambient temperatures or increasing voltage level are higher but
not shown in this document as specific studies shall be carried out in case of necessity.

Operation at voltages in between 86% to 90% over rated is considered a special situation where both
Reactive Power and Active power may be de-rated depending on Operation Condition of the Wind
Turbine Generator, especially dependent on the Ambient Temperature.

Between voltages of +112% and +113%, as well as between 85% and 86%, Reactive Power Controller
enters in Voltage Saturation Mode and will not allow an amount of Reactive Power generation or
consumption that would cause a self-trip due to over or under voltage protections, caused by the own
operation of the turbine. These levels are possible to be set.

Figure 2 includes reactive power capability at no wind operating conditions (QwPO0).

The SCADA can send voltage references to the wind turbine in the range of 0.92 p.u. to 1.08 p.u. The
wind power plant should be designed to maintain the wind turbine voltage references between 0.95 p.u.
and 1.05 p.u. during steady state operation.

The tables and figures assume that the phase voltages are balanced, and that the grid operational
frequency and component values are nominal. Unbalanced voltages will decrease the reactive power
capability. Component tolerances were not considered in determining curve parameters. Instead, the
curves and data are subject to an overall tolerance of £ 5 % of the rated power.

These figures consider Wind Turbine operation around its expected generator speed for each operation
condition. Extreme speed excursions caused by specific Wind gusts, up and down from standard value,
may cause punctual Reactive Power restrictions due to Generator and Converter limits of voltage and
currents. All this is also fully dependent on the Grid conditions of voltage level and external setpoint.
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The guaranteed values of Reactive Power for those operational points in between the shown borders
and corners of the figures, can be calculated by means of linear interpolation. Guaranteed values of
Reactive Power in voltages over 0.95pu, are considered constant and fixed in the given values.

The reactive power capability presented in this document is the net capability and accounts for the
contribution from the wind turbine auxiliary system, the reactors and the existing filters.

The reactive power capability described is valid while operating the wind turbine within the limits
specified in the Design Climatic Conditions.

5G6.0-170PQY

005200 5 j 3002;6200 ~ - POY 6.0 @ Y=0.90
' ! B000 f : POV 60 @ Y2095
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Reactive Power [k\War)

Figure 1: Reactive power capability curves, 50/60 Hz Wind Turbine, at LV terminals. External Ambient Temperature
dependency included for Flex Rating operation description

SG 6.0-170 Prated = 6.2MW
V =0.9pu V 2 0.95pu
Active Power Reactive Reactive
[kW] Power Power Factor Power Power Factor
[KVAT] [KVAr]
0 0 * __* 0 * __*

300 3002 0,9 3002 0,9

5800 3002 0,9 3002 0,9

6200 2400 0,933 3002 0,9

Table 1: Reactive power capability curves, 50/60 Hz Wind Turbine, at LV terminals. External Ambient Temperature dependency
included for Flex Rating operation description

* Reactive Power at no wind conditions applies
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Figure 2: Reactive power capability at no wind (QwP0)

Using the standard Grid Transformer parameters, next table summarizes the expected Reactive Power
Capability referenced to HV terminals when considering the Grid Transformer Reactive Power

consumption and the declared LV PQV capability from Table 1.

Note: These values shall be used only as reference as are fully dependent on Grid Transformer variant, construction
and brand. In general, it is considered that a deviation up to £10% in Reactive Power consumption can exist between

variants.

SG 6.0-170 Text = 302C Prated = 6,2MW

Active Power

Active Power

VLV_side = 0,9pu

VLV_side 2 0,95pu

Reactive Power HV side

Reactive Power HV side

[% over rated] [kwW]
[kVAr] [kVAr]
0% 0 0 ** * % 0 ** * %
5% 300 2873 -3139 2873 -3139
16% 1000 2860 -3152 2860 -3152
24% 1500 2842 -3171 2842 -3171
32% 2000 2816 -3196 2816 -3196
40% 2500 2783 -3229 2783 -3229
48% 3000 2743 -3269 2743 -3269
56% 3500 2696 -3316 2696 -3316
65% 4000 2641 -3371 2641 -3371
73% 4500 2579 -3433 2579 -3433
81% 5000 2510 -3503 2510 -3503
89% 5500 2433 -3579 2433 -3579
94% 5800 2384 -3629 2384 -3629
100% 6200 1759 -3049 2314 -3699
Table 2: Reactive power capability curves, 50/60 Hz Wind Turbine, at HV terminals.
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SCADA, System Description

The SGRE SCADA system is a system for supervision, data acquisition, control, and reporting for
wind farm performance.

Main features
The SCADA system has the following main features:
- On-line supervision and control accessible via secured tunnel over the Internet.

- Data acquisition and storage of data in a historical database.

- Local storage of data at wind turbines if communication is interrupted and transferred to
historical database when possible.

- System access from anywhere using a standard web browser. No special client software or
licenses are required.

- Users are assigned individual usernames and passwords, and the administrator can assign a
user level to each username for added security.

- Email function can be configured for fast alarm response for both turbine and substation
alarms.
Configuration can also support alarm notification via SMS service.

- Interface to power plant control functions for enhanced control of the wind farm and for remote
regulation, e.g. MW / Voltage / Frequency / Ramp rate.

- Interface for integration of substation equipment for monitoring and control.

- Interface for monitoring of Reactive compensation equipment, control of this equipment is
achieved via the SGRE power plant controller

- Integrated support for environmental control such as noise, shadow/flicker, bat/wildlife and ice.

- Capabilities for monitoring hybrid power plant equipment such as Battery Energy Storage
Systems (BESS) and Photo Voltaic (PV) systems. Control of such equipment is achieved via
the SGRE power plant controller.

- Power curve plots and efficiency calculations with pressure and temperature correction
(pressure and temperature correction available only if SGRE MET system supplied).

- Condition monitoring integrated with the turbine controller using designated server.

- Ethernet-based system with secure compatible interfaces (OPC UA / IEC 60870-5-104) for
online data access.

- Legacy protocols like OPC-(XML)-DA or Modbus TCP can be supported on request

- Access to historical - scientific and optional high resolution data via Restfull API.

- Virus Protection Solution.

- Back-up & restore.

Wind turbine hardware

Components within the wind turbine are monitored and controlled by the individual local wind turbine
controller (SICS). The SICS can operate the turbine independently of the SCADA system, and turbine
operation can continue autonomously in case of, e.g. damage to communication cables.

Data recorded at the turbine is stored at the SICS. In the event that communication to the central
server is temporarily interrupted data is kept in the SICS and transferred to the SCADA server when
possible.

Communication network in wind farm

The communication network in the wind farm must be established with optical fibers. The optimum
network design is typically a function of the wind farm layout. Once the layout is selected, SGRE will
define the minimum requirements for the network design.
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The supply, installation, and termination of the communication network are typically carried out by the
Employer. If specifically agreed the division of responsibility for the communication network can be
changed.

SCADA server panel
The central SCADA server panel supplied by SGRE is normally placed at the wind farm substation or
control building.The server panel comprises amongst others:

- The server is configured with standard disk redundancy (RAID) to ensure continuous
operation in case of disk failure. Network equipment. This includes all necessary switches and
media converters.

- UPS back up to ensure safe shut down of servers in case of power outage.

For large sites or as option a virtualized SCADA solution can be supplied.

On the SCADA server the data is presented online as a web-service and simultaneously stored in an
SQL database. From this SQL database numerous reports can be generated.

Employer “client” connection to the SCADA system establishing via the internet through a point to
point TCP/IP VPN-connection.

Grid measuring station and Wind Farm Controler

The SCADA system includes a grid measuring station located in one / more module panels or in the
SCADA server panel. Normally the grid measuring station is placed at the wind farm substation or
control building.

The heart of the grid measuring station is a PQ meter. The Wind Farm Control /grid measuring station
can be scaled to almost any arrangement of the grid connection. The grid measuring station requires
voltage and current signals from VT’s and CT’s fitted at the wind farm PCC to enable the control
functions.

The grid measuring station and the Wind Farm Control interfaces to the SGRE SCADA servers and
turbines are via a LAN network.

The Wind Farm Control can on request be supplied in a high availability (HA) setup with a redundant
server cluster configuration.

Note: In small SGRE SCADA systems (typically <10 turbines) and if the small SGRE SCADA system
is placed in a turbine the Wind Farm Control and grid measuring station may be arranged otherwise.

Signal exchange

Online signal exchange and communications with third party systems such as substation control
systems, remote control systems, and/or maintenance systems is possible from both the module
and/or the SGRE SCADA server panel. For communication with third party equipment OPC UA and
IEC 60870-5-104 are supported. Legacy protocols like OPC-(XML)-DA or Modbus TCP can be
supported on request

SGRE SCADA software
The normal SGRE SCADA user interface presents online and historical data. The screen displays can
be adjusted to meet individual customer requirements.

Historical data are stored in an MS SQL database as statistical values and can be presented directly
on the screen or exported for processing in MS Access or via a RESTfull API.
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The SGRE SCADA software can also serve as user interface to the Wind Farm Control functions.

Virus protection solution

A virus protection solution can be offered as a part of the Service Agreement (SA). An anti-virus client
software will in that case be installed on all MS-Windows based components at the SCADA system
and the WTGs.

The virus protection solution is based on a third-party anti-virus product. Updates to the anti-virus
client software and pattern files are automatically distributed from central SGRE based servers.

Back-up & restore

For recovery of a defect SCADA system or component, the SGRE SCADA system provides back-up
of configuration files and basic production data files. Both configuration and selected production data
are backed up automatically on a regular time basis for major components. The back-up files are
stored both locally on the site servers and remotely on SGRE back-up storage servers.
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Codes and Standards

INTRODUCTION AND SCOPE

This document lists codes and standards according to which turbines are designed, manufactured and
tested. The scope of this document is limited to the Siemens Gamesa 5.X platform.

CODES AND STANDARDS

SGRE Onshore geared turbines are designed, manufactured, and tested to SGRE’s technical drawings,
procedures, and processes that are generally in compliance with the applicable sections of the codes
and standards listed herein. This list of codes and standards for design, manufacturing, and testing
forms a part of the design basis documentation. The edition of the codes and standards is the version
used for the certification process which is conducted by an external certifying body.

GENERAL

IEC-RE Operational Document: OD-501, Type and Component Certification Scheme*
o *IEC-RE is the substitute of IEC 61400-22:2010 Ed.1, Wind turbines — Part 22: Conformity
testing and certification.

IEC 61400-1:2019 Ed.4 Wind turbines —. Part 1: Design requirements

IEC 61400-11:2012 + AMD1:2018, Wind turbine generator systems Part 11: Acoustic noise
measurement techniques

IEC 61400-12-1:2017, Ed.1, Wind Turbine Generator Systems Part 12: Power performance
measurements of electricity producing wind turbines

IEC 61400-13: 2015 Wind Turbine Generator Systems - Part 13: Measurement of Mechanical
Loads

IEC 61400-23 Ed. 1.0 EN :2014 Wind turbines - Part 23: Full-scale structural testing of rotor
blades

EN 10025-1:2004, Hot rolled products of structural steels - Part 1: General technical delivery
conditions

EN 10025-2:2004, Hot rolled products of structural steels - Part 2: Technical delivery conditions
for non-alloy structural steels

EN 10025-3:2004, Hot rolled products of structural steels - Part 3: Technical delivery conditions
for normalized/normalized rolled weldable fine grain structural steels

EN 10029:2010, Hot rolled steel plates 3 mm thick or above - Tolerances on dimensions, shape
and mass

EN 10083:2006, Quenched and tempered steels - Part 1: Technical delivery conditions for
special steels (Main shaft)

EN 1563:2012, Founding - Spheroidal graphite cast irons

EN 1993-1-8:2005/AC:2009: Eurocode 3: Design of steel structures Part 1-8: Joints

EN 1999-1-1-2008 Design of aluminum structures — part 1-1: General structural rules

ISO 16281:2008 Rolling bearings - Methods for calculating the modified reference rating life for
universally loaded bearings

ISO 16281:2008 / Cor. 1:2009 Rolling bearings - Methods for calculating the modified reference
rating life for universally loaded bearings

ISO 281:2007 Rolling bearings - Dynamic load ratings and rating life - Life modification factor
aDIN and calculation of the modified rating life

ISO 76:2006 Rolling bearings - Static load ratings

1SO 898-1:2013, Mechanical properties of fasteners made of carbon steel and alloy steel -- Part
1: Bolts, screws and studs with specified property classes -- Coarse thread and fine pitch thread
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VDI 2230 Blatt 1, 2016, Systematic calculation of highly stressed bolted joints - Joints with one
cylindrical bolt

ISO 4413:2011 Hydraulic fluid power -- General rules and safety requirements for systems and
their components

DIN 51524-3 1990 Pressure fluids - Hydraulic oils - Part 3: HVLP hydraulic oils, Minimum
requirements

ISO 16889:2008 Hydraulic fluid power -- Filters -- Multi-pass method for evaluating filtration
performance of a filter element

UNE-EN 14359:2008+A1:2011: Gas-loaded accumulators for fluid power applications.

PED 2014/68/EU Pressure Equipment Directive

DNV-DS-J102:2010 Design and Manufacture of Wind Turbine Blades, Offshore and Onshore
Wind Turbines
DNVGL-ST-0126:2016 Support structures for wind turbines

DIBt - Richtlinie flir Windenergieanlagen - Oktober 2012, korrigierte Fassung Mérz 2015
DIBt — Richtlinie fur Windenergieanlagen:2012, Einwirkungen und Standsicherheitsnachweise
far Turm und Griindung.

GEARBOX

IEC 61400-4:2012 Wind turbines -- Part 4: Design requirements for wind turbine gearboxes

ELECTRICAL

IEC 61400-21:2008 Wind turbine generator systems - Part 21: Measurement and assessment
of power quality characteristics of grid connected wind turbines

IEC 61400-24 Ed. 1.0 (2010) Wind turbines - Part 24: Lightning protection.

IEC 60076-16:2018 — Power transformers - Part 16: Transformers for wind turbine applications

EN 60204-1:2006 (+correct 2010) Safety of machinery - Electrical equipment of machines - Part
1: General requirements

EN 61000-6-2:2005 Electromagnetic compatibility (EMC) - Part 6-2: Generic standards —
Immunity for industrial environments.

EN 61000-6-4:2007 Electromagnetic compatibility (EMC) - Part 6-4: Generic standards -
Emission standard for industrial environments.

EN 61439-1:2014 Low-voltage switchgear and control gear assemblies. General rules

EN 61439-2:2011 Low-voltage switchgear and control gear assemblies. Power switchgear and
control gear assemblies

Low Voltage Directive 2014/35/EU
EMC Directive 2014/30/EU

QUALITY

ISO 9001:2015 Quality management systems — Requirements
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PERSONAL SAFETY

2006/42/EC Machinery Directive
EN 50308:2004, Wind turbines — Protective measures — Requirements for design, operation and
maintenance.
OSHA 2005 Requirements for clearances at doorways, hatches, and caged.

o OSHA'’s Subpart D Walking-Working Surfaces Section 1910.27v
ISO12100:2011 Safety of machinery — General principles for design — Risk assessment and risk
reduction
ISO 13849-1:2015 — Safety of machinery — Safety-related parts of control systems — Part 1:
General principles for design
ISO 13849-2:2013 - Safety of machinery — Safety-related parts of control systems — Part 2:
Validation

CORROSION

ISO 12944-1:2017, Paints and varnishes - Corrosion protection of steel structures by protective
paint systems — Part 1: General introduction (class C3 to C4)
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Other Performance Features

Siemens Gamesa Renewable Energy (SGRE) offers the following optional performance features for the
SG 6.0-170 that can optimize your wind farm by boosting performance, enhancing environmental agility,
supporting compliance with legal regulation, and supporting grid stability.

High Wind Derated operational mode

In the case of SG 6.0-170 high wind derated mode, it is enabled as it can be observed on the different
power curves included in this document. The power production is limited once wind speed exceeds a
threshold value defined by design, until cut-out wind speed is reached and the wind turbine stops
producing power. This functionality extends the range of operation in high wind conditions limiting turbine
loads dependent of maximum operational wind speed, providing more predictable energy output,
minimizing production losses, and improving grid stability by reducing the risk of simultaneous power
cut outs.

High Temperature Ride Through (also known as Temperature De-Rating)

Ventilation and cooling systems are designed to allow the WTG operation at rated power up to a certain
external nominal temperature and a certain altitude. For sites located beyond 1000m above the sea
level, the air density reduction affects the turbine components ventilation capacity, reducing the
maximum operational temperature at rated power. However, this maximum ambient temperature can
be extended by reducing the delivered power.

Considering the individual components requirements in temperatures at different altitude levels, and
their dissipated heat at different power limits, several curves power-temperature will be generated.
These curves will define the envelopes inside which SG 6.0-170 could operate assuring the integrity of
all components.

High temperature kit could be included in case operating range needs to be extended.

The control system, considering the defined turbine type and altitude above sea level, will dynamically
adjust the maximum allowed power as a function of the ambient temperature.

5G 6.0-170 Temperature De-Rating

= Standard Conhguration

High Temperature Confguratian
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Ice Detection System

Ice Detection System (Default)

The default ice detection method is an integrated part of the Siemens Gamesa Renewable Energy
(SGRE) wind turbine controller. It is a software solution that can be used to detect ice on the turbine
blades by comparing actual performance data to the turbine nominal power curve. The actual
performance is based on 10 minutes average data. If the actual performance is below the low power
ice detection power curve, then under certain conditions it is reasonable to assume that the low power
production is caused by ice build-up on the blades. This method of ice detection is only available when
the turbine is operating.

g
&
=== | ow Power ice detection (power curve)
== N ominal power curve
0 5 10 15 20 25 30

Wind speed
Figure 1: lllustrative comparison of the low power ice detection power curve and the nominal power curve.

Ice Detection Sensors
Nacelle Based Ice Detection Sensor (Optional)

The nacelle ice detection sensor is an optional system intended for installation on wind turbines
located in areas where ice can build up on the turbine. The purpose of the ice detector system is to
provide the turbine controller information about potential risk for ice on the turbine. The ice detection
system can detect in-cloud icing as well as freezing rain.

Depending on requirements, when ice is detected an ice alarm can initiate a turbine stop. This may be
followed by a de-icing sequence (if de-icing is installed), or yaw to a predefined position until it is
deemed safe to restart.

Enhanced Ice Detection Function (Optional)

An enhanced ice detection function is an optional safety system, which is primarily used on sites
exposed to icy conditions. The system will provide information to the wind turbine controller about the
potential risk of ice on the rotor blades.

The algorithm is based on an ice probability calculation evaluating performance, temperature, humidity
(additional sensor installed), wind speed and a nacelle-mounted ice sensor (additional sensor
installed). Depending on the site requirements the alarm may cause a turbine stop, a visual and/or
acoustic warning on site (optional) and/or — if installed — the rotor blade de-icing system is activated.
The alarm is active until the site conditions are back to a regular state.
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Certification
The systems can come with a valid certification from accredited institutes.

System Architecture
The system consists of the following parts:
= Sensors including control and evaluation units (Optional)
» |Interface to the SGRE wind turbine controller
»  Alarm communication to the SGRE SCADA system
= Installation and maintenance according to the valid contract clauses

Integration in SCADA System
SCADA interface for Ice Detection system enables the following:
» Set predefined ice conditions using ice parameters
= Enable or disable automatic stop of turbines
» Enable or disable automatic restart of turbines
»  Group turbines for auto stop and auto restart. The SCADA system recommends to group ice
sensor installed turbines along with turbines on which ice sensors are not installed.

Default ice parameters are set in SCADA interface. Depending on requirements, default ice
parameters can be modified to configure new ice conditions through the SCADA interface.

» |ce Restart Delay: Turbines which are stopped due to ice is restarted only if ice is not reported
during the ice restart delay in seconds configured by the user.

» |ce Stop Delay: Turbines are stopped due to ice only if ice is detected on turbines for more
than the ice stop delay in seconds configured by the user.

= Ambient Temperature Duration: Duration in seconds when Ice Ambient Temperature
configured by the user remains or exceeds, to restart the turbines which are stopped due to
ice.

»  Ambient Temperature Threshold: The minimum temperature in Celsius configured by the user
which sets a condition to restart turbines stopped due to ice formation on blades. The ambient
temperature must exceed the Ice Ambient temperature configured by the user for duration in
seconds as specified in Ambient Temperature duration. Setting of ice ambient temperature
and Ambient temperature duration prevents turbines from rapidly switching between ice start
and ice stop operations.

» Activation Time: The Ice Control Start time and Ice Control End time configured by the user in
the interface defines the activation time. Turbines are stopped due to ice when current time
falls within the time range configured in Ice Control Start Time and Ice Control End time. When
the current time falls outside the range specified in Ice Control Start Time and Ice Control End
time, the turbines are restarted. SCADA system recommends setting time ranges such that
turbines can be stopped during the day and started at night.

Ice build-up on the turbine can possibly cause damage to objects and people in the vicinity. It is the
sole responsibility of the owner of the turbine(s) to ensure that the public is protected from ice being
thrown from the turbine(s). The Owner must always ensure that the operation of the turbine(s) comply
with any restriction applicable to the turbine(s), irrespective of whether such restrictions follows from
permits, legislation or otherwise. Siemens Gamesa Renewable Energy accepts no responsibility for
any violation of requirements.
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Disclaimer of liability and conditions of use

To the extent permitted by law, neither Siemens Gamesa Renewable Energy A/S nor any of its affiliates in the Siemens
Gamesa group including Siemens Gamesa Renewable Energy S.A. and its subsidiaries (hereinafter “SGRE”) gives any
warranty of any type, either express or implied, with respect to the use of this document or parts thereof other than the use of
the document for its indented purpose. In no event will SGRE be liable for damages, including any general, special, incidental or
consequential damages, arising out of the use of the document, the inability to use the document, the use of data embodied in,
or obtained from, the document or the use of any documentation or other material accompanying the document except where
the documents or other material accompanying the documents becomes part of an agreement between you and SGRE in which
case the liability of SGRE will be regulated by the said agreement. SGRE reviews this document at regular intervals, and
includes appropriate amendments in subsequent issues. The intellectual property rights of this document are and remain the
property of SGRE. SGRE reserves the right to update this documentation from time to time, or to change it without prior notice.
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Typical Sound Power Levels

The sound power levels are presented with reference to the code IEC 61400-11 ed. 3.0 (2012). The
sound power levels (Lwa) presented are valid for the corresponding wind speeds referenced to the hub
height.

Wind speed[m/s] | 3 | 4 | 5 | 6 7 8 9 10 | 1 12 | Urte

cut-out

AM 0 92.0 1 92.0 |1 945 98.4 | 101.8 | 104.7 | 106.0 | 106.0 | 106.0 | 106.0 | 106.0

Table 1: Acoustic emission, Lwa[dB(A) re 1 pW](10 Hz to 10kHz)]

Wind speed [m/s] 6 8

AMT0 87.6 | 93.9

Table 2: Acoustic emission, Lwa[dB(A) re 1 pW](10 Hz to 160kHz)]

Low Noise Operations

The lower sound power level is also available and can be achieved by adjusting the turbines controller
settings, i.e. an optimization of rpm and pitch. The noise settings are not static and can be applied to
optimize the operational output of the turbine. Noise settings can be tailored to time of day as well as
wind direction to offer the most suitable solution for a specific location. This functionality is controlled
via the SCADA system and is described further in the white paper on Noise Reduction Operations.
Furthermore, tailored power curves can be provided which take wind speed into consideration allowing
for management of the turbine output power and noise emission level to comply with site specific noise
requirements.Tailored power curves are project and turbine specific and will therefore require Siemens
Gamesa Siting involvement to provide the optimal solutions. The lower sound power levels may not be
applicable to all tower variants. Please contact Siemens Gamesa for further information.

Typical Sound Power Frequency Distribution
Typical spectra for Ly, in dB(A) re 1 pW for the corresponding centre frequencies are tabulated below
for 6 and 8 m/s referenced to hub height.

111 oct. band 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
center freq.

AM 0 79.9 | 86.7 | 88.9 1 89.9 | 93.1 | 92.8 | 88.3 | 76.5

Table 3: Typical 1/1 octave band spectrum for 63 Hz to 8 kHz at 6 m/s

111 oct. band 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
center freq.

AM 0 86.2 | 93.0 | 95.2 1 96.2 | 994 | 99.1 | 946 | 82.8

Table 4: Typical 1/1 octave band spectrum for 63 Hz to 8 kHz at 8 m/s

13oct.band | 40 | 495 16 | 20 | 25 | 315 | 40 | 50 | 63 | 80 | 100 | 125 | 160
center freq.

AM 0 43.3 1 46.3 | 49.6 | 52.7 | 55.7 | 609 | 63.9 | 701 | 743 | 778 | 80.1 | 82.0 | 83.2

Table 5: Typical 1/3 octave band spectrum for 10 Hz to 160 kHz at 6 m/s

13oct.band | 40 | 4955 16 | 20 | 25 | 315 | 40 | 50 | 63 | 80 | 100 | 125 | 160
center freq.

AM 0 49.6 | 52.6 | 55.9 | 59.0 | 62.0 | 67.2 | 70.2 | 764 | 80.6 | 84.1 86.4 | 88.3 | 89.5

Table 6: Typical 1/3 octave band spectrum for 10 Hz to 160 kHz at 8 m/s

For a detailed description of Application Mode — AM 0, please refer to Flexible Rating Specification
(D2316244-003).

SGRE and its affiliates reserve the right to change the above specifications without prior notice.
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