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1.1. Razones de cualquier índole que justifiquen la implantación o modificación del parque 

eólico en la zona de que se trate. 

1 Obtener energía partiendo de recursos no contaminantes sin emisión de gases que contribuyen a 

aumentar el efecto invernadero, especialmente CO2. 

2 Potenciar el uso de energías renovables obteniendo una mejora en el medioambiente y a su vez 

repercusiones positivas en el ámbito socioeconómico 

3 Esta iniciativa privada de aprovechamiento de la energía eólica repercutirá directamente sobre la 

estructura productiva de la zona y generará unos ingresos por canon de cesión de terrenos, licencia 

de obras, contratación de personal e ingresos de carácter fiscal y administrativos importantes. 

4 Las instalaciones mejorarán las infraestructuras de regionales energéticas. 

5 El carácter inagotable de la energía eólica y su utilización que es independiente de cualquier relación 

comercial, hace que el desarrollo de este parque y sus infraestructuras ofrezcan un aprovechamiento 

óptimo de un de lo recursos naturales propios de Aragón como es el viento. 

6 Contribución en la disminución de la dependencia energética de nuestro país así como de la Unión 

Europea. 
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1.2. Criterios técnicos de situación que desde el punto de vista de aprovechamiento del 

recurso eólico, optimización de la planificación de redes de evacuación y transporte eléctrico, 

respecto al patrimonio cultural y a los valores medioambientales se han seguido para elegir los 

terrenos en los que se situarán concretamente las instalaciones. 

La zona en la que se sitúa el parque ya ha sido estudiada por el SIEMENS GAMESA y por otros 

promotores, y se han construido parques eólicos que fueron tramitados por el promotor ante la 

Administración.  
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1.3. Descripción de los recursos eólicos presentes mediante las mediciones efectuadas o 

un estudio o modelización que confirme la existencia de recurso suficiente para el 

funcionamiento del parque. 

 

Ver estudio de viento incluido en el volumen ANEXOS TOMO II 
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1.4. Adecuación del proyecto a la situación de planeamiento urbanístico vigente, en el área 

de implantación prevista. 
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1.5. Descripción y justificación de los datos referidos a la ordenación del parque eólico, tales 

como superficie, ocupación de la finca por edificaciones, instalaciones y superficies 

pavimentadas. Se incluirá asimismo, la justificación de los movimientos de tierra a efectuar. 

Tabla resumen de las afecciones del Parque Eólico (incluida en la Memoria del proyecto) 

  
Superficie 

Ocupación aerogeneradores 1.283 m2 

Ocupación plataformas 20.845 m2 

Ocupación caminos 

Existentes 48,32% 17.696 m2 

Nuevos 51,68% 18.927 m2 

Total caminos 36.623 m2 

Ocupación total 58.751 m2 

Longitud Caminos 

Existentes 48,33% 1.521 m 

Nuevos 51,67% 1.626 m 

Total caminos 3.148 m 

Ocupación de las losas de cimentación de los aerogeneradores 

Ocupación aerogeneradores (Losa de cimentación) 1.140 m2 

 

En el anexo de cálculos de la memoria del proyecto se han colocado las tablas con los movimientos 

de tierra a realizar en Caminos, Cimentaciones y Plataformas de Montaje. 

En los planos 07 de perfiles longitudinales se puede observar cómo se han trazado los caminos para 

ajustar sus características de diseño a los condicionantes de los transportes y de las grúas de montaje, 

el resultado de los movimientos de tierras expresado en las tablas es consecuencia de adaptar los 

caminos a esos condicionantes. 

En el Anexo de cálculos se incluye también una tabla con la superficie de los taludes para replantar 

con tierra vegetal procedente de los desbroces. 
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1.6. Descripción de los servicios existentes y previstos relativos a accesos, 

abastecimientos, energías, alumbrado y otras instalaciones. 

Los viales de acceso al parque eólico son de nueva creación, adaptando los caminos rurales existentes 

y construyendo los necesarios para accedes a los aerogeneradores. 
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1.7. Descripción de las características formales y constructivas; uso y destino de las 

edificaciones, referidas a la superficie construida; altura de las edificaciones y de los elementos 

singulares, composición, materiales y otras. 

El uso y destino tanto de las edificaciones como los elementos singulares de este proyecto, son la 

generación de energía eléctrica a partir del viento. 

En el parque eólico, los elementos singulares a instalar son los aerogeneradores. En la memoria del 

proyecto y en el ANEXO II, se detalla su altura, composición y materiales. 
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1.8. Plazo de ejecución del proyecto. 
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1

2

3 Camino de Acceso

4 Cimentaciones

5 Plataformas

6 Hidrosiembra

7

8 Apertura de zanjas

9 Tendido de conductores y cierre zanjas

10

11 Montaje de aerogeneradores

12 Conexión de aerogeneradores

13

14

15

16

17

18

19

20

21

TRIMESTRE 3
Id

TRIMESTRE 1 TRIMESTRE 2 TRIMESTRE 4

PARQUE EOLICO

ACTIVIDAD

Obra Civil

Red de media tensión

Aerogeneradores

Puesta en marcha

Cableado de control

Pruebas

SUBESTACION DE TRANSFORMACION

Obra civil

Instalacion de aparamenta

Red de tierras

Instalacion del transformador

Montaje del edificio de control
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1.9. Presupuesto de las instalaciones. 

Ver presupuesto en los documentos de Proyecto 
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1.10. Descripción detallada de todas las instalaciones de alta y baja tensión con adecuación 

a la Normativa Vigente. 

El proyecto presentado visado por técnico competente y visado por el colegio oficial, cumple con los 

requisitos establecidos en el artículo 12 e Instrucción Técnica Complementaria ITC-RAT20, del vigente 

Reglamento sobre Condiciones Técnicas y Garantías de Seguridad en Centrales Eléctricas, 

Subestaciones y Centros de Transformación (aprobadas mediante Real Decreto 337/2014, de 9 de 

mayo, por el que se aprueban el Reglamento sobre condiciones técnicas y garantías de seguridad en 

instalaciones eléctricas de alta tensión y sus Instrucciones Técnicas Complementarias ITC-RAT 01 a 

23.) 

Ver Capitulo 1.3 de la memoria del proyecto 

 

 

 



 

 

. 
 

Pág: 15 

MODIFICADO AL PROYECTO PARQUE EÓLICO “MORTERUELO” 
T.M. de Pancrudo (Teruel) 
ANEXOS TOMO I 

1.11. Descripción de las instalaciones de evacuación de energía eléctrica hasta el punto de 

conexión con la red de distribución o transporte.  

En la memoria del proyecto y en el anexo de cálculos se describen las instalaciones tanto de obra civil 

como de obra eléctrica, hasta el centro de seccionamiento  

La tramitación de la línea aérea de evacuación a 220kV hasta SET Valdeconejos y de la subestación 

de transformación común, se han realizado de forma independiente al proyecto del parque eólico. Las 

modificaciones de estas instalaciones que deriven del proyecto del parque eólico y viceversa, se 

tramitarán en sus respectivos expedientes administrativos. 
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1.12. Medidas previstas de protección contra incendios. 

AEROGENERADORES 

Esta instalación no está incluida dentro del ámbito de aplicación del real Decreto 2267/2004 de 3 de 

Diciembre por el que se aprueba el reglamento de seguridad contra incendios en los establecimientos 

industriales. Según se deduce del artículo 2 del citado Real Decreto y del articulo 3.1 de la Ley 21/1992 

de 16 de Julio de Industria. 

En la memoria se ha especificado que cada aerogenerador dispondrá de un extintor contra incendios, 

clase B29 en la zona de celdas. Es tos extintores cumplirán con lo indicado en la MIE RAT 14 capitulo 

4, por ser los transformadores de aislamiento seco, no es necesario un sistema de extinción fijo. 

Como en cualquier instalación existe un riesgo de incendio (calentamiento excesivo de la 

multiplicadora, del los sistemas hidráulicos etc). Los sistemas de detección de incendios instalados en 

el aerogenerador están conectados al SCADA del parque, por lo que garantiza la rápida actuación ante 

cualquier incidente. 

El hecho que el sistema de generación se encuentre situado a una considerable altura del suelo 

permite que el incendio quede bastante aislado, con lo que se minimiza el riesgo de propagación del 

mismo a otras partes de la instalación. 

Existe el riesgo de que se produzca un incendio cuando el personal de mantenimiento se encuentre 

dentro de la nacelle por lo que cada operado deberá de disponer de un sistema paracaídas que permita 

una rápida evacuación del aerogenerador en el caso de que se produzca un incendio incontrolado que 

bloquee el acceso a la escalera de la torre y sea necesario escapar por la otras salidas que dispone el 

aerogenerador. 

El personal Operación Mantenimiento y Servicio de SIEMENS GAMESA, está entrenado para realizar 

esta evacuación de emergencia. 

Queda totalmente prohibido el acceso de ninguna persona a la zona de altura del aerogenerador, si 

no va acompañado de un técnico cualificado de la compañía y deberá contar con los mismos equipos 

de protección y evacuación que el personal de la compañía, así como estar en posesión y en vigor, de 

la certificación necesaria para acceder a lo alto de un aerogenerador. 
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1.13. Descripción del aerogenerador a instalar que certifique el cumplimiento de las 

exigencias del operador del sistema conforme a la normativa estatal vigente y principales 

características, en especial, el apartado relativo a los huecos de tensión. Declaración de 

conformidad CE de las máquinas que se pretende instalar, junto con una descripción detallada 

del aerogenerador a instalar. 

VER MEMORIA DEL PROYECTO Y ANEXO II 

 



 

 

. 
 

Pág: 18 

MODIFICADO AL PROYECTO PARQUE EÓLICO “MORTERUELO” 
T.M. de Pancrudo (Teruel) 
ANEXOS TOMO I 

1.14. Adecuación de las instalaciones a las disposiciones relativas a la seguridad y a la salud 

para la utilización por los operadores de los equipos de trabajo. 

A partir del estudio de seguridad y salud del proyecto, el contratista de la obras elaborará un Plan de 

Seguridad, previo al inicio de los trabajos Este plan será supervisado y aprobado por el coordinador 

de seguridad y salud que asuma los trabajos. 
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1.15. Estudio de seguridad y salud 

Ver Estudio de Seguridad y Salud  en los documentos de proyecto. 
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1.16. Relación de personas físicas y jurídicas propietarios de bienes, instalaciones, obras o 

servicios afectados por la instalación. 

 

 

 

 

 

 

PGNO PARC REF CATASTRAL TM

 SUPERFICIE 

PARCELA (m2) Aero VUELO (m2) ZAPATA (m2)

Plataform

a      (m2) Long. (m)

Superficie 

Permanente 

(m2)

Superficie 

Temporal 

(m2)

Long. 

(m)

Superficie 

(m2)

105 8 8 44186A00800008 Pancrudo 11.428,58 0,00 0,00 0,00 0,00 0,00 0,00 2.313,99 1.352,29

106 8 10 44186A00800010 Pancrudo 12.557,33 0,00 0,00 0,00 0,00 0,00 0,00 621,51 446,81

107 8 11 44186A00800011 Pancrudo 2.543,04 0,00 0,00 0,00 0,00 0,00 0,00 211,38 130,22

108 8 12 44186A00800012 Pancrudo 18.423,68 0,00 0,00 0,00 0,00 0,00 0,00 38,70 33,58

101 8 42 44186A00800042 Pancrudo 94.316,68 0,00 0,00 0,00 0,00 0,00 0,00 2.313,52 2.337,82

100 8 43 44186A00800043 Pancrudo 24.235,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 75,21

97 8 44 44186A00800044 Pancrudo 1.863,06 0,00 0,00 0,00 0,00 0,00 0,00 729,35 662,70

5 8 49 44186A00800049 Pancrudo 4.170,16 0,00 0,00 0,00 470,50 84,81 123,15 346,04 485,07

4 8 50 44186A00800050 Pancrudo 19.840,02 0,00 0,00 138,04 1.562,30 448,72 405,06 993,19 1.399,16

6 8 53 44186A00800053 Pancrudo 4.301,00 0,00 0,00 0,00 0,00 24,99 0,00 1.284,28 1.112,27

60 8 65 44186A00800065 Pancrudo 54.737,53 0,00 0,00 0,00 0,00 0,00 157,01 0,00 0,00

1 8 66 44186A00800066 Pancrudo 24.464,26 MO-01 1.234,18 0,00 0,00 0,00 0,00 89,38 0,00 0,00

1333 8 67 44186A00800067 Pancrudo 368.438,08 0,00 0,00 0,00 1.037,60 261,68 378,27 289,79 267,95

11 8 68 44186A00800068 Pancrudo 15.335,90 0,00 0,00 0,00 0,00 0,00 75,73 0,00 0,00

0 8 74 44186A00800074 Pancrudo 18.595,97 0,00 0,00 0,00 0,00 0,01 10,74 0,00 0,00

12b 8 75 44186A00800075 Pancrudo 376,87 0,00 0,00 0,00 6,10 0,67 11,10 0,00 0,00

22 8 99 44186A00800099 Pancrudo 19.719,32 0,00 0,00 0,00 776,10 77,56 388,09 0,00 0,00

25 8 103 44186A00800103 Pancrudo 12.410,07 0,00 0,00 0,00 114,50 11,44 57,27 0,00 0,00

21 8 109 44186A00800109 Pancrudo 367.323,25 0,00 0,00 0,00 1.881,30 188,09 940,14 0,00 0,00

18 8 116 44186A00800116 Pancrudo 444,00 0,00 0,00 0,00 114,30 11,41 63,46 0,00 0,00

65 8 120 44186A00800120 Pancrudo 12.792,58 0,00 0,00 0,00 0,00 0,00 49,10 0,00 0,00

63 8 123 44186A00800123 Pancrudo 1.682,74 0,00 0,00 0,00 10,30 0,99 38,44 0,00 0,00

61 8 124 44186A00800124 Pancrudo 6.673,59 0,00 0,00 0,00 139,60 13,90 76,23 0,00 0,00

0 8 125 44186A00800125 Pancrudo 46.210,06 0,00 0,00 0,00 749,30 74,97 336,60 0,00 0,00

64 8 126 44186A00800126 Pancrudo 13.959,97 0,00 0,00 0,00 639,40 63,94 287,07 0,00 0,00

71 8 181 44186A00800181 Pancrudo 30.062,74 MO-02 6.436,57 0,00 0,00 0,00 0,00 0,00 0,00 93,37

69 8 185 44186A00800185 Pancrudo 11.079,01 0,00 0,00 0,00 700,70 70,02 306,76 0,00 218,53

68 8 186 44186A00800186 Pancrudo 17.343,02 0,00 0,00 0,00 852,10 85,23 383,26 0,00 0,00

79 8 190 44186A00800190 Pancrudo 5.354,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 495,74

80 8 191 44186A00800191 Pancrudo 8.593,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 227,54

81 8 193 44186A00800193 Pancrudo 11.688,83 0,00 0,00 0,00 3.413,80 428,57 843,17 0,00 105,46

78 8 194 44186A00800194 Pancrudo 6.320,16 0,00 0,00 0,00 873,80 177,22 216,74 0,00 107,97

77 8 195 44186A00800195 Pancrudo 9.405,38 0,00 0,00 0,00 231,40 28,00 51,60 0,00 42,86

76 8 201 44186A00800201 Pancrudo 38.857,96 MO-02 2.160,55 0,00 563,81 39,60 5,70 14,23 0,00 3,62

70 8 202 44186A00800202 Pancrudo 7.763,13 MO-02 3.029,50 0,00 42,69 2.289,80 413,26 565,78 137,96 500,11

74 8 203 44186A00800203 Pancrudo 5.750,40 MO-02 5.643,80 440,91 3.682,63 165,50 16,64 39,40 944,21 565,24

83 8 204 44186A00800204 Pancrudo 7.773,29 0,00 0,00 0,00 915,80 91,60 230,30 0,00 0,00

84 8 206 44186A00800206 Pancrudo 7.299,93 0,00 0,00 0,00 585,70 58,60 148,42 0,00 0,00

86 8 211 44186A00800211 Pancrudo 39.434,57 MO-03 768,72 0,00 0,00 2.036,80 288,44 535,90 0,00 6,10

87 8 223 44186A00800223 Pancrudo 33.254,71 MO-03 14.588,68 402,51 3.750,20 2.207,80 585,92 523,07 3.927,05 2.562,64

88 8 226 44186A00800226 Pancrudo 5.171,36 MO-03 3.886,20 0,00 0,00 0,00 0,00 0,00 0,00 0,10

89 8 230 44186A00800230 Pancrudo 16.326,34 MO-03 1.875,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00

73 8 232 44186A00800232 Pancrudo 25.097,38 MO-02 115,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00

72 8 234 44186A00800234 Pancrudo 7.627,19 MO-02 2.300,25 0,00 10,82 0,00 0,00 0,00 0,00 0,00

90 8 237 44186A00800237 Pancrudo 14.678,45 MO-03 181,36 0,00 2.564,69 0,00 0,00 0,00 883,30 689,57

91 8 249 44186A00800249 Pancrudo 15.548,37 MO-03 1.397,15 0,00 350,16 0,00 0,00 0,00 0,00 0,00

67 8 350 44186A00800350 Pancrudo 2.288,16 0,00 0,00 0,00 197,80 19,73 90,86 0,00 0,00

99 9 148 44186A00900148 Pancrudo 11.962,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 59,48

98 9 149 44186A00900149 Pancrudo 10.612,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 181,64

96 9 158 44186A00900158 Pancrudo 11.179,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,97

94 9 159 44186A00900159 Pancrudo 12.764,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 148,45

95 9 161 44186A00900161 Pancrudo 2.854,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 324,59

92 9 165 44186A00900165 Pancrudo 42.302,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 846,49

7 9 168 44186A00900168 Pancrudo 153.622,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 304,18

93 9 325 44186A00900325 Pancrudo 7.436,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,14

46 304 25 44186A30400025 Pancrudo 2.921,80 0,00 0,00 0,00 394,30 39,43 153,17 0,00 0,00

45 304 49 44186A30400049 Pancrudo 1.532.130,74 0,00 0,00 0,00 13.282,10 1.327,25 6.386,13 0,00 0,00

47 304 51 44186A30400051 Pancrudo 234,38 0,00 0,00 0,00 107,90 11,72 83,34 0,00 0,00

53 305 29 44186A30500029 Pancrudo 56.000,65 0,00 0,00 0,00 177,50 17,76 168,34 0,00 0,00

55 305 54 44186A30500054 Pancrudo 15.776,68 0,00 0,00 0,00 1.225,30 122,50 612,16 0,00 0,00

54 305 67 44186A30500067 Pancrudo 726.315,11 0,00 0,00 0,00 10.684,10 1.068,23 5.239,37 0,00 0,00

51 305 70 44186A30500070 Pancrudo 2.392,04 0,00 0,00 0,00 59,80 6,01 30,61 0,00 0,00

AEROGENERADOR LÍNEA SUBTERRÁNEA CAMINOS

N
º 

F
IN

C
A

  

P
R

O
Y

E
C

T
O

DATOS DE LA FINCA
AFECCIÓN



 

 

. 
 

Pág: 21 

MODIFICADO AL PROYECTO PARQUE EÓLICO “MORTERUELO” 
T.M. de Pancrudo (Teruel) 
ANEXOS TOMO I 

1.17. Partes del proyecto que afectan a bienes, instalaciones, obras o servicios, centros o 

zonas dependientes de otras Administraciones Públicas, Organismos, Corporaciones, o 

Departamentos del Gobierno de Aragón, para que estos establezcan, si procede, el 

condicionado procedente en el trámite de informe. 

 

 
PGNO PARC REF CATASTRAL TM

 SUPERFICIE 

PARCELA (m2) Aero VUELO (m2) ZAPATA (m2)

Plataform

a      (m2) Long. (m)

Superficie 

Permanente 

(m2)

Superficie 

Temporal 

(m2)

Long. 

(m)

Superficie 

(m2)

3 8 46 44186A00800046 Pancrudo 35.412,66 MO-01 5.674,63 439,61 3.739,59 25,40 14,16 7,06 1.819,70 1.756,75

2 8 64 44186A00800064 Pancrudo 256.673,09 MO-01 15.789,05 0,00 2.140,57 9.338,90 2.069,78 3.418,29 2.802,98 7.583,19

12 8 77 44186A00800077 Pancrudo 102.412,02 0,00 0,00 0,00 9.936,50 991,81 4.560,90 0,00 0,00

24 8 102 44186A00800102 Pancrudo 18.328,91 0,00 0,00 0,00 674,60 67,47 337,23 0,00 0,00

82 8 196 44186A00800196 Pancrudo 18.695,09 0,00 0,00 0,00 1.793,00 179,28 444,87 0,00 0,00

75 8 207 44186A00800207 Pancrudo 33.997,14 MO-02 2.236,90 0,00 1.808,42 0,00 0,00 0,00 884,91 648,13

85 8 208 44186A00800208 Pancrudo 13.039,93 0,00 0,00 0,00 845,70 84,54 213,32 0,00 0,00

27 8 319 44186A00800319 Pancrudo 224.955,00 0,00 0,00 0,00 2.370,60 237,03 1.100,63 0,00 0,00

19 8 351 44186A00800351 Pancrudo 29.323,32 0,00 0,00 0,00 203,60 20,24 103,91 0,00 0,00

16 8 353 44186A00800353 Pancrudo 10.263,66 0,00 0,00 0,00 229,20 22,95 108,34 0,00 0,00

23 8 9002 44186A00809002 Pancrudo 2.828,56 0,00 0,00 0,00 427,50 42,92 296,33 0,00 0,00

17 8 9003 44186A00809003 Pancrudo 2.454,97 0,00 0,00 0,00 688,50 68,29 498,94 0,00 0,00

10 8 9004 44186A00809004 Pancrudo 15.107,45 0,00 0,00 0,00 0,00 2,10 157,38 5.934,45 5.140,90

66 8 9005 44186A00809005 Pancrudo 15.803,44 MO-02 774,62 0,00 0,00 142,10 14,27 123,18 4.367,82 2.204,22

29 303 9001 44186A30309001 Pancrudo 9.967,23 0,00 0,00 0,00 0,00 0,00 0,24 0,00 0,00

50 304 9002 44186A30409002 Pancrudo 20.412,79 0,00 0,00 0,00 69,30 6,96 34,47 0,00 0,00

48 304 9003 44186A30409003 Pancrudo 1.050,20 0,00 0,00 0,00 41,00 4,13 20,85 0,00 0,00

49 304 9004 44186A30409004 Pancrudo 6.165,74 0,00 0,00 0,00 0,00 0,00 266,05 0,00 0,00

56 305 9001 44186A30509001 Pancrudo 10.734,82 0,00 0,00 0,00 51,80 5,26 48,91 0,00 0,00

52 305 9003 44186A30509003 Pancrudo 3.416,74 0,00 0,00 0,00 60,30 6,00 30,02 0,00 0,00

57 306 95 44186A30600095 Pancrudo 12.473,46 0,00 0,00 0,00 266,80 26,71 131,28 0,00 0,00

58 306 110 44186A30600110 Pancrudo 1.855.696,51 0,00 0,00 0,00 15.765,90 1.576,65 7.885,55 0,00 0,00

59 306 9007 44186A30609007 Pancrudo 14.706,39 0,00 0,00 0,00 43,00 4,30 21,41 0,00 0,00
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1.18. Documentación acreditativa de la capacidad legal, técnica y económica del solicitante. 

SE HA INCLUIDO EN EL ANEXO III 
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1.19. Informe de las servidumbres aeronáuticas afectadas y, en caso de existir, estudio 

aeronáutico que asegure que las instalaciones no comprometen la seguridad de las 

operaciones de las aeronaves, de acuerdo con el Real Decreto 1541/2003, por el que se modifica 

el Decreto 584/1972, de servidumbres aeronáuticas, y el Decreto 1844/1975, de servidumbres 

aeronáuticas en helipuertos, para regular excepciones a los límites establecidos por las 

superficies limitadoras de obstáculos alrededor de aeropuertos y helipuertos. 

1.19.1. Solicitud enviada a AESA. 
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1.20. Cuantos documentos adicionales relacionados con el expediente y relevantes para su 

resolución estime oportuno reclamar el órgano competente para la tramitación del expediente 

administrativo. 
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2. ANEXO II CARACTERISTICAS TÉCNICAS DE LOS AEROGENERADORES 

2.1. Características y funcionamiento general de la plataforma de aerogeneradores SG 6.6 

170 
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1. Aim 

This document analyses the capabilities of Wind Turbine Generators (WTGs) developed by Siemens Gamesa 

Renewable Energy (SGRE) against the Grid Code requirements applicable Spain for the connection of Wind Farms 

(WF) to the transmission and distribution power grid. The main objective of this document is to provide a general 

overview of the compliance level of a WF with SGRE WTGs and SCADA/WF regulators. 

2. Scope 

The document considers SG 5.X-170 platform together with the SCADA and WF regulator developed by SGRE. 

It is important to note that most requirements are applicable at the Point of Common Coupling (PCC) of the WF and 

not directly at each of the WTGs’ terminals. For this reason, the capabilities analysis is carried out with two different 

approaches depending on the requirement: 

► Requirements for which WF compliance depends fundamentally on the WTG and/or SCADA/WF regulator 

capabilities (e.g. frequency operation range, fault ride through support, active power/frequency regulation…) 

→ For these, an assessment of the WF compliance level is provided based on WTG and/or SCADA/WF 

regulator capabilities. 

► Requirements for which the WTG and/or SCADA/WF regulator capabilities are only a factor for the WF 

compliance (e.g., voltage operation range, reactive power operation range, power quality…) → For these the 

WTG and/or SCADA/WF regulator capabilities to contribute to the WF compliance are provided. 

The most appropriate converter configurations will be considered for the Grid Code analysis so that the requirements 

are fulfilled at the greatest possible extent but at the lowest cost. Considering the Grid Code analyzed in this 

document, the converters have been selected according Table 1 and their compliance with the Grid Code analyzed. 

Platform Converter 

SG5.X-170 - 

Table 1 Selected Converters. 
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3. Acronyms, Definitions and Legend 

Acronym Description 

AM Application Mode 

BOP Balance of Plant 

CCU Converter Control Unit 

DSO 
Distribution System Operator, or the relevant governing body regarding grid connection 

requirements 

EMT Electromagnetic Transient 

FSM Frequency Sensitive Mode 

GC Grid Code 

GCA Grid Code Analysis 

GE Global Engineering 

GE-GC Global Engineering- Grid Connection 

HV High Voltage 

IEC International Electrotechnical Commission 

IEEE Institute of Electrical and Electronic Engineers 

PD Product Development team 

LFSM-O Limited Frequency Sensitive Mode - Overfrequency 

LFSM-U Limited Frequency Sensitive Mode - Underfrequency 

LV Low Voltage 

MV Medium Voltage 

N/A Not Applicable 

OLTC On Load Tap Changer 

OVRT Overvoltage Ride Through 

PCC Point of Common Coupling 

PD Product Development (PD) team 

PGM Power Generating Module 

PLC Programmable Logic Controller 

PSS Power System Stabilizer 

p.u. Per Unit 

RMS Root-Mean-Square 

ROCOF Rate of Change of Frequency 
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SCADA Supervisory Control and Data Acquisition 

SGRE Siemens Gamesa Renewable Energy 

SSCI Sub-Synchronous Control Interactions 

STATCOM Static Synchronous Compensator, also known as SVG 

TSO 
Transmission System Operator, or the relevant governing body regarding grid connection 

requirements 

UVRT Undervoltage Ride Through 

WF Wind Farm 

WFR Wind Farm Regulator 

WTG Wind Turbine Generator 

Table 2 Acronyms. 

Definition Description 

cos φ Power factor 

f𝑛 Nominal frequency 

I1 Positive Sequence Current 

I2 Negative Sequence Current 

Iq Reactive Current 

Ir Rated Current 

P Active Power 

Pn Nominal Active Power 

Q Reactive Power 

Tamb Rated Ambient Temperature 

THD Total Harmonic Distortion 

Un Nominal Voltage 

Table 3 Definitions. 
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Legend Description 

    Compliance Compliance is expected 

      Development in Progress 
A SCADA or WTG development is planned or underway in order to assure 

compliance 

     Request development upon need 
A specific development is required and shall be requested when a project 

needs to comply with this requirement. 

❓ To be Clarified 
The requirement is not clear, or information is missing. Therefore, it shall 

be clarified with the Operator. 

❌ Non-compliance The requirement cannot be fulfilled. 

⏩ Wind Farm Study Needed Wind Farm Study Needed 

Table 4 Legend. 

 

Figure 1 Conceptual scenario. 

 

SIGN CONVENTION FOR REACTIVE POWER: 

The following sign convention regarding reactive power is used for the whole analysis: 

• Reactive power absorption: The WTG imports reactive power from the public power grid. This 

operation is equivalent to a coil/reactor or an underexcited synchronous generator. 

• Reactive power supply: The WTG exports reactive power to the public power grid. This operation 

is equivalent to a capacitor or an overexcited synchronous generator. 

The terms “inductive reactive power” and “capacitive reactive power” are intentionally omitted in 

order to avoid any confusion. 
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4. Country Regulations Overview  

The purpose of the analyzed document procedure is to establish minimum requirements for design, equipment, 

operation, commissioning and safety of the facilities connected to the Spanish mainland electrical system transport 

network, as well as the production and demand facilities in those aspects that they are applicable because of their 

influence on the electrical system as a whole, both from the Spanish mainland perspective and from the 

interconnected European system.  

In this sense, the subject of the analyzed procedure is the establishment of the technical requirements and 

procedures established in the Commission Regulation (EU) 2016/631 of April 14, 2016, which establishes a network 

code on the connection requirements of generators to the network and complete the development of those 

requirements required by the Regulation; as well as technical aspects that, a priori, because of their local influence 

(not "cross-border") are outside the scope of European regulations but that have total relevance in the operation and 

safety of the electrical system.  

The documents to be analyzed are: 

• BOE-A-2020-7439, “Real Decreto 647/2020, de 7 de julio, por el que se regulan aspectos necesarios para 

la implementación de los códigos de red de conexión de determinadas instalaciones eléctricas”, 

08/July/2020 [1]. 

• BOE-A-2020-8965, “Orden TED/749/2020, de 16 de julio, por la que se establecen los requisitos técnicos 

para la conexión a la red necesarios para la implementación de los códigos de red de conexión, 

01/August/2020” [2]. 

• “Reglamento (UE) 2016/631. Código de red sobre requisitos de conexión de generadores a la red”, 

April/2016 [3]. 

• Norma técnica de supervisión de la conformidad de los módulos de generación de electricidad según el 

reglamento UE 2016/631, Revisión 2.1, 09/July/2021 [4]. 

• “P.O. 9 Información intercambiada por el operador del Sistema”, 20/December/2019 [5]. 

• “Condiciones de Validacion y Aceptacion de los Modelos”, Revision June/2020 [6]. 

• “Requisitos de los modelos de instalaciones eólicas, fotovoltaicas, de almacenamiento y de todas 

aquellas instalaciones que no utilicen generadores síncronos directamente conectados a la red”, 

Revision June/2020 [7]. 

• “Requisitos de los modelos de instalaciones FACTS”, Revision June/2020 [8]. 

• BOE-A-2021-904, “Circular 1/2021, metodología y condiciones del acceso y de la conexión a las redes 

de transporte y distribución de las instalaciones de producción de energía eléctrica [9]. 

Documents [1], [2], [3], [4] and [5] will be simply known as The Grid Code.  

The requirements are specified depending on the type of the PGM (power-generating module) capacity and voltage 

level as specified in Item 1 of “Article 8 – Evaluación de la significatividad de los módulos de generación de 

electricidad” of the Grid Code [1] 

a) Tipo A: módulos de generación de electricidad cuyo punto de conexión sea inferior a 110 kV y cuya 

capacidad máxima sea igual o superior a 0,8 kW e igual o inferior a 100 kW. 

b) Tipo B: módulos de generación de electricidad cuyo punto de conexión sea inferior a 110 kV y cuya 

capacidad máxima sea superior a 100 kW e igual o inferior a 5 MW.  

c) Tipo C: módulos de generación de electricidad cuyo punto de conexión sea inferior a 110 kV y cuya 

capacidad máxima sea superior a 5 MW e igual o inferior a 50 MW.  

d) Tipo D: módulos de generación de electricidad cuyo punto de conexión sea igual o superior a 110 kV o cuya 

capacidad máxima sea superior a 50 MW.  

For the Power Quality requirements, it is going to be considered the Annex I “Contenido de la base de datos 

estructural del operador del Sistema” of the document [5]. 
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5. Requirements Analysis 

5.1. Rated Operation Range 

5.1.1. Frequency Operation Range 

• REQUIREMENTS: 

The Grid Code requirements related with the Frequency Operation Range at rated voltage and power – and the 

allowed power deratings – can be found in section “Rangos de Frecuencia” of document [2]. 

According to the SGRE interpretation of the GC, the key requirements are summarized in the following table: 

 Item Unit Value 

 Nominal Frequency Hz 50 

 Underfrequency   

1 

Underfrequency Value 1 p.u. 0.95 

Underfrequency Time 1 s 1800 

2 

Underfrequency Value 2 p.u. 0.97 

Underfrequency Time 2 s 1800 

3 

Underfrequency Value 3 p.u. 0.97 

Underfrequency Time 3 s continuous 

4 

Underfrequency Value 4 p.u. 0.97 

Underfrequency Time 4 s continuous 

5 

Underfrequency Value 5 p.u. 0.97 

Underfrequency Time 5 s continuous 

 Overfrequency   

1 

Overfrequency Value 1 p.u. 1.03 

Overfrequency Time 1 s 1800 

2 

Overfrequency Value 2 p.u. 1.02 

Overfrequency Time 2 s 1800 

3 

Overfrequency Value 3 p.u. 1.02 

Overfrequency Time 3 s 1800 

4 Overfrequency Value 4 p.u. 1.02 
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Overfrequency Time 4 s continuous 

5 

Overfrequency Value 5 p.u. 1.02 

Overfrequency Time 5 s continuous 

 ROCOF   

 ROCOF limit Hz/s 2.0 

 Applicable Time Frame for ROCOF s 0.5 

Table 5 Grid Code requirements for Frequency Operation Range at PCC. 

• COMPLIANCE: 

SG5.X-170: 

According to the correspondent platform documentation, the compliance analysis for a WF with SG5.X-170 WTGs is 

described in the following table: 

WTGs GD Document Compliance 

SG 5.X-170 D3120497 [10]     Compliance 

WIND FARM: 

The frequency operation requirements can be extrapolated from the PCC and be directly applied to the LV terminals 

of the WTGs. Therefore, the analysis performed for a SGRE platform can be considered equivalent to the compliance 

analysis of the WF at its PCC if the rest of the equipment at the WF level also withstands this frequency operation 

range. 
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5.1.2. Voltage Operation Range 

• REQUIREMENTS: 

The Grid Code requirements related with the Voltage Operation Range can be found in section “REQUISITOS DE 

TENSIÓN DE LOS MÓDULOS DE GENERACIÓN DE ELECTRICIDAD” of document [2]. 

According to the SGRE interpretation of the GC, the key requirements are summarized in the following table: 

 Item Unit Value  

 Undervoltage  

Type B/C < 

110kV 

Distribution (2) 

Type B/C/D  < 

110kV 

Transmission (3) 

Type D ≥ 110kV 

and < 300 kV 

Transmission (1) 

Type D ≥ 300kV 

and ≤ 400 kV 

Transmission 

1 

Undervoltage Value 1 p.u. 0.85 0.05 0.0 0.0 

Undervoltage Time 1 s 0 0.2 0.15 0.15 

2 

Undervoltage Value 2 p.u. 0.85 0.85 0.85 0.85 

Undervoltage Time 2 s 1.15 1.5 1.5 1.5 

3 

Undervoltage Value 3 p.u. 0.85 0.85 0.85 0.85 

Undervoltage Time 3 s continuous 3600 3600 3600 

4 

Undervoltage Value 4 p.u. 0.85 0.85 0.9 0.9 

Undervoltage Time 4 s continuous continuous 3600 3600 

5 

Undervoltage Value 5 p.u. 0.85 0.85 0.9 0.9 

Undervoltage Time 5 s continuous continuous continuous continuous 

 Overvoltage      

1 

Overvoltage Value 1 p.u. 1.2 1.2 1.2 1.2 

Overvoltage Time 1 s 0 0 0 0. 

2 

Overvoltage Value 2 p.u. 1.15 1.2 1.2 1.2 

Overvoltage Time 2 s 0.5 0.05 0.05 0.05 

3 

Overvoltage Value 3 p.u. 1.15 1.15 1.15 1.1 

Overvoltage Time 3 s 1 1 1 1 

4 

Overvoltage Value 4 p.u. 1.1 1.15 1.15 1.1 

Overvoltage Time 4 s 1 3600 3600 3600 
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5 

Overvoltage Value 5 p.u. 1.1 1.118 1.118 1.0875 

Overvoltage Time 5 s continuous 3600 3600 3600 

Table 6 Grid Code requirements for Voltage Operation Range at PCC. 

Remarks: 

(1) For voltage operation compliance evaluation is used the worst profile, it is MGE Type D connected to the 

transmission grid with ≥110kV and < 300 kV 

(2) For WF types B / C connected to the Distribution system, the GC only defines one point for undervoltage condition 

(<0.85; 1.15 sec), 0.85 is assumed for continuous operation 

(3) For WF types B / C connected to transmission system, the operating range is defined as the envelope of the 

UVRT curve and the continuous operating voltage table 

• COMPLIANCE: 

SG5.X-170: 

According to the document D3120497 [10], the capability of SG5.X-170 to contribute to the WF compliance of the 

continuous operation voltage range at rated frequency and rated active power is the following: 

Continuous Operation Voltage Range 
Maximum Negative Sequence 

Voltage 

Min Max  

0.95Un 1.12Un ≤5% 

Table 7 Continuous operation voltage range of SG5.X-170 at MV terminals. 

In addition, they are capable of withstanding symmetrical and asymmetrical faults for any voltage profile within the 

curves illustrated in Figure 2 without disconnecting. 
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Figure 2. Voltage capability of SG5.X-170 at the MV terminals (blue) versus voltage profile required by the Grid 
Code at the PCC (red). 
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WIND FARM: 

The requirements regarding voltage operation range are specified at the PCC. 

Considering this, to ensure compliance a specific study of the whole WF must be carried out in order to analyze the 

voltage operation range at the WTGs terminals for different operation scenarios of the WF. If this range can be for a 

certain time beyond the mentioned WTG limits, the WTGs may disconnect.  

The complete WF electrical design must be taken into account for these studies, being the following the higher impact 

elements: 

1.  On-Load Tap Changer (OLTC): Substations transformers equipped with OLTC are able to decouple the voltage 

at the PCC with the voltage at the WF collector system. 

2.  WF collector system impedances: The voltage drop/rise at WTGs terminals across the WF collector system is 

dependent on this.  

3.  Reactive power control operation: The reactive power provided by WTGs and other reactive compensation 

elements causes voltage drop/rise at WTGs terminals. This control is done: 

• In continuous operation by the WF regulator, dispatching setpoints to the different elements. 

• In transient situations by the individual elements. 
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5.1.3. Voltage/Frequency Operation Area 

• REQUIREMENTS: 

The Grid Code requirements related with the Voltage/ Frequency Operation Area can be found in section 1.1 

“RANGOS DE FRECUENCIA” of document [2]. 

 

Figure 3. Voltage/Frequency requirements ≥ 110 to <300 kV. 
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Figure 4. Voltage/Frequency requirements ≥ 300 to <400 kV. 

• COMPLIANCE: 

SG5.X-170: 

The capability of SG5.X-170 WTGs to contribute to the WF compliance of this requirement can be found in D3120497 

[10]. 

  



General Characteristics Manual 
GCODER_SPAIN_SG 5.X 

 
 

GD468732  R3 – Confidential ECN 

 © Siemens Gamesa Renewable Energy S.A., 2022. All rights reserved. 16 / 51 

 

WIND FARM: 

The requirements regarding voltage/frequency operation range are normally specified at the PCC. Frequency 

requirements can be extrapolated from the PCC and be directly applied to LV terminals of the WTGs. However, 

voltage requirements cannot be directly extrapolated to the LV terminals of the WTGs. 

Considering this, to ensure compliance a specific study of the whole WF must be carried out in order to analyze the 

voltage operation range at the WTGs terminals for different operation scenarios of the WF. If this range can be for a 

certain time beyond the mentioned WTG limits, the WTGs may disconnect.  

The complete WF electrical design must be taken into account for these studies, being the following the higher impact 

elements: 

1.  On-Load Tap Changer (OLTC): Substations transformers equipped with OLTC are able to decouple the voltage 

at the PCC with the voltage at the WF collector system. 

2.  WF collector system impedances: The voltage drop/rise at WTGs terminals across the WF collector system is 

dependent on this.  

3.  Reactive power control operation: The reactive power provided by WTGs and other reactive compensation 

elements causes voltage drop/rise at WTGs terminals. This control is done: 

• In continuous operation by the WF regulator, dispatching setpoints to the different elements. 

• In transient situations by the individual elements. 
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5.1.4. Reactive Power Operation Range 

• REQUIREMENTS: 

The Grid Code requirements related with the Reactive Power Operation Range can be found in section 2.3.2 

“CAPACIDAD DE POTENCIA REACTIVA” of document [2] 

 

Figure 5. PQ requirements for MGE Type D 

 

Figure 6. Q-U requirements for MGE Type D. 
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Figure 7. Q-U requirements for MGE Type B or C with Pmax<15MW. 

There are particular Grid Code requirements related with the reactive power operation range when the central busbar 

of the MPE shares the facilities with other MPEs ( Cases A and B) and it can be found in section 5.7.3.2 

“Procedimiento específico en el caso de existencia de instalaciones compartidas” of document [4] 

Case A 

In the event that BC of the PGM is located at the HV side of the step-up transformer (LAT) of the PGM, the 

supplementary simulation shall be carried out considering both the voltage and the reactive power at BC (i.e. LAT in 

this case) in such a way that it will be necessary to model the collector network from the PGU up to BC, but not the 

evacuation network up to the NCP 

 

Figure 8. Q-U and PQ requirements for MGE Type D in special Case A 
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Case B 

If the BC of the PGM is located at the LV side of the PGM step-up transformer, the supplementary simulation shall 

be performed by measuring the reactive power at BC and considering the voltage at the HV side of the shared step-

up transformer, so that it will be necessary to model the collector network from the PGU to BC and the shared 

transformer, but not the rest of the evacuation network up to the NCP 

 

Figure 9. Q-U and PQ requirements for MGE Type D in special Case B 

According to the SGRE interpretation of the GC, the key requirements are summarized in the following table: 

Type D-C-B Type Case A  Type Case B  

P (pu) Q (pu) P (pu) Q (pu) P (pu) Q (pu) 

0.00 -0.05 0 -0.10 0.00 -0.10 

0.10 -0.05 0.10 -0.10 0.10 -0.10 

0.10 -0.15 0.10 -0.15 0.10 -0.15 

0.20 -0.3 0.20 -0.3 0.20 -0.3 

1.00 -0.3 1.00 -0.3 1.00 -0.3 

1.00 0.3 1.00 0.3 1.00 0.4 

0.20 0.3 0.20 0.3 0.2 0.4 

0.10 0.15 0.10 0.15 0.10 0.25 

0.10 0.05 0.10 0.05 0.10 0.05 

0.00 0.05 0.00 0.05 0.00 0.05 

Table 8 Grid Code requirements for PQ capability at rated voltage. 
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Type D  

≥ 110 to <300 kV. 

Type D 

≥ 300 to <400 kV. 

Type B / C 

with Pmax<15MW 

Type Case A Type Case B 

Q (pu) V (pu) Q (pu) V (pu) Q (pu) V (pu) Q (pu) V (pu) Q (pu) V (pu) 

0.00 0.95 0.00 0.95 0.00 0.95 0.00 0.9 0 0.9 

-0.30 1.05 -0.30 1.05 -0.30 1.05 -0.1 0.9 -0.1 0.9 

-0.30 1.10 -0.30 1.087 0.00 1.05 -0.3 0.95 -0.3 0.95 

0.00 1.10 0.00 1.087 0.30 0.95 -0.3 1 -0.3 1 

0.00 1.05 0.00 1.05 0.00 0.95 -0.3 1.05 -0.3 1.05 

0.30 0.95 0.30 0.95   -0.3 1.10 -0.3 1.1 

0.30 0.90 0.30 0.90   0.1 1.10 0.1 1.1 

0.00 0.90 0.00 0.90   0.3 1 0.4 1.05 

0.00 0.95 0.00 0.95   0.3 0.95 0.4 0.95 

      0.3 0.9 0.4 0.9 

Table 9 Grid Code requirements for QU capability at rated voltage. 

• COMPLIANCE: 

SG5.X-170: 

The capability of SG5.X-170 WTGs to contribute to the WF compliance of this requirement can be found in the 

document D2904942 [11] 

WIND FARM: 

Considering that the reactive power requirements are specified at the PCC, an electrical study must be carried out 

by the WF developer in which both the power factor range at the PCC and the voltage deviations at the LV terminals 

of the WTGs are evaluated. This study would also determine if and to what extent compensation equipment is needed 

at the WF. 
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5.2. Fault Ride Through Support 

5.2.1. Current Support 

• REQUIREMENTS: 

The Grid Code requirements related with Fault Ride Through Current Support can be found in section “2.3 

REQUISITOS DE TENSIÓN DE LOS MÓDULOS DE PARQUE ELÉCTRICO” of document [2] . 

According to the SGRE interpretation of the GC, the key requirements are summarized in the following table: 

 Item Unit Value 

 Current Support - Reactive & Active 

 Current priority during VRT operation - Q priority 

 Maximum Required Current Injection/Absorption p.u. 1.00 

 Current Injection/Absorption Calculation Mode - Relative Value 

 Voltage Calculation Mode - Relative Value 

 k Factor - 
2 ≤ K ≤ 6 by default = 

3.50 

 Response Time for Reactive Current Injection/Absorption   

 Tolerance band +%/-% -10% of In / +20% of In 

 Reaction time ms ≤ 40 (1) 

 Rise time ms ≤ 50 

 Reaction time + Rise time ms ≤ 50 

 Response time ms - 

 Settling time ms ≤ 80 (1) 

 Overshoot % - 

 Reactive Current Absorption/Injection during UVRT/OVRT   

1 

Voltage Setpoint 1 in p.u. p.u. 1.30 

Current Setpoint 1 in p.u. p.u. -1.05 

2 

Voltage Setpoint 2 in p.u. p.u. 1.10 

Current Setpoint 2 in p.u. p.u. -0.35 

3 Voltage Setpoint 3 in p.u. p.u. 1 
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Current Setpoint 3 in p.u. p.u. 0 

4 

Voltage Setpoint 4 in p.u. p.u. 0.9 

Current Setpoint 4 in p.u. p.u. 0.35 

5 

Voltage Setpoint 5 in p.u. p.u. 0.5 

Current Setpoint 5 in p.u. p.u. 1.75 

6 

Voltage Setpoint 6 in p.u. p.u. 0.00 

Current Setpoint 6 in p.u. p.u. 3.50 

 Controlled Asymmetrical Current Injection/Absorption - DFIG natural response 

Table 10 Grid Code requirements for Current Support. 

Remarks: 

(1) With regard to the evaluation of these times, if for detecting UVRT condition was used current detection method, 

up to 20ms are added for the evaluation of these times, in order to determinate the rms value with average values 

of 20ms. 

• COMPLIANCE: 

SG5.X-170: 

According to the correspondent platform documentation, the compliance analysis for a WF with SG5.X-170 WTGs is 

described in the following table: 

WTGs GD Document Compliance 

SG 5.X-170 D3120497 [10]     Compliance 

WIND FARM: 

Usually compliance with this requirement is accepted to be evaluated at WTG terminals. Otherwise, if compliance is 

demanded at PCC, the WF developer must carry out studies in order to analyze the reactive current support achieved 

by the WF at the PCC and determine what extra equipment for reactive current support is necessary. Nevertheless, 

SGRE will cooperate with the WF developer in order to find the correct solution. 
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5.2.2. Active Power Recovery After Clearance 

• REQUIREMENTS: 

The Grid Code requirements related with the Active Power Recovery After Clearance can be found in section  3.3 

“REQUISITOS DE ROBUSTEZ DE LOS MÓDULOS DE PARQUE ELÉCTRICO” of document [2] and the section 

5.11.2.5 “CRITERIOS DE EVALUACIÓN DEL REQUISITO DE RECUPERACIÓN DE LA POTENCIA ACTIVA TRAS 

EL HUECO DE TENSIÓN” of document [4] 

According to the SGRE interpretation of the GC, the key requirements are summarized in the following table: 

 Item Unit Value 

 Active Power Level for Recovery Acceptance % 95.0 

 Maximum Time for Active Power Recovery s 

1 s for Udip ≥ 0.5Un 

2 s for 0.5Un > Udip ≤ 0.2Un 

3 s for Udip < 0.2Un 

 Active Power Recovery Rate after UVRT Mode pu/s N/A 

 Active Power tolerance for settling acceptance % 5 

 Maximum time for active power settling s 

3 s for Udip ≥ 0.5Un 

4 s for 0.5Un > Udip ≤ 0.2Un 

5 s for Udip < 0.2Un 

 Voltage level for active power recovery pu 0.85 

Table 11 Grid Code requirements for Active Power Recovery After Clearance. 

• COMPLIANCE: 

SG5.X-170: 

According to the correspondent platform documentation, the compliance analysis for a WF with SG5.X-170 WTGs is 

described in the following table: 

WTGs GD Document Compliance 

SG 5.X-170 D3120497 [10]     Compliance 

WIND FARM: 

Usually compliance with this requirement is accepted to be evaluated at WTG terminals. Otherwise, if compliance is 

demanded at PCC, the WF developer must carry out studies in order to analyze the active power recovery achieved 

by the WF at the PCC and determine what extra equipment for active power support is necessary. Nevertheless, 

SGRE will cooperate with the WF developer in order to find the correct solution. 
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5.2.3. Consecutive Voltage Dips 

• REQUIREMENTS: 

The Grid Code requirements related with the Consecutive Voltage Dips can be found in section 2.3 “REQUISITOS 

DE TENSIÓN DE LOS MÓDULOS DE PARQUE ELÉCTRICO” of document [2] 

According to the SGRE interpretation of the GC, the key requirements are summarized in the following table: 

 Item Unit Value 

 Time between Consecutive UVRTs s 5 

 Number of Consecutive UVRTs - Not defined by GC 

 Time between series of consecutive UVRTs s N/A 

 Voltage level between consecutive voltage dips % Not defined by GC 

 Energy to be dissipated Pn*s WTG capability 

Table 12 Grid Code requirements for Consecutive Voltage Dips. 

• COMPLIANCE: 

SG5.X-170: 

According to the correspondent platform documentation, the compliance analysis for a WF with SG5.X-170 WTGs is 

described in the following table: 

WTGs GD Document Compliance 

SG 5.X D3120497 [10]     Compliance 

WIND FARM: 

Usually compliance with this requirement is accepted to be evaluated at each individual element of the WF. 
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5.3. Active Power / Frequency Regulation 

• REQUIREMENTS: 

The Grid Code requirements related with Active Power Regulation can be found in section “1.6. Capacidad y rango 

de control de la potencia activa” of the document [2]. 

The Grid Code requirements related with Frequency Regulation can be found in section “1. REQUISITOS DE 

FRECUENCIA” of the d document [2].  

 

Figure 10 LFSM-O mode [3]. 

 

Figure 11 LFSM-U mode [3]. 
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Figure 12 FSM mode [3]. 

 

Figure 13 Example of the three modes combined [2]. 

 

The Grid Code requirements related with Active Power Ramp Rates can be found in section “5.9. Limitación a las 

rampas de subida y bajada de la potencia” of the document [2]. 

The Grid Code definition of the Active Power Regulation Times can be found in section “1.3” of the document [2]. 

The SGRE definition of the regulation times is included in the figure below. Note that this SGRE definition matches 

with the GC.  
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Figure 14 SGRE Definition of the regulation times: ta, tr and ts (te). 

According to the SGRE interpretation of the GC, the key requirements are summarized in the following table: 
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[Doc] 

Section 
MODE / Requirement Type B Type C Type D Compliance 

WF 

Types 
 Generator Type thresholds 

Pn ≤ 5 MW 

and 

Vn < 110 Kv 

Pn ≤ 50 MW 

and 

Vn < 110 Kv 

Pn >50 MW 

or 

Vn ≥ 110 Kv 

 

A
C

T
IV

E
 P

O
W

E
R

 R
E

G
U

L
A

T
IO

N
 

 AVAILABLE POWER MODE 
Not indicated in 

GC 

Not indicated in 

GC 

Not indicated in 

GC 
    Compliance 

 
SPINNING RESERVE 

/ DELTA CONTROL 

Not indicated in 

GC 

Not indicated in 

GC 

Not indicated in 

GC 
 

1.6 [2] CURTAILMENT MODE Required Required Required     Compliance 

5.9 [4]  
Curtailment 

Ramps 
- 

To be agreed 

with SO 

To be agreed 

with SO 
 

1.6 [2]  
Curtailment 

settling time 
Max 3 min Max 2 min Max 2 min  

1.6 [2]  

Curtailment 

Steady state 

tolerance 

±5%Pn ±5%Pn ±5%Pn  

OTHER:       

 
CEASE 

POWER 5s 
Required NA NA 

❓ To be 

Clarified 

(1) 

 

1.3, 1.7, 

1.8 [2] 
FREQUENCY MODE Required Required Required     Compliance 
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F
R

E
Q

U
E

N
C

Y
 R

E
G

U
L
A

T
IO

N
 

  

Frequency 

Regulation at 

WTG level 

No No No  

1.3, 1.7, 

1.8 [2] 
 

ta/tr/ts (ramp 

down) 
≤2s/≤2s/≤20s 

≤500ms/ 

≤2s/≤20s 

≤500ms/ 

≤2s/≤20s 

❓ To be Clarified 

(2) 

1.3, 1.7, 

1.8 [2] 
 

ta/tr/ts (ramp 

up) 
≤2s/≤5s/≤30s 

≤500ms/ 

≤5s/≤30s 

≤500ms/ 

≤5s/≤30s 

❓ To be Clarified 

(2) 

1.3, 1.7, 

1.8 [2] 
 

Steady state 

tolerance freq. 

regulation 

±5%ΔP ±5%ΔP ±5%ΔP (3) 

1.8 [2] 

Secondary 

Frequency 

regulation 

?? ?? ?? 

❓ To be 

Clarified 

(4) 

 

5.4 [4] 
Frequency 

Restoration 
?? ?? ?? 

❓ To be 

Clarified 

(5) 

 

- 
Enhanced Frequency Ramps 

needed 
Yes Yes Yes 

❓ To be Clarified 

(2) 

OTHER:       

       

       

       

       

Table 13 Grid Code requirements for Active Power / Frequency Regulation. 

Remarks: 

(1) A steady state tolerance expressed as % of ΔP could imply a very demanding band for low power increase 

values. Therefore, ideally the tolerance shall be expressed as % of the rated power. 

(2) Read aspects to clarify section 6.1 in this GCA. 

(3) Read aspects to clarify section 0 in this GCA 

According to the SGRE interpretation of the GC, the key frequency regulation parameters are summarized in the 

following table: 

Mode [Doc] 

Section 

Parameter Type B Type C Type D 

      

LFSM-O 

1.3 [2] LFSM-O frequency threshold 50,2 Hz 50,2 Hz 50,2 Hz 

1.3 [2] LFSM-O Droop setting 5% 5% 5% 

5.1 [4] LFSM-O definition of Pref  Pnom Pnom Pnom 

 
Behavior of the PGM once the 

regulating minimum level is reached 
Not defined Not defined Not defined 
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LFSM - U 

1.7 [2] LFSM-U frequency threshold NA 49.8 Hz 49.8 Hz 

1.7 [2] Droop setting NA 5% 5% 

5.2 [4] LFSM-U definition of Pref NA Pnom Pnom 

FSM 

1.8 [2] |ΔP|/Pref NA 8% 8% 

1.8 [2] frequency response insensitivity NA = 10 mHz = 10 mHz 

1.8 [2] FSM deadband NA 0 mHz 0 mHz 

1.8 [2] FSM droop (up) NA 5% 5% 

1.8 [2] FSM droop (down) NA 5% 5% 

5.3 [4] FSM definition of Pref NA Pnom Pnom 

1.8 [2] 
t1 maximum admissible initial delay 

for PGMs without inertia 

NA 
500 ms 500 ms 

1.8 [2] 
t2 maximum admissible full activation 

time 

NA 
30 s 30 s 

1.8 [2] 
time period for the provision of full 

active power frequency response 

NA 
15 min 15 min 

Table 14 Grid Code requirements for Regulation Parameters. 

• COMPLIANCE: 

SG5.X-170: 

According to the document D3120497 [10], SG5.X-170 WTGs could comply with the required active power ramp 

rates. 

Time responses required in frequency regulation (tr) makes that fast frequency ramps are required in order to provide 

fast frequency regulation active power ramps (22.5%Pn/s when decreasing power and 3.6%Pn/s when increasing 

power). SGRE SG5.X-170 could comply with this requirement but SW logics are pending to implement in serial SW 

WIND FARM: 

SGRE PPC cannot comply with all the requirements. The requirements related with the MRPF highlighted in section 

6.1 of this GCA and the references to Frequency restoration in section 0 must be clarified. 
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5.4. Reactive Power / Voltage Regulation 

• REQUIREMENTS: 

The Grid Code requirements related with the Reactive Power/Voltage Regulation can be found in section “2.3.3 

Modos de control de potencia reactiva” of the document [2]. 

Additional requirements about reactive power regulation time response times found in the following section “2.3.2.1. 

Módulos de parque eléctrico tipo D” of document [2]. 

The SGRE definition of the regulation times is included in the figure below. Note that this SGRE definition does not 

match with the GC. Therefore, the GC regulation times have been adapted to SGRE definition in this GCA. 

 

Figure 15 SGRE Definition of the regulation times: ta, tr and ts (te). 

According to the SGRE interpretation of the GC, the key requirements are summarized in the following table: 
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[Doc] 

Section 

MODE / 

Requirement 
Type B Type C Type D Compliance 

WF 

Types 
 

Generator Type 

thresholds 

Pn ≤ 5 MW 

and 

Vn < 110 Kv 

Pn ≤ 50 MW 

and 

Vn < 110 Kv 

Pn >50 MW 

or 

Vn ≥ 110 Kv 

 

 

21.3.d.i [3] 

5.2 COSPHI 

MODE (POWER 

FACTOR) 

Required Required Required 
    Compliance 

(1) 

5.8.2.3 [4]  
(COSPHI) 

ta/tr/ts 
…/…/60s …/…/60s …/…/60s  

5.8.2.3 [4]  

(COSPHI) 

Steady state 

tolerance 

Q= ±1.5%Pmax Q= ±1.5%Pmax Q= ±1.5%Pmax  
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21.3.d.i [3] 

5.3 REACTIVE 

POWER MODE 

(Q) 

Required Required Required 
    Compliance 

(1) 

5.8.2.3 [4]  
(MODE Q) 

ta/tr/ts 
…/…/60s …/…/60s …/…/60s  

5.8.2.3 [4]  

(MODE Q) 

Steady state 

tolerance 

Q= ±1.5%Pmax Q= ±1.5%Pmax Q= ±1.5%Pmax  

 

5.4 DIRECT 

VOLTAGE MODE 

(V) 

NA NA NA  

2.3.3 [2]  

5.5 REACTIVE 

POWER / 

VOLTAGE MODE 

(Q/V) 

Required Required Required 
    Compliance 

(1) 

2.3.3 [2]  
(Q/V) curve 

defined by slope 
Required Required Required  

2.3.3 [2]  (Q/V) ta/tr/ts 
ta+tr=1s 

ts= 5s 

ta+tr=1s 

ts= 5s 

ta+tr=1s 

ts= 5s 
(2) 

 

AVAILABLE 

REACTIVE 

POWER AT PCC 

CALCULATION  

NA NA NA  

OTHER:       

      

      

      

Table 15 Grid Code Requirements for Reactive Power / Voltage Regulation. 

Remarks: 

(1) It must be agreed with client/SO the mode of operation of the reactive power/voltage control and its final 

parameter settings. 

According to the SGRE interpretation of the GC, the key voltage regulation parameters are summarized in the 

following table: 

Mode 
[Doc] 

Section 
Parameter Type B Type C Type D 

      

Q/V curve 

defined by 

slope 

 Slope (droop) 2% 2% 2% 

 Slope resolution Not defined Not defined Not defined 

 Deadband 0 p.u. 0 p.u. 0 p.u. 

 Deadband resolution Not defined Not defined Not defined 
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 Vmin/Vn Not defined Not defined Not defined 

 Vmax/Vn Not defined Not defined Not defined 

 Qmin Not defined Not defined Not defined 

 Qmax Not defined Not defined Not defined 

Q/V curve 

defined by 

points 

 [Q1; P1] NA NA NA 

 [Q2; P2] NA NA NA 

 [Q3; P3] NA NA NA 

 [Q4; P4] NA NA NA 

 [Q5; P5] NA NA NA 

Table 16 Grid Code requirements for Regulation Parameters. 

• COMPLIANCE: 

SG5.X-170: 

According to the document D3120497 [10], SG5.X-170 WTGs can comply with the required reactive power ramp 

rates. 

WIND FARM: 

SGRE PPC can comply with all the requirements. 
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5.5. Power Quality 

• REQUIREMENTS: 

No specific requirements for power quality have been found in the main document of the Grid Code [2]. It is important 

to highlight that even there is not a requirement in the Grid Code, SGRE will expect that the TSO will ask for some 

power quality measurements, such as asked in the Annex I “Contenido de la base de datos estructural del operador 

del Sistema” of the document “P.O. 9 Información intercambiada por el operador del Sistema” [5] 

Remarks: 

The GC requires voltage harmonic measures. These measures are outside of IEC 61000-21 scope. Therefore, 

it needs to consider voltage harmonic measures and current harmonic measures and should be to consider into 

account in the offer 

• COMPLIANCE: 

The WF developer may perform a power quality study to gain some certainty on the WF fulfilment of these 

requirements, and SGRE can provide WTG power quality reports or harmonic models for this purpose, but the 

recommendation is to only evaluate this once real WF measurements are available so effective solutions can be 

properly designed. 
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5.6. Communications 

• REQUIREMENTS: 

The Grid Code requirements related with the Communications can be found in section “5.1  Intercambio de 

información” of the document [2] 

“5.1 Intercambio de información.  

Para los módulos de generación de electricidad de tipo A, B, C o D será de aplicación lo recogido en el 
procedimiento de operación que regule la información intercambiada por el operador del sistema y, en todo 
caso, en la normativa que al respecto sea aprobada para el intercambio de información con los gestores de la 
red.” 

More signal requirements regarding MRPF mode can be found on section “1.8. Modo de regulación potencia-

frecuencia (MRPF)” of the document [2]. 

“Adicionalmente a lo especificado en cuanto a la monitorización en tiempo real del MRPF en el Reglamento (UE) 

2016/631, de 14 de abril de 2016, el módulo de generación de electricidad estará capacitado para recibir en 

tiempo real del operador del sistema e implementar consignas de potencia en reserva a subir y a bajar mínimas 

garantizadas, que podrían ser diferentes. En el caso de módulos de parque eléctrico, las consignas de banda a 

subir y bajar se respetarán en la cuantía que permita la diferencia entre el recurso primario disponible y el nivel 

mínimo de regulación.” 

In addition, the RfG 2016/631 [3] stablishes for the MRPF mode the below requirements, as it’s indicated in the 

paragraph above: 

“Section 15.2 g) [Applies to MPE. Type C and Type D] 

En cuanto a la monitorización en tiempo real del MRPF: 

i) para monitorizar el funcionamiento de la respuesta frecuencia-potencia, la interfaz de comunicación deberá 

estar equipada para transferir en tiempo real y de forma segura desde la instalación de generación de 

electricidad hasta el centro de control de la red del gestor de red pertinente o del GRT pertinente, a instancias 

del gestor de red pertinente o del GRT pertinente, al menos las señales siguientes: 

señal de estado del MRPF (activado/desactivado); 
salida de potencia activa programada; 
valor efectivo de la salida de potencia activa; 
ajuste efectivo de los parámetros de respuesta de la potencia activa con la variación de frecuencia; 
estatismo y banda muerta; 

ii) el gestor de red pertinente y el GRT pertinente deberán especificar las señales adicionales que deberá 

proporcionar la instalación de generación de electricidad por los dispositivos de monitorización y registro con el 

fin de verificar el funcionamiento del suministro de reservas de regulación frecuencia-potencia por parte de los 

módulos de generación de electricidad participantes.” 
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Section 

MODE / 

Requirement 
Type B Type C Type D Compliance 
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WF 

Types 
 

Generator Type 

thresholds 

Pn ≤ 5 MW 

and 

Vn < 110 Kv 

Pn ≤ 50 MW 

and 

Vn < 110 Kv 

Pn >50 MW 

or 

Vn ≥ 110 Kv 

 

C
O

M
M

U
N

IC
A

T
IO

N
S

 

 
Hardwired signals 

required 
Not defined Not defined Not defined 

❓ To be Clarified 
(1) 

 
Signal list defined 

in the GC 
Not defined Not defined Not defined 

❓ To be Clarified 
(1) 

 

External 

communication 

protocols defined 

in the GC for 

SGRE SCADA  

Not defined Not defined Not defined 
❓ To be Clarified 

(1) 

       

       

Remarks: 

(1) The signal types and the communication protocols are not defined, so the project’s specific signal list and 

communications architecture must be negotiated with the TSO and WF developer during the connection 

conditions agreement. 

• COMPLIANCE: 

WIND FARM: 

SGRE CSSS/PPC has different communications protocols, installed and tested, to access third party data, such as 

the substation or the weather mast, and/or to permit third parties to access wind farm data without requiring additional 

development. These protocols are mainly OPC-UA, and IEC 60870-5-104. 

The following topics must be considered: 

• Communication with the System Operator will have to be performed by the Wind Farm Developer through a 

Substation RTU. The SGRE SCADA system can communicate with the RTU installed in the substation by using 

one of the protocols mentioned above (preferably IEC 60870-5-104 protocol). 

• Signals of the substation devices, such as transformer taps, switchgears, connection breakers, etc. can be 

integrated in the SGRE SCADA system provided. These are included in the substation integration through the 

RTU by using IEC 60870-5-104 protocol. 

• Signals referred to the WTGs can be provided by the SGRE SCADA system to the Substation RTU by using IEC 

60870-5-104 protocol. 

• The installation of a met mast should be considered by the WF developer. The signals of the met mast can be 

integrated in the SGRE SCADA system. The communication protocol for this has not been defined at the time of 

preparation of this document. 

Anyway, the final signal types and the communication protocols are not defined, so the project’s specific signal list 

and communications architecture must be negotiated with the TSO/DSO and WF developer during the connection 

conditions agreement.  
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5.7. Protections 

• REQUIREMENTS: 

The Grid Code requirements related with the Protections can be found in Annex I “Contenido de la base de datos 

estructural del operador del Sistema” of the document “P.O. 9 Información intercambiada por el operador del 

Sistema” of the document [5] 

“1.2.5.2 Protecciones asociadas a cada unidad generadora (aerogenerador, inversor, etc.). 

• Relé de mínima tensión: indicar fases en que mide y ajustes. 

• Relé de sobretensión: ajustes. 

• Protección de mínima frecuencia: ajustes y cumplimiento del procedimiento por el que se establecen los Planes de 

Seguridad. 

• Protección de sobrefrecuencia. Ajustes. 

• Dispositivos automáticos de reposición por frecuencia: Confirmar que no existen o que están deshabilitados. 

• Disparo por sobrevelocidad, en su caso. Valor de disparo.” 

Therefore, the Grid Code as defining the information regarding the WTG protections: undervoltage, overvoltage, 

underfrequency, overfrequency and overspeed. 

• COMPLIANCE: 

SG 5.X-170: 

According to document D3120497 and D2314253 SG 5 X can comply with this requirement. 
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5.8. Electrical Simulation Models 

• REQUIREMENTS: 

The Grid Code requirements related with the electrical simulation models can be found in section 5.2 “MODELOS 

DE SIMULACIÓN” of the document [2]. 

Furthermore, the following documents define requirements about the electrical models: 

• Section “6. Validación del modelo de Simulación” of the document [4] 

• Annex I “Contenido de la base de datos estructural del operador del Sistema”, section 1.4 “Datos necesarios 

para la realización de estudios dinámicos” of the document [5] 

• “Condiciones de validación y aceptación de los modelos” [6] 

• “Requisitos de los modelos de instalaciones eólicas, fotovoltaicas, de almacenamiento y de todas aquellas 

instalaciones que no utilicen generadores síncronos directamente conectados a la red” [7] 

According to the SGRE interpretation of the GC, the models required are summarized in the following table: 

Item Value 

RMS Model  

WTG RMS model YES 

WFC RMS model YES 

RMS model software PSS/E and DigSilent (1) 

WTG RMS Model validation YES 

WFC RMS Model validation YES 

RMS Model validation standard 
Yes Based on section 6 of document [4] and 

document [6] 

Library Model  

WTG Library Model YES 

WFC Library Model YES 

Library models standards N/A 

EMT Model  
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WTG EMT model YES, Based on section 6 of document [4]  

WFC EMT model YES, Based on section 6 of document [4]  

EMT model software N/A 

WTG EMT Model validation N/A 

WFC EMT Model validation N/A 

EMT Model validation standard N/A 

Harmonic Model  

WTG Harmonic model NO 

Table 17 Grid Code required models. 

• COMPLIANCE: 

The availability of an electrical simulation model for a specific WTG configuration and WFC, in the requested 

simulation SW (PSS/E, DigSilent, library model parameters) and for a specific purpose (RMS and EMT) can be 

requested to SGRE. However, the following tables shows validation status: 

Item Value WTG  

Platform Validation Status according to REE 

(P.O.9) 

Certificated according to NTS 

SG 5.X-170 Pending Pending 

 

Item Value WFR  

Platform Validation Status according to REE 

(P.O.9) 

Certificated according to NTS 

PMUA Pending OK 

Remarks: 

(1) Grid operator (REE) request PSSe model based on reference [6] and [7] but for running simulations requested 

in NTS v2.1 [4]  any model RMS/EMTvalidated is accepted  
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5.9. WF Simulation/Test/Certification  

• REQUIREMENTS: 

The Grid Code requirements related with the simulation/test/certification can be found in section 4.1. “ASPECTOS 

GENERALES” of the document [4] 

According to the SGRE interpretation of the GC, the requirements are summarized in the following table: 

Item 

WF 

Simulation 

Required 

WF Test 

Required 

WTG 

Certification 

Required 

WFC 

Certification 

Required 

WF 

Certification 

Required 

Models 

included in 

Certification (2) 

Frequency range No No No No No No 

Voltage range No No No No No No 

Fault Ride Through - 

UVRT 
Yes No Yes No No Yes 

Fault Ride Through - 

OVRT 
No No No No No No 

Reactive power 

capability 
Yes No Yes No No Yes 

Fault current support Yes No Yes No No Yes 

Post fault active 

power recovery 
Yes No Yes No No Yes 

Active power control  No Yes* No Yes No No 

Frequency control  No Yes* No Yes No No 

Frequency 

restoration 
No 

To be 

clarified 

(1) 

No No No No 

Power factor control Yes Yes* No Yes No No 

Reactive power 

control 
Yes Yes* No Yes No No 

Voltage control Yes Yes* No Yes No No 

Power Quality No No No No No No 

Inertia Emulation 

(optional) 
Yes No No No No No 

Power Oscillations 

Damping 
Yes No Yes Yes No No 

Table 18 Grid Code required Simulation / Test / Certification. 

*On site tests may not be required if certification is available. 
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• COMPLIANCE: 

SG5.X-170: 

Information under request on SG5.X-170 WTGs capabilities can be provided to support WF simulations or test. 

The required WTG certificate is not yet available for SG5.X-170. 

WIND FARM: 

Information under request on PPC capabilities can be provided to support WF simulations or test.  

The required WFC (PMUA) certificate is already available for PPC. 
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5.10. Special Requirements 

5.10.1. Phase Jump 

• REQUIREMENTS: 

The Grid Code requirements related with the capability of withstanding a phase jump, can be found in section 3.3.2 

“CAPACIDAD PARA SOPORTAR SALTOS ANGULARES” of the document [2]. 

According to the SGRE interpretation of the GC, the key requirements are summarized in the following table: 

 Item Unit Value 

 Maximum Phase Jump º 20 

Table 19 Grid Code requirements for Phase Jump. 

• COMPLIANCE: 

SG5.X-170: 

According to the correspondent platform documentation, the compliance analysis for a WF with SG5.X-170 WTGs is 

described in the following table: 

WTGs GD Document Compliance 

SG 5.X-170 D3120497 [10]     Compliance 
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5.10.2. Inertia Emulation 

• REQUIREMENTS: 

The Grid Code requirements related with the provision of Inertia Emulation, can be found in section 1.9 “ EMULACIÓN 

DE INERCIA” of the document [2]. 

According to the SGRE interpretation of the GC, the key requirements are summarized in the following table: 

 Item Unit Value 

 Applicability of Inertia Emulation requirement - Optional (2) 

 Minimum Required Duration for Additional Active Power - tΔP s 8 

 Minimum Additional Active Power – ΔP % 10% 

 Reference for Additional Active Power - Prated  

 Additional active power proportional to frequency deviation % / Hz N/A 

 Additional active power proportional to ROCOF % / (Hz/s) N/A 

 Activation by frequency / ROCOF - ROCOF  

 Frequency activation threshold Hz N/A 

 ROCOF activation threshold Hz/s ±0.5 

 Maximum reaction time s N/A 

 Maximum response time - tresponse s 0.15 

 Maximum overshoot % N/A 

 Deactivation by frequency / ROCOF - Frequency  

 Frequency deactivation threshold Hz ±0.5 

 ROCOF deactivation threshold Hz/s N/A 

 Maximum downwards active power ramp rate % / s N/A 

 Max. Subsequent Power Drop below Pre-disturbance - ΔPdrop % N/A 

 Max recovery time between consecutive inertia responses - trecovery s N/A 

 Minimum Active Power for Inertia Response Availability - Pmin pu N/A 

Table 20 Grid Code requirements for Inertia Emulation. 
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Figure 16 Example of the inertia emulation behavior. 

• COMPLIANCE: 

SG5.X-170: 

According to the correspondent platform documentation, the compliance analysis for a WF with SG5.X-170 WTGs is 

described in the following table: 

WTGs GD Document Compliance 

SG 5.X-170 D2097474 [12] ❌ Non-compliance(1) 

WIND FARM: 

SGRE PPC is used to operate the Inertial response and enables SGRE Wind Turbines to provide an overproduction 

of active power. SGRE PPC cannot comply with all the requirements. 
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5.10.3. Power Oscillations Damping (POD) 

• REQUIREMENTS: 

The Grid Code requirements related with the provision of a Power Oscillations Damping (POD) system can be found 

in section 2.3.5 “AMORTIGUAMIENTO DE LAS OSCILACIONES DE POTENCIA” of the document [2] and section 

5.10 “AMORTIGUAMIENTO DE LAS OSCILACIONES DE POTENCIA EN MPE” of document [4]  

5.10.3.1. Acceptance criteria for analysis based on eigenvalues 

The criterion for the assessment of the study described in the subsection shall consider that the PPM does not 

adversely contribute to the damping of oscillation modes between 0.1 Hz and 1.5 Hz if the following conditions are 

met: 

• The introduction of a PPM in node 1 does not introduce new oscillation modes with a damping of less than 5%. 

• Under no circumstances will existing modes reduce their damping below 5%. 

• COMPLIANCE: 

SG 5.X-170: 

SGRE can prepare the models and reports required by TSO according to NTSV2.1 to show compliance with the 

requirement  
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5.10.4. System Strength 

• REQUIREMENTS: 

The Grid Code doesn’t define a minimum System Strength value (short circuit value-SCR), however, in section 

“Disposición adicional segunda. Valor de los parámetros, porcentajes y ratios contenido en los anexos.” of the 

document [9] defines a SCR value  

“Para los nudos con módulos de parque eléctrico existentes o con permisos de acceso concedidos, que no 

cumplen con el Reglamento (UE) 2016/631 de la Comisión, de 14 de abril de 2016, se fija en 10 el valor mínimo 

del parámetro WSCR al que se refiere el apartado 4 del anexo I. Para el resto de nudos, dicho valor se fija en 6.” 

In English: 

“For electrical nodes with power park modules under operation or with access permits guaranteed, that do not comply 

with Regulation (EU) 2016/631 of the Commission, of April 14, 2016, the minimum value of Weighted Short Circuit 

Ratio (WSCR) will be 10 based on section 4 of annex I. For the rest of electrical nodes, this value will be 6.””  

• COMPLIANCE: 

SG5.X-170: 

According to document D3120497 [10], the capability of SG5.X-170 to contribute to the WF compliance of this 

requirement is the following: 

 Parameter Value 

 
Min. SCR at WTG MV Terminals 

V-Direct operation 

2 

2 > SCR > 1.5  

 
Min. SCR at WTG MV Terminals 

Q-Direct operation 

3 

3 > SCR > 1.5  

 

Min X/R at WTG MV Terminals 

V-Direct operation 

Q-Direct operation 

3 

Table 21 Standard minimum interconnection electrical characteristics for SG5.X-170. 

WIND FARM: 

The requirements regarding short circuit ratio (SCR) are specified at the PCC. 

Considering this, to ensure compliance a specific study of the whole WF must be carried out in order to analyze the 

SCR at the WTGs terminals for different operation scenarios of the WF.  
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5.10.5. Reconnection Blockage / Synchronization to the Grid 

• REQUIREMENTS: 

The Grid Code requirements related with the Reconnection Blockage can be found in section “CAPACIDAD 

TÉCNICA DE RECONEXIÓN TRAS PERTURBACIÓN” of the document [2] 

According to the SGRE interpretation of the GC, the key requirements are summarized in the following table: 

 Item Unit Value 

 Minimum reconnection voltage p.u 0.9 

 Maximum reconnection voltage  p.u. 
>220 kV - 1.118 

< 220 kV -1.1 

 Minimum reconnection frequency Hz 47.5 

 Maximum reconnection frequency Hz 51.5 

 Reconnection observation time for the voltage Sec Not defined 

 Reconnection observation time for the frequency Sec Not defined  

 Other reconnection measurement variable - N/A 

 Reconnection based on WF/WTG measurement - WF/WTG 

Table 22 Grid Code requirements for Reconnection Blockage. 

• COMPLIANCE: 

The blockage of the automatic reconnection as a function of the grid voltage or frequency is implemented by SGRE 

at WTG level. If the Grid Operator requests this function at PCC level, it shall be clarified if the SGRE function at 

WTG level is accepted by the Operator. 
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6. Aspects to Clarify 

6.1. Active Power/Frequency regulation 

The following requirement in the MRPF section 1.8 of document [2] requires clarification: 

“1.8. Modo de regulación potencia-frecuencia (MRPF) 

(…) 

Adicionalmente a lo especificado en cuanto a la monitorización en tiempo real del MRPF en el Reglamento (UE) 

2016/631, el módulo de generación de electricidad estará capacitado para recibir en tiempo real del operador del 

sistema e implementar consignas de potencia en reserva a subir y a bajar mínimas garantizadas, que podrían 

ser diferentes. En el caso de módulos de parque eléctrico, las consignas de banda a subir y bajar se respetarán 

en la cuantía que permita la diferencia entre el recurso primario disponible y el nivel mínimo de regulación.” 

The wording of this requirement is not clear. Since it is in the MRPF section, SGRE understands that the “reserves” 

mentioned are in fact the “|ΔP1|/Pmax” parameters of the MRPF mode (read screenshot from [2] below) which are 

available in the SGRE regulation tool. However, note that these parameters are not power reserves but power ranges 

of operation of the MRPF mode. Moreover, the requirement indicates that these reserves shall be “guaranteed”, 

however, note that a WFs depends on a variable energy source so the SO shall define how they expect a WF to 

response. 

 

A confirmation of SGRE interpretation of the requirement is necessary. It is important to remark that in case that the 

SO states SGRE interpretation is not accurate, the requirements shall be analyzed in order to assure compliance. 
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6.2. Frequency Restoration 

The following test referenced in the NTS [4] appears to be related with the frequency restoration, however, it is not 

clearly defined. It shall be clarified if this test applies to WFs and if it does, the test procedure and the technical 

requirements shall be defined by the SO. 

 

“5.4. Capacidad de control de potencia-frecuencia 

El objetivo es verificar que el MGE es capaz de ofrecer funciones que cumplan las especificaciones del GRT, 

con el objetivo de restablecer la frecuencia a su valor nominal o de mantener los flujos de intercambio de 

potencia entre las zonas de control en sus valores programados, según lo indicado en: 

- Artículo 15.2.e del Reglamento. 

En virtud del artículo 45 del Reglamento, la conformidad del MGE con este requisito se podrá realizar a través 

de prueba, tanto a nivel UGE como MGE, o de certificado de equipo. No obstante, la evaluación de este requisito 

la realizará el GRT conforme a los protocolos de pruebas establecidos en la regulación vigente en el momento 

de la puesta en servicio del MGE, que indicará el GRT al propietario del MGE.” 

The referenced article 15.2.e [3] states the following: 

“with regard to frequency restoration control, the power-generating module shall provide functionalities 

complying with specifications specified by the relevant TSO, aiming at restoring frequency to its nominal value or 

maintaining power exchange flows between control areas at their scheduled values;” 
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7. Summary  

The following table reflects the evaluation in terms of Grid Code compliance for a WF comprised of a certain type of 

WTGs. This summary table is based in the AM0 of the SGRE WTGs. 

  Section SG 5.X-170 (9) 

   PPC 

 Frequency Operation Range 5.1.1     Compliance 

 Voltage Operation Range 5.1.2 ⏩ Wind Farm Study Needed 

 Voltage/Frequency Operation Area 5.1.3 ⏩ Wind Farm Study Needed 

 Reactive Power Operation Range 5.1.4 ⏩ Wind Farm Study Needed 

Fault Current Support 5.2.1     Compliance 

Ride Active Power Recovery after Clearance 5.2.2     Compliance 

Through Consecutive Voltage Dips 5.2.3     Compliance 

 Active Power/Frequency Regulation 5.3 
❓ To be Clarified 

(1)(2)(3) 

 Reactive Power/Voltage Regulation 0 
    Compliance 

(4) 

 Power Quality 5.5 ⏩ Wind Farm Study Needed 

 Communications 5.6 ❓ To be Clarified (5) 

 Protections 5.7     Compliance 

 Electrical Simulation Models 5.8       Development in Progress 

 WF Simulation / Test / Certification 5.9     Compliance 

 Phase Jump 5.10.1     Compliance 

 Inertia Emulation 5.10.2 ❌ Non-compliance (8) 

 Power Oscillations Damping (POD) 5.10.3       Development in Progress 

 System Strength 5.10.4 ⏩ Wind Farm Study Needed 

 
Reconnection Blockage / 

Synchronization to the Grid 
5.10.5     Compliance 

Table 23 Summary. 
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Legend Description 

    Compliance Compliance is expected 

      Development in Progress 
A SCADA or WTG development is planned or underway in order to assure 

compliance 

     Request development upon need 
A specific development is required and shall be requested when a project 

needs to comply with this requirement. 

❓ To be Clarified 
The requirement is not clear, or information is missing. Therefore, it shall 

be clarified with the Operator. 

❌ Non-compliance The requirement cannot be fulfilled. 

⏩ Wind Farm Study Needed Wind Farm Study Needed 

Table 24 Legend. 

Remarks: 

(1) The requirements related with the MRPF and frequency restoration highlighted in sections 6.1 and 0 must be 

clarified. 

(2) It must be agreed with SO, the mode of operation of the reactive power/voltage control and its final parameter 

settings in the corresponding connection agreement. 

(3) The final WF signals list should be established in the connection agreement. 

(4) According to Certification Report Fault Ride Through [13], [14], [15], [16], we could comply 

(5) The Grid Code has only been analyzed against the SG5.X-170. Reference document [10] is only valid for 

170 rotor diameter variants. The grid capability document for SG5.X-155 variant (155 rotor diameter) is 

under development.  
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