Madrid, 29 de junio de 2015

CONFEDERACION HIDROGRAFICA DEL EBRO

A la atencidn del Director de la Oficina de Planificacién Hidroldgica
Paseo de Sagasta, 24-26

50071 ZARAGOZA

Estimado Sr.:

Adjunto le envio las Observaciones que UNESA, la Asociacién Espafiola de la Industria
Eléctrica, desea hacer en el periodo de consulta plblica a la vista de la Propuesta de
Proyecto de Revisiéon del Plan Hidroldgico de la parte espafiola de la Demarcacion
Hidrografica del Ebro, con el fin de que sean tenidas en cuenta en la elaboracién del
Plan hidroldgico.

Quedando a su disposicion para cualquier aclaracion, le saluda atentamente,

José Maria Marcos Fano
Vocal de UNESA en el Consejo Nacional del Agua
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OBSERVACIONES GENERALES A LOS PLANES HIDROLOGICOS DE LAS
DEMARCACIONES INTERCOMUNITARIAS DESDE LA PERSPECTIVA DEL USO
ENERGETICO DEL RECURSO.

25 Junio 2015

Con fecha 30 de diciembre de 2014 se publicé en el BOE la “Resolucion de la Direccion
General del Agua por la que se anuncia la apertura del periodo de consulta e
informacion publica de los documentos titulados "Propuesta de proyecto de revisién del
Plan Hidroldgico, Proyecto de Plan de Gestién del Riesgo de Inundacién y Estudio
Ambiental Estratégico" correspondientes a las demarcaciones hidrograficas del
Cantabrico occidental, Guadalquivir, Ceuta, Melilla, Segura y Jicar y a la parte espanola
de las demarcaciones hidrograficas del Cantabrico oriental, Mifo-Sil, Duero, Tajo,
Guadiana y Ebro”.

El presente escrito de observaciones tiene por objeto recoger las principales cuestiones
que preocupan al sector eléctrico a la vista del contenido de los proyectos de los
distintos Planes Hidroldgicos en tramite de consulta, desde la perspectiva de la
produccién hidroeléctrica y las necesidades para refrigeracion de los distintos tipos de
centrales térmicas.

Las principales preocupaciones para el Sector se pueden sintetizar en el interés por
mantener la actual capacidad de produccién del parque generador existente y que las
determinaciones de los planes no supongan una restriccion que imposibilite la
expansion del mismo a medio y largo plazo.

En relacién con las afecciones al equipo hidroeléctrico existente esas preocupaciones
estan plenamente justificadas, como pone de manifiesto la propia Direccién General de
Politica y Minas en el documento “Importancia del Equipo Generador Hidroeléctrico en
la Operacién del Sistema Eléctrico” (REE — 15 de diciembre de 2014) remitido al
MAGRAMA en abril de 2015.

Se considera de vital importancia que todos los Planes Hidroldgicos sean lo mas
homogéneos posible, unificando todos aquellos criterios comunes y eliminando
cualquier limitacidn que no sea necesaria por ya existir otra legislacion de aplicacion.
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Ademas de las cuestiones que se incluyen mas abajo, existen algunos aspectos
relacionados con la seguridad juridica, la confianza legitima, la jerarquia de la
normativa, el respeto a la normativa vigente y a los derechos concesionales, la doctrina
establecida por los érganos judiciales del Estado, etc... que no son objeto de la presente
Nota.

Es importante sefialar que los titulares de los aprovechamientos hidroeléctricos no
estan negando el derecho de la Administracion a imponer nuevas restricciones, lo que
estan solicitando es que, en caso de imponerse unilateralmente, se respete la
normativa vigente en relacion a la afectacién sobre los derechos concesionales,
compensandose los costes de adaptacién/implantacion y los asociados a las pérdidas
econdmicas debidas al impacto de estas restricciones, no necesariamente de forma
econdmica (permitir centrales a pie de presa para turbinar los caudales ambientales con
un procedimiento especifico para su tramitacion, incremento de plazos concesionales,
incremento de caudales concesionales existentes tanto en las centrales afectadas como
en otras, renovacion de concesiones a caducar, etc.). Sobre estas posibles alternativas,
indicar que la relativa al incremento de los plazos concesionales no supone una lesion a
la competencia, ya que no se estan concediendo unos derechos nuevos sino que se
compensa por una pérdida de derechos preexistentes ya adquiridos y por tanto no
abiertos a la competencia.

1. Papel de la energia hidroeléctrica para la calidad del Suministro eléctrico.

Con caracter general, hay que destacar el papel actualmente insustituible que juega la
energia de origen hidroeléctrico con regulacién, en la calidad de suministro y para la
cobertura de la demanda de nuestro Sistema Eléctrico Nacional. La importancia de este
tipo de energia también lo es a nivel europeo, tal y como se refleja en el documento
elaborado por Eurelectric “Hydropower — Supporting a Power System in transition” (se
adjunta el mismo).

En efecto, este tipo de energia, capaz como ninguna otra de arranques, paradas y
variaciones rapidas de la carga aportada al Sistema, es la Unica que puede garantizar
el seguimiento fino de la curva de demanda y la atencién rapida a variaciones bruscas
de la energia entregada, bien por posibles fallos de grandes grupos térmicos, por
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problemas localizados en la red, o, recientemente, por el significativo aumento de las
energias renovables intermitentes (edlica y solar), aumento que necesariamente
requiere como complemento nueva potencia hidroeléctrica para hacer frente con
rapidez y eficacia a los inevitables ceros de dichas tecnologias.

Por ello, las afecciones a la energia hidroeléctrica con regulacién pueden transformarse
con gran facilidad en graves pérdidas de garantia de suministro del Sistema Eléctrico
Nacional. En este sentido, las dos afecciones potencialmente mas perjudiciales para los
usos hidroeléctricos son la imposicién de caudales ecoldgicos minimos elevados vy las
restricciones a las variaciones rapidas en los caudales turbinados. Ambas pueden
hacer inviable, o indtil, la operacion de un determinado aprovechamiento hidroeléctrico.

En este sentido, es de destacar el caracter esencial del suministro de energia eléctrica,
como se declara en la exposicion de motivos de la Ley 24/2013, de 26 de diciembre,
del Sector Eléctrico, que comienza indicando que:

" El suministro de energia eléctrica constituye un servicio de interés economico general,
pues la actividad economica y humana no puede entenderse hoy en dia sin su
existencia”

Por tanto, dada la importancia de garantizar el suministro eléctrico y la calidad de éste,
debe valorarse la importancia del uso del agua para la generacién eléctrica con
maximo rigor. Todo ello, sin olvidar la proteccién al medio ambiente. En definitiva, no
se persigue que se otorgue al uso hidroeléctrico una importancia desmedida o
desproporcionada, colocandola por encima de los objetivos medioambientales. Pero si
se pretende abrir la discusion con la finalidad de encontrar el punto de equilibrio entre
el medio ambiente, el uso racional del agua y la sostenibilidad.

Entrando ya en aspectos concretos de los documentos de los distintos planes sometidos
a consulta, Memoria y Normativa, se ha de destacar en primer lugar que la importancia
del uso energético del agua apenas aparece reflejada en ambos. Se menciona sin
mucho énfasis, en general, el interés econdomico del uso energético del agua, pero
nada se dice del papel del mismo para garantizar el suministro eléctrico a la poblacion
y a las actividades econdmicas.



2. Las pequeiias centrales fluyentes.

También interesa destacar que los pequefos aprovechamientos fluyentes y en
derivacién, aportan una energia casi constante, de base, que en caso de resultar
seriamente afectada deberia ser sustituida por produccion de origen térmico, con el
consiguiente incremento de la factura de combustibles importados y, en su caso, de las
emisiones de gases de efecto invernadero a la atmdsfera y de gases contaminantes
como Oxidos de azufre, de nitrégeno y particulas, lo cual es incompatible con los
objetivos de reduccion de emisiones y disminucién de la dependencia energética
exterior de la CEE. Ello seria incompatible con la politica y los esfuerzos acordados por
los Estados Miembros europeos de lucha contra el cambio climatico y la contaminacion
o la politica de fomento de energias renovables y la de reduccidon de la dependencia
energética del exterior. Obviamente, estas consideraciones no son exclusivas para los
aprovechamientos fluyentes, sino que aplican también a los aprovechamientos
regulados mediante embalse.

Las previsiones de determinados planes, de construccion de nuevas escalas o pasos de
peces y otras medidas que no estan impuestas en el clausulado concesional, representa
una afeccion sobrevenida a los aprovechamientos en los que se imponga, en un doble
sentido: el coste de su construccion y el derivado de la explotacion, en la doble
vertiente de coste de mantenimiento y de pérdida de produccion hidroeléctrica, costes
desmedidos mas aun, si se requieren este tipo de soluciones de forma generalizada sin
determinar de forma previa la eficacia de las mismas (por ejemplo, la construccién de
dispositivos de franqueo sea cual sea la altura del azud o la presa o en zonas ubicadas
aguas arriba de elementos naturales infranqueables).

3. El agua para refrigeracion de centrales térmicas y nucleares.

Las centrales térmicas con refrigeracion en circuito cerrado no requieren grandes
volimenes de agua. En linea con la planificacion ya vigente, actualmente no se plantea
ninguna nueva instalacion térmica con refrigeracion en circuito abierto.
Adicionalmente, hay que tener en cuenta que un incremento excesivo de los
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condicionantes y restricciones a los usos en térmicas convencionales, ciclos
combinados, nucleares, o biomasa, sea en la disponibilidad de agua para refrigeracién
y procesos, 0 en las caracteristicas de los vertidos, puede afectar gravemente a la
garantia del suministro eléctrico nacional, en sus aspectos cuantitativos. Por ello, no
debieran imponerse restricciones innecesarias que puedan afectar al suministro de
energia eléctrica ni a su calidad, y que pueden causar mas perjuicios que beneficios al
medio ambiente visto éste de forma global y a la Sociedad en general.

4. Identificacion y clasificacion de las masas de agua. Excepciones
contempladas por la DMA.

Deberian aplicarse al maximo los criterios de excepcionalidad admitidos por la propia
Directiva Marco de Aguas, especialmente la declaracion como “masas de agua muy
modificadas” o “masas de agua muy alteradas hidrolégicamente” de todos los tramos
situados inmediatamente aguas abajo de las presas, atendiendo a la definicién que de
esas masas da la propia Directiva, en su articulo 2, punto 9: “consecuencia de
alteraciones fisicas producidas por la actividad humana”, y con mayor precision técnica
se recoge en la Instruccién de Planificacién Hidroldgica en su punto 3.4.2. Este criterio
llevaria a relajar los nuevos condicionantes y restricciones ambientales a los usos
existentes al perseguir un buen potencial ecoldgico en lugar del buen estado ecoldgico.
En este mismo sentido, seria también deseable que se consideraran las excepciones por
costes desproporcionados.

También seria posible aplicar los mecanismos previstos en el TRLA que prevé
prérrogas del plazo establecido para la consecucion de los objetivos medioambientales
relativos a las masas de agua hasta el 31 de diciembre de 2027.



5. Determinacion de caudales ecoldgicos.

Los caudales ecoldgicos no son un fin en si mismo, sino un instrumento para cumplir los
objetivos ambientales fijados en la planificacion hidroldgica. Desde este punto de vista,
sblo se debieran exigir aquellos componentes del régimen de caudales ecoldgicos que
permitan mejorar el estado ecoldgico o el potencial ecolégico de las masas de agua
superficiales, y no debieran ser distintos a los actuales en aquellas masas de agua
dénde ya se hayan alcanzado los objetivos medioambientales. Es decir, no se debe
imponer un nuevo régimen de caudal ecoldgico diferente al que ya se deja en aquellas
masas de agua que ya se encuentran en buen estado ecoldgico o con buen potencial
ecoldgico, ya que el objetivo que marca la DMA ya esta cumplido.

La propia Directiva Marco de Aguas exige un analisis coste-eficacia de la medida que
supone la implantacién de caudales ecoldgicos, comparandola con la pérdida de
ingresos que supone para los usuarios del recurso y para el interés general. Por lo
tanto, si ya se ha alcanzado el buen estado/buen potencial, la suelta de caudales
ecoldgicos por encima de los necesarios para el objetivo ambiental perseguido,
empeora la relacion coste-eficacia, y la pretendida armonizacion que promulga la DMA
entre los objetivos ambientales y la satisfaccion de las demandas (entre ellas, las de los
usos energéticos) se veria claramente descompensada sin motivo alguno.

La falta de datos historicos y la extrapolacion aplicada en los estudios realizados supone
un importante grado de incertidumbre en la determinacion del estado de las masas de
agua en algunos casos. Ademas, parece que no esta previsto en los presupuestos de
las Confederaciones los estudios necesarios para conocer la eficacia de las medidas que
se tomen. Por todo lo anterior, consideramos imprescindible realizar estudios de detalle
de las masas de agua concretas (segun lo indicado en el articulo 59.7 de la Ley de
Aguas, en el articulo 26.1 del Plan Hidroldgico Nacional y en el apartado 3.4.5 de la
Instruccion de Planificacion Hidroldgica), que no alcanzando el buen potencial/ buen
estado, tienen concesionarios para los que las medidas aplicadas suponen un muy
importante impacto econdmico, impacto que también afectaria indirectamente, en
mayor o menor medida, al resto de usuarios del Sistema Eléctrico. Realizados estos
estudios, la implantacién de los nuevos caudales deberia hacerse de forma progresiva,



analizando su efecto en el tiempo desde todos los puntos de vista ambiental, técnico,
social y econémico.

En este sentido, si la masa de agua afectada ya presenta el buen potencial requerido (o
buen estado en su caso), no seria necesario incorporar mas componentes en el caudal
ecologico existente previamente. Unicamente en caso de no ser asi, se deberia
contemplar la posibilidad de definir algin componente adicional del caudal ecoldgico
con criterios de flexibilidad. Un caso asi se ha dado en algunas minicentrales, en las
que, mediante modelizacion del cauce de desagiie, se ha comprobado que era posible
reducir la cuantia de los caudales minimos impuestos por el Plan, sin que el régimen
hidrolégico de aguas abajo sufriera ninguna merma que afectara a las condiciones
ambientales del tramo. Lo que se pide es que esta posibilidad quede expresamente
recogida en la reglamentacion.

6. Régimen de caudales ecoldgicos: caudal minimo, maximo, generador y
tasas de cambio.

a) Sobre los criterios de obligatoriedad y cumplimiento de los caudales
ecologicos.

Entre los distintos planes se encuentran muchas discrepancias en los criterios de
obligatoriedad y cumplimiento de los nuevos regimenes de caudales ecoldgicos. Se
deberian homogeneizar esos criterios, teniendo en cuenta las circunstancias de
imposibilidad fisica para cumplir esos nuevos regimenes, y los correspondientes plazos
y costes de adaptacion de las infraestructuras, estableciéndose un procedimiento
especifico para la tramitacién administrativa de las obras de adaptacion necesarias, sin
olvidar en cualquier caso, la preceptiva revision de las concesiones en los términos
previstos en el art. 65 TRLA.

En todo caso, los diferentes Planes deberian indicar claramente que los caudales
ecoldgicos vigentes son los que se estan dejando actualmente, independientemente de
las distintas formas con las que se hayan determinado los mismos en cada demarcacién
en su momento, siendo necesario concluir el proceso de concertacion, segun las fases
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indicadas en el articulo 3.4.6 de la IPH, y natificar a los titulares los nuevos caudales
concertados, segun el procedimiento administrativo especifico que corresponda, para
que estos ultimos entren en vigor.

Cabe afadir que resulta esencial para garantizar tanto la seguridad juridica como la
sostenibilidad de los cambios que en materia de caudales ambientales puedan
establecer los planes hidroldgicos, que el concepto, asi como el proceso de
“concertacion” se unifiquen, clarifiquen y se lleven a cabo de la forma mas parecida
posible a lo que el término significa; es decir, pactar, ajustar, tratar y acordar, entre las
partes afectadas.

b) Embalses encadenados.

En tramos regulados donde existen varios embalses encadenados y la cola del embalse
de aguas abajo llega al pie de la presa de aguas arriba, carece de sentido la exigencia
de régimen de caudales ecoldgicos (caudales minimos, maximos, tasas de cambio y
caudales generadores) tanto en cuanto no existe un tramo de rio natural afectado y se
trata de masas de agua muy modificadas enlazadas, que garantizan la continuidad del
cauce.

c) Caudales ecologicos y Normas de presas

El régimen de caudales ecoldgicos no puede contravenir en ningun caso las Normas de
Explotacidn, Conservacidn y Mantenimiento de las presas, ni sus planes de emergencia,
los caudales maximos no seran valores limitantes de las concesiones en vigor y en
ningun caso limitaran la laminacién de las avenidas.

Como ejemplo, el algin caso se pretende implantar caudales maximos en presas donde
solo se vierte por cuestiones de seguridad, cuando se supera la capacidad de
almacenamiento de los embalses, lo cual es del todo incongruente.

d) Caudal ecoldgico y régimen natural.

Adicionalmente, en ningin momento el caudal minimo a desaguar por un
aprovechamiento deberia ser superior al que circularia en régimen natural. De hecho, la
mayoria de los Planes se especifica que “no seran exigibles caudales ecoldgicos por
encima del caudal natural circulante en cada momento”. Habria que acordar

-O-



expresamente como calcular ese caudal circulante “en cada momento”. Es decir, para
llevar a la practica esta norma general, y a los efectos de hacer frente a las inevitables
denuncias por incumplimiento, habria que definir en cada caso el procedimiento o
conjunto de indicadores que permitieran evaluar en tiempo real el caudal natural que
circula, y que no seria obligatorio superar. Las empresas eléctricas integradas en
UNESA se ofrecen para colaborar para lograr una definicién razonable de dicho caudal
natural circulante en cada momento.

e) Tasas de cambio.

Respecto a las tasas de cambio, en ningln caso pueden ser exigibles en el régimen
diario de las masas de agua muy modificadas en las que exista un aprovechamiento
hidroeléctrico, tanto en cuanto imposibilite el cumplimiento de los procedimientos de
operacion de REE, su participacién en los diferentes mercados eléctricos del Sistema
Eléctrico Nacional y en los planes de reposicion del servicio.

La implantacion generalizada de tasas de cambio podria llegar a perjudicar muy
gravemente no solo a las empresas, que también, sino al propio Sistema Eléctrico
Nacional. Por este motivo se ha puesto de manifiesto reiteradamente la necesidad de
contar con Red Eléctrica de Espaia, tanto para la delimitacion de tasas de cambio como
para otras magnitudes asociadas a caudales ecoldgicos que se presenten en los
diferentes los planes de cuenca, y cuya postura asi como la de la propia Direccién
General de Politica y Minas, queda suficientemente recogida en el documento
“Importancia del Equipo Generador Hidroeléctrico en la Operacion del Sistema Eléctrico”
(REE — 15 de diciembre de 2014).

Cabe afiadir que los efectos ambientales del régimen de hidropuntas sobre el que es de
especifica aplicacion la limitacion de las tasas de cambio de caudal por unidad de
tiempo, a tenor de los estudios disponibles, representan cambios de magnitud y alcance
variables y muy dependientes de la geomorfologia y las comunidades naturales
existentes en el tramo afectado; cambios que, en todo caso, se atendan con rapidez rio
abajo y que son reversibles (desaparecen a corto plazo, al cesar el motivo de cambio).
Los enfoques que han adoptado los distintos planes hidroldgicos en relacién con las
tasas de cambio, aun no estan consolidados y seria necesario evaluar su
fundamentacion técnica y su eficiencia.. No se deberian imponer medidas de gestion
ambiental tan relevantes, sin disponer de estudios especificos que las justifiquen.
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f) Caudales generadores.

La generacidn de avenidas artificiales propuestas en algunos planes se deben presentar
a modo informativo, aprovechando los episodios naturales de altas aportaciones para
realizar los estudios que sean precisos. En caso de generarse avenidas artificiales
asociadas a los caudales generadores y tasas de cambio establecidas, la responsabilidad
de las mismas y los posibles dafios causados aguas abajo seran responsabilidad de la
Administracién que asi lo haya solicitado, incluso la penal, y no del titular de la presa.
En los tramos de rio en los que se produzcan crecidas periddicas de forma natural no
seria necesario imponer los citados caudales generadores.

Finalmente, hay criterios cientificos solventes que estiman que la liberacion de caudales
de crecida carentes de sedimentos dara lugar a un grave deterioro de los ecosistemas
establecidos aguas abajo de las presas, ya que esas aguas tienen un elevado poder de
erosiébn y arrastre. Frente a esto, se han propuesto planteamientos extremos
consistentes en dragar periddicamente el fondo del embalse y depositar esos
sedimentos al pie de presa. A falta de valoraciones medioambientales rigurosas, parece
que esta hipotética solucion daria muchos mas problemas ecoldgicos que los que
presuntamente resuelve.

En conclusion, se solicita que se aplace la decisidn sobre los caudales generadores
hasta que las incertidumbres sobre las consecuencias de todo tipo (penal,
medioambiental y econdmico) se despejen.

7. La recuperacion de costes de los servicios del agua.

e Se precisa mayor uniformidad en los criterios de analisis de los distintos planes.
Seria conveniente disponer de una guia técnica editada por el MAGRAMA. Las
empresas eléctricas integradas en UNESA se ofrecen a colaborar en su
elaboracion.

e Deben separarse claramente los costes imputables de los no imputables, que no
deben ser tenidos en cuenta en la recuperacion de costes.

-11-



e El usuario hidroeléctrico debe quedar claramente identificado en el analisis de la
recuperacion de costes, ya que, en general, figura dentro del uso
“industria/energia”, siéndole asignados costes que no genera. En todo caso,
deberia indicarse claramente que las estructuras tarifarias solo gravaran el uso
consuntivo de agua.

e Entre los agentes que prestan servicios de agua superficial en alta, habria que
incluir las empresas hidroeléctricas concesionarias de embalses.

e Deben considerarse los ingresos integros dentro del servicio de que se trate
(canones, tasas, energia reservada, impuestos, etc.).

En conclusidn, y teniendo en cuenta las graves repercusiones econdmicas que los
resultados de estos analisis de recuperacion de costes pueden tener, se solicita que se
aplacen hasta que se esté en condiciones de aplicar una metodologia uniforme de
calculo, y siempre con criterios de justicia y proporcionalidad.

8. Sobre las nuevas concesiones, las modificaciones y revisiones
concesionales.

En varios PPHH se imponen nuevas obligaciones o restricciones (escalas de peces,
regimenes de caudales ecoldgicos, etc.) para nuevas concesiones y en los casos de
modificacién o revision de concesiones existentes. Este planteamiento tan general
podria dar lugar a que, por un simple cambio de titularidad, se produjera la
incorporacion a la concesion de nuevas obligaciones, en general muy onerosas. Se
solicita que se eliminen estos Ultimos supuestos (modificacion o revisién) o, en su
defecto, se aplique Unicamente en determinados casos previamente acotados, y no a
cualquier tipo de modificacién o revision que se realice sea cual sea su alcance.

9. Plazos de las nuevas concesiones.

Hay grandes discrepancias entre los diferentes planes, en lo que se refiere a los plazos
de las nuevas concesiones, que oscilan entre 20 y 40 afios. En primer lugar, hay que
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sefalar que 20 afos es un plazo absolutamente insuficiente para un aprovechamiento
hidroeléctrico de cierta entidad. En segundo lugar, hay que decir que lo razonable seria
fijar un plazo con caracter general , y admitir que se pueda alcanzar el maximo previsto
en la Ley, de 75 afos, previa justificacion econdmico-financiera de la necesidad de
dicho plazo.

10. Inseguridad de las inversiones necesarias por adecuacion a los Planes.

Una objecion general es la discrepancia entre la periodicidad de revision de los planes
(6 afos), impuesta por la normativa europea y por su transcripcion a la espafiola, y los
periodos de maduracidon de las inversiones de la mayoria de las infraestructuras
hidroeléctricas. Incluso se pone en riesgo la rentabilidad de inversiones que se hayan
acometido para aprovechar caudales ecoldgicos impuestos por la planificacion, y que
pueden ser modificados en el siguiente ciclo. Aun reconociendo la obligacion ineludible
de cumplir los plazos impuestos por la ley, seria necesario introducir algin mecanismo
de garantia que aporte un minimo de estabilidad para evitar que cualquier inversion
resulte inviable por la inseguridad del futuro.

En todo caso, seria importante dejar claramente senalado que, una vez concertado y
establecido un régimen de caudales ecoldgicos, cualquier cambio futuro debe
estudiarse perfectamente repitiendo todas las fases del proceso, por todas las
implicaciones técnicas y socio-econdmicas que ello conlleva.

11. Restricciones adicionales a las caracteristicas de los vertidos de
refrigeracion de centrales térmicas.

En diversos planes hidroldgicos se observan restricciones adicionales que modifican
algunos valores limite de emisidn de los parametros caracteristicos del vertido en lo que
a temperaturas y conductividades se refiere. Estas autorizaciones ya han sido emitidas
teniendo en cuenta las mejores técnicas disponibles, de acuerdo con las normas de
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calidad ambiental y los limites de emision fijados reglamentariamente, y no tiene
sentido su modificacion en el ambito de la planificacion hidroldgica.

12. Afeccion al Sistema eléctrico

Como ya puso de manifiesto Red Eléctrica de Espafia, el Operador del Sistema, en el
anterior ciclo de planificacion, las tasas de cambio, y en general los nuevos regimenes
de caudales ecoldgicos, no deben afectar en ningun caso al funcionamiento normal de
las Centrales Hidroeléctricas que participan en cualquiera de los servicios relevantes
para el Sistema Eléctrico Nacional. Estas centrales ya fueron notificadas en su dia por
Red Eléctrica a la Subdireccion General de Planificacion, y, como se indica
anteriormente en este documento, ratificadas actualmente en el informe que la
Direccion General de Operacion de Red Eléctrica envid a la Direccién General de Politica
Energética y Minas, con fecha 15 de Diciembre de 2014, y que ésta, a su vez, ha
remitido a la Direccidon General del Agua del MAGRAMA, con fecha 14 de Abril de 2015.

13. Naturaleza de los Planes de Gestion Natura 2000 en los PPHH.

Los Planes hidroldgicos no deben hacer referencia a la aplicacion de los Planes de
Gestion de los Espacios Natura 2000 en las masas de agua relacionadas con estas
zonas. Se trata de una legislacion que nada tiene que ver con la finalidad de los Planes
Hidroldgicos y que en algunos casos intenta regular aspectos que quedan fuera de sus
competencias.

25 junio 2015
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KEY MESSAGES

e Hydropower is crucial for system stability and security of power supply.

By providing the necessary flexibility and storage capacity to help ensure stability of a transmission system and
security of supply, hydropower supports the integration of increasing amounts of wind and solar energy. This
will become even more important in the future as the share of variable generation from renewable energy
sources, such as wind and solar, increases. Due to their flexible nature, hydropower plants with reservoirs have
the ability to respond to short-term changes in the power system, and can ramp-up and ramp-down
instantaneously in order to provide energy to the system when needed.

e Hydropower plays a central role among the renewable energy technologies: it is reliable, efficient, climate-
friendly and contributes to security of supply.

As the largest renewable generation technology, hydropower amounts to around 50% of the total renewable
electricity generation in Europe today, representing approximately 200 GW of installed capacity. It offers very
high efficiency rates (between 85% to 95%), as well as providing a variety of services to the power system.
Hydropower also makes a major contribution to climate change mitigation, since it has one of the lowest
carbon footprints. It forms a part of Europe’s domestic resources and therefore helps to diversify the electricity
mix and decrease dependency on fossil fuel imports. In addition, hydropower plants with reservoirs provide a
wide range of other water related services such as flood control, irrigation, drinking water, recreational
activities, etc.

e Hydropower provides the most efficient energy storage technology, and the only existing large-scale
storage technology.

The total installed energy storage capacity in Europe amounts to more than 180 TWh delivering short, medium
and long-term storage capacity, depending on the size of the reservoirs. This means that, despite developments
in energy storage, hydropower is still the only technology which currently offers mature large-scale storage.

¢ Inview of these benefits, policies must help to preserve and improve the competitiveness of hydropower.

The internal electricity market should be fully implemented and improved in order to value energy, flexibility
and capacity. Environmental regulation should be coherent with other policy objectives and must also take into
account the full range of services which are provided by hydropower. Pumped storage must be considered as a
generation asset and must therefore not be burdened by double grid fees. Innovation needs in hydropower
should be reflected in the EU’s Energy Research and Development programmes.
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1. Changes in the European Power Sector

Europe’s electricity landscape is undergoing profound changes. The EU has set ambitious goals to cut its
greenhouse gas emissions by 80% below 1990 levels by 2050. The 2030 climate and energy framework
sets a number of targets for 2030 including, among others, a 27% EU wide target for RES energy
consumption and a EU target of 40% GHG reduction compared to 1990 levels. The power sector is
expected to contribute to this energy revolution and the path to the decarbonisation. In order to achieve
these targets, a share of around 45% of RES in the power sector is expected. Even though the relatively
large amounts of existing and new RES (such as hydro and biomass generation) provide an important
contribution towards achieving the 2020 targets, the main share is expected to be made up through
investments in variable generation (wind and solar generation) in the largest EU Member States. By 2020,
wind and solar generation are likely to make up 50% of RES power generation in Europe. This figure is
expected to rise further in the near future.

Increasing levels of wind and solar penetration in the generation mix will create more variability. Although
the forecast methods are improving, it is unlikely that these will ever be entirely accurate. This will
therefore require the electricity system to become more flexible, which represents a significant challenge
for the respective TSOs and DSOs. Consequently, in order to keep the electricity system in balance, TSOs
and DSOs may need to adopt different approaches to ensure that sufficient reserve capacity is available.

The development of variable RES such as wind and solar requires increasing flexibility solutions from other
generation technologies, as well as the ability to deal efficiently with excess power supply at some times as
well as shortage situations at others.

The variability of RES creates challenges for power markets in terms of supply adequacy since additional
standby capacity, in one form or another (physical capacity, interconnections, demand response or
storage), becomes necessary to be able to cover peak demand when the RES output is low. Since the
availability of variable RES cannot always be guaranteed, they need to be backed up by other types of
power generation.

The question therefore arises:
How can hydropower help the power system to cope with these challenges?



2. The Role of Hydropower as Provider of System Stability and Security of
Supply

2.1 Hydropower - a flexibility solution today and tomorrow

The importance of energy generation technology for the overall power system stability depends mainly on
its capability to stabilise fluctuations between demand and supply. This encompasses, for example, short-
term reserves (generation, storage, demand response) to cover potential incidents, which decrease power
supply to the system, or to respond to short-term variations in demand and generation. Hydropower
therefore provides an ideal solution for the challenges of a transitioning power system.

Hydropower brings a strong contribution to flexibility in the power system today, together with other
flexible technologies that are competing in the energy market. These fill the gap between supply and
demand that has been induced by the non-dispatchable variability of RES. The storage capabilities of many
hydropower plants make them a perfect instrument for optimising the use of variable RES over shorter
and longer periods. Hydropower also provides a number of ancillary services which are needed in order to
manage a transmission system in a way that secures system stability and security of supply. Moreover,
during power system restoration, such as in the case of an extreme event (e.g. blackout), auxiliary loads of
conventional thermal and nuclear power plants need external power source, which can be provided quickly
by hydropower.

Hydropower plants with reservoirs reduce the dependency on the variability of the natural inflow and
enable adjustments of power generation to the variability in demand. These plants are operated on a
scheduled basis taking into account data regarding water flow forecast, market price and consumption
patterns. They are commonly used for intense load following and to meet peak demand. The generation
of peak-load energy from reservoir type hydropower plants allows the optimisation of base-load power
generation from other less flexible electricity sources, such as nuclear and thermal power plants. Besides
contributing to water management activities (flood control, irrigation, drinking water, etc.), hydropower
plants with reservoirs also introduce unique benefits to the electricity system. There are different types of
hydropower plants with reservoirs.

Storage hydro (or conventional reservoir-type hydropower plant) takes advantage of large reservoirs with
natural inflow of water and the possibility to reduce or increase the water outflow instantaneously. The
water is stored in the reservoir and no pumps are needed.

Pumped storage power plants store energy by pumping water from a lower to a higher reservoir and
converting the potential energy back into electricity. These reservoirs can be natural or artificial. Both types
of plants enable the power system to receive and store energy in periods of low demand or excessive
generation, and generate electricity in times of higher demand. The role of pumped storage hydropower
plants is twofold: they balance the grid for demand-driven fluctuations, and they balance generation-driven
fluctuations. Storage possibilities combined with the instant start and stop of generation makes
hydropower very flexible. Pumped storage plants, such as the Grand'Maison power station in France, can
ramp-up up to 1.800 MW in only three minutes. A recent macroeconomic study' on hydropower shows
the ability of pumped storage plants to help mitigate the effect of a solar eclipse (extreme event) on a
sunny day in Germany.

! Macroeconomic study on Hydropower, DNV GL Energy, 2015.



The table below shows some of the characteristics of a flexible power generation technology, such as
pumped storage, in responding to short-term changes in the power system.

Start-up time | Start-up time Load gradient increase Load gradient decrease

cold warm nominal output nominal output
Pumped Storage | ~ 0,1 hours ~ 0,1 hours > 40% per minute > 40% per minute
power plants

Table 1: Flexibility characteristics
Source: EURELECTRIC/VGB

The flexibility of conventional power generation technologies varies. However, pumped storage and
storage hydro have very quick ramp possibilities, are able to start-up and shut-down in only few minutes,
and have a relatively large energy volume capacity. Table 1 demonstrates that pumped storage power
plants have a fast load gradient (i.e. the rate of change of nominal output in a given timeframe) as they can
ramp up and down by more than 40% of the nominal output per minute. Pumped storage and storage
hydro with peak generation are able to cope with high generation-driven fluctuations and can provide
active power within a short period of time.

From day-ahead market closure to electricity dispatch, there is still a significant deviation between the
contracted variable generation and the actual generation due to the forecasting challenges in RES
production. These deviations need to be corrected through trading on an intraday market, when forecasts
are corrected in a time perspective of less than a day, or afterwards, when TSOs have used their tools to
keep the system in balance. Not all electricity generating technologies have the same technical flexibility
when it comes to balancing demand fluctuations or providing back-up capacity for variable RES. Even
though all generation technologies can participate in balancing, hydropower stands out in view of its
significant and important benefits. Hydropower participates on the balancing market for upwards or
downwards regulation, which means that the price for balancing relates to the spot price. Hydropower
plants with reservoirs are responsive to variations in the spot prices and thus provide a contribution to the
balancing market. The typical storage time (i.e. the number of hours a plant can continue to generate
electricity before running out of water) for a pumped storage plant is between 4 to 10 hours, or even
larger, notably in the Alpine region. Cascaded rivers system with hydro storage (generally in the upper part
of a river stretch) may also act on the balancing market in the same way and with even longer endurance.?

Products that are traded in the electricity markets are defined according to specific system needs. It is
crucial to ensure a level playing field for all technologies and products which provide services that meet the
system’s needs and requirements. Like conventional reservoir-type hydropower plants, pumped storage
power plants can provide the full range of grid-stabilising services in view of their ability to follow demand
or generation fluctuations within only a few minutes. There are several different ancillary services or grid-
stabilising services of hydropower, thus facilitating the integration of variable RES into the power system
and providing a key tool for TSOs to maintain a stable and balanced grid:

e Back-up and reserve: hydropower plants have the ability to enter load into an electrical system
from a source that is not on-line. Hydropower can provide this service while not consuming
additional fuel, thereby ensuring minimal emissions.

e Quick-start capability: hydropower's quick-start capability takes just a few minutes.

e Black start capability: hydropower plants have the capability to run at a zero load. When loads
increase, additional power can be delivered rapidly to the system in order to meet demand.

e Regulation and frequency response: hydropower contributes to maintaining the frequency within
the given margins through continuous modulation of active power and to address moment-to-
moment fluctuations in system power requirements. Hydropower's fast response ability makes it
especially valuable in covering steep load gradients (ramp rates) through its fast load-following.

? The Limberg Il hydropower plant in Austria can operate for 165 hours in pump or turbine mode




e Voltage support: hydropower plants have the ability to control reactive power, thereby ensuring
that power will flow from generation to load. They also contribute to maintaining voltage by
injecting or absorbing reactive power by means of synchronous or static compensation.

e Spinning reserve: hydropower supports the dynamic behaviour of the grid operation. Hydropower
plants can provide spinning reserve - additional power supply that can be made available to
the transmission system within a few seconds in case of unexpected load changes in the grid.
Hydropower units have a broad band of operations and normally operate at 60-80% of maximum
power. This results in a spinning reserve of up to 100%.

In the Nordic energy market for example, hydropower participates in most of the services such as inertia
(together with thermal generation), frequency controlled reserves (including back-up reserve together with
gas), voltage control, balancing — short-term and intraday, black start. In France almost one third of the
balancing services are provided by hydropower.

Hydropower plants with a small reservoir are sometimes also called pondage plants. These are designed to
modulate generation on a daily or maximum weekly, basis. Pondage plants can provide flexibility services
mainly through balancing power. They also provide frequency and voltage control as ancillary services.

Run-of-river hydro plants have little or no storage capacity. They therefore offer short-term storage
possibilities (few minutes dynamic cycle), thus allowing for some adaptation to demand, especially for
ancillary services, such as frequency and voltage control. Case Study 1 shows that in a cascaded river
system in Scandinavia, run-of-river plants are a part of the system and contribute with flexible generation
to matching the demand.

To sum up, flexibility solutions of hydropower include:
- accommodating large variations in residual demand (since the sun does not always shine and wind
does not blow constantly),
- providing increasing ramp rates in real time, caused by sudden changes of production,
- offsetting unexpected variations in production due to forecast errors in the intra-day markets or in
the form of balancing power or ancillary services.

2.2. Hydropower — supporting long-term supply adequacy

Hydropower plants contribute to long-term reliability and security of supply by providing energy and
capacity when this is required by the system. Although hydropower plants are also exposed to variable
natural inflows, they are able to provide firm capacity to the power system when needed. Plants with
reservoirs in particular provide firm capacity, but run-off river plants can also guarantee a certain level on a
statistical basis. Whilst the level of firm capacity may vary depending on hydrological conditions, such as
the relative size of the reservoir and the time horizon under consideration, they provide significant benefits
to the power system. Pumped storage hydropower plants generally have a short to medium-term storage
capacity, depending on the size of their reservoirs. Hydropower plants with larger conventional reservoirs
make it possible to store energy efficiently also on longer time scales (i.e. for weeks, months or even on a
seasonal scale). Case study 4, carried out in the context of a macroeconomic study on hydropower, shows
that Alpine pumped storage plants are able to contribute to the reduction of the expected 6,000 MW
deficit of generation adequacy in Southern Germany.



3. A Challenging Business Environment

Due to severe changes in the business environment for the energy sector today, which are highlighted in a
recent EURELERCTRIC report?®, hydropower deployment in Europe also faces several challenges concerning
competitiveness.

The electricity sector faced an overall stagnation, and even decline, of electricity demand during the
economic crisis. At the same time the RES boom has led to a major overhaul of the energy system. Variable
renewable capacity, which has increased significantly largely as a result of subsidies, has low variable costs,
which has contributed to the drop in wholesale price across wholesale markets. While at first sight this is
understood to be positive for customers, it also works as a disincentive for power generation.

Capital costs are high, while the start of payback is often delayed due to long permit granting procedures
and construction times. Such long permit granting procedures, coupled with the uncertainty about the
future regulatory framework, represent a high risk at the time of the investment or reinvestment decision.
Moreover, administrative barriers and regulatory changes during operation pose additional challenges.
Operation and maintenance costs for hydropower are generally lower compared to other power
generation technologies. However these have been increasing due to changing power system
characteristics, which require the turbines to adapt to new requirements for flexibility (e.g. pumped
storage power plants need to start/stop several times per day). As demonstrated in Case Study 5,
experiences with hydropower plant Kops Il turbines show that each unit is in operation for over 8000 hours
a year, with 10 to 20 mode changes a day. Due to a high number of load changes, there are impacts on the
lifecycle of the plant and on the operation and maintenance costs.

Furthermore, additional investments due to environmental legislation requirements bring additional
commitments. Constant innovation is required in order to maintain global leadership and to deal with the
challenges of variable RES integration.

The daily market price profile has changed in recent years and has resulted in a decrease in the price
difference between peak and off-peak. This has led to reduced revenue possibilities of storage and
pumped storage plants on the electricity market. Further uncertainties also arise from the development
of levies and fees for network use, which represent an increasing burden for the pumped storage. In
several EU Member States, existing regulations treat pumped storage both as a generation asset (it is
hence required to pay a grid fee for transmission grid access) as well as a final consumer (requiring it to
pay the grid access fee a second time). Moreover, the long established principle according to which the
storage assets are considered as generation assets and hence are a part of the competitive services of the
energy sector is being called into question in some Member States. Pumped storage ownership claims by
TSOs could potentially have negative effects on the investment framework and could cause conflicts of
interest.

There is still significant hydropower potential to be optimised at the existing sites and to be further
developed at new sites in Europe (in energy over 650 TWh a year). In order to make the best use of this
potential, since further development of hydropower will play a major role to secure system stability in the
future, several policy measures need to be taken into consideration by policymakers. These are elaborated
in the next chapter.

* A Sector in Transformation: Electricity Industry trends and figures, January 2015.
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Key Policy Measures to improve the Competitiveness of Hydropower

Move towards an internal electricity market that properly values energy and flexibility
Fully implement the European energy market through integrated forward, intraday, day-ahead,
balancing and ancillary services markets that ensure incentives for flexibility. The design of the
current balancing and intraday markets must be improved, for instance by introducing possibilities
to trade balancing forward and more sophisticated and short-term products, as well as timeframes
that better fit the flexibility requirements (ramp-up, ramp-down rates).

Ensure that all technologies, sizes, existing and new plants can participate in properly
valued capacity markets

When discussing the introduction of capacity mechanisms aspects related to cost efficiency and
compatibility with the European electricity market as well as technology openness need to be
taken into account. With the possible introduction of a capacity mechanism, it must be ensured
that hydropower can participate in relevant procedures without discrimination. This applies both
for new as well as for existing installations.

Remove double grid fees for pumped storage power plants and ensure a level playing
field between storage technologies

Pumped storage does not constitute final electricity consumption and it should therefore not be
treated as such when setting grid fees.

Policymakers should refrain from introducing discriminatory taxes, fees or regulated costs on
pumped storage which distort the level playing field and result in a suboptimal use of, and
underinvestment in, pumped storage. The basket of services offered by pumped storage should be
remunerated under well-functioning market conditions.

Create a level playing field in Europe for power generation from domestic water resources,
compared with other electricity production and storage technologies, with a special focus on the
value of providing flexibility to the electricity system.

Since hydropower and pumped storage are scarce and constitute highly valuable resources, their
potential has to be used to its optimum on a European or even pan-European scale.

Reaffirm that pumped storage is a competitive and not a regulated business

Pumped storage plants are electricity generation assets, and should therefore operate in a
competitive and unbundled market environment. While EURELECTRIC recognises TSOs’ increasing
needs for balancing and system services to maintain grid stability, these services must be provided
through market mechanisms and should be remunerated on the basis of market dynamics.

Address conflicts between the low-carbon and the environmental agenda

EURELECTRIC acknowledges the important achievements of environmental legislation, from
Natura 2000 to the Water Framework Directive (WFD). In order to ensure a sustainable
perspective on water use management, the WFD should be applied based on a thorough socio-
economic cost-benefit analysis that also considers the full range of water services provided by
hydropower. Since hydropower is a site-specific technology, a case-by-case approach should be
adopted.

Better equilibrium should be established between, on the one hand, the objectives of local
biodiversity, and on the other, the need to increase capacity of existing hydropower plants and the
construction of new ones. Hydropower plays an important role in accommodating short term
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variations in the power system. Greater attention should therefore be paid to barriers that
currently hinder its growth potential.

6. Incentivise investments in R&D
e Investments must be directed towards research, development and deployment programmes that
allow equipment manufacturers and operators to improve power plant design and operation,
making units more flexible and responsive. For example, activities within the EU Energy R&D
programmes (including Horizon 2020) should address hydro future solutions more frequently,
since there is a constant need for optimisation.

Case study 1: Flexibility of Cascaded river systems in Scandinavia

All upstream storage and their hydropower plants’ operation affect generation planning in downstream
plants. A river stretch is therefore usually planned as a cascaded system in order to achieve overall
efficiency and flexibility in the overall operation. A common strategy in hydro development is to build a
large storage in the upper catchment area to be able to “tap” flow to the rest of the river at high demand.
This creates flexibility not only in the upper hydropower plant but also in the rest of the generation
facilities.

Long time scale flexibility (from week to season): the flexible power is proportional to each plant’s head.
This includes low head run-of-river plants that use the flow from upstream plants without any substantial
intermediate storage.

Peaking flexibility, typically time scale is around a day: there may be intermediate storages built
downstream high head plants. In this way a part of the river stretch may contribute with both up and down
regulation capacity (from mean flow) and give the same type of service as pumped storage plants.

Ancillary services, reserves in short time scales: all hydropower plants may contribute due to their quick
response characteristic. This short time results in less need for reservoir volume. It is important to note that
this means that low head run-of-river plants may also contribute to services such as frequency regulation,
and this contribution may be especially important in low total demand (e.g. summer nights) when other
plants are pausing.

Figure 1 shows an example with generation diagrams from a cascade of six power plants during a week

(blue diagrams). The summed generation (brown diagram) matches the load demand. Note that plants D
and F, which are run-of-river plants, contribute clearly with flexible generation matching the demand.
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Example of one week operation in six stations in a cascaded river system

Volume reservoire #A Station flow #A

Total Hydro Power
production

Mon Tue Wen Thu Fri  Sat Sun

Volume reservoire #B Station flow #B

Mon Tue Wen Thu Fri Sat Su Mon Tue Wen Thu Fd  Sat Sun

Volume reservoire #C Station flow #C Station flow #D

jon Mon Tue Wen Thu Fi  Sat  Sun

e Wen Thu Fi Sat Sun

Mon Tue Wen Thu Fri  Sat  Sun

i

Mon Tue Wen Thu Fri  Sat Sun

Volume reservoire #E Station flow #E

Station flow #F

River section

Mon Tue Wen Thu Fri Sat Sun

2011-09-22

Figure 1: Nordic cascade river system
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Case Studies 2, 3 and 4 (Macroeconomic Study on Hydropower)

Flexibility

Figure 2 shows the ability of pumped storage plants to mitigate the effect of a solar eclipse on a sunny day
in Germany. Although the installed capacity of pumped storage plants (6.5 GW) is less than 20% that of
solar power in Germany, they are able to effectively reduce the rate at which residual load changes.
Indeed, the remaining variation is less than the typical ramp rate encountered in the early evening, such
that it can be safely supplied by other types of generation, imports, exports and, where necessary, demand
response. This example clearly shows how even a limited volume of pumped storage capacity makes it
possible to deal effectively with extreme events caused by variable RES.

Flexible use of pump storage plants can help to mitigate the impact of increasing volatility from
variable RES even during extreme events
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Figure 2: Compensation of PV ramp rates by pump storage plants during solar eclipse in Germany

Similarly, hydropower plants support the compensation of variations in wind and solar generation over
several hours or even days. This is illustrated in Figure 3, which shows the projected hourly pattern of load
and generation on the Iberian Peninsula over a week in summer 2030. This figure shows how the operation
of hydropower, including both generation and pump load, is optimised overall several days, in order to
balance between days and hours with higher and lower generation from wind and solar plants. Moreover,
one can again observe how hydropower helps to “flatten” the generation profile of other generation
technologies, thereby also contributing to reduce thermal or mechanical stress and to improve the
efficiency of operations of these plants.
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Figure 3: Hourly electricity generation in Iberia for a selected week June 2030, projection
Note: Net electricity exchanges are indicated as difference between electricity demand and generation

Source: DNV GL analysis

Firm capacity

By way of example, Figure 4 shows the contribution of pumped storage plants to generation adequacy in
Southern Germany in winter 2015/2016. German TSOs are planning to procure 6,000 MW of “Grid
Reserves” for this period in order to ensure generation adequacy in the region. As Figure 4 illustrates, the
need for grid reserves would increase by about one third if there were no pumped storage plants in
Southern Germany. Similarly, the need for grid reserves can nearly be covered by pumped storage plants
from the “DACH”* region, even without considering the potential contribution from hydropower storage.

Pumped storage plants are able to help to reduce the expected 6,000 MW deficit of generation
adequacy in Southern Germany
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need for grid reserve
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Southern Germany (a)

o Installed capacity

DACH DACH + Italy(b)
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Figure 4: Contribution of Alpine pumped storage plants to generation adequacy

Notes: Available capacity based on installed capacity, assuming an average availability of 80% and additionally
considering the available storage volume from all relevant pumped storage plants (assuming an average

specific storage capacity of 8 h)
DACH - Germany, Austria and Switzerland

@ _ Analysis limited to pumped storage plants located in Southern Germany
®) _ Contribution of Italian pumped storage limited to maximum export capacity to Switzerland

Source: DNV GL analysis

¢ Germany, Austria and Switzerland.
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Electric Storage

Figure 5 shows the positive effects of Nordic hydropower on the use of wind power in Western Denmark. In
the year 2013, the close coupling of Western Denmark with hydropower in Southern Norway made it
possible to resolve most instances of negative residual load (i.e. cases when there was an excess of
electricity in Western Denmark).

Access to Nordic hydropower avoids curtailment of wind power in Western Denmark
by exporting excess electricity to Norway
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Figure 5: Reduction of negative residual load in Western Denmark by Nordic hydropower (2013)

Note: Right graph shows total energy available in hours with excess electricity (negative residual load) in the year 2013
Source: DNV GL analysis
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Case study 5: Flexibility — Secure Electricity Supply, One Core Skill of Hydropower
(Peter Matt, Vorarlberger Illlwerke AG)

It is significant that the turnaround in energy policy has led to a huge increase in the capacities of
(photovoltaics) PV and Wind-Power. But PV and wind alone cannot guarantee secure electricity supply.
Recent studies from Fraunhofer, BDEW, DENA, CONSENTEC etc. have shown that the amplitudes of
oscillations of the residual load will increase. Furthermore, a trend to more negative values will arise,
while positive values are decreasing. Four compensatory measures are therefore considered necessary in
order to ensure security of electricity supply:

Flexible power plants
Energy storage
Transmission lines
Load management

Today, pumped storage and storage hydropower plants are the most efficient way to meet the challenge
of flexibility and storage. They help to integrate renewables (wind and PV) by controlling the surplus
energy or satisfying the demand immediately. What are the conditions for the design of new pumped
storage power plants (PSPP)?

Source: Fraunhofer, BDEW
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Figure 6: “Development of Residual Load until 2050”

Source: Fraunhofer, BD

Positive value of residual load will decrease
Residual load tends to negative values
Spread between max and min will increase -> Increase of flexibility,

Today, maximum amplitudes of the residual load are from -1 to +1 GW within 15 min. German TSOs’
predicted maximum power ramps within 15 min ranging from -2 to +3 GW in 2020 and from -6 to +7 GW
in 2050.

On 20 March 2015, the solar eclipse provided a stress test of Germany's existing electricity system. One
can say we passed the stress test for the future. Austria met the challenge of the steep ramps from
-280MW/min to +370MW/min which this day presented by excessive tendering of primary and secondary
reserve. For example, all generators of the storage hydropower plants in Austria were under rotation and
the responsible operational staff was on call. Predictions for 2050 estimate ramps between +/-700
MW /min.
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Flexibility and storage are among the key features of hydropower. It is not possible to separate both terms
because opportunities for storage are needed in order to have flexibility. Hydropower in Europe currently
provides storage capability of 220 TWh. The bigger the energy storage opportunities, the bigger the
flexibility is. In addition to storage, the technology for units of hydropower plants is relevant for flexibility.

The conventional pump turbine design (the reversible single stage Francis pump turbine, which acts as
turbine in one direction and as pump in the other) is able to generate in a very flexible way. The limiting
factor to this flexibility is the hydraulicity of Francis-pump turbines and their characteristics in pump mode.
Usually pump turbines in turbine mode have low efficiency in the part load area ranging from 0 to 40% of
the maximum load. Due to vibration characteristics, this part load area for generation should be avoided. In
the reversible mode (pump mode) the Francis pump turbine is like a digital instrument — the pump is either
on or off. Exemptions are variable speed units: these make it possible to improve the part load operation
range to 30% of rated output in turbine mode, and the controllable load in pump mode operation to
between 70% and 100% of the rated power. In order to change from one mode to the other, the rotation
direction must be reversed within minutes. To dispatch operation between +100% and — 100% of the
rated power it is possible to use two or more units.

At the beginning of the turnaround in energy policy, Vorarlberger lllwerke AG planned to add a parallel
PSPP Kops Il to the existing hydropower plant Kops I, with an upper reservoir of 40 Mio m3, a lower
reservoir with 1.2 Mio m*® and a gross head of 800 m. With a view to the future electricity market, the core
intervention was to design most flexible units to meet all power control demands. Kops Il was
commissioned in 2008 with 3 ternary units (pump with hydraulic coupling, generator, Pelton turbine). Since
then, every unit has been operating for more than 8000 hours a year. The technical details are as follows:

operational bandwidth ranges from -150 MW to + 170 MW (per unit); and
the quick response time of 30 sec from 0 load to full load (+/-)

This can be realised by using the hydraulic short circuit with a controllable pump by the turbine (possible
with Pelton and Francis turbines).

Due to the design of

»Hydraulic shortcut*
Example: Power surplus in the grid 100 MW
Pump capacity 150 MW

~Kops" Reservair
{upstream reservoir)

Pgrid = 100 MW

Balancing Reservoir ,Rifa”

-100 MW (downstream reservoir)

Q for 100 MW

Q for 100 MW

Q for 50 MW

150 MW

G/M  Generator / Motor (power consumption of 100 MW)
T Turbine {generates 50 MW)

P Pump {power consumption of 150 MW)
Q Flow
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the hydraulic short
circuit, there is an
opportunity (with one
unit) to meet the
whole operation area
between -100% and +
100% of the rated
power. Within less
than 30 seconds, a
change from turbine
to pump mode or from
pump mode to turbine
mode is available.



The diagram below shows a day load of one unit of Kops Il with several mode changes (ternary units —
Pelton turbine, motorgenerator, pump).
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The following diagram shows an example of dispatch of a PSPP considering the winning bids (day ahead,
intraday, secondary reserve)

improved forecast:
more wind power

compensation of
solar power ramos

improved forecast:
= less solar power

——scheduled energy day ahead ——scheduled energy intraday ——balancing energy

With this design of the PSPP, as well as the constraints of the existing infrastructure (large reservoirs, high
precipitation, natural inflow, huge gross heads, very well connected to the high voltage transmission lines in
Germany and Switzerland), the storage hydropower plant and the PSPP in the Alps are essential in order to
enable the turnaround in energy policy. In parallel with sustainable primary generation, hydropower covers all
system requirements with the most efficient technology today e.g. inertia reserve, primary reserve, secondary
reserve, minute reserve, reactive energy, black start facilities etc.
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+ Two horizontal units, each existing of Francis turbine, clutch, motor-generator,
ftorque converter and pump

¢ The turbines are full adjustable from 100% to 0% without any part-load
stablsation - no compressed air needed!

Ternary Units:

‘ - sosfox. 36 m —

One unit OBERVERMUNTWERK [l
(under construction 2 x +/- 180 MW)

| = one unit KOPS 11 3 x -150/+170 MW)

Technical data: KOPS Il OVW I

Long term storage 75 GWh 30 GWh

Short term storage 3 GWh 5 GWh

Capacity turbine mode 520 MW (3 x 173 MW) 360 MW (2 x 180 MW)
Capacity pump mode 450 MW (3 x 150 MW) 360 MW (2 x 180 MW)
Full load hours pump mode 6 hours 12 hours

Experience with Kops Il shows that each unit is under operation for over 8000 hours a year, with 10 to 20
mode changes a day. Because of the high number of transient procedures there are impacts on the lifecycle
of the plant, especially components which are exposed to cavitation. Therefore the costs of operation and
maintenance are higher compared to conventional units.

Specific costs of PSPP capacity with the ternary machine sets without new reservoirs are between 800.-
EUR/KW to 1400.-EUR/kW. The difference depends on the existing infrastructure e.g. existing reservoirs,
existing high voltage transmission lines, gross head, natural inflow into the reservoirs etc.

Machine cavern Kops If Access tunnel OVW Il — under construction
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EURELECTRIC pursues in all its activities the application of
the following sustainable development values:

Economic Development

B Growth, added-value, efficiency

Environmental Leadership

B Commitment, innovation, pro-activeness

Social Responsibility

B Transparency, ethics, accountability
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