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Preambulo

A Ordem dos Engenheiros da Regido Norte e o Colegio de
Ingenieros de Caminos, Canales y Puertos de Galicia organiza
este Encontro com o objetivo de reunir especialistas,
académicos e profissionais em torno dos desafios atuais e
futuros do setor hidroelétrico, com foco na inovacao,
sustentabilidade e cooperacio transfronteirica.

O setor hidroelétrico, como fonte estratégica de energia
renovavel, exige uma abordagem cada vez mais integrada
entre a engenharia, a gestao hidrica e a producao energética.
A Engenharia Civil assume um papel determinante na
construcao grandes estruturas e infraestruturas - barragens,
tuneis, condutas e centrais, e na garantia da sua seguranca,
durabilidade e eficiéncia a longo prazo.

Destacam-se neste contexto o dimensionamento estrutural
avancado, a monitorizacao das estruturas de betao armado,
e o uso de tecnologias de controlo e gestao de risco.

O programa contempla ainda temas centrais da Agenda
energética, como as estratégias de armazenamento de
energia, a escassez e variabilidade dos recursos hidricos e os
transvases entre bacias hidrograficas, que exigem solucoes
técnicas, ambientais e territoriais integradas.

Este Encontro propde uma abordagem transversal e
multidisciplinar, cruzando engenharia, agua, energia e
territério, e reafirma o papel da Engenharia Civil como motor
de inovacao e desenvolvimento sustentavel.

Vitor Monteiro,
Coordenador do Xl Encontro de Engenharia Civil

La Ordem dos Engenheiros da Regido Norte y el Colegio de
Ingenieros de Caminos, Canales y Puertos de Galicia organiza
este Encuentro con el objetivo de reunir a especialistas,
académicos y profesionales en torno a los desafios actuales y
futuros del sector hidroeléctrico, con foco en la innovacion,
sostenibilidad y cooperacion transfronteriza.

El sector hidroeléctrico, como fuente estratégica de energia
renovable, exige un enfoque cada vez mas integrado entre la
ingenieria, la gestion hidrica y la produccién energética. La
Ingenieria Civil asume un papel determinante en la
construccion de grandes estructuras e infraestructuras -
presas, tuneles, conducciones y centrales -y en la garantia de su
seguridad, durabilidad y eficiencia a largo plazo.

Se destacan en este contexto el dimensionamiento estructural
avanzado, la monitorizacion de las estructuras de hormigén
armado, y el uso de tecnologias de control y gestion de riesgo.

El programa contempla también temas centrales de la Agenda
energética, como las estrategias de almacenamiento de
energia, la escasez y variabilidad de los recursos hidricos y los
trasvases entre cuencas hidrograficas, que exigen soluciones
técnicas, ambientales y territoriales integradas.

Este Encuentro propone un enfoque transversal y
multidisciplinar, cruzando ingenieria, agua, energia y territorio,
y reafirma el papel de la Ingenieria Civil como motor de
innovaciony desarrollo sostenible.

Vitor Monteiro,
Coordinador del XI Encuentro de Ingenieria Civil

A Ordem dos Engenheiros da Regido Norte e o Colexio de
Enxefieiros de Camifios, Canais e Portos de Galicia
organizan este Encontro co obxectivo de xuntar a
especialistas, académicos e profesionais ao redor aos
desafios actuais e futuros do sector hidroeléctrico, con foco
na innovacion, sostibilidade e cooperacién transfronteiriza.

O sector hidroeléctrico, como fonte estratéxica de enerxia
renovable, esixe un enfoque cada vez mais integrado entre a
enxeferia, a xestion hidrica e a producion enerxética. A
Enxeneria Civil asume un papel determinante na
construcion de grandes estruturas e infraestruturas-
presas, tlneles, conduciéns e centrais-e na garantia da sta
seguridade, durabilidade e eficiencia a longo prazo.

Destacanse neste contexto o dimensionamento estrutural
avanzado, a monitorizacién das estruturas de formigon
armado, e o uso de tecnoloxias de control e xestion de risco.

O programa contempla tamén temas centrais da Axenda
enerxética, como as estrateixas de alamcenamento de
enerxia, a escaseza e variabilidade dos recursos hidricos e
os trasvases entre concas hidrograficas, que esixen
soluciéns técnicas, ambientais e territoriais integradas.

Este Encontro propén un enfoque transversal e
multidiscipliar, cruzando enxeferia, augua, enerxia e
territorio, e reafirma o papel da Enxeferia Civil como motor
de innovacion e desenvolvemento sostible.

Vitor Monteiro,
Coordenador do X| Encontro de Enxefieria Civil



TEMA 1 | OBRAS DO COMPLEXO HIDRELETRICO DO TAMEGA - Gigabateria do Tamega
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Fernando Martinez Abella, Director del Centro de Innovaciéon Tecnoldxica en Edificacion e Enxefieria Civil da Universidade da Coruna - Catedratico de Enxefieria da Construcion
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Sistema Eletroprodutor do Tamega (SET)

5% Colexio de Enxefeiros
1 A de Caminos,
=77 Canais e Porlos

ORDEM -
DOS ENGENHEIROS Camlnos

REGIAO NORTE Galicia '

Gouvaes
4 Aproveitamento de Bombagem
4 880MW (4 grupos)
4 Queda estatica nominal 657m
; 4 Barragem - Gravidade
e zomo 4 34m de altura

Alto Tamega

7 160MW (2 grupos)
4 Barragem - Abdbada
4 104,5m de altura

Daivoes

4 118MW (2+1 grupos)

7 Barragem - Arco Gravidade
4 77,5m de altura
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Sistema Eletroprodutor do Tamega (SET)

ORDEM = Colexio de Enxefeiros
pos encenHeiros  CAIMI de Camos,
REGIAO NORTE Galicia

* Com os seus 1.158 MW o SET aumentou em 6% a poténcia instalada em Portugal

(§)AH ALTO TAMEGA /

* Investidos 1.500 M€. Mais de 900 M€ adjudicados a empresas portuguesas ou

| ) consorcios nacionais.
(&)AH DAIVOES /

* Mais de 1.000 contratos adjudicados, sendo 78 por valores superiores a 1 M€.

llasLs

* 13.500 empregos criados (diretos + indiretos).

(6)AH GOUVAES /
880 MW (4 arupos - bombagenm e Mais de 30.000 trabalhadores passaram pelas obras. Média de 2.000 trabalhadores
nas obras.
* Fortalecimento da economia: racio de desemprego, formacao de profissionais,
POTENCIA TOTAL 1158 MW melhoria das infraestruturas locais, etc.
PRODUGAO ANUAL 1766 GWh o e
e “0” acidentes graves, com 23 milhdes de horas acumuladas.
RESERVA DE ENERGIA 40 GWh
CONSTRUCAO 2014-2024 * Combate as alteragdes climaticas evitando a emissao de 1,2 milhdes de ton de CO2

por ano

* A Concessao da Exploragao durara 70 anos. Inicio em 2022

Um dos maiores projectos Hidroelétricos levados a cabo na Europa nos ultimos 25 anos
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Projecto Tamega — Layout 80 | 55%%enieros CAMIMIOS
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{  Colexio de Enxefieiros
de Camifios,
anais e Porlos

GOUVAES Esquema Hidraulico gg[s)EETJGENHElRos Camiﬁos

REGIAO NORTE Galicia

Tunel de Aducao em betdao =4.6 km
Chaminé de Equilibrio Superior =@ 21m
Conduta Forgada Inclinada = 1.7 km
Conduta Forgada Vertical =280 m
Tunel de Restituicdo / Aspiracdo = 860 m
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A. H. Gouvaes — Descricao Téecnica
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Poténcia Instalada — 880 MW Queda Bruta— 657 m

Extensdo do Circuito Hidraulico— 7,670 m  Volume Albufeira Superior—13.7 hm3

2 2023-03-07

Altura da Barragem—34 m




A. H. Gouvaes — Descricao Técnica

Colexio de Enxefeiros
de Camifos,
Canais e Porlas
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GOUVAES

Escavagao
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4,6 km comprimento
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GOUVAES

Metodo Cut and Cover
Forcada em vala
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A. H. Daivoes e A. H. Alto Tamega —
Descricao Técnica

A. H. DAIVOES

Colexio de Enxefeiros
- de Camifios,
Canais e Porlas

ORDEM -
DOS ENGENHEIROS Camlnos

REGIAO NORTE Galicia

Nivel Pleno de Armazenamento—228 m
Volume da Albufeira—56.2 hm3

Comprimento de Coroamento— 265 m

Altura da Barragem—77.5m
Numero de Grupos — 2+1
Caudal Total =220 m3/s

Poténcia Instalada — 114+4 MW

Produgdo— 159 GWh

A. H. ALTO TAMEGA
Nivel Pleno de Armazenamento—315m
Volume da Albufeira—131.7 hm3
Comprimento de Coroamento—335m
Altura da Barragem—104.5m
Ndmero de Grupos — 2

Caudal Total - 200 m3/s
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AH DAIVOES Barragem e Central
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Grandes Magnitudes do SET

ORDEM .~ .
pos encenderros  CAMINOS ©

REGIAO NORTE Galicia

Colexio de Enxefeiros
de Camifos,
Canais e Porlos

|
Acessos de Obra 28 km
Acessos Definitivos e Reposicao SSAA 27 km
EscavagOes Exteriores 3.250.000 m3
Escavagoes Subterraneas 750.000 m3
Obras Subterraneas (Tuneis ou Galerias) 12,5 km
Obras Subterraneas (Pogos) 1.270 m
Betdo Projetado 31.000 m3
Betao Estrutural 400.000 m3
Betdo de Barragem 550.000 m3
Aco Estrutural (Ferragens) 21.000 t
Aco Estruturas Metalicas 3.600 t
Aco Blindagens Condutas Hidraulicas 12.000 t
Ago Camaras Espirais e Cotovelos de Aspiracao 670t
Linhas de Meia-Alta Tensdo 58 km
Cabos (Alimentagao, Controlo, lluminagdo) 900 km

v" Mais de 23 milhdes de horas/homem sem acidentes mortais;
v' Execucdo do projeto dentro do prazo e do orcamento;

v’ Estreita colabora¢do com a administrag¢do e as comunidades
locais.




Complexo Edlico do Tamega: Descricao Do
Projeto

Colexio de Enxefeiros

ORDEM o~ y
DOS ENGENHEIROS Camlnos §

de Camifios,
Canais e Porlos
) REGIAO NORTE Calicia
Tamega Norte WF 194,4MW Tamega Sul WF 79,2MW
f44 $48 Wind Farm Substation 400/30kV
Tamega WF Wind Farm Substation 400/30kV % HMH 250 MVA
g A G oy (] e o :
Medium
274 MW 27 WTG 7 Mediunm L U Voltage 30kV 3,2 km 400kV
Ribeira de Pena Voltage,30kV, 7,87 km 400kv cireutts (1 poles
400kV REN Circuits (20 poles)
Substation

(TRC) m Daives ( Hidraulic lf‘v‘. Gouvdes (Hidraulic
N Complex Substation) Complex Substation)

Localizagdo (@ berdrola COMPLEXO EOLICO TAMEGA |

i

Vila Real/Braga

. CIT"OS
Concelhos 4 o4

@ - Montalegre;
- Cabeceiras Basto;
- Ribeira de Pena;

- Vila Pouca Aguiar

Daivoes,, o#y ' Ts31Por
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Colexio de Enxefeiros
de Camifios,
Canais e Porlos

1. Introduccion
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REGIAO NORTE Galicia .
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Caudal punta de avenida 1.810 m3/s




Colexio de Enxefeiros
de Camifos,
Canais e Porlas
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2. Geomorfologia
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Las fallas consideradas en el modelo s2 han presentado en el documento;
20-021_Fresa Allo Tamega Andabsis deformaciones_Terreno_Plastico.
Fallas cosideradas «3 ppix”

Se consideran tres escenarios en o que a propiedades resistentes de las juntas se refiere, segun el
decumento “Cdlculos 30EC tofud central (30-11-2020) pd ™

Modelo g Rigedez Resistendia a traccion
de rotura Tangencial [maea)
[GPa)
! f 0 31.4 3

M-
M-C 25 3.7 0.026 327 0.0
3 M-C 25 3.7 0.13 314 0.0

* Esfos parametros han sido ajusfados & parfir de los paramelros de Banon-Bangis (fomados
def documenta ‘Calcwos JDEC talud central (30-11-2020).0dF, linealizanda la envalvente

obieridos on las samulacones prefrmnanes)
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3. Configuracion
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Construcao da Barragem
do Alto Tamega

Bruno Rocha — CONDURIL
11/07/2025
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BARRAGEM DO ALTO
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CONDURIL

ETICA HONRADEZ RIGOR.
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« SET - SISTEMA ELETROPRODUTOR DO TAMEGA (3 barragens)
« BARRAGEM DO ALTO TAMEGA

«  BARRAGEM DE DAIVOES
e BARRAGEM DE GOUVAES

DAIVOES

2] 3 ki"‘;w:&w_ -

Muro de Reforgo Torre das Comportas

Central Elétrica

Barragem do Alto Tamega
62,64 metros de altura. 5 87 metros altura

Arco de dupla curvatura, com 104,5 metros de altura e
335 metros de comprimento (coroamento). 21 Blocos (11 . Blocos, 10 patamares. Foram
33,20 metros de altura com 7 pisos. slloeehe @ ersierEeEs 70

Margem direita + 10 margem esquerda)
Superestrutura ancoragens

Estrutura de betao

Dois descarregadores
18,73 metros de altura com uma

Margem direita com 104,31 metros : - -
area implantacao de 1.667,39 m2

Margem esquerda com 79,43 metros



Localizacao: Canedo — Ribeira de Pena (MD)
Pensalvos e Parada de Monteiros — Vila Pouca de Aguiar (ME)

2 grupos geradores de 80 MW cada
466 hectares de area inundada

DAIVOES
2grupos geradoresde 59 MW cada
341 hectaresde dreainundada , = -,

-

GOUVAES
4 grupos geradores de 220 MW cada
176 hectares de &rea inundada




Dono de Obra: IBERDROLA - Iberdrola Generacion S.A.U.
Nome da Obra: CONSTRUCAO DA BARRAGEM E CENTRAL DO A.H. DE ALTO TAMEGA DO SET

Localizacao: Canedo — Ribeira de Pena (MD)
Pensalvos e Parada de Monteiros — Vila Pouca de Aguiar (ME)

Valor de Contrato: 117.507.516,10 €
Prazo de execugao total: 44 meses (29/07/2020 a 28/03/2024)

28 de julho de 2020: Consignacao



ORGANIGRAMA DA OBRA

Artinio Marcues [200%)
Asejndra Zorrille | 100%)

Sas Rodrigues [100%] : : Sk JoSo Percira [100%])

Ane sitve |[100 % 15 CORRELA]
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Areas Intervencao

e Estaleiro de Obra: * Barragem do Tamega:
e Escritorios Fiscalizacao e Corpo da Barragem
e Escritorios Conduril  Torre Tomada de Agua
* Cantina e Descarregadores (Margem direita
e Dormitorios e Margem Esquerda)
e Armazém Materiais * Tunel de Desvio
» Oficina * Central Elétrica:

e Serralharia

e Carpintaria
Centrais de Betao
e Blondins

e Estrutura de Betao
e Estrutura Metalica

 Muro de Reforco:
e Estrutura de Betao







Central Elétrica

L B
-i-.-._._._._._ll_-E_

EDIFICIO DE COBERTURA
(estrutura metalica)

CENTRAL HIDROELETRICA
(estrutura de betao)

_ _ “ (cota 204,50 e 237,70

= s e M i1 e —_— equivalente a 10 andares)
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Elétrica

Central

Central Elétrica
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Barragem do Tamega
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T el O dRnage 13

334,30 m

de desenvolvimento pelo eixo da galeria perimetral

Barragem — vista em corte transversal e longitudinal

104,50 m
de altura desde a fundacdo na cota mais baixa (213,50 m) NPA = 315,00 m
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Barragem do Tamega

TETRIS — Programa de trabalhos da barragem
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Alguns Dados da Obra

Atividades principais:
e Betao armado (cofragem, armacao de aco,

betonagem)
e \Volume de Bet3o  Estrutura metalica (EDIRIO)
~ * Geotecnia/Tratamento de Fundacdes e
e Carga de Mao de Obra Juntas (GEONORTE / LURPELAN / DRILLGO)

e Infograma — Distribuicao de mao

de obra, Produc3o de Betdo e Atividades secundarias:

Faturagéo e Construcao Civil
C. . . e Montagem de andaimes e torres de
 Principais Equipamentos em Obra escadas

e Rede de terras
e |nstrumentacao

* Elaboragdo de estudos e projetos
internos (ESQUENIO)




VVolume de Betao

VOLUME DE BETAO = 329.446 m3

PICO MENSAL (07/2021) = 20.249 m3
PICO DIARIO (10/03/2022) = 2.110 m3
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Carga de Mao de Obra

CARGA MEDIA MENSAL DE MAO DE OBRA

MAXIMO MENSAL (05/2022) = 514 trabalhadores
MAXIMO DIARIO (12/05/2022) = 621 trabalhadores




Infograma

INFOGRAMA COM DISTRIBUICAO DA MAO DE
OBRA, PRODUCAO DE BETAO E FATURACAO

Infografia BAT




Principails Equipamentos
em Obra

Gruas torre (6 un + 2 un automontantes) > Compressor e martelos demolidores
Blondin (2x28 ton) > Serras circulares

Autogruas (4 un 30t/40t) > Rebarbadoras

Bombagem de betdo (auto bomba + bomba fixa) > Serra de mesa

Central de bet3do (250 m3/h + 80 m3/h) > Vibradores de bet3o

Silobus (3 un) > Maquina de cortar aco

Escavadora e bulddzer (3 un + 2 un para > Maquina de moldar aco

espalhamento e vibracao de betao) - _
> Torres de iluminagdo \ projetores

Camides para transporte de inertes (10 un +

subempreitada) > Postos de transformacdo

Auto betoneiras (3 un) > Quadros de obra

Retro escavadoras > Grupo hidropressor

Trator + joper > Maquinas de lavar a pressao de agua

Cilindro compactador 16 Ton > Maquinas soldadura junta water-stop

Viaturas 4x4 » Bombas submersiveis

o > ETARI
Camiao grua

Geradores de 40 Kva a 500 Kva
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Barragem

N©° Blocos

21blocos

N©° Betonagens

752 betonagens

Betdo

222560 m3

Central

N° Betonagens

485 betonagens

Betdo

38300 m3







E Superestrutura 486 ton

ﬁ.{. |

TS






Descr. Total
Furacao arotagao 12643 ml
Furacao arotopercussdo |20488 ml
Injecdo cimento 578ton
Ensaios lugeon 1562 und
Pregagens 6003 ml
Ancoragens 2801 ml
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Aspetos singulares da intervencao
do LNEC nas obras do Complexo
Hidroeléetrico do Tamega

Antonio Lopes Batista, Diretor do Departamento de Barragens de Betao
Luis Lamas, Chefe do Nucleo de Modelacao e Mecanica das Rochas
Laboratdorio Nacional de Engenharia Civil — LNEC

COM O APOIO
(@berdrola  NORTE
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INntervencao do LNEC

e Apoio especializado nas fases de projeto, construcao, primeiro enchimento e
exploracao das barragens, circuitos hidraulicos e obras subterraneas.

e Consultor da Autoridade (APA) nos aspetos de seguranca das 3 barragens (classe | do
RSB).

: P Pogos da conduta
Ch éd libl
amin ree_ equilibrio 7 PR

Tunel de restituigiolaspiragio -

......
......
n =

- Bifurcadores inferiores

Caverna dos transformadores

Barragem de Alto Tamega

.
_ 12km d

Caverna da central

Circuito hidraulico e cavernas de Gouvaes

Bifurcador superior
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Barragem do Alto Tamega
Estudos hidraulicos

Estudo do descarregador de cheias em modelo fisico




Barragem do Alto Tamega
Caracterizacao geomecanica da fundacao

ORDEM -
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Ensaios “in situ” de deformabilidade

. - Ensaios d |
do macico rochoso de fundacdo 115a10% G MAracos prancs.

Ensaios
dilatométricos

Maquina LFJ pronta para abrir um furo Maquina LFJ pronta para abrir um rasgo
. I-.
F 14 : oS R e
o P
g . | —+— T carga A
% ’ ! ! —s— 1 descarga
= ' ! ! —a— > carga
% I —4— Média 1° descarga
g B e A R & 2* carga
1 1

= 20 ettt

00 AN I S I A N

0.0 10 20 3.0 40 50 60 7.0 80 9.0
Presséo (MPa)

Macaco plano e rasgos abertos Macacos planos colocados para ensaio




Barragem do Alto Tamega
Estudos até a rotura

ORDEM -
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Modelacao numérica da rotura por superficies de descontinuidade da fundacao

i
falkas e familia de diadases D1
familia de diaclases 03

a) Vizta de cima

sistosidads
fahas e famdia de diadases 0
familia de diaclases D3

b} Perspectiva a partr da margem esquerda

Descontinuidades simuladas para o
estudo da estabilidade da margem direita

Deslocamentos no paramento de jusante e
nos blocos da fundacdao da margem direita



Barragem do Alto Tamega
Observacao da barragem

e Elaboracao do plano de observacao

230

e Acompanhamento da instalacao do sistema
de observacao, incluindo a mobilizacao
permanente em obra de uma equipa
especializada de instrumentacao

e Acompanhamento do comportamento
durante a construcao, o primeiro enchimento
e a exploracao




Barragem do Alto Tamega
Derrocada na margem direita

o>
3

ORDEM e
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e Descontinuidades persistentes no macico rochoso (metamorfico, essencialmente
constituido por micaxistos), na encosta da margem direita

e Falha F33 - Orientacao identificada durante a prospecao realizada na fase de projeto

e Falhas provaveis FP36 e FP13 - Apenas identificadas durante as escavacoes




Barragem do Alto Tamega
Derrocada na margem direita

Dezembro de 2018:
e Aumento dos deslocamentos observados,
principalmente em periodos de chuva
e Mapeamento da falha FP36
e Reforco do suporte usado (pregagens e betao
projetado) com ancoragens “GEWI”

e Reforco da observacdao da encosta (alvos,
células de carga, inspecdes visuais diarias)

Dezembro de 2018 — abril de 2019

e Progressao dos deslocamentos observados,
com maiores taxas a partir
de marco de 2019

e Suspensao da escavacao
em mar¢o de 2019

ORDEM = 4":?;‘ = olexio ge tnxeneiros
pos encenHeiros  CAMIINOS : ¢ Camings,

REGIAO NORTE Galicia

Deslocamentos Acumulados em X - Historico

mBRE

Shohownd

Deslocamentos [mm]

HERZG

Temp.(°C)

Temp.(°C)

Temp. ("C)



Barragem do Alto Tamega
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2 de maio de 2019
e ApOs dias de chuva intensa, deslizou uma cunha rochosa com um volume de 23.000 m3
e O deslizamento envolveu a cunha definida pelas falhas F13 e F33
e A principal causa foi a variacao de inclinacao da falha F13

[ &

ApoOs a derrocada Depois de removidos os escombros




Barragem do Alto Tamega
Derrocada na margem direita

Adaptacao do projeto para as novas condicoes:

e Construcao de um macico de betao ancorado
para substituir o volume desprendido de
rocha




| Joint Joint Joint Joint
14-12 12-10 10-8 8-6

Barragem do Alto Tamega
Derrocada na margem direita

Slope sulfface before
dam copstruction

Adaptacao do projeto para as novas

condigdes: N
i ici I am foundation after ' Block
) Ajustaznento dzf\ superficie de | Pad BN N\ = ]\\ i
inser¢ao da abdbada, N

aprofundando e alargando o
apoio dos blocos B10, B12 e B14 LA

e Prolongamento da galeria de o
fundacao a cota 237,5 m para
melhorar a drenagem e observar
O macico

e Adaptacao e reforco do plano de
observacao

INJECTION -~ l=.
HOLES =
sl
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Barragem do Alto Tamega
Primeiro enchimento da albufeira

fl"\"" 15.000 m=—

:I-,;; Er ) m
NE2 L’,Dud 1] t J—‘ 1

Modelacao do comportamento: previsao e interpretacao
e Modelo térmico: - Temperatura do ar e da 4gua a montante

P2: 304.500 n

i - Radiagao solar no paramento de jusante

e Modelo estrutural: - Press3o hidrostética e variacbes de temperatura
e o - Comportamento viscoeldstico do betdo
- Modelo continuo sem juntas entre blocos

NE1: 269.000 r?:i J

' ' (funcéo de fluéncia

ajustada)

=== i)
= = . — = - gy

P0:232.000 m—
o

Eqng = 25 GPa
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Barragem do Alto Tamega
Primeiro enchimento da albufeira

Observacao de deslocamentos "ol &5
na fundagdo, na margem direita, ™ s
~ 2 E:.E
durante a construgao e o % a0 1 i = ——
[ [ [ . m
primeiro enchimento da albufeira 2 e A
o EV-14-13 == (EW-14-2-3

== EV.14-241

Lipwards

— u i
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Circuito hidraulico de Gouvaes
Layout e litologia na zona da central

. > @‘& R

Micaxistos
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Circuito hidraulico de Gouvaes
Determinacao de tensodes “in situ”
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Ensaios na zona das cavernas da central, a profundidade > 300m

GACC

Ensaios de
macacos planos %o
W59m 2
SF_] SFIGATA H55m :g
4 rasgos =
s 1200m
TAC GATA
U: 3,33
E m,aﬁm
= Him
+ 6148m
2.9 m
Ensaios de it
sobrecarotagem :ﬁﬂfc
STT

STTGACC

8FJ TAG
1 msgos

TAC

MLLS

SFJ TACF

3rasgos TACE




Circuito hidraulico de Gouvaes
Determinacao de tensodes “in situ”

ORDEM 4 xjft‘ ¢ Colexio qe Enxefieiros
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Modelacao numérica para obtencao do campo de tensdes no macico rochoso

. Vista do interior do tinel de acesso a central
[

Micaxistos

B Granitos

0,/0,, =1,1 (//ao rio Tamega)
0,/0, =1,0 (Subvertical)

0,/0,, =0,6 (L aorio Tamega)




Circuito hidraulico de Gouvaes

Primeiro enchimento

Plano de observagao 8 18 extensdmetros
32 l de varas
: 3 células de carga
I |

2 piezdmetros
15 bicas

EV-CC-32-3

19260

oz
HEV-CC-SZA

|
|
|
|
|
|
|
|
E ww | EV-CC-32-5
|
|
|
|
|
|
1

' 1
LONGITUDINAL SECTION

EV-CC-32-2 (

1 5

C———n

EV-CC-32-1 |1eas0

+

143.60
+

REGIAO NORTE Galicia

END OF THE ACCESS TUNNEL
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Circuito hidraulico de Gouvaes
Primeiro enchimento

ORDEM . Col E
DOS ENGENHEIROS Camlnos %Q\& ‘ d

REGIAO NORTE Galicia

Albufeira de Daivoes a 228,0 m
Jan C e Fase 1: Tunel de restituicao até 166,0 m (piso da caverna da central)
- C e Fase 2: Tunel de restituicao até 193,0 m (abdbada da caverna da central)

* Fase 3: Tunel de restituicao até 228,0 m .

e Fase 4: Acessos (228,0 m) Bazeom
48h C e Fase 5: Condura forcada (228,0 m) i

De 7 de junho a 16 de agosto de 2021 3
e Pequenos problemas com manejamento NS -_f? | 2)193.0m
de valvulas - Q2 ¥ |

e Infiltracdes no rolhao
e Pequenas infiltracdes nas cavernas
e Pequeno aumento das forcas nas ancoragens

~ (4) Draft adits




Circuito hidraulico de Gouvaes




Colexio de Enxefeiros
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Notas finais

* Houve uma muito proveitosa interacdo entre as engenharias portuguesa e espanhola de

barragens e de obras subterraneas em macicos rochosos.

* Foram bem resolvidos os desafios decorrentes do deslizamento da cunharochosa da encosta da margem direita
da barragem de Alto Tamega durante as escavacoes. Este acidente teve apenas danos materiais, mas atrasou a

obra em cerca de um ano.

* Abarragem da Alto Tamega e a fundacao tiveram bom comportamento estrutural e hidraulico durante o primeiro

enchimento e nos primeiros meses de exploragao.

e O estudo inovador para determinacao do campo de tensdes no macico rochoso heterogéneo das cavernas do
circuito hidraulico de Gouvaes permitiu a obtencao de elementos fundamentais para o seu projeto e o
dimensionamento das contenc¢des.

* O comportamento hidraulico e estrutural da obras subterraneas de Gouvaes foi testado pelo

procedimento implementado para o seu primeiro enchimento.




TEMA 2
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Importancia enerxética das
infraestruturas hidraulicas

Pablo Fernandez Vila
Director Xeral de Planificacion Enerxética e Minas

Xunta de Galicia
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1. AXENDA ENERXETICA DE GALICIA 2030

1.1. Introducion
1.2. Obxectivos

2. MIX ENERXETICO GALEGO
2.1. Potencia centrais eléctricas en Galicia (MW)
2.2. Electricidade neta xerada nas centrais galegas (GWh)
2.3. Estrutura da xeracion eléctrica en Galicia
2.4. Xeracion hidraulica por Comunidade Auténoma (GWh)
2.5. Horas equivalentes por Comunidade Auténoma

3. OBXECTIVOS PNIEC E AXEGA 2030
2.1. Potencia centrais eléctricas en Galicia (MW)
2.2. Electricidade neta xerada nas centrais galegas (GWh)
2.3. Estrutura da xeracion eléctrica en Galicia
2.4. Xeracion hidraulica por Comunidade Auténoma (GWh)
2.5. Horas equivalentes por Comunidade Auténoma
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1.1. Introducion
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v' A AXEGA 2030 enmarcase dentro do Plan
Estratéxico de Galicia 2022-2030 - EIXE 2 -
Medio Ambiente e adaptacion ao cambio
climatico:

O 2.1) Fomento dunha economia baixa en
carbono baseada en fontes de enerxia mais
limpas, dando prioridade as fontes de
enerxia renovables, e potenciando a
eficiencia enerxética en todos os sectores.

O 2.2) Garantir unha mobilidade sostible.
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1. AXENDA ENERXETICA DE GALICIA 2030
1.1. Introducion

v'  Obxectivos estratéxicos:

1. Galicia rexion neutra en carbono en 2050.

2. Diminuir a dependencia enerxética do exterior.

3. Descarbonizacidon dos sectores econdmicos e sociais.

4. Posicionar a Galicia como polo enerxético innovador.

5. Sector industrial mais competitivo: nova industria mais eficiente e sostible.

v' Desenvolvemento de lifias de accidén englobadas en sete eixos de actuacion:

Xeracidon de enerxia eléctrica.
Mobilidade e transporte.

Transicion : .
Enerxética D ——) — - Industria.
de Galicia Para a descarb. de - Edificios.
= ambitos asociados a usos - Almacenamento enerxético.

enerxéticos, actuando -
sobre:

camifos | -

Galicia

Colexio de Enxefeiros
de Camifios,
Canais e Porlos



1. AXENDA ENERXETICA DE GALICIA 2030

1.2. Obxectivos

+Enerxeética
~de Galicia
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v" Obxectivos cuantitativos a 2030:

550/0 de reducién nas

emisions de gases de efecto
invernadoiro totais respecto
as de 1990

5 8 0/0 de renovables

no consumo de enerxia final

84, 80/0 de renovables na

xeracion de enerxia eléctrica

—_

S—

Para a suia consecucion:
e 7 eixos de actuacion.
e 23 accidns.

¢ 56 medidas.
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2. MIX ENERXETICO GALEGO
2.1. Potencia centrais eléctricas en Galicia (MW)

Potencia centrales eléctricas en Galicia (MW)
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 A2014-2024 % 2024

Térmoeléctricas 3.207 3.207 3.207 3.207 3.207 3.207 3.207 2.650 2.650 2.650 1247 -61,1% 12,7%
Térmica de carbon 1960 1960 1960 1960 1960 1960 1960 1403 1403 1403 0 -100,0% 0,0%
Ciclo combinado 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 0,0% 12,7%

Coxeracion 610 579 567 563 563 560 558 501 495 426 421 -31,0% 4,3%
Produt os petroliferos 306 281 269 266 266 263 263 213 206 193 193 -37,0% 2,0%
Gas nat ural 210 204 204 203 203 203 200 194 194 139 134 -36,2% 14%
Enerxias residuais 94 94 94 94 94 94 94 94 94 94 94 0,0% 10%

Residuos non renovables 42 42 42 42 42 42 42 41 41 25 25 -40,3% 0,3%

Renovables 7.145 7.166 7.172 7.186 7.268 7.669 7.753 7.767 7.948 8.024 8.102 13,4% 82,7%
Grande hidraulica (**) 3414 3434 3.437 3437 3.437 3.437 3437 3.437 3.437 3.437 3437 0,7% 35,1%
Minihidraulica 303 303 304 304 304 304 304 287 306 309 309 1,8% 3,2%
Edlica 3.334 3.334 3.334 3.343 3412 3.804 3.827 3.827 3.878 3.886 3.932 17,9% 40,1%
Biomasa 38 38 38 38 38 38 88 88 88 87 87 128,5% 0,9%
Biogas 11 il 1 11 13 13 13 13 13 13 13 13,4% 0,1%
Residuos renovables 25 25 25 25 25 25 25 25 28 28 28 9,2% 0,3%
Solar fot ovolt aica (***) 19 19 22 27 39 48 59 89 199 265 297 1467,1% 3,0%

TOTAL 11.004| 10.994| 10.988| 10.997( 11.080| 11.478| 11.560| 10.959| 11.134| 11.126| 9.795 -11,0%

Pot encia Hidraul ica Gal icia 3.717 3.738 3.741 3.741 3.741 3.741 3.741 3.724 3.743 3.746 3.746 13,2% 38,2%
% hidréaulica en Galicia 33,8% | 34,0%| 34,0%| 34,0% 33,8% 32,6% 32,4%| 34,0% 33,6% 33, 7% 38,2%

Potencia Hidréulica Espafa 16.992| 17.042| 17.049| 17.054| 17.064( 17.098| 17.098| 17.094| 17.094 17.097| 17.097
% hidraulica Galica vs Espafa AR 21,9% 21,9% 21,9% 21,9% 21,9% 21,9% 21,8% 21,9% 21,9% 21,9%

Fonte: Inega e Rexistro de Instalacions de Producion de Enerxia Héctrica (seccion primeira e seccion segunda)
A partir do ano 2021, soament e se consideran as centrais operativas segundo os dat os facilit ados pola aplicacion ESCILA do Minist erio para la Transicion Ecolégica y el Reto Demogréafico
(**) Das centrais grande hidraulica, 432 MW son de bombeo, facendo posible un almacenamiento diario de 10 GWh (acumula a electricidade xerada en moment os de pouca demanda)
No caso dos RSU, 0 50% son biodegradables e o outro 50% non biodegradables
(***) A potencia fot ovolt aica considerada no ano 2024 é provisional
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2. MIX ENERXETICO GALEGO

2.2. Electricidade neta xerada nas centrais galegas (GWh)

Electricidade neta xerada nas centrais galegas (GWh)

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 A 2014-2024 9% 2024

Térmoeléctricas 10.124 11.410 10.158| 12.606 11177 5.996 3.629 4.224 6.027 4.458 2.136 -78,9% 8,8%
Térmica de carbén 9.600 11076 9.483 10.834 10.344 2517 1405 504 908 669 0 -100,0% 0,0%
Ciclo combinado 524 334 675 1772 833 3.479 2.224 3.719 5.119 3.789 2.136 307,6% 8,8%
Coxeracion 2.228 2.689 2.853 2.875 2.651 2.573 2.297 2.154 1765 1165 1283 -42,4% 5,3%
Coxeracion con produt os pet roliferos 945 1341 1371 1353 1378 1313 1107 913 887 318 456 -51,7% 1,9%
Coxeracion con gas nat ural 1210 1298 1432 1475 1234 1248 1171 1238 846 847 827 -31,6% 3,4%
Coxeracion con residuos e enerxias residuais 73 50 49 47 38 13 19 3 32 0 0 -99,9% 0,0%
Residuos non renovables 169 179 165 175 173 159 159 161 158 155 161 -4,9% 0,7%
Renovables 19.042| 15.433| 17.636| 10.768 17.817 16.535| 18.903 18.314| 15.094( 18.999| 20.604 8,2% 85,2%
Grande hidraulica 9.208 5.809 8.981 2.967 7.935 6.397 7.307 7.194 3.767 7.964 9.584 4,1% 39,6%
Minihidréaulica 1031 695 948 410 946 866 846 752 643 916 1056 2,4% 4,4%
Edlica (terrest re e marifia) 8.385 8.482 7.284 6.928 8.454 8.800 10.065 9.558 9.788 9.131] 8.862 5,7% 36,6%
Biomasa 203 218 197 222 229 223 423 502 447 466 527 159,9% 2,2%
Biogas 22 25 31 30 32 31 29 31 32 29 28 28,3% 0,1%
Residuos renovables 171 180 167 177 175 160 161 166 166 159 171 0,3% 0,7%
Solar fot ovolt aica 22,9 239 279 35,0 46,7 57,6 73,2 112,3 250,6 334,3 375,2 1535,4% 1,6%
TOTAL 31.563| 29.710| 30.812| 26.425| 31.818| 25.262| 24.988| 24.853| 23.044 | 24.777| 24.184 -23,4%

Xeracion Hidréaulica Galicia 10.239 6.503 9.929 3.377 8.881 7.264 8.153 7.945 4.410 8.879| 10.640 3,9%| 44,0%
% electricidade hidraulica en Galicia 32,4% 21,9% 32,2% 12,8% 27,9% 28,8% 32,6% 32,0% 19,1% 35,8% | 44,0%

Xeracién Hidraulica Espafia 42598 31.278| 39.249| 20.700 36.111| 26.365 33.383 32.275 21.687| 30.969( 40.370 -5,2%

% hidraulica Galica vs Espafia 24 .0% 20,8% 25,3% 16,3% 24 ,6% 27,6% 24.,4% 24 .6% 20,3% 28,7% 26,4%

Fonte: Elaborado polo Inega a partir de distintas fontes
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2.3. Estrutura da xeracion eléctrica en Galicia
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2.4. Xeracion hidraulica por Comunidade Auténoma (GWh)

Xeracion hidraulica, sen ter en conta a turbinacion bombeo, por Comunidade Auto6noma (GWh)

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Andalucia 934 695 689 550 756 609 545 493 295 187 436
Aragon 4.071 3.180 3.112 2497 3.881] 2547 3467 2.649 2.199 231 3.807
Canarias 3 4 3 3 3 4 3 3 3 3 3
Cant abria 258 285 255 175 319 230 181 227 172 183 204
Castilla La Mancha 1006 701 732 410 768 622 693 791 556 619 819
Castillay Ledn 10.678 7.747 1151 4.175 8.058 5494 8.036 8.766 4431 6.638 8.793
Cat alufa 5.231] 4.393 3.939 3.698 5.379 3477 5.136 3.382 2.678 2.220 3.600
Comunidad de Madrid 202 132 154 139 123 97 125 163 85 92 126
Com. Foral de Navarra 656 520 487 378 661 510 540 467 361 393 543
Comunid. Valenciana 605 605 589 374 418 439 433 460 354 422 533
Ext remadura 3.081] 1581 2476 1354 2.306 1096 1471 2.182 1242 2.118 3.505
Galicia 9.854 6.249 9.568 3.264 8.526 7.055 7.918 7.692 4.134 8.433 10.131
Islas Baleares 0 0 0 0 0 0 0 0 0 0 0
La Rioja 168 145 154 86 168 153 140 141 104 83 67
Pais Vasco 425 422 381 294 442 388 351 392 291 252 362
Princip. De Ast urias 1877 1639 1985 991 2.237 1925 1510 1758 962 1781 1912
Region de Murcia 131 112 104 75 78 82 93 86 81 82 93
Ceuta 0 0 0 0 0 0 0 0 0 0 0
Melilla 0 0 0 0 0 0 0 0 0 0 0
ESPANA 39.182 31.278 39.249| 20.700 36.111 26.365 33.383 32.275 21687 30.969| 40.370

Fonte: REE

2. MIX ENERXETICO GALEGO S eos CAMITIOS (1 7
alicia

Todos os anos, Galicia é a primeira ou segunda Comunidade Auténoma que mais
electricidade hidraulica xera.
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2. MIX ENERXETICO GALEGO

2.5. Horas equivalentes por Comunidade Autonoma

Electricidade neta xerada nas centrais galegas (GWh)
2020 2021 2022 2023 2024
Espafia Galicia Espafna Galicia Espana Galicia Espafia Galicia Espafna Galicia

Pot encia (MW) 17.098 3.741] 17.094 3.724 17.094 3.743 17.097 3.746 17.097 3.746

Xeracion elect ricidade (GWh) 33.383 8.153 32.275 7.945 21687 4.410 30.969 8.879| 40.370 10.640
heq 1952 2.179 1888 2.133 1269 1178 1811 2.370 2.361 2.840

Font e: Haborado polo Inega a partir de distintas fontes

As centrais hidraulicas galegas traballan mais tempo ao ano que as de toda Espafia,
menos no caso da seca en Galicia no ano 2022

A maioria das centrais hidraulicas galegas son dos anos 60 e 70, ainda que algunhas
levan traballando desde principios do século XX
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3. OBXECTIVOS PNIEC E AXEGA 2030

3.1. Evolucidn da potencia instalada de enerxia eléctrica(MW)

Parque de generacion del Escenario Objetivo (MW)

Ao 2015 2020* 2025* 2030*
Edlica (terrestre y maritima) 22.925 28.033 40.633 50.333
Solar fotovoltaica 4,854 9.071 21.713 39.181
Solar termoeléctrica % % % %
Hidraulica

sorben . aw aw am e
Bombeo Puro

Biogas 223 211 241 241
Otras renovables 0 0 40 20
Biomasa 677 613 815 1.408
Carbon 11.311 7.897 2.165 o0
Ciclo combinado 26.612 26.612 26.612 26.612
Cogeneracion 6.143 2.239 4,373 3.6e70
Fuel y Fuel/Gas (Territorios No Peninsulares) 3.708 3.708 2.781 1.854
Residuos y otros 893 610 470 341
Nuclear 7.399 7.399 7.399 3.181
Almacenamiento 0 0 500 2.500

107.173 111.829
*Los datos de 2020, 2025 y 2030 son estimaciones del Escenario Objetivo del PNIEC.
Fuente: Ministerio para la Transicion Ecologica y el Reto Demogrdfico, 2019
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3. OBXECTIVOS PNIEC E AXEGA 2030

3.2. Obxectivos potencia eléctrica bruta (MW)

OBXECTIVOS POTENCIA ELECTRICA BRUTA PNIEC 2023-2030 (MW)

AONES) 2020 2025 2030

Espana Galicia Espafa Galicia PNIEC AxEGa30 PNIEC AxEGa30
Edlica 25.083 3.804 26.754 3.827| 42144 4.282| 62.044 8.500
Solar fotovoltaica 8.306 48 11.004 59 56.737 305| 76.387 353
Solar termoel éctrica 2.300 0 2.300 0 2.300 0 4.800 0
Hidraulica 14.006 3.360 14.011 3.360 14.261 3.320 14511 3.336
Biogas 203 13 210 13 240 17 440 30
Outras renovables 0 25 0 25 25 28 80 54
Biomasa 413 38 609 88 1009 84 1409 84
Carbon 10.159 1960 10.159 1960 0 0 0 0
Ciclo combinado 26.612 1247 26.612 1247 26.612 1247 26.612 1247
Coxeracion 5.446 560 5.276 558 4.068 376 3.784 256
Fuel e Fuel/Gas 3.660 0 3.660 0 2.847 0 1830 0
Residuos e outros 600 42 609 42 470 25 342 25
Nuclear 7.399 0 7.399 0 7.399 0 3.181 0
Almacenamento 6.413 381 6.413 381 8.828 432 18.543 8.188
Total 111101 11.478| 115.016 11.560| 166.940 10.117| 213.963 22.074
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3. OBXECTIVOS PNIEC E AXEGA 2030

3.3. Evolucion da potencia bruta instalada de enerxia eléctrica (MW)

Parque de generacion del Escenario PNIEC 2023-2030. Potencia bruta (MW)

2019 2020 2025
Edlica 26.087 26754 26.149 62.004
Solar fotovoltaica 8.706 11.004 46.501 76.277
Solar termoeléctrica 2300 2.700 2.304 4.804
Hidraulica 14.006 14.01 14.261 14.511
Biogas 203 210 240 440
Otras renovables 0 0 25 8o
Biomasa 412 609 1009 1409
Carbon 10159 10.159 o** o
Ciclo combinado 26.612 26.612 26.612 26.612
Cogeneracion 5.446 5.276 4.068 1.784
Fuel y Fuel/Gas (Territorios No Peninsulares) 7.660 7.660 2.847 1.870
Residuos y otros 600 609 470 142
Muclear 7399 7309 7299 7481
Almacenamiento® 6.417 6.413 9.28q 18.913
Total 111.100 115.015 151173 214.236

#Fincluyendo el almacenamiento de selar termoeléctrica llega o 22,5 GW.

** Ol derre de lo generadion de carbdn estard sujeto a lg evaluacion per parte del Operador del Sistema del cumplimiento de criterios de seguridad de suministro
del sistema, tal y como se establece en el Art. |37 del RD 1 955/2000.

Fuente: Ministerio para la Transicion Ecoldgica y el Reto Demogrdfico, 2024




4. ENERXIA HIDRAULICA
PARA A ESTABILIDADE DO SISTEMA
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4. A ENERXIA HIDRAULICA PARA A
ESTABILIDADE DO SISTEMA

- Entre as 12:30 e as 12:45 h do 28.04.2025 desacoplaronse 8.780 MW fotovoltaicos (ndtese o gran peso
desta tecnoloxia neste momento), 2.588 MW nucleares, 2.660 MW hidraulicos, 1.192 MW de ciclos
combinados, 868 MW de edlica e 176 MW de biomasa.

- 0O consumo no momento do fallo ascendia a uns 26.000 MW, e, como vimos, era atendido por un 53% de
xeracion fotovoltaica e un 10% de edlica, unha porcentaxe moi elevada para tecnoloxias que non son de
Xeracion sincrona (como si son por exemplo a hidraulica, a nuclear ou os ciclos combinados), e polo tanto,
non aportan estabilidade ao sistema.

- A situacion empeorou 15 minutos mais tarde, desacoplandose totalmente os 796 MW nucleares que ainda
permanecian conectados mais fotovoltaica, edlica, ciclos combinados de gas e hidroeléctrica, ata perder
20.108 MW.

- Fronte a unha predominancia da fotovoltaico no momento do apagodn, para a reposicidn priorizouse a
xeracion a través de centrais hidroeléctricas ou os ciclos combinados. De feito, houbo unha importante
participacion das centrais hidroeléctricas galegas da conca Mino-Sil.




Energia e Agua
Sinergias e Oportunidades

XI Encontros Engenharia Civil Norte Portugal Galiza
1de Julho 2025 | Vila Real
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A EDP possui um portefolio hidroelétrico com elevada capacidade de
armazenamento, incluindo bombagem

Portfélio hidrico da EDP

Poténcia Eletricidade
instalada produzida

% %

GW TWh

e 73% 65%
L:Fl Portugal Total 51 o1
i 56% 42%

Albufeira 38 5o

Das quais com 34% 11%

bombagem 2.4 1.6

PR 17% 21%

Fio-de-agua 19 30

i _hidri 1% 1%

Mini-hidricas 0.06 0.2

/aN - 20% 30%
&, Brasil Total 14 43

il

6% 5%
f— Espanha  Total o4 0.7
7o) ed Total EDP 100% 100%
=/ p 6.9 14.1

%  Peso da bacia hidrogréafica na producao de eletricidade.

Nota: Dados de 2023.

%

Cévado;Lima-Ave 37%
L] N

® 4"

«* Tejo-Mondego 25%

L] *

L ]
Guadiana 5%

Centrais hidroelétricas
@ Albufeiras com regularizagéo
@ Fios-de-agua

Bombagens

O portefolio da EDP tem mais
AH com albufeira do que a fio
de agua - maior flexibilidade.

34% de poténcia com
bombagem — menor
dependéncia da hidrologia

A EDP implementou tecnologias
avancadas nas suas centrais de
bombagem - Frades litem a
maior maquina de inducao
duplamente alimentada da
Europa (umaentre 22 no
mundo)




As condicOes de mercado evidenciam a necessidade de

armazenamento por bombagem

Elevada volatilidade dos precos
Distribuicdo dos precos ao longo do dia

— 2015 2020 =— 2023 2024

150% -
LN\

50% -
0% . . . . . . . . . . . !

0O 2 4 6 8 10 12 14 16 18 20 22 24

A expansao das renovaveis, especialmente da solar, tem
levado a uma maior volatilidade dos precos ao longo do
dia, acentuando a 'curva do pato’.

Este aumento da diferenca entre os precos da energia
durante o dia e a noite evidencia necessidade de
armazenamento por bombagem.



Aceleracado da bombagem hidrica, com inventivos da EU e andncio

de novos projetos em Espanha.

E 2 EUROPEAN

Stakeholder consultation -
Towards a Water Resilience
Strategy for the EU

6 March 2025 | Brussels Belgium

A UE tem incentivado maior bombagem hidrica

Green Deal e Fit for 55

Os investimentos em armazenamento por
bombagem séo essenciais para alcancar as metas
de descarbonizacéo definidas.

Electricity Market Design e
Clean Industrial Act

As tecnologias de armazenamento permitem a
integracao de fontes de energia renovavel, ao
mesmo tempo que reforcam a estabilidade da rede e
contribuem para um fornecimento de eletricidade
acessivel, atenuando a volatilidade dos pregos.

Water Resilience Strategy

A gestéo da dgua é uma prioridade da nova
Comissao Europeia, que criou um cargo especifico
para esta area: Ambiente, Resiliéncia Hidrica e
Economia Circular Competitiva, liderado por
Jessika Roswall.

El Gobierno concede 100 millones a cuatro proyectos
de almacenamiento por bombeo hidroeléctrico

Therdrola, Lamelas-Viloria (2) y Grupo Edora son los agraciados con las primeras ayudas para unos

proyectos de centrales hidroeléetricas de bombeo en Espaiia

Spain to build largest hydroelectric
power plant in Western Europe

Work will begin next year on Consa I, a pumped storage power plant, or Giga battery, in the
Sil basin in Qurense in the country's northwestern region of Galicia, said the company, which
has recently begun releasing details of the project. reports Xinhua news agency.

X ® in e I =
NS

@ Barcelona: Spain's main
& electric utility company,
Iberdrola, plans to build the

largest hydroelectric power

ALMACENAMIENTD

El Gobierno autoriza la construccion de la central de
bombeo reversible Navaleo en las minas de Leon

El Gobierno ha tardado unos seis afios en poder otorgarle este permiso de construcecion a CDR Tremor SL

(Grupo Lamelas Viloria) que inicid la tramitacion en 2018

] . . ~ .
° 2 Diversos projetos estdo a ser anunciados
]

* Espanha tem aprovado
ou em desenvolvimento
mais de 3 GW de novos
projetos de bombagem
hidrica

* O governo espanhole as
autoridades locais tém
apoiado estes projetos
com fundos europeus.



Armazenamento de agua em albufeiras potencia sinergias entre
energia, ambiente e outros usos

Tipologia de Aproveitamentos Hidroelétricos (AH) Layouts para novos PSH
Novo aproveitamento hidroelétrico
I AH com reservatorio (RSHP) 2 AH com Bombagem (PSH) Construg&o de duas barragens, circuito

hidraulico, central, equipamentos e ligacédo a
rede elétrica.

Com beneficios para o pais: Adicionalmente, a bombagem permite:
 Fornecimento de energia renovavel «  Promover a penetracéo de energias
e enddgena renovaveis (reduzindo o curtailment) : - .
Dermit o Potenciar um reservatoério existente
2 °
e  Suporte aseguranca oJQ dermlflr armazenamento de longa Construcéio de uma nova barragem, circuito
abastecimento energetico LlrEteaie hidraulico, central, equipamentos e ligagéo a
«  Mitigacdo dos efeitos de secas e «  Reforcar seguranca do ° rede elétrica.
cheias abastecimento com servigos da rede

elétrica, (inércia, compensacao

» Abastecimento de agua a .
populacéo sincrona, etc) a Reforco de poténcia

* Aumentar a resiliéncia face a Construcéo de um circuito hidraulico, central,
volatilidade hidrol6gica equipamentos e ligacéo a rede elétrica.

. Disponibilizacao para outros usos o
P a0 p e  Aumentar a eficiéncia do uso da Frades Ilcom +780 MW

(caudal ecoldgico, agricultura, ...) , ~ : Salamonde llcom +224 MW
agua, de modo nao consumptivo

*  Apoio ao combate a incéndios

@ Reconversao
pot R aod bi bina-bomb
= 2,8TWh/3,8GW  {ZX16TWh./2,4GW  fmesioswutenumsoneon
Energia maxima armazenada nos Capacidade de bombagem hidroelétrica Reconverséo do Alto Lindoso com +300 MW

reservatorios da EDP da EDP em Portugal (em licenciamento)

1 RSHP (Reservoir Hydropower) — AH com reservatério: quando o reservatorio esta acoplado a turbinas hidraulicas | 2. PSH (Pumped-Storage Hydropower) — AH com Bombagem: quando o reservatorio esta
acoplado a turbinas e bombas (ou turbinas reversiveis) e a um segundo reservatorio | 3. Valores de 2023, numa producdo total a partir de albufeiras com regularizagéo de 9,1 TWh



Projetos de otimizacao aproveitam a infraestrutura existente para maximizar a
geracao de energia renovavel

Descricédo da oportunidade
Dados chave

Principais intervengdes para otimizar a afluéncia e aumentar a

eficiéncia global por meio de modernizagao tecnoldgica: +38 GWh/ano

_ (projetos em curso)
4 projetos em curso:

e Torrao, substituicdo de 2 turbinas-bomba (2025-26)

o
§" * Fratel, substituicdo de 3 turbinas, 1/ano (2025-27) + Performance
N -
£ * Fratel, reperfilamento do canal e passagem para peixes (2025) Fugas .
6] ) - Manutencao
* Proaza, 2 grupos, 12concluido, 2.2 em curso (2025)
Carrapatelo na fase de licenciamento: 1.2 grupo aproveita a ligacdo = +46 MW
existente; os restantes dependem da disponibilidade de ligagao a rede -, : +55 GWh/ano

(para os 3 grupos de Carrapatelo)

(2027-31)

§ Turbinamento dos caudais obrigatoriamente devolvidos ao rio (caudal

3  ecologico): +8 MW

o

@ « AltoLindosoem licenciamento (ligacéo a rede)

0

© : n o o

T + Rioseco: em fase de contratagdo, construcao a iniciar em breve +24 GWh/ano
@

O




A.H. de Fratel

Obra de Reperfilamento do canal de restituicao e Construcao de bacias para passagem para Peixes

Obijetivos

% Construcao das bacias para

passagem de peixes

(possibilitar a passagem dos peixes no labio da
restituicado)

Potenciar a passagem de peixes na zona da barragem, melhorando a
conectividade fluvial;

Aumentar o desafogamento dos grupos otimizando o funcionamento do sistema

% O reperfilamento do canal de

restitui C;é.O (aumentar a eficiéncia) ggtgitgjr(;rggddoa F;arsetrlfjatlLtJ)rnac ggopassagem para peixes através de elementos em

Escavacgéo com recurso a explosivos no leito do rio

- 2 .-”-».-__ X Adjudicatario - Mota-Engil, S.A.

] 2 ~ 0 Fiscalizacdo - Afaplan

_*. Cart Coordenacéo de Segurangaem obra - Q-Safety
= . e Monitorizag&o Fauna Piscicola - Universidade de Evora
yop

Arqueologia- Novarqueologia

EDP - Equipas multidisciplinares

Duracdo total: 6 meses (abril a outubro de 2025)




A.H. de Fratel

Otimizacéao dos grupos geradores

@ Duplo objetivo: Otimizacao e reposicédo da condicdo

Duracé&o: 3 anos (2025-2027), 1grupo por ano

> 2025 para o Grupo #3, 40 semanas de trabalhos e 6 semanas
para 0 comissionamento

oo Fornecedores — Andritz, Siemens Energy, MPR, SPECMAN,
Tabique e Pengest




A.H. de Fratel

Trabalhos em curso

Otimizacadodo Grupo 3

4
.,
=
i
-
-
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<N
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Projeto de Aproveitamento dos caudais ecologicos de Rioseco

Caracteristicas técnicas

Recinto a jusante previsto no projeto e construcao da barragem (1979)

Caudal equipado com grupos crossflow 2 x 10,5 m3/s

Poténcia nominal instalada 2 x 1.5 MW

Barragem d
.Rioseco/t +

N

Modelo da
central hidroeléctrica de Rioseco

10



Projeto de Aproveitamento dos caudais ecologicos de Rioseco
Modelo BIM




Gestao de Disponibilidades Hidricas e Impacto na Gestao de Risco
Previsdo de Caudais e Projecoes de Afluéncias - Water Board

Water Board

Metodologia de
processos

h I d 0 I ég I coS :r ; : ; '. "‘I': }'" s Previsdes

totalmente
automatizados

WB ST10d

10dias/ diario

Modulos

@ WB ST3d

3 dias/ horario

Curto-prazo

Horizonte/ escala 3to 6 meses/ mensal

temporal
. Previsdes Engenharia Digital TBD
Metodologia Meteorologicos modelos infraestrutura IT Meteo + Hvdro Models + Digital
Tomorrow.io; KQ) hidrologicos K() Base de dados e €teo =+ Hydro Vodels + Digha
IPMA/ECMWF +GIS, SW automatismos Statistical approach

Machine Learning + Al

Rede
1l hidrometeoroldgica
IlII L da EDP

Modelacgéo do

Processamento

Geogréfico escoamento
meteorolégicas \

Anédlise e
visualizag&do espacial Dados de

exploragdo dos AHs

WB MT/ WBLT WE VLT
Longo-prazo Climate Change

Projecdes climaticas para
2011-2040e2040-2070

Dados meteorologicos do
CORDEX e simulagtes
hidrologicas



Water Board - Impacto e Modelos Operacionais de Previsao

@ e

Producdo de energia Seguranca Social e ambiental Armazenamento
Eventos extremos

WATER BOARD ENGINEERING REPORT

3-day inflow casting models

liyelis ouipeit c e forecast @2025-03-19 @2025-03-20 ®2025-03-21 @2025-03-22 @ 2025-03-23 @ Observado

T L T e e e e T e e T T I

forecasted inflow [m3/s]

Mar 19 Nar 20

Forecast supplier

forecasted precipitation [mm]
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The Strategic Value of Hydraulic
Infrastructures in the Energy Sector

An investor’s perspective to navigate the water-energy nexus and capitalize on
hydraulic infrastructure opportunities in a transforming global energy landscape

Manuel Costeira da Rocha
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Agenda

The Water-Energy Nexus

Understanding the interdependent relationship between water and energy resources

Hydraulic Infrastructures

Deep dive into pumped storage hydropower and conventional hydropower systems

Water Management

Critical investment considerations for energy production

Financial Considerations

Capital requirements, financing mechanisms, revenue streams, and risk mitigation

ESG & Regulatory Landscape

Environmental impacts, social considerations, and regulatory frameworks

The Strategic Value of Hydraulic Infrastructures in the Energy Sector
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The Water-Energy Nexus

The Water-Energy Nexus: An Intertwined Future

Population growth and urbamnisat /ing- sin M3

Climate change |n~ten5|“ ing resour '_’all‘enges 5l

“or investors, assessi
energy metrics is ins
understanding @

comprehen

The Strategic Value of Hydraulic'in r_astructures in the _"!_
i : ol
Barragem de Castelo de Bode, Portugal; Credits: Manuel Costeira da Rocha



Hydraulic Infrastructures

Hydraulic Infrastructure's Role in Energy Transition

Clean Energy Generation

Hydropower serves as a cornerstone in
the water-energy nexus, providing
renewable energy with minimal
emissions during operation.

Transition Enabler

As the world moves toward a low-
carbon future, the importance of
hydraulic infrastructure is projected to
grow significantly.

se The Strategic Value of Hydraulic Infrastructures in the Energy Sector

NG

Energy Storage

Pumped storage acts as a "giant
battery," storing excess energy during
low demand and releasing it during
peak periods.

Grid Stability

Provides essential services for
maintaining grid reliability and
facilitating integration of intermittent
renewables.
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Hydraulic Infrastructures

Pumped Storage Hydropower:
The Cornerstone of Grid Stability and Storage

Technology & Operation

Pumped Storage Hydropower functions like a "giant battery,"
pumping water from a lower reservoir to an upper reservoir
during off-peak hours, then releasing it to generate electricity
during high demand.

Key components include:

Upper and lower reservoirs

Pumping and generating units

Penstocks and tunnels

Sophisticated control systems

Barragem do Alqueva, Portugal; Credits: EXpresso

Eé The Strategic Value of Hydraulic Infrastructures in the Energy Sector 162



Hydraulic Infrastructures

Hydropower development in 2024 continued an
upward trajectory, with positive signhals emerging,
particularly for pumped storage.

Electricity generated from Hydropower installed Capacity added in 2024,
hydropower in 2024 capacity reached in 2024 including pumped storage

4,578 TWh 1,443 GW 24.6 GW

~10% +1.7% up on
increase from 2023 on 2023 22 GW

added in 2023

se The Strategic Value of Hydraulic Infrastructures in the Energy Sector 163



Where was
capacity
added in
2024?

Key
Capacity Regions
@ 195MW and below () North and Central America

. South America

200MW to 1,999MW
@ Europe
2,000MW to 15,000Mw () Africa
South and Central Asia
@ East Asia and Pacific
Conventional Pumped Combined Conventional Pumped Combined Conventional Pumped Combined Conventional Pumped Combined
Country/region (MW) storage (MW) (MW) Country/region (MW) storage (MW) (MW) Country/region (MW) storage (MW) (MW) Country/region (Mw) storage (MW) (Mw)

1 China 6,660 7,750 14,410 3 United States 120 96 216 25 Kyrgyzstan 49 49 37 Colombia 12 12
2 Tanzania 1,880 1,880 14 India 172 172 26 Tajikistan 104 104 38 Japan 6 6
3 Ethiopia 1,200 1,200 ‘ 15 Portugal 160 160 27 Georgia 47 47 39 Zimbabwe 5 5
4 Bhutan 1,138 1,138 16 Srilanka 127 127 28 Malaysia 40 40 40 Cambodia 5 H
5 Pakistan 884 884 17 Céte d'Ivoire 113 113 29 Angola 34 34 41 Laos 4 4
6 Nepal 700 700 18 Uzbekistan 1 11 30 Azerbaijan 28 28 42 Iraq 2 2
7 Uganda 605 605 19 lIran 102 102 31 Austria 27 27 43 Lesotho 1 1
8 Canada 360 360 20 El Salvador 67 67 32 Burundi 20 20 44 Guyana 1 1
9 Morocco 349 349 21 Brazil 66 66 33 Dominican Republic 18 18 45 Ghana 1 1
10 Cameroon 300 300 ; _22 Germaqy 63 63 34 Armenia 17 17
11 Tiirkiye 241 241 ) 23 Kazakhstan 59 59 35 Taiwan, China 16 16

12 Ecuador 226 226 24 Norway 53 53 36 France 14 14




Hydraulic Infrastructures

Hydropower Investment Profile

Advantages

e Established, renewable energy source

e Minimal GHG emissions during operation
= High operational efficiency

 Reliable and flexible domestic energy

e Long operational lifespan (50+ years)

se The Strategic Value of Hydraulic Infrastructures in the Energy Sector

Challenges

= High initial capital costs

e Environmental and social impacts

e Hydrological variability (drought vulnerability)
e Aging infrastructure requiring modernisation
e Market and policy uncertainty

e Geopolitical strains affecting costs
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Hydraulic Infrastructures

Almost 40% (476 GW) of the global hydropower
fleet Is at least 40 years old

Age profile of installed hydropower capacity, 2020

0 5 10 15 20 25 30 35 40 45 50 55 years

chia ¢« IEEEEEE—— W1 e
Latin America__ ] ] ¢ ] [] :;grage
e el . e
psisPacte e B

curecis [T + T
North Arerica [ ——

0% 20% 40% 60% 80% 100%

<10years ®10-20years ©O20-30 years ®30-40 years 0O40-50 years ©O50-60years ®=>60 years

Source: IEA, Hydropower Special Market Report, Market analysis and forecasts to 2030, 2021
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Water Management

Water Stress:
A Growing Challenge

The Global Water Crisis

Water stress—defined as the imbalance between water demand
and available supply—is intensifying globally due to climate change,
population growth, and increasing consumption patterns.

By 2025, two-thirds of the world's population may face water-

stressed conditions, with profound implications for energy systems
that rely heavily on water resources.

Eé The Strategic Value of Hydraulic Infrastructures in the Energy Sector




Water Management

Competition for Limited Water Resources

i

N\E

Agriculture

Agriculture accounts for approximately 70% of
global freshwater withdrawals. As food demand
increases with population growth, competition

with energy sector water needs will intensify.

Industry

Manufacturing and industrial processes require
significant water inputs. Economic development in
water-stressed regions creates additional
competition for limited resources.

The Strategic Value of Hydraulic Infrastructures in the Energy Sector

(Gat

3O

Municipal Use

Urban populations require reliable drinking water
and sanitation services. During drought
conditions, human consumption necessarily takes
priority over energy generation.

Ecosystem Services

Environmental flow requirements to maintain
aquatic ecosystems are increasingly recognised in
water allocation decisions, adding another
stakeholder to water governance.
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Water Management

Beyond Electricity Generation:
Water's Other Energy Roles

Thermal Plant Cooling

Water is essential for cooling thermal
power plants (coal, gas, nuclear). These
facilities withdraw vast quantities of water
from rivers or oceans to absorb heat
generated during electricity production,
making them vulnerable to drought

conditions.

Grid Stabilisation

Hydroelectric infrastructure provides
crucial ancillary services for electric grid
stability, including frequency regulation,

voltage support, and black start capability

during outages.

se The Strategic Value of Hydraulic Infrastructures in the Energy Sector
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Hydrogen Production

Water electrolysis represents the most
promising method for producing green
hydrogen. This process requires both clean
water and renewable electricity,
positioning water as a key input for this

emerging energy vector.

Energy Storage

Beyond pumped hydro, water serves as an
exceptional medium for storing large
quantities of energy. This capability
becomes increasingly vital as intermittent
renewables like solar and wind expand

their grid presence.
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Water Management

Water for Thermal Power
Generation: Managing Scarcity
and Risk

Thermal power plants (fossil fuel, nuclear) require vast quantities of water
for cooling systems, with once-through cooling being particularly water-
intensive.

Hydraulic fracturing (fracking) for oil and gas extraction also demands
large volumes of water, straining local resources in water-scarce regions.

Water shortages / constraints pose direct financial risks to thermal power
companies.

se The Strategic Value of Hydraulic Infrastructures in the Energy Sector

m swissinfo.ch The Swiss voice in the world since 1935

GEOPOLITICS DEMOCRACY SCIENCE SWISSIDENTITY ECONOMY SWISS ABROAD

News >

Climate adaptation> Swiss nuclear power
plant shuts down
reactor due to the heat

4 Beznau nuclear power plant shuts down one of its reactors due to the heat Keystone-SDA

() Listento the article ~ ) ( & Share )

The Beznau nuclear power plant in the canton of
Aargau has been partially disconnected from the grid
due to the heat. One of the two reactors has been shut
down, and the second unit is still running at an output of
50%.

July 2,2025-10:58 ® 2 minutes

Keystone-SDA

@& Other language: 1 ~
+Get the most important news from Switzerland in your inbox
The reason for the shutdown of one reactor unit on Tuesday is the
high water temperature of the River Aare, as announced by the
operator Axpo on Wednesday. The output of the two water-cooled
reactors was already reduced by half last Sunday.




Water Management

Hydropower plants may contribute to almost all
grid services

Energy capabilities and system support provided by different

Global electricity system flexibility by source, 2020 hydropower technologies and applications
Energy capabilities Reservoir Pumped storage Run-of-river
Inertial response [ ] @ @
Voltage support @ [ ] @
Demand response Hydrogen
Batteries 3% 0% System strength ® ® ®
0,
0% Black-start capabilities* ® @® ]
Nuclear
Fast start
39, @ ® ®
Ramping capability ® ® O
Scheduling adequacy ® (@) @]
Intraday flexibility ® @ @
Inter-day flexibility ® @ @
Demand-side response @ ® [}
Baseload power
generation ® o ®
Daily storage of water ® © @]
Seasonal storage of water @® O ]
. low or no capability O moderate capability . high capability
*Black-start capabilities depend on special plant features.
Notes: This indicative assessment includes hydropower energy and system support capabilities. Values may differ from
plant to plant.
Source: Based on IEA Hydro TCP (2021e), Valuing Flexibility in Evolving Electricity Markets: Current Status and Future
QOutlook for Hydropower.

Source: IEA, Hydropower Special Market Report, Market analysis and forecasts to 2030, 2021
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Water Management

e

Water Dependencies in Green Hydrogen Production

Water consumption of hydrogen in 2050
compared with selected sectors today (billion cubic metres)

768 m: 464w 347w 248w

T
-

AoA40) |

Agriculture Industrial Municipal Desalination Hydrogen
production production
(218) (2050)
Under IRENA's 1.5°C Scenario, by 2050 green H2 projected demand

is 409 Mt H2

Even if the entire Hydrogen demand in 2050 would be satisfied with
electrolytic Hydrogen, the Water consumption would be about 25
billion m3, 100x less than agriculture water consumption today

Schematic of process-specific water withdrawal and
consumption (Water estimated volumes in L to generate 1 Kg

of hydrogen)

Source: Geopolitics of the Energy Transformation. IRENA (2022)

The Strategic Value of Hydraulic Infrastructures in the Energy Sector

Surface water/ Groundwater 17,2 L

Water reject 5.2 L | Deionised water
0L

<
W

Blowdown
water
1L.oL

_> i
Evaporation

Make up water 14.6L

19.5L )
Blowdown water
49L

Note: The blue arrows represent water withdrawal pink arrows represent discharge.

Source: Silhorko-Eurowater — A Grundfos Company; Water for Hydrogen Production, IRENA;
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Water Management

The energy storage requires different technologies.

Challenges are low TRLs, long permitting processes and limited capacities.

e

Different characteristics and capabilities offered by energy-storage technologies

Discharge duration

Reserve & response service

Transmission and Distribution

Bulk Power management

Hydrogen storage

Mechanical

] Grid support
2
3
w| £
Thermal

%’ Energy Storage
@D
=
2
g r"
I
£

Electrochemical
. || Storage ~
s Flywheels Energy Storage (FES)
=
£
g
§ | Supercapacitors

1 kW 10 kW 100 kW 1 MW 10 MW

Typical power capacity

1GW

Process industries,
as eSAF production

MULTIDAY STORAGE

Hydrogen

Mechancial Early commercial/
Thermal commercial stage
Pump Hydro Long Permiting

Green Hydrogen
production

HOURLY STORAGE Limited
Electrochemical . pacities

Source: EASE, Energy Storage Targets 2030 and 2050: Ensuring Europe’s Energy Security in a Renewable Energy System, 2022; Smartenergy
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Financial Considerations

Revenue Streams and Value Enhancement Strategies

The true profitability of hydraulic infrastructure increasingly lies in its systemic value to the grid rather than
in traditional electricity sales alone.

Electricity Sales

Primary revenue from selling generated electricity

Ancillary Services

Black start, quick ramp-up, spinning reserves, voltage regulation

Capacity Payments

Compensation for being available to produce power when needed

Arbitrage

Profiting from energy price differentials between peak and off-peak periods

Asset Sale

Eventual sale to larger developers or interested parties seeking portfolio expansion

Frades 2 Power Plant; Credits: EDP, Hyflexhydro
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ESG & Regulatory Landscape

At EU level water is considered a top priority for
the coming years.

Concrete actions are announced to boost water security and resilience — Increased investments in
infrastructures, funded innovation activities and legislative coherence in the water sector

« On the 17th of July 2024, 21 European ministers wrote to the
European Commission to boost water security and resilience
through a comprehensive approach.

 Ursula von der Leyen declared the need for a European Water is central to achleving
Resilience Strategy in her political guideline for 2024 — 2029, all Sustainable
also calling for a proper management of water sources and Dol
addressing water scarcity while enhancing “the competitive
innovative edge of the water industry”

(18 July 2024)

Source: POLITICAL GUIDELINES FOR THE NEXT EUROPEAN COMMISSION 2024-2029; Ursula Von der Leyen; 18 July 2024 ; SIWI - The Stockholm International Water Institute; European Environmental Agency
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Key Takeaways: The Strategic Value of Hydraulic

Infrastructure

Current Value

e Hydroelectric infrastructure provides clean, renewable electricity

e Pumped storage offers unparalleled grid-scale energy storage

capacity

e Multi-purpose reservoirs deliver additional services beyond

energy

e Water systems enable crucial grid stabilisation services

Future Challenges

Climate change threatens water availability and reliability
= Increasing competition between water users creates tension

e Water dependencies may constrain certain clean energy

transitions

» Integrated planning becomes essential for sustainability

Hydraulic infrastructure represents more than water transport or storage systems—they are strategic assets in
the global energy puzzle. Their capability to generate electricity, store energy, and stabilise electric grids gives
them inestimable value in the path toward decarbonisation and energy security.

se The Strategic Value of Hydraulic Infrastructures in the Energy Sector

176



ORDEM
DOS ENGENHEIROS
REGIAO NORTE

COLEXIO DE ENXENEIROS DE CAMINOS,
CANAIS E PORTOS .GALICIA

Manuel Costeira da Rocha

Director Technology Strategy
m.rocha@smartenergy.net

SMARTENERGY Group AG
Sihleggstrasse 17
CH-8832 Wollerau
Switzerland

info@smartenergy.net

XI ENCONTRO ENG. CIVIL

NORTE
PORTUGAL
== GALIZA




e
& 7

ORDEM
DOS ENGENHEIROS
REGIAO NORTE

“4'XI ENCONTRO ENG. CIVIL

" NORTE
= PORTUGAL

= COLEXIO DE ENXENEIROS DE CAMINOS,
= CANAIS E PORTOS.GALICIA

APROVECHAMIENTOS
HIDROELECTRICOS

GALICIA-COSTA

COM O APOIO

(@berdrola  NORTE




APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

1. INTRODUCCION AL AMBITO TERRITORIAL DE GALICIA-COSTA
2. SITUACION ACTUAL DE LOS APROVECHAMIENTOS HIDROELECTRICOS EN

GALICIA-COSTA

3. FUTURO DE LOS APROVECHAMIENTOS HIDROELECTRICOS

3.1 MODIFICACIONES DE APROVECHAMIENTOS HIDROELECTRICOS
3.2 ALMACENAMIENTOS DE ENERGIA

4. EXTINCIONES



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA
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APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Mar Cantabrico
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APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Demarcacion Hidrografica Galicia-Costa

74 Aprovechamientos Hidroeléctricc@n explotacion

Potencia instalada: 575 MW
Produccién anual estimada:@?)o GWh

2. SITUACION ACTUAL DE LOS APROVECHAMIENTOS HIDROELECTRICOS EN GALICIA-COSTA



APROVECHAMIENTOS HIDROELECTRICOS EN
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2. SITUACION ACTUAL DE LOS APROVECHAMIENTOS HIDROELECTRICOS EN GALICIA-COSTA



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

—

<10 MW Miinicentral hidroeléctrica

Potencia instalada —

> 10 MW Gran central hidroeléctrica

—

—

Produccion 70% Gran central hidroeléctrica (11 AH) - 403 MW instalados

hidroeléctricaen
Galicia-Costa 30% Minicentral hidroeléctrica (61 AH) - 163 MW instalados
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APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Grandes centrales hidroeléctricas en Galicia-Costa:

AH del Eume (Caudal: 26,20 m3/s, Potencia instalada: 49 MW)
AH de Mandeo-Zarzo (Caudal: 20 m?s, Potencia instalada: 15 MW)

® AH DEL EUME AH de Castrelo (Caudal: 16 m3s, Potencia instalada: 26 MW)

_® AH MANDEO-ZARZO

AH de Santa Uxia (Caudal: 52 m3/s, Potencia instalada: 89 MW)

AH de Tambre | (Caudal: 22,30 m3/s, Potencia instalada: 20 MW)
o AH DE CASTRELO

® AH DE SANTAUXIA =~ = . 3 HA .
o AH DE TAMBRE N - AH PORTODEMOUROS AH de Tambre Il (Caudal: 50 m3/s, Potencia instalada: 58 MW)

AH DE TAMBRE | AH TOURO ®*®A BRANDARIZ
AH de Portodemouros (Caudal: 135,80m?3/s, Potencia instalada: 85 MW)

; +uAH DE ARROIBAR : AH de Touro (Caudal: 60 m?s, Potencia instalada: 12 MW)
AH.DE SAN XUSTO
AH de Brandariz (Caudal: 90 m3/s, Potencia instalada: 16 MW)
AH de Arroibar (Caudal: 20 m?s, Potencia instalada: 14 MW)

AH de San Xusto (Caudal: 20m3/s, Potencia instalada: 12 MW)

2. SITUACION ACTUAL DE LOS APROVECHAMIENTOS HIDROELECTRICOS EN GALICIA-COSTA



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Grandes centrales hidroeléctricas en Galicia-Costa:

POTENCIA INSTALADA POR SISTEMAS DE
EXPLOTACION
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2. SITUACION ACTUAL DE LOS APROVECHAMIENTOS HIDROELECTRICOS EN GALICIA-COSTA



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Ejemplo de Gran Central (potencia instalada superior a 10 MW):
AH del Tambre

(Rio Tambre, A Corufia)

Formada por tres saltos:

SALTO SALTO BRUTO POTENCIA PRODUCION ESTIMADA
3
(m/s) GWh/afno

Tambre | 22,30 135,70 70,30
Tambre Il 50,00 138,34 52 295,70
Tambre Il 27,30 39 69 7,4 24,70

2. SITUACION ACTUAL DE LOS APROVECHAMIENTOS HIDROELECTRICOS EN GALICIA-COSTA



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA
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APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Ejemplo de Gran Central (potencia instalada superior a 10 MW):

AH DEL EUME

(Rio Eume, A Coruiia)

CAUDAL (m3/s): 26,20

SALTO BRUTO (m): 257

POTENCIA (MW): 49

PRODUCION ESTIMADA (GWh/afio): 238
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APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Ejemplo de Minicentral (potencia instalada inferior a 10 MW):

PRGERT B
h o HER

SALTO DE CARANTONA

(Rio Grande, A Corufa)

CAUDAL (m3/s): 8,60

SALTO BRUTO (m): 77,45

POTENCIA (MW): 6

PRODUCION ESTIMADA (GWh/afio): 15

2. SITUACION ACTUAL DE LOS APROVECHAMIENTOS HIDROELECTRICOS EN GALICIA-COSTA



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Ejemplo de Minicentrales (potencia instalada inferior a 10 MW):

SALTO DE POMBEIRO

(Rio Pombeiro, A Corufia)

CAUDAL (m?/s): 0,65

SALTO BRUTO (m): 30,95

POTENCIA (MW): 0,17

PRODUCION ESTIMADA (GWh/afio): 0,40

2. SITUACION ACTUAL DE LOS APROVECHAMIENTOS HIDROELECTRICOS EN GALICIA-COSTA



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

® Restriccion implantacion de
nuevos obstaculos transversales
en los rios para aprovechamiento
FUTURO DEL SECTOR PLAN HIDROLOXICO energético.
HIDROELECTRICO jl> DE GALICIA-COSTA :>
(CICLO 2021-2027) e Posibilidad de repotenciacion

y/o modernizacion de centrales
en explotacion.

Artigo 43. Criterios para a avaliacion de concesions para aproveitamentos hidroeléctricos

3. FUTURO DE LOS APROVECHAMIENTOS HIDROELECTRICOS



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

3.1 MODIFICACIONES DE APROVECHAMIENTOS HIDROELECTRICOS

Minicentral de Portodiz (rio Furelos)
Concesion original: 1920
Modificacidn concesional: 2024

Plazo concesional: 2061

_ Instalacidn actual Instalacion proyectada

Caudal concesional 1 m3/s 5,75 m3/s
Salto bruto 33,04 m 33,90 m
Turbinas 3 turbinas Francis de eje 1 turbina Crossflow
horizontal
Alternadores 3 sincronos 1 sincrono
Potencia 0,5 MW 1,5 MW

3. FUTURO DE LOS APROVECHAMIENTOS HIDROELECTRICOS



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Estado previo a modificacion concesional y repotenciacion:

Azud Canal de derivacion

3. FUTURO DE LOS APROVECHAMIENTOS HIDROELECTRICOS



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Estado previo a modificacion concesional y repotenciacion:

Tuberia forzada Central hidroeléctrica

3. FUTURO DE LOS APROVECHAMIENTOS HIDROELECTRICOS



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Fase de obras:

Canal de derivacion

3. FUTURO DE LOS APROVECHAMIENTOS HIDROELECTRICOS



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Fase de obras:

Tuberia forzada Central hidroeléctrica

3. FUTURO DE LOS APROVECHAMIENTOS HIDROELECTRICOS



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

3.2 ALMACENAMIENTOS DE ENERGIA

Real Decreto-ley 8/2023, de 27 de diciembre, por el que se adoptan medidas para
afrontar las consecuencias economicas y sociales derivadas de los conflictos en Ucrania
y Oriente Proximo, asi como para paliar los efectos de la sequia.

$

PREFERENCIA
ALMACENAMIENTOS HIDRAULICOS DE ENERGIA
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APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Actualmente dentro del ambito Galicia-Costa contamos con:

Concesiones otorgadas:

CHR DE MEIRAMA (Lago de Meirama, A Coruia)
CHR AS PONTES (Lago de As Pontes, A Coruia)

En tramite de concesion:

CHR DEL TAMBRE (Embalse del Tambre, A Coruiia)
CHR MONTE DA RUNA (Embalse de Santa Uxia, A Corufia)
CHR AS PONTES Il (Lago de As Pontes, A Coruia)

3. FUTURO DE LOS APROVECHAMIENTOS HIDROELECTRICOS



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

3. FUTURO DE LOS APROVECHAMIENTOS HIDROELECTRICOS



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

CRH DE MEIRAMA (Lago de Meirama, A Coruia)

Tipo de aprovechamiento: Central de bombeo reversible

Salto bruto (m): 314,60

Volumen del depésito superior (hm3): 2,79
Energia almacenada (GWh): 1,66

Plazo de ejecucion material (anos): 5,75

Presupuesto de ejecucion material (€): 300.336.594,37

3. FUTURO DE LOS APROVECHAMIENTOS HIDROELECTRICOS



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

CRH AS PONTES (Lago de As Pontes, A Coruiia)

Tipo de aprovechamiento: Central de bombeo reversible

Salto bruto (m): 228,80

Volumen del depésito superior (hm3): 8,71
Energia almacenada (GWh): 3,907

Plazo de ejecucion material (afos): 4

Presupuesto de ejecucion material (€): 221.652.766,38

3. FUTURO DE LOS APROVECHAMIENTOS HIDROELECTRICOS



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Causas que determinan la extincion del uso privativo de las aguas
1) Por término del plazo de la concesidn

2) Por caducidad de la concesion
- Incumplimiento de alguna de las condiciones esenciales o plazos de la concesion.

- Permanencia de tres afos consecutivos sin explotar por causas imputables al titular.
3) Por expropiacion forzosa

4) Por renuncia expresa del concesionario

4. EXTINCIONES



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

1) Por término del plazo de la concesion
5 expedientes finalizados:

Reversion Administracion

CH DE GUIMIL (Rio Lambre)

(Caudal: 2 m3/s, Potencia instalada: 2,98 MW)

CH DE FERVENZAS (Rio Vexo)

(Caudal: 6 m?/s, Potencia instalada: 0,25 MW)

CH DE LA CASTELLANA (Rio Mandeo)

(Caudal: 6 m3/s, Potencia instalada: 1,30 MW)

CH DE ANLLONS (Rio Anlldns)

(Caudal: 6,42 m?/s, Potencia instalada: 0,520 MW)
Demolicion

CH DE PONTE INFERNO (Rio Verdugo)

(Caudal: 7,14 m?/s, Potencia instalada: 3,52 MW)

4. EXTINCIONES



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

CH de La Castellana

Canal de derivacion

4. EXTINCIONES



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

CH de La Castellana

Camara de carga Central

4. EXTINCIONES



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

CH de La Castellana

Equipos Equipos

4. EXTINCIONES



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Extincion proximos 10 afios por término del plazo de la concesion

13 Aprovechamientos Hidroeléctricos:

CH DEL ARNEGO (Rio Arnego)

CH DE CASTELO (Rio das Abellas)

CH DE PORTA-RIOS (Rio Rodeiro)

CH DEL TAMBRE (Rio Tambre)

CH DE BATAN (Rio Calvar)

CH DE MANDEO-ZARZO (Rios Mandeo y Zarzo)
CH DE BARREIRO (Rio Gambas)

CH DE SAN BARTOLOME (Rio San Bartolomé)
CH DE CABALAR (Rio Belelle)

CH DE POMBEIRO (Rio Pombeiro)

CH DE CHIMPARRA (Rio Condomiias)

CH DE ONZA (Rio Onza)

CH DE SANTA MARINA (Rio das Balsadas)

4. EXTINCIONES



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

POTENCIA INSTALADA POR SISTEMAS DE EXPLOTACION
PARA EXTINCION PROXIMOS 10 ANOS
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APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

2) Por caducidad de |la concesion

Extincion finalizada:
Presa del nifio del Aguila (Rio Arnego)
CH del Zarzo Vella (Rio Zarzo)
Presa de San Ascisclo (Rio Ouro)
Presa de Damian (Rio Ouro)
Presa de Dofa Lola (Rio Ouro)
Extincion en tramite:
AH Portocheda (Rio Mendo)

4. EXTINCIONES



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Presa de Doia Lola (extincion por interrupcion permanente de la explotacion y futura demolicién)

Canal de derivacion

4. EXTINCIONES



APROVECHAMIENTOS HIDROELECTRICOS EN
LA DEMARCACION HIDROGRAFICA GALICIA-
COSTA

Presa de Dofia Lola (extincidn por interrupcidon permanente de la explotacion y futura demolicion)

Central Central

4. EXTINCIONES
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El valor estrategico del
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1.- Contexto

Valor estrategico del almacenamiento hidraulico de
energia para:

2.- el sistema eléctrico
3.- el medio socio-econdmico
4.- en la gestion de recursos hidricos

5.- en la transformacion del medio natural

6.- Conclusion y reflexion final
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sistema eléctrico




Fundamentos del bombeo
CHB de Meirama, Cerceda, A Coruna

FiEETD g

Pozo de compuertas superior
Toma superior

Conhduccion de derivacion
e

Depésito superior

= Conduccién forzada en pozo

Circuito hidréulico

Casa de maquinas

oy

i [ e . 3 Depésitoinferior
\ \ o AN . ’
J 3\ =] CONDUCCION DE ASPRACIGH e Tanel entrada a
: i 3 ¥ all i
’/ il i ottra b casa de maquinas

ACCESO AL TONEL OE ENTRADA A LA [ASA DE MAGUNAS

q i

” :
Toma inferior

3~ PDZ0 DE COMPUERTAS INFERIDR

i)
S

go das Encrobas

Caudal: 135 m3/s Central: Caverna

Salto: 320 m Conduccion entunel: 2.500 m

Potencia: 440 MW Depdsito superior Balsa

Energia acumulada: 3,51 GWh(8h) Depdsito inferior Lago de As Encrobas




Valor estratégico para el sistema eléctrico:

Flexibilidad y resiliencia a un coste
competitivo

Caracteristicas Beneficios
« Potencia 100s MW
e Madurez 161 GW  Resolucion de restricciones técnica
tecnoldgica 9.000 GWh en el mundo . Gestion de puntas y de desvios

e Respuesta Sequndos L., . .
P g e Provision de servicios auxiliares

e Generacion sincrona criticos, regulacion de frecuencia y
tension, reposicion del servicio.
OC: 100 anos

 Vida util EE- 50 afi « Optimizacion del uso de lared e
. anos. inversion en el sistema.

* Rendimiento 80 % (ciclo)  Integracion de renovables

« CAPEX 500-1500 €/kwW

« Contribucién a objetivos climaticos

« OPEX 30-100 €/MWh.



medio socioe- condOmico




Valor estratégico para la economia:

Cerrando el circulo de la transicion justa

FARO DE VIGO

Tasga impulsa una gigabateria hidroelectrica en Crecente con hasta 491

millones de inversion

25 Eﬁ;lariasaho ra Hazte sociofa  Inicia sesion S}

El documento inicial remitido al Gobierno prevé 6 alternativas con el embalse |

EXxXpresso

ULTIMAS ECONOMIA TRIBUNA BLITZ OPINIAC PODCASTS JOGOS MNEW!

Politica Tribunales Sodedad Migradones Cienda Patrimonio Parlamento Sucesos iempo OelDiario.es

El Cabildo de Gran Canaria celebra la
decision sobre Chira-Soria: “Hoy es un dia
Barragens no Tamega: como funcion fundamental para el desarrollo de

mega-investimento a que a Iberdrola c energias renovables”

"gigaba[eria"? La institucion asegura que la central pondra en marcha la mayor transformacion energética de Gran
Canaria

daman

Barragens do Tamega ja mexemna
economia de Ribeirade Pena




Transicion justa en la ZTJ Meirama

A CORUNA

BERGANTINOS

BETANZOS

& CONCELLO
DE CARRAL -
Concello
i de Tordoia
sssell concello de eaa
ORDES|

Fuente: ITJ



Valor estratégico para la economia:

Cerrando el circulo de la transicion justa

Inversion? 1000,0 413 862 Empleo3 800
(millones €) 800.0 605
! 600
600,0 449 200
400,0 262
200
200,0 a4
0,0 0
Inversion Impacto Impacto Construccidn directo Construccién Explotacién
inducido econédmico indirecto
800,0 669
o0 40,4 13,5 13,5 4.9
600,0 449 94,3 13,5 — =22 —_ —
500,0 [ ] —
400,0
Efecto 300,0
fiscal? 200,0
(millones €) 100,0
0,0
O A . S
2 A & & o &
& & &° A & x*
\Q . ,‘:b "b" Y
° & o 50
) ¢ & o
& &S
Q& N
&

1 Multiplicador de la inversiéon en obra publica de 1,92 segun Analisis de la inversion en infraestructuras prioritarias en Espafia — Febrero 2.017. SEOPAN

2 Retorno fiscal de IVA (21% s/inversion); impuesto sobre consumos intermedios (3%); cotizaciones a S.S. (9%); IRPF de remuneracion a asalariados (3%); impuesto sobre sociedades (3%); prestaciones por desempleo (10%o) del
estudio Retorno fiscal y empleo generado por la inversion infraestructuras” — 2.019. SEOPAN

3 Generacion de empleos durante la construccion estimada sobre ratios de generacién de empleo directo (8,08 por millon de € de inversion) e indirecto (3,50 por millén de euros de inversion) del estudio Retorno fiscal y empleo
generado por la inversion infraestructuras” — 2.019. SEOPAN y asumiendo 6 afos de obras



gestion de recursos hidricos




Valor estrategico en la gestion de recursos
hidricos.

Uso complementario: reserva para
abastecimiento

Punta Seixo Branco,

Ria d% = i i 5—:;%

Punta Herminia

24 HmM?

Reserva para Abastecimiento




Valor estrategico en la gestion de recursos
hidricos.

Uso complementario: reserva para
abastecimiento




Valor estrategico en la gestion de recursos
hidricos.

Uso complementario: reserva para la
proteccion contra incendios.




Valor estratégico en la gestion de recursos hidricos.
Uso complementario recreativo.

» Oscilacion del nivel del agua:
rango y velocidad

» Prolongacion del perfil de la
playa artificial.

« Accesos, urbanizaciony
creacion de paseos publicos.

e Evitar fuertes corrientes
superficiales




transformacion del medio natural




Valor estratégico en la transformacion del medio.
Mejora de la biodiversidad




Valor estratégico en la transformacion del medio.
Creacion de habitats




Valor estratégico en la transformacion del medio.
Integracion paisajistica.




Valor estratégico en la transformacion del medio.
Conectividad ecoldgica

na de agua del Lago (1,52)







Una perspectiva global del poder
transformador de los grandes proyectos de
almacenamiento hidraulico de energia

Sistema
eléctrico.
Medio
Medio socio-
hidrico econo-
mico

Medio natural



Reflexidn final

Las centrales hidroeléctricas de bombeo reversible no solo son una solucion técnica
avanzada, sino también una herramienta de transformacion social y ambiental, que
nos transcienden como profesionales de la ingenieria.

La ingenieria civil demuestra su capacidad para reimaginar el territorio, integrando
infraestructuras sostenibles en entornos naturales y sociales complejos.

Proyectos como la CHB Meirama pretenden usar el poder de la ingenieria para reparar,
regenerar y revitalizar espacios y convertirlos en motores de desarrollo.

Mas alla de la técnica, la ingenieria civil construye futuro: crea empleo, impulsa la
economia local, mejora la resiliencia ambiental y eleva la calidad de vida de las personas.

En la transiciOn energética y justa, la ingenieria civil es protagonista silenciosa pero
esencial, aliada del progreso y del equilibrio entre desarrollo y sostenibilidad.
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agua
agregador do génio civil ao génio
elétrico atraves da tecnologia

oriunda das varias
engenharias

(do génio hidraulico, ao génio mecanico, ao génio cibernético e

...... 1A)
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& | REGIAO NORTE Calicia

pbarragem

na construcao necessita da electricidade
na exploracao participa na geracao da elecricidade
sempre com recurso a tecnologia + inovadora e sustentavel

agua + electricidade

sobrevivéncia e evolucao Humana
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{  Colexio de Enxefieiros
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tecnologia

ILLLLLLL

do analdgico ... ao digital
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RH - antes

e condicoes trabalho penosas

e Horarios trabalho “duros”

e controlo manual sujeito a erro

* registos manuscritos risco erro
e arquivos de consulta morosa

® arquivos conservacao perecivel
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Civil e ambiental Electromecanico e hidraulico

* Planos de bacia e Seguranca de equipamentos

* Seguranca da barragem (fissuras, e Controlo de drgaos (turbina,
infiltragdes ... ) alternador, chumaceiras ...)

* Observacgao de estruturas  Operacdo da cadeia geradora

(medida,registo, transmissdo e andlise dados)
e Controlo ambiental, biodiversidade
e Controlo qualidade agua albufeira

e Assegurar geracao eletricidade
 Manutencao dos equipamentos

» Sedimentac3o e Registo de eventos e ocorréncias
. * Controlo de cheias

DOS ENGENHEIROS Camlnos }./ Cc~Pl
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futuro é HOJE

e Humanos sabem viver sem eletricidade ? N-A-O

e Eletricidade, consumo cresce desmesuradamente? S-I-M

* Alteracoes climaticas agravam-se assustadoramente? S-1-M
* Transicao energética credivel /exequivel precisa-se ? S-1-M

SOBREVIVENCIA (pacifica) HUMANA




“&97 | REGIAO NORTE Calicia

HOJE tendéncias

e Hibridizacao ou Produc¢ao Hibrida

e Bombagem ou “baterias de agua” ... !!!

* resi = renovaveis intermitentes ou variaveis (novas tecnologias)

e “apagoes” (uma perspectiva)

 Edlicas off-shore vs seguranca e defesa (uma perspectiva)

e Hidroelétricas e sustentabilidade (2021 — Declaracao de San José)
e Data centres — devoradores consume electricidade — “solugcao”...!!!

%85 | ORDEM 1N £ Cexoce Encre
(3 | DOS ENGENHEIROS caminos <f§3 C”Pl
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momentos marcantes
CTCH unico (mundo) — 11 dezembro 2000
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momentos marcantes
Merowe - jan 2010
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momentos marcantes

~CBS - 27 novembro 2007
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ASPECTOS DIVERSOS EN EL
DISENO Y CONSTRUCCION
DE PROYECTOS
HIDROELECTRICOS

EXPERIENCIAS DE AIN ACTIVE

OOOOO

«‘ lberdrola NORTE




ASPECTOS DIVERSOS EN
DISENO Y CONSTRUCCION
DE PPHH. Experiencias Aa

‘& | REGIAC NORTE Calicia

e AIN Active en el ambito de proyectos e Obras de Toma
hidroelectricos * Tipologias
e Presas. Algunas experiencias * Obras auxiliares
 Sehuencas e Tuneles hidraulicos y chimeneas.
* Calachaka * Aspectos relevantes en el disefio
* lcona » Refuerzos en zonas de terrenos de mala
 Modelos hidraulicos. Apoyo al diseno calidad geotécnica

e Embalses de compensacion
* Proyecto San Jose
* Proyecto lvirizu

”-:(;-",..‘ ORDEM go\exio qe Enxenelros
(A | DOS ENGENHEIROS Camlnos sv Ejrﬁjf;?,ﬂi’m



AIN ACTIVE.
Proyectos Hidroelectricos
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AIN ACTIVE
Proyectos hidroeléctricos

AIN Active , desde el afio 2003 viene desarrollando una
parte importante de su actividad en el sector
hidrolectrico con un alcance integral , abarcado todos
los aspectos relativos a disefio, puesta en marcha y
operacion de centrales hidroelectricas.

e QObra Civil

e Equipos electromecanicos

Colexio de Enxefeiros
de Camifios,
Canais e Porlas

Ivirizu

* Modelizacion fisica y numérica
* Explotacion, Operacidon y Mantenimiento

By
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Proyectos hidroeléctricos

e Tuberia forzada en PH San Jose  Montaje de rotor generador. Equipo Aa OM
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AIN ACTIVE
Proyectos hidroeléctricos

* OBRAS DE HORMIGON EN PROYECTOS
HIDROELECTRICOS

Presas

Embalses de compensacion horaria
Obras de toma

Revestimientos hidraulicos

Construccion obra de
toma. Proyecto CH Ponte
| Olveira

Revestimiento de tunel.
Proyecto CH Ponte Olveira
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PROYECTOS
HIDROELECTRICOS. PRESAS

Presas de PH lvirizu, Icona y Miguillas

* Presa Sehuencas e Presalcona e Presa Calachaka

Presa Datos Presa Datos Presa Datos

Tipo Gravedad recta HCR Tipo Arco gravedad HCR Tipo Gravedad recta HCR
H s/ cimiento 125 m .

b H s/ cimiento 155,18 m H's/ cimiento 48 m
L coronacion 326m L ., 498.5
coronaciéon ,5m .,
V hormigén 850.000 m3 L coronacion 390m
V hormigon 1.245.0000 m3 V hormigén 150.000 m3
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PRESA DE SEHUENCAS

Investigacion geotecnica fase de proyecto ( estribo
izquierda sin sondear por imposibilidad de acceso)

Perfil geotécnico fase proyecto y fase de obra. 20 m
fluvioglaciar en cauce y zonas Vp<2500 m/s en
superfi

cie retiradas

SR S0 21040
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PRESA DE SEHUENCAS

Emplazamiento de equipo sondeo en MI. Con Emplazamiento sondeos en cauce , en momento de
grandes dificultades y escasez de medios crecida, y punto de testificacion a media ladera
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PRESA DE SEHUENCAS

Fondo de excavacion glaciar (20 m de materiales

_ : Retirada de Materiales fluvioglaciares, vaso de la presa
fluvioglaciares)

hormigonado y talud de excavacion del cauce al fondo.
Bloque lateral ya construido
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PRESA DE SEHUENCAS

Parametros geotécnicos . Variabilidad de Vistas de la presa , casi finalizada
ladera a centro de cauce con relacidon de
modulos <10

Tabla 5-2 - Propiedades mecanicas del macizo rocoso bloques 8, 9y 10.

Propiedades Simbolo | Valor | Unidades
Capacidad de carga ultima qu 190 | MPa
Cohesion > 8000 | kPa
Angulo de friccion 0 490 |°

Los parametros geotécnicos del macizo rocoso se muestran en la referencia [7].

Tabla 11-1.- Propiedades mecanicas del macizo rocoso.

PROPIEDADES SIMBOLO | VALOR | UNIDADES
Capacidad de carga ultima qu 1,70 MPa
Cohesion c 1000 | kPa
Angulo de friccion o 310 |°
Ver referencia [7].
Tabla 42-1 .- Propiedades mecanicas del macizo rocoso.
Propiedades Simbolo | Valor | Unidades
Capacidad de carga ultima qu 53 | MPa
Cohesién C 500,0 | kPa
Angulo de friccion ) 420 | °
Ver referencia [7].
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PRESA DE CALACHAKA

Emplazada a cota +3900, se ha planteado una presa de gravedad Eje de la presa con apertura de
de HCR . La presencia de morrenas glaciares ha dado lugar a un excavacion

cimiento irregular y elevadas dificultades de excavacidon, afadidas

por el entorno en que se encuentra
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PRESA DE CALACHAKA
Depdsito de morrenas que ha obligado a profundizar el Modelado glaciar, estrias y oxidacion de los
cimiento hasta 15 m por debajo del nivel normal de sulfuros de las discontinuidades

cimentaciéon. Trabajos de regularizacion del asiento de
presa en imagenes (dcha)

=5 **




PRESA DE ICONA

Se trata de una presa de HCR arco gravedad de 160 m
de altura, donde los depdsitos aluviales superan 20 m ,
pero se dispone de un macizo rocoso con un moédulo de
17 Gpa adecuado para apoyo del arco de la presa

—
| ZONA DE COMPORTAMIENTO
< N DUDOSO

.

——
- TONA LT DE
| SEGURIDAD
ZONA DE COMPORTANUENTO
ADWNSIBLE

Relacin Modular

Y Colexio de Enxefieiros
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La campaia geotécnica resulto complicada , permitio
determinar el macizo indicado y aluvial en cauce con
Fracturas rellenas de materiales aluviales por la
erosion glaciar
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PRESA DE ICONA

Se dispone un aliviadero liso, con cajeros convergentes  Siendo la sedimentacion un problema de la cuenca se

modelizado y analizado mediante aplicacién Flow 3D, para  disponen 3 desagies de fondo + 4 de medio fondo y se
una avenida extrema de 12,279 m3/s simulan operaciones de flushing periddicas para evacuacion

de sedimentos mediante aplicaciones CFD e Iber

EJE DE PAESA =
JE 2 =
BEEE B 8 8 0 B 8 @ @080,
| L= LiNEA DEL PERFIL TRANGULAR TERED
- 1IN | — pemu (MEacER
s p—rus Tarnt ESTRUCTURAS DE ALIVIO
"7 h AVENIDA DE PROYECTO ( 10.000 Afios) A =
Caudal de entrada 7.666,80 m3/s
PANTALLA DE DRENAKE
Caudal de salida 6.987,40 m3/s
aasthla m1a —Fr] Aliviadero 5.680,04 m3/s
PEETS ]
h Desagiies de medio fondo 1.307,36 m3/s
M e e—— Cota lamina 705,20 m
'r o — AVENIDA EXTREMA (C.M.P)
= OB
Caudal de entrada 12.279,00 m3/s
DESASUE 0E
PEDID FONDD - - - Caudal de salida 11.564,30 m3/s
t S Aliviadero 10.231,12 m3/s
%
T Desagtlies de medio fondo 1.333,18 m3/s
MR : =23 -
TN : CEHPUERTA TANTOR
T Juna
COMPUERTA BUREAY el
s
CESAciE OF FONDD g
- 5 !
I IODULTE BE 4 fue 5
1 CONUCT EE 4,80 0m =] : :
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[ !E‘;‘“—- 298
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£
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....... : — ] SR
- T,
I




¢« Colexio de Enxefielros
de Camifios,
Canais e Porlos

ORDEM - A
DOS ENGENHEIROS Camlnos

PRESA DE ICONA oo e
Calculo dindmico mediante programa ANSYS para un Procedimiento constructivo mediante tunel de desvio para Q=
terremoto extremo con una av max =0,25 g y acelerogramas 2000 m3/s 20,50x14,17 m2 de seccion util

obtenidos a partir de estudio sismo tecténico propio

1 Northridge 1994- Armonizade T=10.000

Estado Twix. Compr. [Factor de

(MPa) |seguridad
-1.85 541
-1.86 5.38
-2.40 4.17
-2.92 3.42
-2.45 4.08
| Compresiones | Tracciones 1.62 6.17
Normales 4.93 Normales 155 -3.01 3.32
Accidentales 4.04 Accidentales 133 E21 -2.59 3.86
Extremas 273 |Extremas 1.01 [ -3.06 3.27

Tabla 21 Cuerpo de presa. Coeficientes de seguridad minimos globales Tabla 20 Cimentacién. Coeficientes de sequridad




Colexio de Enxefeiros
de Camifos,
Canais e Porlas

ORDEM -
DOS ENGENHEIROS Camlnos

REGIAO NORTE Galicia

PRESA DE ICONA

Infografia 3D de la presa
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PRESAS. APOYO DISENO.
MODELIZACION FISICA

MODELO DE LECHO MOVIL . OBJETIVOS DEL MODELO ALIVIADEROS ESCALONADOS.OBJETIVOS MODELO
e Caudal que puede ser desaguado

* Necesidad de incremento de alturas de cajeros

e Analizar las erosiones en el cauce para el maximo caudal

Contraste de velocidades y aceleraciones para
analisis de efectos sobre hormigon

! |
- \ Iy ? »
i : N »
L} i \ \ ;
] ) i
) /R ; |
COTA ESTADO INICIAL - v . » =
COTA ESTADO EROSIONADO
= ) Aceleracién Posicién Modelo | Posicién Teérica
= - == Tiempo (s) Velocidad (m/s) i
iy - e e (my/fs2) {m} (m})
| | ’ [ 0,0167 2,543 3,045 0,413 0,399

PKO+010 PKO+D20 PK 0030 PRO+040 PKO+050 PKO0+060 PR 04070 PK D+0B0PK 0+090
COTA ESTADO INICIAL 21888 21778 27738 T 2ran 27870 279,19 28086 28185
COTA ESTADO EROSIONADD 27942 278,65 278,73 278,36 27778 276.91 27741 2TTIT 2W0.25
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PRESAS. APOYO DISENO.
MODELIZACION FISICA

Presa de Beniarrés. Aumento de capacidad alivio Presa de Beniarrés. Modelo numérico.
mediante nuevo aliviadero lateral. Modelo fisico

ESCALA DEL MODELO: 1/45 * OBETIVOS:

CAUDALES DE DISENO: O capacidad conjunta de ambos aliviaderos
Avenida de proyecto: 146 |/s ( 1.996 m3/s en Prototipo) 0 funcionamiento del aliviadero lateral

Avenida extrema: 233 1/s (3.178 m3/s en Prototipo) O optimizar cuencos amortiguadores




Colexio de Enxefeiros
de Camifios,
Canais e Porlas

ORDEM o~ g
DOS ENGENHEIROS Camlnos §

REGIAO NORTE Galicia

PRESAS. APOYO DISENO.
MODEL I ZAC I ON F I S I CA Presa de Doiras . Modelo numérico.

Presa de Doiras. Estudio de funcionamiento del
aliviadero. Modelo fisico

ESCALA DEL MODELO: 1/40

CAUDALES DE DISENO:
Avenida de proyecto: 180,59 I/s (1,827,51 m3/s en Prototipo)

Avenida extrema: 256,90 I/s (2,600,16 m3/s en Prototipo)

Estudio de ondas de choque en embocadura
Verificar el funcionamiento del aliviadero para las avenidas de proyecto y extrema

Estudio de transito en curva del canal
Andlisis de la restitucion







EMBALSE DE AGUAS
CLARAS. PH SAN JOSE

Embalse de Aguas Claras en PH San Jose, Balsa de 150.000
m3. Muros ménsula de HA h=12,0 m sobre relleno de
escollera hormigonada en base de cimiento

ORDEM -
DOS ENGENHEIROS Camlnos

REGIAO NORTE Galicia

Asiento sobre depositos aluviales, ha
requerido mejora del asiento de cimiento
y proteccion de la base contra crecidas,
gue alcanzan nivel elevado sobre alzado

del muro
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EMBALSE DE JUNTAS. PH
IVIRIZU

Embalse de Juntas en PH lvirizu, Balsa de
100.000 m3. Muros ménsula de HA h=12,0 m

Embalse de Juntas en PH lvirizu . Vista obra finalizada. Se aprecia conjunto
de obra de toma y alimentacion mediante acueducto procedente de
restitucion central de Sehuencas, combinando multiples estructuras todas
ellas de HA: puente carretero, azud, desarenador , acueducto y balsa.
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OBRAS DE
TOMA.TIPOLOGIAS

Las obras de toma hidroelectricas , como estructuras de HA Ademas requieren con frecuencia obras
presentan la particularidad en general de requerir superficies aumhareg para su ejecucion (ataguias, obras
con formas especiales lo que encarecen ejecucion. subacuaticas

TOMAS LATERALES TOMAS POZO / SUMIDERO

TL\T
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OBRAS DE TOMA.
OPTIMIZACION GEOMETRIA

Analisis CFD , al objeto de conseguir Andlisis de formas Optimas de partidores
° mejor funcionamiento hidraulico /distribUidores de caudal en obras de toma

e formas geométricas que permitan la mayor facilidad
constructiva

e Zonas con mayor potencial erosivo sobre el hormigon

velocity magnitude < )
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Colexio de Enxefeiros
de Camifios,
Canais e Porlas

OBRAS DE TOMA. METODOS
CONSTRUCTIVOS

Toma ejecutada desde pontona , en avance
descendente soportada por gruas hasta su
apoyo en fondo de embalse ejecutada por
Lopez Cao SL en Embalse Fervenza

Vista de pontona, conformada por contenedores adosados con
hueco intermedio para descenso de estructura




OBRAS DE TOMA. METODOS

CONSTRUCTIVOS

Ejecucion de toma en seco , mediante
proteccion de la zona de trabajo con ataguia
de tierras provisional

A B Colexio de Enxereiros
de Camifios,
e Canais e Porlos
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Ejecucidon de toma en seco , mediante ejecucion de pozo
auxiliar  circular conformado por pilotes secantes
arriostrado mediante anillos en varios niveles de Ia
excavacion.
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Colexio de Enxefeiros
de Camifios,
Canais e Porlos

REVESTIMIENTOS
HIDRAULICOS. POZOS

PROCESO CONSTRUCTIVO

Instalaciones en superficie.

Instalaciones en superficie.

Revestimiento mediante encofrado trepante( CH
Grua portico y tolva distribuidora de hormigén Novo Castrelo)




4 Colexio de Enxefeiros
de Camifios,
Canais e Porlas

ORDEM H
pos encenderos  CAMINOS

REGIAO NORTE Galicia

REVESTIMIENTOS
HIDRAULICOS. POZOS

PROCESO CONSTRUCTIVO

Encofrado deslizante con plataformas y medios de puesta
en obra del hormigon

En cofrado deslizante
Revestimiento mediante encofrado trepante( CH Novo

Encofrado deslizante y Plataforma de trabajo con el agitador Castrelo)
en la parte de superior y distribuidor de hormigon en la
inferior
o e )

=1 Vil

|-
1 s




REVESTIMIENTOS
HIDRAULICOS. TUNELES

PROCESO CONSTRUCTIVO

Carros hormigonado

ORDEM "~ £
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Seccion herradura Seccion circular

Carro hormigonado 2
fases




ANALISIS DE
REVESTIMIENTOS
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ACCIONES , CONDICIONES DE CONTORNO Y SITUACIONES DE ANALISIS

e Condiciones de contorno
O Condiciones geotécnicas macizo rocoso
* Rigidez
e Permeabilidad

O Limitacién de filtraciones /apertura de fisura

SOSTENIMIENTO
>
r i
REVESTIMIENTO \~ PRESION
| = EXTERIOR
PRESION =/
INTERIOR -& |

* Acciones

O Presion interior
* Permanente (funcionamiento normal)
e Transitoria (con golpe de ariete)

O Presion exterior (nivel freatico o recargado)
* Situaciones de calculo
O P.interior + P. exterior. min. compatible

O P. exterior (vaciado rapido)
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ANALISIS DE
REVESTIMIENTOS

CALCULO A PRESION EXTERIOR

e (Carga radial exterior sobre anillo

e Funcionamiento a axil puro de compresion

e Sin contribucién macizo rocoso (despegue)

e Limitacion tensiones de compresion

e Condiciona canto revestimiento

e Alternativa -> disposicidon de sistema de drenaje
e Control vaciados rapidos

e Disminucion de presion por permeabilidad del tunel
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ANALISIS DE
REVESTIMIENTOS

CALCULO A PRESION INTERIOR PERMANENTE (FUNCIONAMIENTO NORMAL)

e Carga radial interior sobre anillo  Presion exterior minima compatible

e Funcionamiento a axil puro de traccidn (nivel freatico min. o recargado)

e Contribucion del macizo rocoso * Si se  admiten filtraciones
(revestimiento permeable), la

* Interaccion mecanica -> compatibilidad
de deformaciones en contacto
revestimiento — macizo

presion exterior sera al menos la
compatible con la presion interior de
funcionamiento normal, nivel

* Mayor canto anillo -> menor recargado desde conduccidn
contribucion macizo en el reparto de
carga

e Para axil puro, el aumento de canto no
reduce armadura




ANALISIS DE
REVESTIMIENTOS

Analisis de filtraciones y presion exterior

Interaccion hidraulica -> Continuidad del
flujo  hidraulico en el sistema
revestimiento — macizo

Eiemplos de esquemas de flujo hidraulico

ter table

Tunel sobre nivel fredtico Tunel sobre nivel fredtico

ORDEM -
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e Permeabilidad del revestimiento

Limitacion de filtraciones desde Ia
conduccion

Limitacion de abertura de fisura

Variable en funcidon de la solicitacion vy
armadura dispuesta (fisuracion)

Relacion  permeabilidad macizo -
permeabilidad revestimiento

e Permeabilidad del revestimiento

e Variable en funcion de la
solicitacion y armadura
dispuesta (fisuracion)

e Relacion permeabilidad macizo
— permeabilidad revestimiento
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ANALISIS DE
REVESTIMIENTOS

Permeabilidad . e L.
- . L. Gradiente hidraulico en revestimiento . .
Permeabilidad macizo revestimiento .. L. Control de filtraciones
) (solicitacion revestimiento)
(comparativamente)
Baja Alto
Referencia (més impermeable) , (!a presion se d|5|lpa El revestlr.nlen'fo controla
por ejemplo disefio para abertura fisura| Fapidamente a través del las filtraciones
limitada a 0.1mm macizo)
Alta
) , . El macizo controla las
Referencia (mas permeable) Bajo T
por ejemplo disefio para abertura de filtraciones
fisura limitada a 0.3mm
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PRESION INTERIOR TRANSITORIA (CON GOLPE DE ARIETE)
e Estado previo (sit. permanente) + Sobrepresion transitoria

e Consideracion sobrepresion transitoria (golpe de ariete)

e Accion rapida, sin duracion suficiente para alterar el estado de equilibrio de la presion
exterior correspondiente a la situacion permanente

e Condiciona el disefio de armadura en Estado Limite Ultimo

e La situacion permanente condicionaba el requerimiento de armadura en Estado Limite de
Servicio (limitacién de abertura de fisura)

DOS ENGENHEIROS Camlnos }./ Cc~Pl
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ANALISIS DE
REVESTIMIENTOS

CONCLUSION FINAL SOBRE EL ANALISIS

e Para el disefo estructural optimizado de revestimientos en
conducciones hidraulicas resulta de relevancia capital el analisis de
la interaccion hidraulica, ademas de la interaccidon mecanica, del
sistema revestimiento-macizo.
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Presas en Espana

. . CONSTRUCCION DE PRESAS EN ESPANA
Decenio Presas Porcentaje

Antes De 1900 60 1,65 %
1900-1909 23 0,63 % -=— Parcial —— Acumulado
1910-1919 66 1,81 %
1920-1929 48 1,32 % 1400 1 - - - - — - —_ :
1930-1939 60 1,65 % 1970 | VB4 Loy
1940-1949 87 2,39 % e
1950-1959 227 6,23 % 5 i 1
1960-1969 278 7,63 % £ b
1970-1979 258 7,08 % E o
1980-1989 243 6,67 % g i 154 j/frﬁﬁ
1990-1999 252 6,92 % S ~/

Posteriores al 2000 182 5,00 % 400 2
Sin fecha 1.859 51,03 % K,.__.\‘—’.
1900 1920 1940 1950 1980 2000 EC




Presas en Espana

Criterio

Menores de 15m.

Entre 15y 30m.
Entre 30 y 60m.
Entre 60 y 100m.

Mayores de 100m.

Sin altura

Presas

2.057
722
498
197

52
93

ORDEM

Tipologia
Arco gravedad
Boveda
Bovedas multiples
Porcentaje :
Gaviones
56,84 % Gravedad (contrafuertes)
19,95 % Gravedad (hormigén compactado)
13,76 % Gravedad (hormigdn vibrado)
Gravedad (mamposteria)
5,44 % Materiales sueltos con pantalla asfaltica
1,44 % Materiales sueltos con pantalla de hormigdén
257 % Materiales sueltos con pantalla de mamposteria
Materiales sueltos con pantalla de material sintético
Mixta
Movil/hinchable
Sin tipologia

Tierras/escollera (zonificada)
Tierras (homogénea)

DOS ENGENHEIROS
REGIAO NORTE

Galicia

Numero de Presas
72
69
5
5
45
58

1.052
221
52
83
22
306
43

267
266
1.048

caminos =

Colexiode £
o de Camifios,
Canais e Porl

Porcentaje
1,99 %
1,91 %
0,14 %
0,14 %
1,24 %
1,60 %
29,07 %
6,11 %
1,44 %
2,29 %
0,61 %
8,46 %
1,19 %
0,14 %
7,38 %
7,35 %
28,96 %



Presas en Espana

e La construccion se ha ralentizado

e Pocos lugares idoneos

e Impacto ambiental / presién social

* Indefinicion futuro energético

 Predominio de la gestion de las
infraestructuras
e Técnicas de analisis / calculo
e Monitorizacion
e Efectos del cambio climatico

ORDEM
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Mar Cantabrico
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Marruecos
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Presas en Espana

e Construccion de nuevas presas de hormigon
 Modelos de calculo

 Materiales sostenibles y eficientes
e Cementos de bajo calor de hidratacion
e Cementos con menos clinker
e Hormigones exentos de reacciones negativas a largo plazo
 Hormigones con capacidad de autorreparacion

* Industrializacion
* Monitorizacion
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Gestion y mantenimiento
de presas

e Se estima que un
5% de las presas
en Espana estan
afectadas por
reacciones
expansivas

e Experiencia en la
presa de Belesar
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Belesar: diagnostico de R. A. S. (1)
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Coronacion de B14

Coronacioén de B4

Coronacion de B3

Coronacion de B13

0.31 mm/ano

0.26 mm/afno

0.44 mm/ano

0.81 mm/ano

1.31 mm/ano

2.33 mm/afno

2.83 mm/ano

2.31 mm/ano



Procedimiento operativo

ORDEM
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1.

2.

OBTENCION DE HISTORIAS DE DEFORMACION ¢ (o' t)

ESTIMAR PRESION DE INHIBICION Oy

. DESCONTAR DEFORMACION EXPANSIVA

J(t,t')= i (Gi’t)—%r () f*(o.i)

. VERIFICAR J;(t,t)=J,(t,t")=..=J,(t,t)=J (t,1")
. CALCULAR PARAMETROS B3 A PARTIR DE J (t,t’)
. OBTENER ESPECTRO DE RELAJACION

. RECONSTRUIR EL MODELO COMPLETO

Canai

o de

DOS ENGENHEIROS Camln()s o G

Porlas
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Programa de extraccion

BELESAR 1 BELESAR 2 ALBARELLOS

Ej 14 @195 Ej 12 @195 Ej 10 @195
6 @150 6 @150 6 @150

EXPANSIVO EXPANSIVO NO EXPANSIVO

DOS ENGENHEIROS CamanS },, C~Pl
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Condiciones de carga

Carga kp/cm? Belesar 1 Belesar 2 Albarellos

Libres 0 2 2 2
25 2 2 -

Constante 50 2 2 2
100 2 2 2

Al 2 - -

Variable A3 2 2 2

A8 2 2 2
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Preparacion de testigos

DIMENSIONES FINALES

Longitud: 520 mm
Diametro: 195 mm
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Bastidores

MATERIAL:

Acero 80 kp/mm?
c < 25%f,




Sistema oleohidraulico
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Galeria de ensayos

AMBIENTE:
7'=16 £ 0.5 °C
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Instrumentacion: extensometria
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manual

PEAHR AR AR A AR e

Connenne b i ieted M bpevsa s
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EXTENSOMETRO

INVAR

Base: 40 cm
Precision: =1 pm



Instrumentacion: extensometria
carson

ORDEM

REGIAO NORTE Galicia

EXTENSOMETRO
TIPO CARSON

Base: 25 cm
Precision: 0.5 um

= A 3 Colexio de Enxedelr
pos engenHerros  CAIMINOS S dCamios
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e anais e Jrlos

Instrumentacion: galgas

GALGAS

EXTENSOMETRICAS

Base: 12 cm
Factor: 2.12

ORDEM hﬁ* C\ d Erxe’e'ms
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Proyecto Feder

Escuela Técnica Superior de Ingenieros

de Caminos Canales y Puertos
Universidade da Corufia

Urign Fenosa Ingenieriz

‘ Programa de Control de Adquisicién de Datos en Prensas‘

UNION FENOSA i
INGENIERIA 4

a1 6n de P
Intervalo entre Grabacion | 240 ] Miuias Grabar Instante @
cion [ 30 =] Miutos
aaaaaaaaaaaaaaa .
[ ||| Frecue ibn i@ j sssssssss Salir

Colexio de Enxefeiros
de Camifios,
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Proceso

e SOlo sobrevivio la instrumentacion manual:

e Galgas <1 ano
e Carson < 2 anos
e Extensometria con frecuentes recalibraciones...

e Escalones de carga manuales, cada 15 dias, casi 10 anos...
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Expansion libre

BELESAR 1 BELESAR 2 ALBARELLOS
-200 -200 — -200 —
0 0 \
N
© © . M © .
@ ® Yo
- 200 - 200 — TSR« 200 —
* £ 3 *
(= (- — [ —
O O O
‘C 400 ‘O 400 — ‘O 400 —
@ (] ()
£ £ B £ N
O (@] (@]
D 600 D 600 — D 600 —
0 i _ 0 i ) _
800 — Generatrices 800 800
| Promedio | |
0 200 400 600 800 1000 0 60 120 180 0 30 60 90

Edad (dias) Edad (dias) Edad (dias)




Carga constante: deformacio

ORDEM

®Ge-ENGENHEIRO CamiﬁOSf
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BELESAR 1
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-400
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Deformacion * 1e6
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Deformacion * 1e6

Carga variable

BELESAR 1

-2500

-2000

-1500

-1000

-500

T A8 kp/CmZ

'

= 2

'. &
[
[ 4

£

@ A1 kplc

Goformacion * 1e6

oy
§

400 600 800 1000
Edad (dias)
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-2500 —
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| ((o]
)
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[
B =
1000 .g
- £
| S
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Resultados

* Presiones de inhibicion, entre 6 y 9 MPa... no se alcanzan
e Se desarrollaron decenas de procedimientos de ensayos

* Belesar es hoy, probablemente, una de las presas mas instrumentadas del
mundo




%gs | ORDEM
(A | DOS ENGENHEIROS Camlnos s-?

‘& | REGIAC NORTE Calicia

Futuro del hormigon

En 2020
* 14.0 mil millones de m3 (volumen de hormigdn a nivel mundial) =

e = 4.2000 millones de toneladas = $440 mil millones
* 40% de la produccion total de hormigdn para el mercado residencial

En 2050:
e 9800 millones de habitantes en el mundo
e Casi el 70% vivira en ciudades

e Se prevé un aumento de los 14 000 millones de m3 de hormigon actuales a
casi 20 000 millones de m3 en 2050.
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Emisiones de COz (Gt COa)

P
“

0.5

2020

Descarbonizacion

2030

o o= o

Contribuciones para alcanzar
las cero emisiones

Eficiencia en el disefic R
y construccidn 2%

Eficiencia en la produccidn
del hormigdn

Ahorro en cemento v aglutinantes

Ahorro en la produccion de clinker

Captura y utilizacion/
almacenamiento de carbono

Descarbonizacidn de la eiemricidad_ 5%

Sumidero de COaz: la recarga de -
10

carbono
Reduccidn total

misiones

Porcentaje de contribucién para las cero e
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Emisiones de COzde la
electricidad
Emisiones directas netas d

(Emisiones directas de CO-
recarbonatacién)



Selfhealing
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Componentes 100C 25BA15M-30AP
Cemento (C) 189.93 114.04
Metacaolin (M) - 28.51
Biomasa (BA) - 47.52
Agua 208.93 208.93
Arena natural 300.00 210.00
Aridos de ceniza de carbon (AP) - 90.00
Gravilla natural 300.00 300.00

Superplastificante 1.14 0.86

ORDEM = "3?;'“1'- { alexio de tnxeneiros
pos encenreiros  CAMINOS o oo
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Selfhealing




Selfhealing

Material (kg/m?) REF BACT

Cemento 630.56  630.56

Filler calizo 282.94 282.94

Arena 620.48  620.48

Ceniza de madera 109.44  109.44

Agua 369.07  369.07

B. subtilis (esporas/cm? - 9x106
mortero)

Lactato de calcio - 12.61

ORDEM

DOS ENGENHEIROS

REGIAO NORTE

camifios ‘-
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Colexio
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Outline

Advances in Concrete and Steel Materials
Structural Design and Optimization
Construction and Execution Technologies
Durability, Sustainability and Conservation

Trends in Infrastructures

o vk N oe

The Role of the Civil Engineer in Critical Decision
Making

~

Thoughts on Education in Civil Engineering

8.  Thoughts on Research Needs




1. Advances In Concrete and Steel Materials
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1. Advances in Concrete and
Steel Materials

Eddystone Lighthouse 1756

EDDYSTONE LIGHTHOUSE (1759) 2707000,

Historical Evolution of Concrete
Modern Development I

e 1756 (John Smeaton): Rediscovered hydraulic lime cement, Hoover Dam 1942 -
used to rebuild the Eddystone Lighthouse.

* 1824 (Joseph Aspin): Patented Portland cement, made by
calcining limestone and clay.

e 1850s-1900s: Reinforced concrete was developed, combining
steel’s tensile strength with concrete’s compressive strength

20th Century — Present

* Advancesin admixtures, mix design, and curing techniques
led to high-strength concretes.

e Typical modern concrete compressive strength:
* Residential: ¥20-35 MPa : "
e Commercial/industrial: ~40-60 MPa Its compressive strength, a key
. property, has improved from <10
* High-performance concrete (HPC): 70—-120 MPa MPa in Roman times to >150

e Ultra-high-performance concrete (UHPC): >150 MPa MPa with today’s ultra-high-
performance concretes.

Burj Khalifa 2016 &
Reference: https://www.case.international/know-first-engineer-world-built-lighthouse/



http://www.case.international/know-first-engineer-world-built-lighthouse/
http://www.case.international/know-first-engineer-world-built-lighthouse/
http://www.case.international/know-first-engineer-world-built-lighthouse/
http://www.case.international/know-first-engineer-world-built-lighthouse/
http://www.case.international/know-first-engineer-world-built-lighthouse/
http://www.case.international/know-first-engineer-world-built-lighthouse/
http://www.case.international/know-first-engineer-world-built-lighthouse/
http://www.case.international/know-first-engineer-world-built-lighthouse/
http://www.case.international/know-first-engineer-world-built-lighthouse/
http://www.case.international/know-first-engineer-world-built-lighthouse/
http://www.case.international/know-first-engineer-world-built-lighthouse/

1. Advances in Concrete and
Steel Materials

Historical Evolution of Reinforcing Steel
Reinforcing Steel in the 20t Century

Early 1900s: Reinforcing bars became standardized—
typically plain, round steel bars in combination with
concrete. Steel strength: ~250 MPa

1920s-1950s: Deformed bars introduced to improve
bond. Steel strength: ~400 MPa

1960s—-1980s: High-yield strength steel became
common: ~500-600 MPa. Development of
prestresses (active steel) - strength >1700 MPa.

Late 20th century to Present: Use of epoxy-coated,
stainless steel, and FRP (fiber-reinforced polymer)
bars for corrosion resistance. Ultra-high-strength
rebars now exist (>690 MPa), though not yet
standard in all regions.
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Era

Pre-1900s

Early 20th century

Mid-Late 20th century

Modern (21st century)

Prestressing tendons

Type of Steel Used

Wrought iron, mild steel

Plain/deformed mild steel

Deformed high-strength steel

High-strength, corrosion-resistant steels, FRPs

High-carbon steel strands

Approx. Tensile Strength

~250 MPa (36,000 psi)

~300-400 MPa

~500-600 MPa

~500-1000+ MPa

~1700-2000 MPa

Reference: https://www.crsi.org/reinforcing-basics/reinforcing-steel/history-of-reinforcing-steel/



http://www.crsi.org/reinforcing-basics/reinforcing-steel/history-of-reinforcing-steel/
http://www.crsi.org/reinforcing-basics/reinforcing-steel/history-of-reinforcing-steel/
http://www.crsi.org/reinforcing-basics/reinforcing-steel/history-of-reinforcing-steel/
http://www.crsi.org/reinforcing-basics/reinforcing-steel/history-of-reinforcing-steel/
http://www.crsi.org/reinforcing-basics/reinforcing-steel/history-of-reinforcing-steel/
http://www.crsi.org/reinforcing-basics/reinforcing-steel/history-of-reinforcing-steel/
http://www.crsi.org/reinforcing-basics/reinforcing-steel/history-of-reinforcing-steel/
http://www.crsi.org/reinforcing-basics/reinforcing-steel/history-of-reinforcing-steel/
http://www.crsi.org/reinforcing-basics/reinforcing-steel/history-of-reinforcing-steel/
http://www.crsi.org/reinforcing-basics/reinforcing-steel/history-of-reinforcing-steel/
http://www.crsi.org/reinforcing-basics/reinforcing-steel/history-of-reinforcing-steel/

ORDEM
DOS ENGENHEIROS
REGIAO NORTE

COLEXIO DE ENXENEIROS DE CAMINOS,
CANAIS E PORTOS.GALICIA

1. Advances in Concrete and
Steel Materials

Innovation and Development
Concrete technology

* Self-healing concrete uses bacteria to repair cracks,
extending structure life.

e Green concrete, made with recycled materials,
reduces carbon emissions, supporting sustainable

building.
e Ultra-high-performance concrete (UHPC) offers
exceptional strength for bridges and skyscrapers e \
* 3D printing enables complex designs with less waste. mWmﬁf:m%mmﬁm’fd% ™~

e Real-time monitoring (high sensors)

 Fiber-Reinforced Concrete: Enhances impact _
resistance and ductility, reducing damage during et £
. . BDA’S Building Solutions Lid., Bangladesh
seismic events.

* Nanoparticles and Nanotubes: Nano-silica and carbon
nanotubes increase compressive strength, reduce Do
permeability, and enhance self-cleaning properties. ' R L

i Sitrad Elite Beton Ltd., Casablanca, Morocco
Image courtesy of Archello Image courtesy of Sitrad’s website

Reference: https://jstories.media/article/self-healing-concrete-repost 6
https://link.springer.com/chapter/10.1007/978-3-030-32922-8_14
https://www.sciencedirect.com/science/article/pii/S0950061822026848
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1. Advances in Concrete and
Steel Materials

Innovation and Development
Reinforcement advances

Aspect Concrete Advances Steel Advances
* High-strength steel alloys (lighter, taller - _ _ .
structures). Durability Self-healing, SCMs, nanotechnology for Advanced coatings, weathering steel
. . . enhanced resistance to harsh conditions for corrosion resistance
* Sustainable production methods, such as electric
arc fu rnaces, use recyded StEEl, |Owering Sustainability Green concrete, carbon capture, SCMs to reduce EAFs, Z5P for recycled steel, lower
emissions. emissions energy consumption
¢ Adva nced COE.itI ngS: Technologles Ilke ga Iva anIng, Performance UHPC, fiber reinforcement for high strength and High-strength alloys, lighter structures
polymer coatings (e.g., epoxy, polyester), and ductility §oF Iarear SeinE
ceramic coatings enhance resistance to corrosion
a nd abrasion. Technology Embedded sensors, self-sensing for real-time 3D printing, computer simulations for
. . . Int ti itori timized desi
« Weathering Steel: Develops a protective patina, e e e
red UCing maintena nce needs in exposed Disaster Resilience Fiber-reinforced, shape-memory alloys for Seismic design, shape-memory alloys
structures. seismic and impact resistance for earthquake resistance
e Shape-Memory Alloys: These materials can
. . . . Construction 3D printing for complex designs, reduced waste Prefabrication, modular construction
recover their original shape after deformation, _
Innovation for faster assembly

improving resilience in disaster-prone areas.

Reference: https://www.mdpi.com/2076-3417/14/9/3803
https://www.hilarispublisher.com/proceedings/recent-advancement-of-steel-materials-for-construction-and-their-future-trends-19337.html
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1. Advances in Concrete and

Steel Materials

Innovation and Development

Optimize design,
fabrication, construction
and maintenance
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Possible Solutions

New materials with improved performance

-
i 4
Society New
Requirements
-

Reduce labor costs and
construction time

Sustainability, green
materials, higher

performance, and durability

Improvement of standards and codes

Upgrade of industrial practices

Waste control and management

Government legislation support
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2. Structural Design and
Optimization

Challenges and Hazards affecting Civil Construction and Structures
Environmental and Natural hazards

* Aggressiveness of the environment (pollution, chemicals, freeze-thaw cycles) — Durability

e Climate Change Issues (drastic variation in weather) — Performance

e Natural Disasters (Earthquakes, Tornados and Intense Fires) — Resilience

Social-Economic threats

e Housing pressure (housing deficit / “Airbnb effect”) — Economy

* Migration and Immigration Pressure (City overloads) — Construction Speed

e Infrastructure pressure (densely urban centers) — Construction Planning

* Economic crises (need for economical decision making) — Construction Impact / Sustainability
e Lacking workforce (improvement of job opportunities / Al arise) — Construction Demands
Geopolitical and other threats

* Wars / Pandemics (migration pressure and Government actions / Countries) — Preparedness
* Terrorism Attacks — Need for Resilient and Redundance structures

10
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2. Structural Design and
Optimization

Challenges and Risks affecting Civil Construction and Structures

Extreme cold Heavy pollution Strong winds akes Wars

et

Earthqu

Heat waves Diseases Fires Floods Pandemics
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2. Structural Design and

Optimization
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Optimization process related to the Design of RC structures

Minimize Cost

Sustainability

Structural [
Optimization
Construction .

—_—

Challenges 0

Constructability

] —— Reduce material usage while maintaining structural integrity

Maximize Performance J —— Ensure strength, stiffness, and durability under load throughout time

— Increase eco-friendly materials and design to reduce carbon footprint

—— Simplify design to reduce labor, formwork and construction time and costs

12



2. Structural Design and
Optimization

Key Strategies for Optimization

e Structural analysis and modeling (reach ideal
model by simulation)

* Material optimization (select best grades of
materials for each application)

» Section optimization (determine optimum
section shapes that guaranty performance)

» Topology optimization (layout plays a significant
role in optimization)

* Code-base design checks (ensure compliance
with codes in force in the country/region:

cracking, deflection, durability limits, ...)

Reference: https://psl.design.upenn.edu/project/arpae/
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2. Structural Design and
Optimization o
v ~<2——>"%

MIMP - 709/i Eeduction P

Advanced Techniques and Tools
e Genetic Algorithms and Al assistance

 Building Information Modeling (BIM) RAMP - 7086 Reduction P
e Prefabrication and Modular construction E q
SIMP—éEfﬂ Reduction P

MIMP - 60% Reduction D

RAMP ~ G?HEG Reduction E
SIMP - 455150 Reduction P

[
MIMP - 4—0°f Reduction -
Y
RAMP — f% Reduction -
Reference: https://www.researchgate.net/figure/Cases-with-topology-optimization-1-Akutagawa-River-Side-Ohmori-2011-2- 14
Shanghai_figl 356716834 and https://ijci.avestia.com/2024/010.html

https://www.researchgate.net/figure/Prototype-A-topology-optimization-of-a-slab-with-three-supports_figl 327793571
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2. Structural Design and
Optimization

Optimization Process related to the Design of RC structures
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2. Structural Design and
Optimization

Other constraints
* Load Path optimization (ensure continuous and clear paths —
minimize material use and avoid stress concentrations)

* Redundancy and Robustness (avoid unexpected loads or failures)

e Construction Constrains (account for local equipment, materials and
skilled workforce)

* Lifecycle cost analysis (good selection of materials ensure adequate
lifespan)

BUT, challenges

» Over-optimization risks (excessive focus on the material saving may
reduce safety margins and robustness)

e Complexity vs Feasibility (high complex geometries might lead to over
formwork costs and increased construction time)

* Code Limitations (conservative requirements might be a constrain to
innovative design layouts, for instance, minimum steel areas)

Reference:

16
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3. Construction and Execution Technologies
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Important Transformations of civil construction — Building structures
efficiently, safely, and sustainably

Main Goals

e Optimization of workflows

e Considerable reduction in costs
* Improvement in precision

* Enhancement of sustainability

New Technologies available

e Building Information Modeling (BIM) and Digital Twins
* Robotics and Automation

e Augmented Reality (AR) and Virtual Reality (VR)

*  Modular and Off-Site Construction

e Advanced Construction Equipment and loT Integration
e Sustainable Construction Practices

* Lean Construction and Just-In-Time Delivery

18

Reference: https://www.captechu.edu/blog/rise-of-virtual-and-augmented-reality-technology-construction-management
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3. Construction and Execution
Technologies

Building Information Modeling (BIM) and Digital Twins:
BIM integrates 3D models with project data (e.g., cost,
schedule, materials) to streamline design, construction, and
maintenance. Digital twins create real-time virtual replicas
of projects, enabling predictive analysis and monitoring.

* Example: The Sydney Metro Northwest (Australia, 2019)

used BIM to coordinate tunnel and station construction,

saving AUD 500 million and cutting delays by 30%.
Digital twins now monitor rail infrastructure for real-

time maintenance.
Robotics and Automation: Robotics automates labor- LT

intensive tasks like bricklaying, welding, and surveying, IN DESIGN-BUILD CONSTRUCTION
while drones handle site inspections and material transport.

e Example: The Dubai Water Canal (2016) used drones for T
topographic surveys and robotic excavators for precise = oy
earthworks, saving 20% in labor costs and accelerating -
the project by 15%. -

Reference: https://www.sciencedirect.com/science/article/pii/S0926580519314785 19
https://signax.io/bim-construction/
https://www.planradar.com/ae-en/robotics-in-modern-construction/
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3. Construction and Execution
Technologies

Augmented Reality (AR) and Virtual Reality (VR): AR
overlays digital information (e.g., BIM models) onto physical
sites via smart glasses, while VR simulates projects for
design reviews and training.

* Example: The HS2 Railway (UK, ongoing 2025) uses AR
to visualize tunnel alignments on-site, avoiding utility
conflicts and saving £200 million. VR trained 5,000
workers, reducing accidents by 15%.

Modular and Off-Site Construction: Modular construction
assembles pre-fabricated building units (e.g., rooms, floors)
off-site, then transports and installs them, minimizing on-
site work.

e Example: The Clement Canopy (Singapore, 2019), a 40-
story residential tower, used prefabricated prefinished
volumetric construction (PPVC), completing 1,857
modules in 18 months, 35% faster than traditional
methods.

20
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3. Construction and Execution

Technologies

Advanced Construction Equipment and loT Integration:
Smart equipment (e.g., excavators, cranes) with loT (internet
of things) sensors optimizes performance, while connected
site systems monitor progress and resources.

e Example: The California High-Speed Rail (USA, ongoing
2025) used loT-connected cranes and GPS-guided
bulldozers, improving earthwork efficiency by 20% and
reducing fuel costs by 12%.

Sustainable Construction Practices: Technologies like energy-
efficient systems, waste management, and circular
construction reduce environmental impact.

* Example: The Edge Building (Netherlands, 2015), a
sustainable office, used circular construction principles
and electric equipment, achieving a 98.4% BREEAM score
and reducing emissions by 30%.
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loT in Construction: Hashstudioz
Improving Collaboration Between Teams and Tools
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Reference: https://www.hashstudioz.com/blog/iot-in-construction-improving-collaboration-between-teams-and-tools/

https://green.org/2024/01/30/sustainability-and-green-building-practices/
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3. Construction and Execution
Technologies

Lean Construction and Just-In-Time Delivery: Lean construction minimizes waste (e.g., time, materials) through streamlined

processes, while just-in-time (JIT) delivery ensures materials arrive as needed.

* Example: The Wembley Stadium (UK, 2007) used lean construction and JIT delivery to manage 90,000 seats’ installation, saving
£50 million and completing 6 months early.

o Principles Of Just In Time

Waoste Continuous Kanban Supplier Continuous
Elimination Relationships Improvement

Pull Production Takt Time

Wembley Stadium (UK)
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Reference: https://www.sixsigmaonline.org/just-in-time-lean-six-sigma/
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3. Construction and Execution
Technologies

Monitoring of infrastructures

Structural Health Monitoring (SHM) (_sensors | Access data v internet
* Involves the use of advanced technologies to assess the D
condition, performance, and longevity/decay of [D.t, ,cqui,mm,J
Analysis system

infrastructure such as bridges, buildings, tunnels, dams, and

other critical structures. ‘ : .
Data to the internet

Damage detection

e SHM aims to detect deterioration, predict service life, and
ensure safety through real-time or periodic data collection
and analysis.

e |tis a non-destructive measurement (in-situ) of a structure’s
operating and loading environments to extract damage-

' |
i ‘m m»-ﬂ]ﬂih"-d m\uw"t

Drift computation 1T '

I S— -#mej ,,‘,l\ M' w

Shear wave T
computation

sensitive features and assess its health condition. It 3
supports: | Basehear -
» Early detection of structural weakness :;:l:rrt\: ((

* Cost-effective maintenance by identification of issues \ / )

e Improves safety and extends lifespan

e Data-driven decision-making for maintenance,
rehabilitation or replacement

23

Reference: https://www.mdpi.com/2075-5309/11/6/263
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3. Construction and Execution

T e C h n O I O g i e S Global Dam-Induced Surface Water Changes

1984-2018

Monitoring of infrastructures

It is estimated that over 35,000 dams are daily
monitored by SHM systems worldwide.

Examples of Notable Dams

e |dukki Dam (India) L.

e Mettur Dam (India) 7

e Vidraru Dam (Romania) 25

* Fei-Tsui Dam (Taiwan) = S
¢ New Bullards Bar Dam (USA) Ims -
e Hooever Dam (USA) - (TR
e Grand Coulee Dam (USA) e Itaipu Dam (Brazil)

* Oroville Dam (USA) e Tucurui Dam (Brazil)

e Grande Dixence Dam (Switzerland) Paranod Dam (Brazil)

* Atatirk Dam (Turkey) e Vaal Dam (South Africa)
* Alqueva Dam (Portugal) e Gariep Dam (South Africa)

e Clanwilliam Dam (South Africa)

Reference: https://www.sciencedirect.com/science/article/pii/$2352012422006749
https://www.nature.com/articles/s41597-023-02008-2
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Idukki Dam (India) New Bullards Bar Dam (USA) Grand Coulee Dam (USA) Vaal Dam (South Africa)

Grande Dixence Dam (Switzerland) Atatiirk Dam (Turkey) Itaipu Dam (Brazil) Vidraru Dam (Romania)
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3. Construction and Execution
Technologies

Dams in Galicia -

Belesar Dam — 1963
Frieira Dam —1970
Presa de Portas Dam — 1978

L™ .-ﬁai"q'lue“ﬁl

EnCOI’O de Elr'aS Dam _ 1977 _' \ A . | .- | ' ] ‘ . H_ﬁéggg{}jiggq
Abegondo-Cecebre Dam — 1975 Vi ‘ oy ' .
Portodemouros Dam — 1968

San Pedro Dam — 1987

1.
2.
3.
4.
5.
6.
7.
8.

Fervenza Dam - 1965
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3. Construction and Execution
Technologies

Dams in Galicia _gi,

Belesar Dam — 1963 Frieira Dam — 1970 Presa de Portas Dam — 1978 Encoro de Eiras Dam — 1977

Abegondo-Cecebre Dam — 1975 Portodemouros Dam — 1968 San Pedro Dam — 1987 galicia S Fervenza Dam - 1965 '
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Dams in North of Portugal
Alto Lindoso Dam - 1992
Carrapatelo Dam - 1971
Crestuma-Lever Dam - 1985
Pocinho Dam - 1983

Valeira Dam - 1976

Bagauste Dam - 1976
Cani¢ada Dam - 1955

Alto Tamega Dam — 2024
Penide Braga Dam — 1951

10. Albufeira do Ermal Dam - 1938
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3. Construction and Execution
Technologies

Dams in North of Portugal

Alto Lindoso Dam - 1992 Carrapatelo Dam - 1971 Crestuma-Lever Dam - 1985 Pocinho Dam - 1983

= S TS e, J
Valeira Dam - 1976 Bagauste Dam - 1976 Canicada Dam - 1955 Alto Tamega Dam — 2024
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MAR MEDITERRANEO

Fases de construccion

= 1848-1851

= 1851-1855

=== 1855-1860

s 1860-1868
1868-1900

0 100 200 km
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.........

. . ey Y
B e
_ sy F =
" ] ot R o 1

B Py =)

Legenda
Rede Rodoviaria

—_—
= P perfil dupio

—=== IP nowo tragado

—

—|C pertl duplo

===~ IC novo lragado
——EN

= EN perfil duplo

—=== EN novo tragado

= EN/EM

—ER

R perfil duplo

-==- ER novo tragado

—— EREM

— ER/Outra

— EN/CQulra

— EN Desclassificada
—— Ramais da Acesso

A1l Designagio de Autoestrada
Designagdo de Ninerdrio Poncipal
¥ de Mineriro

Designagio de Estrada Nacional
Designagio de Estrada Regional

gleEm

ORDEM
DOS ENGENHEIROS
REGIAO NORTE

COLEXIO DE ENXENEIROS DE CAMINOS,
CANAIS E PORTOS.GALICIA

Viana
do Castelo

Barcelo

¢ Madrid

31

Reference: https://www.360meridianos.com/como-viajar-de-trem-em-portugal/

https://www.infraestruturasdeportugal.pt/sites/default/files/pdfs/infraestruturas/Mapa%20Plano%20Rodovia%CC%81rio%20Nacional.pdf
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Technologies

Bridges in Galicia -

1. Ponte Rande—1978 :

2. Ponte de Pedra (Ourense)— 1230 Ea.ﬁ.m q ¥ie
3. Ponte Maior (Lugo) — 1st century - f;
4. Ponte das Correntes—2012 2 b
5. Ponte dos Tirantes — 1978 ,,g;_-,;?;l ]
6. Ponte da Ria—1992 : D ;,Eméma
7. Ponte nova Tui-Valenca "r/”'“”"‘ \ o2 m:mm 0.;
8. Valenca Road-Rail Bridge - 1885 A e e R A ¢ <

- {
o Tra}ann.g::lii‘d;ge

Reference:
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3. Construction and Execution
Technologies

Bridges in Galicia &
I

Ponte Rande — 1978 Ponte de Pedra (Ourense)—1230 Ponte Maior (Lugo) - 1st century Ponte das Correntes

Ponte de Tirantes — 1978 Ponte da Ria — 1992 Ponte nova Tui-Valenca Valenca Road-Rail Bridge - 1885
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Bridges in North of Portugal

1.
2.
3.
4.
5.
6.
7.
8.
0.

Dom Luis | Bridge - 1886

Maria Pia Bridge - 1877

Arrabida Bridge - 1963

S3do Joao Bridge - 1991

Freixo Bridge - 1995

Infante Dom Henrique Bridge - 2003
Lima Bridge - 14th century

Trajano (Chaves) Bridge - 1st century

Lagoncinha Brigde — XIIth century

Reference:

uULarpaimo M‘k /J/
5
~Ourense

Ibadavia

Maceda

(A
m Allgrs

Celanova
]

)\

Xinzg
de Limi
Reserva da.‘ e “

Biosfera' “'I‘
Transfronteiriza !
Geras-Xures

Peneda-Geres .. @ “ & )
,r/w—\r‘w}; BOT'CES ) = é Parada M
/r' H Vidago 1 ’Amf
’ ’*:j' L Valuacos { ¢
i Ty ~
oo X Carazédode b o x “——ized,
e Lannos?}-f-\ﬂr \ -Montenegro ., edo i Zfa\"’

Bouo :de/.\_ff-‘ama!- 30 -

- % - Paontgpfa
bida o pom Fennglue

‘ S, nf is 1 Brid _O‘Pn e do Freixo
Ponte da Arrhbi CO)"mimeaaﬁ ol eca teae O, °’O N
i ¥ -

. _:;I i /3 of!'rajancandge: /‘"\—»-«—-‘?‘é’é{“&\'
Nacionals /;’— \‘ / IJ ~,> g} i;

A N I ; s = ) ‘
3 -I_—.m Vllhq‘mdef j}{l}iﬁ:.’" .:.:JJ:-_ /! . E, Bornes \]ﬂ’ L‘_‘ /J/

ORDEM
DOS ENGENHEIROS
REGIAO NORTE

oy W §
L ARG = 0Farco ol
A Pobra
de Trives
AVeiga
Vlané do Bolo
Puebla de,
A Gudifia ul
G Wanmm mmmmﬁ i
'/l ———E—

Viltardecienos ——,
Parque Natural
de Montesinho

e

‘i 1 f:;?gi Mug;zd)m"#
Vila:l !-To(l,r \V‘
LY
If-; ~ =
= L

Turra o ——

Ty
7
J

Aoncorvo
Luls"l Bridge ‘i o Fonte “4" Jodg — f Parqué Natural
f Vila/ ova de ,}rrlbec
k‘ P < .;— — 09502 Cha ! Duero
‘_fl/ ?“ ’\"{}} "*'\L- ? / ; AT Vitigudino
Noimenta Peneaonq 7 ueng’uem
\_.G d3 Beira J' i Méda % <
sémj Maria /= -2 = \J S / biauel Lumbrales
; ), “y )
da Fe:ra‘. A £ Caslidy| 1:’;\\ Sernanceie ¥: de Castelo Viiaviela
\ L ,4,/ gt Viia Nova )\‘ ! \I / “Odrlgﬂ de Yaltes
J \-;E de Paiva Aguiar \\\ __J"J La Fuente de-
- e 4= Bera [ \ San;meban
,] m.»--s&a‘g’bam Trancoso Pintiel
Ch o S cudiE i 3 70 = \ /

COLEXIO DE ENXENEIROS DE CAMINOS,
CANAIS E PORTOS.GALICIA

34



Lagoncinha Brigde — XII century
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Bridges in North of Portugal

Dom Luis | Bridge - 1886 Maria Pia Bridge - 1877 Arrabida Bridge - 1963

Freixo Bridge - 1995 Infante Dom Henrique Bridge - 2003 Lima Bridge - 14th century
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Sdo Jodo Bridge - 1991

Trajano (Chaves) Brigde - 1st century
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4. Durability, Sustainability and
Conservation

Durability — capability to withstand environmental, chemical, and physical stresses over its design life with minimal
degradation

* Environmental Exposure
e Quality of Material and Design
* Reinforcement Protection

Strategies to Enhance Durability
* Reduce permeability and improve resistance of concrete to chemical attacks (using supplementary cementitious materials —
SCMs - like fly ash or slag)

e Control cracking and improve toughness (like incorporating steel or polymer fibers in mixes of concrete)
* Regularinspections and early intervention in preventing cracking or spalling before they escalate.

e Use of advanced concrete mixes (high-performance concrete HPC or ultra-high-performance concrete UHPC), which offer
superior strength and durability.

Challenges

e Aggressive environments (coastal, aggressive or industrial areas) accelerate deterioration, requiring stringent material and
design solutions.

e Aging and deterioration of materials.
e Poor construction practices, such as inadequate curing or improper compaction, can compromise durability significantly.
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4. Durability, Sustainability and
Conservation

Sustainability — Focus on reducing environmental impact while maintaining performance and longevity.
Material optimization (CO, production from cement manufacture is around 8% of global emissions)
e Using SCMs (like fly ash, slag, or calcined clay) can reduce cement content by 20-50% while maintaining or improving performance.

* Recycled Materials: Incorporating recycled aggregates from construction and demolition waste or industrial byproducts reduces
resource exhaustion and landfill use.

* Alternative Binders: Geopolymer concrete or alkali-activated materials can replace traditional cement, offering lower carbon
footprints depending on the structural application

Design for Longevity and Construction Practices

e Designing structures for extended service life (for example, 100+ years for bridges) reduces the need for frequent reconstruction,
conserving resources.

e Design requirements controlling degradation and ensuring minimum performance (minimum covers, limiting cracking and stress
concentrations)

 Modular or adaptable designs allow for future modifications without complete demolition.
* Prefabrication and precast concrete elements reduce on-site waste and improve quality control.
e Optimizing concrete mix designs to use locally sourced materials minimizes transportation emissions.

Challenges
e Balancing costs and sustainability/eco-friendly materials like geopolymers may have higher upfront costs or require specialized
expertise.

e Limited availability of recycled aggregates or SCMs in some regions.

-Lack of standardized codes I’or alternative materials can hinder adoption. 38
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4. Durability, Sustainability and
Conservation

Conservation — ensures the longevity and safety of reinforced concrete structures, minimizing repair costs and disruptions.
Preventive Maintenance

e Regular Inspections: Routine visual and non-destructive testing to detect early signs of distress like cracks, corrosion, or
delamination.

* Protective Coatings: Applying sealants, waterproof membranes, or corrosion inhibitors to shield concrete from moisture and
chemicals.

e Cathodic Protection: For structures in corrosive environments (e.g., marine or de-icing salt exposure), cathodic protection systems
prevent reinforcement corrosion.

Reactive Maintenance
* Crack Repair: Injecting epoxy or polyurethane to seal cracks and restore structural integrity.
* Patching: Removing deteriorated concrete and replacing it with compatible repair mortars.

e Strengthening: Retrofitting with external reinforcements like carbon fiber-reinforced polymers (CFRP) or steel plates to enhance
load-carrying capacity.
Monitoring Technologies

* Embedded sensors and use of drones and Al-based imaging provide real-time data on structural health, enabling proactive
maintenance and improving inspection efficiency.

Challenges

* High costs of advanced maintenance techniques (e.g. cathodic protection or sensor installation). Accessibility issues for large or
complex structures, such as offshore platforms or high-rise buildings.

-Balancing maintenance frequency with operational downtime, especially for critical infrastructure like bridges or tunnels. 2
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4. Durability, Sustainability and
Conservation

Construction production
Rehabilitation and maintenance (index 20212100, calendar and seasonally adusted data, 2015-2024)

140

* Approximately 20% of the global building stock will
require rehabilitation by 2030 - suggesting an annual
investment growth rate of 2-3% in both developed and
emerging economies (Global Alliance for Buildings and
Construction)

* Investment in civil construction in the European Union
(EU) has shifted from new builds to rehabilitation -
around 30% of the gross construction value was tied to
rehabilitation works by 2019, increasing to i)
approximately 35% in 2023 (Eurostat)

* UNESCO World Heritage Fund is investing $4 million

annually for projects. & & & £ & r & & &
===EL Ewra anes
S Pl i ol e oot eurostatil

Reference: https://www.europeanheritagehub.eu/european-heritage-hub-announces-grants-to-14-heritage-projects-in-eu-neighbouring-countries-and-calls-
for-increased-funding/

https://ec.europa.eu/eurostat/statistics- 40
explained/index.php?title=File:F1Construction_production_(index_2021%3D100,_calendar_and_seasonally_adjusted_data,_2015-2024).png
https://globalabc.org/sites/default/files/2024-11/global_status_report_buildings_construction_2023.pdf
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5. Trends In Infrastructures

Some figures on the major infrastructures:

—
mim  SPain

e Airports: 46 airports, with Madrid-Barajas (60 million
passengers in 2023) and Barcelona-El Prat (50 million)
among Europe’s busiest. 672 airlines connect to 189 cities
across 74 countries, with 4,000 weekly international
flights.

e Railways: Total network: ~15,000 km, including 3,402 km
of high-speed rail (third largest globally). Part of the TEN-T
Trans-European Transport Network -

» Highways: Over 17,000 km of highways and freeways, the
largest network in the EU. High-quality road infrastructure
with top global ratings.

e Tunnels: Notable tunnels include Guadarrama Tunnel
(28.4 km, high-speed rail, 2007), Spain’s longest. Urban
tunnels (e.g., Barcelona rail extension) use advanced
fiber-reinforced concrete.
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5. Trends In Infrastructures

Some figures on the major infrastructures:

Portugal

e Airports: 4 international airports: Lisbon (Humberto
Delgado, 28 million passengers in 2023), Porto, Faro,
Beja. Lisbon Airport is a major hub, serving 120+
destinations with 33 million passengers projected for
2025.

e Railways: Total network: ~2,800 km, with 70% electrified.
High-speed rail under development (Lisbon—Porto,
planned 2030 completion). 3 cross-border rail
connections with Spain.

e Highways: Over 3,000 km of highways, third highest per
capita in Europe (Eurostat 2021). Via Verde electronic toll
system covers most motorways.

* Tunnels: Notable tunnelsinclude Marao Tunnel (5.6 km,
A4 highway, 2016), Portugal’s longest road tunnel. Metro
and rail tunnels use precast concrete linings extensively.

43
Reference: https://www.portugalglobal.pt/en/investment/why-portugal/reasons-to-invest/infrastructure/
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5. Trends In Infrastructures

Figura 23 - Proporcao da populacao residente por
b o AR tipologias de area urbana, 2021 - NUTS Il Continente
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5. Trends In Infrastructures

Infrastructure Needs

North Portugal and Galicia — specific needs associated to the
location challenges (peripheral location in Europe)

* Transportation infrastructures (high speed rails, roads, ports,
airports)

e Energy infrastructures (renewable energy)
 Digital infrastructures (telecommunications)

Strategic Investments are underway
* High-speed rail link (Porto — Vigo): 2032
e EU Funds € 495 million

* Energy

* Water supply and treatment

* Transport

Reference: https://www.eib.org/en/projects/all/20230999
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EU FUNDS GALICIA CO-
FINANCING 2021-2027

STATUS

Signed ' 18/07/2024

PROJECT NAME

EU FUNDS GALICIA CO-FINANCING 2021-2027

PROPOSED EIB FINANCE (APPROXIMATE AMOUNT

EUR 495 million

Energy - Electricity, gas, steam and air conditioning supply

Solid waste - Water supply; sewerage, waste management and
remediation activities

Water, sewerage - Water supply; sewerage, waste management and
remediation activities

Composite infrastructure - Construction

Transport - Transportation and storage

Telecom - Information and communication

Services - Professional, scientific and technical activities
Services - Public administration and defence; compulsory social
security

Education - Education

Health - Human health and social work activities

Services - Arts, entertainment and recreation

Credit lines - Credit lines
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5. Trends In Infrastructures

Trends

Future Challenges | _
Higher construction costs ™ ”'_-"_m _[-_- R
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For 2025, the European Commission projects a 2.4% rise in
construction investment

The growth of cultural tourism

L o8

Imposition of performance-based requirements in buildings,
structures and infrastructures

Non-universal construction codes

Shortage of skilled labor workmanship
Increase demand for new materials

Tourism demands in pressure renting prices
“Forced” immigration due to buildings prices

Reference: /https://economy-finance.ec.europa.eu/document/download/c63e0da2-c6d6-4d13-8dcb-
646b0d1927a4_en?filename=ip286_el.pdf
https://uis.unesco.org/en/news/unesco-institute-statistics-releases-data-and-key-findings-cultural-and-natural-heritage
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6. The Role of the Civil Engineer
INn Critical Decision Making

The Role of Civil Engineers

American Society of Civil Engineers:

“Civil engineers design, build, and maintain the foundation for our
modern society — our buildings, roads and bridges, drinking water and
energy systems, seaports and airports, and the infrastructure for a
cleaner environment, to name just a few.”

European Council of Civil Engineers:

“A civil engineer is a professionally educated and practice-oriented
individual who applies scientific, technical, and other relevant
knowledge to perform civil engineering tasks. Their goal is to
contribute to a sustainable world and improve the quality of life. This
involves using analytical and synthetic approaches to solve problems
related to the built environment, ensuring safety, economy, and
environmental compatibility”

_ -
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INn Critical Decision Making

The Role of Civil Engineers

Guarantee of the welfare of society

Improvement of public infrastructures

Energy production, transportation and distribution
Water Capture, Distribution and Management
Sustainable construction

Improvement of urban mobility

Modernization of cities

Preservation and maintenance of historical and cultural
heritage :
Environ-

Technological development and scientific research mental Civil Engineering Geology
sciences

Urbanisation Habitat Environment Infrastructure Sustainability

Physics Economy

Exploitation of

Building
resources

Civil engineers are responsible for the global challenges,
but they also hold the key for their solutions.
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6. The Role of the Civil Engineer
INn Critical Decision Making

The lack of workforce and Specialist Engineers
Europe Specialist Engineering Shortage

Severity: There is a critical shortage of specialist engineers, particularly in civiland structural engineering, driven by the green and
digital transitions. The European Federation of Engineering Consultancy Associations (EFCA) notes that 95% of countries report
stable or growing engineering markets but face staffing challenges.

Specific Roles: Shortages are acute for engineers with skills in computer-aided engineering, building information modeling (BIM),
sustainability, and digital tools like data analytics and GIS, essential for modern infrastructure projects.

Causes:

e Declining Enrollment: In Germany, engineering and IT course enrollment dropped by 15% over five years, contributing to a

shortage of 26,500 graduates annually for industries like power electronics, which overlaps with construction engineering
needs.

e Skill Mismatch: The shift to green technologies (energy-efficient buildings) and digitalization requires new skills, but education
systems lag in adapting. 44% of infrastructure skills are expected to evolve by 2030.

* Aging Workforce: Similar to the general workforce, many experienced engineers are nearing retirement, with insufficient
replacements.

Impact: The shortage delays complex projects like high-speed rail and airport expansions, dams, ..., which require specialized
engineering for reinforced concrete designs, seismic resistance, and sustainable materials.

Reference: https://www.darwinrecruitment.com/engineering-sector-growth-shaping-hiring-and-job-opportunities-in-2024-and-beyond/
https://www.power-and-beyond.com/the-european-power-electronics-industry-is-struggling-with-a-massive-skills-shortage-a-
97306e5fbdf617997406fb716c54b545/
https://www.deloitte.com/us/en/insights/industry/engineering-and-construction/engineering-and-construction-industry-outlook.html
https://etias.com/articles/labor-shortages-eu-green-digital-shifts
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6. The Role of the Civil Engineer
INn Critical Decision Making

The lack of workforce and Specialist Engineers
Europe Specialist Engineering Shortage
Portugal and Spain

« The sector struggles to attract young civil engineers due to
perceptions of lower prestige compared to tech fields.

« Regional Context: Both countries face competition for talent from

northern Europe (Germany, Netherlands), where 194-193 occupations,
including engineering, report shortages.

20 AV VS YA SV SV o

_ Reference: https://explodingtopics.com/blog/labor-shortage-stats
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7. Thoughts on Education in Civil
Engineering

Enrollment Trends in Civil Engineering

 Declining Interest in Civil Engineering: Across Europe and in the USA, there is evidence of declining or stagnating enrollment in
civil engineering programs, particularly at the undergraduate level, which contributes to the workforce shortage- where fields
like computer science and information technology are drawing students away.

* European Context: Eurostat data indicates that in 2018, engineering, manufacturing, and construction-related studies
accounted for 15.8% of education students in the EU-27, with men comprising nearly 75% of this group. However, civil
engineering’s share within this category is smaller compared to other engineering fields, and growth has been slower.

Portugal and Spain

* Portugal: Enrollment in civil engineering indicates that civil engineering is not growing as fast as other fields, with students
favoring tech-driven disciplines. Since 2014, there has been a drop in Portuguese Civil Engineering Courses.

e Spain: Spain had 461,000 graduates in 2018, with engineering, manufacturing, and construction being a key field. However, the
construction sector’s recovery post-2008 has not translated into proportional enrollment increases in civil engineering, partly

due to the sector’s image as less innovative compared to tech fields.

Reference: https://www.asce.org/publications-and-news/civil-engineering-source/civil-engineering-magazine/issues/magazine-
issue/article/2023/05/the-state-of-civil-engineering-education
https://www.mdpi.com/2076-3417/10/20/7226
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Enrollment Trends in Civil Engineering

* Gender Disparities: Women are significantly underrepresented in civil 5
engineering, with only 4.2% of EU-27 tertiary students in E 1
engineering, manufacturing, and construction being female in 2018, = EIE|
compared to 11.6% male. This gender gap limits the talent pool, A ‘ ':"' 4":' [[ |
exacerbating shortages. — V7T ]

Factors Influencing Enrollment Trends w,j{‘_

e Perception of the Field: Civil engineering struggles with an outdated —— IS

image as a physically demanding, less “cutting-edge” field compared
to computer science or Al.

* Economical and Social Factors: Economic downturns historically
reduce enrollment — specially during COVID Pandemic.

e Skills Mismatching and Curriculum Challenges: The civil engineering

Improving Enrollment:
e Curriculum modernization
e Rebranding industry

sector increasingly demands skills in digital tools, but many European leaders
schools lack updated curriculum. e |International recruitment
* International Students trend: Many talents are draw to better * Diversity Initiatives

university outside Portugal and Spain for better proposals due to
different scholarship programs.
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8. Thoughts on Research Needs

Future Trends

SUStaina ble and LOW-Ca rbon conStrUCtion Concrete Rebar Insulation Glazing Finish Materials

&

e Trend: Research is heavily focused on reducing the carbon footprint of
construction, a critical priority given Europe’s commitment to the EU Green

Optimize Use high recycl _ Selectlowsor . :E:::g;tban no?eeri:nk:w-ﬂ;
Deal and carbon neutrality by 2050. This includes developing low-carbon eontre i ety Gl e
concrete (e.g., using 3D printing techniques), cross-laminated timber (CLT), T
. . N . . . . 14%-33% reductlon 4%-10% reduction 15%reducti_on 3% reductiu_n 5% reduction .
and Other eco_frlendly materlals |Ike hyd rogels for paSSIVe Coollng In ar‘ld None to low cost premium  None to low cost premium No cost premium 10% cost premium None to low cost premium
conditions.

e European Context: Countries like Germany and France are leadingin urban
reconstruction and sustainable material adoption. For instance, France’s
Grand Paris Express project emphasizes green materials to enhance public
transit sustainability. Research is also exploring circular economy principles,
such as recycling construction waste and using by-products like CO2 in
concrete curing.

e Research Focus: Innovations in low-carbon 3D printing concrete, self-healing

concrete with calcite-precipitating bacteria, and lifecycle assessments to
minimize environmental impact. Collaborative efforts between engineers
and policymakers are also a research priority to enforce sustainable
procurement regulations.

Low Impact Devalopment Artificial Wetland Ausditary Masking Best Energy-saving Double Roal
Angle
Iimages by LWK + PARTNERS
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8. Thoughts on Research Needs

Future Trends
Digital Transformation and Smart Infrastructure

* Trend: The integration of Building Information Modeling (BIM), Internet of
Things (loT), and Artificial Intelligence (Al) is revolutionizing project
planning, execution, and maintenance. BIM enhances real-time design
visibility, while loT sensors enable structural health monitoring, traffic flow
optimization, and energy management in smart cities. Al is being used for
predictive maintenance and resource allocation.

e European Context: Europe’s civil engineering market, valued at USD 2.9
trillionin 2023 with a projected CAGR of 4.7% through 2032, is seeing
significant investment in digital infrastructure. Germany’s urban
reconstruction initiatives and the UK’s focus on digital twins for
infrastructure management are notable examples. Research is also
advancing in swarm robotics for automated site surveys and repairs.

e Research Focus: Developing Al-driven structural monitoring systems,
integrating digital twins for real-time infrastructure management, and
advancing GIS (Geographic Information Systems) for urban planning.
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8. Thoughts on Research Needs

Future Trends
Resilient Infrastructure for Climate Adaptation

* Trend: With increasing extreme weather events due to climate
change, research is prioritizing resilient infrastructure capable of
withstanding floods, hurricanes, and earthquakes. This includes
advanced materials like carbon fiber reinforcements and designs for
net-zero energy buildings that produce as much energy as they
consume.

e European Context: Europe’s focus on climate resilience is evident in

Urban #rastructure Solutions EXTREME

HEAT
projects like the Netherlands’ flood defense systems and Spain’s
: - 1r : : EXTREME
investments in resilient transport networks. Research is also driven PRECIPITATION Green roofs — @

by the need to retrofit aging infrastructure, particularly in countries EVENTS ru———
like Italy and Portugal, to meet modern resilience standards. - liage S0E G

» Research Focus: Novel materials for disaster-resistant structures, _
climate-adaptive urban planning, and cost-effective retrofitting 1 @
techniques for existing infrastructure.

Co-benefits:
Recreation and improved

( lISD and rain gardens mental health
Improved air quality

vegetation

Source: bitly /Cadinfra
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8. Thoughts on Research Needs

Future Trends
Modular and Prefabricated Construction

e Trend: Modular construction and prefabrication are
gaining traction to reduce construction time, costs, and
waste. These methods involve assembling components
off-site, improving quality control and enabling faster
project delivery.

* European Context: Scandinavian countries like Sweden
and Finland are pioneers in modular construction,
particularly for residential projects, driven by the need for
rapid urbanization solutions. Research is supported by EU
funding for innovative construction techniques.

e Research Focus: Optimizing prefabricated modules for
scalability, integrating renewable energy systems into
modular designs, and developing standards for cross-
border compatibility in Europe.

—
-
-
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Reference: https://thebossmagazine.com/7-trends-innovations-reshaping-future-of-civil-engineering/



8. Thoughts on Research Needs

Future Trends
Renewable Energy Integration in Infrastructures

e Trend: Civil engineering research is increasingly focused on
embedding renewable energy solutions, such as solar panels,
geothermal systems, and kinetic pavements, into infrastructure
to reduce reliance on fossil fuels.

* European Context: Europe’s push for renewable energy is
strong, with countries like Denmark and Germany leading in
wind and solar integration. Projects like solar roofs and wind-
resistant turbines are being prioritized to meet EU renewable
energy targets.

* Research Focus: Integrating energy-generating infrastructure
(e.g., kinetic paving that converts footsteps into electricity),
optimizing energy storage systems, and designing energy-
efficient transport networks.
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8. Thoughts on Research Needs

Future Trends
Skills Development for Industry 4.0

e Trend: The shift toward digital and sustainable practices requires
new skills in the civil engineering workforce. Research is focusing on
identifying and training for digital skills (e.g., BIM and Al
proficiency), green skills (e.g., sustainable design), and transversal

skills (e.g., collaboration and problem-solving). Mechanization, Technological Digital .vaer Physical
. L. . . Steam Power Revolution Revolution Systems, Al, |1OT,

* European Context: The EUCEET Association and projects like SPIRE- Miaes Production, | B[ Compiitersand BTg Data, Blended
SAIS are driving research into future skill needs, with 44% of current : ' Assembly line, Automation EdTech, 3D Printing
inf kill d | ithin fi This i Single Machine Electricity
|n.r.astructure ski ’s expecte fco evolve wit in five years. This is far Maiiy.Users iany Naciines. || inteingtof Things
critical for Europe’s construction sector, which contributes 9% to the Many Machines W for each User Smart Factory
EU’s GDP and Many Users

e Research Focus: Creating automated databases for skill

requirements, developing training programs for digital tools, and
fostering interdisciplinary collaboration between engineers, data
scientists, and policymakers.

Reference: https://www.mdpi.com/2076-3417/10/20/7226
https://www.deloitte.com/us/en/insights/industry/engineering-and-construction/engineering-and-construction-industry-outlook.html
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O que (ja) sabemos?
- Populacao e economias a crescer >> aumento de emissdes de GEE
- Necessario ACAO, MITIGACAO ¢ ADAPTACAO!
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Crise climatica ‘abriu as portas do inferno’, diz

chefe da ONU ke
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Alteracoes climaticas — impacto nos recursos hidricos

DESAFIOS °* Agravamento distribuicao temporal e espacial da agua
 Reducao precipitacao e escoamento

4° mais chuvoso OUTUBRO 2023
desde 1931 -

Oceano Atlantico
Oceano Atlantico

*Diminuicio (em %) de escoamento anual ao
‘nivel de cada uma das bacias internacionals
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Recuperacao das reservas hidricas nas
albufeiras: nacional e do Algarve!...



SITUA DROLOGICA ATUAL
Disponibilidades hidricas - albufeiras | JULHO 2025

31 DEZEMBRO2024

BACIAS
HIDROGRAFICAS
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METAS DE PORTUGAL EM MATERIA DE ENERGIA E CLIMA

o FPINELC 2000 2022 REVISAO PNEC 2030

EMISSOES GEE 2030

EFICIENCIA 16 711 ktep®
ENERGETICA 14 371 ktep®

RENOVAVEIS 359,
oS TRANSPORTES 9%

INTERLIGACOES

ELETRICAS

(1) Sem LULUCF, em comparagdo com 2005;

(2) Redugdo do consumo de energia primaria, excluindo utilizagdes ndo energéticas, em comparagao com as projecoes do modelo PRIMES de 2007;

(3) Esta meta considera uma quota de biocombustiveis e biogds produzidos a partir de matérias-primas enumeradas na Parte B do Anexo IX da Diretiva Energias Renovaveis (UE) 2023/2413 de, pelo menos, 1,9 %;
(4) Meta para o consumo de energia primaria (de acordo com a metodologia da Diretiva Eficiéncia Energética revista (EED — (UE) 2023/1791);

(5) Objetivo indicativo para o consumo de energia final em 2030 (de acordo com a metodologia da EED revista)



Plano Nacional Enerc

Poténcia instalada renovavel 2030 (revisio)

20.8 GW
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9.0 GW

{meta anterior)
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jiae

9.3 GW

(meta anterior)

12.4GW

+18,2 GW

57GW

i
4///

_
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2.6 GW I
2022 2030
2022 2030
=7 Solar Eélica
fotovoltaica

Instalacdo de 15.1 GW de
poténcia fotovoltaica
centralizada e 5.7 GW de
poténcia descentralizada,
perfazendo um total

de 20.8 GW

Instalacao de 10.4 GW

de eolica onshore e
2.0 GW de edlica

offshore, perfazendo
um total de 12.4 GW

® IPNEC 203

+6,7 GW

+0,3 GW

2022 2030 bombagem

Hidroelétrica

Manter a instalacao de
8.1 GW de poténcia
hidroelétrica, aumentando
a bombagem em 0.3 GW

FONTE:infografia PNEC 2030 (ADEN




A forte quebra na producao
renovavel em 2017 e 2022
deveu-se as SECAS

ocorridas nesses anos.

2017 2018 2020
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Producao de energia 2024

2024 779
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RENOVAVEL
71%

Recorde de producao de renovaveis abastece 71% do Biomassa

consumo de eletricidade em 2024 6%




PRODUCAO DE ENERGIA 2025

m Producdo renovavel JUNHO 2025

BALANCO MENSAL

e Nao Renovavel
o importador < o
Importada 6% S
REN | {DATA HUB RENOVAVEL
55%

ELETRICIDADE

30 CEE O

BALANCO DIARIO BALANCO MENSAL EVOLUCAD DO CONSUMO REGIMES
MERCADO

Hidrica
16%

BALANCO MENSAL

Importada
28%

' Edlica
17%

mportador

ivalendo a 28% do consumo.

4112 aw

CONSUMO MENSAL

25,

% PRODUCAD RENOVAVEL

datahub.ren.pt

DADOS: REN - Redes Energéticas Nacionais
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Barragens e acudes
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a nacional para a gestao da agua

preendimentos de Fins Mdltiplos (EFM):

Barragem Girabolhos* Barragem Alvito (Ocreza)
*com a constituicao do EFM do Mondego

(regularizagao hidréulica da bacia do rio Mondego) (caudais ambientais em estiagem e independéncia
de caudais Espanha)

BARF J  2.SANTULHAO
PREVISTAS | AA e ERETAL +
ATE 2040 |

g 4. VEI

Alteamento e aumento da capacidade

8. GIRABOLHOS de barragens existentes

9. ALVITO (OCREZA) =>+ 47 hm3
=> 240 milhoes de euros
1. TERGES E COBRES Betoens B 0s B ViGa,  Marechal
Carmona, Meimoa, Pedrégao, Pinhao,
12. CARREIRAS Vila Cha, Sambade, Valtorno,

Lucefecit , Alvito, Lapao, Odelouca
13. FOUPANA
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Os
Primérdios  Primeirz pais e marco importante

historia da ¢

Central de Biel, 1894

Central do Bi.

*1894 — Entrada em
*Primeira g
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1 CENTRAL HIDROELETRICA
(Concessao 1907)
Paradamonte/ LINDOSO



1951
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:> Alto Rabagao (1964)
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Alb, Paradela
99.8%
14.8 4 14.3 mdis
= N Vila da Ponte
- - - Omm
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flarinho Fumas e Alb. Salamonde Alb. Venda Nova ,
97..% " §6.6% .
Fonte EDP W AP 26.3 4 0.0 mls Alb. Alto Rabagao
r . il Alb. Camigada
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NOME ANO SISTEMA TIPO OPERADOR POTENCIA TOTAL

(MW)
Alto Lin EDP Gestéo da Produgao 634
m Touvedo EDP Gestao da Produgao 22
m Vila Nova - Venda EDP Gestao da Produgao 87
u Vila Nova - Paradela EDP Gestao da Producao 56
© o Salamonde EDP Gestao da Producao 44
[ Gl Vilarinho das Furnas U1 EDP Gestao da Produgao 68
ofd Canicada 1954 EDP Gestao da Produgao 62
\ m Miranda 1960 Movhera 177
M ERGER] 1995 Movhera 193
— Picote 1958 Movhera 186
m Picote Il 2011 Rio D Movhera 241
o Bemposta 1964 Rio D Movhera
[l Bempostall 2011 i Movhera
Pocinho 1983 EDP Gestao da Produgao
t Valeira 1976 EDP Gestao da Produgio
o = Vilar-Tabuaco 1965 estao da Produgao
I Régua 1973 Rio ao da Producéo
Varosa U1l 1934 Rio V. tao da Producao
m Varosa U2 1934 i estdo da Produgéo
Py Varosa U3 1934 EDP Gestao da Produgdo
m Carrapatelo 1971 Rio Douro EDP Gestao da Producao
[ Crestuma-Lever 1985 Rio Douro ufeira EDP Gestao da Produgao
e Ribeiradio 2013 Rio Vouga Albufeira EDP Gestao da Produca
Caldeirao 1994 Rib2 Caldeirao Albufeira
: Ponte de Jugais (U2) 1923 Rio Alva Fio de agua
m Vila Cova 2001 Rio Alva Fio de 4gua
Cabril 1954 Rio Zézere Albufeira
U Bouca 1955 Rio Zézere Albufeira
Castelo de Bode 1951 Rio Zézere Albufei
1 Fratel 1974 Rio Tejo
—— Pracana (U1, U2) 1993
m Pracana (U3)
m Belver (U1,U2, U3,U4)
Belver (U5)
- Belver (U6)
F= Pedrogao
S Alto Tamega
o DET
Ribeira dos Socorrid
(W Calheta Il

Nota: Valores



Portugal - Centrais Hidroelétricas

Central de Bombagem

NOME

Start
Alto Rabagao 1964
Frades | 2005
Frades Il 2017
Salamonde Il 2015
Vilarinho das Furnas U2 1987
Torrao 1988
Aguieira 1981
Alqueval l 2004
Alqueva Il 2012
Foz Tua 2015
Baixo Sabor 2016
Feiticeiro 2015
Gouvaes 2022
Calheta lll 2019
Socorridos

Nota: Valores

7SISTEMA

!

POTENCIA TOTAL

Turbine Pump

Mode Mode
66 62

’Operador
}

Rio Rab a 188 191
Rio Raba da Producao 779,6 799
Rio Cava o da Producdo 222,7 220

Rio Ho o da Produgao 82,5 80
Rio Ta da Produgao 137 14
Rio Mo 330

Rio Gua 255,6

Rio Guadi 255,6

Rio Tua 262,7

Rio Sabor 15

Rio Sabor Movhera
Rio Torno IBERDROLA
Ribeira da Calheta EEM

Ribeira dos Socorridos EEM




____________________ SN — . d v </ U U ) @

___________________ k ki bacia hidrografica do rio
................................... Douro foi responsavel por
----------------------------------------------------------------------------------------------------------------- 58% da producao hidrica.

2017 2019

Cavado

s Guadiana




dos quais sdo de

HIDRICA BOMBAGEM

6% -
2248 -

7934
MW

dos quais sdo de

HiDRICA BOMBAGEM

Nota: Valores meramente indicativos. Ndo dispensa a consulta das fontes origina



R ]
Central Hidroelétrica de Frades Il / Vila Nova lll

mi nheiro vivo
Turbinas inovadoras dao energia limpa
. Sala equivalente a grupo nuclear em 80

segundos

AN A NICA EM PORTUGAL:
‘ ' Bombagem/velocidade variavel

& Pille—a ¥ & 2 x330-390 MW*
- chvreirq_c_\fel \ L ag . " MW !_... - .

NTRALBE.Gor |- “y
N Vg Frades (2005)
_ 191MW
N - e W ] —r- 52

-
{

7 1T . R S SEJ PR, - p | : — " vty ! E @ < _l'.’.:
Frades 11 (2017) . ¢ A — ¥ _ ? DS i
— Dwaueial = garrsgedy da’ Venda Now- 8 7 #
786MW o : y ¥ — ‘t- =" y e W S, - 5 a # ; P -,

Lol

80 390

seg MW X 2
*Em bomba - 2 x 300-390 MW (maiores grupos deste tipo na Europa) - Maior flexibilidade

ue 0S grupos convencionais, que bombam a poténcia fixa - Em turbina
q grup , 9 P para injetar na rede



MNoticia

" SISTEMA ELETROPRODUTOR
DO TAMEGA (SET)

PORTUGAL

2

~ ' ALTO TAMEGA
DAIVOES ® -
% e Q.QUVAES

; s
L]

-

Gouvaes & Daivoes

Clii inega = ] inicio operacdes em 2022
operacional desde »

primavera de 2024

. _ o 17 M
pessoas
(abast. 24hr)

P@TE : httpsi/tamega iberdrola.pt/



Aproveitamento Hidroelétrico de

DAIVOES

Sistema Eletroprodutor do Tamega

AH Daivoes
- Barragem - Arco Gravidade
- Altura barragem 77.5m
. Area albufeira 340 ha
- Volume de albufeira 56,2 hm3




Aproveitamento Hidroelétrico " AH Gouvaes

GOUVAE = :.;.;- - Aproveitamento de Bombagem

Sistertia Fletroprodutor Yo T megh ST - Area albufeira 176 ha
s e - - - Volume de albufeira 13,7 hm3

RIO TORNO

T t
PR
= iy s L

P

~




Aproveitamento Hidroelétrico de

. ALTO TAMEGA

3 Sistema Eletroprodutor do Tamega

" el -~ 7 AH ALTO TAMEGA
— ' - 160 MW (2 grupos)
- Barragem - Abdbada
« Altura barragem 104,5 m
- Area albufeira 468 ha
- Volume de albufeira 132 hm3

5 .




A agua salvou-nos mais uma vez...
28 ABRIL 2025

Consumo + Armazenamento

Consumo
Solar
Importacdo
Edlica

Hidrica + Mais de 80% do restabelecimento do sistema

Gas Natural foi assegurado por fonte hidrica.

Dutra Térmica

i - "Black start": Castelo de Bode (hidrica) e

;n';s Tapada do Outeiro (gis) foram chave na
recuperagao, gue agora vai ser alargado ao

Baixo Sabor e Alqueva.

Injecdo de Baterias

- Bombagem hidroelétrica e a Giga Bateria do
Tamega (1158 MW) garantiram resposta rapida e
estabilidade.

datahub.ren.pt

Consumo+Bomb

— CONsumo
I Importacéo
I :lbufeiras
[ Fios Agua

[ Ondas

Fotovoltaica
Edlica
I Giomassa
Gas Natural
I Outra Term NR

Fonte: REN






.i. -

-

K SICRgNe renovave i gy eng Impactes no regime e qualidade do rios, migragdo de peixes,

- ~ .
retencao de materiais soélidos

Eficiéncia, flexibilidade operacional e capacidade de

1
ArMEEEam Caes Custos elevados e longos periodos de construgio

e Contributo para estabilidade da rede elétrica e servigos auxiliares i )
Limitagoes geograficas e topograficas

(black-start, reserva girante, etc.).
Formagao de albufeiras para outros fins (fins mdltiplos*)
k * Abastecimento publico, irrigacéo de culturas, prevencao de cheias,...

P
CENTRA

Possiveis limitagoes em periodos de seca hidroldgica

IVEIS:

de carga ao disponibilizar g guantidade

rranque qu instantaneo ndéncia de caudais

disponibilidade continua de p

.

ALIACAO VIABILIDADE AMBIENTAL E TECNICO-FINANCEIRA

. .




Potenciais
Projetos
Futuros

(BOMBAGEM)

Foto:EDP




k.
Projeto Bombagem no Alto Lindoso (revisitar)

e Projeto incluido no PNEC
(300MW)

e Relevante para ajudar a cumprir
as metas de armazenamento

 BH Lima (muito produtiva RH)

Ate 300 MW

Bombagem



Cascata do Zézere

Barco Zézere

_Alb. Cabril

49.2 € 103.5 m3/s

Alb. Bouga
97.8%
104.0 « 104.0 m3/s

Alge

Alb. CBode
. 93.1"%

T247.0 4 189.8 m3/s

APROVEITAMENTO HIDROELECTRICO DE CARVAO-RIBEIRA



Ao Rabgao

Reforco de poténcia
robustecendo gestao hidrice

O projeto de refor¢co de poténcia do Alto Rabaga
Rabagéo e Venda Nova maximizando potencial

permitindo armazenamento de longa duracao de ¢

Potencia equilibrio e seguranca de abasteciment
usos, nomeadamente em contexto de seca— cC

'y
i n

amento ae

gens/albufeiras exister

p 1

Je toda a cascata do Caves
2xecucao de novas barrage

eforga sinergias com c
Jico




A bombagem e o armazenamento de agua potenciam as sinergias
da agua, da energia, do ambiente e da agricultura...

“Plano Nacional de Bombagem Hidrica”

(em articulacao com as difentes entidades — REN, DGEG, ...)

Potenciais critérios de prioridade: Esquema de Bombagem Pura

 Locais que permitam reaproveitamento de
infraestruturas existente (minimizacao de impactes
ambientais)

e Permitam desenvolvimento a curto prazo
(PNEC2030)

 Permita Elevadas horas de armazenamento

Depésito Artificial




'CENTRAIS SOLARES FOTOVOL

'PARQUES EOLICOS

CENTRO ELETROPRODUTOF
(SOLAR + EOLICO)
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