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Sumario Executivo

ste relatério sumariza o estado da ciéncia rios, que utilizam tecnologias semelhantes as que captam
E associada aos impactos ambientais das energias energia das marés. O presente relatdrio foca-se nos
renovaveis marinhas (ERM), servindo de atualizagdo e potenciais efeitos ambientais da producdo de eletricidade a
complemento ao relatério de 2020 (2020 State of the partir das ondas, utilizando conversores de energia das
Science report). Embora os resultados da investigacdo e ondas (WECs); das marés, por meio de turbinas de marés, e
monitorizacdo até 2020 sejam resumidos ao longo do de grandes rios, através de turbinas fluviais. Adicionalmente,
documento, o foco principal deste relatério reside nos o relatdrio inclui as informacBes mais recentes sobre os
trabalhos mais recentes. efeitos ambientais das centrais de conversao de energia

térmica ocednica (OTEC). Quando adequado, sdo

A energia renovavel marinha (ERM) € gerada a partir de incorporadas licdes de outras industrias offshore.

fontes como ondas, marés, correntes, gradientes de
temperatura e salinidade ocednica, e do fluxo de grandes




Para atingir o objectivo proposto, o presente relatério
compila as informacdes mais atualizadas sobre os potenciais
efeitos ambientais do desenvolvimento de projetos de ERM,
utilizando dados de fontes publicas e resultantes das
investigagBes cientificas mais recentes. Os analistas do OES-
Environmental, dos 16 paises participantes, contribuiram
significativamente para definir 0 ambito do relatério e
forneceram contribuicoes valiosas para todos os capitulos. O
contributo destes especialistas e revisores resultou numa
integracdo de informacdo sobre a investigagdo e
monitorizacdo atual que se pretende o mais completa
possivel. O relatério inclui uma introducdo e uma segdo sobre
as perspetivas futuras, bem como nove capitulos que
detalham os resultados de investigacOes e monitoriza¢des
globais sobre os efeitos ambientais da ERM.

BENEFICIOS DA ERM

A ERM é uma drea em crescente desenvolvimento,
instalacdo, investigacdo e financiamento, impulsionada pela
necessidade de combater as alteragdes climaticas. Estima-se
que até 80% das necessidades energéticas mundiais possam
ser atendidas por energia edlica e solar; no entanto, os 20%
restantes permanecem um desafio significativo. A ERM pode
contribuir para aumentar a capacidade de injecdo na rede de
energia em dreas costeiras, servir como fonte de energia
renovavel em regies remotas e criar oportunidades para a
aquacultura offshore e a descarbonizagdo.




POTENCIAIS EFEITOS AMBIENTAIS DOS PROJECTOS
DE ENERGIA RENOVAVEL MARINHA NO MUNDO
Nas ultimas duas décadas, foram identificados globalmente
86 projetos de ERMs que incluem monitorizagdo ambiental
durante a fase de pré-instalacdo (situacdo de referéncia) e
pos-instalacdo (operagdo). O Reino Unido, a Europa e as
Américas lideram com o maior nimero de projetos
desenvolvidos. No presente relatério sao feitas
recomendagdes para melhorar os estudos sobre os efeitos
ambientais, com foco na recolha de dados que estabelecam a
situacdo de referéncia, na identificacdo precoce de riscos, na
colaboragdo com investigadores e comunidades e na
promocdo da transparéncia na acessibilidade dos dados, de
modo a impulsionar o avanco da industria de ERM.

ENERGIA RENOVAVEL MARINHA: INTERACOES
STRESSOR-RECEPTOR

Desde 2020, tém sido realizados progressos na compreensao
das principais interacGes stressor-receptor que ajudam a
delinear potenciais riscos do desenvolvimento de ERM.

Interagoes Stressor-Receptor: Um método comurmn de
avaliacdo dos potenciais impactos ambientais
decorrentes do desenvolvimento da ERM; consiste na
analise das interagoes stressor-receptor. Stressors sao
componentes dos dispositivos ou sistemas de ERM que
podem causar impacto negativo no ambiente marinho.
Receptors incluem a fauna marinha, habitats, processos
oceanograficos ou funcdes de ecossistemas que podem
ser afetados pelos stressors.

Risco de Colisao de Animais Marinhos com Turbinas

O risco de colisdo de animais marinhos com as turbinas continua
a ser uma barreira significativa para a aprovacdo de projetos de
energia das marés e fluvial. A avaliacao do risco de colisdo
considera as diversas reacdes dos animais, como evasao e
mudanca de dire¢do, mas, caso estas acdes ndo sejam eficazes,
pode ocorrer uma colisdo. O uso crescente de videos
subaquaticos tem contribuido para clarificar o risco de colisdo. A
investigacdo indica que, no rio, os salmdes adultos tém baixa
probabilidade de colidir com as turbinas, no entanto, os juvenis
podem atravessar a area varrida pelo rotor da turbina e ficar
desorientados. Os mamiferos marinhos tém sido observados a
evitar as turbinas de maré durante a fase de operacdo e as aves
marinhas ndo costumam ser observadas perto de turbinas em
rotacdo, no entanto tendem a reunir-se em areas onde as
turbinas poderdo ser instaladas.

A precisdo e validacdo de modelos numéricos que simulam
colisdes melhoraram, particularmente com a inclusao de
modelos agent-based, juntamente com os modelos mais
tradicionais de risco de colisdo e de risco de encontro. No
entanto, o baixo nimero de instalacdes e os desafios de recolha
de dados de campo, limitam a compreensdo do risco de colisdo.
Desta forma, é necessario recolher dados adicionais e realizar
mais estudos de investigacdo, antes que o risco de colisdo possa
ser avaliado e medidas de mitigagdo propostas.
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Riscos para os Animais Marinhos devido ao Ruido
Subaquatico Gerado pelos Dispositivos de Energia Renovavel
Marinha

O ruido subaquatico gerado por turbinas e conversores de
energia das ondas (WECs) representa um risco principalmente
por provocar alteragdes no comportamento dos animais
marinhos. Isto sublinha a necessidade de monitorizar as
amplitudes e frequéncias emitidas por esses dispositivos. O
Comité Técnico da Comissdo Eletrotécnica Internacional
(TC114) fornece orientacdes sobre a monitorizacdo do ruido em
torno dos dispositivos de ERM. Atualmente, a monitorizagdo
indica que o ruido operacional gerado por dispositivos
individuais e pequenos sistemnas é improvavel de causar danos
significativos aos animais marinhos. Novos métodos e
abordagens de modelagdo do ruido subaquatico associado aos
dispositivos de ERM confirmam esta avalia¢do. Assim, sob
estas condigdes, o risco é considerado mitigado (risk
retirement).

Efeitos dos Campos Eletromagnéticos emitidos pelos Cabos
Elétricos e pelos Dispositivos de Energia Renovavel Marinha
Nos ultimos quatro anos, foram realizadas poucas
investigacoes de campo sobre os potenciais efeitos dos campos
eletromagnéticos (EMF). Estudos laboratoriais mostraram
alteracOes comportamentais em espécies marinhas sensiveis a
EMF, incluindo tubardes, raias, caranguejos e lagostas. No
entanto, as emissdes de EMF dos cabos de exportacdo de
dispositivos ERM sdo geralmente consideradas abaixo do nivel
que representara um risco significativo. Assim, considera-se
que este risco é reduzido e é passivel de ser mitigado (risk
retirement).

Alteracdes dos Habitats Bentonicos e Pelagicos causadas
pelos Dispositivos de Energia Renovavel Marinha

As alteraces no ambiente marinho, como resultado da
instalacdo de dispositivos, ancoras, fundagoes e cabos, sdo
inevitaveis. No entanto, é improvavel que estas alteracdes
causem danos significativos se o projeto for cuidadosamente
localizado. Desta forma os estudos tém sido focados na
compreensdo da distribuicdo das espécies marinhas, na
caraterizagao da composi¢ao da colonizagdo biolégica, na
implementacdo de modelos numéricos ou na melhoria das
metodologias de monitorizagdo dos habitats e das
comunidades. Apesar das lacunas de conhecimento, a falta de
evidéncias de danos nos habitats benténicos e pelagicos levou
a que o risco fosse considerado como mitigado (risk
retirement) para um pequeno numero de dispositivos.

Alteragoes nas condi¢des Oceanograficas associadas aos
Dispositivos de Energia Renovavel Marinha

As alteracGes nas condigdes oceanograficas causadas pelo
funcionamento de turbinas e WECs sdo geralmente
investigadas através de modelos numéricos que examinam
alteracGes na altura da onda, na circulacdo das massas de
agua e na estabilidade da coluna de agua. Os estudos de
campo, até ao momento, ndo apresentaram resultados
conclusivos, pois as alteracdes observadas sdo inferiores a
variabilidade natural dos ecossistemas. Assim, para um
numero limitado de dispositivos, o risco foi considerado
mitigado (risk retirement). No que diz respeito as centrais de
conversao de energia térmica oceanica (OTEC), os riscos
identificados podem ser minimizados mediante a aplicagdao de
modelos numeéricos e de um design de engenharia adequado.

OES-ENVIRONMENTALRELATORIO DO ESTADO DA CIENCIA 2024
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Risco de Enredamento com Cabos e Linhas de Amarracao de
Dispositivos de Energia Renovavel Marinha

O risco de enredamento de grandes animais marinhos
emcabos ou linhas de amarragdo entre dispositivos de ERM
constitui uma hipétese tedrica, ndo havendo evidéncias de
enredamento observadas até a data. As preocupagoes das
partes interessadas persistem devido aos efeitos das artes de
pesca perdidas e aos receios associados as plataformas edlicas
flutuantes offshore. A medida que forem instalados sistemas
de maior dimensdo, a monitorizacdo podera fornecer mais
informacdes.

Alteracdo dos Padrdes de Deslocacdo dos Animais devido ao
desenvolvimento de Energia Renovavel Marinha

O deslocamento de animais marinhos pode ocorrer quando estes
reagem aos fatores de stress, perturbando os padrdes de
migracdo e movimento de espécies residentes. Parques com um
maior nimero de dispositivos podem interferir nos movimentos
destas espécies, mas s0 existirdo dados conclusivos quando estes
parques forem instalados. A medida que a industria de ERM
cresce, sdo elaboradas recomendagdes para abordar as lacunas
de conhecimento em relacdo ao deslocamento.

EFEITOS SOCIAIS E ECONOMICOS DA ENERGIA
RENOVAVEL MARINHA

A investigacdo sobre os efeitos sociais e econdmicos do
desenvolvimento da ERM ainda € limitada, sendo que os dados
frequentemente ndo sdo suficientes ou adequados para certas
regides ou comunidades. No entanto, alguns estudos ja
analisaram os beneficios e impactos para outros utilizadores do
oceano, comunidades costeiras e povos indigenas. A medida que
a ERM se expande, sera crucial recolher mais dados para avaliar
melhor os seus beneficios e efeitos.

O Risk Retirement consiste no processo que visa
facilitar o consentimento de dispositivos de ERM de
pequena escala, uma vez que cada risco potencial
ndo precisa de ser investigado exaustivamente em
todos os projetos. Desta forma, os promotores de
ERM podem basear-se no conhecimento de projetos

previamente licenciados da mesma escala, em
estudos cientificos relacionados ou em resultados
obtidos em industrias offshore analogas.

ENVOLVIMENTO DE STAKEHOLDERS EM PROJETOS
DE ENERGIA RENOVAVEL MARINHA

O envolvimento de stakeholders nas fases iniciais de
planeamento e desenvolvimento dos projetos de ERM
aumenta a probabilidade de aceitacao e apoio por parte das
comunidades locais. Isto inclui a obrigagdo legal de informar e
envolver os stakeholders, bem como a implementacdao de boas
praticas que visam envolver as comunidades locais e procurem
promover a criagao de emprego para aqueles com
competéncias adequadas. Os processos bem-sucedidos de
envolvimento dos stakeholders implicam a implementacdo de
boas praticas e a avalia¢do dos resultados.

ESTRATEGIAS PARA FACILITAR O LICENCIAMENTO
DE PROJETOS DE ENERGIA RENOVAVEL MARINHA
Desde 2020, a OES-Environmental tem-se focado em
analisar as bases cientificas por detras dos potenciais riscos
do desenvolvimento da ERM para os animais marinhos,
habitats e processos ecoldgicos. O processo de remogao de
riscos (risk retirement) inclui métodos de transferéncia de
dados, permitindo que conjuntos de dados recolhidos num
local sejam aplicados a novos projetos. Foram identificadas
quatro interagdes stressor-receptor passiveis de serem
consideradas mitigadas para pequenos ntimeros de
dispositivos de ERM: ruido subaquético, campos
eletromagnéticos (EMF), alteracdes no habitat e alteragdes
nos sistemas oceanograficos. Foram desenvolvidos
documentos de orientacdo e estratégias para a aplicacdo
deste conhecimento, tais como gestdo adaptativa,
planeamento espacial maritimo e ferramentas adaptadas a
cada pafs.

SUMARIO EXECUTIVO
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EDUCACAO E SENSIBILIZACAO SOBRE

OS EFEITOS AMBIENTAIS DA ENERGIA
RENOVAVEL MARINHA

A ERM ndo é amplamente conhecida pelo ptiblico, o que
justifica a necessidade de iniciativas de educacdo e
sensibilizagdo para diversos ptblicos, incluindo criangas,
estudantes do ensino médio e outros grupos. A OES-
Environmental tem desenvolvido materiais educativos como
paginas para colorir, podcasts, videos, apresentacoes e
publicacdes nas redes sociais para apoiar este esforco. Para
além de apoiar as discussdes individuais com os stakeholders,
estes materiais ajudam a promover a consciencializacao sobre
os beneficios, desafios e oportunidades da ERM, fomentando
0 apoio as tecnologias de energia renovavel.
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SISTEMAS DE DADOS E IN FORMACAO SOBRE
ENERGIA RENOVAVEL MARINHA

A industria de ERM tem vindo a gerar grandes quantidades de
dados provenientes de testes de dispositivos, monitorizacao
ambiental e experiéncias laboratoriais. Os Estados Unidos
criaram o Portal e Repositério de Informacdo sobre Energia
Renovavel Marinha (PRIMRE) para apoiar a curadoria,
armazenamento e disseminacdo de dados e informacdes. O
PRIMRE inclui o Tethys, que apoia os estudos ambientais sobre
ERM e as atividades da OES-Environmental. Outros paises
também tém desenvolvido sistemas de dados e informagdo
sobre ERM.




DISPOSITIVOS DE ENERGIA RENOVAVEL
MARINHA - ABORDAGEM DOS EFEITOS AO
NIVEL DO SISTEMA

A industria de ERM esta a evoluir de instalacGes de
dispositivos individuais para multiplos dispositivos, com
perspetivas de vir a implementar parques comerciais de grande
escala. Para compreender os potenciais efeitos ambientais, sdo
analisadas estratégias para aplicar o conhecimento obtido em
dispositivos individuais a escala de parques. Indicadores
ecoldgicos e modelos sdo avaliados pela sua capacidade de
contabilizar os efeitos do desenvolvimento da ERM em larga
escala. Foi desenvolvido um quadro para avaliar os efeitos
cumulativos da ERM no ambiente marinho, considerando
também outras atividades humanas.

POTENCIAIS EFEITOS AMBIENTAIS DA ENERGIA
RENOVAVEL MARINHA EM ECOSSISTEMAS
TROPICAIS E SUBTROPICAIS

A ERM estd em expansdo em varios paises tropicais e
subtropicais, com um foco crescente em tecnologias como

0 OTEC (conversdo de energia térmica dos oceanos),
gradientes de salinidade e dispositivos de energia das ondas. A
maior parte do conhecimento disponivel foi obtido a partir de
estudos em regides temperadas. No entanto, os ecossistemas
tropicais e subtropicais possuem maior biodiversidade e redes
tréficas mais complexas, exigindo uma abordagem diferente
para a sua avaliacdo, além da transferéncia de conhecimento
de estudos existentes.

PERSPETIVAS FUTURAS PARA A INVESTIGACAO
EM ENERGIA RENOVAVEL MARINHA

O conhecimento acumulado ao longo dos tltimos 14 anos
(2010-2024) pela OES-Environmental proporciona um nivel de
compreensao que pode facilitar o licenciamento de dispositivos
individuais e pequenos parques, além de fornecer informacoes
valiosas sobre como parques de maior escala poderao ser
integrados no ambiente marinho. A nova fase da OES-
Environmental centra-se em quatro areas principais: a
aceitacdo ambiental, os efeitos ambientais de projetos de ERM
sem ligacdo a rede, os impactos ao nivel do ecossistema e os
beneficios sociais e econémicos da ERM.
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	Figure 6.5. Location of the Nova Innovation Shetland Tidal Array in Scotland, United Kingdom (yellow star).
	Risk retired
	Risk retired
	Risk retired
	Risk retired
	Risk retired
	Risk retired
	Risk retired
	Risk retired
	SeaGen: 
collision risk
	MeyGen: 
displacement 
	MeyGen: changes 
in habitat
	PacWave South: 
electromagnetic fields
	EMEC: changes 
in habitat
	Mocean: changes 
in habitat
	Mocean: 
entanglement
	Nova Innovation: 
underwater noise
	Figure 6.4. Risk retirement pathway demonstrating its use in eight case studies. The colored lines below the risk retirement pathway demonstrate the applicability of each MRE development to steps in the pathway, and where risk retirement was achieved. EME
	Figure 6.3. Example of the monitoring datasets discoverability matrix (matrix) for changes in habitat within the water column, including the characteristics related to this stressor-receptor interaction and results from the matrix query. This example show
	Displacement
	Entanglement
	Oceanographic Systems
	Changes in Habitat
	Electromagnetic Fields
	Underwater Noise
	Collision Risk 
	Other OES-Environmental Countries
	Ireland
	Mexico
	Denmark
	Portugal
	Australia
	Scotland
	France
	 
	Figure 6.2. Overview of the guidance documents for risk retirement. Colored boxes indicate completed guidance documents. Boxes in grey indicate next steps in the development of the guidance documents. Each of the individual guidance documents can be acces
	Canada
	Spain
	 Japan
	Wales
	United States
	Displacement		Need more information as the industry moves to larger-scale arrays.
	Entanglement 		Need more information as the industry moves to larger-scale arrays. 
	Oceanographic systems	Retired for small numbers of devices. May need to revisit as the industry moves to larger-scale arrays.
	Changes in habitat	Retired for small numbers of devices. May need to revisit as the industry moves to larger-scale arrays.
	Electromagnetic fields	Retired for small numbers of devices. May need to revisit as the industry moves to larger-scale arrays.
	Underwater noise		Retired for small numbers of devices. May need to revisit as the industry moves to larger-scale arrays.
	Collision risk 		Need more information.
	Table 6.1. Overview of risk retirement for each stressor-receptor interaction based on evidence bases and feedback from Ocean Energy Systems (OES)-Environmental international workshops and consultations with experts. For each interaction, evidence bases p
	Figure 6.1. Depiction of the process to move from available science on environmental effects of marine renewable energy (MRE) to application for consenting processes. Information including Ocean Energy Systems (OES)-Environmental’s State of the Science re
	Figure 5.4. Location of the Marine Plan Partnership for the North Pacific Coast marine spatial planning initiative in British Columbia, Canada.
	Figure 5.3. Alderney located in the English Channel between the United Kingdom and France.  
	Figure 5.2. Location of the ELEMENT tidal energy deployment in the Etel estuary in France (yellow star).
	To place final decision making in the hands of the public. 
	To partner with the public in each aspect of the decision including the development of alternatives and identification of the preferred solution. 
	To work directly with the public throughout the process to ensure that the public concerns and aspirations are consistently understood and considered. 
	To obtain public feedback on analysis, alternatives, and/or decisions. 
	To provide the public with balanced and objective information to assist them in understanding the problems, alternatives, opportunities and/or solutions.
	Inform 	consult	 involve 	collaborate 	empower
	Increasing impact on the decision
	Figure 5.1. International Association of Public Participation (IAP2) Spectrum of Public Participation. Adapted from IAP2 (2018).
	public participation goal
	Figure 4.5. Location of the Nova Innovation Shetland Tidal Array in Scotland, United Kingdom (yellow star).
	Figure 4.4. Location of the PacWave South wave energy test site in Oregon, United States (yellow star).
	Figure 4.3. Orkney, Scotland, United Kingdom. 
	Practice 4b: 
Social and economic data should be collected at the same scales, using the same methodologies for project-level assessments, by the project developer, with assistance from supply chain personnel and other local stakeholders, including local 
	Practice 4a: 
Social and economic data should be collected at the same scales, using the same methodologies for strategic-level assessments, by the appropriate level of local, regional, or national governments. 	
	Project-level baseline data should be gathered by the project developer, assisted by existing supply chain companies and other local stakeholders as part of consenting processes before development occurs. If multiple projects are occurring on similar time
	Practice 3b: 
	Practice 3a: 
Baseline data for strategic assessments should be gathered by appropriate level of local, regional, or national government and applied to the most relevant geographic scale of the project area before development occurs.	
	Results from both social and economic assessments should be clearly communicated with communities involved in MRE developments, with a focus on transparency of methods, analyses, and purpose of the studies while avoiding jargon. Strategic-level assessment
	Social and economic data should be collected once MRE development has occurred and the devices are operational. To the greatest extent possible, data should be collected using similar variables/methods as baseline data to allow for direct before/after com
	

	Baseline social and economic data should be collected that address the current social and economic attributes, at the appropriate scale, prior to development.   	
	Specific questions should be developed that elucidate changes in social or economic conditions (either benefits or effects) for the communities and regions in which MRE development is planned. These questions should be co-produced or co-developed with com
	Strategic-level data collection, analysis, and assessments should be carried out by the appropriate level of local, regional, or national government (or relevant agencies) to help understand benefits and effects of MRE projects. This data collection shoul
	
Practice 5
	Practice 4
	Practice 3		
	Practice 2
	Practice 1	
	Table 4.1. Good Management Practices for collecting social and economic data for marine renewable energy (MRE). Original table from Copping et al. (2019) based on outcomes from two international workshops (Ocean Energy Systems & ORJIP Ocean Energy 2017, 2
	Figure 4.2. Responsibilities of governments and developers in collecting social and economic data. Updated from Freeman (2020). 
	GOVERNMENT ROLE
	Provide funding for research to be carried out by test centers, research institutions, etc. 
	Figure 4.1. Examples of coastal and marine industries and community aspects that may experience social and economic effects from marine renewable energy. (Illustration by Stephanie King)
	
Note: More detail is available in Hemery et al. (2024).
	Any actions regarding displacement that may be required by 	Regulators	Medium term
law or recommended	
	Common regulations already protecting species and populations 	Regulators	Short term
that displacement could fall into	
	Existing specific national and international regulations or statutes 	Regulators	Short term
applicable to displacement of marine animals 
(related to marine energy and/or other sectors)	
	Specific to the Regulatory Context:
	Monitoring displacement in the context of climate change and 	Researchers	Long term
other cumulative effects	
	Spatiotemporal scales for monitoring surveys for each species and 	Regulators / Researchers	Short term
marine energy technology, especially at large-array project level	
	Necessary modifications to existing observation technologies 	Researchers	Short term versus development of new technologies	
	Commercial-off-the-shelf monitoring technologies most suitable 	Researchers	Short term
for each species and necessary adaptation to different sites and 
marine energy technologies	
	Specific to Monitoring Displacement:
	Surrogate marine and/or terrestrial activities that inform 
displacement	Regulators	Short term
	Scaling of underwater noise and/or EMF emissions to arrays	Researchers / Developers	Short term
	Array configurations (e.g., size, geometry, spatial coverage, 	Researchers	Short term
cable route) and/or device types likely to cause displacement		
	Specific to Marine Energy Technologies:
	Understanding displacement in the context of climate change 
and other cumulative effects	Regulators / Resource Agencies / Researchers	Long term
	Consequences of displacement from individuals to population 
and species levels	Regulators / Resource Agencies / Researchers	Medium term
	Spatiotemporal scales relevant to each species and life stage	Researchers	Short term
	Differences in behaviors and biological rates among life stages, 
individuals, or populations within a species	Regulators / Resource Agencies / Researchers	Medium term
	Stressors, mechanisms, and consequences of displacement 
relevant to each species of concern	Regulators / Resource Agencies / Researchers	Medium term
	Species behaviors and habitat use	Regulators / Resource Agencies / Researchers	Medium term
	Species likely to be affected by displacement	Regulators / Researchers	Short term
	Specific to Marine Animal Displacement:
	Remaining Knowledge Gaps	Best-positioned stakeholders	Timeline
	Table 3.7.1. Remaining knowledge gaps to be addressed to fully understand the risks and consequences of animal displacement around marine renewable energy development, along with stakeholders best positioned to support the work, and a suggested timeline f
	sessile invertebrates
	mobile benthic invertebrates
	demersal 
fish
	benthic sharks, skates and rays
	forage fish
	pelagic  sharks, fish and invertebrates
	diving 
seabirds
	sea turtles
	sirenians
	pinnipeds
	small cetaceans
	Figure 3.7.3. Potential stressors and responses for the different animal groups. Each of the three mechanisms for displacement is shown in the bottom row and connects to the six stressors, in the middle row (left to right: underwater noise, electromagneti
	large whales and large sharks
	Figure 3.7.2. Mechanisms of displacement: upon encounter with an array of marine renewable energy converters, animals may exhibit no response, or exhibit an attraction, avoidance, or exclusion response that may result in their displacement from key habita
	Figure 3.7.1. Displacement flow chart: displacement is the outcome of one of three mechanisms triggered by a receptor’s response to stressors, with the potential for a range of consequences on marine animals that span from effects on the individual to eff
	Figure 3.6.1. Schematic of wave energy converter mooring lines and intra-array cables that have a potential to pose entanglement risk to marine animals. (Illustration by Stephanie King)
	Figure 3.5.2. Schematic of a wave energy array and the potential effects on wave height, longshore currents, sediment transport, and coastal erosion. (From Whiting et al. 2023)
	Figure 3.5.1. Schematic of a tidal energy array and the potential effects on hydrodynamics and sediment transport. (From Whiting et al. 2023)
	Large Arrays or Decommissioning
	Source: Hemery, L.G., Rose, D.J., Freeman, M.C., Copping, A.E., 2021b. Retiring environmental risks of marine renewable energy devices: the “habitat change” case. Presented at the 14th European Wave and Tidal Energy Conference (EWTEC 2021)
	Learning from surrogate industries
	



	Habitat change overall
	Artificial reef effect
	Community composition on 
or near devices
	Effects of installation and removal on benthos

	Categories
	Table 3.4.2. Knowledge gaps by category of changes in habitats. International researchers focusing on changes in habitats caused by marine renewable energy (MRE) devices gathered at a workshop in 2021 to discuss the potential for retiring the risks associ
	Table 3.4.1. Potential changes in benthic and pelagic habitats related to marine renewable energy (MRE) devices. Unless specified, the references provided in the descriptions of the potential changes are from an MRE context. References from surrogate indu
	Figure 3.4.1. Representation of a temperate ecosystem with benthic and pelagic habitats influenced by a wave energy converter, a tidal turbine, and an export cable protected by a concrete mattress. (Modified from Hemery et al. 2021a)
	Figure 3.3.2. Illustration of some of the marine species likely to encounter electromagnetic fields emitted by subsea power cables associated with marine renewable energy devices. (Illustration by Stephanie King)
	Figure 3.3.1. Depiction of an electromagnetic field (EMF) from an industry standard electrical cable (left) and relative field strength (right) from a snapshot in time. The electric field (orange) is contained by the cable shielding. The magnetic field (b
	Figure 3.2.2. Underwater noise, particle motion, and vibration as potential stressors, adapted from Hawkins (2022) and Svendsen et al. (2022).
 A marine renewable energy (MRE) converter can radiate sound energy into the water and vibrations into the seabe
	Figure 3.2.1. Sources of sound and their frequencies in the marine environment. Adapted and updated from Polagye & Bassett (2020). (Illustration by Stephanie King)
	Figure 3.1.4. Photo of a harbor seal (Phoca vitulina) swimming around a turbine with stationary rotor at slack tide. Photo courtesy of MarineSitu and Applied Physics Laboratory, University of Washington (left). Photo of a school of saithe/pollock (Pollach
	Figure 3.1.3. A conceptual probabilistic framework for organizing data to move toward quantifying the likelihood of collision risk for marine animals and operational tidal energy turbines. The framework outlines a series of sequential steps that must take
	Figure 3.1.2. Interactions between animals and turbines related to collision risk (encounter, avoidance, evasion, collision) at sea (left) and in the river (right). (Illustration by Stephanie King)
	Figure 3.1.1. Schematic of marine animals (seabirds, fish, marine mammals) that can interact with a turbine. (Illustration by Stephanie King)
	Figure 2.5. Location of ORPC’s RivGen® Power System near the village of Igiugig, Alaska, United States (yellow star).
	Figure 2.4. Location of the Lysekil Wave Energy Test Site off the west coast of Sweden (yellow star).
	Figure 2.3. Location of IDOM’s MARMOK-A-5 wave energy converter at the Biscay Marine Energy Platform in northern Spain (yellow star).
	Figure 2.2. Locations of the MeyGen Tidal Energy Project (A) and the Nova Innovation Shetland Tidal Array (B) in Scotland, United Kingdom (yellow stars). 
	Figure 2.1. Marine renewable energy projects around the world with associated records of environmental monitoring, separated by type of technology and status of development. 
	Figure 1.3. Water intake and discharge system of a floating ocean thermal energy conversion plant and potential environmental effects associated with the technology. (Illustration by Stephanie King)
	Figure 1.2. Stressor-receptor interactions potentially arising from various marine renewable energy devices. (Illustration by Stephanie King)
	Figure 1.1. Size comparison of marine renewable energy (MRE) devices (a bottom-based tidal turbine, a floating tidal turbine, and a floating wave energy converter) with other technologies and well-known landmarks. The MRE devices generally represent the l
	China
	REDi Island
	SafeWAVE Project
	Spark Squad comic book
	

Tethys Engineering Photo Library
	
Triton Newsletter
	Water Power STEM to Workforce 
	

	WEAMEC
	The National Energy Education Development (NEED) curriculum provides comprehensive, objective information and activities for students and educators on the energy sources that can power the United States, including economic and environmental impact informa
	Offshore Renewables Joint Industry Programme (ORJIP) Ocean Energy is a United Kingdom-wide collaborative program of environmental research with the aim of reducing consenting risks for wave, tidal and current projects.

	The Pan American Ocean Energy Student (POES) Network, created by the Pan American Marine Energy Conference (PAMEC) Energy Association and Centro Mexicano de Innovación en Energía (CEMIE)-Océano, is a student and early career research-led organization for 
	The U.S. Department of Energy’s Portal and Repository for Information on Marine Renewable Energy (PRIMRE) hosts a STEM (sciences, technology, engineering, and mathematics) page to support the workforce development in the MRE industry.
	Renewable Energy Discovery (REDi) Island is an interactive, educational 3D animation of a virtual renewable energy-powered island developed by the National Renewable Energy Laboratory in the United States. that—with help from the next generation of waterp
	The SafeWAVE Project, a multidisciplinary team from Portugal, Spain, France, and Ireland, has developed an education and public engagement framework to enhance ocean literacy, and as part of this work reviewed existing education and public engagement prog
	
The Spark Squad comic book, developed by the National Renewable Energy Laboratory, follows secondary students as they learn about waterpower technologies, including MRE.
	
The Tethys Engineering Photo Library hosts photos and illustrations of MRE devices, arrays, and facilities that are available for use. The Photo Library can be a useful resource for showing existing MRE technologies designs to increase awareness and fami
	The Triton Initiative at Pacific Northwest National Laboratory carries out research and environmental monitoring technologies to reduce barriers to testing, and sharing the information broadly. The Triton newsletter is used to facilitate this information 
	The Water Power STEM to Workforce project focuses on assessing the workforce needs in the United States and supporting the development of educational structures to build the marine pipeline.
	The West Atlantic Marine Energy Community (WEAMEC) is a consortium of 30 institutions across France that has developed a training roadmap and various initial and continuing training programs for marine energy technical skills.
	Figure 8.1. Graphic depicting the Portal and Repository for Information on Marine Renewable Energy (PRIMRE), its knowledge hubs, and their relation to relevant user groups.
	Figure 8.2. Graphic depicting Tethys, an online knowledge hub with information and resources on the environmental effects of marine renewable energy and wind energy globally. Tethys is one of seven PRIMRE (Portal and Repository for Information on Marine R
	Figure 9.1. Summary of the four-step framework developed for assessing how the environmental effects from seven stressor-receptor 
interactions may scale up from single marine renewable energy (MRE) devices to arrays. (From Hasselman et al. 2023)
	Table 9.1. Summary of hypotheses for how environmental effects from stressor-receptor interactions may scale up with large-scale marine renewable energy (MRE) commercial arrays. (Modified from Hasselman et al., 2023)
	Stressor-receptor Interactions
	Collision risk
	Underwater noise
	Electromagnetic fields
	Changes in habitats

	Changes in 
oceanographic 
systems
	Entanglement


	Displacement
	Environmental Effects
	Dominance 	  Additive	Antagonistic	   Synergistic
	Notes
	Dependent on array layout, configuration (e.g., ‘in parallel’ vs. ‘in series’), MRE technology type, site location, and species’ ability to detect devices and avoid/evade collisions
	Area over which sound will be elevated will increase with array size; elevation in received levels will increase non-linearly
	Electromagnetic fields increase linearly with additional electrical current; effects may be influenced by spatial arrangement of subsea cables
	Complex effects that may vary across spatiotemporal scales, with array geometry, and equivalency of effects for individual devices within an array
	Effects observed at some threshold number of devices; dependent on MRE technology, number of devices, array configuration, and site-specific hydrodynamics
	Risk increases with number of MRE devices, but dependent on scale and configuration of mooring lines/cables, depth at MRE site, and animal behavior/movement
	Effects observed at some threshold number of devices; no single threshold applicable across species or MRE technology type
	Figure 9.2. Schematic representation of changes in habitats from marine renewable energy (MRE). The effects are represented by arrows, with direct effects and ecosystem compartments directly affected shown in bold. The trophic cascade is presented in a di
	Figure 9.3. Schematic of the different types of non-cumulative and cumulative (additive and nonlinear) effects. Nonlinear effects are marked by interactions (hashed areas on each bar), meaning the outcomes do not simply add up to the linear sum of the ind
	Linear or simple effects
	No effect
	No cumulative effect
	Additive effect example 1
(equal effect per pressure)
	

Additive effect example 2
(unequal effect per pressure)
	NONLinear effects
	Dominant only
	Multiplicative-synergistic
(Interactions and non-additive 
that amplify effect vs additive case)
	Multiplicative-antagonistic
(Interactions and non-additive 
that reduce effect vs additive case)
	Mitigative (antagonistic)
	Super antagonistic
	Improvement in Knowledge
	Higher Priority
	Figure 9.4. Different priorities should be given to improving knowledge and model quality, as they need to be carried out to model system-wide environmental effects of marine renewable energy.
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	social, 
cultural, & economic 
drivers
	fine scale 
& local data
	modeling 
at different 
scales
	spread 
of effects 
on large 
scale
	lower Priority
	Probabilistic ANALYSES and models
	Figure 10.1. Marine renewable energy projects (ongoing, completed, canceled, planned) in tropical and subtropical countries, by technology type. The inset map highlights projects in China, Japan, and South Korea. Dashed lines represent the latitudinal ran
	Figure 10.2. Schematic of a tidal turbine and a wave energy converter in a tropical marine ecosystem. (Illustration by Stephanie King)
	Figure 10.3. Map of the United States Navy Wave Energy Test Site (WETS; yellow star) off the island of O’ahu, Hawaii.
	Figure 10.4. Map of the tidal energy project and tropical tidal test center (yellow star) in Clarence Strait, Australia.
	Table 10.1. Baseline assessment requirements for the Clarence Strait tidal energy project and tropical tidal test center in Australia.
	Receptors
	Marine vertebrates
	Marine mammals
	Invertebrates
	Terrestrial fauna and flora
	Physical environment
	

	Human dimension
	Baseline assessment requirements
	Figure 10.6. Noise profiles emitted in the marine environment using an underwater speaker to study the behavior of sharks in the Bahamas. Two noise profiles were used, corresponding to those emitted by a small tidal kite (top) and a big tidal kite (bottom
	Figure 10.5. Map of the Sharktunes project location (yellow star) in Eleuthera, the Bahamas.
	Figure 10.7. Picture of a great hammerhead shark swimming under the stereo video camera during recording.
	Figure 10.8. Map of Cozumel Island, Mexico.
	Table 11.1. Chapters in the Ocean Energy Systems-Environmental 2024 State of the Science report
	Chapter	Chapter Title
		1	Marine Renewable Energy and Ocean Energy Systems-Environmental
		2	Progress in Understanding Environmental Effects of Marine Renewable Energy
		3	Marine Renewable Energy: Stressor-Receptor Interactions
		4	Social and Economic Effects of Marine Renewable Energy
		5	Stakeholder Engagement for Marine Renewable Energy
		6	Strategies to Aid Consenting Processes for Marine Renewable Energy
		7	Education and Outreach Around Environmental Effects of Marine Renewable Energy
		8	Marine Renewable Energy Data and Information Systems
		9	Beyond Single Marine Renewable Energy Devices: A System-Wide Effects Approach
		10	Environmental Effects of Marine Renewable Energy in Tropical and Subtropical Ecosystems
		11	Summary and Path Forward
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	Uppsala University. 	17, 263
	European Marine Energy Centre (EMEC). 	27, 182, 210, 218
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