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While the 2024 State of the Science report primarily focuses on the interactions between
marine renewable energy (MRE) and the environment, to fully account for the effects
of MRE development, the social and economic aspects must also be considered. Incor-
porating how societal elements are altered related to the construction, operation, and
maintenance of MRE projects and how MRE development may affect communities on a
local, regional, and/or national scale is necessary to understand the suite of effects
from the industry.
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Economic aspects that may be affected by MRE may
include employment, supply chains, and existing
industries, while social aspects may include health,
safety and well-being, culture, governance, gender
equality and social inclusion, as well as infrastructure
and services (Freeman 2020; Karytsas et al. 2020; Kerr
et al. 2014; Vanclay et al. 2015) (Figure 4.1). Nearly any
effect can be considered to have a social component if it
has been identified as important to a specific group of
people (Soukissian et al. 2023). Though often discussed
together, social and economic effects should be consid-
ered separately as they vary in definition, level and
extent of impact, data collection requirements, and
methods and scale of assessments. In many cases, social
and economic effects are closely coupled with environ-
mental effects, and it is important to consider these
factors together to holistically understand the effects
from MRE on a particular community or region, espe-
cially in the wider context of sustainable development
(Dalton et al. 2015; Martinez et al. 2021; Mendoza et al.
2019; Niquil et al. 2021; Richardson 2021).

The MRE industry has unique opportunities to deploy at
varying scales and in areas where traditional renewable
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energy is not best suited or feasible (e.g., solar energy in
the Arctic), providing access to social and economic
benefits and a source of clean energy that would other-
wise be unavailable (Regeneris Consulting Ltd. & Welsh
Economy Research Unit, Cardiff Business School 2013;
Smart & Noonan 2018). Developing countries and
islands or remote coastal communities in particular
have been in focus for renewable energy transitions
broadly (Kallis et al. 2021), and for MRE specifically
(Adesanya et al. 2020; Borges Posterari & Waseda 2022;
Fadzil et al. 2022; Felix et al. 2019; Hernandez-Fontes et
al. 2020; Ramachandran et al. 2020, 2021). However,
these new contexts, coupled with the nascent status of
the industry, make predicting the social and economic
effects of a specific MRE project difficult (Bonar et al.
2015). Compounding this, data from existing or past
projects are often unavailable or not collected or
analyzed at all. The limited data, and therefore overall
research, make it challenging to identify MRE-specific
social and economic effects. As such, there remains a
need to increase understanding of these effects through
research and data collection to foster benefits and mini-
mize or avoid negative impacts from MRE developments.
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Examples of coastal and marine industries and community aspects that may experience social and economic effects from marine

renewable energy. (lllustration by Stephanie King)

106

OES-ENVIRONMENTAL 2024 STATE OF THE SCIENCE REPORT



This becomes increasingly important as the MRE industry
scales up to larger-scale or commercial arrays, as effects
may be limited at the scale of demonstration or single
device projects but are likely to increase with commer-
cial-scale projects (see Chapter 9). It is also particularly
important to expand knowledge as the sector begins to
explore opportunities in off-grid markets, often involving
remote and island communities that are already being
impacted by climate change and need access to reliable,
affordable, and sustainable energy.

Social and economic assessments are typically included
within environmental assessments as part of consenting
processes for MRE projects, as the effects are often
closely linked, or during strategic planning processes
(Freeman 2020; Wright 2014). When most successful,
these include stakeholder engagement activities to
inform MRE planning and development including iden-
tifying effects, siting projects, distributing benefits,
minimizing negative impacts, and building relation-
ships with community members. It is important for
MRE projects to achieve social license as well as
required regulatory consents. Stakeholder engagement
for MRE is important, but because social and economic
effects research does not address questions of stake-
holder or community participation and engagement
this is discussed more thoroughly in Chapter 5.

The objectives of this chapter are to:

+ Review the findings of the 2020 State of the Science
chapter on Social and Economic Data Collection for
MRE (Freeman 2020);

¢ Review the social and economic effects documented
for MRE from the literature;

+ Review the approaches for assessing social and
economic effects specific to MRE, including an
update to the good practices for data collection and
information on the regulatory context within various
Ocean Energy System (OES)-Environmental coun-
tries from the 2020 State of the Science report;

& Present case studies of data collection and social and
economic effects for MRE planning and development;
and

+ Offer recommendations for future work to build a
deeper understanding of social and economic effects
from MRE.

This chapter does not address the economic feasibility
of MRE or discuss techno-economic optimization
approaches. While some of these particular tools and
approaches are used in predicting social or economic
effects or informing decisions, they are not the focus of
this review.

41.

o date, OES-Environmental’s efforts on social and
Teconomic effects from MRE have focused on data
collection, aimed at supporting consenting processes
(Freeman 2020). Topics that have been addressed
include requirements in OES countries and respon-
sibility for collecting such data; additional needs to
increase understanding and good practices for data
collection (Copping et al. 2019); and distinctions
between strategic-level (local, national, or regional
objectives implemented by government, agencies,
marine planning entities, or other relevant organiza-
tions) and project-level (local or project objectives
implemented by a project developer, local agency, or
local organization) data collection (Figure 4.2).

Overall, it has been difficult to identify and assess the
social and economic effects from MRE as there is a
deficiency in regulatory guidance on data collection
and analysis (an issue not unique to MRE), data—both
baseline and long-term monitoring—collected to date
and research carried out around MRE projects, and
standardization in approaches used for MRE (Dalton et
al. 2015; Ocean Energy Systems & ORJIP Ocean Energy
2017). OES-Environmental developed good practices for
social and economic data collection to address some of
these challenges (Copping et al. 2019), which have been
updated in Section 4.3.

To advance understanding of social and economic effects
from MRE, Freeman (2020) identified the need for:

+ Social and economic data to be collected consistently
and over a sufficient duration to facilitate compar-
ison and to identify long-term effects;

+ Tools and databases to help identify social and
economic indicators;
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Strategic level
Determine national, regional, local objectives

Assessments of social and economical impacts
with consistent methods (publicly available)

Collection of long-term post-installation
monitoring data

Collaboration between levels of government to
support local data collection

Provide funding for research to be carried out by
test centers, research institutions, etc.

GOVERNMENT ROLE

Project level

Determine project, local objectives
Site-specific baseline assessments
Downscaled frameworks

Comprehensive stakeholder engagement to identify
key concerns and social and economic impacts

Collection of project-level data

DEVELOPER ROLE

Responsibilities of governments and developers in collecting social and economic data. Updated from Freeman (2020).

« Templates, including specific questions to be
answered, to guide data collection and analyses;

+ Meaningful stakeholder engagement;

+ Incentivizing data collection and provision of public
access to those data; and

+ Requirements and consenting processes to be
proportionate to the project size and potential
impact and to be flexible, particularly while building
knowledge on social and economic effects.

4.2.

Positive, negative, and neutral social and economic
effects have been both speculated upon and docu-
mented for MRE (Bonar et al. 2015; Freeman 2020).
MRE developments have the potential to stimulate
local and/or regional economic development in the
short- or long-term, including by generating revenue
and employment opportunities directly (Jimenez et al.
2015; Lavidas 2019; Regeneris Consulting Ltd. & Welsh
Economy Research Unit, Cardiff Business School 2013)
or indirectly; for instance, through tourism oppor-
tunities (Callejas-Jiménez et al. 2021; DeSanti 2020)
or via the associated MRE supply chain (Soukissian

et al. 2023). MRE may also provide new industrial or
commercial opportunities for groups that have not
received benefits from historical marine industries
(Bax et al. 2022; Kabir et al. 2022; Lacey-Barnacle

et al. 2020). Social benefits may also accrue, such as

enhancing or creating energy security and resilience

or contributing to the development of needed infra-
structure. Negative impacts could include exclusion

of traditional marine users from an area, or changes

to the aesthetics of a place (Axon 2022; Bailey et al.
2011; de Groot & Bailey 2016; Howell 2019; McLachlan
2009). Social and economic effects can also be tightly
linked to environmental effects of projects (Niquil et al.
2021), especially in coastal and other ocean-dependent
communities or regions with a history of reliance or
culture based on marine resources or ocean-based
activities (Richardson 2021).

Assessing social and economic effects can be a require-
ment during consenting processes and should occur
from the outset of project planning and development,
just as environmental effects are examined. The social
and economic effects from MRE are important to
consider for strategic planning efforts, for developers
hoping to site a project, for project owners who will
manage a project through its lifetime, and for commu-
nities and marine users who stand to gain or lose. Social
and economic effects, or the public’s anticipation of
them relative to community values, can pose non-
technological barriers to the development of the MRE
industry (Apolonia et al. 2021; Colmenares-Quintero

et al. 2020). Such concerns and perceptions must be
examined for individual projects to assure public satis-
faction and project success.

To address these challenges, the international social
science literature around renewable energy in general
and for MRE specifically has been emphasizing equity,
energy and environmental justice, and just energy
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transitions (Caballero et al. 2023; Carley & Konisky
2020; Cisneros-Montemayor et al. 2021; Hanke et al.
2021; Levenda et al. 2021; Withouck et al. 2023). This
includes aspects of recognition justice (i.e., who is
involved) (Bacchiocchi et al. 2022; Berka & Dreyfus
2021; Dwyer & Bidwell 2019), procedural justice (i.e.,
who participates in decision-making) (Klok et al. 2023;
Knudsen et al. 2015; Walker & Baxter 2017), and distri-
butional justice (i.e., who benefits vs. who is impacted)
(Burdon et al. 2022; Cisneros-Montemayor et al. 2022;
Kerr et al. 2017; Mueller & Brooks 2020). Emphasizing
the importance of justice—and associated community
values that can help understand justice, and its effects
more broadly—in research and throughout planning
and development of an MRE project may allow the
industry to avoid some of the past injustices that have
been perpetuated through energy transitions and build a
new legacy for clean energy that considers these impor-
tant aspects of equity and justice (Dutta et al. 2023;
Fouquet 2010; Hoffman et al, 2021; Kouloumpis & Yan
2021; Lockwood et al. 2017; Ponce Oliva et al. 2024,).

The following sections describe social and economic
considerations and highlight effects that have been
documented or hypothesized for MRE, organized by
those who may be affected or involved throughout
planning, development, and operation. While it is ideal
to address social and economic effects separately, in
practice this can be challenging particularly as some
effects may overlap (e.g., visual effects, resilience, well-
being, etc.). Due to the limited information available

on MRE-specific social and economic effects, research
from adjacent industries (particularly offshore wind)

is included. The following sections focus mainly on
documented social and economic effects research and
remaining knowledge gaps; more information on the
involvement and engagement of these groups as stake-
holders can be found in Chapter 5.

4.2.1.

FISHERIES

Fishers are often considered one of the primary groups
affected by any new activities in the ocean (Bonar et

al. 2015). Many different species of fish, shellfish, and
algae may be targeted through commercial, recre-
ational, subsistence, or Indigenous fisheries and most
are subject to regulations depending on the type of
fishery, gear types, sustainability of the harvest, and
management structure. Fisheries globally are facing

arange of pressures due to climate change including
affecting fishing grounds, declining stocks, historic
overfishing and mismanagement, constraining
management rules (e.g., to allow for rebuilding stocks
or to assure sustainability), the increasing complexity
of navigating global markets and supply chains, and
new ocean uses competing for space (Harper et al. 2023;
Hilborn et al. 2021, Johnson & Welch 2009; Lam et al.
2020; Pauly et al. 2002; Pauly & Zeller 2016).

In many coastal communities, target species provide
the main sources of local protein and micronutrients
and fishing is often a multi-generational livelihood;
thus any proposal for new activity in the ocean becomes
deeply connected to food, community health, livelihoods,
and security (Papadopoulou & Vlachou 2022; Qu 2021,
Steins et al. 2021). Non-fishers in a community may
also be invested in pressures on a fishery or the legally
protected rights of fishers (Dreyer et al. 2019). Knowl-
edge from fishers has contributed to and played a key
role in marine spatial planning, ocean zoning, and
siting of offshore structures and activities, including
processes to establish marine protected areas, offshore
wind farms, and MRE (Ashley et al. 2018; Bakker et al.
2019; Campbell 2015; Jia et al. 2022; Kyriazi et al. 2016;
Letschert et al. 2021; Oregon State University 2013;
Yates et al. 2015).

Fishers have significant experience engaging in many
decision-making processes and are considered defini-
tive stakeholders with legitimacy, power, and urgency
(Johnson et al. 2015; Trouillet et al. 2019), though there
can be strong power differentials, with small-scale
fishers having much less influence than industrialized
fishers. Individual or community fisher perspectives on
MRE are highly variable based on the anticipated effects
of MRE, surrounding community context, dependency
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on the fishery resource, culture and traditions, export
markets, and connection to tourism or other income
sources related to a healthy fishery (Willis-Norton et
al. 2024). Common concerns related to fisheries include
fear of displacement from typical or historical fishing
areas, loss of income or livelihood due to displacement
or reduced catches, and uncertainty around the poten-
tial effects of MRE on harvested species and long-term
ecosystem health.

SPATIAL DISPLACEMENT

The inability to harvest in a previously utilized location
is a primary concern of fishers, as exclusion areas may
be established around MRE projects during installation
and operation for safety, security, and optimal opera-
tions (Stelzenmiiller et al. 2022; Xoubanova & Lawrence
2022). Exclusion or no-take zones have been suggested
to function similar to a marine protected area, with
potential positive impacts on fished populations. This
effect has yet to be demonstrated for MRE (Bender et al.
2021), though is well-documented for other exclusion
areas such as marine protected areas and offshore wind
farms (Alexander et al. 2016; Breen et al. 2015; Coates et
al. 2016; Hemery 2020; Raoux et al. 2017). Spatial
displacement can result in a loss of income due to
potentially reduced catches, and even the loss of liveli-
hood if a fishery is no longer profitable due to new
spatial restrictions within a preferred fish habitat, or
increased travel time and effort to harvest an equivalent
catch (Alexander et al. 2013). The effects of spatial
displacement have been studied at several MRE loca-
tions and were found to vary significantly by gear type
(Campbell 2015; Stelzenmiiller et al. 2022), typical
usage of the area (for example, in some places high tidal
energy areas are not typically used for fishing
(Kularathna et al. 2019)), and ability of fishers to adapt
to new spatial constraints (Bastardie et al. 2015). This
makes it important to represent multiple fisheries and
gear types in planning and siting decisions for MRE, in
order to assure full consideration of both the magnitude
and the distribution of effects (Campbell 2015; Cohen et
al. 2019; de Groot et al. 2014; Reilly et al. 2016; Withouck
et al. 2023). In addition, it is important to consider that
fisheries data is often commercially or culturally sensi-
tive, and fishers may be reluctant to share prime fishing
locations or catch data in a public setting (Calderwood
et al. 2023; Davis & Hanich 2022), therefore fisheries
data that is available and used in planning and siting
should be assessed for accuracy. Participatory

approaches that consider this sensitivity and go beyond
mere consultation or data gathering are recommended
(see Chapter 5), especially as conflicts over access to
ocean space are expected to increase over time (Stel-
zenmiiller et al. 2020).

MITIGATION

In the event of unavoidable or unforeseen impacts on
fisher livelihoods, there are options to mitigate the
effects of displacement and/or create compensatory
benefits for those affected (de Groot et al. 2014). These
negotiations typically take place before impacts occur
(see PacWave South case study, Section 4.4) and require
agreement from multiple parties to assure satisfactory
outcomes (de Groot et al. 2014; Kularathna et al. 2019;
Sando et al. 2022). In some cases, these agreements
enable the co-existence of a fishery with MRE where it
would not otherwise be possible. Mitigation can include
financial compensation or non-monetary options,
which might include collection of additional oceano-
graphic data for the fishery, construction of artificial
reefs or other fishery support structures, discounted
electricity, using profits from energy generation to take
management measures to aid coexistence (Hasuike &
Inagaki 2021), or agreements to ensure local labor or
fishing vessels are used in construction, operation, and
maintenance of MRE projects (Kularathna et al. 2019).
The preferences of fishers on benefits can vary based
on gear type, scale of operations, current financial
stability, or involvement in other community busi-
nesses (Kularathna et al. 2019).

ENVIRONMENTAL EFFECTS

Even if a fishery is not displaced by an MRE project,
there may still be concerns about the effect that the
device(s) or their construction could have on target
species, prey species, habitats, or other ecosystem
aspects, all of which are linked to the sustainability and
profitability of the fishery. These environmental effects
of MRE are discussed in more detail in other sections

of this report, particularly for changes in habitat and
collision risk (see ). Research is needed to
understand the positive and negative effects of MRE on
target species to be able to predict impacts on the fishery
as a whole (Willis-Norton et al. 2024; Xoubanova &
Lawrence 2022), and should consider additional sources
of mortality or injury (e.g., cumulative effects) as well as
positive effects (Nogues et al. 2023). Such research and
monitoring are needed at a strategic level to coordinate
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existing fisheries management across regions that may
be experiencing cumulative effects of MRE or other
development activities, as fish are not constrained by
jurisdictional boundaries (Stelzenmidiller et al. 2020,
2022; Xoubanova & Lawrence 2022).

EFFECTS ON AQUACULTURE

Marine-based aquaculture—the rearing of finfish,
shellfish, or algae in coastal or offshore areas—may
also experience some of the same effects from MRE

as fisheries, particularly competition for space in a
crowded ocean. Few negative effects on aquaculture
from MRE have been identified. Most research in this
area has focused on identifying potential synergies
between aquaculture and renewable energy, including
multi-use platforms (Abhinav et al. 2020) or co-location
of MRE to power aquaculture operations (Freeman et
al. 2022). Recent research has focused on the relevancy
of offshore wind for aquaculture due to the fixed nature
of platforms and equipment used (Gimpel et al. 2015;
Schupp et al. 2019; Weiss et al. 2018); though coastal
community perceptions vary and concerns remain
(Billing et al. 2022; Steins et al. 2021). Aquaculture has
been identified as a potential end-user and market for
MRE, with opportunities for co-location, but much of
the current work is still in the theory, exploratory, and
design phases (Branch et al. 2023; Freeman et al. 2022;
Garavelli et al. 2022; Silva et al. 2018; Yue et al. 2023).

4.2.2.

OTHER MARITIME INDUSTRIES

Existing industries that may directly interact with MRE
in ocean and coastal regions include port facilities and
infrastructure; the supply chain covering all aspects

of MRE device design and production, development,
deployment, and decommissioning; the MRE work-
force; and other marine industries such as shipping,
navigation, security, defense, and dredge and disposal.
Potential synergies between these maritime industries
and MRE exist. For example, MRE could supply power
to military and defense activities (Maurer et al. 2020),
to ocean observation or navigation systems, or to ships
to achieve vessel electrification as part of low-carbon
energy solutions (LiVecchi et al. 2019). Another oppor-
tunity is the development of hybrid renewable energy
systems, such as combined MRE and offshore wind or
solar platforms (Ayub et al. 2023; Gubesch et al. 2023;
Jiang et al. 2022; McTiernan & Sharman 2020; Solomin
et al. 2021).

Key to the blue economy is managing the suite of
maritime industries via sustainable development while
protecting ocean ecosystems and resources and strength-
ening social and community aspects (Bethel et al. 2021;
Cisneros-Montemayor et al. 2021, 2022; Lee et al. 2020;
World Bank & United Nations Department of Economic
and Social Affairs 2017). As the marine space becomes
increasingly congested and as the MRE industry scales up
to arrays and commercial-scale deployments, the need
for comprehensive spatial planning and other tools like
spatial or navigational risk assessments and buffer zones
will become crucial to carry out negotiations between
maritime industries and minimize potential effects
(Mehdi et al. 2018; Naus et al. 2021).

There is limited research on the interaction between or
effects of MRE on these maritime industries. The
majority of the available information comes from
reports on the European MRE industry that focus on
economic opportunities such as job creation and
training, bolstering the supply chain, and assessing
development of the sector (Marine Energy Wales 2021,
2022; Ruiz-Minguela et al. 2022; Soukissian et al. 2023).
Other applicable research typically focuses on offshore
wind and shipping or navigational safety due to
concerns of increased risk for ships and vessels and
methods to better assess or mitigate risk (Mehdi et al.
2020; Naus et al. 2021; Rawson & Brito 2022). Available
research on two key aspects for MRE development,
ports and the supply chain, are highlighted in the
following sections.
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PORTS

Ports, connected to waterways and ranging in size and
capabilities, are the center of marine transport networks
and provide infrastructure and facilities for a variety of
marine-based activities such as cargo, passenger trans-
port, container transport, military operations, fishing,
offshore wind, and MRE (Roa Perera et al. 2013; Sheik-
holeslami & Tabbakhpour Langeroodi 2024). Ports are a
necessity for any marine industry and provide critical
infrastructure for most populated coastal communities.
For MRE this can include the need for deep water ports
for manufacturing and deployment, service ports for
pre-installation and device assembly, ongoing opera-
tions and maintenance, and facilities for dockside repair
(Pacific Energy Ventures 2011). In the offshore wind
industry, much attention and research has been afforded
to the development of port infrastructure, required
upgrades, and potential effects of this development. The
MRE industry has not increased in scale to the same
extent as offshore wind; consequently, there is a current
gap in research on effects of MRE on ports. While there
may be some synergies between port infrastructure
needs for offshore wind and utility-scale, grid-
connected MRE developments, for most MRE applica-
tions the requirements will be quite different in terms of
scale, capacity, and location due to the smaller footprint
of MRE developments. There are examples from MRE—
particularly around test centers and areas ripe for MRE
development—where investments in port infrastructure
have been undertaken to support the industry and
attract developers (Marine Energy Wales 2021).

Similar to the potential opportunity of co-locating MRE
and aquaculture or other maritime industries, there is
an opportunity for MRE to be integrated into ports to
provide power to the port itself or to the grid (Bellon

De Chassy 2020; Cascajo et al. 2019; Kandiyil 2022).

Eco Wave Power is an example of a wave energy device
designed to be integrated into port breakwaters, with
several projects currently in operation (Eco Wave Power
2022). Port use and/or integration for MRE must be
planned and executed carefully as MRE, like other new
and developing marine-based industries, can either
help diversify activities and increase job opportunities
(Akbari et al. 2017) or has the potential to take away
port space from existing industries leading to other
impacts such as reduced workforce or long-term, union
employment (Weig & Schultz-Zehden 2019).

SUPPLY CHAIN

The MRE supply chain includes operations (assembly,
deployment, decommissioning), manufacturing
(specialized and heavy manufacturing such as design

of components and sub-systems, shipbuilding, heavy
metal work), services (maintenance, research, project
management, administration, legal, finance, etc.), and
infrastructure (ports, harbors, test centers) (Ruiz-
Minguela et al. 2022; Soukissian et al. 2023). Some
components of the supply chain are location-dependent
and must be carried out on site or where available ports/
manufacturing equipment exists, while others may be
carried out in areas adjacent to or surrounding an MRE
project. Effects on the supply chain from MRE are typi-
cally quantified based on economic indicators (e.g., job
creation, investments, etc.) and include indirect indica-
tors, such as purchases or expenditures in businesses
and industries that occur secondary to the development
and operation of an MRE project (Bianchi & Fernandez
2024).

MRE has the potential to create opportunities for busi-
nesses and industries within the supply chain and the
wider community, and provide economic benefits to
coastal regions, local communities, and areas
surrounding MRE development (Cochrane et al. 2021;
Marine Energy Wales 2021; Norwood et al. 2023; Ruiz-
Minguela et al. 2022) (see Orkney case study, Section
£4.4.). However, this will require investments to enhance
local and regional supply chains that provide services
needed for MRE (Cochrane et al. 2021; Marine Energy
Wales 2021, 2022). A developing MRE supply chain may
benefit from areas where workers have transferable
trades or skills from adjacent industries such as
offshore wind (Marine Energy Wales 2021). Otherwise,
investments may need to be supported by governments
at this early industry stage and can include funds for
developing manufacturing services, expansion or

OES-ENVIRONMENTAL 2024 STATE OF THE SCIENCE REPORT



customization of port infrastructure, and commissioning
of specialized vessels. Such investments can foster
growth in local companies and increase the visibility of
local areas while increasing confidence in the MRE
sector (Marine Energy Wales 2022; Ruiz-Minguela et al.
2022). Showing economic benefits from MRE can high-
light business opportunities and attract new businesses
throughout the supply chain to a particular area or
region (Bianchi & Fernandez 2024). In some locations,
regional coordination or the forming of clusters within
the supply chain for MRE has occurred, which can also
support development (Marine Energy Wales 2021; Ruiz-
Minguela et al. 2022; Soukissian et al. 2020). As the MRE
industry scales up, there are likely to be additional
development opportunities (e.g., fabrication) that will
necessitate increasing the capability and scale of the
supply chain (Soukissian et al. 2023). For areas where
MRE resources exist, but where the industry has yet to
deploy or where government investments are limited,
favorable policies will be needed to enhance the supply
chain and prepare for MRE (Kasharjanto et al. 2023).

There is limited published research and few metrics that
describe local economic effects of MRE on supply chains.
Available information does not identify economic effects
by phase of MRE development, clarify which industries are
affected, or allow for comparison across the MRE sector
(Bianchi & Fernandez 2024). Understanding of economic
effects of MRE on the supply chain will require developing
common and transparent methods to estimate them.

4.2.3.

Specific skills are needed to support MRE and supply
chain industries including engineering, device develop-
ment, offshore operations and maintenance, research,
environmental monitoring, resource assessment, legal
services, public relations, stakeholder engagement,
administration, finance, and more. A key economic benefit
of MRE is job creation, particularly skilled work focused
in coastal regions (Lavidas 2019; Marine Energy Wales
2021; Soukissian et al. 2023). Employment can be directly
related to work carried out for MRE,; indirectly created
through association with activities, goods, and services
that stem from MRE such as the supply chain; or induced
by direct and indirect worker spending (Lavidas 2019).
Assessments of job creation typically focus on direct

and indirect jobs as induced employment can be hard to
quantify and interpret (Ruiz-Minguela et al. 2022).

As the MRE industry continues to grow, employment
opportunities have increased (Farrell et al. 2020; Marine
Energy Wales 2022; Soukissian et al. 2023), and the need
for additional workforce has been identified, especially
for highly skilled workers (Soukissian et al. 2023). MRE
has the potential to create jobs for professionals and
skilled maritime workers with experience from adjacent
industries who may want to move into a new industry or
need alternative employment (e.g., from displaced fish-
eries, shipping, oil and gas), thereby offering security and
resilience within the broader workforce (Marine Energy
Wales 2021; Norwood et al. 2023; Soukissian et al. 2023).
Training programs and skills development specific to
MRE are needed and can be achieved through government,
MRE sector and industry, educators and educational insti-
tutions, and researchers working together. These entities
can offer training, industry apprenticeships, upskilling
programs, resources, and school curricula that introduce
MRE and allow for skills development (Marine Energy
Wales 2021; Ruiz-Minguela et al. 2022; Soukissian et al.
2023) (see Chapter 7).

With a developing industry and supply chain comes the
need to accommodate the required workforce. Housing,
accommodations, health services, recreation, and
more will be necessary to support the influx of workers
(Kazimierczuk et al. 2023). This is likely to directly
affect coastal communities for any scale of MRE project
and will be especially important to evaluate for remote
and coastal communities that are already resource-
limited and may not have adequate services to support
current populations (Quirapas & Taeihagh 2021). While
opportunities for local businesses to develop or grow
may arise, this can also put pressure on local services
without proper management and investment (Kallis et
al. 2021).

As with other aspects of maritime industries, there is
an overall lack of information related to job creation
and the workforce from MRE (Lavidas 2019), and the
available studies vary widely in their reported job
creation potential (Farrell et al. 2020; Ruiz-Minguela
et al. 2022). Developing a better understanding of

the direct and indirect jobs resulting from MRE will
help identify economic benefits, plan for and manage
potential effects, and allow for regions across the globe
to compare and share lessons learned from MRE and
supply-chain workforce development.
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4.2.4.

INDIGENOUS COMMUNITIES

Indigenous communities must be included when
considering MRE development and its potential social
and economic effects. Indigenous peoples—identified
by various terms around the world such as First
Nations, Tribal Nations, Native American, Alaskan
Native, Inuit, Maori, Polynesian, and more—are stew-
ards and custodians of the land and water since time
immemorial and have lived in sync with the environ-
ment for subsistence use, cultural and historical activi-
ties, commercial resource use, and environmental
management and monitoring (United Nations 2007;
United Nations Permanent Forum on Indigenous Issues
2015). Indigenous groups are not mere stakeholders but
are sovereign nations and rights holders; in most
nations there is a history of colonialism and often disre-
gard for such rights as well as a legacy of extractive
industries occurring on Indigenous lands, all of which
have led to the marginalization of Indigenous people
worldwide and resulting distrust of governments and
industry (Bacchiocchi et al. 2022; Duff et al. 2020; Lyons
et al. 2023; Richardson et al. 2022). This section does
not comprehensively address legal regimes (recognized
groups, formal consultation, etc.) related to Indigenous
rights as they are complex and vary across countries
and jurisdictions (e.g., United States federally recog-
nized Tribes and Alaska Natives, Australia Aboriginal
Land Rights Act 1976 and Native Title Act 1993, Canada
Constitution Act 1982, etc.) (Kerr et al. 2015; Lyons et al.
2023). These legal regimes and differing country
contexts play a role in the recognition and inclusion of
Indigenous communities related to MRE development.
Instead, the focus of this section is on Indigenous
communities and peoples and the associated social and
economic effects in relation to MRE.

Often Indigenous people reside in coastal and/or remote
locations and many such communities depend on fossil
fuels for energy production. Energy security and self-
sufficiency as well as community development and
economic opportunities are often drivers for Indigenous
communities transitioning to more reliable and renew-
able energy sources (Richardson et al. 2022). Indigenous
communities that are located near the ocean or rivers
with viable marine energy resources may be well suited
for obtaining power from MRE.

Each Indigenous group is unique and has specific
values, culture, and history; therefore, assessing poten-
tial impacts is best done at the MRE project-level and/
or community scale which may occur beyond
geographic boundaries of a project, and should be
tailored to the specific context of each group (Rich-
ardson et al. 2022). MRE developments have the poten-
tial to affect many aspects of Indigenous lives and
cultures such as traditional uses and harvesting rights,
customary practices, cultural values and well-being,
relationship to the environment, historic sites, access,
livelihoods, employment, social programs and infra-
structure, businesses, and more (Lyons et al. 202.3;
Richardson et al. 2022). When siting MRE projects,
subsistence or cultural areas of use as well as culturally
and historically significant areas should be identified
and not considered for development. It should be noted
that these may include culturally sensitive data and
information that requires relationship- and trust-
building (Richardson 2021).

The literature on Indigenous groups and MRE or analo-
gous industries (blue economy, offshore wind, etc.) has
identified several recommendations to work toward
comprehensive assessments of social and economic
effects on Indigenous groups and enhancing benefits
while reducing negative impacts. First, assessments
must include geographical, historical, social, and
cultural contexts and values of Indigenous groups
(Lyons et al. 2023). Indigenous frameworks should be
used to identify and assess impacts and consider
options, including that outcomes and benefits from
MRE projects are defined by Indigenous groups. Indig-
enous knowledge should also be incorporated during
project design and siting, data collection, and assess-
ments of potential social and economic effects (Duff et
al. 2020; Richardson, 2021). Further, development
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should be sustainable, inclusive, and equitable;
language from the UN Declaration on the Rights of
Indigenous Peoples (United Nations 2007) and its prin-
ciples of Free, Prior, and Informed Consent (Food and
Agriculture Organization of the United Nations 2016)
should be used. Partnerships can be developed that
support Indigenous groups’ autonomy to assess
impacts and management or development options, that
provide benefits and limit risks and costs, and achieve
cultural license to operate (Hunter et al. 2023). There is
also a need to make data and resources (technical
reports and academic literature) accessible and avail -
able to communities to inform understanding of MRE;
to provide funding to support involvement of Indig-
enous communities and to increase capacity to seek
additional financing and navigate project development
processes; and to offer learning opportunities and
employment, including the ability to be self-sufficient
regarding maintaining and fixing technologies (which is
particularly crucial for remote locations) (Richardson
2021). And importantly, renewable energy industries
need to promote energy justice throughout these
processes to avoid continuing and exacerbating histor-
ical injustices, including from other energy industries,
that have impacted Indigenous communities (Bacchi-
occhi et al. 2022; Bennett et al. 2021; Kerr et al. 2015;
Lacey-Barnacle et al. 2020).

4.2.5.
COASTAL COMMUNITIES

Coastal communities refer to groups of people living at
the intersection between the land and the sea; approxi-
mately 10% of the world’s population live 10 m above
sea level and 40% live within 100 km of the coastline
(McGranahan et al. 2007; United Nations Office of Legal
Affairs 2021). Coastal communities are diverse and have
complex and unique relationships with and strong ties
to the coast. This includes the marine environment,
marine resources, and the seascape, and related social
and economic infrastructure that depend on these
aspects of the coast. Fishing, tourism, recreation, and
cultural and historical practices are some of the main
activities linked to coastal environments. The potential
effects from MRE will depend on the unique character-
istics and identity of each community and their social,
economic, cultural, and historical values (Frolova et al.
2022; Howell 2019) (see EnFAIT case study in Section
4.4.). Research on coastal communities has focused on
local perceptions of social and economic effects and

attitudes—particularly related to support or opposition
to renewable energy development. Factors that influ-
ence perceptions are impacts on tangible (local benefits
or impact on tourism, property value, or the environ-
ment) or intangible (impact on personal and commu-
nity well-being, place attachment including historical,
cultural, and natural value) aspects (Johansen 2019).
Anticipated effects, based on community perceptions
and perspectives, cannot be disentangled from actual
social and economic effects as they will drive attitudes;
therefore, it is necessary for any MRE project to under-
stand and address both actual and anticipated effects.

Studies of MRE found that factors influencing percep-
tions and attitudes on social and economic effects of
MRE are mainly related to place attachment and use of a
place (Hooper et al. 2020; Howell 2019; Kazimierczuk et
al. 2023). Perceptions are also formed based on commu-
nities’ and individuals’ values, potential environmental
effects (Hooper et al. 2020), local community context,
willingness to accept change, distribution of benefits
(Ponce Oliva et al. 2024), scale of the proposed project,
trust in decision-makers and developers, visual impacts
(Norwood et al. 2023), participation in planning
processes, and fairness and transparency (Howell 2019).
A variety of factors have been found to impact coastal
community perceptions. One study identified age as a
significant demographic factor related to opposition to
tidal energy (Hooper et al. 2020). Another found atti-
tudes on wave energy varied by gender, race, education,
and political ideology as well as by use of the coast;
overall there was more agreement for statements about
benefits (e.g., energy independence, economic, job)
than about risks (e.g., fishing, recreation, visual, envi-
ronment) (Boudet et al. 2020). Support for renewable
energy projects can also be based on trade-offs, partic-
ularly creating a balance between reducing negative
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local impacts and increasing positive local benefits (or
providing too few benefits) (Bell et al. 2013; Howell 2019).

Research on perspectives of coastal communities
regarding other coastal industries is useful to employ
because social and economic research specific to MRE is
limited. Additionally, factors affecting coastal commu-
nities’ response to and perceptions of the effects from
wind energy projects tend to be similar for MRE (Howell
2019). Coastal communities where engagement related
to offshore wind development has occurred over time
have seen changes in opinions more favorable for
offshore wind as the community becomes accustomed
to the sector (Frolova et al. 2022; Soukissian et al. 2020).
An area that has not been studied much for attitudes
regarding MRE is the difference in perspectives between
permanent residents and second homeowners within a
community. For offshore wind, Johansen (2019) found
permanent residents to be more positive/supportive and
focused on long-term impacts, and second homeowners
to be less supportive and focused on impacts to use of
local resources (beaches, etc.). There is a relatively large
body of research from offshore wind, but the social and
economic effects from these much larger-scale wind
farms may not be directly applicable to MRE. While these
findings are useful to inform how coastal communities
may perceive MRE, there are differences (such as MRE
developments typically being smaller, more nearshore,
etc.) that are important, particularly when it comes to
visual aspects. Howell (2019) found that there was more
support from the local community for MRE than wind
projects due to limited visual impacts, but also noted the
importance of recognizing visual impacts from onshore
infrastructure associated with MRE.

To address effects on communities, MRE projects have
the potential to be advantageous through community
benefit schemes, or other methods to mitigate potential
risks and impacts. These approaches will need to
address and acknowledge the diversity of each commu-
nity (Johansen 2019), ensure that benefits are distrib-
uted fairly to the communities associated with an MRE
development (Frolova et al. 2022), and create long-
term benefits rather than only short-lived positive
effects. Community ownership is one example where
communities invest in a project and directly receive
funds from energy production. This allows for commu-
nity-led solutions to managing and distributing these
funds to support the local community, which in turn

aids equity between project developers and the commu-
nities where projects are located (Aquatera Ltd 2021).
Community benefits from projects is a complex topic
and includes the challenge of defining the local
community and distributing decision-making power
around benefits (Soukissian et al. 2023). Additional
research is needed to better understand how to imple-
ment community benefits for MRE. Ideally, communi-
ties should be included and engaged from the outset,
which will help discussion about planning, siting, and
community benefits (see ). The uniqueness and
diversity of coastal communities mean that planning,
data collection, research, and engagement are best
carried out on a project-level scale and on a commu-
nity-by-community basis to understand the complexi-
ties, intricacies, and structure or organization of these
communities (Frolova et al. 2022; Soukissian et al.
2023). Respect should be placed on the existing social,
economic, and cultural aspects of a community, and the
existing and historical relationships to the marine envi-
ronment and resources throughout all MRE project
phases (Frolova et al. 2022).

4.2.6.

Coastal tourism, an increasingly popular sector of
tourism for travelers, involves recreational activities
occurring near or within the marine environment (Euro-
pean Commission et al. 2023). In coastal areas, tourism
opportunities often directly depend on a healthy ocean
environment to provide activities and experiences such
as fishing, boating, wildlife viewing, and clean water for
swimming and other recreational activities. Tourism
may be affected by the development of MRE due to
spatial displacement or changes in the overall visual
aesthetic of a place, and the effects may vary based on
the typical visitors and activities in a particular area.
Perspectives on MRE vary by tourism operators and
place-specific attributes (Callejas-Jiménez et al. 2021;
DeSanti 2020) and by perceived environmental effects
(Marin-Coria et al. 2021). Additional tourism opportuni-
ties may be generated by the presence of a new MRE
technology, development, or visitor facility, though this
may not be a long-term driver of increased tourism as
the novelty wears off (Carr-Harris & Lang 2019; Smythe
et al. 2020). There is also potential for MRE to facilitate
ecotourism, either alone or combined with other
renewable energies to provide typical tourism activities
with a lower climate impact (Ben Jebli et al. 2019).
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Limited research has been carried out demonstrating
or measuring effects of MRE on tourism, in part due to
few devices in the water and public opportunities for
viewing or visiting. More research has been undertaken
for offshore wind farms (Carr-Harris & Lang 2019;
Machado & de Andrés 2023; Westerberg et al. 2015),
though the visual effects of offshore wind turbines are
much more striking than MRE devices and can have
polarizing effects (Smythe et al. 2020).

4.2.7.
CONSERVATION

Many areas of the ocean and coastal zone are desig-
nated for conservation purposes, to protect rare or
important species, habitats, or historically or culturally
important areas (Klein et al. 2010). These designations
may vary based on the jurisdiction and conservation
goals (e.g., marine protected areas, sanctuaries, parks,
conservation zones, no-take zones, or reserves). The
restrictions or level of protection within each area
varies by the management approach and legal protec-
tions in place. Fishing and other extractive or disrup-
tive activities, such as mining, drilling, or dredging, are
often excluded in these areas, though other activities
such as non-consumptive recreation may be allowed
(e.g., surfing, diving, snorkeling, or use of powered or
non-powered personal watercraft). MRE developments
are typically excluded from these areas, although there
have been some discussions about compatible uses of

space in particular instances, especially in already busy
ocean areas (Jhan et al. 2022; Steins et al. 2021). Most
research to date has focused on opportunities for spatial
planning to co-locate different ocean uses considering
tradeoffs between industries, with the preservation of
key species, biodiversity, or ecosystem processes as an
implicit goal (Jia et al. 2022; Markantonatou et al. 2021;
Van der Biest et al. 2020; Virtanen et al. 2022; Yates et al.
2015).

There may be additional concerns about the siting of
MRE developments near conservation areas due to
potential environmental effects across a broad spatial
distribution. The conservation value of a species or
habitat may also vary according to the power of influ-
ence of stakeholders who defend or represent it
(Fofack-Garcia et al. 2023). These concerns can vary
based on the specific interests of individuals and orga-
nizations. Including managers of existing or planned
conservation areas and their stakeholders (Bonnevie et
al. 2023; Friedrich et al. 2020), fisheries (Campbell
2015), environmental non-governmental organizations
(Brooker et al. 2019), and other conservation interests,
such as archaeological, historical, or cultural societies
(Bailey & Flemming 2008; Pollard et al. 2014), is neces-
sary in the planning process for MRE projects to site
appropriately, identify social and economic effects, and
avoid conflicts.
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4.2.8.

All those who consume or utilize energy in a particular
location have the potential to be affected by MRE. A new
MRE project could influence the availability (quantity
and timing) and reliability of power and the cost of
electricity and other energy services, depending on how
the electricity is owned or distributed (Hernandez-
Fontes et al. 2020; Shao et al. 2022). These effects could
be perceived as positive or negative, in part depending
on the specific aspects of a project and power provided,
as well as local views around clean energy and emission
reductions if communities are able to switch power
consumption away from carbon-intensive energy (Jiang
& Khattak 2023; Richardson et al. 2022; Smart & Noonan
2018). Additional infrastructure installations or upgrades
may be needed as part of MRE development and incor-
porating MRE into transmission and distribution
systems, which may also have effects further inland and
along transmission corridors (IRENA 2022; Marine
Energy Council National Hydropower Association 2021).

An important consideration is the export of energy
produced, particularly who it will benefit or negatively
impact. A main concern related to energy end-users is
when local communities where projects are sited—and
therefore effects from a project are mainly experi-
enced—do not receive the benefit of energy produced
(de Groot & Bailey 2016; Linnerud et al. 2022). This
creates disdain as these communities experience the
local effects from a project, but the energy is instead
exported inland, to larger metropolitan areas, or even
across regional or national boundaries. Alternatively,
when energy produced from a project is provided to the
local community this can create an important benefit,
particularly when reductions in the cost of electricity
are anticipated or materialize (de Groot & Bailey 2016;
Firestone et al. 2009). Further, using produced energy
for the local electric supply can help enhance energy
security, which is particularly important for island

or remote communities, and was found by one study
on offshore wind to be a main predictor of support
(Devine-Wright & Wiersma 2020).

In many cases, MRE may be used to provide electricity
or power to specific uses and not the grid, such as for
desalination to provide freshwater to communities,
disaster preparedness and recovery, green hydrogen,
aquaculture, ocean observation, marine transportation,

marine carbon dioxide removal, and more (Cotter et al.
2021; LiVecchi et al. 2019; Thorson et al. 2022). Conse-
quently, these non-grid uses will not affect local power
consumption, especially relative to technologies like
offshore or land-based wind (Freudenberg et al. 2023;
Hevia-Koch & Klinge Jacobsen 2019; Komiyama & Fujii
2021; Traber et al. 2017) but may offer benefits to commu-
nities. Research about the environmental, economic, or
social effects of MRE for some of these potential end-users
exists (Li et al. 2018; Pérez-Vigueras et al. 2023), though
this research is more limited. Further exploration into
how these applications of MRE technologies may impact
social and economic effects will be useful.

4.3.

ypically, social and economic effects are identified

and documented through a baseline assessment
during consenting processes as part of an environmental
impact assessment (EIA), or other related assessment
(e.g., social and economic impact assessment, social
impact assessment, etc.) (Australian Government 2005;
Dalton et al. 2015; Interorganizational Committee on
Guidelines and Principles for Social Impact Assessment
1994; Karytsas et al. 2020; Mackenzie Valley Environ-
mental Impact Review Board 2007; Ministere de
I’Environnement, de I’Energie et de 1a Mer, République
Frangcaise 2017; Scottish Government 2022). Life cycle
assessments (Lehmann et al. 2022, 2024; Soukissian et
al. 2023) or risk assessments (Mehdi et al. 2020) can also
be used. The type of assessment varies by jurisdiction
and regulatory requirements (Freeman 2020). Informa-
tion on requirements for social and economic data
collection for each of the OES-Environmental countries
is available online as

The magnitude of potential effects is predicted or
modeled in these assessments and can be used to deter-
mine required mitigation or to select between alterna-
tive project designs or sites during consenting. The
potential social and economic benefits are not usually
included in these assessments, though are often used
more informally to justify the rationale for pursuing a
project (Karytsas et al. 2020). While such assessments
are useful, once project execution has commenced,
monitoring data is needed to confirm the predicted
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effects and ensure just outcomes, including the distri-
bution of costs and benefits of a new MRE project on a
community (Interorganizational Committee on Guide-
lines and Principles for Social Impact Assessment 1994;
Soukissian et al. 2023; Vanclay et al. 2015).

There remains a need to elucidate how social and
economic data are collected and analyzed to measure
effects from MRE and work toward standardizing
approaches using the best available methods (Freeman et
al. 2024). A review of the literature on social and
economic data collection for MRE, as well as adjacent
industries including other renewable energy and relevant
marine sectors (e.g., offshore wind, fisheries, or tourism),
found a wide range of methods and metrics for measuring
effects (Freeman et al. 2024). The most commonly used
methods included surveys, a variety of analyses (e.g.,
value chain; media content; strength, weakness, oppor-
tunity, threats (SWOT); etc.) and assessments (e.g., social
life cycle, social impact, ecosystem services, etc.), case
studies, models, and interviews. There was a large range
of metrics used, but some often-reoccurring ones
included acceptance, perceptions, employment and jobs,
vulnerability, levelized cost of energy, and gross value
added. Notably, metrics and methods were more estab-
lished for economic data collection and assessment, while
those focused on social aspects are still evolving and
developing and diverged significantly. Additionally, the
literature did not focus on assessing effects of MRE devel-
opments and was instead typically geared to methods or
metrics for early stages of MRE development (planning,
siting) or technology performance.

While improving measurements of social and economic
effects is needed, developments have been made over
time, including resources to aid such efforts. Several
new tools have been created to address effects for MRE
projects specifically, as described in Box 4.1.

BOX 4.1.

EXAMPLES OF TOOLS DEVELOPED
FOR SOCIAL AND ECONOMIC EFFECTS
OF MARINE RENEWABLE ENERGY
(MRE)

Marine Energy Social and Economic Data Collection
Toolkit (2024) — This toolkit was developed based on the
recommendations from Freeman (2020). It aims to facilitate
easy access to information on social and economic data

for MRE and how to collect data and information for both
baseline assessments and after project implementation, with
examples. The toolkit also guides data collection efforts with
a downloadable template for MRE developers to utilize.

Meaningful MRE Development Framework (2023) — This
framework, described by Caballero et al. (2023), combines
social lifecycle assessment, a social framework, and tenets
of energy justice to generate a list of questions for conversa-
tions across design installation, operations and maintenance,
and decommissioning for MRE.

Selkie Geographic Information System and Techno-
economic Tool (2022) — Developed for MRE in Irish and
Welsh waters, this open-source tool provides detailed spatial
data that includes marine traffic, distance from ports, and
fishing density to aid developers in siting wave or tidal
devices as well as calculation of levelized cost of energy.

VAPEM (2022) — This tool, developed under the SafeWAVE
project in Spain, is used to help manage marine activi-

ties, incorporate ecosystem services, and identify suitable
wave energy development opportunities by including spatial
assessments of environmental and human uses of ocean
space.

Economic, Social, Spatial and Environmental (ESSE)

Framework (2021) — This modeling framework can be used
to assess impacts across multiple ocean-related industries,
and has been applied for MRE by 0’Donoghue et al. (2021).

Alaska Energy Data Gateway Community Metrics Explorer
(2017) — This tool displays available data to evaluate the
financial, human, and technical capacity of specific Alaska
(United States) communities to undertake energy projects.

When collecting data for MRE projects, it is important
to assure consistency, enabling the comparison of
effects between projects and the identification of lessons
learned and best practices. OES-Environmental has
developed Good Management Practices (Copping et al.
2019) that have been updated to incorporate additional
key considerations in collecting both baseline and moni-
toring data for social and economic effects (Table 4.1).
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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, 2018), and recently
updated based on feedback from Ocean Energy Systems (OES)-Environmental’s in 2023.

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 should take into account past experiences of communities with strategic-level efforts and be
targeted to identify concerns that have been historically ignored. The use of jargon in soliciting information from
communities should be limited.

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 communities to drive specific data collection efforts and analyses that reflect
key needs and local values.

Baseline social and economic data should be collected that address the current social and economic attributes,
at the appropriate scale, prior to development.

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 develop-
ment occurs.

Project-level baseline data should be gathered by the
project developer, assisted by existing supply chain
companies and other local stakeholders as part of con-
senting processes before development occurs. If mul-
tiple projects are occurring on similar timescales, the
project developers should be encouraged to collaborate
to help gather data to inform strategic assessments.

Social and economic data should be collected once MRE development has occurred and the devices are opera-
tional. To the greatest extent possible, data should be collected using similar variables/methods as baseline data
to allow for direct before/after comparison. This level of data collection may require extended project timelines or
additional funding to ensure monitoring can be carried out.

Social and economic data should be collected at the
same scales, using the same methodologies for proj-
ect-level assessments, by the project developer, with
assistance from supply chain personnel and other
local stakeholders, including local governments.

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.

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 communication is the responsibility of the appropriate level of gov-
ernment, while project-level social and economic assessments should be jointly presented by the project devel-
oper and the appropriate level of government. Opportunities for participation and provision of feedback should be
provided, including information on how feedback and input will be incorporated.

STRATEGIC ECONOMIC EFFORTS AROUND MRE IN
ORKNEY

Contributed by Jennifer Fox (Aquatera Ltd.) and Lisa
MacKenzie (EMEC)

4.4

Though social and economic data collection specific
to MRE is limited, there are examples from which to
learn. Many of these have been highlighted throughout
this chapter, and three case studies are described below
to provide specific examples of social and/or economic
effects of MRE. The documentation of experiential
knowledge can enable other MRE projects to avoid
pitfalls and improve project outcomes as they pertain to
social and economic aspects.

Location: Orkney, Scotland, United Kingdom (UK)
(Figure 4.3), has long been at the forefront of MRE
development due to its rich tidal currents and strong
winds. The MRE industry has supplied sustainable
energy and fueled economic growth in Orkney, gener-
ating jobs and attracting investment.

Approach: An independent economic audit was carried
out in 2023 focused on the European Marine Energy
Center (EMEC), one of the top 20 employers in Orkney,
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and the local and national effect of 20 years of operating
the tidal and wave energy test site between 2003 and
2023 (EMEC 2023).

Key findings: The audit found that the creation of
EMEC in Orkney and its activities have generated £370
million gross value added to the UK economy between
2003 and 2023. £130 million of that is estimated to have
been accrued in Orkney. Additionally, £42 million has
been invested in EMEC by public organizations such as
Orkney Islands Council, Highlands and Islands Enter-
prise, and the Scottish and UK Governments. This indi-
cates that for every £1 of public money invested, there
has been an £8 return to the economy. Moreover, EMEC
has secured £49.5 million of grant funding through
competitively won projects, the vast majority of which
were inward investments to the UK.

However, since 2020, the industry in Orkney has expe-
rienced a slowdown, with fewer devices being deployed
and fewer developers investing in the region. Despite this,
Orkney’s necessity-driven innovation has propelled the
region’s supply chain to diversify and expand its busi-
nesses in many ways. In recent years, Orkney businesses
have been exporting their expertise globally, particu-
larly in areas such as capacity building, skills develop-
ment, energy systems, battery storage, data storage,
and hydrogen production. Companies based in Orkney
like Leask Marine, Green Marine, Aquatera Ltd., and
Orcades Marine have become world leaders in their fields,
exporting their knowledge and services around the globe.

Lessons learned: The shift toward a holistic systems-
based approach to renewable energy has been instru-
mental in driving Orkney’s economic growth. There is
progression from testing and demonstration of indi-
vidual devices toward rationalization and commer-
cialization, with a focus on systems and markets. This
evolution has led to a stronger link between various
energy components, including subsea batteries, wet-
mate connectors, and energy storage systems.

Orkney’s expertise in MRE has also facilitated its growth in
the offshore wind industry, which is experiencing signifi-
cant growth in Scotland. The transferable skills gained
from MRE are invaluable, positioning Orkney’s supply
chain as a key player in this growing sector. Programs such
as the Clean Maritime Demonstration Competition have
further bolstered Orkney’s reputation for innovation, with
companies securing funding for hydrogen and e-fuel
projects.
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Excess renewable energy generated in the region
prompted the exploration of alternative energy storage
methods, with programs like ScotWind and Innovation
and Targeted Oil & Gas considering establishing large-
scale hydrogen production facilities in Orkney. The
planned interconnector for the grid connection is poised
to enhance Orkney’s opportunities for growth, particu-
larly in tidal energy projects and offshore wind. Addi-
tionally, the UK’s recent subsidy program for tidal
energy resulted in a number of tidal energy developers
planning to demonstrate tidal energy arrays at EMEC.

Despite facing challenges, the region has leveraged its
expertise and ingenuity to diversify its economy, export
its knowledge globally, and embrace emerging oppor-
tunities in renewable energy. Through innovation and
diversification, the region has solidified its place as a
testbed and leader in sustainable energy solutions, both
locally and globally.

SITE SELECTION PROCESS AND
SOCIOECONOMIC ASPECTS

Location: PacWave South (hereafter PacWave) is the
first full-scale, grid-connected, pre-permitted wave
energy test facility in the United States. It is located
on the west coast offshore of Newport, Oregon (Figure
£.4.). PacWave, which has been developed and will be
operated by Oregon State University (OSU), is currently
being constructed and plans to be operational by 2025.
Newport is a hub of marine-based sectors including
fishing and marine science/research, and OSU has a
long history with wave energy including previously
consented sites.
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Approach: Site selection for PacWave involved an initial
feasibility study, stakeholder engagement including
with key sectors like the fishing industry, and commu-
nity site selection teams that submitted proposals to
OSU to determine the location of PacWave.

The feasibility study carried out in 2011 evaluated four
potential locations off the coast of Oregon. The City of
Newport where PacWave would ultimately be located,
has good stakeholder representation and an existing
relationship with Fishermen Involved in Natural Energy
(FINE) as well as the necessary characteristics for the
test site (proximity to ports and other required facili-
ties, wave resource, water depth, soft bottom habitat,
etc.) (Pacific Energy Ventures 2011). The feasibility
study noted potential social and economic effects and
how they may vary based on site selection. For example,
effects on commercial fisheries would differ based on
the chosen depth of the test site (e.g., the Dungeness
crab fishery occurs in shallow depths and therefore
would be impacted by a shallower site but not by a
deeper site) and visual effects would be greater with a
site located closer to shore or near marine headlands.

Two potential locations were then down selected,

and Community Site Selection Teams were created to
further assess developing the test site and to propose

a location offshore (Oregon State University 2013). The
Newport Community Site Selection Team included
FINE and other key stakeholder representatives (Tribal,
economic development, recreation, marine infrastruc-
ture, port, local government, utility, public) tasked
with preparing and approving a site proposal for OSU’s
consideration. The Newport proposal included identifi-
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cation of existing infrastructure from other ocean uses
(marine research, fishing, tourism, etc.) and avenues for
developing space and/or facilities (e.g., cities or ports to
assist, leases via city/county/state parks, using public
space, cost-sharing options, etc.) to support PacWave.
Human resources available were also noted including
Newport’s thriving working waterfront, workforce with
applicable skills and knowledge from marine and supply
chain industries (boat maintenance, marine research,
technologically advanced fishing industry, etc.), and
direct and indirect employment from marine-based
businesses. The outcome of the Community Site Selec-
tion Team was a proposal that acknowledged these
various components and an in-depth process to identify
an offshore site that was approved unanimously and
submitted to OSU in 2012. FINE specifically recom-
mended a 6 nm?area based on technical criteria needed
for the wave energy test site and fishing grounds; even-
tually a 2 nm? site was selected from this area and would
become the PacWave test site (Freeman et al. 2022).

Lessons learned: Stakeholder engagement and the identi-
fication of social and economic components that may be
affected, particularly impacts on the fishing community,
were part of the PacWave consenting process. Bringing in
stakeholders early, and in particular using a location
proposed by FINE that reduced conflict, helped gain
support for PacWave. An example of the support included a
FINE representative who stated, “We’re willing to give up
good fishing assets because we’re staunchly for natural
energy research” (Oregon State University 2013). FINE also
voted and recommended the offshore area which would
become the PacWave site to the county Board of Commis-
sioners citing decreased conflicts with fishing and other
marine uses. It should be noted that while FINE, the Board
of Commissioners, and the port were supportive of MRE
development for research, there was strong opposition to
further commercial-scale development that might use
nearby areas of the Oregon coast and decrease viable
fishing grounds (Oregon State University 2013).

SOCIOECONOMIC APPRAISAL OF THE NOVA
INNOVATION :

Location: EnFAIT (Enabling Future Arrays in Tidal) was a
European Union Horizon 2020 flagship project to advance
tidal energy, led by Nova Innovation. The project included
an assessment of the potential socioeconomic impacts

of Nova Innovation’s Sheltand Tidal Array, located in
Bluemull Sound, Scotland, UK (Figure 4.5) (Norwood et
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al. 2023). The array initially comprised three 100 kW tidal
stream turbines and was expanded to six turbines over
the course of the project (see Chapter 6). The original
three turbines were decommissioned in 2023, with the
three remaining turbines expected to continue to operate
in Bluemull Sound until at least 2038.

Approach: The initial socioeconomic appraisal was
completed in 2018 and then revisited in 2023 and
included an assessment of the positive and negative
impacts of the Shetland Tidal Array on a range of
factors. These included demographics, standard of
living and housing, education, social cohesion, percep-
tion of energy resources, recreation and tourism,
employment and business, industrial strategy and rural
regeneration, commercial shipping and navigation, and
regulatory framework. Effects were classified using a
simple approach that included categories for ‘clear and
major positive effect’, ‘broadly supportive or minor
positive effect’, ‘neutral effect’, ‘minor negative effect’,
‘major negative effect’, and ‘uncertain effect’. The
appraisal was based on an initial review of published
information on previous tidal energy projects and
informed by extensive engagement with stakeholders
including regulatory authorities, Shetland residents,
local government representatives, and the Shetland
Island Council. Residents on Yell, the closest inhabited
island to the array, were specifically engaged through a
mailed survey with questions on tidal energy and
through an in-person event.

Key findings: Full details on the results of the socioeco-
nomic appraisal are presented in the final report from the
EnFAIT project by Norwood et al. (2023). Overall, no
adverse effects were found. Positive effects were docu-
mented on employment and business through generation
of additional knowledge, revenue, and capacity among
the local companies used to produce key materials and
services. In particular, the project demonstrated how the
supply chain can rapidly adapt to emerging technologies
that benefit local businesses through additional income
and improved knowledge. It was found that further tidal
developments could reverse the current trend of out-
migration and preserve the existing demographic diver-
sity. Notably, strong support for tidal energy was found
among the local communities. It was noted that since
Nova Innovation’s tidal turbines are completely
submerged, there are no visible structures which
increased public support. The local community in Shet-
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land also appreciated Nova Innovation’s engagement
with young people in schools which aimed to provide
information about renewable energy and generate
interest in marine science and engineering.

Lessons learned: Initially installing a small number of
devices before scaling up was key to managing risk and
limiting uncertainty from the perspective of the public
and regulators. The initial installation of three devices
demonstrated that there was no disruption to the
existing users of the onshore or offshore area, including
to other industries, providing reassurance and building
awareness and support for tidal energy in the region.
This was further demonstrated through additional
activity including the expansion to six devices.

4.5.

his chapter provides an overview of the current

research on social and economic effects, including
those that have been experienced or are expected from
MRE developments. Knowledge gaps remain based
on the limited data to inform understanding of social
and economic effects from MRE and, as such, lessons
learned from offshore wind and other marine industries
are drawn on. As the MRE industry progresses, it will
become increasingly important to continue to study
and understand MRE-specific effects at a strategic
and project level, provide examples from MRE projects
for the industry to learn and apply to future projects,
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+ Conducting long-term assessments and moni-
toring, including at a regional scale. As more
activities and uses are added to the marine space,
carrying out more in-depth assessments over longer
timelines and at larger spatial scales will enable
the identification of specific effects from MRE to be
elucidated and compared to those from other indus-
tries and human activities. Governments also have
a responsibility to gather industry-wide social and
economic data that can help inform targeted assess-
ments carried out by project developers for indi-
vidual projects.

+ Increasing understanding of cumulative effects
from activities and uses within the marine envi-
ronment. To fully understand the scope of human
dimensions related to MRE, it will be important to
understand the combined effects of other activities,
uses, and development projects (see Chapter 9). This
includes multiple MRE projects that occur within
the same area and across industries such as offshore
wind, fishing, and other marine sectors. Assessing
and addressing cumulative effects necessitates coor-
dination at a broader scale. Therefore, governments

4.5.1. or other coordinating bodies are well suited to lead

these strategic-level efforts.

and develop guidelines on best practices for social and
economic assessments. The Good Management Prac-
tices, updated for the 2024 State of the Science report,
offer some guidance for data collection. The recom-
mendations from Freeman (2020) remain relevant and
additional recommendations are detailed below.

To improve understanding of MRE social and economic
effects, there remains a role for government at all levels 4.5.2.
to play through strategic-level planning. Governments
can provide policy changes or regulatory guidance that
will lead to social and economic data collection and can
financially support research and studies, as the industry
is not in a position to take them on. These include:

Needs for additional research have been noted
throughout this chapter, particularly knowledge gaps for
social and economic effects of MRE and how different
groups are affected. Researchers, governments, or other
groups or organizations can increase the state of under-
standing by undertaking the following research needs
and recommendations for data collection.

+ Developing consistency in requirements and regu-
lations for social and economic data collection and
assessments. Guidance and standardized approaches
developed by the research community will facilitate
this effort, along with the creation and support of
regulatory communities of practice where nations
can learn from each other and work toward best
practices together. This may include development of
new policies or regulatory guidance to create prece-
dence to measure and consider social and economic
dimensions of MRE where it does not already exist or
to expand and enhance current policies or regulatory
guidance so that data collection and assessments are
comprehensive.

+ Using transdisciplinary methods for research.
Transdisciplinary approaches should focus on
collaboration across a variety of fields, industries,
regulatory bodies, and communities to find solu-
tions to social, economic, and environmental issues.
Doing so will allow for learning and co-production
of knowledge, as well as challenges and needs to be
addressed through diverse perspectives leading to
more beneficial solutions (Steger et al. 2021).
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+ Increasing understanding of indicators for MRE-

specific effects. Continued and expanded data collec-
tion will be crucial to highlight potential effects and
to understand how various types and scales of MRE
projects may affect communities, groups, and regions
differently. For example, engaging with key compa-
nies and project developers can help gather basic data
and metrics to both investigate effects of past and
current MRE projects, and develop key indicators and
variables for social and economic effects. As research
is undertaken, data collection will need to address
requirements based on the applicable regulatory
context and responsibilities (see Figure 4.2). These
actions will decrease the need to rely on adjacent
industries to fill gaps and inform understanding.

Applying quality checks for data collection. Data
should be collected consistently throughout the MRE
sector to enable comparison between projects, and
to enhance conclusions and understanding of inter-
actions and effects. More work is needed to identify
how best to collect social and economic data consis-
tently for MRE; the tools identified in Box 4.1are a
useful starting place. There is also a need for review,
ideally by independent third parties, to assure the
best available methods are used, carry out quality
control, and reduce or avoid an undue burden on
developers.

Creating standardized methods for data collection
that can be applied internationally. It is important
to note that standardization of methods does not
require development of international standards, as
these are likely not practical for social and economic
effects, which are too complex and variable and
would miss the nuances required for each specific
MRE project and community context. To achieve this,
decision points can be characterized to advise which
assessments are needed throughout MRE planning,
development, and operation stages. Guidance can
also be created to help identify what to consider,
such as broad categories of data that will be impor-
tant to include. Creating requirements for just and
equitable outcomes could help, though ultimately
data needs and outcomes for each project should be
defined and co-developed with the relevant commu-
nities, groups, and stakeholders. As standardized
methods are created, these will need to include
common language, definitions, and other key factors
that can help apply the methods internationally.

4.5.3.

Social and economic effects need to be understood and
addressed for each MRE project to enhance benefits and
avoid or mitigate negative impacts. This is largely the
responsibility of the MRE industry, although informa-
tion gleaned from government-funded strategic studies
may be helpful.

+ Applying lessons learned from other industries.
MRE should learn from other industries such as the
offshore wind sector, including what has not worked
well and should be avoided. This will help fill current
gaps in understanding. As research on MRE-specific
social and economic effects increases, less reliance
will be needed on analogous industries.

+ Improving approaches to address social and
economic effects. Developers have learned to be
sensitive to environmental concerns and to plan
accordingly, and the same approach is needed for
social and economic aspects of MRE. The MRE-
specific research and case studies presented in this
chapter highlight some examples where this has
already occurred in the MRE industry. Two important
aspects include:

« Striving for just outcomes and equitable energy
transitions. Of particular importance is assessing
the distribution of costs and benefits of an MRE
project. Developing community benefits of MRE
projects, particularly for communities or stake-
holders that may be impacted, can also help
achieve justice and equity in project development
and even lead to communities feeling a sense
of ownership or support for a project, which is
important in an emerging industry like MRE.

+ Understanding and incorporating diverse
perspectives among and within different groups.
The range of effects that stakeholders experi-
ence should be evaluated throughout MRE plan-
ning, development, and operation to maximize
benefits and minimize negative impacts. This will
help work toward meaningful engagement with
communities and groups around an MRE project.
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+ Bringing together marine activities to address
social and economic effects. To achieve sustain-
able development within the blue economy, MRE
developers can look toward comprehensive marine
spatial planning and co-location of activities (see
Chapter 6). Working with communities and regions
to understand existing uses and where MRE can
supply power or share space and resources can help
maximize benefits from MRE and lessen impacts on
current uses. This will likely require some govern-
ment support, particularly for pilot or demonstration
co-location projects, as well as industry collabora-
tion between MRE and other maritime industries.

Even though there are limited data and information
on social and economic effects from MRE projects

and associated research, there are lessons from other
industries that can help in the meantime, and research
from MRE projects has been increasing over the years.
Making progress on the above recommendations

and filling knowledge gaps on MRE-specific effects,
particularly regarding the various groups identified in
this chapter, will advance our understanding of how
MRE can affect social and economic aspects and human
dimensions. To achieve greater understanding, the
broader MRE community will need to come together,
share learning, and work toward standardization of
approaches.

4.6.
REFERENCES

Abhinav, K. A, Collu, M., Benjamins, S., Cai, H., Hughes,
A, Jiang, B., Jude, S., Leithead, W., Lin, C., Liu, H.,
Recalde-Camacho, L., Serpetti, N., Sun, K., Wilson, B.,
Yue, H., and Zhou, B.-Z. (2020). Offshore multi-purpose
platforms for a Blue Growth: A technological, envi-
ronmental and socio-economic review. Science of The
Total Environment, 734, 138256. doi:10.1016/].scitotenv
.2020.138256. https://tethys.pnnl.gov/publications/offshore
-multi-purpose-platforms-blue-growth-technological
-environmental-socio

Adesanya, A., Misra, S., Maskeliunas, R., and Damasevi-
cius, R. (2020). Prospects of ocean-based renewable
energy for West Africa’s sustainable energy future.
Smart and Sustainable Built Environment, 10(1), 37—-50.
doi:10.1108/SASBE-05-2019-0066. https://tethys.pnnl.gov
/publications/prospects-ocean-based-renewable-energy
-west-africas-sustainable-energy-future

Akbari, N., Irawan, C. A., Jones, D. F., and Menachof, D.
(2017). A multi-criteria port suitability assessment for
developments in the offshore wind industry. Renew-
able Energy, 102, Part A, 118—-133. https://doi.org/10.1016
/j.renene.2016.10.035

Alexander, K. A., Meyjes, S. A., and Heymans, J. J. (2016).
Spatial ecosystem modelling of marine renewable energy
installations: Gauging the utility of Ecospace. Ecological
Modelling, 331, 115—128. doi:10.1016/j.ecolmodel.2016.01.016.
https.//tethys.pnnl.gov/publications/spatial-ecosystem-
modelling-marine-renewable-energy-installations-
gauging-utility

Alexander, K. A, Potts, T., and Wilding, T. A. (2013).
Marine renewable energy and Scottish west coast
fishers: Exploring impacts, opportunities and potential
mitigation. Ocean & Coastal Management, 75, 1—10. doi:10
.1016/j.0cecoaman.2013.01.005. https://tethys.pnnl.gov
/publications/marine-renewable-energy-scottish-west
-coast-fishers-exploring-impacts-opportunities

Apolonia, M., Fofack-Garcia, R., Noble, D. R., Hodges,

J., and Correia da Fonseca, F. X. (2021). Legal and
Political Barriers and Enablers to the Deployment of
Marine Renewable Energy. Energies, 14(16), 4896. doi:10
.3390/en14164896. https://tethys.pnnl.gov/publications
/legal-political-barriers-enablers-deployment-marine
-renewable-energy

126

OES-ENVIRONMENTAL 2024 STATE OF THE SCIENCE REPORT


https://tethys.pnnl.gov/publications/offshore-multi-purpose-platforms-blue-growth-technological-environmental-socio
https://tethys.pnnl.gov/publications/offshore-multi-purpose-platforms-blue-growth-technological-environmental-socio
https://tethys.pnnl.gov/publications/offshore-multi-purpose-platforms-blue-growth-technological-environmental-socio
https://tethys.pnnl.gov/publications/prospects-ocean-based-renewable-energy-west-africas-sustainable-energy-future
https://tethys.pnnl.gov/publications/prospects-ocean-based-renewable-energy-west-africas-sustainable-energy-future
https://tethys.pnnl.gov/publications/prospects-ocean-based-renewable-energy-west-africas-sustainable-energy-future
https://doi.org/10.1016/j.renene.2016.10.035
https://doi.org/10.1016/j.renene.2016.10.035
https://tethys.pnnl.gov/publications/spatial-ecosystem-modelling-marine-renewable-energy-installations-gauging-utility
https://tethys.pnnl.gov/publications/spatial-ecosystem-modelling-marine-renewable-energy-installations-gauging-utility
https://tethys.pnnl.gov/publications/spatial-ecosystem-modelling-marine-renewable-energy-installations-gauging-utility
https://tethys.pnnl.gov/publications/marine-renewable-energy-scottish-west-coast-fishers-exploring-impacts-opportunities
https://tethys.pnnl.gov/publications/marine-renewable-energy-scottish-west-coast-fishers-exploring-impacts-opportunities
https://tethys.pnnl.gov/publications/marine-renewable-energy-scottish-west-coast-fishers-exploring-impacts-opportunities
https://tethys.pnnl.gov/publications/legal-political-barriers-enablers-deployment-marine-renewable-energy
https://tethys.pnnl.gov/publications/legal-political-barriers-enablers-deployment-marine-renewable-energy
https://tethys.pnnl.gov/publications/legal-political-barriers-enablers-deployment-marine-renewable-energy

Aquatera Ltd. (2021). A comparison of the financial
benefits arising from private and community owned wind
farms (P879; p. 42).

Ashley, M., Austen, M., Rodwell, L., and Mangi, S. C.
(2018). Co-locating offshore wind farms and marine
protected areas: A United Kingdom perspective. In K. L.
Yates and C. J. A. Bradshaw (Eds.), Offshore Energy and
Marine Spatial Planning (p. 14). Routledge.

Australian Government. (2005). Socio-economic Impact
Assessment Toolkit: A guide to assessing the socio-
economic impacts of Marine Protected Areas in Australia
(pp. 1-41).

Axon, S. (2022). Community Acceptance of Blue
Energy: Understanding Future Research Trajectories
for Understanding “Place-Technology-Fit” Percep-
tions. In J. E. Morrissey, C. P. Heidkamp, and C. G. Duret,
Blue Economy: People and Regions in Transitions (1st ed.,
pp. 38—51). Routledge; d0i:10.4324/9781003280248

-6.

Ayub, M. W., Hamza, A., Aggidis, G. A., and Ma, X.
(2023). A Review of Power Co-Generation Technologies
from Hybrid Offshore Wind and Wave Energy. Energies,
16(1), Article 1.

Bacchiocchi, E., Sant, I., and Bates, A. (2022). Energy
justice and the co-opting of indigenous narratives in
U.S. offshore wind development. Renewable Energy
Focus, 41,133—142. doi:10.1016/j.ref.2022.02.008.

Bailey, G. N., and Flemming, N. C. (2008). Archaeology
of the continental shelf: Marine resources, submerged
landscapes and underwater archaeology. Quater-

nary Science Reviews, 27(23—24.), 2153—2165.

Bailey, L., West, J., and Whitehead, I. (2011). Out of

Sight but Not out of Mind? Public Perceptions of Wave
Energy. Journal of Environmental Policy & Planning, 13(2),
139—-157. doi:10.1080/1523908X.2011.573632.

Bakker, Y. W., de Koning, J., and van Tatenhove, J.
(2019). Resilience and social capital: The engagement
of fisheries communities in marine spatial planning,
Marine Policy, 99, 132—139. d0i:10.1016/j.marpol.2018.09
.032.

Bastardie, F., Nielsen, J. R, Eigaard, O. R., Fock, H. O.,
Jonsson, P., and Bartolino, V. (2015). Competition for
marine space: modelling the Baltic Sea fisheries and
effort displacement under spatial restrictions. ICES
Journal of Marine Science, 72(3), 824—840.

Bax, N., Novaglio, C., Maxwell, K. H., Meyers, K., McCann,
J., Jennings, S., Frusher, S., Fulton, E. A., Nursey-Bray,
M., Fischer, M., Anderson, K., Layton, C., Emad, G.R.,
Alexander, K. A., Rousseau, Y., Lunn, Z., and Carter, C. G.
(2022). Ocean resource use: Building the coastal blue
economy. Reviews in Fish Biology and Fisheries, 32(1),
189-207.

Bell, D., Gray, T., Haggett, C., and Swaffield, J. (2013).
Re-visiting the ‘social gap’: public opinion and rela-
tions of power in the local politics of wind energy. Envi-
ronmental Politics, 22(1), 115—135. d0i:10.1080/096 44016
.2013.755793.

Bellon De Chassy, A. B.]. (2020). An analysis of the
market potential for ocean renewable energy in industrial
maritime sectors of Australia’s Blue Economy. [Master
Thesis, Utrecht University].

SECTION C - HUMAN DIMENSIONS OF MARINE RENEWABLE ENERGY - 127


https://tethys.pnnl.gov/publications/comparison-financial-benefits-arising-private-community-owned-wind-farms
https://tethys.pnnl.gov/publications/comparison-financial-benefits-arising-private-community-owned-wind-farms
https://tethys.pnnl.gov/publications/comparison-financial-benefits-arising-private-community-owned-wind-farms
https://tethys.pnnl.gov/publications/co-locating-offshore-wind-farms-marine-protected-areas
https://tethys.pnnl.gov/publications/co-locating-offshore-wind-farms-marine-protected-areas
https://tethys.pnnl.gov/publications/co-locating-offshore-wind-farms-marine-protected-areas
https://www.dcceew.gov.au/sites/default/files/documents/nrsmpa-seia.pdf
https://www.dcceew.gov.au/sites/default/files/documents/nrsmpa-seia.pdf
https://tethys.pnnl.gov/publications/community-acceptance-blue-energy-understanding-future-research-trajectories
https://tethys.pnnl.gov/publications/community-acceptance-blue-energy-understanding-future-research-trajectories
https://tethys.pnnl.gov/publications/community-acceptance-blue-energy-understanding-future-research-trajectories
https://doi.org/10.3390/en16010550
https://tethys.pnnl.gov/publications/energy-justice-co-opting-indigenous-narratives-us-offshore-wind-development
https://tethys.pnnl.gov/publications/energy-justice-co-opting-indigenous-narratives-us-offshore-wind-development
https://tethys.pnnl.gov/publications/energy-justice-co-opting-indigenous-narratives-us-offshore-wind-development
https://doi.org/10.1016/j.quascirev.2008.08.012
https://doi.org/10.1016/j.quascirev.2008.08.012
https://tethys.pnnl.gov/publications/out-sight-not-out-mind-public-perceptions-wave-energy
https://tethys.pnnl.gov/publications/out-sight-not-out-mind-public-perceptions-wave-energy
https://tethys.pnnl.gov/publications/out-sight-not-out-mind-public-perceptions-wave-energy
https://tethys.pnnl.gov/publications/resilience-social-capital-engagement-fisheries-communities-marine-spatial-planning
https://tethys.pnnl.gov/publications/resilience-social-capital-engagement-fisheries-communities-marine-spatial-planning
https://tethys.pnnl.gov/publications/resilience-social-capital-engagement-fisheries-communities-marine-spatial-planning
https://doi.org/10.1093/icesjms/fsu215
https://doi.org/10.1093/icesjms/fsu215
https://doi.org/10.1007/s11160-021-09636-0
https://tethys.pnnl.gov/publications/re-visiting-social-gap-public-opinion-relations-power-local-politics-wind-energy
https://tethys.pnnl.gov/publications/re-visiting-social-gap-public-opinion-relations-power-local-politics-wind-energy
https://tethys.pnnl.gov/publications/re-visiting-social-gap-public-opinion-relations-power-local-politics-wind-energy
https://tethys-engineering.pnnl.gov/publications/analysis-market-potential-ocean-renewable-energy-industrial-maritime-sectors
https://tethys-engineering.pnnl.gov/publications/analysis-market-potential-ocean-renewable-energy-industrial-maritime-sectors
https://tethys-engineering.pnnl.gov/publications/analysis-market-potential-ocean-renewable-energy-industrial-maritime-sectors

Ben Jebli, M., Ben Youssef, S., and Apergis, N. (2019).
The dynamic linkage between renewable energy,
tourism, CO2 emissions, economic growth, foreign
direct investment, and trade. Latin American Economic
Review, 28, 2. d0i:10.1186/s40503-019-0063-17.

Bender, A., Langhamer, O., Molis, M., and Sundberg, J.
(2021). Effects of a Wave Power Park with No-Take Zone
on Decapod Abundance and Size. Journal of Marine Science
and Engineering, 9(8), 864. d0i:10.3390/jmse9080864.

Bennett, N. J., Blythe, J., White, C. S., and Campero, C.
(2021). Blue growth and blue justice: Ten risks and solu-
tions for the ocean economy. Marine Policy, 125, 104387.
doi:10.1016/j.marpol.2020.104387.

Berka, A., and Dreyfus, M. (2021). Decentralisation
and inclusivity in the energy sector: Preconditions,
impacts and avenues for further research. Renewable
and Sustainable Energy Reviews, 138, 110663.

Bethel, B.]., Buravleva, Y., and Tang, D. (2021). Blue
Economy and Blue Activities: Opportunities, Chal-
lenges, and Recommendations for The Bahamas. Water,
13(10), Article 10.

Bianchi, M., and Fernandez, I. F. (2024). A system-

atic methodology to assess local economic impacts of
ocean renewable energy projects: Application to a tidal
energy farm. Renewable Energy, 221, 119853. d0i:10.1016
/j.renene.2023.119853.

Billing, S.-L., Charalambides, G., Tett, P., Giordano,
M, Ruzzo, C., Arena, F., Santoro, A., Lagasco, F., Brizzi,
G., and Collu, M. (2022). Combining wind power and
farmed fish: Coastal community perceptions of multi-
use offshore renewable energy installations in Europe.
Energy Research & Social Science, 85,102421. doi:10.1016
/j-erss.2021.102421.

Bonar, P. A.]., Bryden, I. G., and Borthwick, A. G. L.
(2015). Social and ecological impacts of marine energy
development. Renewable and Sustainable Energy Reviews,
47, 486—495.d0i:10.1016/j.rser.2015.03.068.

Bonnevie, I. M., Hansen, H. S., Schreder, L., Ronneberg,
M., Kettunen, P., Koski, C., and Oksanen, J. (2023).
Engaging stakeholders in marine spatial planning for
collaborative scoring of conflicts and synergies within
a spatial tool environment. Ocean & Coastal Mana-
gement, 233, 106449. doi:10.1016/j.0cecoaman.2022
106449.

Borges Posterari, J., and Waseda, T. (2022). Wave
Energy in the Pacific Island Countries: A New Inte-
grative Conceptual Framework for Potential Chal-
lenges in Harnessing Wave Energy. Energies,

15(7), Article 7. doi:10.3390/en15072606.

Boudet, H., Brandt, D., Stelmach, G., and Hazboun, S.
(2020). West Coast Perceptions of Wave Energy: A Survey of
California, Oregon, Washington, and British Columbia Resi-
dents (p. 19). Pacific Marine Energy Center.

Branch, R., Rose, D., Grear, M., Briggs, C., and Rollano,
F.T.(2023). Powering the Blue Economy: Marine Energy
at Kelp Farm Sites. Marine Technology Society Journal,

Breen, P., Posen, P., and Righton, D. (2015). Temperate
Marine Protected Areas and highly mobile fish: A
review. Ocean & Coastal Management, 105, 75—83. doi:10
.1016/j.0cecoaman.2014.12.021.

128

OES-ENVIRONMENTAL 2024 STATE OF THE SCIENCE REPORT


https://tethys.pnnl.gov/publications/dynamic-linkage-between-renewable-energy-tourism-co2-emissions-economic-growth-foreign
https://tethys.pnnl.gov/publications/dynamic-linkage-between-renewable-energy-tourism-co2-emissions-economic-growth-foreign
https://tethys.pnnl.gov/publications/dynamic-linkage-between-renewable-energy-tourism-co2-emissions-economic-growth-foreign
https://tethys.pnnl.gov/publications/dynamic-linkage-between-renewable-energy-tourism-co2-emissions-economic-growth-foreign
https://tethys.pnnl.gov/publications/effects-wave-power-park-no-take-zone-decapod-abundance-size
https://tethys.pnnl.gov/publications/effects-wave-power-park-no-take-zone-decapod-abundance-size
https://tethys.pnnl.gov/publications/blue-growth-blue-justice-ten-risks-solutions-ocean-economy
https://tethys.pnnl.gov/publications/blue-growth-blue-justice-ten-risks-solutions-ocean-economy
https://tethys.pnnl.gov/publications/blue-growth-blue-justice-ten-risks-solutions-ocean-economy
https://doi.org/10.1016/j.rser.2020.110663
https://doi.org/10.1016/j.rser.2020.110663
https://doi.org/10.3390/w13101399
https://tethys.pnnl.gov/publications/systematic-methodology-assess-local-economic-impacts-ocean-renewable-energy-projects
https://tethys.pnnl.gov/publications/systematic-methodology-assess-local-economic-impacts-ocean-renewable-energy-projects
https://tethys.pnnl.gov/publications/systematic-methodology-assess-local-economic-impacts-ocean-renewable-energy-projects
https://tethys.pnnl.gov/publications/combining-wind-power-farmed-fish-coastal-community-perceptions-multi-use-offshore
https://tethys.pnnl.gov/publications/combining-wind-power-farmed-fish-coastal-community-perceptions-multi-use-offshore
https://tethys.pnnl.gov/publications/combining-wind-power-farmed-fish-coastal-community-perceptions-multi-use-offshore
https://tethys.pnnl.gov/publications/social-ecological-impacts-marine-energy-development
https://tethys.pnnl.gov/publications/social-ecological-impacts-marine-energy-development
https://tethys.pnnl.gov/publications/social-ecological-impacts-marine-energy-development
https://tethys.pnnl.gov/publications/engaging-stakeholders-marine-spatial-planning-collaborative-scoring-conflicts
https://tethys.pnnl.gov/publications/engaging-stakeholders-marine-spatial-planning-collaborative-scoring-conflicts
https://tethys.pnnl.gov/publications/engaging-stakeholders-marine-spatial-planning-collaborative-scoring-conflicts
https://tethys.pnnl.gov/publications/wave-energy-pacific-island-countries-new-integrative-conceptual-framework-potential
https://tethys.pnnl.gov/publications/wave-energy-pacific-island-countries-new-integrative-conceptual-framework-potential
https://tethys.pnnl.gov/publications/wave-energy-pacific-island-countries-new-integrative-conceptual-framework-potential
https://tethys.pnnl.gov/publications/wave-energy-pacific-island-countries-new-integrative-conceptual-framework-potential
https://tethys.pnnl.gov/publications/west-coast-perceptions-wave-energy-survey-california-oregon-washington-british
https://tethys.pnnl.gov/publications/west-coast-perceptions-wave-energy-survey-california-oregon-washington-british
https://tethys.pnnl.gov/publications/west-coast-perceptions-wave-energy-survey-california-oregon-washington-british
https://doi.org/10.4031/MTSJ.57.4.2
https://tethys.pnnl.gov/publications/temperate-marine-protected-areas-highly-mobile-fish-review
https://tethys.pnnl.gov/publications/temperate-marine-protected-areas-highly-mobile-fish-review
https://tethys.pnnl.gov/publications/temperate-marine-protected-areas-highly-mobile-fish-review

Brooker, E. E., Hopkins, C. R., Devenport, E., Greenhill,
L., and Duncan, C. (2019). Civil society participation
in the Scottish marine planning process and the role
of Environmental Non-Governmental Organisations.
Journal of Environmental Planning and Management,
62(12), 2101-2123. d0i:10.1080/09640568.2018.1532
876.

Burdon, D., Potts, T., Barnard, S., Boyes, S.]., and
Lannin, A. (2022). Linking natural capital, benefits and
beneficiaries: The role of participatory mapping and
logic chains for community engagement. Environmental
Science & Policy, 134, 85—99.

Caballero, M. D., Gunda, T., and McDonald, Y.J. (2023).
Energy justice & coastal communities: The case for
Meaningful Marine Renewable Energy Development.
Renewable and Sustainable Energy Reviews, 184, 113491.
doi:10.1016/j.rser.2023.113491.

Calderwood, J., Marshall, C. T., Haflinger, K., Alfaro-
Shigueto, J., Mangel, J. C., and Reid, D. G. (2023). An
evaluation of information sharing schemes to identify
what motivates fishers to share catch information. ICES
Journal of Marine Science, 80(3), 556—577.

Callejas-Jiménez, M. E., Alcérreca-Huerta, J. C., and
Carrillo, L. (2021). Assessment of marine energy-
biotopes for Cozumel Island’s reefs: A resource for
tourism and renewable ocean energy. Ocean & Coastal
Management, 210, 105701. d0i:10.1016/j.0cecoaman.2021
.105701.

Campbell, M. S. (2015). Fisheries, Marine Conserva-
tion, Marine Renewable Energy and Displacement: A
Fresh Approach [Doctoral Dissertation, University of
Plymouth]. doi:10.24382/740.

Carley, S., and Konisky, D. M. (2020). The justice and
equity implications of the clean energy transition.
Nature Energy, 5(8), 569—-577.

Carr-Harris, A, and Lang, C. (2019). Sustain-
ability and tourism: the effect of the United
States’ first offshore wind farm on the vacation
rental market. Resource and Energy Economics, 57,
51—67. doi:10.1016/j.reseneeco.2019.04.003.

Cascajo, R., Garcia, E., Quiles, E., Correcher, A., and
Morant, F. (2019). Integration of Marine Wave Energy
Converters into Seaports: A Case Study in the Port of
Valencia. Energies, 12(5), 787.

Cisneros-Montemayor, A. M., Ducros, A. K., Bennett,
N.J., Fusco, L. M., Hessing-Lewis, M., Singh, G. G., and
Klain, S. C. (2022). Agreements and benefits in emerging
ocean sectors: Are we moving towards an equitable Blue
Economy? Ocean & Coastal Management, 220, 106097.
doi:10.1016/j.0cecoaman.2022.106097.

Cisneros-Montemayor, A. M., Moreno-Baez, M.,
Reygondeau, G., Cheung, W. W. L., Crosman, K.

M., Gonzalez-Espinosa, P. C., Lam, V. W. Y., Oyin-
lola, M. A,, Singh, G. G., Swartz, W., Zheng, C., and
Ota, Y. (2021). Enabling conditions for an equitable
and sustainable blue economy. Nature, 591(7850),
396—401. d0i:10.1038/s41586-021-03327-3.

Coates, D. A., Kapasakali, D.-A., Vincx, M., and Vana-
verbeke, J. (2016). Short-term effects of fishery exclu-
sion in offshore wind farms on macrofaunal commu-
nities in the Belgian part of the North Sea. Fisheries
Research, 179, 131—138. doi:10.1016/j.fishres.2016.02.019.

Cochrane, C., Pennock, S., and Jeffrey, H. (2021). What is
the value of innovative offshore renewable energy deploy-
ment to the UK economy? (p. 29). Policy and Innovation
Group, University of Edinburgh.

SECTION C - HUMAN DIMENSIONS OF MARINE RENEWABLE ENERGY - 129


https://tethys.pnnl.gov/publications/civil-society-participation-scottish-marine-planning-process-role-environmental-non
https://tethys.pnnl.gov/publications/civil-society-participation-scottish-marine-planning-process-role-environmental-non
https://tethys.pnnl.gov/publications/civil-society-participation-scottish-marine-planning-process-role-environmental-non
https://doi.org/10.1016/j.envsci.2022.04.003
https://doi.org/10.1016/j.envsci.2022.04.003
https://tethys.pnnl.gov/publications/energy-justice-coastal-communities-case-meaningful-marine-renewable-energy-development
https://tethys.pnnl.gov/publications/energy-justice-coastal-communities-case-meaningful-marine-renewable-energy-development
https://tethys.pnnl.gov/publications/energy-justice-coastal-communities-case-meaningful-marine-renewable-energy-development
https://doi.org/10.1093/icesjms/fsab252
https://doi.org/10.1093/icesjms/fsab252
https://tethys.pnnl.gov/publications/assessment-marine-energy-biotopes-cozumel-islands-reefs-resource-tourism-renewable
https://tethys.pnnl.gov/publications/assessment-marine-energy-biotopes-cozumel-islands-reefs-resource-tourism-renewable
https://tethys.pnnl.gov/publications/assessment-marine-energy-biotopes-cozumel-islands-reefs-resource-tourism-renewable
https://tethys.pnnl.gov/publications/fisheries-marine-conservation-marine-renewable-energy-displacement-fresh-approach
https://tethys.pnnl.gov/publications/fisheries-marine-conservation-marine-renewable-energy-displacement-fresh-approach
https://tethys.pnnl.gov/publications/fisheries-marine-conservation-marine-renewable-energy-displacement-fresh-approach
https://doi.org/10.1038/s41560-020-0641-6
https://doi.org/10.1038/s41560-020-0641-6
https://tethys.pnnl.gov/publications/sustainability-tourism-effect-united-states-first-offshore-wind-farm-vacation-rental
https://tethys.pnnl.gov/publications/sustainability-tourism-effect-united-states-first-offshore-wind-farm-vacation-rental
https://tethys.pnnl.gov/publications/sustainability-tourism-effect-united-states-first-offshore-wind-farm-vacation-rental
https://tethys.pnnl.gov/publications/sustainability-tourism-effect-united-states-first-offshore-wind-farm-vacation-rental
https://doi.org/10.3390/en12050787
https://doi.org/10.3390/en12050787
https://tethys.pnnl.gov/publications/agreements-benefits-emerging-ocean-sectors-are-we-moving-towards-equitable-blue
https://tethys.pnnl.gov/publications/agreements-benefits-emerging-ocean-sectors-are-we-moving-towards-equitable-blue
https://tethys.pnnl.gov/publications/agreements-benefits-emerging-ocean-sectors-are-we-moving-towards-equitable-blue
https://tethys.pnnl.gov/publications/enabling-conditions-equitable-sustainable-blue-economy
https://tethys.pnnl.gov/publications/enabling-conditions-equitable-sustainable-blue-economy
https://tethys.pnnl.gov/publications/enabling-conditions-equitable-sustainable-blue-economy
https://tethys.pnnl.gov/publications/short-term-effects-fishery-exclusion-offshore-wind-farms-macrofaunal-communities
https://tethys.pnnl.gov/publications/short-term-effects-fishery-exclusion-offshore-wind-farms-macrofaunal-communities
https://tethys.pnnl.gov/publications/short-term-effects-fishery-exclusion-offshore-wind-farms-macrofaunal-communities
https://tethys.pnnl.gov/publications/what-value-innovative-offshore-renewable-energy-deployment-uk-economy
https://tethys.pnnl.gov/publications/what-value-innovative-offshore-renewable-energy-deployment-uk-economy
https://tethys.pnnl.gov/publications/what-value-innovative-offshore-renewable-energy-deployment-uk-economy

Cohen, P.]., Allison, E. H., Andrew, N. L., Cinner, J.,
Evans, L. S., Fabinyi, M., Garces, L. R., Hall, S.]., Hicks,
C.C., Hughes, T. P., Jentoft, S., Mills, D.]., Masu, R.,
Mbaru, E. K., and Ratner, B. D. (2019). Securing a Just
Space for Small-Scale Fisheries in the Blue Economy.
Frontiers in Marine Science, 6. d0i:10.3389/fmars.2019
.00171.

Colmenares-Quintero, R. F., Benavides-Castillo, J.

M., Rojas, N., and Stansfield, K. E. (2020). Community
perceptions, beliefs and acceptability of renewable
energies projects: A systematic mapping study. Cogent
Psychology, 7(1), 1715534. d0i:10.1080/23311908.2020
1715534.

Copping, A. E., Freeman, M., Hutchison, L., and Fox,

J. (2019). Good Management Practices for Social and
Economic Data Collection for Marine Renewable Energy (p.
7).

Copping, A., and Hemery, L. (2020). OES-Environmental
2020 State of the Science Report: Environmental Effects of
Marine Renewable Energy Development Around the World
(PNNL-29976). Ocean Energy Systems (OES); doi:10
.2172/1632878.

Cotter, E., Cavagnaro, R., Copping, A., and Geerlofs, S.
(2021). Powering Negative-Emissions Technologies
with Marine Renewable Energy. OCEANS 2021: San Diego
— Porto, 1-8.

Cvitanovic, C., Shellock, R.J., Mackay, M., van Putten,
E. L, Karcher, D. B., Dickey-Collas, M., and Ballesteros,
M. (2021). Strategies for building and managing ‘trust’
to enable knowledge exchange at the interface of envi-
ronmental science and policy. Environmental Science &
Policy, 123,179-189.

Dalton, G., Allan, G., Beaumont, N., Georgakaki, A.,
Hacking, N., Hooper, T., Kerr, S., O’Hagan, A. M., Reilly,
K., Ricci, P., Sheng, W., and Stallard, T. (2015). Economic
and socio-economic assessment methods for ocean
renewable energy: Public and private perspectives.
Renewable and Sustainable Energy Reviews, 45, 850—878.
doi:10.1016/j.rser.2015.01.068.

Davis, R. A., and Hanich, Q. (2022). Transparency in
fisheries conservation and management measures.
Marine Policy, 136, 104088.

de Groot, J., and Bailey, I. (2016). What drives atti-
tudes towards marine renewable energy development
in island communities in the UK? International Journal
of Marine Energy, 13, 80—95. doi:j.ijome.2016.01.007.

de Groot, J., Campbell, M., Ashley, M., and Rodwell,

L. (2014). Investigating the co-existence of fisheries
and offshore renewable energy in the UK: Identifica-
tion of a mitigation agenda for fishing effort displace-
ment. Ocean & Coastal Management, 102, 7—18. doi:10
.1016/j.0cecoaman.2014.08.013.

DeSanti, B. (2020). Comparing two tourism-depen-
dent, coastal communities and their opinions of local
marine renewable energy projects [Doctoral Disserta-
tion, Texas Tech University].

Devine-Wright, P., and Wiersma, B. (2020). Under-
standing community acceptance of a potential offshore
wind energy project in different locations: An island-
based analysis of ‘place-technology fit.” Energy Policy,
137, 111086. d0i:10.1016/j.enpol.2019.111086.

130

OES-ENVIRONMENTAL 2024 STATE OF THE SCIENCE REPORT


https://tethys.pnnl.gov/publications/securing-just-space-small-scale-fisheries-blue-economy
https://tethys.pnnl.gov/publications/securing-just-space-small-scale-fisheries-blue-economy
https://tethys.pnnl.gov/publications/community-perceptions-beliefs-acceptability-renewable-energies-projects-systematic
https://tethys.pnnl.gov/publications/community-perceptions-beliefs-acceptability-renewable-energies-projects-systematic
https://tethys.pnnl.gov/publications/community-perceptions-beliefs-acceptability-renewable-energies-projects-systematic
https://tethys.pnnl.gov/publications/good-management-practices-social-economic-data-collection-marine-renewable-energy
https://tethys.pnnl.gov/publications/good-management-practices-social-economic-data-collection-marine-renewable-energy
https://tethys.pnnl.gov/publications/good-management-practices-social-economic-data-collection-marine-renewable-energy
https://tethys.pnnl.gov/publications/state-of-the-science-2020
https://tethys.pnnl.gov/publications/state-of-the-science-2020
https://doi.org/10.23919/OCEANS44145.2021.9705807
https://doi.org/10.23919/OCEANS44145.2021.9705807
https://doi.org/10.1016/j.envsci.2021.05.020
https://doi.org/10.1016/j.envsci.2021.05.020
https://tethys.pnnl.gov/publications/economic-socio-economic-assessment-methods-ocean-renewable-energy-public-private
https://tethys.pnnl.gov/publications/economic-socio-economic-assessment-methods-ocean-renewable-energy-public-private
https://tethys.pnnl.gov/publications/economic-socio-economic-assessment-methods-ocean-renewable-energy-public-private
https://doi.org/10.1016/j.marpol.2020.104088
https://doi.org/10.1016/j.marpol.2020.104088
https://tethys.pnnl.gov/publications/what-drives-attitudes-towards-marine-renewable-energy-development-island-communities
https://tethys.pnnl.gov/publications/what-drives-attitudes-towards-marine-renewable-energy-development-island-communities
https://tethys.pnnl.gov/publications/what-drives-attitudes-towards-marine-renewable-energy-development-island-communities
https://tethys.pnnl.gov/publications/investigating-co-existence-fisheries-offshore-renewable-energy-uk-identification
https://tethys.pnnl.gov/publications/investigating-co-existence-fisheries-offshore-renewable-energy-uk-identification
https://tethys.pnnl.gov/publications/investigating-co-existence-fisheries-offshore-renewable-energy-uk-identification
https://tethys.pnnl.gov/publications/comparing-two-tourism-dependent-coastal-communities-their-opinions-local-marine
https://tethys.pnnl.gov/publications/comparing-two-tourism-dependent-coastal-communities-their-opinions-local-marine
https://tethys.pnnl.gov/publications/comparing-two-tourism-dependent-coastal-communities-their-opinions-local-marine
https://tethys.pnnl.gov/publications/understanding-community-acceptance-potential-offshore-wind-energy-project-different
https://tethys.pnnl.gov/publications/understanding-community-acceptance-potential-offshore-wind-energy-project-different
https://tethys.pnnl.gov/publications/understanding-community-acceptance-potential-offshore-wind-energy-project-different
https://tethys.pnnl.gov/publications/understanding-community-acceptance-potential-offshore-wind-energy-project-different

Dreyer, S.]., Beaver, E., Polis, H.J., and Jenkins, L. D.
(2019). Fish, finances, and feasibility: Concerns about
tidal energy development in the United States. Energy
Research & Social Science, 53,126—136. doi:10.1016/j.erss
.2019.02.024.

Duff, A., Hanchant-Nichols, D., Bown, B., Gamage,
S.H. P.W., Nixon, B., Nisi, P., Boase, J., and Smith, E.
(2020). A Right Way, Wrong Way and Better Way for
Energy Engineers to Work with Aboriginal Communi-
ties. In G. Bombaerts, K. Jenkins, Y. A. Sanusi, and W.
Guoyu (Eds.), Energy Justice Across Borders (pp. 45—68).
Springer International Publishing; d0i:10.1007/978
-3-030-24021-9_ 3.

Dutta, N., Gill, E., Arkhurst, B. K., Hallisey, M.,
Fu, K., and Anderson, K. (2023). JUST-R metrics
for considering energy justice in early-stage
energy research. Joule, 7(3), 431—-437.

Dwyer, J., and Bidwell, D. (2019). Chains of trust: Energy
justice, public engagement, and the first offshore wind
farm in the United States. Energy Research and Social
Science, 47,166—176. d0i:10.1016/].erss.2018.08.019.

Eco Wave Power. (2022). Eco Wave Power - Projects. Eco
Wave Power. Retrieved December 27, 2023, from

EMEC. (2023). 20 years of EMEC instigates UK wide
economic impact. EMEC: The European Marine Energy
Centre LTD.

European Commission, Directorate-General for
Maritime Affairs and Fisheries (European Commis-
sion), Joint Research Centre (European Commission),
Borriello, A., Calvo Santos, A., Ghiani, M., Guillén, J.,
Peralta Baptista, A., Petrucco, G., Pleguezuelo Alonso,
M., Pattumelli, G., and Quatrini, S. (2023). The EU blue
economy report 2023. Publications Office of the European
Union.

Fadzil, N. A,, Rahman, A. A., and Abdul-Rahman,
A. (2022). Social and Ecological Impacts of
Marine Energy Development in Malaysia.
Journal of Engineering and Science Research, 6(5),
29-39.d0i:10.26666/rmp.jesr.2022.5.4.

Farrell, N., O’'Donoghue, C., and Morrissey, K. (2020).
Regional income and wave energy deployment in
Ireland. Papers in Regional Science, 99(3), 509—531.
doi:10.1111/pirs.12488.

Felix, A., Hernandez-Fontes, J. V., Lithgow, D.,
Mendoza, E., Posada, G., Ring, M., and Silva, R. (2019).
Wave Energy in Tropical Regions: Deployment Chal-
lenges, Environmental and Social Perspectives. Journal
of Marine Science and Engineering, 7(7), Article 7. doi:10
.3390/jmse7070219.

Firestone, J., Kempton, W., and Krueger, A. (2009).
Public acceptance of offshore wind power projects in the
USA. Wind Energy, 12(2),183—202.

Fofack-Garcia, R., Mazé, C., Safi, G., Lejart, M.,
Chauvac, N., Thermes, M., Ragueneau, O., Le Loc’h, F.,
and Niquil, N. (2023). Socio-political acceptability of
floating offshore wind farms in France: challenges and
perspectives for marine governance towards sustain-
ability. Ocean and Coastal Management, 236, 106513.
doi:10.1016/j.0cecoaman.2023.106513.

Food and Agriculture Organization of the United
Nations (FAO). (2016). Free Prior and Informed Consent:
An indigenous peoples’ right and a good practice for local
communities - Manual for project practitioners (p. 52).

Fouquet, R. (2010). The slow search for solutions:
Lessons from historical energy transitions by sector and
service. Energy Policy, 38(11), 6586—6596.

SECTION C - HUMAN DIMENSIONS OF MARINE RENEWABLE ENERGY - 131


https://tethys.pnnl.gov/publications/fish-finances-feasibility-concerns-about-tidal-energy-development-united-states
https://tethys.pnnl.gov/publications/fish-finances-feasibility-concerns-about-tidal-energy-development-united-states
https://tethys.pnnl.gov/publications/fish-finances-feasibility-concerns-about-tidal-energy-development-united-states
https://tethys.pnnl.gov/publications/right-way-wrong-way-better-way-energy-engineers-work-aboriginal-communities
https://tethys.pnnl.gov/publications/right-way-wrong-way-better-way-energy-engineers-work-aboriginal-communities
https://tethys.pnnl.gov/publications/right-way-wrong-way-better-way-energy-engineers-work-aboriginal-communities
https://doi.org/10.1016/j.joule.2023.01.007
https://doi.org/10.1016/j.joule.2023.01.007
https://tethys.pnnl.gov/publications/chains-trust-energy-justice-public-engagement-first-offshore-wind-farm-united-states
https://tethys.pnnl.gov/publications/chains-trust-energy-justice-public-engagement-first-offshore-wind-farm-united-states
https://tethys.pnnl.gov/publications/chains-trust-energy-justice-public-engagement-first-offshore-wind-farm-united-states
https://www.ecowavepower.com/projects/
https://www.ecowavepower.com/projects/
https://www.emec.org.uk/20-years-of-emec-instigates-uk-wide-economic-impact/
https://www.emec.org.uk/20-years-of-emec-instigates-uk-wide-economic-impact/
https://data.europa.eu/doi/10.2771/7151
https://tethys.pnnl.gov/publications/social-ecological-impacts-marine-energy-development-malaysia
https://tethys.pnnl.gov/publications/social-ecological-impacts-marine-energy-development-malaysia
https://tethys.pnnl.gov/publications/social-ecological-impacts-marine-energy-development-malaysia
https://tethys.pnnl.gov/publications/regional-income-wave-energy-deployment-ireland
https://tethys.pnnl.gov/publications/regional-income-wave-energy-deployment-ireland
https://tethys.pnnl.gov/publications/wave-energy-tropical-regions-deployment-challenges-environmental-social-perspectives
https://tethys.pnnl.gov/publications/wave-energy-tropical-regions-deployment-challenges-environmental-social-perspectives
https://tethys.pnnl.gov/publications/wave-energy-tropical-regions-deployment-challenges-environmental-social-perspectives
https://doi.org/10.1002/we.316
https://doi.org/10.1002/we.316
https://tethys.pnnl.gov/publications/socio-political-acceptability-floating-offshore-wind-farms-france-challenges
https://tethys.pnnl.gov/publications/socio-political-acceptability-floating-offshore-wind-farms-france-challenges
https://tethys.pnnl.gov/publications/socio-political-acceptability-floating-offshore-wind-farms-france-challenges
https://openknowledge.fao.org/handle/20.500.14283/i6190e
https://openknowledge.fao.org/handle/20.500.14283/i6190e
https://doi.org/10.1016/j.enpol.2010.06.029
https://doi.org/10.1016/j.enpol.2010.06.029

Freeman, M. (2020). OES-Environmental 2020 State of
the Science Report, Chapter 9: Social and Economic Data
Collection for Marine Renewable Energy (Report for Ocean
Energy Systems., pp. 155—175). OES;
doi:10.2172/1633196.

Freeman, M., Garavelli, L., Wilson, E., Hemer, M.,
Abundo, M. L., and Travis, L. E. (2022). Offshore Aquacul-
ture: A Market for Ocean Renewable Energy. Ocean Energy
Systems (OES).

Freeman, M., Rose, D., and Kaplan, M. (2024). Assessing
Social and Economic Effects of Marine Energy: Tools and
Recommendations. Pan American Marine Energy Confer-
ence (PAMEC 2024), Barranquilla, Colombia.

Freudenberg, R., Pernanand, R., Calvin, E., Zackin, D.,
Tucker, J., Karp, R., Sellami, Z., and Bontempo, J. (2023).

Making Offshore Wind Transmission Work for Communities.

Regional Plan Association.

Friedrich, L. A, Glegg, G., Fletcher, S., Dodds, W.,
Philippe, M., and Balilly, D. (2020). Using ecosystem
service assessments to support participatory marine
spatial planning. Ocean and Coastal Management, 188,
105121. doi:10.1016/j.0cecoaman.2020.105121.

Frolova, M., Pérez-Pérez, B., and Herrero-Luque, D.
(2022). Diverse responses of coastal communities

to offshore wind farming development in Southern
Spain. Moravian Geographical Reports, 30(4), 324—339.
doi:10.2478/mgr-2022-0021.

Garavelli, L., Freeman, M. C., Tugade, L. G., Greene,
D., and McNally, J. (2022). A feasibility assess-
ment for co-locating and powering offshore aqua-
culture with wave energy in the United States.
Ocean and Coastal Management, 225, 106242.

Gimpel, A, Stelzenmiiller, V., Grote, B., Buck, B.
H., Floeter, J., NGfiez-Riboni, I., Pogoda, B., and
Temming, A. (2015). A GIS modelling framework
to evaluate marine spatial planning scenarios:
Co-location of offshore wind farms and aqua-
culture in the German EEZ. Marine Policy, 55,
102—-115. d0i:10.1016/j.marpol.2015.01.012.

Gubesch, E., Sergiienko, N., Nader, J. R., Ding, B., Cazzo-
lato, B., Penesis, L., and Li, Y. (2023). Experimental
investigation of a co-located wind and wave energy
system in regular waves. Renewable Energy, 219, 119520.

Hanke, F., Guyet, R., and Feenstra, M. (2021). Do
renewable energy communities deliver energy justice?
Exploring insights from 71 European cases. Energy
Research & Social Science, 80, 102244,

Harper, S.J., Burt, J. M., Nelson, L. K., Runnebaum, J.

M., Cullen, A., Levin, P. S., Hunter, K. L., McIsaac, J.,

and Ban, N. C. (2023). Commercial fisher perceptions
illuminate a need for social justice considerations in
navigating climate change impacts on fisheries systems.
Ecology and Society, 28(2), 21.

Hasuike, K., and Inagaki, H. (2021).
JFLEGEFRICH 1 E5HEREDH VT (How to
coexist with the local community in offshore wind power
business) (NRI Public Management Review Vol. 215; p.
12). Nomura Research Institute, Ltd.

Hemery, L. (2020). Changes in Benthic and Pelagic
Habitats Caused by Marine Renewable Energy Devices.
In A. E. Copping and L. G. Hemery (Eds.), OES-Environ-
mental 2020 State of the Science Report: Environmental
Effects of Marine Renewable Energy Development Around
the World (pp. 105—125). doi:10.2172/1633182.

132

OES-ENVIRONMENTAL 2024 STATE OF THE SCIENCE REPORT


https://tethys.pnnl.gov/publications/state-of-the-science-2020-chapter-9-social-economic
https://tethys.pnnl.gov/publications/state-of-the-science-2020-chapter-9-social-economic
https://tethys.pnnl.gov/publications/offshore-aquaculture-market-ocean-renewable-energy
https://tethys.pnnl.gov/publications/offshore-aquaculture-market-ocean-renewable-energy
https://tethys.pnnl.gov/publications/assessing-social-economic-effects-marine-energy-tools-recommendations
https://tethys.pnnl.gov/publications/assessing-social-economic-effects-marine-energy-tools-recommendations
https://tethys.pnnl.gov/publications/assessing-social-economic-effects-marine-energy-tools-recommendations
https://rpa.org/work/reports/offshore-wind-transmission
https://rpa.org/work/reports/offshore-wind-transmission
https://tethys.pnnl.gov/publications/using-ecosystem-service-assessments-support-participatory-marine-spatial-planning
https://tethys.pnnl.gov/publications/using-ecosystem-service-assessments-support-participatory-marine-spatial-planning
https://tethys.pnnl.gov/publications/using-ecosystem-service-assessments-support-participatory-marine-spatial-planning
https://tethys.pnnl.gov/publications/using-ecosystem-service-assessments-support-participatory-marine-spatial-planning
https://tethys.pnnl.gov/publications/diverse-responses-coastal-communities-offshore-wind-farming-development-southern-spain
https://tethys.pnnl.gov/publications/diverse-responses-coastal-communities-offshore-wind-farming-development-southern-spain
https://tethys.pnnl.gov/publications/diverse-responses-coastal-communities-offshore-wind-farming-development-southern-spain
https://doi.org/10.1016/j.ocecoaman.2022.106242
https://doi.org/10.1016/j.ocecoaman.2022.106242
https://tethys.pnnl.gov/publications/gis-modelling-framework-evaluate-marine-spatial-planning-scenarios-co-location
https://tethys.pnnl.gov/publications/gis-modelling-framework-evaluate-marine-spatial-planning-scenarios-co-location
https://tethys.pnnl.gov/publications/gis-modelling-framework-evaluate-marine-spatial-planning-scenarios-co-location
https://doi.org/10.1016/j.renene.2023.119520
https://doi.org/10.1016/j.erss.2021.102244
https://doi.org/10.1016/j.erss.2021.102244
https://doi.org/10.5751/ES-14142-280221
https://doi.org/10.5751/ES-14142-280221
https://www.nri.com/-/media/Corporate/jp/Files/PDF/knowledge/publication/region/2021/06/2_vol215.pdf?la=ja-JP&hash=68B8C101CEE50ABA20A1D2D96AE0D4BAF5C6632A
https://www.nri.com/-/media/Corporate/jp/Files/PDF/knowledge/publication/region/2021/06/2_vol215.pdf?la=ja-JP&hash=68B8C101CEE50ABA20A1D2D96AE0D4BAF5C6632A
https://www.nri.com/-/media/Corporate/jp/Files/PDF/knowledge/publication/region/2021/06/2_vol215.pdf?la=ja-JP&hash=68B8C101CEE50ABA20A1D2D96AE0D4BAF5C6632A
https://www.nri.com/-/media/Corporate/jp/Files/PDF/knowledge/publication/region/2021/06/2_vol215.pdf?la=ja-JP&hash=68B8C101CEE50ABA20A1D2D96AE0D4BAF5C6632A
https://www.nri.com/-/media/Corporate/jp/Files/PDF/knowledge/publication/region/2021/06/2_vol215.pdf?la=ja-JP&hash=68B8C101CEE50ABA20A1D2D96AE0D4BAF5C6632A
https://tethys.pnnl.gov/publications/state-of-the-science-2020-chapter-6-habitat-changes
https://tethys.pnnl.gov/publications/state-of-the-science-2020-chapter-6-habitat-changes
https://tethys.pnnl.gov/publications/state-of-the-science-2020-chapter-6-habitat-changes

Hernandez-Fontes, ]. V., Martinez, M. L., Wojtarowski,
A., Gonzalez-Mendoza, J. L., Landgrave, R., and Silva, R.
(2020). Is ocean energy an alternative in developing
regions? A case study in Michoacan, Mexico. Journal of
Cleaner Production, 266, 121984. doi:10.1016/j.jclepro
.2020.121984.

Hevia-Koch, P., and Klinge Jacobsen, H. (2019).
Comparing offshore and onshore wind development
considering acceptance costs. Energy Policy, 125, 9-19.
doi:10.1016/j.enpol.2018.10.019.

Hilborn, R., Akselrud, C. A., Peterson, H., and White-

house, G. A. (2021). The trade-off between biodiversity
and sustainable fish harvest with area-based manage-
ment. ICES Journal of Marine Science, 78(6), 2271—2279.

Hoffman, J., Davies, M., Bauwens, T., Spath, P.,
Hajer, M. A, Bleta, A., Bazaz, A., and Swilling, M.
(2021). Working to align energy transitions and
social equity: An integrative framework linking
institutional work, imaginaries and energy justice.
Energy Research & Social Science, 82,102317.

Hooper, T., Hattam, C., Edwards-Jones, A., and
Beaumont, N. (2020). Public perceptions of tidal
energy: Can you predict social acceptability across
coastal communities in England? Marine Policy, 119,
104057. d0i:10.1016/j.marpol.2020.104057.

Howell, R.J. (2019). In sight and in mind: social implica-
tions of marine renewable energy [Doctoral Disserta-
tion, University of Edinburgh].

Hunter, C., Lee, B., Wood, W., Marsh, A., and Fischer, M.
(2023). Cultural Licence to Operate in the Blue Economy.
Final Project Report. Blue Economy Cooperative Research
Centre.

Interorganizational Committee on Guidelines and
Principles for Social Impact Assessment. (1994). Guide-
lines and Principles for Social Impact Assessment (p.

33). United States. National Marine Fisheries Service
(NMFS).

IRENA. (2022). World Energy Transitions Outlook: 1.5°C
Pathway. International Renewable Energy Agency.

Jhan, H.-T., Lee, H.-T., and Ting, K.-H. (2022). The
Potential Compatibility of Designating Offshore Wind
Farms within Wider Marine Protected Areas—Conser-
vation of the Chinese White Dolphin Regarding Fishers’
Perception. Fishes, 7(4), 195. d0i:10.3390/fishes7040195.

Jia, R., Gao, J., and Gao, F. (2022). Robust ocean zoning
for conservation, fishery and marine renewable energy
with co-location strategy. Applied Energy, 328, 120166.

doi:10.1016/j.apenergy.2022.120166.

Jiang, B., Ding, J., Fang, Y., Wu, G., Wang, X., Ke, S., Li,
Y., Hou, E., Zheng, C., Zhou, H., Wang, M., Bi, D., and
Fang, F. (2022). Preliminary Study on the Co-Location
Offshore Wind and Wave Farms in Zhejiang Province.
Frontiers in Energy Research, 10.

Jiang, Q., and Khattak, S.I. (2023). Modeling the impact
of innovation in marine energy generation-related
technologies on carbon dioxide emissions in South
Korea. Journal of Environmental Management, 326 Part
B, 116818. doi:10.1016/j.jenvman.2022.116818.

Jimenez, T., Tegen, S., and Beiter, P. (2015). Economic
Impact from Large-Scale Deployment of Offshore Marine
and Hydrokinetic Technology in Oregon Coastal Counties
(Technical Report OCS Study BOEM 2015-018; p. 44).
National Renewable Energy Laboratory.

SECTION C - HUMAN DIMENSIONS OF MARINE RENEWABLE ENERGY -

133


https://tethys.pnnl.gov/publications/ocean-energy-alternative-developing-regions-case-study-michoacan-mexico
https://tethys.pnnl.gov/publications/ocean-energy-alternative-developing-regions-case-study-michoacan-mexico
https://tethys.pnnl.gov/publications/ocean-energy-alternative-developing-regions-case-study-michoacan-mexico
https://tethys.pnnl.gov/publications/comparing-offshore-onshore-wind-development-considering-acceptance-costs
https://tethys.pnnl.gov/publications/comparing-offshore-onshore-wind-development-considering-acceptance-costs
https://tethys.pnnl.gov/publications/comparing-offshore-onshore-wind-development-considering-acceptance-costs
https://doi.org/10.1093/icesjms/fsaa139
https://doi.org/10.1016/j.erss.2021.102317
https://doi.org/10.1016/j.erss.2021.102317
https://tethys.pnnl.gov/publications/public-perceptions-tidal-energy-can-you-predict-social-acceptability-across-coastal
https://tethys.pnnl.gov/publications/public-perceptions-tidal-energy-can-you-predict-social-acceptability-across-coastal
https://tethys.pnnl.gov/publications/public-perceptions-tidal-energy-can-you-predict-social-acceptability-across-coastal
https://tethys.pnnl.gov/publications/public-perceptions-tidal-energy-can-you-predict-social-acceptability-across-coastal
https://tethys.pnnl.gov/publications/sight-mind-social-implications-marine-renewable-energy
https://tethys.pnnl.gov/publications/sight-mind-social-implications-marine-renewable-energy
https://tethys.pnnl.gov/publications/sight-mind-social-implications-marine-renewable-energy
https://tethys.pnnl.gov/publications/cultural-licence-operate-blue-economy-final-project-report
https://tethys.pnnl.gov/publications/cultural-licence-operate-blue-economy-final-project-report
https://www.iaia.org/pdf/IAIAMemberDocuments/Publications/Guidelines_Principles/SIA%20Guide.PDF
https://www.iaia.org/pdf/IAIAMemberDocuments/Publications/Guidelines_Principles/SIA%20Guide.PDF
https://irena.org/publications/2022/Mar/World-Energy-Transitions-Outlook-2022
https://irena.org/publications/2022/Mar/World-Energy-Transitions-Outlook-2022
https://tethys.pnnl.gov/publications/potential-compatibility-designating-offshore-wind-farms-within-wider-marine-protected
https://tethys.pnnl.gov/publications/potential-compatibility-designating-offshore-wind-farms-within-wider-marine-protected
https://tethys.pnnl.gov/publications/potential-compatibility-designating-offshore-wind-farms-within-wider-marine-protected
https://tethys.pnnl.gov/publications/robust-ocean-zoning-conservation-fishery-marine-renewable-energy-co-location-strategy
https://tethys.pnnl.gov/publications/robust-ocean-zoning-conservation-fishery-marine-renewable-energy-co-location-strategy
https://tethys.pnnl.gov/publications/robust-ocean-zoning-conservation-fishery-marine-renewable-energy-co-location-strategy
https://doi.org/10.3389/fenrg.2022.922072
https://doi.org/10.3389/fenrg.2022.922072
https://tethys.pnnl.gov/publications/modeling-impact-innovation-marine-energy-generation-related-technologies-carbon
https://tethys.pnnl.gov/publications/modeling-impact-innovation-marine-energy-generation-related-technologies-carbon
https://tethys.pnnl.gov/publications/modeling-impact-innovation-marine-energy-generation-related-technologies-carbon
https://tethys.pnnl.gov/publications/economic-impact-large-scale-deployment-offshore-marine-hydrokinetic-technology-oregon
https://tethys.pnnl.gov/publications/economic-impact-large-scale-deployment-offshore-marine-hydrokinetic-technology-oregon
https://tethys.pnnl.gov/publications/economic-impact-large-scale-deployment-offshore-marine-hydrokinetic-technology-oregon
https://tethys.pnnl.gov/publications/economic-impact-large-scale-deployment-offshore-marine-hydrokinetic-technology-oregon

Johansen, K. (2019). Local support for renewable energy
technologies? Attitudes towards local near-shore wind
farms among second home owners and permanent

area residents on the Danish coast. Energy Policy, 132,
691—701. doi:10.1016/j.enp0l.2019.04.027.

Johnson, J. E., and Welch, D. J. (2009). Marine Fish-

eries Management in a Changing Climate: A Review
of Vulnerability and Future Options. Reviews in Fish-
eries Science, 18(1), 106 —124.

Johnson, T., Jansujwicz, J. S., and Zydlewski, G. (2015).
Tidal Power Development in Maine: Stakeholder
Identification and Perceptions of Engagement. Estu-
aries and Coasts, 38, 266—278. d0i:10.1007/s12237-013
-9703-3.

Kabir, M., Chowdhury, M. S., Sultana, N., Jamal, M. S.,
and Techato, K. (2022). Chapter 10—Ocean renewable
energy and its prospect for developing economies. In

I. Khan (Ed.), Renewable Energy and Sustainability (pp.
263-298). Elsevier.

Kallis, G., Stephanides, P., Bailey, E., Devine-Wright, P.,
Chalvatzis, K., and Bailey, L. (2021). The challenges of
engaging island communities: Lessons on renewable
energy from a review of 17 case studies. Energy Research
& Social Science, 81,102257. doi:10.1016/].erss.2021.102257.

Kandiyil, D. R. (2022). Use of Marine Renewable Energy
in Ports of Middle East: A Step Toward Sustainable
Ports. In E. Heggy, V. Bermudez, and M. Vermeersch
(Eds.), Sustainable Energy-Water-Environment Nexus in
Deserts (pp. 349—356). Springer.

Karytsas, S., Mendrinos, D., and Karytsas, C. (2020).
Measurement methods of socioeconomic impacts of
renewable energy projects. IOP Conference Series: Earth

and Environmental Science, 410, 012087. doi:10.1088/1755

-1315/410/1/012087.

Kasharjanto, A., Erwandi, Mintarso, C. S.]., Suyanto,

E. M., and Rahuna, D. (2023). Study of Supply Chain
Management of Industrial Plan Manufacturing Devel-
opment of Marine Power Turbine in Indonesia. IOP
Conference Series: Earth and Environmental Science, 1166,
012018.

Kazimierczuk, K., Henderson, C., Duffy, K., Hanif, S.,
Bhattacharya, S., Biswas, S., Jacroux, E., Preziuso, D.,
Wu, D., Bhatnagar, D., and Tarekegne, B. (2023). A
socio-technical assessment of marine renewable energy
potential in coastal communities. Energy Research &
Social Science, 100, 103098. d0i:10.1016/].erss.2023.103098.

Kerr, S., Colton, J., Johnson, K., and Wright, G. (2015).
Rights and ownership in sea country: implications of
marine renewable energy for indigenous and local
communities. Marine Policy, 52, 108—-115. d0i:10.1016
/j.marpol.2014.11.002.

Kerr, S., Johnson, K., and Weir, S. (2017). Understanding
community benefit payments from renewable energy
development. Energy Policy, 105, 202—211. d0i:10.1016
/j.enpol.2017.02.034.

Kerr, S., Watts, L., Colton, J., Conway, F., Hull, A.,
Johnson, K., Jude, S., Kannen, A., MacDougall, S.,
McLachlan, C., Potts, T., and Vergunst, J. (2014).
Establishing an agenda for social studies research
in marine renewable energy. Energy Policy, 67,
694—702. d0i:10.1016/j.enpol.2013.11.063.

Klein, C.J., Steinback, C., Watts, M., Scholz, A.J., and
Possingham, H. P. (2010). Spatial marine zoning for
fisheries and conservation. Frontiers in Ecology and the
Environment, 8(7), 349—-353.

134

OES-ENVIRONMENTAL 2024 STATE OF THE SCIENCE REPORT


https://tethys.pnnl.gov/publications/local-support-renewable-energy-technologies-attitudes-towards-local-near-shore-wind
https://tethys.pnnl.gov/publications/local-support-renewable-energy-technologies-attitudes-towards-local-near-shore-wind
https://tethys.pnnl.gov/publications/local-support-renewable-energy-technologies-attitudes-towards-local-near-shore-wind
https://doi.org/10.1080/10641260903434557
https://doi.org/10.1080/10641260903434557
https://tethys.pnnl.gov/publications/tidal-power-development-maine-stakeholder-identification-perceptions-engagement
https://tethys.pnnl.gov/publications/tidal-power-development-maine-stakeholder-identification-perceptions-engagement
https://tethys.pnnl.gov/publications/tidal-power-development-maine-stakeholder-identification-perceptions-engagement
https://doi.org/10.1016/B978-0-323-88668-0.00007-3
https://doi.org/10.1016/B978-0-323-88668-0.00007-3
https://tethys.pnnl.gov/publications/challenges-engaging-island-communities-lessons-renewable-energy-review-17-case-studies
https://tethys.pnnl.gov/publications/challenges-engaging-island-communities-lessons-renewable-energy-review-17-case-studies
https://tethys.pnnl.gov/publications/challenges-engaging-island-communities-lessons-renewable-energy-review-17-case-studies
https://doi.org/10.1007/978-3-030-76081-6_42
https://doi.org/10.1007/978-3-030-76081-6_42
https://tethys.pnnl.gov/publications/measurement-methods-socioeconomic-impacts-renewable-energy-projects
https://tethys.pnnl.gov/publications/measurement-methods-socioeconomic-impacts-renewable-energy-projects
https://tethys.pnnl.gov/publications/measurement-methods-socioeconomic-impacts-renewable-energy-projects
https://doi.org/10.1088/1755-1315/1166/1/012018
https://tethys.pnnl.gov/publications/socio-technical-assessment-marine-renewable-energy-potential-coastal-communities
https://tethys.pnnl.gov/publications/socio-technical-assessment-marine-renewable-energy-potential-coastal-communities
https://tethys.pnnl.gov/publications/socio-technical-assessment-marine-renewable-energy-potential-coastal-communities
https://tethys.pnnl.gov/publications/rights-ownership-sea-country-implications-marine-renewable-energy-indigenous-local
https://tethys.pnnl.gov/publications/rights-ownership-sea-country-implications-marine-renewable-energy-indigenous-local
https://tethys.pnnl.gov/publications/rights-ownership-sea-country-implications-marine-renewable-energy-indigenous-local
https://tethys.pnnl.gov/publications/understanding-community-benefit-payments-renewable-energy-development
https://tethys.pnnl.gov/publications/understanding-community-benefit-payments-renewable-energy-development
https://tethys.pnnl.gov/publications/understanding-community-benefit-payments-renewable-energy-development
https://tethys.pnnl.gov/publications/establishing-agenda-social-studies-research-marine-renewable-energy
https://tethys.pnnl.gov/publications/establishing-agenda-social-studies-research-marine-renewable-energy
https://tethys.pnnl.gov/publications/establishing-agenda-social-studies-research-marine-renewable-energy
https://doi.org/10.1890/090047
https://doi.org/10.1890/090047

Klok, C. W, Kirkels, A. F., and Alkemade, F. (2023).
Impacts, procedural processes, and local context:
Rethinking the social acceptance of wind energy proj-
ects in the Netherlands. Energy Research & Social Science,
99, 103044. d0i:10.1016/j.e1r$5.2023.10304/4.

Knudsen, J. K., Wold, L. C., Aas, 0., Kielland Haug, J. J.,
Batel, S., Devine-Wright, P., Qvenild, M., and Jacobsen,
G. B. (2015). Local perceptions of opportunities for
engagement and procedural justice in electricity trans-
mission grid projects in Norway and the UK. Land Use
Policy, 48,299—-308.

Komiyama, R., and Fujii, Y. (2021). Large-scale inte-
gration of offshore wind into the Japanese power grid.
Sustainability Science, 16(2), 429—4438.

Kouloumpis, V., and Yan, X. (2021). Sustainable energy
planning for remote islands and the waste legacy from
renewable energy infrastructure deployment. Journal of
Cleaner Production, 307,127198. d0i:10.1016/].jclepro
.2021.127198.

Kularathna, A. H. T. S., Suda, S., Takagi, K., and Tabeta,
S. (2019). Evaluation of Co-Existence Options of Marine
Renewable Energy Projects in Japan. Sustainability,
11(10), 2840. d0i:10.3390/su111028 0.

Kyriazi, Z., Maes, F., and Degraer, S. (2016). Coexistence
dilemmas in European marine spatial planning prac-
tices. The case of marine renewables and marine
protected areas. Energy Policy, 97, 391—399. d0i:10.1016
/j.enpol.2016.07.018.

Lacey-Barnacle, M., Robison, R., and Foulds, C. (2020).
Energy justice in the developing world: A review of
theoretical frameworks, key research themes and policy
implications. Energy for Sustainable Development, 55,
122-138.

Lam, V.W.Y., Allison, E. H,, Bell, J. D., Blythe, J., Cheung,
W.W. L., Frolicher, T. L., Gasalla, M. A., and Sumaila, U.
R. (2020). Climate change, tropical fisheries and pros-
pects for sustainable development. Nature Reviews Earth
& Environment, 1(9), 440—454.

Lavidas, G. (2019). Energy and socio-economic bene-
fits from the development of wave energy in Greece.
Renewable Energy, 132,1290—-1300. do0i:10.1016/j.renene
.2018.09.007.

Lee, K.-H., Noh, J., and Khim, J. S. (2020). The Blue
Economy and the United Nations’ sustainable devel-
opment goals: Challenges and opportunities. Environ-
ment International, 137,105528. doi:10.1016/j.envint
.2020.105528.

Lehmann, J., Bouillass, G., Fofack-Garcia, R., and
Pérez-Lopez, P. (2022). Towards social Life Cycle Assess-
ment of Energy Systems: a case study on offshore wind
farms from companies’ perspective. 349, 12002.

Lehmann, J., Fofack-Garcia, R., Ranchin, T., and
Pérez-Lopez, P. (2024). Hierarchization of social
impact subcategories: towards a systematic approach
for enhanced stakeholders’ representativeness. The
International Journal of Life Cycle Assessment.

Letschert, J., Stollberg, N., Rambo, H., Kempf, A.,
Berkenhagen, J., and Stelzenmiiller, V. (2021). The
uncertain future of the Norway lobster fisheries in the
North Sea calls for new management strategies. ICES
Journal of Marine Science, 78(10), 3639—3649. doi:10
.1093/icesjms/fsab204.

Levenda, A. M., Behrsin, I., and Disano, F. (2021).
Renewable energy for whom? A global systematic
review of the environmental justice implications of
renewable energy technologies. Energy Research & Social
Science, 71,101837. d0i:10.1016/j.erss.2020.101837.

SECTION C - HUMAN DIMENSIONS OF MARINE RENEWABLE ENERGY -

135


https://tethys.pnnl.gov/publications/impacts-procedural-processes-local-context-rethinking-social-acceptance-wind-energy
https://tethys.pnnl.gov/publications/impacts-procedural-processes-local-context-rethinking-social-acceptance-wind-energy
https://tethys.pnnl.gov/publications/impacts-procedural-processes-local-context-rethinking-social-acceptance-wind-energy
https://doi.org/10.1016/j.landusepol.2015.04.031
https://doi.org/10.1016/j.landusepol.2015.04.031
https://doi.org/10.1007/s11625-021-00907-0
https://doi.org/10.1007/s11625-021-00907-0
https://tethys.pnnl.gov/publications/sustainable-energy-planning-remote-islands-waste-legacy-renewable-energy
https://tethys.pnnl.gov/publications/sustainable-energy-planning-remote-islands-waste-legacy-renewable-energy
https://tethys.pnnl.gov/publications/sustainable-energy-planning-remote-islands-waste-legacy-renewable-energy
https://tethys.pnnl.gov/publications/evaluation-co-existence-options-marine-renewable-energy-projects-japan
https://tethys.pnnl.gov/publications/evaluation-co-existence-options-marine-renewable-energy-projects-japan
https://tethys.pnnl.gov/publications/evaluation-co-existence-options-marine-renewable-energy-projects-japan
https://tethys.pnnl.gov/publications/coexistence-dilemmas-european-marine-spatial-planning-practices-case-marine-renewables
https://tethys.pnnl.gov/publications/coexistence-dilemmas-european-marine-spatial-planning-practices-case-marine-renewables
https://tethys.pnnl.gov/publications/coexistence-dilemmas-european-marine-spatial-planning-practices-case-marine-renewables
https://doi.org/10.1016/j.esd.2020.01.010
https://doi.org/10.1038/s43017-020-0071-9
https://doi.org/10.1038/s43017-020-0071-9
https://tethys.pnnl.gov/publications/energy-socio-economic-benefits-development-wave-energy-greece
https://tethys.pnnl.gov/publications/energy-socio-economic-benefits-development-wave-energy-greece
https://tethys.pnnl.gov/publications/energy-socio-economic-benefits-development-wave-energy-greece
https://tethys.pnnl.gov/publications/blue-economy-united-nations-sustainable-development-goals-challenges-opportunities
https://tethys.pnnl.gov/publications/blue-economy-united-nations-sustainable-development-goals-challenges-opportunities
https://tethys.pnnl.gov/publications/blue-economy-united-nations-sustainable-development-goals-challenges-opportunities
https://doi.org/10.1051/e3sconf/202234912002
https://doi.org/10.1051/e3sconf/202234912002
https://doi.org/10.1007/s11367-023-02275-6
https://doi.org/10.1007/s11367-023-02275-6
https://tethys.pnnl.gov/publications/uncertain-future-norway-lobster-fisheries-north-sea-calls-new-management-strategies
https://tethys.pnnl.gov/publications/uncertain-future-norway-lobster-fisheries-north-sea-calls-new-management-strategies
https://tethys.pnnl.gov/publications/uncertain-future-norway-lobster-fisheries-north-sea-calls-new-management-strategies
https://tethys.pnnl.gov/publications/renewable-energy-whom-global-systematic-review-environmental-justice-implications
https://tethys.pnnl.gov/publications/renewable-energy-whom-global-systematic-review-environmental-justice-implications
https://tethys.pnnl.gov/publications/renewable-energy-whom-global-systematic-review-environmental-justice-implications

Li, Z., Siddiqi, A., Anadon, L. D., and Narayanamurti, V.
(2018). Towards sustainability in water-energy nexus:
Ocean energy for seawater desalination. Renewable
and Sustainable Energy Reviews, 82, Part 3, 3833—3847.

Linnerud, K., Dugstad, A., and Rygg, B.]. (2022). Do
people prefer offshore to onshore wind energy? The role
of ownership and intended use. Renewable and Sustain-
able Energy Reviews, 168, 112732. doi:10.1016/j.rser.2022
112732.

LiVecchi, A, Copping, A. E., Jenne, D., Gorton, A., Preus,
R,, Gill, G., Robichaud, R., Green, R., Geerlofs, S., Gore,
S., Hume, D., McShane, W., Schmaus, C., and Spence, H.
(2019). Powering the Blue Economy: Exploring Opportuni-
ties for Marine Renewable Energy in Maritime Markets.

(p. 207). U.S. Department of Energy, Office of Energy
Efficiency and Renewable Energy.

Lockwood, M., Kuzemko, C., Mitchell, C., and Hoggett,
R. (2017). Historical institutionalism and the politics
of sustainable energy transitions: A research agenda.
Environment and Planning C: Politics and Space, 35(2),
312—333.

Lyons, P., Mynott, S., and Melbourne-Thomas, J.
(2023). Enabling Indigenous innovations to re-centre
social licence to operate in the Blue Economy. Marine
Policy, 147,105384. doi:10.1016/j.marpol.2022.105384.

Machado, J. T. M., and de Andrés, M. (2023). Implica-
tions of offshore wind energy developments in coastal
and maritime tourism and recreation areas: An analyt-
ical overview. Environmental Impact Assessment Review,
99,106999. doi:10.1016/j.eiar.2022.106999.

Mackenzie Valley Environmental Impact Review Board.
(2007). Socio-Economic Impact Assessment Guidelines

(pp. 1—110).

Marin-Coria, E., Silva, R., Enriquez, C., Martinez, M.
L., and Mendoza, E. (2021). Environmental Assess-
ment of the Impacts and Benefits of a Salinity Gradient
Energy Pilot Plant. Energies, 14(11), Article 11. doi:10
.3390/en14113252.

Marine Energy Council, National Hydropower Associa-
tion. (2021). Commercialization Strategy for Marine Energy.

Marine Energy Wales. (2021). State of the Sector 2021:
Economic Benefits for Wales (p. 52).

Marine Energy Wales. (2022). State of the Sector 2022 (p.
32).

Markantonatou, V., Giakoumi, S., Koukourouvli, N.,
Maina, I., Gonzalez-Mirelis, G., Sini, M., Maistrelis, K.,
Stithou, M., Gadolou, E., Petza, D., Kavadas, S., Vassi-
lopoulou, V., Buhl-Mortensen, L., and Katsanevakis,
S. (2021). Marine spatial plans focusing on biodiver-
sity conservation: The case of the Aegean Sea. Aquatic
Conservation: Marine and Freshwater Ecosystems, 31(8),
2278-2292.

Martinez, M. L., Vazquez, G., Pérez-Maqueo, O., Silva,
R., Moreno-Casasola, P., Mendoza-Gonzélez, G.,
Lopez-Portillo, J., MacGregor-Fors, 1., Heckel, G.,
Hernandez-Santana, J. R., Garcia-Franco, J. G., Castillo-
Campos, G., and Lara-Dominguez, A. L. (2021). A
systemic view of potential environmental impacts of
ocean energy production. Renewable and Sustainable
Energy Reviews, 149, 111332. doi:10.1016/j.rser.202
1.111332.

Maurer, B., Stewart, A., and Ayers, J. (2020). Marine
Energy Converter Modeling for Navy Applications - Final
Report. Pacific Marine Energy Center (PMEC).

McGranahan, G., Balk, D., and Anderson, B. (2007). The
rising tide: assessing the risks of climate change and
human settlements in low elevation coastal zones. Envi-
ronment and Urbanization, 19(1), 17—37.

136

OES-ENVIRONMENTAL 2024 STATE OF THE SCIENCE REPORT


https://doi.org/10.1016/j.rser.2017.10.087
https://tethys.pnnl.gov/publications/do-people-prefer-offshore-onshore-wind-energy-role-ownership-intended-use
https://tethys.pnnl.gov/publications/do-people-prefer-offshore-onshore-wind-energy-role-ownership-intended-use
https://tethys.pnnl.gov/publications/do-people-prefer-offshore-onshore-wind-energy-role-ownership-intended-use
https://tethys.pnnl.gov/publications/powering-blue-economy-exploring-opportunities-marine-renewable-energy-maritime-markets
https://tethys.pnnl.gov/publications/powering-blue-economy-exploring-opportunities-marine-renewable-energy-maritime-markets
https://tethys.pnnl.gov/publications/powering-blue-economy-exploring-opportunities-marine-renewable-energy-maritime-markets
https://tethys.pnnl.gov/publications/powering-blue-economy-exploring-opportunities-marine-renewable-energy-maritime-markets
https://doi.org/10.1177/0263774X16660561
https://tethys.pnnl.gov/publications/enabling-indigenous-innovations-re-centre-social-licence-operate-blue-economy
https://tethys.pnnl.gov/publications/enabling-indigenous-innovations-re-centre-social-licence-operate-blue-economy
https://tethys.pnnl.gov/publications/enabling-indigenous-innovations-re-centre-social-licence-operate-blue-economy
https://tethys.pnnl.gov/publications/implications-offshore-wind-energy-developments-coastal-maritime-tourism-recreation
https://tethys.pnnl.gov/publications/implications-offshore-wind-energy-developments-coastal-maritime-tourism-recreation
https://tethys.pnnl.gov/publications/implications-offshore-wind-energy-developments-coastal-maritime-tourism-recreation
https://reviewboard.ca/process_information/guidance_documentation/guidelines
https://reviewboard.ca/process_information/guidance_documentation/guidelines
https://tethys.pnnl.gov/publications/environmental-assessment-impacts-benefits-salinity-gradient-energy-pilot-plant
https://tethys.pnnl.gov/publications/environmental-assessment-impacts-benefits-salinity-gradient-energy-pilot-plant
https://tethys.pnnl.gov/publications/environmental-assessment-impacts-benefits-salinity-gradient-energy-pilot-plant
https://www.hydro.org/resource/commercialization-strategy-for-marine-energy/
https://www.hydro.org/resource/commercialization-strategy-for-marine-energy/
https://tethys.pnnl.gov/publications/state-sector-2021-economic-benefits-wales
https://tethys.pnnl.gov/publications/state-sector-2021-economic-benefits-wales
https://tethys.pnnl.gov/publications/marine-energy-wales-state-sector-2022
https://tethys.pnnl.gov/publications/marine-energy-wales-state-sector-2022
https://doi.org/10.1002/aqc.3610
https://tethys.pnnl.gov/publications/systemic-view-potential-environmental-impacts-ocean-energy-production
https://tethys.pnnl.gov/publications/systemic-view-potential-environmental-impacts-ocean-energy-production
https://tethys.pnnl.gov/publications/systemic-view-potential-environmental-impacts-ocean-energy-production
https://apps.dtic.mil/sti/pdfs/AD1155288.pdf
https://apps.dtic.mil/sti/pdfs/AD1155288.pdf
https://doi.org/10.1177/0956247807076960
https://doi.org/10.1177/0956247807076960

McLachlan, C. (2009). ‘You don’t do a chemistry experi-
ment in your best china’: Symbolic interpretations of
place and technology in a wave energy case. Energy
Policy, 37(12), 5342—5350.

McTiernan, K. L., and Sharman, K. T. (2020). Review
of Hybrid Offshore Wind and Wave Energy Systems.
Journal of Physics: Conference Series, 1452, 012016.

Mehdi, R. A., Baldauf, M., and Deeb, H. (2020). A
dynamic risk assessment method to address safety

of navigation concerns around offshore renewable
energy installations. Proceedings of the Institution of
Mechanical Engineers, Part M: Journal of Engineering for
the Maritime Environment, 234(1), 231—244,. doi:10.1177
/1475090219837409.

Mehdji, R. A., Schréder-Hinrichs, J.-U., van Overloop, J.,
Nilsson, H., and Pélsson, J. (2018). Improving the coex-
istence of offshore wind farms and shipping: an inter-
national comparison of navigational risk assessment
processes. WMU Journal of Maritime Affairs, 17, 397—434.
d0i:10.1007/s13437-018-0149-0.

Mendoza, E., Lithgow, D., Flores, P., Felix, A., Simas, T.,
and Silva, R. (2019). A framework to evaluate the envi-
ronmental impact of OCEAN energy devices. Renewable
and Sustainable Energy Reviews, 112, 440—449.d0i:10.1016
/j-rser.2019.05.060.

Ministére de I’Environnement, de I’Energie et de la
Mer, République Francaise. (2017). Guide d’évaluation
des impacts sur ’environnement des parcs éoliens en mer
(Guide to assessing the environmental impacts of offshore
wind farms) (p. 201).

Mueller, J. T., and Brooks, M. M. (2020). Burdened by
renewable energy? A multi-scalar analysis of distri-
butional justice and wind energy in the United States.
Energy Research & Social Science, 63, 101406. doi:10.1016
/j-€rss.2019.101406.

Naus, K., Banaszak, K., and Szymak, P. (2021). The
Methodology for Assessing the Impact of Offshore Wind
Farms on Navigation, Based on the Automatic Identi-
fication System Historical Data. Energies, 14(20), 6559.

Niquil, N., Scotti, M., Fofack-Garcia, R., Haraldsson,
M., Thermes, M., Raoux, A., Le Loc’h, F., and Mazé, C.
(2021). The Merits of Loop Analysis for the Qualitative
Modeling of Social-Ecological Systems in Presence of
Offshore Wind Farms. Frontiers in Ecology and Evolution,
9, 635798. doi:10.3389/fev0.2021.635798.

Nogues, Q., Bourdaud, P., Araignous, E., Halouani, G,
Ben Rais Lasram, F., Dauvin, J.-C., Le Loc’h, F., and
Niquil, N. (2023). An ecosystem-wide approach for
assessing the spatialized cumulative effects of local and
global changes on coastal ecosystem functioning. ICES
Journal of Marine Science, 80(4.), 1129—1142. doi:10
.1093/icesjms/fsado43.

Norwood, R., Olsen, S., Brooker, R., Morelli, A., Watson,
D., Cooper, E., and Smith, K. (2023). EnFAIT Enabling
future arrays in tidal (D8.10; p. 138).

Ocean Energy Systems, and ORJIP Ocean Energy. (2017).
Annex IV: Exploring the State of Understanding and Practice
used to Assess Social and Economic Risks and Benefits of
Marine Renewable Energy Development - Workshop report.
12th European Wave and Tidal Energy Conference, Cork,
Ireland.

SECTION C - HUMAN DIMENSIONS OF MARINE RENEWABLE ENERGY - 137


https://doi.org/10.1016/j.enpol.2009.07.057
https://doi.org/10.1016/j.enpol.2009.07.057
https://doi.org/10.1088/1742-6596/1452/1/012016
https://doi.org/10.1088/1742-6596/1452/1/012016
https://tethys.pnnl.gov/publications/dynamic-risk-assessment-method-address-safety-navigation-concerns-around-offshore
https://tethys.pnnl.gov/publications/dynamic-risk-assessment-method-address-safety-navigation-concerns-around-offshore
https://tethys.pnnl.gov/publications/dynamic-risk-assessment-method-address-safety-navigation-concerns-around-offshore
https://tethys.pnnl.gov/publications/improving-coexistence-offshore-wind-farms-shipping-international-comparison
https://tethys.pnnl.gov/publications/improving-coexistence-offshore-wind-farms-shipping-international-comparison
https://tethys.pnnl.gov/publications/improving-coexistence-offshore-wind-farms-shipping-international-comparison
https://tethys.pnnl.gov/publications/framework-evaluate-environmental-impact-ocean-energy-devices
https://tethys.pnnl.gov/publications/framework-evaluate-environmental-impact-ocean-energy-devices
https://tethys.pnnl.gov/publications/framework-evaluate-environmental-impact-ocean-energy-devices
https://www.ecologie.gouv.fr/sites/default/files/guide_etude_impact_eolien_mer_2017_complet.pdf
https://www.ecologie.gouv.fr/sites/default/files/guide_etude_impact_eolien_mer_2017_complet.pdf
https://www.ecologie.gouv.fr/sites/default/files/guide_etude_impact_eolien_mer_2017_complet.pdf
https://tethys.pnnl.gov/publications/burdened-renewable-energy-multi-scalar-analysis-distributional-justice-wind-energy
https://tethys.pnnl.gov/publications/burdened-renewable-energy-multi-scalar-analysis-distributional-justice-wind-energy
https://tethys.pnnl.gov/publications/burdened-renewable-energy-multi-scalar-analysis-distributional-justice-wind-energy
https://doi.org/10.3390/en14206559
https://tethys.pnnl.gov/publications/merits-loop-analysis-qualitative-modeling-social-ecological-systems-presence-offshore
https://tethys.pnnl.gov/publications/merits-loop-analysis-qualitative-modeling-social-ecological-systems-presence-offshore
https://tethys.pnnl.gov/publications/merits-loop-analysis-qualitative-modeling-social-ecological-systems-presence-offshore
https://tethys.pnnl.gov/publications/ecosystem-wide-approach-assessing-spatialized-cumulative-effects-local-global-changes
https://tethys.pnnl.gov/publications/ecosystem-wide-approach-assessing-spatialized-cumulative-effects-local-global-changes
https://tethys.pnnl.gov/publications/ecosystem-wide-approach-assessing-spatialized-cumulative-effects-local-global-changes
https://www.enfait.eu/publications/final-project-european-eseas/
https://www.enfait.eu/publications/final-project-european-eseas/
https://tethys.pnnl.gov/events/exploring-state-understanding-practice-used-assess-social-economic-risks-benefits-marine
https://tethys.pnnl.gov/events/exploring-state-understanding-practice-used-assess-social-economic-risks-benefits-marine
https://tethys.pnnl.gov/events/exploring-state-understanding-practice-used-assess-social-economic-risks-benefits-marine

Ocean Energy Systems, and ORJIP Ocean Energy. (2018).
Annex IV: Case Studies on Social and Economic Effects
around MRE Development: Workshop Report. Environ-
mental Interactions of Marine Renewables (EIMR) 2018,
Kirkwall, UK.

O’Donoghue, C., Geoghegan, C., Hynes, S., Farrell, N.,
O’Leary, J., and Tsakiridis, A. (2021). Impact Assessment
Modelling for the Ocean Economy: A Review of Devel-
opments. Journal of Ocean and Coastal Economics, 8(2), 9.

Oregon State University. (2013). Unsolicited Request for
Renewable Energy Research Lease: Northwest National
Marine Renewable Energy Center at Oregon State Univer-
sity - Appendix F. Proposal: Newport Site for the Pacific
Marine Energy Center Executive Summary. Northwest
National Marine Renewable Energy Center.

Pacific Energy Ventures. (2011). Feasibility Study for

a Grid Connected Pacific Marine Energy Center (p. 21).
Northwest National Marine Renewable Energy Center,
Oregon State University.

Papadopoulou, M. P., and Vlachou, A. (2022). Conceptu-
alization of NEXUS elements in the marine environment
(Marine NEXUS). Euro-Mediterranean Journal for Envi-
ronmental Integration, 7,399 —406.

Pauly, D., Christensen, V., Guénette, S., Pitcher, T.].,
Sumaila, U. R, Walters, C.J., Watson, R., and Zeller,

D. (2002). Towards sustainability in world fisheries.
Nature, 418(6898), Article 6898.

Pauly, D., and Zeller, D. (2016). Catch reconstructions
reveal that global marine fisheries catches are higher
than reported and declining. Nature Communications, 7,
Article 1.

Pérez-Vigueras, M., Sotelo-Boyas, R., Gonzalez-Huerta,
R. de G., and Bafiuelos-Ruedas, F. (2023). Feasibility
analysis of green hydrogen production from oceanic
energy. Heliyon, 9(9), €20046.

Pollard, E., Robertson, P., Littlewood, M., and Geddes, G.
(2014). Insights from archaeological analysis and inter-
pretation of marine data sets to inform marine cultural
heritage management and planning of wave and tidal
energy development for Orkney Waters and the Pent-
land Firth, NE Scotland. Ocean & Coastal Management,
99, 39—51. d0i:10.1016/j.0cecoaman.2014.05.012.

Ponce Oliva, R. D., Estay, M., Barrientos, M., Estevez, R.
A, Gelcich, S., and Vasquez-Lavin, F. (2024). Emerging
energy sources’ social acceptability: Evidence from
marine-based energy projects. Renewable and Sustain-
able Energy Reviews, 198, 114429. d0i:10.1016/j.rser.2024
114429.

Qu, Y. (2021). Impacts of Offshore Wind Energy on
Seafood Sectors: A Macroeconomic Perspective of the
Energy-Food Nexus [Doctoral Dissertation, University
of Exeter].

Quirapas, M. A. J. R,, and Taeihagh, A. (2021). Ocean
renewable energy development in Southeast Asia:
Opportunities, risks and unintended consequences.
Renewable and Sustainable Energy Reviews, 137, 110403.
doi:10.1016/j.rser.2020.110403.

Ramachandran, R., Kularathna, A. H. T. S., Matsuda,
H., and Takagi, K. (2021). Information flow to
increase support for tidal energy development in
remote islands of a developing country: agent-based
simulation of information flow in Flores Timur
Regency, Indonesia. Energy, Sustainability and Society,
11, 26. doi:10.1186/513705-021-00302-8.

138

OES-ENVIRONMENTAL 2024 STATE OF THE SCIENCE REPORT


https://tethys.pnnl.gov/events/case-studies-social-economic-effects-around-mre-development
https://tethys.pnnl.gov/events/case-studies-social-economic-effects-around-mre-development
https://doi.org/10.15351/2373-8456.1142
https://www.boem.gov/sites/default/files/renewable-energy-program/State-Activities/NNMREC-Unsolicited-Lease-Request.pdf
https://www.boem.gov/sites/default/files/renewable-energy-program/State-Activities/NNMREC-Unsolicited-Lease-Request.pdf
https://www.boem.gov/sites/default/files/renewable-energy-program/State-Activities/NNMREC-Unsolicited-Lease-Request.pdf
https://mhkdr.openei.org/files/133/16.1.2%20CONFIDENTIAL_PMEC_Feasibility_Study_Final.pdf
https://mhkdr.openei.org/files/133/16.1.2%20CONFIDENTIAL_PMEC_Feasibility_Study_Final.pdf
https://mhkdr.openei.org/files/133/16.1.2%20CONFIDENTIAL_PMEC_Feasibility_Study_Final.pdf
doi:10.1007/s41207-022-00322-6
doi:10.1007/s41207-022-00322-6
https://tethys.pnnl.gov/publications/conceptualization-nexus-elements-marine-environment-marine-nexus
https://tethys.pnnl.gov/publications/conceptualization-nexus-elements-marine-environment-marine-nexus
https://tethys.pnnl.gov/publications/conceptualization-nexus-elements-marine-environment-marine-nexus
https://doi.org/10.1038/nature01017
https://doi.org/10.1038/nature01017
https://doi.org/10.1038/ncomms10244
https://doi.org/10.1016/j.heliyon.2023.e20046
https://doi.org/10.1016/j.heliyon.2023.e20046
https://tethys.pnnl.gov/publications/insights-archaeological-analysis-interpretation-marine-data-sets-inform-marine
https://tethys.pnnl.gov/publications/insights-archaeological-analysis-interpretation-marine-data-sets-inform-marine
https://tethys.pnnl.gov/publications/insights-archaeological-analysis-interpretation-marine-data-sets-inform-marine
https://tethys.pnnl.gov/publications/insights-archaeological-analysis-interpretation-marine-data-sets-inform-marine
https://tethys.pnnl.gov/publications/emerging-energy-sources-social-acceptability-evidence-marine-based-energy-projects
https://tethys.pnnl.gov/publications/emerging-energy-sources-social-acceptability-evidence-marine-based-energy-projects
https://tethys.pnnl.gov/publications/emerging-energy-sources-social-acceptability-evidence-marine-based-energy-projects
https://tethys.pnnl.gov/publications/impacts-offshore-wind-energy-seafood-sectors-macroeconomic-perspective-energy-food
https://tethys.pnnl.gov/publications/impacts-offshore-wind-energy-seafood-sectors-macroeconomic-perspective-energy-food
https://tethys.pnnl.gov/publications/impacts-offshore-wind-energy-seafood-sectors-macroeconomic-perspective-energy-food
https://tethys.pnnl.gov/publications/ocean-renewable-energy-development-southeast-asia-opportunities-risks-unintended
https://tethys.pnnl.gov/publications/ocean-renewable-energy-development-southeast-asia-opportunities-risks-unintended
https://tethys.pnnl.gov/publications/ocean-renewable-energy-development-southeast-asia-opportunities-risks-unintended
https://tethys.pnnl.gov/publications/information-flow-increase-support-tidal-energy-development-remote-islands-developing
https://tethys.pnnl.gov/publications/information-flow-increase-support-tidal-energy-development-remote-islands-developing
https://tethys.pnnl.gov/publications/information-flow-increase-support-tidal-energy-development-remote-islands-developing
https://tethys.pnnl.gov/publications/information-flow-increase-support-tidal-energy-development-remote-islands-developing

Ramachandran, R., Takagi, K., and Matsuda, H. (2020).
Enhancing local support for tidal energy projects in
developing countries: Case study in Flores Timur
Regency, Indonesia. Business Strategy & Development,
3(4), 543-553. doi:10.1002/bsd2.120.

Raoux, A., Tecchio, S., Pezy, J.-P., Lassalle, G., Degraer,
S., Wilhelmsson, D., Cachera, M., Ernande, B., Le Guen,
C., Haraldsson, M., Grangeré, K., Le Loc’h, F., Dauvin,
J.-C., and Niquil, N. (2017). Benthic and fish aggrega-
tion inside an offshore wind farm: Which effects on
the trophic web functioning? Ecological Indicators,

72, 33—46.d0i:10.1016/j.ecolind.2016.07.037.

Rawson, A., and Brito, M. (2022). Assessing the validity
of navigation risk assessments: A study of offshore
wind farms in the UK. Ocean & Coastal Management, 219,
106078.

Regeneris Consulting Ltd., and Welsh Economy
Research Unit, Cardiff Business School. (2013). The
Economic Impact of the Development of Marine Energy in
Wales (p. 84.). Welsh Government.

Reilly, K., O’'Hagan, A. M., and Dalton, G. (2016). Moving
from consultation to participation: A case study of

the involvement of fishermen in decisions relating

to marine renewable energy projects on the island of
Ireland. Ocean & Coastal Management, 134, 30—40. doi:10
.1016/j.0cecoaman.2016.09.030.

Richardson, R., Buckham, B., and McWhinnie, L.

H. (2022). Mapping a blue energy future for British
Columbia: Creating a holistic framework for tidal
stream energy development in remote coastal commu-
nities. Renewable and Sustainable Energy Reviews, 157,
112032. d0i:10.1016/j.rser.2021.112032.

Richardson, R. L. (2021). Developing a Holistic Framework
to Investigate the Environmental, Social, and Economic
Suitability of Tidal Stream Energy in British Columbia’s
Remote Coastal Diesel Reliant First Nations Communities
[Master’s Thesis, University of Victorial.

Roa Perera, I., Pefia, Y., Amante Garcia, B., and Goretti,
M. (2013). Ports: definition and study of types, sizes and
business models. Journal of Industrial Engineering and
Management (JIEM), 6(4.), 1055—1064.

Ruiz-Minguela, P., Villate, J. L., Uriarte, X., and Grisp-
iani, L. (2022). Deliverable 3.4: A study into the potential
social value offered to Europe from the development and
deployment of wave and tidal energy to 2050 (p. 66). ETIP
(European Technology & Innovation Platform) Ocean.

Sando, A., Kudo, M., and Ohbayashi, M. (2022). Proposal
for the Coexistence of Offshore Wind with Local Communi-
ties and the Fishing Industry. Renewable Energy Institute.

Schupp, M. F., Bocci, M., Depellegrin, D., Kafas, A.,
Kyriazi, Z., Lukic, L., Schultz-Zehden, A., Krause, G.,
Onyango, V., and Buck, B. H. (2019). Toward a Common
Understanding of Ocean Multi-Use. Frontiers in Marine
Science, 6. d0i:10.3389/fmars.2019.00165.

Scottish Government. (2022). Highly Protected Marine
Areas - policy framework and site selection guidelines:
socio-economic impact assessment — methodology.

Shao, Z., Gao, H., Liang, B., and Lee, D. (2022). Poten-
tial, trend and economic assessments of global wave
power. Renewable Energy, 195, 1087—1102.

SECTION C - HUMAN DIMENSIONS OF MARINE RENEWABLE ENERGY - 139


https://tethys.pnnl.gov/publications/enhancing-local-support-tidal-energy-projects-developing-countries-case-study-flores
https://tethys.pnnl.gov/publications/enhancing-local-support-tidal-energy-projects-developing-countries-case-study-flores
https://tethys.pnnl.gov/publications/enhancing-local-support-tidal-energy-projects-developing-countries-case-study-flores
https://tethys.pnnl.gov/publications/benthic-fish-aggregation-inside-offshore-wind-farm-which-effects-trophic-web
https://tethys.pnnl.gov/publications/benthic-fish-aggregation-inside-offshore-wind-farm-which-effects-trophic-web
https://tethys.pnnl.gov/publications/benthic-fish-aggregation-inside-offshore-wind-farm-which-effects-trophic-web
https://doi.org/10.1016/j.ocecoaman.2022.106078
https://tethys.pnnl.gov/publications/economic-impact-development-marine-energy-wales
https://tethys.pnnl.gov/publications/economic-impact-development-marine-energy-wales
https://tethys.pnnl.gov/publications/economic-impact-development-marine-energy-wales
https://tethys.pnnl.gov/publications/moving-consultation-participation-case-study-involvement-fishermen-decisions-relating
https://tethys.pnnl.gov/publications/moving-consultation-participation-case-study-involvement-fishermen-decisions-relating
https://tethys.pnnl.gov/publications/moving-consultation-participation-case-study-involvement-fishermen-decisions-relating
https://tethys.pnnl.gov/publications/mapping-blue-energy-future-british-columbia-creating-holistic-framework-tidal-stream
https://tethys.pnnl.gov/publications/mapping-blue-energy-future-british-columbia-creating-holistic-framework-tidal-stream
https://tethys.pnnl.gov/publications/mapping-blue-energy-future-british-columbia-creating-holistic-framework-tidal-stream
https://tethys.pnnl.gov/publications/developing-holistic-framework-investigate-environmental-social-economic-suitability
https://tethys.pnnl.gov/publications/developing-holistic-framework-investigate-environmental-social-economic-suitability
https://tethys.pnnl.gov/publications/developing-holistic-framework-investigate-environmental-social-economic-suitability
https://doi.org/10.3926/jiem.770
https://doi.org/10.3926/jiem.770
https://tethys.pnnl.gov/publications/study-potential-social-value-offered-europe-development-deployment-wave-tidal-energy
https://tethys.pnnl.gov/publications/study-potential-social-value-offered-europe-development-deployment-wave-tidal-energy
https://tethys.pnnl.gov/publications/study-potential-social-value-offered-europe-development-deployment-wave-tidal-energy
https://www.renewable-ei.org/pdfdownload/activities/REI_OSW_Coexistence_EN.pdf
https://www.renewable-ei.org/pdfdownload/activities/REI_OSW_Coexistence_EN.pdf
https://tethys.pnnl.gov/publications/toward-common-understanding-ocean-multi-use
https://tethys.pnnl.gov/publications/toward-common-understanding-ocean-multi-use
https://tethys.pnnl.gov/publications/toward-common-understanding-ocean-multi-use
http://www.gov.scot/publications/seia-policy-framework-site-selection-guidelines-highly-protected-marine-areas-socio-economic-impact-assessment-methodology-report/
http://www.gov.scot/publications/seia-policy-framework-site-selection-guidelines-highly-protected-marine-areas-socio-economic-impact-assessment-methodology-report/
http://www.gov.scot/publications/seia-policy-framework-site-selection-guidelines-highly-protected-marine-areas-socio-economic-impact-assessment-methodology-report/
http://www.gov.scot/publications/seia-policy-framework-site-selection-guidelines-highly-protected-marine-areas-socio-economic-impact-assessment-methodology-report/
https://doi.org/10.1016/j.renene.2022.06.100
https://doi.org/10.1016/j.renene.2022.06.100

Sheikholeslami, A., and Tabbakhpour Langeroodi, A.
H. (2024). Port Classification. 1st International Confer-
ence on Blue Economy, Bandar Abbas, University of
Hormozgan.

Silva, D., Rusu, E., and Guedes Soares, C. (2018). The
Effect of a Wave Energy Farm Protecting an Aquacul-
ture Installation. Energies, 11(8), Article 8. d0i:10.3390
/en11082109.

Smart, G., and Noonan, M. (2018). Tidal Stream and Wave
Energy Cost Reduction and Industrial Benefit: Summary
Analysis (p. 21). Offshore Renewable Energy Catapult.

Smythe, T., Bidwell, D., Moore, A., Smith, H., and
McCann, J. (2020). Beyond the beach: Tradeoffs in
tourism and recreation at the first offshore wind farm
in the United States. Energy Research & Social Science,
70,101726. doi:10.1016/j.erss.2020.101726.

Solomin, E., Sirotkin, E., Cuce, E., Selvanathan, S. P,
and Kumarasamy, S. (2021). Hybrid Floating Solar Plant
Designs: A Review. Energies, 14(10), Article 10.

Soukissian, T., 0’'Hagan, A., Azzellino, A., Boero, F.,
Melo, A., Comiskey, P., Gao, Z., Howell, D., Le Boulluec,
M., Maisondieu, C., Scott, B., Tedeschi, E., Maheri, A.,
Pennock, S., Kellett, P., and Heymans, J. (2023). Euro-
pean offshore renewable energy: Towards a sustainable
future (Future Science Brief 9). European Marine Board
(EMB); doi:10.5281/zenodo.7561906.

Soukissian, T., Veldeki, G., Damasiotis, M., Perakis,
C., Barkouta, D., Chatjigeorgiou, L., and Bougiouri,
V. (2020). Developing marine renewable energy in
the Mediterranean: The case of PELAGOS project.

In C. Guedes Soares (Ed.), Developments in Renew-
able Energies Offshore (1st ed., pp. 55—64). CRC Press;
doi: 10.1201/9781003134572-8.

Steger, C., Hirsch, S., Cosgrove, C., Inman, S., Nost,

E., Shinbrot, X., Thorn, J. P.R., Brown, D. G., Grét-
Regamey, A., Miiller, B., Reid, R. S., Tucker, C., Weibel,
B., and Klein, J. A. (2021). Linking model design and
application for transdisciplinary approaches in social-
ecological systems. Global Environmental Change, 66,
102201.

Steins, N. A., Veraart, J. A., Klostermann, J. E. M., and
Poelman, M. (2021). Combining offshore wind farms,
nature conservation and seafood: Lessons from a Dutch
community of practice. Marine Policy, 126, 104371.
doi:10.1016/j.marpol.2020.104371.

Stelzenmiiller, V., Gimpel, A., Letschert, J., Kraan, C.,
and Doring, R. (2020). RESEARCH FOR PECH COMMITTEE
- Impact of the use of offshore wind and other marine
renewables on European fisheries. European Parliament,
Policy Department for Structural and Cohesion Policies.

Stelzenmiiller, V., Letschert, J., Gimpel, A., Kraan, C.,
Probst, W. N., Degraer, S., and Doring, R. (2022). From
plate to plug: The impact of offshore renewables on
European fisheries and the role of marine spatial plan-
ning. Renewable and Sustainable Energy Reviews, 158,
112108. d0i:10.1016/j.rser.2022.112108.

Thorson, J., Matthews, C., Lawson, M., Hartmann,

K., Anwar, M. B., and Jadun, P. (2022). Unlocking the
Potential of Marine Energy Using Hydrogen Generation
Technologies (Technical Report NREL/TP-5700-82538).
National Renewable Energy Laboratory.; doi:10.2172
/1871531.

Traber, T., Koduvere, H., and Koivisto, M. (2017).
Impacts of offshore grid developments in the North
Sea region on market values by 2050: How will offshore
wind farms and transmission lines pay? 2017 14th
International Conference on the European Energy Market
(EEM), 1-6. d0i:10.1109/EEM.2017.7981945.

140

OES-ENVIRONMENTAL 2024 STATE OF THE SCIENCE REPORT


https://en.civilica.com/doc/1994638/
https://tethys.pnnl.gov/publications/effect-wave-energy-farm-protecting-aquaculture-installation
https://tethys.pnnl.gov/publications/effect-wave-energy-farm-protecting-aquaculture-installation
https://tethys.pnnl.gov/publications/tidal-stream-wave-energy-cost-reduction-industrial-benefit-summary-analysis
https://tethys.pnnl.gov/publications/tidal-stream-wave-energy-cost-reduction-industrial-benefit-summary-analysis
https://tethys.pnnl.gov/publications/tidal-stream-wave-energy-cost-reduction-industrial-benefit-summary-analysis
https://tethys.pnnl.gov/publications/beyond-beach-tradeoffs-tourism-recreation-first-offshore-wind-farm-united-states
https://tethys.pnnl.gov/publications/beyond-beach-tradeoffs-tourism-recreation-first-offshore-wind-farm-united-states
https://tethys.pnnl.gov/publications/beyond-beach-tradeoffs-tourism-recreation-first-offshore-wind-farm-united-states
https://doi.org/10.3390/en14102751
https://doi.org/10.3390/en14102751
https://tethys.pnnl.gov/publications/european-offshore-renewable-energy-towards-sustainable-future
https://tethys.pnnl.gov/publications/european-offshore-renewable-energy-towards-sustainable-future
https://tethys.pnnl.gov/publications/european-offshore-renewable-energy-towards-sustainable-future
https://tethys.pnnl.gov/publications/developing-marine-renewable-energy-mediterranean-pelagos-project
https://tethys.pnnl.gov/publications/developing-marine-renewable-energy-mediterranean-pelagos-project
https://tethys.pnnl.gov/publications/developing-marine-renewable-energy-mediterranean-pelagos-project
https://doi.org/10.1016/j.gloenvcha.2020.102201
https://tethys.pnnl.gov/publications/combining-offshore-wind-farms-nature-conservation-seafood-lessons-dutch-community
https://tethys.pnnl.gov/publications/combining-offshore-wind-farms-nature-conservation-seafood-lessons-dutch-community
https://tethys.pnnl.gov/publications/combining-offshore-wind-farms-nature-conservation-seafood-lessons-dutch-community
https://tethys.pnnl.gov/publications/impact-use-offshore-wind-other-marine-renewables-european-fisheries
https://tethys.pnnl.gov/publications/impact-use-offshore-wind-other-marine-renewables-european-fisheries
https://tethys.pnnl.gov/publications/plate-plug-impact-offshore-renewables-european-fisheries-role-marine-spatial-planning
https://tethys.pnnl.gov/publications/plate-plug-impact-offshore-renewables-european-fisheries-role-marine-spatial-planning
https://tethys.pnnl.gov/publications/plate-plug-impact-offshore-renewables-european-fisheries-role-marine-spatial-planning
https://www.nrel.gov/docs/fy22osti/82538.pdf
https://ieeexplore.ieee.org/abstract/document/7981945
https://ieeexplore.ieee.org/abstract/document/7981945

Trouillet, B., Bellanger-Husi, L., El Ghaziri, A.,
Lamberts, C., Plissonneau, E., and Rollo, N. (2019).
More than maps: Providing an alternative for fisheries
and fishers in marine spatial planning. Ocean & Coastal
Management, 173, 90—103. doi:10.1016/j.0cecoaman.2019
.02.016.

United Nations. (2007). United Nations Declaration on the
Rights of Indigenous Peoples (A/RES/61/295). Resolution
adopted by the General Assembly, September 13, 2007.
Sixty-first session.

United Nations. Office of Legal Affairs. (2021). The
Second World Ocean Assessment (Vol. 2). United Nations
Publications; doi:10.18356/9789216040062.

United Nations. Permanent Forum on Indigenous
Issues. (2015). Who are indigenous peoples?

Van der Biest, K., Meire, P., Schellekens, T., D’hondt,
B., Bonte, D., Vanagt, T., and Ysebaert, T. (2020).
Aligning biodiversity conservation and ecosystem
services in spatial planning: Focus on ecosystem
processes. Science of The Total Environment, 712, 136350.
doi:10.1016/j.scitotenv.2019.136350.

Vanclay, F., Esteves, A., Aucamp, L., and Franks, D.
(2015). Social Impact Assessment: Guidance for assessing
and managing the social impacts of projects. International
Association for Impact Assessment.

Virtanen, E. A., Lappalainen, J., Nurmi, M., Viitasalo,
M., Tikanmaki, M., Heinonen, J., Atlaskin, E., Kallasvuo,
M., Tikkanen, H., and Moilanen, A. (2022). Balancing
profitability of energy production, societal impacts and
biodiversity in offshore wind farm design. Renewable
and Sustainable Energy Reviews, 158, 112087. doi:10.1016
/j-rser.2022.112087.

Walker, C., and Baxter, J. (2017). Procedural justice
in Canadian wind energy development: A compar-
ison of community-based and technocratic siting
processes. Energy Research & Social Science, 29,
160—-169. doi:10.1016/j.erss.2017.05.016.

Weig, B., and Schultz-Zehden, A. (2019). Spatial
Economic Benefit Analysis: Facing integration chal-
lenges in maritime spatial planning. Ocean & Coastal
Management, 173, 65—76.

Weiss, C. V. C., Ondiviela, B., Guinda, X., del Jesus, F.,
Gonzalez, J., Guanche, R., and Juanes, J. A. (2018).
Co-location opportunities for renewable energies and
aquaculture facilities in the Canary Archipelago. Ocean &
Coastal Management, 166, 62—71. d0i:10.1016/j.0cecoaman
.2018.05.006.

Westerberg, V., Jacobsen, J. B., and Lifran, R. (2015).
Offshore wind farms in Southern Europe — Determining
tourist preference and social acceptance. Energy
Research and Social Science, 10, 165-179. d0i:10.1016
/j.€rss.2015.07.005.

Willis-Norton, E., Mangin, T., Schroeder, D. M., Cabral,
R. B, and Gaines, S. D. (2024). A synthesis of socio-
economic and sociocultural indicators for assessing
the impacts of offshore renewable energy on fishery
participants and fishing communities. Marine Policy,
161,106013. doi:10.1016/j.marpol.2024.106013.

Withouck, 1., Tett, P., Doran, J., Mouat, B., and Shuck-
smith, R. (2023). Diving into a just transition: How are
fisheries considered during the emergence of renewable
energy production in Scottish waters? Energy Research &
Social Science, 101, 103135. d0i:10.1016/].erss.2023.103135.

SECTION C - HUMAN DIMENSIONS OF MARINE RENEWABLE ENERGY - 141


https://tethys.pnnl.gov/publications/more-maps-providing-alternative-fisheries-fishers-marine-spatial-planning
https://tethys.pnnl.gov/publications/more-maps-providing-alternative-fisheries-fishers-marine-spatial-planning
https://tethys.pnnl.gov/publications/more-maps-providing-alternative-fisheries-fishers-marine-spatial-planning
https://www.un.org/esa/socdev/unpfii/documents/DRIPS_en.pdf
https://www.un.org/esa/socdev/unpfii/documents/DRIPS_en.pdf
https://www.un.org/regularprocess/sites/www.un.org.regularprocess/files/2011859-e-woa-ii-vol-ii.pdf
https://www.un.org/regularprocess/sites/www.un.org.regularprocess/files/2011859-e-woa-ii-vol-ii.pdf
https://www.un.org/regularprocess/sites/www.un.org.regularprocess/files/2011859-e-woa-ii-vol-ii.pdf
https://www.un.org/esa/socdev/unpfii/documents/5session_factsheet1.pdf
https://www.un.org/esa/socdev/unpfii/documents/5session_factsheet1.pdf
https://www.un.org/esa/socdev/unpfii/documents/5session_factsheet1.pdf
https://tethys.pnnl.gov/publications/aligning-biodiversity-conservation-ecosystem-services-spatial-planning-focus-ecosystem
https://tethys.pnnl.gov/publications/aligning-biodiversity-conservation-ecosystem-services-spatial-planning-focus-ecosystem
https://tethys.pnnl.gov/publications/aligning-biodiversity-conservation-ecosystem-services-spatial-planning-focus-ecosystem
https://tethys.pnnl.gov/publications/social-impact-assessment-guidance-assessing-managing-social-impacts-projects
https://tethys.pnnl.gov/publications/social-impact-assessment-guidance-assessing-managing-social-impacts-projects
https://tethys.pnnl.gov/publications/social-impact-assessment-guidance-assessing-managing-social-impacts-projects
https://tethys.pnnl.gov/publications/balancing-profitability-energy-production-societal-impacts-biodiversity-offshore-wind
https://tethys.pnnl.gov/publications/balancing-profitability-energy-production-societal-impacts-biodiversity-offshore-wind
https://tethys.pnnl.gov/publications/balancing-profitability-energy-production-societal-impacts-biodiversity-offshore-wind
https://tethys.pnnl.gov/publications/procedural-justice-canadian-wind-energy-development-comparison-community-based
https://tethys.pnnl.gov/publications/procedural-justice-canadian-wind-energy-development-comparison-community-based
https://tethys.pnnl.gov/publications/procedural-justice-canadian-wind-energy-development-comparison-community-based
https://tethys.pnnl.gov/publications/procedural-justice-canadian-wind-energy-development-comparison-community-based
https://doi.org/10.1016/j.ocecoaman.2019.02.012
https://doi.org/10.1016/j.ocecoaman.2019.02.012
https://tethys.pnnl.gov/publications/co-location-opportunities-renewable-energies-aquaculture-facilities-canary-archipelago
https://tethys.pnnl.gov/publications/co-location-opportunities-renewable-energies-aquaculture-facilities-canary-archipelago
https://tethys.pnnl.gov/publications/co-location-opportunities-renewable-energies-aquaculture-facilities-canary-archipelago
https://tethys.pnnl.gov/publications/offshore-wind-farms-southern-europe-determining-tourist-preference-social-acceptance
https://tethys.pnnl.gov/publications/offshore-wind-farms-southern-europe-determining-tourist-preference-social-acceptance
https://tethys.pnnl.gov/publications/offshore-wind-farms-southern-europe-determining-tourist-preference-social-acceptance
https://tethys.pnnl.gov/publications/synthesis-socioeconomic-sociocultural-indicators-assessing-impacts-offshore-renewable
https://tethys.pnnl.gov/publications/synthesis-socioeconomic-sociocultural-indicators-assessing-impacts-offshore-renewable
https://tethys.pnnl.gov/publications/synthesis-socioeconomic-sociocultural-indicators-assessing-impacts-offshore-renewable
https://tethys.pnnl.gov/publications/synthesis-socioeconomic-sociocultural-indicators-assessing-impacts-offshore-renewable
https://tethys.pnnl.gov/publications/diving-just-transition-how-are-fisheries-considered-during-emergence-renewable-energy
https://tethys.pnnl.gov/publications/diving-just-transition-how-are-fisheries-considered-during-emergence-renewable-energy
https://tethys.pnnl.gov/publications/diving-just-transition-how-are-fisheries-considered-during-emergence-renewable-energy

World Bank, and United Nations. Department of
Economic and Social Affairs. (2017). The Potential of
the Blue Economy: Increasing Long-term Benefits of the
Sustainable Use of Marine Resources for Small Island
Developing States and Coastal Least Developed Countries.
World Bank.

Wright, G. (2014). Strengthening the role of science in
marine governance through environmental impact
assessment: a case study of the marine renewable
energy industry. Science in Support of Governance of Wave
and Tidal Energy Developments, 99, 23—30. doi:10.1016
/j.ocecoaman.2014.07.004.

Xoubanova, S., and Lawrence, Z. (2022). Review of fish
and fisheries research to inform ScotMER evidence gaps

and future strategic research in the UK (pp. 1-130). Marine
Scotland Science.

Yates, K. L., Schoeman, D. S., and Klein, C.J. (2015).
Ocean zoning for conservation, fisheries and marine
renewable energy: Assessing trade-offs and co-location
opportunities. Journal of Environmental Management,
152, 201-209.

Yue, W., Wang, Z., Ding, W., Sheng, S., Zhang, Y., Huang,
Z., and Wang, W. (2023). Feasibility of Co-locating

wave energy converters with offshore aquaculture:

The Pioneering case study of China’s Penghu platform.
Ocean Engineering, 288, Part 2, 116039.

Suggested citation:

Freeman, M. C,, and Rose, D. J. 2024. Social and Economic Effects
of Marine Renewable Energy. In L. Garavelli, A. E. Copping,

L. G. Hemery, and M. C. Freeman (Eds.), OES-Environmental 2024
State of the Science report: Environmental Effects of Marine
Renewable Energy Development Around the World. Report for
Ocean Energy Systems (OES). (pp. 104-142). doi:10.2172/2438591

142 OES-ENVIRONMENTAL 2024 STATE OF THE SCIENCE REPORT


https://sdgs.un.org/publications/potential-blue-economy-increasing-long-term-benefits-sustainable-use-marine-resources
https://sdgs.un.org/publications/potential-blue-economy-increasing-long-term-benefits-sustainable-use-marine-resources
https://sdgs.un.org/publications/potential-blue-economy-increasing-long-term-benefits-sustainable-use-marine-resources
https://tethys.pnnl.gov/publications/strengthening-role-science-marine-governance-through-environmental-impact-assessment
https://tethys.pnnl.gov/publications/strengthening-role-science-marine-governance-through-environmental-impact-assessment
https://tethys.pnnl.gov/publications/strengthening-role-science-marine-governance-through-environmental-impact-assessment
https://tethys.pnnl.gov/publications/review-fish-fisheries-research-inform-scotmer-evidence-gaps-future-strategic-research
https://tethys.pnnl.gov/publications/review-fish-fisheries-research-inform-scotmer-evidence-gaps-future-strategic-research
https://tethys.pnnl.gov/publications/review-fish-fisheries-research-inform-scotmer-evidence-gaps-future-strategic-research
https://doi.org/10.1016/j.jenvman.2015.01.045
https://doi.org/10.1016/j.jenvman.2015.01.045
https://doi.org/10.1016/j.oceaneng.2023.116039
https://doi.org/10.1016/j.oceaneng.2023.116039

	Next Page 23: 
	Page 138: 
	Page 140: 
	Page 142: 
	Page 144: 
	Page 146: 
	Page 148: 
	Page 150: 
	Page 152: 
	Page 154: 
	Page 156: 
	Page 158: 
	Page 160: 
	Page 162: 
	Page 164: 
	Page 166: 
	Page 168: 
	Page 170: 
	Page 172: 
	Page 174: 
	Page 176: 

	Previous Page 23: 
	Page 138: 
	Page 140: 
	Page 142: 
	Page 144: 
	Page 146: 
	Page 148: 
	Page 150: 
	Page 152: 
	Page 154: 
	Page 156: 
	Page 158: 
	Page 160: 
	Page 162: 
	Page 164: 
	Page 166: 
	Page 168: 
	Page 170: 
	Page 172: 
	Page 174: 
	Page 176: 

	Contents 22: 
	Page 138: 
	Page 140: 
	Page 142: 
	Page 144: 
	Page 146: 
	Page 148: 
	Page 150: 
	Page 152: 
	Page 154: 
	Page 156: 
	Page 158: 
	Page 160: 
	Page 162: 
	Page 164: 
	Page 166: 
	Page 168: 
	Page 170: 
	Page 172: 
	Page 174: 
	Page 176: 

	Cover 21: 
	Page 138: 
	Page 140: 
	Page 142: 
	Page 144: 
	Page 146: 
	Page 148: 
	Page 150: 
	Page 152: 
	Page 154: 
	Page 156: 
	Page 158: 
	Page 160: 
	Page 162: 
	Page 164: 
	Page 166: 
	Page 168: 
	Page 170: 
	Page 172: 
	Page 174: 
	Page 176: 

	Next Page 21: 
	Page 139: 
	Page 141: 
	Page 143: 
	Page 145: 
	Page 147: 
	Page 149: 
	Page 151: 
	Page 153: 
	Page 155: 
	Page 157: 
	Page 159: 
	Page 161: 
	Page 163: 
	Page 165: 
	Page 167: 
	Page 169: 
	Page 171: 
	Page 173: 
	Page 175: 

	Previous Page 21: 
	Page 139: 
	Page 141: 
	Page 143: 
	Page 145: 
	Page 147: 
	Page 149: 
	Page 151: 
	Page 153: 
	Page 155: 
	Page 157: 
	Page 159: 
	Page 161: 
	Page 163: 
	Page 165: 
	Page 167: 
	Page 169: 
	Page 171: 
	Page 173: 
	Page 175: 

	Contents 21: 
	Page 139: 
	Page 141: 
	Page 143: 
	Page 145: 
	Page 147: 
	Page 149: 
	Page 151: 
	Page 153: 
	Page 155: 
	Page 157: 
	Page 159: 
	Page 161: 
	Page 163: 
	Page 165: 
	Page 167: 
	Page 169: 
	Page 171: 
	Page 173: 
	Page 175: 

	Cover 20: 
	Page 139: 
	Page 141: 
	Page 143: 
	Page 145: 
	Page 147: 
	Page 149: 
	Page 151: 
	Page 153: 
	Page 155: 
	Page 157: 
	Page 159: 
	Page 161: 
	Page 163: 
	Page 165: 
	Page 167: 
	Page 169: 
	Page 171: 
	Page 173: 
	Page 175: 



