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A B S T R A C T

Global climate change has prompted many national plans for rapid emissions reductions. For example, the
United States recently committed to transitioning to 100% carbon-free electricity by 2035 and net-zero
emissions economy-wide by 2050. Parallel to conversations surrounding emissions reductions is the call for
energy justice, or the demand for more equitable distribution of energy-related burdens and benefits among
communities. To date, energy justice has evolved as a mostly academic conversation, which may limit its utility
to praxis. In response, we offer an interdisciplinary framework that aims to organize existing knowledge and
lessons learned from energy development. Specifically, we developed the Meaningful Marine Renewable Energy
(MRE) Development Framework and conducted a literature review using MRE as a case study. MRE was chosen
because it is a nascent renewable energy technology in the US with projects mostly in demonstration stages
and no commercial deployment, making it a useful case study to apply lessons learned from other energy
sectors and other countries. Discussion of current resources being developed among the MRE community and
their implications for furthering energy justice priorities are also explored. We conclude the review with a
compiled list of questions meant to support stakeholders in translating theoretical concepts of Meaningful MRE
Development to practice. Although the Meaningful MRE framework was developed using MRE as a use case,
our interdisciplinary theoretical framework can be applied beyond MRE to other sustainable and renewable
energy projects.
1. Introduction

In 2021, global greenhouse gas emissions reached yet another all-
time high, with carbon emissions from non-renewable energy com-
bustion and industrial processes accounting for nearly 89% of all
greenhouse gas emissions in the energy sector [1]. Given the urgency
of global climate change, the United Nations declared access to sustain-
able and accessible modern energy by 2030 as one of the seventeen
Sustainable Development Goals (SDG7) [2]. The urgency of global
climate change has also prompted many nations to set rapid emissions
reductions goals. For example, the US aims to reach 100% renewable
electricity by 2035, and net-zero emissions economy-wide by 2050 [3].

Similar to many other countries, renewable energy is considered an
integral component of climate change mitigation in the US. There are
several types of renewable energy sources, and generation projects can
vary in size, complexity, and benefits offered. These projects include so-
lar, wind, biomass, geothermal, hydrogen, and hydropower systems. In
2021, renewable energy accounted for 12% of US energy consumption;
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projected to more than triple by 2050 [4]. In addition to lowering emis-
sions, the use of naturally available resources often enables renewable
energy sources to be tailored to fit diverse community needs, ranging
from small, remote communities to large-scale utilities.

Transitioning US energy systems toward net-zero emissions will
require significant changes in technology, infrastructure, organizational
structures, and regulatory markets at an unrivaled pace [5]. Given
the myriad challenges associated with the proposed energy transition
away from carbon-intensive sources, researchers and decision-makers
have begun to adopt the term ‘deep decarbonization’, which empha-
sizes the accelerated reduction of carbon emissions throughout social,
behavioral, and technological dimensions of the US economy [6].

Parallel to energy transition conversations, researchers, policymak-
ers, and community organizers alike have called attention to existing
energy inequities at the household, community, and national-scale.
There is concern that the transition to renewable energy systems, a
critical component of sustainable development and climate change
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mitigation, could exacerbate energy inequities [2,7,8]. Energy justice
is a term that refers to the interdisciplinary research agenda that has
emerged to understand and address the inequities of energy develop-
ment amidst a changing climate [9–11]. Energy justice aims to improve
the distribution of benefits and burdens related to energy development,
and draws attention to potential vulnerabilities such as energy access
and affordability of energy services [12].

The inclusion of energy justice not only complements the social
and technological aspects central to deep decarbonization, but also
highlights the structural forces that ensure energy transitions benefit
communities and individuals equitably, a critical component of envi-
ronmental justice. The United States Environmental Protection Agency
describes environmental justice as having two parts: (1) treating and
involving all individuals fairly, regardless of their identity, throughout
all stages of environmental regulations and policies; and (2) providing
the same level of protection from environmental burden, and the
same access to decision-making opportunities [13]. Meanwhile, energy
justice aims to evaluate where injustice occurs, whom is overlooked,
and what processes exist to remedy such inequities [14].

Although environmental and energy justice share similarities, there
are also important differences. While environmental justice started as
an activist movement to decrease the disproportionate environmental
burden on low-income and communities of color, it has evolved into
a foundation for policy and a highly expansive field of research [15].
For example, the Justice40 initiative, a federally mandated environ-
mental justice initiative, aims to benefit disadvantaged communities by
ensuring forty percent of environmentally-related federal investments
are devoted to environmentally-burdened populations [16]. In this
case, disadvantaged is defined as communities that are marginalized,
underserved, and overburdened by pollution [17]. While environmen-
tal justice approaches are valuable for considering renewable energy
projects, researchers suggest that energy justice can complement en-
vironmental justice theories by providing methodologically rigorous
and systems-level approaches at the local, regional, and national lev-
els [18]. To date, energy justice has evolved as a mostly academic
conversation, which may limit its utility to praxis [19]. Moreover, the
principles of energy justice are often considered at individual phases of
projects, rather than the entire life cycle [20,21].

1.1. Marine renewable energy as a use case

Marine Renewable Energy (MRE) is a valuable use case for apply-
ing theoretical concepts to praxis because the lessons learned from
other forms of energy development can be applied throughout a fu-
ture project’s full life cycle. MRE is a form of renewable energy that
generates power from the mechanical energy of ocean waves, currents
and tides, changes in temperature, and shifts in salinity gradient. MRE
presents the potential for a reliable energy source because the ocean’s
energy is highly cyclical, and its seasonality is predictable [22]; tides
are predictable at a more granular timescale [23]. For this application,
the authors define a MRE project as a multi-stakeholder collaboration
with aims to test and eventually deploy a MRE technology. For ex-
ample, at the end of August 2022, there were 91 active projects in
the Marine Energy Projects Database across 26 countries, 11 of which
were in the US [24,25]. Projects can also exist in very different stages.
For example, the US currently has one licensed, active marine energy
generation project, that is community-owned in Igiugig AK, and up
to six marine energy test sites. Test sites are run by consortiums of
universities as well as the US Navy. US developers are also actively
performing environmental studies for licensing while continuing to
develop and test devices.

As MRE technology evolves, efforts to compile and communicate
information within and beyond the MRE community are in effect.
In the US, MRE research and development is largely funded by the
US government, as opposed to other energy sectors receiving more
2

private investments. As a result, many of the results of US marine
energy research projects are made publicly available as required by the
projects’ funding agreements with the US government. The Portal and
Repository for Information on Marine Renewable Energy (PRIMRE), for
example, was created by multiple national laboratories to consolidate
a range of information relevant to MRE, including monitoring reports,
performance data, regulatory procedures, and software code [26]. Tools
such as PRIMRE are important not only because they can promote the
co-production of knowledge across the MRE community, but because
they promote transparency to the public, a foundational component of
energy justice.

The nascency of MRE technology also allows researchers to ap-
ply theoretical concepts throughout all phases of a project’s develop-
ment. For example, failure to meaningfully engage with communities
throughout all phases of an MRE project has resulted in stalled or
canceled deployment [27,28]. However, despite the overwhelmingly
clear relationship between siting decisions and social impacts, very few
energy development projects systematically consider human dimen-
sions throughout project design [29]. Thus, MRE poses an invaluable
case study for applying themes of energy justice in theory and practice,
throughout all stages of development.

1.2. Scope of this review

This review aims to synthesize lessons learned from previous energy
projects to inform future directions for Meaningful MRE development.
While the review is focused on MRE development in the US, the
nascency of the technology has prompted the use of literature from
the offshore energy sector (e.g., oil and wind power technologies)
and land-based energy (e.g., wind, solar, oil, and coal) as appropriate.
The lessons learned are organized using our proposed framework for
Meaningful MRE Development, which leverages insights from multiple
interdisciplinary theories relevant to energy justice. Both the literature
review and use of our framework to organize insights can be extended
to other forms of renewable energy projects and other countries. The
following sections describe the interdisciplinary theories used to de-
velop the Meaningful MRE Development framework, lessons learned
throughout all phases of project development, and conclusions.

2. Theoretical frameworks

This review uses three complementary theoretical approaches to
organize lessons learned from energy projects: (1) The four tenets
of energy justice; (2) the Social Framework for Projects; and (3) the
Social Life Cycle Assessment (Fig. 1). At the core of this review is
the conceptual approach of energy justice, which provides an im-
portant foundation for considering the multiple forms of justice that
can be promoted in renewable energy development [14]. The addi-
tion of the Social Framework for Projects provides an expansive list
of development dimensions, which may improve the evaluative and
communicative aspects necessary for achieving actionable change [30].
Meanwhile, the Social Life Cycle Approach promotes sustainability and
longevity for energy projects throughout all phases of development,
an aspect of energy justice that is sometimes overlooked [21]. These
three theories and their unique but complementary components, are
discussed in greater detail in the following subsections. The Meaningful
MRE Development Framework relates to the broader field of energy jus-
tice by highlighting the importance of community involvement in the
co-production of a project’s lifecycle. It aims to expand the dimensions
of community wellbeing, using the tenets of energy justice as a means

for actionable change.
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Fig. 1. Theoretical components of Meaningful Marine Renewable Energy Development, including their definitions, key tenets, and general strengths.
2.1. Energy justice

Energy justice is an interdisciplinary research agenda that continues
to evolve. For this application, energy justice is defined by four core
tenets of energy justice, (1) where injustice occurs (distributional), (2)
who is affected and often ignored (recognitional), (3) what processes
exist to both reveal and reduce injustice (procedural), and (4) how
injustice can be repaired and/or returned to its previous state (restora-
tive) [12,14,31]. Concurrently, these tenets promote just outcomes
by improving transparency, valuing local knowledge, and improving
institutional representation [14,31].

Distributional justice aims to address the unequal allocation of
risk, responsibility, and benefit to individuals or communities based
on inequities such as income, race/ethnicity, and or Indigeneity. To
better understand distributional justice, researchers should investigate
the inequitable distribution of benefits, and their contribution to the
injustice [14]. For example, researchers and developers might ask,
where can we site a community solar project so that energy burden
will be most reduced amongst disadvantaged populations?

Recognitional justice requires compassion and communication at its
foundation, calling on researchers and community advocates to move
beyond mere tolerance, and toward the esteem of subjugated knowl-
edge [32]. Subjugated knowledge refers to the integration of ways
of knowing that may have been previously discounted by privileged
individuals and/or groups [33]. Failure to meaningfully engage with
all ideas can lead to misrecognition, or the dismissal from social inter-
action or peer participation due to normalized social hierarchies [32].
Misrecognition occurs through three mechanisms: cultural domination,
non-recognition, and disrespect [32]. Cultural domination takes place
when social norms of more powerful groups are imposed on those less
represented or less powerful [34]. Meanwhile, non-recognition entails
failing to acknowledge or engage with marginalized groups, often
resulting in the loss of invaluable knowledge [14]. Lastly, disrespect
is the exercise of power through condescending and/or patronizing
engagement with marginalized groups. Recognitional justice can take
place at all scales and should be considered over time, serving as an
3

important reminder to consider open systems when considering an
energy-related decision [14].

Procedural justice involves the access to decision-making processes
to foster equitable distribution of resources and meaningful recogni-
tion free of discrimination [14,35]. Approaches to procedural justice
may include the sourcing and mobilization of subjugated knowledge,
transparency throughout decision-making processes, and institutional
representation [14]. Procedural justice can take many forms, but it
often asks, how can information relevant to decision-making be made
accessible to all individuals, and how can power differentials among
decision-makers be dismantled?

Last but not least, restorative justice is focused on the provision of
reparations after harm has been done to society and/or nature [31].
For its applications to energy justice, restorative justice considers a
project’s potential to pose harm to people or environments, and the
costs associated with the consequences of those actions, before a project
is pursued [36]. Defining responsibility for restoration is important be-
cause the costs of decommissioning energy projects are rarely discussed
at the outset of a project, and the financial burden of environmental
restoration is often shouldered by governmental institutions, rather
than developers [37].

2.2. Social framework for projects

Evaluation and engagement are also critical throughout energy
project development. Thus, we also leverage the Social Framework
for Projects because it provides a foundational praxis for promoting
people’s wellbeing [30]. Considering dimensions of wellbeing beyond
standard metrics and broad conceptions of social impact is important
because it helps stakeholders to understand the complexity of impacts
that projects may have, as defined by those most likely to be impacted.

The Social Framework for Projects expands notions of wellbeing
by suggesting eight social and environmental aspects: (1) People’s
capacities to achieve their goals, including basic human rights, gen-
der division, leisure and recreation, and educational opportunity; (2)

Community, including the perceptions and legacy issues of a project,
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Fig. 2. Frameworks used to create the Meaningful MRE Development approach include Energy Justice, Social Framework for Projects, and Social Life Cycle Assessment.
cohesion, governance, and organizational networks; (3) Culture and
Religion, including cultural landscapes, customs and beliefs, traditional
practices, and Indigenous groups; (4) Livelihood Assets, including em-
ployment (both formal and informal), land and water-based livelihoods,
and access to savings, loans, and microcredit; (5) Infrastructure and
Services, including utilities, public and social services, and quality of
public services; (6) Housing and Business Structures, including property
price trends, quality of housing, and houselessness; (7) The living en-
vironment, including landscape aesthetics, climate and weather trends,
nuisance indicators, and quality of environmental indicators; and (8)
Land and Natural Resources, including natural resource assets, trends
in resource use, ecosystem services, and competing land and water
usage [30].

2.3. Social life cycle assessment

Energy justice scholars have suggested a social life cycle approach
to reduce the environmental and social burdens associated with the
transition to renewable energy systems. Specifically, this approach
builds on the traditional life cycle analysis (LCA), which evaluates
the material and economic dimensions of energy systems, such as the
extraction, refining, and processing of raw materials, the manufacturing
of equipment and infrastructure, and the waste management after
decommissioning to consider the social and economic impacts of the
energy transition [21]. The social LCA extends the traditional LCA
by considering a more holistic understanding of a technology’s social
impacts throughout all stages of the life cycle [38]. Examples of social
impacts considered in social LCA include but are certainly not limited
to: wage gaps among workers by sex, gender, nationality, cultural
group, and race/ethnicity; local access to raw materials being extracted;
ratio of private to public land and resource ownership; and percentage
of workers with important benefits, such as health insurance [21].

3. Meaningful MRE development

To augment the academic conversations surrounding energy jus-
tice and propose a more holistic approach for anticipating potential
4

missteps in MRE development, the authors propose a new framework
entitled Meaningful MRE Development. This framework combines sev-
eral unique and complementary theoretical concepts, including energy
justice, the Social Framework for Projects, and Social Life Cycle Assess-
ments to consider the multiple dimensions of impact that may occur
throughout a project’s development. Meaningful MRE Development
allows stakeholders to consider social impact through the lens of energy
justice across all phases of a project’s development, resulting in a
far more holistic and complex understanding of potential missteps in
energy development.

Meaningful MRE Development was designed and applied to this
literature review by first considering common development phases
from the Social Life Cycle Assessment framework, including (1) Design,
(2) Installation, (3) Operations and Maintenance, and (4) Decommis-
sioning. Then, the eight dimensions from the Social Framework for
Projects were grouped into four categories that were often discussed in
tandem from an energy perspective and applied as follows: (1) People,
Housing, and Livelihood, (2) Community Engagement, (3) Culture
and Land & Water, and (4) Infrastructure and Environmental Impact.
Finally, aspects from all four tenets of energy justice were considered
throughout the review to identify opportunities to promote justice
throughout development (Fig. 2).

Lessons learned across MRE and other energy projects were orga-
nized using the framework summarized in Fig. 2 and are captured in
the following sections. Insights from each of the life cycle phases, social
frameworks, and energy justice dimensions were also synthesized into
a series of guiding questions (Fig. 3). Citations to Fig. 3 are made
throughout the text to highlight key points from the literature that
are also captured within the figure. This summary list of questions
can be leveraged by developers, regulators, and community members
throughout all project phases to ensure meaningful development of
MRE.

3.1. Project design

3.1.1. People, housing, & livelihoods
Although MRE designs are predominantly submerged, installation

could change coastal residents’ relationship to place attachment. Place
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Fig. 3. List of guiding questions for Marine Renewable Energy project development to be considered in partnership with developers, researchers, residents, Tribal communities,
and other stakeholders throughout all phases of development to promote Meaningful Marine Renewable Energy development.
attachment is the development of positive bonds over time, sometimes
subconsciously, from the ties between individuals and/or communities
and their environments [39]. Place attachment is a uniquely personal
process, where memory, self-regulation, and mindfulness can converge,
creating a unique relationship to place. This process often occurs in, but
is not limited to natural environments, where individuals can develop
very powerful relationships to natural landscapes and the meanings as-
cribed to them [40]. Oceans are particularly powerful in creating place
5

attachments, since recreationalists and coastal community members
alike ascribe value, meaning, and identity to the activities and expe-
riences associated with the ocean and its coastlines. Although visual
changes from MRE development could be relatively minor compared
to climate change impacts, place attachments can also be threatened
when one’s familiar landscape is disrupted. Place disruption can occur
due to people, places, or processes, causing individuals to re-create
their attachments [39]. Place disruption has been applied to coastal
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community psychology, where social scientists argue that disruption
to oceanic landscapes can pose significant threats to perception of
self, place, and wellbeing [41]. For example, community members
impacted by Hurricane Katrina left long-term impacts on employment,
landscape, and risk, which greatly contributed to their ability to take
part in restorative processes or trust government agencies and bu-
reaucratic processes [42]. Thus, when considering the design of MRE,
it is important to honor place attachment and meaning making by
proposing locations and designs that will not compromise landscapes
or recreational activities for local residents (Fig. 3).

3.1.2. Community engagement
Shared place attachment can also result in increased civic engage-

ment and community involvement, where members feel empowered to
contribute to the places they have benefitted from [43]. Place attach-
ment has also been demonstrated as a positive and significant predictor
of community acceptance for the first tidal energy converter project in
Northern Ireland [44]. Place attachment can vary significantly amongst
stakeholders and communities, suggesting that recognizing the unique
aspects of place attachment throughout the design phase is important
for facilitating MRE project development (Fig. 3). For example, research
conducted among marine recreationalists found that the influence of
place attachment on opposition or support of offshore wind energy
development significantly varied by community, despite their simi-
larities [45]. Similarly, others have found that community members
were most accepting of offshore wind energy development when pro-
posed locations did not compromise the landscape aesthetics of the
ocean [46]. This finding aligns with research conducted in Denmark
on offshore wind development, where citizens felt positively about
renewable energy development but felt emotional trade-offs, such as
loss of aesthetics or impacts on tourism [47]. Community engagement
is also critical to the reconciliatory process of a change in place,
so that individuals can both acknowledge past landscapes and look
ahead to meaningful or desirable futures [39]. Thus, when considering
the design of MRE, it is important to promote procedural justice by
encouraging communities to co-produce the knowledge necessary to
enable place-based design, wherein local priorities such as essential
services, environmental resources, or other community concerns are
acknowledged and incorporated during the design stage of projects
(Fig. 3).

3.1.3. Culture & land/water
In addition to individual and community ties to place, important

cultural and spiritual ties to oceans and their resources should be
honored to promote meaningful MRE development. These ties are
notably observed amongst Indigenous individuals and are called Tribal
Cultural Landscapes (TCL). A TCL is any place with a past or current
relationship between a geographic location, an environmental resource,
and Indigenous people whose cultural identity, beliefs, or way of life
connects them to that place [48]. MRE design could threaten the valu-
able cultural aspects of TCLs by disrupting natural processes (Fig. 3).
For example, some Indigenous groups in the Pacific Northwest believe
that the intertidal is a space between spirit guardians of the upper world
and underworld of the rivers and sea, allowing spirits to intermingle
with the ebb and flow of the tide, the nexus between ocean and forest
that people call home [49]. Indigenous perspectives such as those
published in collaboration with the US Bureau of Ocean Energy Man-
agement (BOEM) may provide methodologies for procedural justice
that reinforce Tribal self-determination throughout ocean management
decision-making [48]. Specifically, these approaches recognize that
Tribal beliefs and management practices will vary and thus, require
meaningful engagement to ensure cultural priorities regarding land and
6

water are incorporated into the design phase (Fig. 3).
3.1.4. Infrastructure & environmental impacts
Material sourcing should also be considered to understand the in-

equitable distribution of burden that is associated with MRE project
design. MRE projects represent a challenge in materials science and
manufacturing because devices must remain in corrosive and biolog-
ically active environments. Currently, materials such as reinforced
polymers and carbon fiber are being developed and tested for MRE
deployment [50]. To lessen the environmental and social burdens
associated with new energy systems, decisions involving the extraction,
refining, and processing of raw materials as well as associated manu-
facturing of equipment and infrastructure should be considered [21].
There are several considerations to facilitate distributional justice on a
global scale. Specifically, global repercussions of the energy transition
should not be distributed inequitably nor contribute to poverty, war,
resource extraction, or environmental health concerns in other coun-
tries [21]. To reduce the impacts of material extraction, researchers
should integrate aspects of socially responsible design, which em-
phasizes durability, sustainability, and accessibility of products when
sourcing their materials [51] (Fig. 3). There are also opportunities
for engineering platforms, such as Tethys Engineering on PRIMRE to
include aspects of socially responsible design into their knowledge
hubs, to begin socializing aspects of materials sourcing and social
impact on technology design [52].

3.2. Installation

3.2.1. People, housing & livelihood
While there is limited research on housing impacts associated with

MRE development, studies have found that an increase in the num-
ber and density of offshore wind turbines results in a decrease in
residential property values [29]. Property value may also decrease
when wind turbines are placed closer to shore [29]. Although off-
shore wind turbines are much larger in size and tend to have a far
greater visual impact than MRE projects, affluent communities have
utilized resources to stop offshore energy projects or push them further
offshore. For example, wealthy respondents in coastal communities
were willing to pay more money for offshore wind projects to be
sited further from the shore [53]. These distributional differences may
suggest that more affluent communities may utilize resources to ensure
that the visual impacts of offshore energy are not negatively impacting
their homes, identities, or landscape preferences (Fig. 3). In contrast,
low-income community members have historically been negatively
impacted by energy development in the US, a term called ‘‘energy
sacrifice zones’’ [54]. Sacrifice zones are the result of high energy
demand in some communities, paired with a lack of comprehensive
policy necessary to protect communities that are generating the energy
to meet demands [54]. Recognizing that some communities are more
likely to shoulder the burden of lowered housing prices and place
disruption than others, procedural actions such as property evalua-
tion and ongoing community discussion before installation may lessen
the inequitable distribution of housing impacts associated with MRE
development (Fig. 3).

MRE siting also presents an opportunity to lower energy bills for
low-income coastal communities through shifting dependence from
fossil fuel sources and/or through incorporation of grid connections.
Studies have identified grid-connected projects as generating more
public acceptability, suggesting that communities support projects that
are more likely to positively impact their energy bills [28]. To identify
where to site a new project, open-source platforms such as PRIMRE
could integrate metrics like higher energy burden and/or reliance on
carbon-based fuel to identify and prioritize communities that may have

historically been disinvested in (Fig. 3).
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3.2.2. Community engagement
Throughout the installation process, it is also essential to facilitate

recognitional and procedural justice by honoring the relevant concerns
of local stakeholders and promoting communication by developers and
regulatory agencies with community members. For example, studies
suggest that public acceptability of MRE projects changes significantly
throughout the life cycle, mirroring a ‘‘U’’ shape [55]. This means
that acceptability is initially high, then dwindles as the project is
announced and plans move forward. Following this drop, acceptance
often increases again once communities become more aware of the
project. Thus, the installation process is likely to be a critical stage
for involving the community and garnering public support, as it may
determine the project’s success (Fig. 3). A survey in Puget Sound, WA
found that coastal communities were significantly more likely to accept
tidal energy projects than non-coastal communities, perceiving benefits
such as reducing carbon emissions, creating jobs, and fitting the culture
of the region [28]. The survey also identified a significant drop in
public support for tidal research and development once the projects
moved from the lab to open water [28]. Interestingly, the greatest
level of support identified for open water testing was for grid-connected
pilot projects. This finding may suggest that starting with pilot projects
that ensure that the power generated benefits local communities before
scaling into large-scale utility efforts may be an important aspect
of increasing public support and acceptance. Additionally, this study
suggests that MRE development is highly context-specific, and engag-
ing community members to understand their questions and concerns
throughout the process will help to foster recognitional and procedural
justice throughout installation [28].

A positive example of community engagement throughout the MRE
siting process is the Ocean Renewable Power Company’s (ORPC) com-
munity engagement tactics, which were shown to be effective in recog-
nizing local concerns and garnering public support [56]. Community
members appreciated that the company was making an effort to hire
local community members, invest in the community, and establish
relationships before beginning the permitting process. Several repre-
sentatives of ORPC also agreed that transparency throughout the entire
process was critical to its success [57] (Fig. 3). Representatives at
ORPC asserted that critical components of ORPC’s success included
(1) engaging community leadership before the permitting process; (2)
making an effort to identify and speak with a range of stakeholders; (3)
scoping community relationships early on; and (4) being as specific as
possible when providing information [57]. In addition to engagement
with the community, ORPC asserted that forming relationships with
fishing families, Tribal leaders, and regulatory agencies was also criti-
cal [57]. Structured community interviews and ethnographic research
throughout the Cobscook project in eastern Maine found that 79% of
community members interviewed suggested that ORPC’s engagement
be implemented for other MRE projects [57]. Promoting procedu-
ral justice throughout the initial stages of MRE was also critical in
Oregon, where researchers suggested that building partnerships with
coastal community groups and involving stakeholders throughout the
research process helped to garner acceptance from local community
members [27].

3.2.3. Culture & land/water
The potential threats and benefits associated with livelihoods are

often discussed throughout the MRE installation process. Among these,
commercial fishing is often identified as having an integral role in
many coastal communities’ local economies and identities. While the
dependence on fishing as a livelihood has contributed to things like
community cohesion and generational wealth, the dependence on nat-
ural resources amidst a changing climate can pose many threats to
adaptation and transitions on a community-level. Conway and Cramer
argue that changes in communities that have an economic depen-
dence on fishing threatens not only their economic wellbeing, but
7

also their historic and cultural identity [58]. This unequal capacity
for resource-dependent individuals to adapt is likely due to decreased
human capital, or the lessened opportunity for livelihood beyond fish-
ing [58]. Although the installation of MRE may have direct impacts
on livelihood, many fishers also believe that offshore energy presents
an opportunity for increased job security (Fig. 3). For example, a
survey conducted among fishers in Oregon found that fishers often
supported wave energy development as a means of job provision and
technical training, but were wary about the longevity of wave energy
employment [27].

Recognizing and honoring the importance of livelihood associated
with ocean activity is important for ensuring that fishing families can
envision a future where their heritage, identity, and wellbeing are
maintained. To promote community support, Conway suggests research
collaboration and cooperation with coastal community groups [27]
(Fig. 3). In doing so, the author suggests that developers and policy
makers might be able to better gauge concerns, creating a more accu-
rate and culturally sensitive understanding of development goals [27].

3.2.4. Infrastructure & environmental impacts
When considering the infrastructural impacts of MRE development,

several distributional inequities arise. First, not all pilot projects are
grid-connected, meaning that projects can be implemented without
being connected to onshore grid infrastructure. Connecting devices
to onshore infrastructure is challenging because they often require
submerged cables below the ocean floor, presenting economic and
legal challenges [59]. Moreover, when projects are grid-connected,
they are often sited offshore from communities with reliable grid
infrastructure, rather than communities with aging or higher risk grid
infrastructure [60] (Fig. 3). Low-income and/or communities of color
tend to have less suitable infrastructure because of sustained disin-
vestment in critical community resources [61,62]. Scholars argue that
infrastructural disinvestment can be attributed to unequal resource
flows in cities, inequitable development, and racialized embeddedness
in decision-making [63]. Communities with less suitable infrastructure
are also at greater risk of climate-related disaster, compounding the
inequities associated with grid infrastructure among disadvantaged
coastal communities [64]. While the decisions for siting pilot projects
are primarily based on technical and environmental suitability, it is
crucial to challenge historic infrastructural disinvestment by prioritiz-
ing the siting of grid-connected projects near underserved communities,
such as low-income and/or communities of color, an effort that could
be supported by knowledge hubs such as PRIMRE (Fig. 3) [26].

3.3. Operations & maintenance

3.3.1. People, housing, & livelihoods
Throughout the Operations and Maintenance (O&M) stages of MRE

development, it is also important to recognize the disproportionate
impacts of MRE development on gender division and women’s empow-
erment. For example, in many coastal communities that are reliant on
commercial fishing, changes in fishing management and regulations
affect both primary roles in the industry and women’s roles at the
household and community-level [65]. In addition to family caretaking,
women in coastal communities hold several diverse roles in the fishing
industry, including processing and packaging, business communication,
community and policy advocacy. In addition to their salience, there
is a plethora of literature on gender inequity as women are often the
first to make sacrifices to their wellbeing to ensure their families and
businesses can adapt to change [65,66] (Fig. 3). To ensure the impacts
of MRE O&M do not negatively impact fishing families or perpetuate
gender inequities, it will be important to involve women from fishing
families throughout the process to lessen the burdens associated with
change and adaptation in the industry (Fig. 3). Developers could seek
perspectives from women’s advocacy groups, such as Fisher’s wives

groups, which are prominent in fishing communities nationwide [67].



Renewable and Sustainable Energy Reviews 184 (2023) 113491M.D. Caballero et al.
In a similar vein, MRE O&M could provide valuable jobs for coastal
community members whose financial wellbeing may be reliant on an
industry that is growing increasingly precarious [68]. Fishers recognize
the importance of bringing alternative employment opportunities into
their communities, and have identified this as the greatest opportu-
nity for MRE development [69]. However, increased job opportunities
could result in disproportionate access or short-term opportunities for
promised renewable energy jobs. Moreover, the employment rate of
women and people of color in the renewable energy workforce is
far from representative of the United States’ diversity [70]. To pro-
mote procedural justice throughout MRE O&M, it will be important
to form partnerships that aim to diversify workforce access. For exam-
ple, organizations that are dedicated to renewable energy workforce
participation and educational programs aimed at incentivizing STEM
professions may be important partnership considerations [71] (Fig. 3).
In addition, accurately measuring the value of renewable energy em-
ployment opportunities may be a critical component of distributional
justice. Authors suggest that the measured economic value of renewable
energy jobs can misrepresent the true social value of renewable energy
employment, inflating the number of jobs necessary throughout phases
of construction [72]. Rather, it may be more advantageous to measure
job creation in job years, a metric that better reflects the distribution
of more secure employment opportunities [72].

3.3.2. Community engagement
Ownership options may be an important consideration for MRE

O&M so that electricity generation benefits coastal communities fi-
nancially and aligns with important cultural identities. Community
ownership of MRE electricity generation can take three forms: (1)
developer-led, (2) in partnership, or (3) community-led [72]. Although
communities are likely to vary significantly by their capacity to lead
MRE development projects, they should be afforded the opportunity
to define their involvement in a project before it is implemented.
Currently, there are no commercial MRE projects (i.e., projects whereby
the power producer has a contract with a power utility to sell them
power) in the US. The Igiugig Alaska MRE project on the Kvichak River
is a good example of a non-commercial, community-based ownership
option; ORPC built a river current energy system for the remote Alaskan
village of Igiugig, worked with the village to install the system, and
provided technical assistance and training to the community so they
can continue to operate and maintain the system themselves. The
project is owned and permitted by the village, where they maintained
a role throughout the process, from design to deployment [73]. The
project was designed to be sensitive to salmon populations, an impor-
tant resource for the community, and significantly lowers the commu-
nity’s energy bills by offsetting their dependence on fossil-fuels [74].
Community involvement is also highlighted in the Scottish context,
as multi-disciplinary research uncovers the relationship between re-
sponsibility distribution and community empowerment. Community-
led energy planning can increase participation and reduce impacts
associated with project deployment [75]. Using the Celtic Sea as a case
study, advocates for a just transition suggest that offshore development
display a commitment to community benefit funding throughout all
project stages, generating funds that can be distributed locally using
a bottom-up approach [76]. Multiple organizations have also started to
provide workforce development, technical assistance, and installation
services to low-income communities nationwide within the renewable
energy sector (e.g., GRID Alternatives for solar [77]). Such organiza-
tions may provide best practices for engaging communities and creating
organizational partnerships that could be leveraged by MRE.

3.3.3. Culture & land/water
In addition to the emphasis on community engagement, MRE

projects may be more likely to succeed if they are sensitive to a commu-
nity’s unique definition of energy and water sovereignty. The definition
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of energy and water sovereignty can have several different meanings
depending on the community. For coastal residents, energy sovereignty
might mean the ability to make community-level decisions about the
types and scale of renewable energy projects, whereas for Tribal or
Indigenous communities, it may present the opportunity to cut ties with
colonial systems by forging a self-reliant energy system and harnessing
the economic and environmental benefits of renewable energy for their
sovereign nations [78]. Providing the tools to help communities build
the capacity necessary to play a more significant role in their local
energy systems has proven to be an effective procedural approach
for increasing community acceptance and utility of renewable energy
projects [78,79] (Fig. 3). Supporting the active participation of Tribal
and Indigenous groups to realize their beliefs of self-governance, sus-
tainability, and sovereignty is integral to energy justice. Central to this
transition is the coordination of policies, resources, and organizations
to deconstruct current power regimes and increase local government
participation [80].

3.3.4. Infrastructure & environmental impacts
It is also critical to recognize the disproportionate provision and

quality of energy services that may privilege some communities over
others (Fig. 3). Community members often cite energy productivity
concerns in opposition to offshore renewable energy, worried that the
promises of offshore development will not be worth the risk [45].
Residents also worry that electrical generation will not directly benefit
them, or will not provide a dependable, long-term solution for elec-
tricity generation [81]. Although many MRE projects are anticipated
to last up to 25 years, risks of environmental disaster, biofouling, and
salinity have rendered the expected span of many operating devices
largely speculative [82].

Recognizing the potential for distributional inequities in electricity
generation for MRE O&M generation, multiple procedural actions could
be implemented. First, to promote the equitable distribution of oper-
ational benefits, emphasis on providing the best possible grid infras-
tructure is an important aspect of energy justice, which includes mod-
ernizing current infrastructure to be more resilient and efficient [83].
The quality of a community’s infrastructure is likely to vary signif-
icantly by local planning procedures, utility privatization, and state
and regional legislation [60]. Therefore, identifying communities that
have received less investment in infrastructure and endure frequent or
prolonged outages, shutoffs, or shoulder increased energy burden could
all be important metrics to help emphasize project priorities such that
communities benefit more equitably from infrastructural investment
and MRE operations (Fig. 3).

3.4. Decommissioning

There is limited research conducted on the impacts of decommis-
sioning MRE projects because the majority of MRE projects are still
in early stages [24]. To the best of the authors’ knowledge, literature
published on the topic of MRE decommissioning both in the US and
internationally capture projections [37,84,85]. Given the limited in-
formation available within MRE, the authors have leveraged lessons
learned from energy decommissioning literature in other renewable
(i.e., offshore wind) and non-renewable sectors (i.e., coal, oil and gas)
to understand the potential inequitable impacts of decommissioning.

3.4.1. People, housing, & livelihoods
Decommissioning an MRE device may pose several distributional

impacts on livelihoods. For workers previously employed in operations
and maintenance aspects of MRE projects, providing and investing in
alternative opportunities is likely to be an integral component of the
final stages of a project (Fig. 3). State and federal legislation has made
strides in addressing the economic effects of retired energy projects,
and may serve as a valuable framework for mitigating the impacts
associated with MRE decommissioning. For example, Colorado’s Just
Transition Office requires the submission of a workforce transition
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plan for the retirement of coal facilities at least six months before
the decommissioning date, requiring estimates for the number of af-
fected workers, positions retained, retiring workers, transfers, and those
transitioning to new power generation facilities [86]. In addition to
correctly estimating the extent of affected livelihoods, it will also be
essential to provide investment in workforce transitions (Fig. 3). The
Partnerships for Opportunity and Workforce and Economic Revitaliza-
tion (POWER) Initiative continues to invest in alternative opportunities
for communities in the Appalachian Region that have been negatively
impacted by the economic and labor shifts associated with energy tran-
sitions, namely coal [87]. The initiative provides funds for reclaiming
abandoned mines, social welfare for workers and their families, and
developing alternative renewable energy [87]. Similar considerations
might be warranted for MRE projects during decommissioning as well
(Fig. 3).

3.4.2. Community engagement
When considering the potential impacts of decommissioning off-

shore platforms, generally three options emerge: (1) full removal, (2)
partial removal, or (3) reuse. Community engagement is crucial to
understand the potential effects of decommissioning on people and
communities. The partial removal of offshore structures can be referred
to as artificial reefing, which leaves the lower portion of a structure
on the ocean floor to lessen the ecological disturbance that might
otherwise occur when attempting to fully remove a structure [84].

Engaging communities and sourcing community input will be im-
portant throughout the decommissioning process, because residents
generally view artificial reefing and reuse more positively than full
removal [88]. Residents tended to prefer the former because they con-
sider reefing and/or reuse as less invasive and more environmentally
sound [88]. Moreover, removing the visible aspects of the structure
may be more favorable to residents because it lessens the impacts
on landscape aesthetics, returning the horizon to its previous state. A
textual analysis of offshore decommissioning suggests that people view
the process of re-adapting offshore structures positively, citing a grow-
ing interest in minimizing waste and materials, preventing negative
ecological impacts, and sustainable innovation [85]. Coastal residents
may also view the reuse of structures as on opportunity for increased
recreational activities or tourism [88] (Fig. 3).

3.4.3. Culture & land/natural resources
Historically, decommissioned energy projects in the US have caused

considerable financial, environmental, and social damage to commu-
nities. Central to historical mismanagement is ambiguity in financial
responsibility, where mines, pipelines, and wells have been abandoned
by developers that have sited the projects [37]. In 2022 alone, the
Biden administration allocated 725 million dollars in federal funds to
restore abandoned coal mines, part of an 11.3 billion dollar investment
plan in the Bipartisan Infrastructure Law [89]. The costs of abandoned
infrastructure are often due to the challenges associated with anticipat-
ing the costs of restoration, and assigning financial responsibility. An
established best-practice strategy for decommissioning energy projects
is the creation of a decommissioning fund that companies must create
at the beginning of operations [90]. By clearly assigning responsibility,
estimating costs associated, and regulating cleanup, the distributional
impacts of energy projects may be lessened for communities’ land and
natural resources (Fig. 3).

3.4.4. Infrastructure & environmental impact
The partial or full removal of an MRE project may also pose a

significant risk to the surrounding marine environment. Aspects of
decommissioning such as disturbing artificial reefs and digging up
mooring lines could significantly alter the marine environment and
negatively impact ecosystem services [91]. Past removal and transport
of offshore oil and gas infrastructure has spread invasive species,
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costing upwards of $20 million to restore the local environment [92].
Complete removal may also open up previously protected fishing areas,
which could decrease species counts and impact biodiversity [93].
Therefore, it will be important to consider the potential environmental
concerns that may arise throughout different decommissioning types,
and the associated metrics that should be collected before and after
any infrastructural changes occur (Fig. 3).

Decommissioning may also prompt infrastructure challenges due
to shifts in electricity generation. If a community is benefiting from
the generated electricity of a grid-connected device, it will be impor-
tant to consider how that electricity will be replaced, and whether
the costs and environmental benefits of that source are comparable
(Fig. 3). Transitions from one retiring energy system to another are
challenging, and will require significant planning and collaboration.
Multi-organizational collaboration may help with these transitions to
maximize funds and technical assistance related to renewable energy
planning [80].

4. Conclusions

The aim of this literature review was to summarize the myriad
impacts on wellbeing from past energy projects that could help in-
form MRE development processes. Given the nascent stages of MRE
development, we have the opportunity to learn from others and avoid
energy injustices before the first large scale U.S. MRE projects are built.
This research is highly relevant given the climate change crises being
experienced on a global scale, and the recent watershed investments
made in energy and climate reform [94]. We synthesize key dimensions
that should be considered by decision-makers to understand the social
and environmental impacts throughout a project’s development, while
acknowledging potential benefits of the renewable energy transition.

Although renewable energy development will decrease our reliance
on fossil energy sources, it will also require stakeholders to focus on
community benefit and environmental justice. A shift toward more
holistic energy futures will require changes in the values, metrics, and
forms of knowledge used in decision-making to realize this change
equitably. There are several theoretical frameworks that may be im-
portant throughout decision-making processes. First, is an emphasis on
the energy justice model put forward by Jenkins and colleagues (2016).
This model considers aspects of distributional, recognitional, procedu-
ral, and restorative justice as integral to the development of renewable
energy systems to promote respect, transparency, and social benefit to
local communities. In addition to energy justice, Smyth and Vanclay’s
Social Framework for Projects, considers the multi-dimensional aspects
of wellbeing, and the many aspects of life that may be enhanced
or hindered [30]. Finally, aspects of Fortier et al.’s Social Life Cycle
Assessment were also applied, to consider the potential for inequity
across space and time [21].

Applying these frameworks to the literature on MRE and other
energy development impacts suggests several possible pitfalls of dis-
tributional injustice throughout all phases of project development,
as well as potential opportunities for recognitional, procedural, and
restorative justice. Aspects such as housing, culture, livelihood, people,
community, natural resources, environmental impact, and infrastruc-
ture were explored through the lens of energy justice, suggesting that
project development provides unique and challenging opportunities to
engage communities, promote informed discussion, and build more just
relationships.

Although this review explored several examples of theoretical ap-
plications to MRE development, there remain aspects of MRE projects
which will likely need to be tailored to the community and region.
For example, rural communities may require additional considerations
than their urban counterparts. Aspects of community tailoring such
as the Rural Coastal Community Resilience Framework could be inte-
grated into project development approaches to consider the risks and
vulnerabilities that may be unique to rural coastal communities [95].
Moreover, tailoring MRE development for remote communities has



Renewable and Sustainable Energy Reviews 184 (2023) 113491M.D. Caballero et al.
been regarded as a critical aspect of energy development in past
studies [96].

Insights from this review can also be leveraged to inform existing
efforts to promote energy justice throughout MRE development focused
on access to information and data. For example, online resources (such
as publicly-available content on PRIMRE) can help to promote proce-
dural justice by sharing documents, locations, stakeholders, and data
related to a project in a transparent and easily accessible format. Infor-
mation provided by the Marine Energy Toolkit could be combined with
socioeconomic and energy burden indicators to identify distributive
justice priorities, such as the identification of potential communities
that might benefit from an MRE project [25]. Other resources such
as the Marine Projects Database and the Tethys Knowledge base can
help to provide important information that could help coastal commu-
nities understand common questions and concerns associated with MRE
development [24,97].

In addition to resources provided online, a summary of the literature
review is captured as a list of guiding questions that can be used by
local community members (e.g., local government, Indigenous indi-
viduals, youth, homeowners, recreationalists, individuals involved in
industry, and other stakeholders with a coastal place attachment) and
MRE developers to consider throughout MRE development activities
(Fig. 3). Rather than a checklist, the list of questions is intended to
facilitate conversation and support delving further into each project’s
nuances to help developers, researchers, regulators, community mem-
bers, and other stakeholders identify shared priorities. We suggest that
co-produced MRE development is essential to building trust, trans-
parency, and understanding of shared goals throughout a project’s life
cycle. By applying the Meaningful MRE Development Framework, we
posit an increased likelihood of roadblocks and challenges being proac-
tively identified at each stage of development, facilitating a process
of joint acknowledgment and potential resolutions that can inform
policy and ensure financial goals for the community and investors.
The methodology in this study (i.e., synthesis of lessons learned using
an interdisciplinary, theoretical framework) can be leveraged by other
renewable energy sectors to further the translation of key energy justice
principles into an operational framework. Ultimately, such approaches
are critical to foster improved communications between communities
and energy developers towards achieving shared objectives such as
reduction in emissions, renewable and affordable energy, and more
resilient infrastructure.
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