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ABSTRACT: Tidal range power plants (TPPs) are reliable electricity generators with the la Rance TPP in
France serving as an example of long-term (60+ years) s uccess. Despite their potential for energy delivery,
the challenges surrounding TPP development remain substantial. High initial investment and concerns
about environmental impacts on marine ecosystems have made it difficult to progress major proposals.
With rising sea levels and more frequent, intense storm surges expected to lead to greater inundation of key
coastal zones, co-benefits to ecosystems and infrastructure that TPPs may offer are being reconsidered.
Using the UK as a case study, we map appropriate tidal resource (>5 m tidal range), 2050 1:25 flood risk
areas (1 m rise), coastal zones with conservation specification and areas of high human density. Overlap in
these factors reveals specific locations in which further research would usefully estimate potential costs and
benefits, socially, ecologically and financially. Viewed together, reduced flood risk to people and
infrastructure, ecosystem conservation opportunity and stable energy generation may highlight the future
opportunity of TPPs.

Keywords: Tidal power; Conservation benefit; Flood protection; Coastal habitat; Climate change; Sea-
level rise; Integrated nature-climate actions

1. Introduction

The coasts of Canada, Australia, Central America, Taiwan, Japan, the Philippines, Norway, France and
the UK have some of the largest tidal ranges in the world, offering substantial untapped potential for
renewable energy generation [1]. In certain locations, for example, Myanmar and Brazil, tidal energy
provides a higher capacity factor than solar and wind, in addition to being more predictable [2]. In the UK,
harnessing this tidal energy could contribute up to 20% of the country’s electricity demand, contributing
importantly to the transition to a low-carbon energy future [3]. Recent years have seen substantial progress
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in the development of tidal stream energy, which uses a range of turbine styles to extract energy from
moving water [4]. Tidal range power, which uses barrages with inset turbines to create water height
differentials by delaying tidal flows, has yet to be extensively exploited [5].

Tidal range systems, with their tidal power plants (TPPs), are reliable electricity generators. The La
Rance Tidal Power Station in France is an example of long-term (60+ years) success [6]. The more recent,
retrofit TPP at Sihwa Lake in South Korea has an annual output of 550 GWh and has produced stably since
2011 [7]. Tidal barrages are large, dam-like structures built across the entrance to estuaries or tidal basins,
designed to capture the natural ebb and flow of tides to generate electricity [6]. These systems work by
allowing water to flow into and out of a basin through electricity-generating turbines. This capacity to
harness both incoming and outgoing tides maximises energy generation [8]. Due to their long lifespan and
predictable energy output, TPPs are increasingly seen as reliable and valuable contributors to renewable
energy goals [9].

Despite their energy delivery potential, the challenges surrounding TPP development remain substantial.
High initial investment and concerns about the environmental impacts on marine ecosystems have made it
difficult to move forward with major proposals, such as the Severn or Mersey Barrages [6]. Recent years have
seen a shift of interest to tidal lagoons, such as the proposed Swansea Bay, Cardiff Bay and West Somerset
Lagoons [10,11], which may not offer as much co-benefit as estuarine tidal barrages [9].

We outline here some of the key co-benefits that may be provided by tidal barrages, highlighting their
potential to play a key role in the renewable energy transition. Beyond energy generation, tidal barrages
can offer protection to vulnerable coastal areas, which are increasingly threatened by climate change. Rising
sea levels (RSL) and more frequent, intense storm surges are expected to lead to greater flooding and
inundation of key coastal zones [12,13]. These areas are not only home to valuable natural ecosystems [14]
but also support high human population densities and critical infrastructure [15]. We assess the dual role of
tidal barrages by examining their potential to generate renewable energy and provide coastal protection in
an example of an Integrated Nature-Climate Action (INCA). The INCA concept extends beyond Nature-
based Solutions, promoting structural changes essential for tackling climate change and biodiversity loss,
while delivering positive human outcomes such as livelithood support and upholding the rights of
stakeholder communities [16]. We do this through a spatial analysis in ArcGIS Pro, in which we visualize
and layer four primary map layers—tidal range, marine and coastal conservation areas, population density,
and sea-level rise/flood risk—to identify regions in the UK with the greatest potential for tidal barrage
projects to deliver broadly the range of these associated co-benefits.

We initially outline the current predictions of the effects on the UK coast of climate change, outline
briefly the principal barriers to progress in TPP development, as well as some of the potential benefits that
TPPs may deliver to coastal protection. Using the UK as a case study, our mapping uses superimposition
to highlight areas which maximise the co-benefit potential of TPP development. We then consider
implications for future policy and planning, emphasising the need for systems thinking and integrated
solutions that address both climate change adaptation and renewable energy goals [16,17]. We conclude by
highlighting the potential of tidal barrages to be a long-term solution for coastal resilience and sustainable
energy generation.

1.1. Current Context

The impacts of climate change are becoming increasingly evident, particularly for coastal areas, which
are experiencing a rapid and escalating threat from sea-level rise (SLR) and increased storm activity [14].
These changes pose substantial risks, including more frequent flooding events, coastal erosion, and the
degradation or permanent loss of vital estuarine habitats, which are ‘among the most biologically productive
ecosystems on the planet’ [12]. Predictions for future SLR, based on a range of emission scenarios, present
a stark picture for the coming decades and are considered to be widely underestimated [18]. This rise will
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not be uniform, with regions, for example, the UK, experiencing above-average increases due to factors
such as land subsidence and ocean currents [19]. The IPCC reports that under an intermediate emission
pathway (RCP4.5), sea levels around London could rise by 0.38 m to 0.84 m, whereas with unmitigated
emissions (RCP8.5), levels could rise by as much as 1.16 m by 2100; similar increases are expected across
the UK [20]. The implications for coastal communities, infrastructure, and ecosystems are profound.

In addition to SLR, climate change is also driving an increase in the intensity and frequency of storms
[13]. The western and northern UK coasts have already seen more extreme weather events, with storm
surges and heavy rainfall becoming increasingly common [19]. This trend is expected to continue, further
heightening the vulnerability of coastal areas to flooding and erosion.

Historically, many towns and cities were built along coasts, rivers, and estuaries due to their importance
for trade, transport, and access to maritime resources [15]. Today, these densely populated areas are home
to millions of people and critical infrastructure, including ports, roads, and power stations. As these areas
face the threats of SLR and stronger storms, they must either retreat or require protection to prevent severe
economic, social, and environmental consequences [21,22]. The cost of inaction is steep, with potential
damage to property, loss of life, and displacement of communities [22].

Coastal and estuarine areas are also among the UK’s most ecologically valuable regions [14,23]. The
importance of these ecosystems is underscored by their designation as Special Areas of Conservation and
Special Protection Areas under EU and national conservation laws [24]. Estuaries and wetlands provide
critical services, including carbon sequestration, water filtration, and flood protection. These are some of
the most productive ecosystems globally, supporting high levels of primary production and a wide variety
of species [25]. These ecosystems, such as saltmarsh which has now declined by 46% globally and by 85%
in the UK, are highly vulnerable to climate change impacts [23]. Increased storminess and SLR will drive
habitat loss, species displacement, and disruptions to vital ecosystem services [13]. Given this, protection
of coastal and estuarine habitats is considered a conservation priority [26].

1.2. Brief View of the Principal Barriers to Tidal Range Barrage Systems
1.2.1. Environmental Perception

Concerns about the ecological impact of tidal barrages, such as impedance of migration in animals and
detrimental changes to habitats and to critical environmental processes, have created substantial obstacles
to their development, leading to widespread public opposition and substantial barriers to project
development [9]. Recent synthesis of the longer-term evidence suggests that many of these concerns are
either overstated or unfounded and that barrages may even contribute to positive ecological outcomes [27].
Negative effects observed in early projects were most often linked to specific construction methods,
construction phases, and early operational practices, rather than the inherent operation of tidal power plants
[27]. Thus, by learning from past projects and adopting informed and improved mitigation strategies, there
is an opportunity to avoid these. With design attention, TPPs may now be reconsidered as viable and
environmentally responsible renewable energy solutions. Cooperation and co-learning between barrage
flow managers and conservation experts could enable optimisation of ecosystem restoration opportunities
within impoundments.

1.2.2. Financial Barriers and Regulatory Context

Another barrier to tidal barrage development is the challenging financial landscape. There is high
upfront capital expenditure (CapEx) for construction costs [6]. Unlike many other renewable technologies,
TPPs require large-scale infrastructure, such as sea walls that can extend many kilometres in length. Lake
Sihwa, for example, has a 12.7 km seawall [7]. A TPP itself typically comprises five key components:
turbo-generators, powerhouse, sluices, cofferdam, and the barrage embankment [28]. This cost, coupled
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with the absence of a supportive regulatory framework, creates difficulties in securing the necessary
funding [28], as these elements together require considerable upfront investment.

The current financial support framework for renewable energy in the UK, namely Contracts for
Difference (CfD), offers subsidies for up to 25-30 years [29], which is out of line with the expected 120-
year lifespan of TPPs. For example, the La Rance TPP, the world’s oldest commercial plant, has been
operating consistently and successfully for >60 years and has required only replacement of the electrical
control system and other minimal maintenance [30]. Furthermore, the CfD scheme offers a fixed indexed
rate for electricity produced, which does not account for, or place additional value on, the reliability of
TPPs and their ease of integration into the grid, relative to less predictable technologies such as wind and
solar [31]. A more comprehensive understanding of the costs and benefits of TPP construction, operation,
and power production should account for these additional elements, such as predictability and long lifespan.

1.3. Protective Value of Tidal Barrages

Tidal barrages may offer a promising solution to the escalating threats of SLR and more frequent storm
surges [8]. While the concept of using tidal barrages for coastal protection is not new, with evidence of the
protective value of barrages dating back to 1994 [32], the growing understanding of the scale and urgency
of SLR makes this technology more relevant than ever [18]. While traditional storm surge barriers offer
valuable flood defence [33], TPPs can provide a more adaptive solution as they are able to respond to both
increased storm surges and SLR.

A detailed impact study [34] on the proposed Severn Estuary tidal barrages emphasised the mitigation
potential of barrages on coastal flooding from storm surges. While this study is site specific, the findings
that a barrage provides “considerable protection against flooding”, are transferable. The work modelled
several approaches, which led to small but potentially important variations in the outcomes. They found
that TPPs have the potential to provide protection against coastal flooding, but that protection can also
extend to riverine flooding in estuarine tributaries, as deliberately lowered water level within the basin
provides a drainage pathway for heavy river flows, reducing the risk of bank-burst upstream [34]. It is likely
that TPPs could provide dynamic and manipulable flood defence able to respond to specific scenarios, thus
reducing flood risk in densely populated coastal areas.

Protection against storm surge flooding offers substantial value, however TPPs offer a key advantage
over traditional storm surge barriers for coastal protection through their defence against SLR. Initially, SLR
will manifest through increased flooding from higher spring tides. In addition to people and infrastructure,
tidal estuarine ecosystems are also vulnerable to this and can be protected by preventing submergence while
maintaining the natural tidal rhythm. Vandercruyssen et al. [8] found that TPPs could protect intertidal
zones, providing “net benefit to ecology and the environment” by maintaining these intertidal areas despite
rising sea levels. Further modelling of a barrage across Morecambe Bay confirmed that operating the system
in a two-way mode, including some pumping, could preserve the natural tidal range while maintaining pre-
SLR water levels in the basin, with little reduction in energy generation [8]. This method could prevent the
inundation and loss of vital habitats such as salt marshes, mudflats, and estuarine wetlands, all ecosystems
highly vulnerable to SLR [34].

Although traditional storm surge barriers, such as the Thames Barrier in London, are effective for flood
protection, they are not appropriate for long-term SLR adaptation. When deployed, these absolute barriers
disrupt tidal dynamics, potentially damaging brackish ecosystems by altering water quality and ecological
processes [35]. As sea levels rise, the frequency of high tides exceeding trigger levels for storm surge barrier
activation will increase, leading to more frequent closure and greater disruption of both riverine flow and
natural tidal cycles. Although some disruption of the natural tidal cycle by a TPP would still occur during
major storm surges, the frequency would be minor compared to that of a storm surge barrier under the same
SLR condition [36]. Increased frequency and duration of storm surge barrier closure would cause reduced
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and inconsistent water exchange, incurring greater ecological impacts and with implications extending to a
‘rising probability of trapped river water flooding’ [35]. Thus, storm surge barriers are likely to be
ineffective and ecologically inappropriate as a long-term climate solution, and the capacity of TPPs to
maintain the water exchange necessary for the health of these valuable ecosystems, whilst offering
optimised flood protection, appears as a key and unique advantage.

Overlap analyses allow us to visualise areas in which there is potential to achieve additive or synergistic
benefits and can also permit identification of areas in which risks or costs may be high or benefits
inconsequential. The interest here is to explore areas of the UK in which tidal range is sufficient for
economic interest and where both human populations/infrastructure and coastal natural ecosystems are at
risk from flooding and SLR.

2. Materials and Methods

The mapping used ArcGIS Pro, where four primary map layers were visualized and overlain to identify
areas with potential for tidal barrage projects and their associated co-benefits. These layers included tidal
range, conservation areas, population density, and sea-level rise/flooding risk. Below is a detailed
description of how each map layer was created and processed.

2.1. Tidal Range Layer

Tidal range was modelled using the OSU Tidal Prediction Software (OTPS, August 2024 update) [37]
with the TPX(9-atlas tidal harmonics. Tide heights were modelled for the period 1 January to 31 December
2024 at a resolution of 10 min, on a regular lat/lon grid of 1/30° resolution, covering all locations within 20
km of the UK coastline. In total, 16,519 locations were evaluated, and those with a tidal range of greater
than 5 metres, the range considered to provide economic viability to a TPP [38], were highlighted in yellow.

2.2. Conservation Layer

The conservation area map, the green layer, was produced using 32 open-source digital datasets, which
cover 10 different types of protected areas in the UK. These include:

Areas of Outstanding Natural Beauty (AONBs)
Marine Conservation Zones (MCZs)

National Nature Reserves (NNRs)

National Parks (NPs)

Ramsar Sites

RSPB Reserves and Important Bird Areas
Special Areas of Conservation (SACs)

Special Protection Areas (SPAs)

Sites of Special Scientific Interest (SSSIs)

Datasets for RSPB Reserves and Important Bird Areas were available for the entire UK, while data for
other protected areas were provided at the country level (England, Wales, Scotland, and Northern Ireland).
To create a unified UK-wide conservation layer, the country-specific datasets were merged using ArcGIS
Pro’s Geoprocessing Tool.

The conservation areas were visually enhanced by colouring the respective layers green and adjusting
their transparency to allow areas protected under multiple designations to appear brighter or more intense
on the map. A final combined map was produced by merging all individual conservation designations into
a single layer with constant transparency, providing a comprehensive view of the UK’s protected areas.

Original datasets were sourced from various platforms, including:

e Natural England Open Data Geoportal (Natural England 2022)
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NatureScot Sitelink Map and Open Data Hub (NatureScot 2024)

SpatialData.gov.scot Metadata Portal (Scottish Spatial Data Infrastructure 2007)

Data Map Wales Catalogue (DataMapWales)

DAERA Publications Site (Department of Agriculture, Environment and Rural Affairs)
RSPB Open Data Portal (RSPB Open Data)

Due to data availability issues, National Parks (NP) and Marine Conservation Zones (MCZ) for
Northern Ireland were excluded from the map. Additionally, in Scotland, a National Scenic Area (NSA)
dataset was used as a substitute for AONBs due to the absence of the latter.

2.3. Population Layer

The population density map was generated using an open-source digital dataset of UK population
density (2019) from ArcGIS Online. To focus on regions with higher population concentrations, areas with
a population density greater than 2000 people per hectare were selected using the Select by Attribute tool
in ArcGIS Pro. A new layer was created using the Layer from Selection function, highlighting these densely
populated areas. This layer was visually represented in grey with its transparency adjusted to overlay with
other map layers.

2.4. Sea-Level Rise and Flood Risk Layer

The extent of sea-level flooding was calculated following the method of NOAA [39]. This approach is
used in NOAA'’s Sea-Level Rise Viewer [40], but only for the continental US. Climate Central [41]
provides global coverage using a similar approach, but their data are not made freely available.

Sea water inundation was calculated by identifying contiguous areas of land that are below a threshold
elevation and are directly connected to the sea. The Copernicus GLO-30 Digital Elevation Model (DEM)
was used with 30 m spatial resolution [42], downloaded via the CopernicusDEM package [43]. The
threshold elevation was based on high tide level plus a chosen amount of sea-level rise, here, 1 m. The level
of high tide was calculated for all coastal locations using OTPS (as above) and then inferred for all inland
locations on the same 30 x 30 m grid used by the DEM, using bicubic interpolation in GDAL [44]. Terra
[45] was used to first classify DEM pixels below the threshold height, then group these as contiguous
patches of pixels. Those not connected to the open ocean were discarded, leaving a raster of areas that
would be inundated by sea-level rise without additional flood protection. This layer was coloured semi-
transparent blue.

2.5. Combined Map

The final map synthesis, which represents the areas with potential for TPP development, was produced
by overlaying the relevant map layers: tidal range, conservation areas, population density, and sea-level
rise/flooding risk zones. These layers were saved as individual layer packages and combined on a single
map to identify regions with sufficient tidal range, high conservation value, dense populations, and high
flooding risk.

3. Results

Four main areas of interest emerge within which estuaries were considered broadly economically
suitable for the development of tidal barrages (Figure 1: Yellow layer). Tidal lagoons could also be
considered in these regions outside of estuary zones, although we specifically focus here on evaluating the
co-benefits associated with estuarine tidal barrages.

Ten relevant conservation areas were selected for their ecological importance (Figure 1: Green layer).
These areas are subject to a range of conservation designations at both UK national and international levels,
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underscoring their importance for biodiversity and ecosystem services. At the UK level, some of these areas
are designated as Sites of Special Scientific Interest (SSSIs) or Special Protection Areas (SPAs), while
others hold international designations such as Special Areas of Conservation (SACs) or Ramsar sites, which
are recognized for their critical role in protecting wetland ecosystems. These conservation areas are home
to a diverse array of species and habitats, many of which are protected under various environmental
frameworks, reflecting their key contribution to the preservation of biodiversity.

Combined sea-level rise and flood risk, highlighting areas that are vulnerable to increased flooding,
were based on projections for 2050 (Figure 1: Blue layer). Here, a flood risk scenario corresponding to a 1-
in-25-year flood event was mapped (~+1 m on the current day). Sea-level rise was derived from climate
projections, which consider ongoing emission trends and their expected influence on global and regional
sea levels.

Population density and the location of urban areas were assessed to indicate coastal communities that
may be vulnerable to the impacts of rising sea levels and flooding. A population density map was created
to highlight regions with large populations, which are likely to represent significant infrastructure,
economic, and social value (Figure 1: grey layer). There are undoubtedly more areas existing at lower
population densities that are missed by this method, so this is acknowledged as an underestimate.

Conservation areas 4 |{£
60°N Sy,
Flooded above 1 m sea level rise . S

Tidal range above 5 m

Urban areas

58°N

52°N

I 1°00km
10°W 8°W 6°W 4°W 2°W 0° 2°E

Figure 1. Combined UK map of the factors considered in this work. Tidal range of 5 m or more (Yellow), Areas with
conservation designation (Green), Flood risk (1:25 year, 2050) (Blue), and High human population density (Grey).
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The combined map highlights areas in which the key factors overlap, identifying locations with
potential for tidal barrage development and the delivery of associated co-benefits (Figure 1). These areas
are characterized by having either coastal communities or valuable ecological sites that are threatened by
rising sea levels, storm surges, and flooding, alongside a sufficient tidal range to make TPP projects
economically viable. Among the four primary areas in the UK that have sufficient tidal range for a major
TPP, only three include estuaries that can support such infrastructure. The south-east coastal region,
although it has sufficient tidal ranges, lacks estuary zones of sufficient magnitude and was not considered
further. This leaves three key broad areas suitable for tidal barrage development.

This overlap highlights the opportunity for integrated solutions that serve multiple climate-mitigation
and adaptation objectives. These coastal areas are under increasing threat from climate change, and the co-
benefits of tidal barrage projects, such as flood protection, habitat protection, and renewable energy
generation, could be key in enhancing resilience to both environmental and socio-economic challenges.

4. Discussion
4.1. Areas with Co-Benefit Potential

The coastal areas we highlight here are particularly vulnerable to sea-level rise and flooding. These
areas are important to protect as they are characterized by high ecological value, dense human populations,
and infrastructure, or a combination of both. The increasing flood likelihood in these areas poses a risk of
irreversible damage to both critical infrastructure and sensitive ecosystems. By identifying locations in
which these vulnerable zones intersect with areas with sufficient tidal range, we highlight an opportunity
to use tidal barrages and TPPs not only as a renewable energy source but also as a means of protecting some
of the most at-risk coastal regions. Beyond protection, the shelter and tidal attenuation possible with
managed, less-violent tidal flows creates opportunity for extensive planned conservation and habitat
restoration, and, while this example is in the UK, opportunities for such co-benefits exist in other regions.
Restored coastal ecosystems, such as mangrove and, in this context, saltmarsh, themselves offer benefit to
coastal resilience [23,46,47]. The combination of ecosystem gain and ‘hard’ infrastructure may integrate
nature and climate action positively [16].

Indeed, several of the identified areas have previously been considered for tidal barrages (Figure 2).
Proposed UK projects include the Severn Barrage, Morecambe Bay Barrage, Mersey River Barrage, Wyre
Barrage, and the Centre Port Barrage at The Wash in East Anglia [8,48]. Despite these sites’ tidal energy
potential, many of these projects faced obstacles, largely due to ecological concerns, planning, and financial
constraints, that prevented progress [9]. Each of these locations, however, offers substantial additional value
in terms of either ecological or socio-economic benefits, or both, beyond serving as a consistent and reliable
energy source. These sites intersect with conservation areas, flood prone areas, or densely populated coastal
communities, indicating that the proposed barrages may provide co-benefits which extend the proposal
value. Taking a holistic view, a comprehensive reassessment should reveal and quantify these benefits, as
we now have a better understanding of the range of ecological and economic advantages these projects may
offer. With the coupled biodiversity and climate crises we face, TPPs could well be considered integrated
actions [16,49].
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Figure 2. Previously proposed major tidal range barrages in the UK. Tidal range of 5 m or more (Yellow), Areas with
conservation designation (Green), Flood risk (1:25 year, 2050) (Blue), and High human population density (Grey).

4.2. Shaping Future Policy and Planning

This overlap analysis provides insights that can guide future policy and planning for both coastal
protection and renewable energy. As flooding and SLR increasingly threaten ecologically valuable and
densely populated coastal zones [14,15,50], policymakers now face an urgent need to adopt frameworks to
support multi-benefit, INCA solutions such as TPPs. Critical to this will be research to explore and estimate
the ecological effects and elucidate potential human and infrastructure costs and benefits. After these
quantifications, wide engagement with relevant stakeholders such as local communities, conservation
interests, statutory bodies, council authorities, and insurance providers would permit a structured and
informed conversation among them [51]. These discussions would underpin future planning for policy or
financing mechanisms to address costs to particular groups or inform specific mitigation measures.

Governments stand to benefit from facilitating the development of TPPs, as they bear much of the
responsibility for mitigating the impacts of sea-level rise and managing the economic consequences of
flooding [52]. Marine renewables are rising in consideration [53], and by strategically promoting or
investing in tidal barrage infrastructure, governments would reduce future expenditure on flood response
and deliver long-term climate resilience measures, while simultaneously advancing renewable energy goals.
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To support the development of TPPs, governments in countries where opportunity arises should consider
implementing targeted incentives. Subsidies specifically aimed at TPP development would not only reduce
the substantial CapEx but also make them more attractive to investors and developers. A policy framework
that fully recognises these multiple benefits could help in tidal project approval processes and reduce
opposition based on potentially ill-founded environmental concerns.

Ultimately, we highlight the need for a coordinated and holistic approach in policy and planning, one
that integrates ecological, societal, and energy-generation considerations. For this, it will be critical to
engage widely with stakeholders and to have the co-production element representing different values and
views so vital to developing plans and gaining support [51,54]. Through an informed consideration of the
potential costs and benefits as well as the range of views on these, policymakers can enable conditions in
which TPPs could contribute to ecological protection, coastal resilience strategies, and national renewable
energy targets.

4.3. Research Gaps

Power-generating tidal barrages offer a range of benefits that extend beyond their primary purpose.
Their contribution to aspects of coastal protection greatly enhances their value, and this multifaceted role
highlights their potential to support climate change mitigation and adaptation needs.

While TPPs have been linked to ecological concerns, modern design and construction techniques, and
careful planning could minimise many of these. The long-term benefits emerging from combined coastal
protection and ecosystem conservation may outweigh the potential drawbacks. From a financial perspective,
tidal barrages may thus offer a compelling return on investment, generating renewable energy while
providing valuable non-energy benefits, particularly in coastal resilience. These should be quantified, and
there is a need for loss-averted estimates from flood risk reduction.

We now need to expand our understanding of TPPs, looking beyond their energy production value and
the historical concerns over ecological impact. As the UK Parliament [55] points out, “a significant issue
is that there is no current mechanism to allow tidal range projects to receive a return from long life and non-
energy benefits, in particular to coastal defence benefit”. Recognising and accounting for these additional
benefits is critical to fully appreciate the value of tidal range projects and to ensure they are properly
integrated into both policy and investment strategies [53].

5. Conclusions

Tidal barrages present a unique opportunity for addressing some of the most pressing challenges of our
time. While the world possesses important untapped tidal range potential, ecological fears, high initial costs,
and the complex regulatory landscape have long hindered the development of tidal range power plants.
With growing concern, however, over rising sea levels, increased storm intensity, and consequently the
increasing vulnerability of coastal areas, the case for re-evaluating TPPs has become stronger than ever.

We underscore the dual role that TPPs could play, not only as a sustainable energy source but also for
protecting vulnerable coastal communities and ecologically significant estuarine habitats from the
escalating impacts of climate change. The long lifespan of TPPs, which extends over 100 years, makes
them a stable long-term investment that continues to provide returns in the form of both energy production
and coastal protection.

There is now a compelling case for rethinking coastal protection and energy generation in the face of
climate change. Supported by the experiences of range plants in other countries, conversations among a
wide range of stakeholders could lead to careful planning, design, and policy support. TPPs could become
valuable to resilience against rising sea levels while contributing to a sustainable energy future. It is
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essential that we begin to quantify the potential co-benefits so that policymakers can recognise and
incorporate these into regulatory frameworks and financial incentives.
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