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Can Tidal Lagoons Be used to Protect Coastal Towns and Settlements from Effects of Climate Change?
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This dissertation explores the potential of tidal lagoons as a sustainable solution to the dual challenges of the current energy crisis and the escalating impacts of climate change. The research focuses on the feasibility of using a tidal lagoon to protect coastal settlements, particularly those identified for coastal retreat, from the increasing threat of rising sea levels and more frequent extreme weather events.
The Welsh Government’s recent approval of several tidal energy projects, including tidal lagoons, underscores the growing recognition of tidal energy’s potential for large-scale energy production and coastal protection. This research contributes to this discourse by highlighting the capacity of tidal lagoons to not only generate renewable energy but also safeguard coastal lands and settlements.
As population growth continues to exert pressure on housing availability inland, the loss of vital coastal settlements could exacerbate existing housing shortages and force people to relocate further afield. This research identifies the potential for tidal lagoons, such as the proposed lagoon in Newgale, to mitigate this issue by providing a means to protect and repurpose flood-ravaged land for the development of affordable housing for local residents.
A qualitative approach was employed to gather opinions from various particpants, including professionals in habitat protection and education, the general public, and future engineers. The study revealed a consensus on the imperative to protect the natural habitats of both land and marine life.
The findings indicate that a sympathetic approach to the construction of the lagoon, which takes into account its potential impact on the national park and access to popular social and activity-based locations, would be favourably received by the public. In conclusion, this research underscores the potential of tidal lagoons as a viable and sustainable solution to the pressing challenges of energy production, coastal protection, and housing provision.
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“It’s not that the world hasn’t had more carbon dioxide, it’s not that the world hasn’t been warmer. The problem is the speed at which things are changing. We are inducing a sixth mass extinction event kind of by accident, and we don’t want to be the ‘extinctee.’” (Nye, 2014)
[image: Firefighters try to extinguish a wildfire burning in Saronida, near Athens, Greece, July 17, 2023. REUTERS/Stelios Misinas TPX IMAGES OF THE DAY
]During the nineteenth century, Svante Arrhenius was able to anticipate the risks that would be faced by the increasing CO2 emissions that were generated by humans and the subsequent climate change that would follow (Arrhenius, 1896). The relevance of this knowledge was not fully recognised until the 1970s, which is when its repercussions began to manifest and became quantifiably visible (Barral, 2019). Only then did the information's value become fully recognised. However, the frequency of catastrophic flooding in coastal cities and towns continues to climb. This is despite the fact that scientists have provided more dire warnings regarding the dangers of global warming since that time period. Even land that was previously beyond the reach of floodplains is now susceptible to water inundation during extreme weather events, and daily high temperature records are being set in the summer of 2023 (Guardian, 2023). This is despite the fact that ruptured flood defences continue to pose a threat to towns and cities that are located along riverbanks.[bookmark: _Toc162975997]Figure 1: Firefighters Tackling Wildfires in Portugal 2023

It is impossible to place enough emphasis on the crucial nature of the issue. There has been a rise in sea levels of around 8 inches and an increase in temperatures of at least 1.1 degrees Celsius since the beginning of the Industrial Revolution, according to the Union of Concerned Scientists (2013). According to projections made by the Intergovernmental Panel on Climate Change (IPCC), sea levels are expected to rise by around 0.7 degrees by the year 2100. These projections are based on the 0.17 degrees annual increase in temperatures that was seen between 1981 and 2019 (The United Nations, 2019). The expected increase poses a significant risk of uprooting millions of people, causing catastrophic damage to ecosystems, and fundamentally altering the ecology along the coast for a variety of reasons. 
The short-term and long-term prospects of the Earth are both affected by these increases, which have ramifications from both perspectives. The temperature has increased by 1.1 degrees Celsius, which indicates that the point of no return for global warming has been reached (Copernicus, 2023). In his statement regarding the long-term effects of the conflict between Russia and Ukraine on food security and the environment, Antonio Guterres, the Secretary-General of the United Nations, expressed a feeling that was similar to this one (United Nations 2022). The rise in temperatures has seen record number of wildfires throughout Europe and an increased frequency in floods and catastrophic weather events. According to Zachariah et al. (2023), these aspects of the situation are seen as "virtually impossible" in the absence of climate change brought about by human activity. 
Many island nations, including the United Kingdom, are currently confronted with a particularly precarious circumstance that calls for immediate action. The United Kingdom is especially vulnerable to the effects of climate change because of the enormous length of its coastlines. Nevertheless, this vulnerability also presents an extraordinary opportunity for inventiveness at the same time. Tidal lagoons, which are artificially formed enclosed spaces that capitalise on the tidal force, present a potentially successful answer that not only protects our coastlines but also encourages societal and economic advancement. Tidal lagoons are becoming increasingly popular as a result of their advantageous nature.
This work delves into the potential of tidal lagoons as a response to the multifaceted challenge of climate change. It will meticulously examine their effectiveness in mitigating the adverse effects on coastal settlements, focusing on their ability to:
· Dissipate wave energy: By acting as a buffer, tidal lagoons can significantly reduce the impact of waves on coastlines, minimizing erosion and protecting infrastructure, (Rubinato, et al., 2020).
· Mitigate storm surges: The controlled filling and emptying of the lagoon can act as a buffer against extreme high tides and storm surges, safeguarding low-lying areas from flooding, (Toimil, et al., 2023).
· Manage sea level rise: Tidal lagoons possess the potential to adapt to rising sea levels through adjustments in their operating protocols, ensuring continued effectiveness in the face of a changing environment, (IPCC, 2024).
Furthermore, investigating the possibility of integrating shoreline development alongside these protective measures, encompassing two key aspects:
· Shoreline retail: Creating a vibrant retail space overlooking the lagoon can attract tourism and generate revenue, revitalizing local economies, (Llywodraeth Cymru, 2018).
· Social housing: Integrating affordable housing options into the development plan can address the growing need for accessible housing in coastal areas, fostering social cohesion and community growth, (Future Genereations Commissioner for Wales, 2020).
[bookmark: _Toc161059820][bookmark: _Toc163050911]Wales Moving Forward With Tidal Lagoon Projects
Progress is now being made toward several tidal lagoon projects in Wales despite previous financial and planning obstacles, alongside tidal barrage plans for the Severn estuary. Moving Wales toward its Net Zero 2050 target and supplying 8% of the UK energy requirement, (Group, Marine Energy Task & Finish, 2016). Currently 27% of Wales’s energy comes from renewable sources, (Llywodraeth Cymru, 2019). 
[image: Newgale. The great floods of 2014 | Pembrokeshire, Wales, Places]West Wales is subjected to extreme high tides and violent storms. With towns like Aberystwyth and Newgale bearing the brunt of the storms each time, and each time waterfront properties are flooded, with the shingle flood defence bank at Newgale needing to be moved back into place every time. Pembrokeshire County Council has decided to abandon Newgale and create a new road that bypasses the village, (Pembrokeshire County Council, 2023) allowing the water to claim the land, as part of the “Shoreline Management Plan”, (Pembrokeshire Coast National Park Authority, 2023). This plan has been delayed due to the Welsh Government requesting a review of planned roads, (Llywodraeth Cymru, 2023) and further delayed due to Covid-19. [bookmark: _Toc162975998]Figure 2: 2014 Floods at Newgale Beach.

As the world looks toward sustainable power, with a more educated knowledge of finite resources and increasing demand for energy, we look for new ways to harness renewable energy. Over the last 2 decades we have seen solar panels and wind turbines become almost common place, while these are sources of renewable energy, they are reliant on the weather on any given day. The overlooked potential of hydro energy as a consistently reliable source due to tides twice every day, many old towns are built on riverbanks yet not harnessing the potential free power by way of turbines that used to be commonplace, or more modern hydro technology. One example of this in Pembrokeshire is the Blackpool Mill that has recently been renovated into a high-end restaurant, rather than repairing the mill wheel and using it to provide green power and a conversation piece the wheel has been rendered motionless, (Hayman, 2021).
Newgale beach is a viable candidate for providing local energy, while protecting homes, businesses, and wildlife. As an almost untouched coastal area it could seem almost nonsensical to consider using this location for such a project but in an effort to not only maintain main road access between the county town of Haverfordwest and St. Davids with several hamlets, towns, and villages in between, there is potential to create a new tourist destination whilst also tackling the ever increasing homeless crisis in Pembrokeshire, (NewsDotWales, 2023).
Much of Pembrokeshire tourist trade is based around its proximity to water, many activities and tourist towns are on beachfront areas. Given the current status at Newgale almost being a blank canvass, with very little economic activity despite high levels of tourist traffic in summer months using a tidal lagoon to protect the existing land, and allowing for further growth and development, would not only protect the existing links to other small towns like Solva and St Davids, but provide opportunity to make better use of the existing land. 
[image: A map of a beach

Description automatically generated]Despite the current lack of existing tidal lagoons, Wales is looking promising for developing projects, as there are several at varying stages in Swansea, The Severn Estuary, and Prestatyn, along with the First Minister recently announcing a £750,000 fund for tidal lagoon research, (Llywodraeth Cymru, 2023) as part of its drive to become the driving force in green energy worldwide.Figure 3: Projected Flood area (Climatecentral.org, 2024)

Forecasted sea level rises appear dire for the western seaboard of the UK, with whole areas predicted to be completely lost, either due to rising sea levels or coastal erosion. Towns such as Tenby, Pembroke Dock and Milford Haven in South Pembrokeshire and Fishguard in North Pembrokeshire are such areas locally that have been named in a recent report by National Resources Wales (NRW), (Cyfoeth Natriol Cymru, 2023). With numerous landslides in the area in local months and years further highlighting the fragile nature of the situation.
Newgale is not unique in its situation, some island territories will be completely underwater creating a further homeless crisis, wiping out indigenous lands, at a time when the world is politically charged on immigration and asylum. 
Wales is already at the forefront of future change when it comes to tidal lagoons for energy, (Ungoed-Thomas, 2022) yet repurposing them for more practical use of protecting vulnerable coastal areas could begin a chain reaction worldwide. By assessing public consensus about the current road retreat plan and presenting a theoretical alternative option this report will outline the potential benefits of developing energy based tidal defences with the least disruption to local inhabitants, wildlife, and ecology.

[bookmark: _Toc161059821][bookmark: _Toc163050912]Why Isn’t the World using Tidal ENERGY? 
According to Horgan (2019), the United Kingdom achieved the distinction of having the largest concrete pour globally for the construction of Hinkley Point C, a nuclear power facility. In an era characterised by global efforts towards environmental sustainability, the presence of a carbon-intensive infrastructure, coupled with the intricate decommissioning process associated with nuclear power plants, appears to contradict the objectives of carbon emission reduction and the promotion of sustainable energy sources.  Nuclear power, with its high carbon intensity, would only result in a 4% reduction in the carbon footprint if 37 additional big reactors, comparable to the size of Hinkley, were introduced annually (Leman, 2022). Currently, nuclear power accounts for 15% of the energy supply in the UK. By 2025, nearly half of the current nuclear reactors in the UK are scheduled to be decommissioned. However, there are just 4 projected replacements by 2050.    
As stated by Earl (2023), the United Kingdom presently possesses a solitary coal-fired power facility, which is scheduled for decommissioning in the latter part of 2024. The closure of the UK's final opencast coalmine, which resulted in the loss of 115 jobs in a region that has been plagued by industrial decline since the 1980s, increasing costs, higher pension age, and limited opportunities, could prompt the exploration of green alternatives. These alternatives have the potential to revitalise impoverished areas that have lost their primary source of employment. This can be achieved not only by utilising brown sites for development, but also by harnessing the valuable experience and knowledge possessed by local workers in the industry. 
Building tidal lagoons would not only protect coastal communities, but also create jobs to replace the decades long loss of skills-based jobs, (Constructiononline, 2024) the construction industry is suffering a significant skills shortage in both historic methods and new modern methods. Pembrokeshire college has an impressive construction department with many courses on offer. However, due to a lack of jobs locally the interest in these courses seems to have dwindled over recent years as many people in the area are of rural mentality and are less likely to want to move away to work. Out of 44,000 employees in Pembrokeshire only 3000 work in the construction industry, (Nomis, 2021)
A large-scale project like a tidal lagoon and shoreline development would attract companies from further afield and potentially reignite local interest in the industry. A large number of industry workers in Pembrokeshire currently travel between Pembrokeshire and Somerset to work on the Hinkley Point C project. This has had a negative outcome in the family dynamic of the seemingly single parent families left at home in Pembrokeshire who see their male parent sometimes once a month, (Unicef, 2022). With the added advantage of creating ongoing jobs after construction, a lagoon built at Newgale could be adapted to suit other areas locally like Amroth in South Pembrokeshire, which is also dealing with extreme storm surges at its lowest flood protection zones. Several projects could bring expert knowledge and expertise to the area further increasing the desirability to join the construction industry.  
Area’s most likely to be affected by coastal erosion and high tides are predominantly disadvantaged populations who have limited resources to relocate away from the affected areas.

[bookmark: _Toc161059822][bookmark: _Toc163050913]Literature Review
The main question here is can we use tidal lagoons to improve UK (Worldwide) clean energy production whilst also protecting vulnerable coastal communities from the catastrophic effects of climate change? In doing so could we reduce the homelessness problem that has plagued these idyllic areas for a decade and revitalise areas that were once tourism hotspots and desirable places to live from the empty, holiday home centres they have become that offer no viable income or long-term housing solutions, as well as protecting ecological environments, and human habitat. Countering the thought process to drive people further inland to already densely populated town and city centres that often, especially in Pembrokeshire are unfit for habitation due to poor property management and lack of basic amenities. (Hotchin, 2024) offers an insight into the current condition of many Pembrokeshire towns in a scathing report on the dirty, unkempt appearance of many town centres such as Haverfordwest and Pembroke Dock. This has received much outcry from the local people; however, the fact remains that many of the highstreets are empty, with weeds growing from buildings, smashed windows, closed shops, and very few shoppers walking the streets, the report based on a YouTube video that recently went viral. 
Subsequently Pembrokeshire County Council have begun issuing grants to local businesses in Haverfordwest to paint their shop fronts, covering 80% of the costs incurred, (Pembrokeshire County Council, 2024), but the issues go deeper than the façade. Many of the buildings are capable of being developed into housing in the spaces above the retail zones, however they are covered in damp and overgrown weeds they would need considerable work to be habitable, but given the number of properties that could be repaired and brought back onto a struggling rental market, (Riley, 2021).
More is needed in many aspects and with the current focus on the climate crisis being at the forefront of many people’s minds, still few people in the county know the council plan to abandon Newgale and build an alternative road as notices were only placed in the local area, despite many people around the county potentially being affected by the change. Abandoning coastal roads and settlements will have a detrimental effect on other areas and is an unsustainable approach if sea levels continue to rise as predicted. 

[bookmark: _Toc163050914]Newgale Beach
Despite its manmade appearance, the pebble bank at Newgale Beach is not a product of human endeavour, but rather a consequence of a storm that took place on October 25, 1857, (Harrison, 1968). It was left in place, and it presently functions as a natural barrier against storms. On occasion though storms are so fierce that they topple the bank onto the adjacent road. This is maintained by PCC at an average cost of £13,000 each time there is such a storm. 
The land surrounding Newgale beach was historically marshland before development in the early 20th century. The undeveloped areas appear as marshland still along the side of the Brandy Brook river. 
[image: ]Local companies have initiated the process of devising strategies to reduce the impact of storm damage. The proprietors of the seaside campsite have requested permission to move their permanent buildings to a higher elevation in order to avert future flooding. The individuals possess a distinctive circumstance wherein they possess land that can be utilised to help the aforementioned endeavour. A significant number of enterprises located along the beach front lack the necessary capacity to make such changes. [bookmark: _Toc162976000]Figure 4: Submitted plans for relocated facilities.


[bookmark: _Toc163050915]The Presented Plans
After the severe storms that ravaged Newgale in 2014, talks began about a more permanent plan to protect the road adjacent to the shingle flood bank. A visit from the Prime Minister at the time tying into part of a UK wide tour to learn lessons from the damage caused gave locals hope of some form of remedy to the inefficient measures currently in place, (Western Telegraph, 2014). Some businesses in the area had been closed for a prolonged period of time.
The public were consulted on several plans between 2016 and 2017 with PCC and Atkins delivering an animation showing the effects of tidal range over the next 100 years to highlight the need for a different route, (Atkins, 2023). However, no consideration given toward saving the businesses adversely effected by the lack of improving flood defences despite their objectives for the project stating “The Newgale area remains a place for a range of businesses, appropriate to the changing coast.” and simply abandoning the road and the North-South village connection.   
[image: ]Atkins the company charged with delivering the design and subsequent project post community discussion put forward for consideration several potential road options, which were reduced to four. All assessed against the Transport Planning Objectives (TPO), none of which met the objective to conserve and/or enhance the National Park, despite measures included in each option to ensure flora and fauna were protected or replaced, with some less capable of meeting the objectives than others, (National Park Authority, 2017). [bookmark: _Toc162976001]Figure 5: TPO Assessment

This information was then scored and costed. This reduced the options to just 3 due to poor performance and unreasonably high costs. Adhering to the Wellbeing for Future Generations (Wales) Act 2015 policy to ensure communities remain connected. Which assures the new conditions are applied to all new roads going forward.
[image: A table with numbers and text
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[bookmark: _Toc162976002]Figure 6: Cost of Road Options
The option going forward was option J, which was preliminary costed at £15.90m but has since been estimated as high as £30m, (BBC News, 2018) with £615,000 already spent on consultation costs up to February 2023 (Llywodraeth Cymru, 2023), which has also been questioned by STUN stating it is closer to £2m. 

Option 3B
The options range from 3b, a simple relocation of the road some 50 meters back from its existing location at a raised elevation. 
[image: A drawing of a bridge
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[bookmark: _Toc162976003]Figure 7: Option 3b road relocation.
This alternative would include the razing of the Duke of Edinburgh Public House, which regrettably experienced a recent fire (BBC News, 2024), but was previously prone to frequent flooding whenever the tide overflowed. This choice ensures that the location remains easily reachable for both local people and tourists. When storms cause the shingle to be pushed onto the existing road, the beach would appear visible from the road and shops along the shoreline, as the raised viaduct road allows flood waters to flow beneath the road and onto the flood plain beyond.

Option J
This option removes the road from the Newgale area completely and instead places it at the two closest villages, Roch and Pen Y Cwm.

[image: A map of a roller coaster]
[bookmark: _Toc162976004]Figure 8 Option J Roch Roundabout.
When considering the design of a new road, the optimal approach would involve following a linear trajectory from point A to point B. Upon the completion of the new road development, it is anticipated that the volume of traffic originating from Newgale at the Roch roundabout will significantly decrease. This raises inquiries regarding the rationale behind the design of the roundabout. The length of this route exceeds the necessary length, which poses a risk of harming the plant and animal life in a larger region. Additionally, it contributes to heightened air pollution in places that are currently unoccupied due to their wide fields and agricultural land, (Manisalidis, et al., 2020). This option could be seen justifiable if there was contemplation of an additional residential project along the road, no planning has been pursued for any such project presently.

Option 7
Similar to Option J, this route lacks a direct link to Newgale, necessitating people to drive to the adjacent community in order to access the main road. The absence of a sidewalk connecting Newgale and Pen y Cwm or Roch will negatively impact public transit users. 

[image: A map of a road

Description automatically generated]
[bookmark: _Toc162976005]Figure 9 Option 3 plan.
The designs do not indicate an intention to provide a pathway connection. A significant proportion of the inhabitants in Newgale are elderly and may lack the ability to operate a vehicle or require aid to navigate their surroundings. The proposed plans primarily aim to completely bypass Newgale, without providing any details regarding the expansion of services to sustain the existing facilities in Newgale. This route is even longer than option 3 and suffers the same environmental concerns over a larger area, passing through some smaller hamlets along the way, creating more road-based vibration in older buildings that may suffer structurally as a result.
Public Options.
More recently a local community group Stan Up for Newgale (STUN) has come forward with a plan that would cost a fraction of the council development plans and potentially protect Newgale for 80-100 years, allowing for a more sustainable development to be considered, and more time to closely monitor the rising sea levels. 

[image: A diagram of grounding and grounding

Description automatically generated]The plan involves moving the existing shingle bank further onto the beach by 10-12 meters creating an over wash area allowing for the safe placement of water until the tide retreats. [bookmark: _Toc162976006]Figure 10: New Alternative Flood Remedy

The group advocates that the £13,000 PCC spent moving the shingle bank back into place  in 2014 is a minimal amount when compared with their estimated costs of £2m already spent, which could have supported the bank for over 3000 years based on these surges only occurring approximately once every 25 years, (Sinclair, 2024). This application has been submitted to the National Park planners for consideration. 
This is just one idea that has surfaced outside of the PCC which could have positive impacts on businesses in the area, and lead to other ideas developing over time. With the Welsh Government recently investing in tidal based projects, (Llywodraeth Cymru, 2024).

[bookmark: _Toc163050916]Social and Economic 
Based on the UK 2020 Census, there are currently 5.3 million people living in coastal areas, which marks a 32% decrease in population compared to 2009. Moreover, the employment rate in such coastal towns has witnessed a decline of 50% according to the ONS (2020). 
[image: A graph of different colored bars

Description automatically generated with medium confidence]It is anticipated that these statistics will continue to rise after the pandemic, with second homes accounting for as much as 40% of the available accommodation in certain regions (Prifysgol Abertawe, 2021). In the last 30 years, insufficient growth of social and affordable housing in these areas has made it impossible for many people who were born there to afford homes in their childhood neighbourhoods. The impact of climate change induced by human activity will exacerbate an already perilous situation. By 2080, it is projected that up to 100,000 habitable buildings in the United Kingdom may be at risk of being submerged in water (Cooper, 2018). Considering a lack of new social housing developments in urban areas, away from the coastal lands that will be eroded by future rising sea levels, this creates a very precarious position with no properties for those left homeless once the houses in these areas succumb to the sea, (Mullane, 2023)[bookmark: _Toc162976007]Figure 11: Coastal town deprivation levels higher than counterparts (ONS.Gov, 2020)

[image: A map of a country

Description automatically generated]The Environment Agency released a roadmap (2024) in response to the report from the Committee on Climate Change (CCC), which detailed methods to improve the United Kingdom's readiness to address the increasingly unavoidable and disastrous effects of climate change. The roadmap specifically focused on riverbank areas as well as coastal districts (UK Government 2022). The Welsh government has earmarked £75 million for the Flood and Coastal Erosion Risk Management (FCERM) plan, aimed at protecting 336,000 properties in Wales through the implementation of 2000 new defence measures (Dept for Environment, Food & Rural Affairs, 2021). However, a substantial proportion of the proposed investments prioritise heavily populated areas in Southeast Wales and North Wales, whereas the West Coast, which faces the most catastrophic yearly storm surges, is not given sufficient attention. [bookmark: _Toc162976008]Figure 12: FCERM Wales (Gov.Wales, 2023)


[bookmark: _Toc163050917]UK Energy Production
The United Kingdom's energy supply has been significantly affected by the conflict between Russia and Ukraine, leading to disruptions in energy imports over the previous two years. The significant surge in energy expenditures since the commencement of the battle is evident, with bills escalating by up to one thousand pounds per adult (Lawson, 2023), primarily attributed to the prevalence of poorly insulated dwellings in the United Kingdom. These residences rely significantly on natural gas for heating and have poor energy performance certificates (EPC) ratings. This is particularly evident in Wales, where the housing inventory is deteriorating significantly and, as a result of listed building barriers a considerable number of individuals are incapable of minimising their carbon footprint due to higher costs and set parameters for alterations.
The Welsh government has made a commitment to transition to lower carbon emissions options and reduce its carbon footprint by utilising advanced technologies. This initiative ‘Wales Innovates 2023’ (Llywodraeth Cymru, 2023) .The goal is to achieve complete reliance on renewable energy sources by 2035, with a capacity of 1.5GW, all of which will be held by local entities. Additionally, there is a goal to achieve a renewable energy capacity of 5.5 Gigawatt by the year 2035. However, the realisation of this target is contingent upon increased backing from the UK Government and a decrease in the cost of the technology, (Gov.Wales, 2023)
In February 2014 plans for a tidal lagoon in Swansea Bay were submitted to the government for approval by developer Swansea Bay Tidal Lagoon. This plan was granted £200m of government funds in 2018 (Tethys, 2021) which was quickly rescinded due to the belief that “Did not meet government requirements for value for money” (Clark, 2018) by 2021 the plan had been completely side-lined due to running out of time to begin work. 
Since then, the plan for another waterfront renewable energy projects have been proposed, including tidal lagoons, floating solar panels, battery storage facilities and green hydrogen production as well as a transport hub, with the larger scheme including affordable homes and an oceanic research centre at a location in Swansea Bay, (Pitcher, 2022) this will be the world’s biggest tidal power project, enclosing an area of approximately 12km of sea its predicted annual power generation capacity of 120MW, enough to power approximately 120,000 homes for 120 years. As Swansea itself is a growing city this would greatly reduce its future demand on the power grid. This information could change as the plans have been altered several times. 
[image: Severn Barrage - Tidal Power]As part of the electricity generation expansion, other projects are being carried out along the coast of Wales, one of these projects is a colossal barrage that spans thirty kilometres between Prestatyn and Llandudno (Menteth, 2023) with further projects at the Severn Estuary which after many years deliberation has provisionally set upon a 10-mile barrage between Cardiff and Somerset, (Stevens, 2021)
Tidal projects are exceedingly uncommon, despite their ability to produce continuous electricity. The most commonly implemented type of tidal project is tidal power plants, and even those are rare with just 9 currently in operation today, (Tara Energy, 2024) The largest being Shiwa Lake Tidal Power Station in South Korea and a tidal barrier, which was established in La Rance, France, in 1966. Tidal power exhibits a notable degree of dependability and a superior lifespan in comparison to its rivals, (Husseini, 2018). 
Scotland presently generates 2% of the global tidal energy capacity via tidal streams, which is a significant quantity considering that Scotland's population accounts for only 0.1% of the world's total. Scotland, which covers 63% of the UK ocean front, is highly suitable for tidal development. Wales have a comparable capacity to harness a substantial quantity of tidal power through a diverse range of tidal techniques.  
The future prospects of tidal energy are promising, given the existing facilities have demonstrated superior durability compared to their competitors. The estimated duration of construction for the North Wales project is around 10 years. This project spans a significant distance of 30km and is expected to provide a huge amount of energy that surpasses the capacity of fossil fuels and nuclear power. Decommissioning is a more environmentally friendly and secure process, as it does not involve the use of harmful chemicals or contaminated soil after usage. The new planned projects are priced significantly lower than the ongoing Nuclear plant development by EDF, which has had multiple delays in its completion date, resulting in a corresponding increase in budget, by £28bn, (Duckett, 2024).
 
[bookmark: _Toc163050918]Energy Production Comparison

The electricity generated from fossil fuels has decreased by 66% (199TWh) since reaching its highest point in 2008. Among the total, coal has had a decrease of 97% (115TWh) and gas has decreased by 45% (80TWh). These decreases have been attributed to the swift growth of renewable energy, which has increased sixfold since 2008, amounting to about 113TWh, and a decrease in power demand, which has decreased by 21% since 2008, amounting to approximately 83TWh. Consequently, fossil fuels accounted for a mere 33% of the electrical supply in the UK in 2023, marking its lowest proportion to date. Among these, gas constituted 31%, coal slightly above 1%, and oil slightly fell below 1%, (Evans & Viisainen, 2024)
The transition to renewable energy has led to a rise in the development of new power plants, both on land and in offshore locations. However, despite the potential for significant tidal energy generation throughout the United Kingdom, there has been a lack of interest until lately, with Wales emerging as the leader in lagoon projects. Table 1 demonstrates that the building expenses for tidal projects are significantly lower compared to the expenditures associated with constructing a nuclear facility. The La Rance tidal barrage achieved self-sustainability within a span of 20 years. The technology is anticipated to have a lifespan of 100 years, rendering it economically advantageous when compared to alternative sources. This is further highlighted by the decommissioning costs for Nuclear estimated at £121bn, with a completion date of 2120 (Nuclear AMRC, 2024). 
Tom Burke (Guardian, 2017) stated that Hinkley and “Nuclear simply doesn’t make sense any more”, the cost of construction, “The maths doesn’t work” which has become more evident every time the cost rises, and the completion date moves. The longer this takes to complete the more renewable projects will come online which will lower the price of energy, (Czyzak & Fox, 2023).


	Resource
	Energy Per Year
	Lifespan
	Cost

	Tidal barrage
	540 GWh
	50 – 100?
	£75m (£1.7bn today)

	Tidal Lagoon NW
	5TWh
	120+
	£7bn

	Tidal Lagoon Swansea
	500GWh
	120+
	£1.3bn

	Tidal Power Plant
	552 GWh
	50+
	£442m

	Nuclear
	3.2GW
	40 – 50
	£46bn

	Solar farm
	50MW
	25 – 40
	£50m

	Offshore Wind
	4000MW
	27 – 30
	£120m

	Onshore Wind
	6,000,000
	30 – 40
	£75m

	Coal
	2GW
	45 – 60
	£300m

	Gas
	2200MW
	30 – 40
	£800m


Table 1: Power Plant Costs
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The Rance barrage is the first and only tidal barrage constructed in Europe. The tidal barrage, an infrastructure project initiated in 1966, serves as the exclusive precedent that provides significant insights into the enduring implications associated with the construction and operation of such a facility. [image: A view of La Rance Tidal Barrage (Takenouchi et al., 2006). ][bookmark: _Toc162976009]Figure 13: La Rance Tidal Barrage 2006


 It’s construction was seen as an experimental project aimed at constructing a much larger tidal barrage that would span the Baie de St Michel, linking Cancale and Granville in the Normandy region. The aforementioned barrage was not constructed, and Électricité de France ("EDF"), the operator of the Rance barrage, has stated that it has no desire to build any other tidal barrages in France. In contrast, the EDF places emphasis on allocating resources toward Nuclear and offshore wind turbines as its primary method of procuring supplementary renewable energy, (EDF, 2024)
The implementation of the barrier led to the conversion of the Rance estuary into a freshwater lake, resulting in the total eradication of many organisms inhabiting the marine environment, (White, 2013). Following the introduction of the barrier, the Rance estuary experienced a notable shift towards a marine basin, the water levels were no longer subject to the impact of tidal patterns, but rather completely governed by the operation of the barrage. The basin has significant differences compared to the estuary before the construction of the barrage. There has been a notable rise of around 2.5 metres in the average water levels, accompanied by a decrease of 40% in the tidal range. Consequently, the intertidal area has been reduced from 70% to 50%, (Retiere, 2008)
Following the start of the barrage, a period of 10-12 years passed until a new environmental balance was achieved. The present state of environmental equilibrium displays significant differences compared to its former condition and is strongly dependent on the operation of the barrage. A number of fish species, such as conger eels, flat fish, and sand eels, have experienced a complete or substantial decrease in population. The evaluation of the possible impact of the barrage on salmonid migration is not feasible due to the minimal presence of salmon and sea trout in the Rance river prior to its creation, (Kirby & Retiere, 2009). Nevertheless, there is evidence suggesting that larger fish from various species face challenges while attempting to navigate between the turbines.
Post implementation of the barrier, a significant buildup of sediment has occurred within the basin. The occurrence of this phenomenon is likely to have been influenced by the barrage. The barrage's operation allows for the sustained maintenance of elevated water levels for a maximum of eight hours and reduced water levels for a maximum of four hours within a 24-hour period. Prolonged periods of slow-moving water, leading to decreased water movement, promote the sinking and settling of suspended particles inside the water, (EDF, 2009)
The process of silting has led to the establishment of plant colonies in specific areas of the basin that are highly sifted, resulting in their conversion into salt marshlands. As a result, this has led to the depletion of previously productive fish nursery areas and bird feeding grounds. The issue of silting, and the possible role of the barrage in worsening this phenomenon, is currently a subject of significant disagreement among the villages neighbouring the Rance and EDF, (Wolf, et al., 2008).
Comparison of the Rance barrage and the proposed Severn estuary barrage illustrates that even if the large-scale death of marine life caused by the construction of the barrage were avoided, the environmental impacts of operating a tidal barrage are anticipated to be extremely substantial, (Sustainable Development Commision, 2007). The fundamental contrast between the Rance and the Severn rivers resides in the scale of the watercourses implicated and the range of species affected. In the pre-barrage era, the Rance river exhibited a scarcity of migrating anadromous fish species, including salmon, sea trout, and shad, alongside a little estuary. Conversely, the rivers that flow into the Severn estuary cover a large area of water and provide as habitats for extensive populations of migratory salmonids, shad, and eels, along with other species, (Marine Biological Association, 2003)

[bookmark: _Toc163050921]Sihwa Lake Tidal Power Station
Situated in Ansan, Republic of Korea, the Sihwa Tidal Power Plant is an impressive engineering accomplishment that showcases the immense capabilities of renewable energy sources. Being the largest tidal power facility globally, it serves as a symbol of optimism for a future fuelled by environmentally conscious and renewable energy.
The plant was built by the Korea Water Resources Corporation (K-water) completing in 2011, and it has a notable installed capacity of 254 MW. Its environmental impact is a multifaceted matter, encompassing both advantageous and disadvantageous facets. One notable aspect is that the facility has had a substantial impact in mitigating carbon emissions. [image: Sihwa lake tidal power station]
[bookmark: _Toc162976010]Figure 14: Sihwa Tidal Power Plant

The annual electricity generation of 552.7 GWh is comparable to the quantity of 862,000 barrels of oil or 315,000 tonnes of CO2, (IHA, 2016). This is approximately equivalent to the annual carbon dioxide emissions generated by 100,000 automobiles. The decrease in carbon emissions represents a vital measure in the effort to alleviate the impacts of climate change.
Nevertheless, the establishment and functioning of the facility have also resulted in alterations in tidal currents, hence impacting water temperature and salinity levels. These modifications can exert a substantial influence on nearby marine environments, potentially disturbing the equilibrium of species and impacting biodiversity. There are other apprehensions regarding the potential ramifications of the turbines on the indigenous marine fauna. The possible harm to marine species may arise from the pressure fluctuations induced by the rotational motion of the blades, (Lee, et al., 2014).
However, it is important to note that the Sihwa Tidal Power Plant has also contributed to environmental rehabilitation efforts. The establishment of a freshwater lake was a direct consequence of the construction of a 12-kilometer-long embankment in 1994. Regrettably, the lake experienced significant pollution as a result of sewage leakage originating from a nearby industrial complex, (Park & Lee, 2021). The tidal power plant's functioning has mitigated this pollution by facilitating the inflow of seawater into the lake. The introduction of seawater has contributed to the mitigation of contaminants and the enhancement of water quality within the lake, (Bae, et al., 2010).
Table 2 highlights the UK’s drive toward renewable energy with tidal projects. The projects range from small tidal streams to large lagoons.
	Project
	Location
	Power Production

	SIMEC Atlantis
	Scotland
	22MW

	HydroWing
	Wales
	10MW

	Orbital Marine Power
	Scotland
	7.2MW

	Magallanes Renovables
	Scotland/Wales
	4.5MW

	Verdant Isles
	Wales
	4.9MW

	MOR Energy
	Wales
	4.5MW

	Swansea Bay Tidal Lagoon
	Wales
	596GWh

	Wyre Barrage
	England
	160MW

	Mostyn Docks
	Wales
	294GWh

	Mersey Barrage
	England
	700MW

	North Wales Lagoon
	Wales
	5TWh

	Morecambe Bay 
	England
	7.8TWh


Table 2: Tidal projects in Development



[bookmark: _Toc163050922]Potential Effects of a Lagoon at Newgale. 
Newgale beach is located in St Brides Bay, which is home to a diverse range of marine species which would need to be protected should any development be considered in the bay. For example, if Option 3B had been chosen the vibrations from the construction may have an effect on the marine life due to its close proximity to the shoreline. The subsequent list has several species that reside within the designated region:
Marine mammals: 
According to Strong and Morris (2010), Grey Seals are a species of marine mammals that engage in regular migration to the shoreline throughout the autumn season, mostly for the purpose of reproduction. 
Bottlenose dolphins 
Risso's Dolphins 
Common dolphins 
Minke whales
The species known as Harbour Porpoises are frequently sighted in the region, as documented by Jenkins et al. (2016). 
European otters, a species known for its elusive nature, are frequently observed in coastal regions (Liles, 2009).
Fish species include Bass, Small Eyed Ray, Baby Tope, Codling, Doggies, Dover Sole, Flounder, Dab, Turbot, Tub Gurnard, Pouting, Whiting, Green Eel, and Blennie. 
The avian species under consideration are Manx shearwaters, razorbills, gannets, and guillemots. There are a total of 100 unique sponge species, 40 different varieties of anemone and soft coral, and 65 diverse species of sea slugs.
Seagrass, the only plant that blooms beneath the water's surface in coastal areas of Britain, forms meadows that help to stabilise the sediment and provide shelter for fish, (Project Seagrass, 2024). Maerl is a species of marine algae characterised by its chalky red hue and its characteristic loose lattice arrangement functions as a habitat for multiple animals.
A tidal lagoon can exert substantial influence on coastal erosion and the accumulation of silt. Below are many overarching impacts derived from research conducted in comparable settings. Coastal erosion can occur as a consequence of the establishment of a tidal lagoon, leading to alterations in the position of the barrier breaching (tidal inlet) and subsequently causing erosion on the barrier, (National Resources Wales, 2022). The probable consequences of this action include the destabilisation of the barrier and an increased probability and magnitude of future lagoon opening. Accumulation of Silt, exposing a lagoon to the ocean can lead to a rise in sediment deposition within the lagoon. This phenomenon has the potential to result in a reduction in the width of the lagoon barrier and alterations in the positioning of the tidal inlet and erosion sites, (Morton, et al., 2000).
The potential effects on Newgale Beach would be contingent upon several aspects, encompassing the lagoon's architecture, regional tidal patterns, and the prevailing coastal geology. It is crucial to acknowledge that these consequences can have significant repercussions for the indigenous resources and ecological services that are the foundation of the sustenance and welfare of local communities, (Cooper & Firth, 2018).
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Tidal lagoon calculation
Assuming a circular shape with a 2-mile (3218m) circumference (1 mile = 1609m) and that the tidal range is an average of 10m.
Circumference of lagoon (a circle) = 2πr = 3218; 
Area of lagoon 				
Volume of water stored = area x depth of water (assuming 10 m is the average)
Volume of water stored = 4277620 m3(1)
Gravitational potential energy stored by water in lagoon (GPE) is given by:
GPE= mgh (mass of water x gravitational field strength x height of water)	(2)
Mass of water stored = density of sea water (average of 1025 kg m-3) x volume of lagoon (1)
Mass of water stored = 1025 x 4277620 = 4.385 x 109 kg (3)
Using equation (2), the value (3) and a gravitational field strength of 9.8 N kg-1 gives:
GPE of water stored (per tide) = 4.385 x 109 x 9.8 x 10 = 4.297 x 1011 Joules (4)
1 Watt-hour (Wh) = 1 Watt x seconds in 1 hour = 1 x 3600 = 3600 J (5)
Divide (4) by (5) gives the GPE per tide in Watt-hours
GPE per tide  Wh (6)
Giga = 1x109, so divide answer 6 by 1x109 gives:
GPE per tide (7)
Two tides per day and 365 days per year so total energy available is:
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[image: A collage of cars on a street]In order to accommodate the notion of a coastline design, a new road will be constructed. This road will closely follow the same path as option 3, and it will enhance land utilisation by elevating the surrounding area to match the height of the shingle bank. Implementing this solution would decrease the sharp slope at the North and South ends of the road, hence resulting in a reduction of CO2 emissions when vehicles pass through the hamlet. By accommodating the Brandy Brook river to pass beneath the construction, elevating the road would effectively prevent it from being susceptible to floodwater. The road between Roch and Newgale would be enhanced to provide safe walking and cycling options for residents of both villages, (Eichler, 2018). This includes the construction of footpaths, a bike path, a green verge, and trees to mitigate the road's surface temperature, as show in Figure 15. Whilst the roads locally have plenty of hedgerows there are few streets lined with trees, new projects should consider this in their development and adhereance to improving flora, (Pow, 2024)[bookmark: _Toc162976011]Figure 15: The cooling effect of trees
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The lagoon would extend down the entire length of the beach, bending inward at its northern and southern ends, where it currently meets the shingle bank. However, the shingle bank would eventually be replaced by a shoreline development. The curved form provides a more authentic defence against the waves, imitating the way a natural rock formation would be positioned. 
Turbines would be positioned along the curve of the lagoon walls to generate power, while rocks would be placed on the outer walls to redirect the force of the storm waves. The turbines in the tidal wall are positioned above the level of full low tide to guarantee the long-term existence of the lagoon for recreational purposes. A marine science laboratory would be established to monitor long-term changes in marine ecology, including the impact of the lagoon construction, rising sea levels, and increasing temperatures. This laboratory would serve as an educational facility for marine courses offered by Pembrokeshire College and UWTSD. 
Several creative renderings were made for this purpose:
[image: A aerial view of a beach and a city

Description automatically generated]This choice involves the creation of a submerged body of water with a barrier that controls the flow of tides at the edge of the land. By implementing such an alternative, the designer ensured that the beach proper remained easily accessible, which would be highly desirable for surfers and water sports lovers. Additionally, this approach added a contemporary touch to the lagoon, allowing for permanent water access. Such pools are highly sought for in nations such as Australia.[bookmark: _Toc162976012]Figure 16: Artistic Render 1

[image: A aerial view of a beach

Description automatically generated]The second option splits the beach into 3 distinct sections, creating a natural flow for the brandy Brook river across the front of the shoreline, with an entertainment complex creating a bridge between the sections, and tidal gates that allow boats to be brought in to shelter during rough storms. Again this still provides open access to the beach beyond limiting potential habitat disruption.[bookmark: _Toc162976013]Figure 17: Artistic Render 2



[image: A large pool surrounded by water] This option offers enhanced visibility of the structure and ensures complete protection of the multi space through the lagoon structure. It preserves the natural beach by redirecting the waves to the sides of the lagoon, thereby reducing the intensity of surges. Additionally, it diverts high tides away from the populated area and towards the higher section of the beach where the road is situated, minimising potential risks.[bookmark: _Toc162976014]Figure 18: Artistic Render 3
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Upon the completion of the lagoon development, a subsequent phase of work would commence. The proposed waterfront development aims to address the pressing demand for social housing, retail spaces, various hospitality establishments, and a significant hotel that pays homage to the former seaside public house. This development seeks to establish a strong link between the modern and old elements of the area. By establishing a hotel, the location may accommodate tourists while avoiding the fate of becoming an abandoned town, a common occurrence in many Welsh settlements. 
[bookmark: _Toc161059823]The architecture of the project will have a vernacular design, with a stone exterior and red slate roofing, as depicted in figures 16 and 17. This combination will provide a blend of traditional and modern aesthetics in the final result. The buildings will be designed and constructed to meet the PassivHaus standard, resulting in lower energy bills and protection against the strong winds from the Irish Sea. The entire development process will prioritise the use of locally produced stone and quarry materials to minimise carbon emissions from transportation. This approach aims to incorporate as many local enterprises as possible in the project.
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The objective of this method is to gain an understanding of the public's opinion regarding the proposed road development at Newgale beach, Haverfordwest, in comparison to other potential initiatives that could revitalise Newgale and transform it into a hub for energy generation, leisure, and tourism, along with essential social and affordable housing. Utilising findings from comparable projects to ascertain the potential of a tidal lagoon in safeguarding Newgale against floods, hence facilitating the construction of the aforementioned facilities. 
The concept of a tidal lagoon is currently purely theoretical, with just a handful of comparable tidal projects of similar magnitude existing globally. This was a challenge while determining the optimal methodology to employ for this investigation. After thorough deliberation, the optimal course of action was determined to do a sequence of interviews and focus groups in order to cultivate an informed comprehension of the perspectives held by diverse experts, the general populace, and prospective engineering scholars affiliated with Pembrokeshire College. Extensive theoretical inquiry is necessary due to the ongoing challenge of obtaining empirical evidence. The importance of this research lies in its potential to demonstrate that there is an opportunity in public opinion and minimal or insignificant environmental impact associated with the utilisation of a tidal lagoon to mitigate the force of storm waves, thereby safeguarding the area from the most severe consequences of climate change, (Elliott, et al., 2018).
This involved conducting interviews with professionals in environmental studies, coastal engineering, species experts, educators, and local business owners, (Adeoye-Olatunde & Olenik, 2021). Numerous individuals have been involved in the present initiative undertaken by PCC and Atkins, with the objective of conducting Environmental Impact studies and financial risk assessments. 
This study aims to further explore the possibilities of tidal lagoons as storm walls, as several of them are now in the planning process across Wales. The Welsh government's decision to proceed with their renewable energy strategy presents a promising opportunity to address a void in the industry and evaluate the proposed theory. 
With many energy companies opting for wind and solar to suggest a tidal lagoon would require financial forecasting to make such a project appealing. 
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(National Resources Wales, 2023) classes Newgale as High-Risk flooding from the sea, is a popular camping destination with numerous surfers taking to the waves on any given day. Yet it is routinely plagued by storm surges that break the current shingle bank flood defense, turning the campsite into an extension of the beach itself. With few properties on the shoreline at risk, it is understandable why the council would set in motion the road development it has chosen. 
When it comes to protecting their land and their people, the residents who live in Newgale, which is located in West Wales, exhibit an extraordinary level of vigilance and show the utmost prudence (Belanche, et al., 2021). The possibility of losing that connection through measures they have no control over is not a situation the residents are willing to accept without protest.
Conducting in depth research to the benefits of tidal projects allowed for an architectural plan to be developed which could be implemented at Newgale, using sympathetic technological advancements to ensure environmental issues encountered by La Rance, and Sihwa are mitigated by careful design and ecological enrichment.

[bookmark: _Toc163050930]Interview
The use of a mixed-methods strategy, which included both formal and unstructured interviews, as well as an additional focus group session, were implemented in order to guarantee the collection of comprehensive data from a wide pool of participants. The initial method consisted of conducting interviews with a single group, but this strategy required more information. This evolved from that earlier method.
The need for a nuanced and in-depth exploration of the perspectives and considerations within the local professional community was the driving force behind the selection of the interview method, (Rutledge & Hogg, 2020), (Clements, 2023) The selection of this method was based on the notion that interviews provide a one-of-a-kind platform for participants to communicate their opinions, which enables a more in-depth comprehension of their perspectives in comparison to other methods of data gathering (Knott et al., 2022). In addition, it made it possible to conduct a more individualised and in-depth investigation of the participants' perspectives regarding the proposed route, as well as to investigate several alternative ideas. Rather than strictly sticking to the coastal retreat strategy, the objective was to investigate the awareness of and consideration of various choices, such as the building of a shoreline and a tidal lagoon. 
The selection of the interview method was made with the intention of collecting qualitative data that would contribute to a comprehensive analysis of public sentiment, (Jamshed, 2014). This would make it easier to make decisions that are both informed and inclusive regarding the future development of Newgale and the areas surrounding it. Additionally, this method has the potential to be implemented in other regions that are vulnerable to coastal erosion and storm surge phenomena.
Given the wide range of people who took part in the study, it was absolutely necessary to conduct individual structured interviews with each and every participant. This was necessary due to the fact that the subject that is being studied is exploratory in nature and is based on a theoretical case study that does not have any previous examples to compare the data against. It was vital to carefully tailor the terminology in order to prevent the participants from considering the progress as being unnecessary and utopian. 
All Participants were linked by a common professional attitude towards the topic. This became clear once the initial interviews were over, despite the fact that the participants' levels of competence were different. As a consequence of this, a second round of interviews was carried out with an assortment of members of the general public who had visited Newgale beach, (Sousa & Clark, 2018). The incorporation of this secondary information made it possible to gain a perspective of the general public, who are the ones who utilise the area the most frequently, in contrast to the professionals, who may only visit Newgale on a very infrequent basis for work-related reasons. The interviews were brief and organised in such a way as to avoid taking up an excessive amount of time from the participants, and to acquire a straightforward understanding of the general public's familiarity with the existing plan.
A small focus group of 7 members comprised of students from the engineering department at Pembrokeshire College was included in the methodology in order to extend the collective perspective. With the realisation that the majority of the existing participants were adult members of the population who had deep ties to Pembrokeshire, it became obvious to the study that this decision was necessary, (Hattery, et al., 2022). On the other hand, we were aware of a significant omission: the voices of the younger generation, which includes the prospective future residents, workers, and scientists who are participating in initiatives such as the lagoon, had not been heard. Despite the fact that a considerable number of people leave Pembrokeshire to attend university, these are the very people who frequently find themselves hesitant to return since they believe there are fewer options available to them. This was completed March 2024 during one of their regular lessons, to minimise interruption of their time. 	Comment by Lara Hopkinson: Again, be clear - when, how, what questions, etc.  What additional relevance does the focus group give?  Don’t forget to use citations as much as you can.
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[bookmark: _Toc163050932]The Professional Participants
8 Participants were initially chosen based on their involvement in the community, their thorough grasp of coastal erosion, their knowledge in environmental concerns, their ownership of a company, and their prior experience in the teaching profession. Despite the fact that additional individuals were approached, 3 decided not to participate in the interview process owing to a variety of reasons of their own choosing, leaving 5 available for interviews. During the course of the extended period of time that was necessary to finish the report, certain interviews were repeated because additional inquiries were pertinent to the research at that particular point in time. As a result of the release of new information, the objective of this study was to ascertain whether or not there was a shift in the general public's viewpoint (Read, 2018). 
In order to supplement the participants' existing specialised knowledge, the questions were developed with that specific purpose in mind. In the beginning, the focus is placed on the strategy that is now being implemented, which is the construction of a new road. Following that, the attention is shifted to the conceptual advancement of the retail and residential project along the shoreline and the tidal lagoon. The objective of this project is to create a new road path that will have a smaller impact on the environment, but at the same time that it will still provide direct access to Newgale and other locations.

[bookmark: _Toc163050933]The General Public
Soon after the first round of interviews came to a close, it was considered useful to gain the views of the general public. A following set of structured interviews was carried out in order to carry out a more in-depth investigation of the viewpoints held by the local community regarding the possibility of Newgale being abandoned by the year 2036. 10 participants were approached along the beach over a period of 2 weeks and were asked to take part in structured interviews, which enabled the collecting of data in a methodical manner. All participants were asked the same set of questions to simplify the process and to discover if there was any quantitative as well as qualitative data. There were questions about awareness, attitudes, perceived benefits, hazards, and environmental effect that were included in the interview. By conducting interviews with a varied group of people, a variety of perspectives were gathered. The quantitative information that is gathered as a result will be used to guide decision-making and will contribute to the discussion regarding coastal development. 
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Within the framework of an engineering project, the demographic poised to reap the greatest benefits is often the one with the potential for the most substantial impact. However, in the context of the previous two groups, which were exclusively composed of mature adults, the voice of the younger generation remained conspicuously absent. To address this gap, a focused dialogue was initiated with a select group from the engineering department at Pembrokeshire College. This group, comprising just seven participants, engaged in a thoughtful exploration of the tidal lagoon hypothesis and its implications for their future professional trajectories. The small size of the group proved effective in minimizing conflicts and fostering meaningful exchange. By including these emerging engineers, the aim was to amplify their perspectives and ensure a more holistic decision-making process.

[bookmark: _Toc163050935]How was the method developed?
The individuals who took part in the study were given a written informed consent form that detailed the tasks that were being requested of them, the rights that they are entitled to, and the measures that will be taken to safeguard their privacy and confidentiality.
For The Planned Interviews
It was crucial to comprehend the current knowledge of the PCC/Atkins development during the interview creation process. Given the distinct roles held by each professional, the inquiries were centred around their respective specialised domains and the manner in which the project intersected with their professional trajectory. The closing of Newgale beach will have a direct impact on the careers of those volunteers involved in this particular phase of the study. Ensuring that participants were given the opportunity to express any reservations they had about the project was crucial in presenting the question concerning the tidal lagoon. As the research progressed and further information was revealed, some interviews were longer than others, (Adams, 2015). Additionally, other sites were announced for similar initiatives along the Welsh coast. 
Given that Newgale is located within the National Park, the ecological aspect holds great significance when evaluating even the most minor advancements, (Pembrokeshire Coast National Park Authority, 2013). Consequently, certain experts who were interviewed were deeply committed to guaranteeing the preservation of the natural ecosystem, regardless of the nature of the project being undertaken.
Each interview commenced with a mere 10 questions, however, the majority surpassed this limit at the conclusion of the interview as additional aspects became evident. The consideration of this aspect was taken into account at the first stages of interview development, as individuals often exhibit a high level of enthusiasm and commitment towards environmental issues.

For the General Public Interviews
The primary objective behind the creation of the structured interview for the general public was to optimise efficiency and simplicity, while still affording participants the opportunity to freely articulate their thoughts and perspectives. Evaluating the level of awareness of the PCC/Atkins development was a crucial inquiry to determine if the notification had been disseminated to the general public.
Maintaining a consistent set of inquiries was crucial in order to ensure that the collected material encompassed both qualitative and quantitative data for analysis. By establishing a timeline of 2 weeks, we were able to attract a diverse group of participants who came to the beach for various reasons. Additionally, we chose several sites along the beach to ensure a varied response, as the beach attracts different types of visitors along its 2 mile stretch.  

The Focus Group
The tone of the questions was somewhat eased for the focus group, as the previous methods had been designed for mature adults. Employing a conversational method to engage young adults in discussion was preferred as getting answers to direct questions can be particularly challenging, particularly in an educational environment, (Abdulbaki, et al., 2018). Examining the subject matter via the lens of a building background proved to be a more organic approach in formulating the inquiries. The questions were prepared for a cohort of 12-14 students to ensure equitable participation in expressing their perspectives. 
Minimal focus was paid to the environmental dimension of the project during its first stages, as the emphasis was primarily placed on the engineering potential and prospects, such as the implementation of a tidal lagoon, which may potentially benefit students preparing to transition to university. 
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The first round of interviews, which took place between September 2022 and February 2024, were conducted mostly through the use of digital platforms such as Microsoft Teams and Zoom. The enhanced technological proficiency that was witnessed during the Covid epidemic provided the impetus for the change towards conducting interviews virtually. These contacts that took place online offered more convenience in terms of scheduling when compared to the more typical face-to-face sessions. After completing their obligations for the day, which included work and family obligations, participants frequently chose to participate in the interview sessions (De Villiers et al., 2021).

In spite of the fact that some of the interviews were conducted online the adaptive nature of technology had a significant effect. Participants experienced a sense of ease amid their familiar surroundings, which contributed to talks that were closer to the truth and more insightful. Electronic versions of the interview questions were emailed to the participants in advance of each meeting. They were able to familiarise themselves with the issues and answer any uncertainties that they had about them thanks to the advance preparation. In addition, participants were able to predict the length of the interview and take notes, which ensured that the conversation would be fruitful and well-informed, (Quinney, et al., 2016).
One participant requested they simply reply to the interview questions via email as they wanted to contribute however their workload had increased significantly, and they feared they would not be able to commit to a time before the report needed to be completed. 

[bookmark: _Toc163050937]Structured Interviews
Over the course of two weeks. Members of the general public were approached to participate in a very brief interview. This took place at Newgale beach during periods of high activity as well as times when the area was relatively calm. Occupying as little of their time as possible in order to ensure that they could proceed with their visit as quickly as feasible. In order to elicit the most authentic responses from the participants, regardless of their background, the questions that were asked were kept simple. It appeared that the weather played a significant role in the various kinds of tourists that came throughout the course of the two weeks. On days that were dry and quiet, the visitors consisted of families and people walking their dogs, whereas on days that were more inclement there were more people who came for activities relating to sports and hobbies. 
The questions posed were simple and aimed at getting concise answers, as these were people who used the beach it was more likely that any change, or loss of the beach would have an emotional impact on these people.
• the reason for their visit on that particular day;
 • whether or not their presence was a consistent part of their everyday life; 
• whether or not they were aware of the alterations that were proposed.
• what they thought of the recent developments and how they would approach the issue if they were given the opportunity to do so. 
The concept of the lagoon and the development was then presented to them, and they were asked two more questions:
· would this make the beach more appealing to you?
· would you prefer this proposal in comparison to the retreat plan?

Focus Group
The cohort were informed of the scheduled session a week in advance, they were asked to attend if they had free time to do so. As this was conducted during lesson time and had permission from tutors to attend if they wished. The engineering cohort is not a large and the numbers have dwindled recently as with many built environment courses, (Clark, 2023). 7 students a mix of all 3 years attended and had a very frank discussion where they freely gave their opinion, seeming genuinely excited about the prospect of large-scale engineering projects around the UK.
Using open ended questions the aim was to be able to probe further from responses given in a natural conversational manner, avoiding wording that would cause the participants to feel they have to defend their views, (CPH-NEW, 2024)

[bookmark: _Toc163050938]Timeline for Delivering the Method?
The interview process commenced in the summer of 2022, during which a comprehensive design for the lagoon had not been formed. Rather, a preliminary sketch and a written concept outlining the many components of the entire project were developed. Over the course of time, the plan gradually expanded and became more comprehensive, embracing the entirety of the Newgale region that would be impacted by the closing of the road and the collapse of the sea defences. This provided more in-depth information for the participants in the later interviews.  The interviews were concluded by February 2024, so enabling the subsequent phase of general public be conducted. Utilising the school half term for one of the weeks enhanced the diversity of participation, including those who were on vacation and regular local residents. 
The focus group was arranged for the second week of March 2024, allowing participants to allocate specific time during their academic pursuits to attend the session. This was done to ensure that the session did not interfere with earlier exams or the Easter holidays, which would have posed challenges in terms of gathering students for the session.
This gave ample time for the results to be analysed, picking up any potential patterns in the 3 methods. As there are 3 different groups and 3 different methods the analysis is more complex than analysing one overarching method, ensuring enough time is allocated for this is important to the enrichment of existing research, (Turner, 2020).  

[bookmark: _Toc161059827][bookmark: _Toc163050939]Result

[bookmark: _Toc163050940]Interview Results
The examination of participant feedback unveiled a number of significant patterns pertaining to the suggested development initiatives, including the tidal lagoon project, in coastal regions such as Newgale Beach.
The significance of completing comprehensive environmental impact assessments before initiating development projects was consistently emphasised by participants 2, 3, and 5. The need of comprehending and addressing potential consequences on biodiversity, habitats, and ecosystems was underscored, acknowledging the significance of conscientious environmental management in the context of coastal development.
The significance of community participation and stakeholder involvement throughout the project lifetime was underscored by all participants. The proponents campaigned for the implementation of inclusive planning methods that take into account the opinions, concerns, and requirements of the local community. They emphasised the importance of collaborative decision-making in promoting community engagement and assistance.
The need of incorporating sustainable design concepts and practices into development initiatives was emphasised by participants 1, 2, 3, and 5. The significance of reducing environmental impact, strengthening resilience to climate change, and fostering long-term sustainability was underscored, indicating a collective dedication to responsible environmental stewardship and the preservation of resources.
In addition to recognising the potential economic advantages associated with the projects, Participants 2, 3, 4, and 5 underscored the significance of achieving a harmonious equilibrium between economic development and environmental preservation. They espoused strategies that optimise economic advantages while mitigating adverse environmental consequences, acknowledging the imperative of sustainable development methodologies that prioritise ecological accountability.
Participant 5 emphasised the significance of complying to regulatory frameworks and regulations in order to guarantee environmental sustainability. Other participants also expressed a similar opinion, suggesting a shared agreement regarding the importance of adhering to environmental norms and standards in order to guarantee the effectiveness and long-term viability of development initiatives.
The proposed tidal lagoon project elicited a range of sentiments, spanning both favourable and unfavourable viewpoints.
Favourable mindsets:
Participants 2, 3, and 4 were quite enthusiastic about the tidal lagoon project because of its capacity to provide renewable energy. The individuals acknowledged the significance of shifting towards renewable energy sources, consequently diminishing dependence on fossil fuels.
Participant 4 emphasised the prospective economic advantages linked to the tidal lagoon project, encompassing the generation of employment opportunities and the promotion of economic expansion. The optimistic perspective indicated that the initiative had the potential to invigorate regional economies and generate job prospects.
The educational potential of the tidal lagoon project was highlighted by Participant 4, with a specific focus on its ability to enhance understanding regarding renewable energy and environmental sustainability among students and the wider community. This highlighted a favourable outlook about the project's capacity to promote environmental literacy.
Participant 3 perceived the tidal lagoon project as a favourable prospect for the establishment and rehabilitation of habitats, particularly for indigenous fauna. This viewpoint demonstrated a recognition of the project's capacity to augment biodiversity and promote ecological well-being.
A number of people voiced apprehensions over the potential environmental ramifications associated with the tidal lagoon project. Participant 3 brought attention to the potential impacts on biodiversity, wildlife habitats, and wave action, whilst Participant 5 underscored the importance of safeguarding local species during the building and operating phases, expressing concerns regarding potential environmental damage.
Community Disruption: Participant 4 expressed apprehensions regarding the potential disturbance to the nearby community, specifically pertaining to alterations in infrastructure and heightened vehicular activity linked to the tidal lagoon initiative. This observation implies a pessimistic perspective regarding the potential effects of the project on community dynamics and overall quality of life.
Participant 3 emphasised the concerns pertaining to infrastructure modifications arising from the tidal lagoon project, suggesting potential obstacles in both the execution and functioning of the project. The pessimistic viewpoint expressed apprehensions over the project's viability and applicability.
Participant 3 raised apprehensions regarding the conversion of the natural beach setting into a more advanced, artificially constructed space due to the implementation of the tidal lagoon project. This observation suggests a less optimistic perspective of the project's capacity to modify the ecological terrain and distinctive attributes of the region.
In general, the perspectives of the tidal lagoon project exhibited a range of viewpoints, as participants conveyed a combination of positive outlook regarding its prospective advantages and concerns regarding its potential disadvantages. The presence of various viewpoints highlights the intricate nature and significance of taking into account multiple variables when assessing the viability and appropriateness of extensive development initiatives.


	Positive 
	Negative

	Tidal lagoon seen as a source of renewable energy, offering potential for sustainable power generation.
	Concerns raised about potential negative environmental impacts, including effects on biodiversity, wildlife habitats, and wave action.

	Project viewed as an opportunity for economic growth, job creation, and stimulation of local economies.
	Apprehensions about disruption to the local community, such as infrastructure changes and increased traffic, impacting quality of life.

	Recognition of the educational benefits associated with the project, providing opportunities for community learning about renewable energy and environmental sustainability.
	Challenges highlighted regarding infrastructure changes and logistical difficulties associated with implementing and operating the tidal lagoon.

	Envisioned as a means to create and restore habitats for local wildlife, enhancing biodiversity and supporting ecosystem health.
	Concerns expressed about the transformation of the natural beach environment into a more developed, man-made area, potentially altering the area's character and ecosystem dynamics.




[bookmark: _Toc163050941]General Public Results
A variety of motivations were reported by participants for their visits to Newgale Beach, encompassing recreational pursuits like as surfing, fishing, jogging, and photography, as well as the desire to appreciate nature, engage in family outings, and take study breaks.
The presence of diverse visitor intents in coastal areas underscores their multi-functionality and the significance of taking into account the diverse interests of the general public when making decisions.
 The participants exhibited varying levels of awareness regarding the Newgale Coastal Adaptation Policy and the projected development plans. While certain individuals displayed understanding, others, notably those visiting for recreational purposes or as tourists, displayed a lower level of knowledge.
The awareness of local residents and persons with a vested interest in environmental concerns was shown to be higher, suggesting the significance of focused communication initiatives aimed at fostering wider community engagement.
In general, the prevailing sentiment towards the proposed modifications was predominantly favourable, particularly among individuals who acknowledged the imperative of adapting to climate change and safeguarding coastal towns against the perils of erosion and flooding.
Nevertheless, there were apprehensions expressed over the potential ramifications on leisure pursuits, ecological ecosystems, and the visual attractiveness of the region. The degree of endorsement for the advancements exhibited variability contingent upon perceived advantages and disadvantages, although a shared aspiration for ecologically sustainable resolutions and community engagement in decision-making procedures was evident.
Strategies for Tackling the Problem: The participants proposed a range of strategies to tackle the issue of coastal adaptation and development. These strategies encompassed community involvement, collaboration among businesses, locals and coucil, prioritisation of environmental preservation, and incorporation of educational programmes. The focus was directed towards the principles of openness, sustainability, and the preservation of the distinctive attributes of the region, with the aim of improving safety and accessibility for both tourists and residents.
The notion of lagoon and coastline development was widely seen as having the ability to augment the attractiveness of the beach, particularly among individuals engaging in leisure activities and tourists. The lagoon concept and the coastline retreat plan elicited diverse preferences, with certain individuals exhibiting a preference for one over the other due to perceived advantages such as enhanced amenities, increased visual appeal, and environmental considerations.
The results emphasise the significance of achieving a harmonious equilibrium between the varied requirements and inclinations of the public in the context of coastal adaptation and development planning.
Efficient communication, active involvement of the community, and cooperation with county wide residents and business owners are crucial for cultivating support, resolving concerns, and guaranteeing the successful execution of adaption measures.
Subsequent investigations may prioritise the assessment of the enduring consequences of planned advancements on ecological, social, and economic aspects, alongside the examination of inventive approaches to sustainable coastal governance amongst the challenges offered by climate change.

[bookmark: _Toc163050942]Focus Group results.
Perspectives on Tidal Lagoon as a Means of Shoreline Restoration:
There exists a general consensus in favour of employing a tidal lagoon as a means of safeguarding shorelines, given its potential advantages in harnessing natural forces and offering sustainable remedies.
Participants had concerns over the environmental consequences, expenses associated with construction, and the ongoing maintenance needs, highlighting the importance of thorough evaluation and strategic planning.
Potential economic growth associated with the expansion of Newgale Village/Town is acknowledged by the respondents. However, they emphasise the significance of safeguarding the area's character and natural beauty.
The need of infrastructure design is emphasised, particularly in relation to the ability to withstand future sea level rise and harsh weather events.
Integration of green spaces and sustainable design elements is often regarded as vital in the establishment of a habitable and resilient community.
Post-University: Students exhibit different levels of willingness to go back to Pembrokeshire when finishing their studies, contingent upon employment opportunities that match with their professional aspirations.
Potential reasons affecting their decision include the opportunity to contribute to local projects, such as coastline development.

Employment Opportunities: The region exhibits promising work prospects in various areas, including coastal engineering firms, environmental consulting organisations, construction companies, infrastructure development firms, and renewable energy companies. It is anticipated that the emphasis on sustainability would stimulate the expansion of renewable energy and the advancement of infrastructure. The tidal lagoon is perceived to have the ability to enhance biodiversity and offer recreational activities, in addition to its role in protection.
There are apprehensions regarding the potential disruption of established habitats and recreational activities, alongside the possibility of social ramifications such as alterations in property values and community dynamics.
Further inquiries: The significance of community engagement is underscored as crucial in order to ensure that the project aligns with the requirements and principles of the local community. Engineering students are expected to actively promote sustainable methods and carefully evaluate the long-term consequences of their work. The inclusion of climate change projections and adaption methods, which encompass the assessment of future sea level rise and storm strength, is recognised as a crucial aspect in the design of projects.

[bookmark: _Toc161059828][bookmark: _Toc163050943]Discussion
[bookmark: _Toc163050944]What the Results Show.
The interview results offer valuable insights into the perceptions and concerns surrounding the proposed tidal lagoon project and coastal development initiatives in regions like Newgale Beach. The findings underscore the importance of comprehensive environmental impact assessments, community engagement, and the incorporation of sustainable design principles in such projects. The discussion will delve into these key themes and their implications for the proposed development, as well as recommendations for future actions and research avenues.
Environmental Considerations and Sustainable Development
The interview results highlight a unanimous emphasis on the need for thorough environmental impact assessments before commencing development projects. Participants consistently stressed the importance of understanding and mitigating potential consequences on biodiversity, habitats, and ecosystems. This underscores a collective dedication to responsible environmental stewardship and the preservation of resources. Moreover, the significance of incorporating sustainable design concepts and practices into development initiatives was underscored by multiple participants, indicating a commitment to reducing environmental impact, enhancing resilience to climate change, and fostering long-term sustainability. These findings align with the principles of sustainable development and underscore the imperative of balancing economic growth with environmental preservation.
Community Engagement and Stakeholder Involvement
The interviews revealed a strong consensus on the importance of community participation and stakeholder involvement throughout the project lifecycle. Participants advocated for inclusive planning methods that consider the opinions, concerns, and requirements of the local community. This underscores the significance of collaborative decision-making in promoting community engagement and support. Furthermore, concerns were raised regarding potential disruptions to the local community, infrastructure changes, and increased traffic associated with the proposed development. Addressing these concerns through transparent communication and active engagement with stakeholders is essential for fostering community support and ensuring the long-term success of the project.
Economic Considerations and Regulatory Compliance
While the economic benefits of the tidal lagoon project were acknowledged, concerns were raised about achieving a harmonious equilibrium between economic development and environmental preservation. Participants advocated for strategies that optimize economic advantages while mitigating adverse environmental consequences. Additionally, the importance of regulatory compliance to guarantee environmental sustainability was underscored, highlighting the need for adherence to environmental norms and standards. Balancing economic development with environmental protection requires careful planning and regulatory oversight to ensure that development initiatives are sustainable and environmentally responsible.
General Public Perspectives and Community Involvement
The general public results revealed diverse motivations for visiting coastal areas like Newgale Beach, underscoring their multi-functionality and the need to consider the diverse interests of visitors when making decisions. Strategies proposed for tackling coastal adaptation and development issues included community involvement, collaboration, and prioritization of environmental preservation. These findings highlight the importance of effective communication, active engagement with the community, and cooperation with local government and community action groups in fostering support and addressing concerns related to coastal development initiatives.
Conclusion and Future Directions
In conclusion, the interview, focus group, and general public results provide valuable insights into the perceptions, concerns, and aspirations surrounding the proposed tidal lagoon project and coastal development initiatives in regions like Newgale Beach. Moving forward, it is imperative to integrate these findings into the planning and implementation of development projects, with a focus on environmental sustainability, community engagement, and stakeholder collaboration. Future research should prioritize the assessment of the enduring consequences of planned advancements on ecological, social, and economic aspects, alongside the exploration of innovative approaches to sustainable coastal governance in the face of climate change challenges. By incorporating these insights and recommendations, policymakers, planners, and stakeholders can work together to ensure the successful and sustainable development of coastal regions while preserving their unique environmental and cultural heritage.


[bookmark: _Toc163050945]Tidal Projects On The Rise
Many residents believe that the operation has been excessively prolonged and are frustrated by the lack of information regarding when or if it will begin. They feel as though they are being left in a state of uncertainty, (BBC Wales, 2024). The majority of individuals are currently expressing disapproval towards the recently chosen road configuration due to its inadequacy in meeting the requirements of the hamlet and its indirect nature. Due to the road closure, the main part of the village of Newgale would be situated at the route's terminus. 
Compared to the longer route that has received approval, several residents argue that a road closer to Newgale would have been more practical and preferable, resulting in a lesser impact on the economy and the environment. 
A considerable proportion of residents prefer the council to retain the shingle bank indefinitely without making any changes. With a community group presenting plans to adapt the shape of the shingle bank to allow for further investigation of the effects of climate change on the area, (Public Notice Portal, 2023).
Tidal projects are growing in number across the UK adding to the renewable energy capacity. With the need to further decrease reliance on fossil fuels including the decommission of the last coal power plant coming at the end of 2024, the amount of energy a lagoon could deliver would far surpass the energy provided by coal and Nuclear as shown in Table 1, further confirmed in table 2 with the projects supplying a considerable amount of energy in the regions.

[bookmark: _Toc163050946]Renewable Energy Locally Owned
The potential tidal lagoon at Newgale Beach, with its estimated yearly generation of 87 GW, has the capacity to significantly impact Pembrokeshire and the surrounding area. This effort is in keeping with the strategic goals of the Welsh Government to encourage the generation and use of energy at the local level, as stated in their policy paper for 2022 (Llywodraeth Cymru, 2022).

[bookmark: _Toc163050947]Payback Period
Compared to the £1.7 billion Swansea Tidal Lagoon project, the projected Newgale Beach lagoon and the hypothetical new road should have a similar financial impact. Table 1 estimates the investment will take 25–30 years to pay off. This figure includes lagoon and new road costs.
In Phase 3, 500 social housing units will be built alongside infrastructure improvements. This plan addresses the region's critical affordable housing needs (Senedd Business, 2024). It would also enhance the local economy by creating jobs and reducing Local Housing Assistance payments. Pembrokeshire County Council would also receive more council tax money from more households. Sustainable regional development would benefit from reinvesting this cash in local services and infrastructure (Alpert, 2023).

[bookmark: _Toc163050948]Community Centred Developments.
Climate change is increasing the frequency and intensity of floods, forcing a reevaluation of flood defence strategies. This study examined the viability and sustainability of community-centered flood defence developments for flood risk management.
Community-centered flood defence development involves the community in planning, implementing, and maintaining flood defences. Local expertise and community ownership are crucial to the long-term viability of these interventions.
Several case studies have shown this method works. The UK government's Flood and Coastal Resilience Innovation Programme (BBC Wales, 2022) has sponsored many community-led flood resilience initiatives. These programmes have used a variety of methods, from habitat restoration to property-level flood resistance (Llywodraeth Cymru, 2022).
Community-centered flood defence development is difficult to implement. These include obtaining sufficient funds, overcoming regulatory difficulties, and coordinating stakeholders. The tactics used must also be customised to the local context, taking into account elements like the flood risk, the local environment, and the community's capacity.
Despite these obstacles, community-centered flood defence projects have great promise. Flood risk reduction has several indirect advantages, including improved community cohesiveness, environmental awareness, and sustainable development (Wolff, 2021).

[bookmark: _Toc161059829][bookmark: _Toc163050949]Conclusion
The global sea levels are increasing, and despite the diligent efforts implemented by governments worldwide using current technologies, this trend will persist. Nations continue to combust coal and oil as a means of generating energy, resulting in the elevation of atmospheric temperatures. The objective of limiting the temperature rise to below 1.5˚C has unfortunately  been surpassed. Now is the appropriate moment to begin contemplating mitigating measures to safeguard the areas that are most vulnerable to the consequences of increasing sea levels and escalating temperatures. 
Historically, tidal walls have functioned as defensive structures for coastal communities. Nevertheless, due to the increasing danger posed by the rising sea levels, even these structures are starting to weaken, as seen in Tenby and Fishguard. This does not reflect poorly on their durability, as these structures have proven their resilience over time. However, the rising sea levels make the land behind the harbour walls vulnerable to flooding. This is in contrast to a harbour like Milford Haven, which has dock gates in place to prevent storm waters from reaching the commercial and residential area of the marina. The concept of constructing a substantial barrier to mitigate storms presents itself as a feasible resolution to a persistent issue that will require several generations to rectify. 
The proposed tidal lagoon at Newgale, a coastal community already vulnerable to coastal erosion and the potential loss of its identity, presents a feasible solution, taking into account these factors. This project not only revitalises Newgale but also tackles the urgent requirement for sustainable social housing, thereby decreasing the number of empty vacation houses and allowing local residents to regain ownership of homes in the community.
Energy corporations have frequently underestimated the potential of tidal energy projects because they believe the costs associated with them are too expensive. Nevertheless, as evidenced in Table 1, current expansive tidal power facilities have exhibited remarkable efficiency, surpassing other forms of renewable energy in terms of durability and smaller carbon footprint when compared to nuclear alternatives.
The original purpose of the lagoon project was to prevent floods in Newgale. However, the project's objectives were later expanded to include the building of wider infrastructure. The decision was influenced by research that emphasised the severe homelessness problem in the area and the issue of second homes. Additionally, alternative road plans suggested by PCC/Atkins were found to have a smaller negative effect on the neighbouring habitats.
In recognition of the project's extensive duration and potential for substantial interruption, it was divided into three distinct phases. The strategic decision focused on the development of a new road, which is crucial for preserving transport connections for residents and preparing for the third phase of housing.
The research purpose of providing a renewable energy source in the most sustainable manner has been confirmed by the results of the conducted interviews. The project has a dual objective of safeguarding and preserving current wildlife and marine habitats during the construction phase, while also fostering expansion and conducting post-construction population monitoring. This was pervasive in all facets of the data collection, even when ecosystems and habitats were not included in the inquiry. Global awareness of environmental challenges has increased, leading to a recognition of the importance of minimising actions that could exacerbate the delicate ecological equilibrium. As a result of this mindset, a marine scientific laboratory was included in the development of the lagoon plans, allowing for the monitoring of species populations.
Due to its ability to recover financial investment more quickly than other forms of renewable energy, its small spatial requirements, and its ability to serve as both a safe leisure destination and flood protection measure, the idea of implementing a tidal lagoon project anywhere in the world becomes a compelling strategy for addressing fuel poverty. This is especially pertinent in areas inhabited by groups that are very susceptible to the impacts of climate change. Tidal energy, although currently not fully exploited, is emerging as a dependable supply in the worldwide renewable energy sector.
The growing enthusiasm for tidal projects is clearly demonstrated in table 2, which presents estimated completion dates spanning from 2027 to 2035. If the construction of the Swansea tidal lagoon were to commence within the next 2 years, it would take around 10 years to complete. In comparison, a lagoon in Newgale would finish before the deadline set by PCC for the maintenance of the shingle bank, and far after the proposed road relocation. 
Pembrokeshire has a rich historical connection to the transportation and manufacturing of fossil fuels. It is the location of LNG terminals, a petrochemical refinery, and a petroleum storage facility that operated as a refinery until 2015. Additionally, there is a gas power plant in the area. Transitioning to a widespread adoption of renewable energy sources would yield significant environmental advantages for the county. 
This research is significantly constrained by the absence of any similar lagoon projects worldwide. Although there are several large tidal power plants, lagoons have not been effectively utilised. The objective of this research is to demonstrate that a lagoon could serve as a protective measure, offering valuable time for coastal areas to adapt while solutions to mitigate the impacts of climate change are sought. The construction of a breakwall would effectively disperse the strong storm surges, thus averting the disastrous catastrophes that Newgale has witnessed in recent years. Additionally, this breakwall would generate clean energy, addressing the area's energy needs. The success of the lagoon can be attributed to the long-standing effectiveness of sea walls in performing similar functions throughout history. 
Given that the flood defence at Newgale is a natural phenomenon, it would have been prudent to assess the effectiveness of this approach well in advance of the current measures. Constructing a lagoon as a defensive measure would be an innovative application of this technology. However, as Newgale is already slated for abandonment, it presents an ideal opportunity to evaluate the concept that tidal lagoons might safeguard coastal towns and settlements against the detrimental impacts of climate change.
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Appendices

Consent Form
Consent Form for Dissertation Study
Title of Study: Can Tidal Lagoons be Used to Protect Coastal Towns and Settlements from the Effects of Climate Change
Researcher: Trace King
Introduction: You are invited to participate in a research study conducted by Trace King, as part of the requirements for completing a Master of Science (MSc) in Sustainable Construction. This study aims to discuss the validity of tidal lagoons as a protective measure as well as an energy production evelopment. Your participation in this study is voluntary, and before you decide whether to participate, it is important for you to understand the nature of the study and what will be expected of you. Please take the time to read this consent form carefully. If you have any questions, feel free to ask before making your decision.
Purpose of the Study: The purpose of this study is to discover if tidal lagoons could be used to protect coastal towns and settlements from climate change.
Procedures: If you agree to participate, you will be asked to participate in an Interview/Focus Group. This may include discussing opinions on projects already in consultation phase, and theoretical projects. The estimated time for participation is approximately 1 hour.
Risks and Benefits: There are minimal risks associated with participating in this study. However, by participating, you may contribute valuable information to the field of Sustainable Construction (Tidal Energy). There are no direct benefits to you as a participant.
Confidentiality: Your privacy and confidentiality will be strictly protected throughout this study. Any information collected during the study will be kept confidential and will only be accessed by the researcher and authorized personnel. Your identity will be kept anonymous in any reports or publications resulting from this study. Your data will be stored securely and will only be used for the purpose of this research.
Voluntary Participation and Right to Withdraw: Participation in this study is entirely voluntary, and you have the right to withdraw at any time without penalty. If you choose to withdraw, any data collected up to that point will be discarded. You also have the right to refuse to answer any questions that you do not wish to answer.
Contact Information: If you have any questions or concerns about the study, you may contact the researcher, Trace King, at Trace.king43@gmail.com. Additionally, if you have any questions about your rights as a participant, you may contact the Institutional Review Board (IRB).
Thank you for considering participating in this study. Your contribution is greatly appreciated.

Interview 1
Interview 1: Participant 1 

Title: Navigating Change: A Perspective on Climate Change Policies
Interviewer: Thank you for joining us today. Can you start by introducing yourself and telling us a bit about your business?
Participant 1: Certainly. I've been the proud owner of a business the area for the past 9. It's not just a pub; it's a place where the community gathers, shares stories, and creates memories. Unfortunately, the local council's climate change retreat policy is threatening the existence of my business.
Interviewer: That sounds challenging. Can you elaborate on how this policy is affecting your business?
Participant 1: Absolutely. The climate change retreat policy aims to protect vulnerable areas from the impacts of climate change, and I understand the importance of that. However, it involves significant changes in land use, and unfortunately, our pub is located in one of the designated areas for retreat. This means we may have to shut down our business, leaving both me and the community devastated.
Interviewer: It must be incredibly tough. How have you been coping with the uncertainty surrounding your pub's future?
Participant 1: It's been a rollercoaster of emotions. We've been the heart of this community for years, and the thought of closing our doors is heartbreaking. I've been reaching out to local authorities, trying to find alternative solutions or compromises that would allow us to coexist with the new policy. It's an uphill battle, but I'm not giving up without a fight.
Interviewer: Have there been any discussions about potential support or compensation for businesses affected by the climate change retreat policy?
Participant 1: There have been talks, but the process is slow and bureaucratic. It's frustrating because while they discuss compensation, the bills keep piling up, and my employees are uncertain about their future. I'm not just fighting for my business but for the livelihoods of the people who have been with me through thick and thin.
Interviewer: That's a valid concern. Do you see any potential ways to reconcile the policy's goals with the preservation of local businesses?
Participant 1: I believe in the importance of addressing climate change, and I'm committed to sustainability. Perhaps there could be a middle ground where businesses are encouraged to adopt eco-friendly practices or even repurpose their spaces to align with the new environmental goals. It's about finding solutions that benefit both the community and the planet. I'd like to emphasize the significance of community spaces like ours. Pubs aren't just businesses; they're integral parts of the social fabric. I urge the decision-makers to consider the broader impact of their policies on local economies and communities. Collaborative solutions can lead to a win-win scenario for everyone involved.
Interviewer: Before we conclude, I'd like to delve into your perspective as someone pursuing an MSc in Sustainable Construction. How do you think sustainable practices could be integrated into the restructuring of areas affected by the climate change retreat policy?
Participant 1: Sustainable construction principles can be pivotal in reimagining spaces in these designated retreat areas. Instead of a complete shutdown, perhaps there could be incentives for businesses to undergo green renovations. We could explore repurposing our pub into a sustainable community hub or eco-friendly venue, aligning with the broader goals of climate resilience.
Interviewer: That's a fascinating approach, combining environmental sustainability with community engagement. Have you had any discussions with other local businesses or community members about potential collaborative efforts in this direction?
Participant 1: Yes, I've been reaching out to neighbouring businesses and community leaders. There's a shared concern about the impact of the policy on the local economy. Collaborating on sustainable initiatives could not only help businesses adapt but also contribute to a more environmentally conscious community. It's about finding common ground and working together for a resilient and sustainable future.
Interviewer: Your insights are invaluable. Is there a message you would like to convey to the community, your patrons.
Participant 1: To our community, I would say: Let's not lose hope. We are resilient, and together, we can find innovative solutions to navigate these challenges. To our patrons, thank you for your unwavering support over the years. Your voices matter, and I encourage you to join us in advocating for a future that preserves both our businesses and the environment.
Interviewer: Given the unique challenges posed by the climate change retreat policy in your area, would you welcome initiatives like the construction of a tidal lagoon to protect the region while allowing for sustainable development and expansion?
Participant 1: That's an intriguing suggestion. The idea of a tidal lagoon could provide a dual benefit of safeguarding the area from the impacts of climate change while potentially creating opportunities for responsible development. I'm open to exploring such innovative solutions that strike a balance between environmental conservation and the economic needs of the community.
Interviewer: How do you envision such a project impacting local businesses, including your pub, and the overall community dynamics?
Participant 1: If implemented thoughtfully, a tidal lagoon could become a symbol of resilience, which the people of Newgale have in bucketloads, and sustainable development. It might attract environmentally conscious businesses and tourists, creating a positive ripple effect for the local economy. However, it's crucial that the planning process involves the input of local businesses and residents to ensure the benefits are widespread and inclusive.
Interviewer: Considering your experiences with repeated flooding, do you see opportunities for the integration of eco-friendly and energy-efficient design principles in such a project?
Participant 1: Absolutely. The construction of a tidal lagoon provides an excellent opportunity to showcase and implement sustainable construction practices. From the choice of materials to the incorporation of renewable energy sources, the project could set a benchmark for environmentally responsible development. If it could protect my business and other local businesses not just in this village but others I think any options would be well accepted. Particularly if local businesses and residents were to benefit from the energy produced by such a project.
Interviewer: It's clear that you're open to innovative solutions that harmonize with both environmental and economic considerations. As you continue advocating for your business and the community, would you actively support or engage in discussions about such projects with local authorities?
Participant 1: Without a doubt. Engaging in constructive discussions about initiatives like a tidal lagoon is essential. I'm committed to participating in conversations that explore alternative solutions to the challenges posed by the climate change retreat policy. It's vital that the perspectives of local businesses are heard and considered in shaping the future of our community.
Interviewer: Thank you for sharing your perspective on this potential solution. It's evident that you're not only concerned about the survival of your business but also invested in the broader well-being of the community. We appreciate your insights.
Participant 1: Thank you. It's crucial that we explore every avenue to find sustainable and inclusive solutions. I'm hopeful that collaborative efforts can pave the way for a resilient and vibrant future for our community.



Interview 2
Interview with P2
1. Understanding the Need:
Host: To begin, can you provide us with an overview of the current environmental challenges faced by Newgale, Pembrokeshire, and your thoughts on if a tidal lagoon could be considered as viable a solution?
Participant 2: Certainly. Newgale is facing a critical threat from rising sea levels, and the local council's proposed road bypass indicates the urgency of addressing this issue. A tidal lagoon presents itself as a sustainable solution to protect the area from inundation.
2. Environmental Impact Assessment:
Host: Before diving deeper, how would you conduct an environmental impact assessment for such a project? What key factors would you consider?
Participant 2: An environmental impact assessment should comprehensively evaluate the effects on the local ecosystem, marine life, and the overall biodiversity. Additionally, it should weigh the potential benefits against any adverse impacts on the environment and the community.
3. Balancing Conservation and Development:
Host: Striking a balance between conservation and development is crucial. How can a potential concept tidal lagoon contribute to preserving the environment while meeting the needs of the local community?
Participant 2: The tidal lagoon, if designed sustainably, can act as a natural barrier against sea-level rises while minimizing disruptions to the local ecosystem. It's vital to incorporate eco-friendly designs and consider the long-term consequences.
4. Community Involvement:
Host: Community engagement is key. How can the local community be actively involved in the decision-making process, ensuring their concerns are heard and addressed?
Participant 2: Community input is indispensable. Public forums, consultations, and collaborative workshops should be organized to involve the residents. Their local knowledge is invaluable in crafting a solution that aligns with their needs.
5. Alternatives and Mitigation Strategies:
Host: Aside from the tidal lagoon, are there alternative solutions, and what mitigation strategies can be implemented to minimize any potential negative impacts?
Participant 2: Exploring alternatives like sustainable land use planning and adopting nature-based solutions should be considered. Additionally, robust mitigation strategies such as habitat restoration and eco-friendly construction practices can be implemented.
6. Sustainable Design and Technology:
Host: Can you elaborate on the importance of incorporating sustainable design and technology in the construction of the tidal lagoon? How can cutting-edge technologies contribute to minimizing the environmental impact?
Participant 2: Sustainable design not only involves minimizing the environmental footprint but also harnessing renewable energy sources where possible. Utilizing innovative technologies such as eco-friendly construction materials, energy-efficient turbines, and wildlife-friendly infrastructure can significantly enhance the positive impact of the tidal lagoon. Taking measures to increase marine population to ensure ecosystem diversity is maintained.
7. Long-term Resilience:
Host: Looking towards the future, how could a tidal lagoon contribute to the long-term resilience of Newgale against the ongoing challenges of climate change?
Participant 2: Long-term resilience involves considering the dynamic nature of climate change. The tidal lagoon can act as a proactive defence against sea-level rises, providing a sustainable solution that adapts to changing environmental conditions. Additionally, ecosystem restoration around the lagoon can enhance overall resilience.
8. Economic and Social Impacts:
Host: Beyond environmental considerations, what economic and social impacts can the development of the tidal lagoon bring to the local community? How can these positive impacts be maximized?
Participant 2: The development should create local job opportunities, stimulate the economy, and enhance community well-being. Ensuring that the benefits are distributed equitably and that training programs are available for locals to participate in the project can foster a sense of ownership and positive impact.
9. Monitoring and Adaptive Management:
Host: Considering the dynamic nature of ecosystems, how would you propose a monitoring and adaptive management plan for the tidal lagoon to address unforeseen changes and challenges?
Participant 2: A robust monitoring system should be established, tracking environmental indicators, wildlife behaviour, and water quality. Regular assessments will allow for adaptive management, enabling us to modify strategies as needed. This iterative process ensures the project remains aligned with sustainability goals.
10. Global Relevance and Collaboration:
Host: How could lessons learned from the development of a tidal lagoon at Newgale have broader implications globally? Are there opportunities for collaboration and knowledge-sharing with other regions facing similar challenges?
Participant 2: Newgale can serve as a model for sustainable coastal development worldwide. Collaboration with international experts, sharing best practices, and engaging in global initiatives for climate resilience can amplify the positive impact. The challenges we face are interconnected, and collaborative efforts are crucial for a sustainable future.
11. Regulatory Compliance and Stakeholder Coordination:
Host: Navigating regulatory frameworks is vital. How could a tidal lagoon project ensure compliance with environmental regulations, and how can effective coordination with various stakeholders be achieved?
Participant 2: Compliance with environmental regulations is non-negotiable. Engaging with regulatory bodies from the project's inception and fostering open communication with stakeholders, including government agencies, local communities, and environmental groups, is essential. Transparency and adherence to guidelines will build trust and facilitate smoother implementation.
12. Education and Awareness Programs:
Host: Given your interest in improving education, how can educational and awareness programs be integrated into the project to inform the local community about the tidal lagoon's benefits and its role in mitigating climate change?
Participant 2: Education is a powerful tool. Implementing outreach programs, workshops, and educational initiatives can empower the community to understand the project's significance. Building awareness about environmental conservation, renewable energy, and the long-term benefits of the tidal lagoon will create a more informed and supportive local population. With two schools likely to be directly affected by the closure of the Newgale road, a project like a tidal lagoon would not only ensure quality of life for local children, but also attract the children to environmental projects at a young age.
13. Interdisciplinary Collaboration:
Host: The development of a tidal lagoon involves multiple disciplines. How can interdisciplinary collaboration between architects, environmentalists, engineers, and local planners be optimized to ensure a holistic and effective project?
Participant 2: Interdisciplinary collaboration is key to holistic project development. Establishing a collaborative platform where experts from different fields share their insights, concerns, and solutions will lead to a more comprehensive and integrated approach. This ensures that the project considers diverse perspectives and benefits from a range of expertise.
14. Addressing Potential Opposition:
Host: It's common for such projects to face opposition. How can the project team address concerns or opposition from environmental groups or community members who may be sceptical about the tidal lagoon's impact?
Participant 2: Open dialogue is essential. Addressing concerns through public forums, transparent communication, and incorporating feedback into the project design can help alleviate scepticism. Providing evidence-based information on the positive environmental outcomes and engaging in constructive discussions will build trust and support.
15. Post-Implementation Monitoring and Evaluation:
Host: Once the tidal lagoon is operational, how can a comprehensive post-implementation monitoring and evaluation plan ensure that the project continues to meet its environmental and community objectives?
Participant 2: Post-implementation monitoring should be continuous. Regular assessments, community feedback mechanisms, and environmental audits will gauge the project's ongoing impact. If any deviations from the intended outcomes are identified, adaptive measures can be implemented to ensure sustained positive results.



Interview 3

Participant 3 Interview

1.	Project Vision:
o	Can you share your thoughts on the proposed development of a tidal lagoon at Newgale Beach, including the associated waterfront development of retail and residential spaces?
Shoreline management plan. Policy unit Managed retreat. Changes to physical wave action / biodiversity / surf destination- changes to reasons for visitors / hard landscaping in an areas relatively non developed / costs of maintenance / long term impacts further down the coast -affects erosion further down coast
Idea for green energy, is it cost / benefit at size / transport links during construction / local reduced cost energy +ve. 
2.	Leisure and Tourism Potential:
o	From your perspective, how might this development contribute to increased leisure and tourism in an area that currently serves more as a through road than a destination beach?
If were to be built then massive increase in traffic, parking requirements, change in leisure, potential tourism increase, infrastructure from h west would be affected, changes the nature of the beach from natural to man made/hard landscaped.
3.	Environmental Impact Assessment:
o	As a coastal engineer, what considerations would be crucial in conducting an environmental impact assessment, particularly concerning the tidal lagoon and waterfront development?
Sea bed /  kelp forests in area with rare species, INNS in area – during construction potential for distribution, in waterfront area – potential for protected species, previously saltwater marsh, some habitats remain,  Largely wetlands, marshy habitats now with mycology of interest. Sediment movement during construction.
4.	Wildlife Preservation:
o	How do you foresee the project affecting wildlife habitats, and what measures could be implemented to minimize damage and support wildlife preservation?
Provide transport corridors, fish migration to consider, extensive ecology survey and build around areas where possible, fish/marine species tracking prior, sea bed protection, marine works permits
5.	Sympathetic Development:
o	In your experience, how can a coastal engineer actively contribute to the sympathetic development of projects like the proposed tidal lagoon, ensuring minimal impact on the existing ecosystem?
Use of marine stable products, reef safe etc, minimal damage to sea bed, allowing natural movement of species where possible
6.	Engineering Solutions for Habitat Preservation:
o	Are there specific engineering solutions or methodologies that can be employed to protect and preserve wildlife habitats while still achieving the development goals?
Textured surfaces to allow colonization-tiles, variating habitat spaces, natural rockpooling, wildlife corridors 
7.	Road Infrastructure Evaluation:
o	Regarding the road plan proposed by Pembrokeshire County Council, do you believe a more well-thought-out road plan closer to Newgale would be a more viable option for the success of the project?
No – I believe the current road plan has been developed with significant investigation. 
8.	Accessibility Enhancement:
o	How might a revised road plan contribute to making the road between the two sections of the beach more accessible, and what benefits could this bring to the overall success of the development?
A revised road as described may give benefits in terms of access being more in  line with current access however with development of a tourist areas / shops etc this would change the dynamic of the village as it currently stands therefore requiring significantly different access proposals to those being developed for the current Newgale adaptations. 
9.	Balancing Development and Conservation:
o	As a coastal engineer, how do you navigate the delicate balance between promoting development for increased tourism and energy production and ensuring the conservation of the natural environment?
Where we would not be responsible for planning decision on new developments of tourism / energy they would be planning / Welsh government. The coastal engineer would be concerned with how the development may change the natural progression of erosion / how it sits in line with the shoreline policy for the area.  We are aware that communities need to naturally develop to sit in line with climate change, sea level rises and some communities may be lost. The balance is a weigh up between protecting the natural environment and protecting the man made lives that have become protected by some of our previous interventions. 
10.	Community and Stakeholder Involvement:
o	How important is community and stakeholder involvement in the planning and execution of such a project, and how can their input be effectively incorporated into the development process?
Hugely important

11.	Integration of Sustainable Practices:
o	In your opinion, how can sustainable practices be integrated into the engineering and design aspects of the tidal lagoon and waterfront development to align with environmental goals?
Consideration of species and their environment. Encouraging biodiversity and habitat creation, public engagement, increasing knowledge, sustainable building methadology
12.	Climate Change Resilience:
o	Considering the potential impacts of climate change on coastal areas, how can the proposed development be designed to be resilient and adaptable over the long term?
Whole life cycle thinking, building for long term commitments not short-term financial gains. Consider end of life. Building to 1 in 100 +?. Consideration of community changes in Newgale from project.
13.	Innovative Engineering Solutions:
o	Are there any innovative engineering solutions or technologies that you believe could be applied to this project to enhance its sustainability and minimize environmental impact?
Reef safe material, non toxic, NRW guidance, 
14.	Monitoring and Adaptive Management:
o	How important is a monitoring and adaptive management plan in the implementation phase to address unforeseen environmental changes and ensure the ongoing success of the project?
Important as with all construction projects.
15.	Collaboration with Environmental Experts:
o	To what extent should coastal engineers collaborate with environmental experts and ecologists during the planning and execution of such projects to ensure a comprehensive understanding of potential ecological impacts?
Full collaboration and knowledge sharing throughout project design and implementation is required.
16.	Public Awareness and Education:
o	How can the project team, including coastal engineers, contribute to public awareness and education about the importance of environmental conservation in coastal developments?
Reporting, Engagement events, Community Collaboration
17.	Economic and Social Benefits:
o	Apart from leisure and tourism, how do you envision the proposed development contributing to the economic and social well-being of the local community?
Economic impact from construction phase and planning.  Ecology reports tend to be outsourced to specialist companies travelling from all over UK. I believe the project would change the dynamics of the village to a tourist destination which may end up in 2nd homes / ghost town in winter.
18.	Mitigation Measures for Wildlife Impact:
o	Can you discuss potential mitigation measures that could be implemented to offset any negative impacts on wildlife resulting from the construction and operation of the tidal lagoon and associated developments?
See above
19.	Regulatory Compliance:
o	How does a coastal engineer ensure that the proposed development complies with all relevant environmental regulations and standards, and what challenges might be encountered in this regard?
There are a number of standards that need to be met when working in a marine environment, NRW licenses need to be obtained for any work below tideline, 
20.	Legacy of the Project:
o	Looking into the future, what do you believe could be the positive legacy of this project, both in terms of environmental conservation and community development?
Putting Pembrokeshire on the map for Green energy.  I believe with significant work and mitigation strategies the project could provide an opportunity for new habitats to be created balancing those that may be lost.

Interview 4


Participant 4 Interview
How do you anticipate the closure of the beach road due to climate change will affect the primary school in terms of student enrolment and retention?
1. The closure of the beach road due to climate change could potentially impact student enrolment and retention at our primary school. Families may find it more difficult to commute, which could lead to a decrease in enrolment. However, we are committed to working with our community to find solutions and minimize disruption. The closure of the beach road due to climate change could potentially impact student enrolment and retention at our primary school. Families may find it more difficult to commute, which could lead to a decrease in enrolment. However, we are committed to working with our community to find solutions and minimize disruption.


With the implementation of a new road, what potential challenges or advantages do you foresee in terms of parents' decisions to send their children to the neighbouring village school instead of your school?
1. The implementation of a new road could present both challenges and opportunities. On one hand, it might make our school more accessible to families from neighbouring villages, potentially increasing enrolment. On the other hand, it could also make the neighbouring village school more appealing to some parents, possibly affecting our student retention.

Have you conducted any surveys or consultations with parents to gauge their concerns or preferences regarding the closure of the beach road and its potential impact on their choice of school for their children? If so, what were the main findings?
We have conducted surveys to understand parents’ concerns and preferences. The main finding was that parents are primarily concerned about the safety and convenience of their children’s commute to school. They also expressed a strong desire for clear communication about any changes and how they will affect their children
In response to the upcoming road closure, what initiatives or strategies has the school implemented to promote the school's strengths and unique offerings to attract and retain students in light of the new road implementation?
1. In response to the upcoming road closure, we have implemented several initiatives to highlight our school’s strengths. These include open days to showcase our facilities and teaching quality, and regular communication with parents about the measures we are taking to ensure a smooth transition during the road closure.

How has the school engaged with the local community, including parents and stakeholders, to address their concerns about the road closure and to foster support for the school during this transitional period?
1. We have engaged with the local community through meetings and consultations to address their concerns about the road closure. We have also sought to foster support for the school by highlighting our commitment to providing a high-quality education for our students, regardless of the challenges posed by the road closure.

Are there any specific educational, extracurricular, or environmental programs that the school plans to introduce or enhance to highlight its commitment to climate change awareness and sustainability in the face of the beach road closure?
1. We plan to introduce and enhance several educational and extracurricular programs that highlight our commitment to climate change awareness and sustainability. These include environmental education programs, school-wide recycling initiatives, and participation in local conservation projects.

As the head of the primary school, what steps are being taken to collaborate with relevant authorities and the neighbouring village school to ensure a smooth transition for both schools and the affected students during this period of change?
1. As the head of the primary school, I am actively collaborating with relevant authorities and the neighboring village school to ensure a smooth transition. This includes coordinating on transportation arrangements, sharing best practices, and jointly advocating for our students’ needs.

How do you envision the school's role in advocating for climate change adaptation and resilience within the community, and how might this impact parental perceptions of the school in the long run?
1. I envision our school playing a key role in advocating for climate change adaptation and resilience within our community. By educating our students about these issues and demonstrating our commitment to sustainability, we hope to positively influence parental perceptions of our school and reinforce our role as a community leader in the long run.




Interview 5

Participant 5 Interview

1. What are your initial thoughts on the Newgale Coastal Adaptation New Road Proposal?
· P5: The proposal for a new road in the Newgale coastal area is indeed a crucial step towards enhancing connectivity and accessibility. However, the location and construction methods need careful consideration to minimize environmental impact. Aligning with the principles of the Paris Agreement, Welsh government policy on sustainable transportation, and guidance from Pembrokeshire County Council, it's essential that the project promotes sustainable infrastructure development and resilience to climate change.
2. How do you propose the road be modified to mitigate environmental impact while still serving its purpose effectively?
· P5: I advocate for the road to be positioned closer to the beach, utilizing a viaduct construction method. This approach would significantly reduce the disruption to existing flora and fauna habitats, allowing them to persist in the area. By collaborating with Pembrokeshire County Council and following Welsh government guidelines on environmental sustainability, we can ensure that the road's design and construction prioritize minimizing environmental impact while meeting transportation needs.
3. What specific environmental concerns do you foresee with the current road proposal, and how can they be addressed?
· P5: The current proposal risks disturbing delicate coastal ecosystems and disrupting wildlife corridors. By employing a viaduct design, we can preserve these habitats and ensure minimal disruption to the local environment. Additionally, strict adherence to environmental regulations, including Welsh government policies on environmental protection and guidance from Pembrokeshire County Council, is crucial to mitigating the project's environmental impacts.
4. Moving on to the concept of a tidal lagoon, what potential benefits do you see in this project for the Newgale area?
· P5: A tidal lagoon has the potential to offer renewable energy generation while also providing opportunities for habitat restoration and biodiversity enhancement. It could serve as a focal point for sustainable development in the region, aligning with Welsh government initiatives on renewable energy and conservation efforts guided by Pembrokeshire County Council.
5. What measures would you recommend to protect local species during the construction and operation of the tidal lagoon?
· P5: Strict adherence to environmental regulations and the implementation of comprehensive monitoring programs are essential. Additionally, habitat restoration efforts should be integrated into the project to offset any ecological disturbances. Collaboration with Pembrokeshire County Council's environmental agencies and adherence to Welsh government policies on wildlife protection can ensure that the tidal lagoon project prioritizes the protection of local wildlife.
6. How can the tidal lagoon project contribute to increasing local wildlife populations?
· P5: By creating suitable habitats within and around the lagoon, we can encourage the proliferation of native species. Furthermore, incorporating features such as fish passes can facilitate the movement of aquatic fauna and support population growth. This approach aligns with Welsh government policies on habitat restoration and conservation, as well as initiatives supported by Pembrokeshire County Council to enhance biodiversity.
7. Are there any potential conflicts between the road proposal and the tidal lagoon concept that need to be addressed?
· P5: While both projects aim to enhance the Newgale area, conflicts may arise regarding land use and resource allocation. It is crucial to adopt a holistic approach that considers the broader environmental and societal impacts of each project. Collaboration between stakeholders, including Pembrokeshire County Council and relevant Welsh government agencies, can help reconcile any conflicts and ensure that both projects contribute to the region's long-term sustainability.
8. How do you envision community engagement playing a role in the development of these projects?
· P5: Community engagement is paramount in fostering understanding and support for these initiatives. Public consultation processes should be transparent and inclusive, allowing stakeholders to voice their concerns and contribute to decision-making. This participatory approach aligns with Welsh government policies on community engagement and initiatives supported by Pembrokeshire County Council to involve local communities in development projects.
9. What regulatory frameworks or policies should guide the implementation of these projects to ensure environmental sustainability?
· P5: Compliance with environmental impact assessment regulations and adherence to sustainable development principles should underpin both projects. Additionally, collaboration with relevant governmental agencies, including Welsh government departments responsible for environmental protection, and coordination with Pembrokeshire County Council's planning and environmental agencies, is essential for achieving long-term environmental sustainability. By aligning with Welsh government policies and guidance from Pembrokeshire County Council, we can ensure that the projects contribute to the region's environmental well-being.
10. In your opinion, what steps should be taken to ensure the successful integration of both the road proposal and tidal lagoon concept into the Newgale area?
11. P5: To ensure the successful integration of both projects into the Newgale area, a comprehensive and collaborative approach is necessary. Firstly, continued engagement with the local community, facilitated by Pembrokeshire County Council, is vital to address concerns and gather input throughout the planning and implementation stages. Secondly, close coordination between project stakeholders, including the Welsh government, Pembrokeshire County Council, environmental agencies, and relevant community groups, is essential to ensure alignment with regulatory frameworks and sustainability goals. Additionally, ongoing monitoring and evaluation, supported by Welsh government policies on project management and Pembrokeshire County Council's oversight, will enable adaptive management strategies to address emerging challenges and optimize the projects' benefits for the environment and the community. By integrating these steps, we can ensure that both the road proposal and tidal lagoon concept contribute positively to the Newgale area's sustainable development and long-term well-being, in accordance with local, national, and international policies and objectives.


General Public Interview

General Public Interviews

Interview 1: Local Resident (Peak Time)
1. Reason for Visit: "I'm here today for my daily morning jog. Newgale's beach provides a perfect stretch for it."
2. Frequency of Visits: "Yes, I come here almost every day, rain or shine."
3. Awareness of Coastal Adaptation Policy: "Yes, I've heard about it. They're planning some changes to protect against erosion and flooding."
4. Opinion on Proposed Developments: "I think it's necessary to adapt to climate change. It's good to see some proactive measures being taken."
5. Approach to the Issue: "I believe involving the community in decision-making is crucial. Educating people about the importance of these adaptations could help garner support."
Interview 2: Tourist (Peak Time)
1. Reason for Visit: "I'm here on holiday, exploring Pembrokeshire's beautiful coastline."
2. Frequency of Visits: "No, this is my first time at Newgale."
3. Awareness of Coastal Adaptation Policy: "Not really. I'm just here to relax and enjoy the scenery."
4. Opinion on Proposed Developments: "I don't know much about them, but if it's for the environment's sake, I'm all for it."
5. Approach to the Issue: "If I were involved, I'd prioritize sustainability and preserving the natural beauty of the area."
Interview 3: Surfer (Off-Peak Time)
1. Reason for Visit: "I'm here to catch some waves. Off-peak times are the best for fewer crowds."
2. Frequency of Visits: "Yeah, I try to come whenever the surf's up."
3. Awareness of Coastal Adaptation Policy: "I've heard some buzz about it. As long as it doesn't affect the waves too much, I'm okay with it."
4. Opinion on Proposed Developments: "If it means better facilities without ruining the surf, count me in."
5. Approach to the Issue: "I'd collaborate with surfers and environmental experts to ensure the developments are surf-friendly and eco-conscious."
Interview 4: Nature Enthusiast (Off-Peak Time)
1. Reason for Visit: "I love observing wildlife, and Newgale's beach is teeming with it during off-peak hours."
2. Frequency of Visits: "Yes, I come here regularly to unwind and connect with nature."
3. Awareness of Coastal Adaptation Policy: "Yes, I've read about it. It's crucial to protect habitats from erosion and rising sea levels."
4. Opinion on Proposed Developments: "I support them if they're mindful of preserving the natural environment."
5. Approach to the Issue: "I'd advocate for eco-friendly solutions and habitat restoration as part of the adaptation efforts."
Interview 5: Fisherman (Peak Time)
1. Reason for Visit: "I'm here to fish. Newgale's beach offers a great spot for it."
2. Frequency of Visits: "Whenever I get a chance, usually during weekends."
3. Awareness of Coastal Adaptation Policy: "Not really. I'm more focused on my catch than coastal policies."
4. Opinion on Proposed Developments: "As long as they don't interfere with fishing access, I don't mind."
5. Approach to the Issue: "I'd emphasize the importance of maintaining access for fishermen while implementing necessary adaptations."
Interview 6: Family Visitor (Peak Time)
1. Reason for Visit: "We're here for a family day out. The kids love playing in the sand."
2. Frequency of Visits: "Occasionally, especially during school holidays."
3. Awareness of Coastal Adaptation Policy: "I've heard something about it, but not in detail."
4. Opinion on Proposed Developments: "If it means safer and more enjoyable beach days for the family, I'm all for it."
5. Approach to the Issue: "I'd prioritize measures that enhance safety and accessibility for families and children."
Interview 7: Local Resident (Off-Peak Time)
1. Reason for Visit: "Just taking a leisurely stroll. It's quieter during off-peak hours."
2. Frequency of Visits: "Fairly often, whenever I need a break from the hustle and bustle."
3. Awareness of Coastal Adaptation Policy: "Yes, I've been following it closely. It's important for our community's future."
4. Opinion on Proposed Developments: "I'm cautiously optimistic. As long as they're well-planned and considerate of the environment."
5. Approach to the Issue: "I'd advocate for transparent communication and community engagement throughout the planning process."
Interview 8: Photographer (Peak Time)
1. Reason for Visit: "I'm here to capture the beauty of the coastline through my lens."
2. Frequency of Visits: "Quite often, especially during peak seasons for the best lighting."
3. Awareness of Coastal Adaptation Policy: "Yes, I've heard about it. It's a hot topic in the local community."
4. Opinion on Proposed Developments: "If done right, they could enhance the scenic beauty while preserving natural habitats."
5. Approach to the Issue: "I'd emphasize the importance of preserving the aesthetic appeal and natural charm of the area in any developments."
Interview 9: Student (Off-Peak Time)
1. Reason for Visit: "I'm here for a study break. Nothing beats the sound of waves to clear the mind."
2. Frequency of Visits: "Not as often as I'd like, but whenever I need a break from studies."
3. Awareness of Coastal Adaptation Policy: "Yes, I've read about it in my environmental studies class."
4. Opinion on Proposed Developments: "If they're eco-friendly and sustainable, they could benefit both locals and visitors."
5. Approach to the Issue: "I'd advocate for integrating educational opportunities into the development plans to raise awareness about coastal conservation."
Interview 10: Retiree (Off-Peak Time)
1. Reason for Visit: "I come here to reflect and enjoy the tranquillity. It's my favourite spot for peaceful walks."
2. Frequency of Visits: "Quite often, especially during weekdays when it's less crowded."
3. Awareness of Coastal Adaptation Policy: "Yes, I've been following it closely. It's crucial for protecting our coastline."
4. Opinion on Proposed Developments: "I'm in favor of measures that preserve the natural beauty while ensuring safety and sustainability."
5. Approach to the Issue: "I'd advocate for a balanced approach that prioritizes preserving the area's charm while adapting to climate change."

Focus Group

Focus Group.
1. First-year civil engineering student
2. Second-year environmental engineering student
3. Third-year civil engineering student
4. Second-year coastal engineering student
5. Third-year structural engineering student
6. First-year mechanical engineering student
7. Third-year electrical engineering student
Discussion Guide:
1. Introduction and Background
· Brief overview of the Newgale coastal area and the proposed development plans.
· Explanation of the concept of using a tidal lagoon for shoreline protection and the expansion of the village/town.
2. Opinions on Tidal Lagoon for Shoreline Protection
· What are your initial thoughts on using a tidal lagoon to protect the shoreline?
· Do you think this approach is feasible from an engineering perspective?
· What potential benefits or drawbacks do you see with this solution?
3. Expansion of Newgale Village/Town
· How do you feel about the idea of expanding Newgale to include retail, food, leisure, and residential waterfront areas?
· What considerations should be taken into account regarding infrastructure and sustainability in this expansion?
· Do you think such development would positively or negatively impact the local community and environment?
4. Return to Pembrokeshire After University
· How many of you intend to return to Pembrokeshire after completing your studies?
· What factors influence your decision to return or not return?
· Do you believe there are enough job prospects in Pembrokeshire, particularly in engineering fields?
5. Potential Job Prospects
· What industries or sectors do you think could benefit from the proposed coastal development and infrastructure projects?
· Are there any specific engineering opportunities you envision in this context?
6. Environmental and Social Impacts
· Besides shoreline protection, what other positive impacts might a tidal lagoon bring to the area?
· Can you foresee any negative environmental or social impacts of implementing such a project?
· How might these impacts be mitigated or managed effectively?
7. Additional Questions
· How important do you think community engagement and consultation are in projects like these?
· What role do you believe universities and engineering students should play in promoting sustainable development and coastal resilience?
· Are there any other aspects of the proposed development that concern you or that you would like to discuss?




1. Opinions on Tidal Lagoon for Shoreline Protection:
· P1: "I think using a tidal lagoon could be a promising solution. It harnesses natural forces while providing protection against erosion."
· P2: "From an environmental standpoint, it seems like a sustainable approach. However, we'd need to carefully assess the impact on local ecosystems."
· P3: "I agree. We should also consider factors like construction costs and long-term maintenance requirements."
2. Expansion of Newgale Village/Town:
· P5: "Expanding Newgale could stimulate economic growth, but we need to ensure it's done in a way that preserves the area's character and natural beauty."
· P7: "Infrastructure planning will be crucial. We need to design for resilience against future sea level rise and extreme weather events."
· P4: "I think incorporating green spaces and sustainable design features would be essential for creating a livable, resilient community."
3. Return to Pembrokeshire After University:
· P6: "I'm open to returning if there are opportunities aligned with my career goals. It depends on what kind of engineering jobs are available in the area."
· P3: "I'm considering it, especially if there are opportunities to contribute to local projects like this coastal development."
· P2: "I might consider it, but ultimately, job prospects and career growth opportunities will heavily influence my decision."
4. Potential Job Prospects:
· P6: "Coastal engineering firms would likely have a significant presence here, especially with projects like this. There could also be opportunities in environmental consulting."
· P4: "Don't forget about construction companies and infrastructure development. There's potential for civil and structural engineers there too."
· P1: "And with the focus on sustainability, renewable energy companies could see growth in the area as well."
5. Environmental and Social Impacts:
· P7: "Aside from protection, a tidal lagoon could enhance biodiversity and provide recreational opportunities like fishing and birdwatching."
· P5: "But we have to be mindful of disrupting existing habitats and recreational activities. Balancing these interests will be critical."
· P3: "And let's not overlook potential social impacts, like changes to property values and community dynamics. We need to involve local stakeholders in the planning process."
6. Additional Questions:
· P2: "Community engagement is vital. It ensures that the project reflects the needs and values of the people who live here."
· P5: "As engineering students, we have a responsibility to advocate for sustainable practices and consider the long-term impacts of our work."
· P4: "I'm curious about how climate change projections are factoring into the design of this project. Are we accounting for future sea level rise and storm intensity?"
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Figure 3: Smaller coastal towns have higher deprivation levels than smaller
non-coastal towns in all domains except for crime

Percentage of population living in the 30% most deprived neighbourhoods in England according to the domains of
the Indices of Muliple Deprivation 2019, by type of town
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