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[bookmark: _Toc48541995]Abstract

Tidal energy is a renewable energy source that is continuously developing and the potential for projects is massive, with only few large-scale projects going ahead within the UK.  Despite the various methods of harvesting tidal energy most proposals for areas of interest have only been studied, tested, and reviewed at a small-scale or modular level.  In the UK only a few projects have achieved financial support to be implemented in the sea and to a greater scale. There is considerable uncertainty whether future tidal projects will be implemented at full scale due to lack of financial investment, insufficient support from the Government and worries about environmental effects to fragile ecosystems.
In this research proposal the origins of tides, their history, the type of schemes and how tidal energy is used to generate electricity will be discussed in detail.  Knowledge from the research will be applied to a local river (River Neath) and will aim to establish whether implementing a tidal generation scheme is feasible.  
















[bookmark: _Toc48541996]1. Introduction
[bookmark: _Toc48541997]
1.1 The problem

There is a global crisis to reduce our greenhouse gases and carbon dioxide emissions considerably by the year 2050 and the United Kingdom has supported this by establishing the Renewables Obligation scheme (Greenmatch, 2020).  It is well known that in 2015 the UK contributed to 48% of total investments made in the wind sector in the whole of Europe.  However, the UK is now expected to completely miss its target of 20% of energy deriving from renewable sources in 2020 (Greenmatch, 2020).  
[bookmark: _Toc48541998]1.2 2050 Targets

[image: ]The UK Government has a target of reaching net-zero emissions by 2050 and its official advisory body The Committee on Climate Change (CCC) said “The UK’s targets over the next decade are likely to be insufficient” (Evans, UK Emissions, 2020).  Projections show that CO2 emissions would need to fall by another 31% by 2030 to meet the legally binding targets.  However, the true expectations are that only 10% will be met if current policies are still in place (Carrington, 2019). 
[bookmark: _Toc48283382]Table 1:  Annual change in UK CO2 emissions in 2019 and over the past decade (Evans, UK Emissions, 2020).


Carbon brief (UK-based website covering the latest developments in climate science, climate policy and energy policy) produced graphs and figures [Figure 2] illustrating a clear decline in coal generation which fell 60%, and fossil fuels at a record low of 43%, used to generate electricity (Evans, Analysis: low-carbon generation stalls, 2020).  It also showed 37% of the energy provided came from renewable resources, 20% of which was yielded by wind power alone (Evans, UK Emissions, 2020).






[image: ]
[bookmark: _Toc48540855]Figure 1: Graph illustrating 60% drop in coal, now generating less than solar (Evans, Analysis: low-carbon generation stalls, 2020).

[image: ]
[bookmark: _Toc48540856]Figure 2: Annual electricity generation in the UK by fuel, terawatt hours, 2010-2019. Top panel: fuel by fuel. Bottom panel: cumulative total generation from all sources (Evans, Analysis: low-carbon generation stalls, 2020).

The above chat is evidence that the UK will need to invest in more low-carbon generation for electricity over the next decade if it wants to meet its targets (Evans, Analysis: low-carbon generation stalls, 2020). 
With population growing and the demand for coal, oil and gas to provide energy for homes throughout the UK decreasing, it shows the benefits and necessity to implement and try to maintain a level of growth in the renewable energy sector (Evans, UK Emissions, 2020).  Particularly when the appeal for heavier, more fuel hungry vehicles have been increasing over the last few years (Brown, 2020).
Meeting the goals for climate change by 2030 is going to be a challenge for the UK as CO2 emissions will have to fall by 31% from 2019, despite achieving a 29% reduction over the last decade (Shepheard, 2020).  If the UK Government wants to accomplish its targets for 2050 then stricter actions on using renewable energy resources will need to be implemented (Shepheard, 2020). 
[image: ][bookmark: _Toc48540857]Figure 3: The UK’s CO2 emissions 1850-2019, in millions of tonnes (blue area) and the level in 2019 (dashed red line). Emissions from coal, oil and gas are shown from 1970 onwards (Department for Business, 2020).

The graph above illustrates just how many millions of tonnes of CO2 has been pumped into the atmosphere over the last century and despite other countries not achieving similar reductions the historical emissions from the industrial revolution leave the UK ranked as 4th highest contributor to CO2 in the world (Evans, UK Emissions, 2020).
Although the UK’s renewable grid is seeing more generation than all fossil fuels combined, its development and progression is slowing and has remained the same over the last decade, which when combined with a growing population actually drives emissions higher rather than lower (Evans, Analysis: low-carbon generation stalls, 2020).

[bookmark: _Toc48541999]1.3 What does the UK need to do?

With the current situation the UK finds itself in regarding emissions and looking to develop its renewable energy sector, the UK should actively encourage the tidal energy market.  Especially when it is surrounded by water and has the knowledge of the advantages from various tidal energy generation technologies (Greenmatch, 2020).  It begs the question as to why the Government has not invested heavily in this previously when the rewards are so vast.

[bookmark: _Toc48542000]1.4 Aims & Objectives 

The aim of this research is to develop a greater understanding about tidal energy as a renewable resource and investigate its feasibility on the River Neath, South Wales.  To achieve this the objectives are to research the sustainable options of tidal power generation, analyse tide data of the River Neath and establish feasibility of tidal generation, and to raise any issues that could affect the development.  The scope of the research and literature is vast and developing daily so the author will investigate thoroughly all literature that is applicable. 





















[bookmark: _Toc48542001]2. Methodology

Research methodology can be divided into two main categories: quantitative research and qualitative research.

[bookmark: _Toc48542002]2.1 Qualitative Research

[bookmark: js-intext-string-0]It is defined as something which “describes, infers, and resolves problems using numbers. Emphasis is placed on the collection of numerical data, the summary of those data and the drawing of inferences from the data” (Breach, 2009).

Using a Qualitative methodology enables a more complex study with fewer restrictions on data as well as providing a wide scope for exploratory research without the need for quantifying said data (Breach, 2009).  However, the data can leave research open ended and can be time consuming, particularly if there the source of data is something like rainfall, wave height, river levels etc. 

[bookmark: _Toc48542003]
2.2 Quantitative Research 

Is a “systematic investigation of any fact via statistical, mathematical or computational techniques with the objective to develop and employ mathematical models, theories or hypothesis” (Breach, 2009).  It is made comprising of scientific methods, instruments, the collection of data and evaluation of results.

Quantitative methodology allows research to measure data in an objective manner in order to test the hypothesis and substantiate research with statistics from the data.  Caution is needed as a greater scope of research may be required and the context of the proposal can be easily forgotten (Breach, 2009).

[bookmark: _Toc48542004]2.3 Hybrid of Qualitative and Applied Research

[bookmark: _Hlk48295694][bookmark: _Hlk48295795]To answer the proposed research question the author has determined that a hybrid of Qualitative and Applied methodology was suitable as it allowed more flexibility to gain as much relevant information as possible for the proposal.

The advantages of the Qualitative method, allows the use of data in order to solve a practical scenario; studying the feasibility tidal generation on the River Neath.  This allows the extensive assessment of research and compiling it to determine whether tidal power generation can be practicality implemented to a local river that is influenced by tides and whether it would be a feasible source of renewable power.

The topic of renewable energy and tidal power has been in the media recently, particularly with the proposal of the Swansea Bay Tidal Lagoon.  Over the last few days articles have emerged stating that the Tidal Lagoon is seeking a review for permission to start construction as Tidal Power plc had demolished one of the sea walls at Swansea Docks a day before the deadline (Youle, 2020).  It has caused many discussions in its time amongst those living in the area, the local welsh businesses and the official bodies as the project failed to get backing from the UK Government, despite receiving support from the Welsh Government (Jones, 2017).  

[bookmark: _Toc48542005]2.4 Chapter 4’s Methodology

The availability of resources for relevant information for this proposal is fundamental for understanding the issues at hand for tidal power generation within the UK, particularly the River Neath.
The methodology is the backbone for the research and has helped the author with a comprehensive analysis of what has been studied. 
The purpose has been to base the research on a very through methodology.  After a review of methodological principles and alternative approaches the methodology presented here proceeds through six steps: 
Step One - Establishing history from the literature. 
Step Two - Identification of the current aspects. 
Step Three – Positive and negative elements. 
Step Four – Fundamental points and why they are important. 
Step Five - Chosen scheme. 
Step Six – Suitable Scheme

The methodology and research are justified throughout this chapter and is described from establishing the history to deciding on a scheme most suitable.  The mixed method approach is to collect various data so that it supports both qualitative and quantitative research (Creswell, 2009).










[bookmark: _Toc48542006]3. Literature Review

[bookmark: _Toc48542007]3.1 Brief History of Tidal Power

[image: ]When the Romans occupied England, they constructed dams which stored water to grind grain (Swane, 2007).  They trapped water at high tides and when the tide fell impounded water was let out and would flow over the mill wheel which would power the grinding stones of the mill, and this provided power for up to three hours twice a day (inc, 2020).  [bookmark: _Toc48540858]Figure 4: One of the earliest mills, Eling Tide Mill, illustrating how tidal power is used to create power to grind grain (Swane, 2007).

The first documentation of energy of the tides was seen in the hydraulic architecture of Belidor in 1737 which explored the tide mills of Dunkirk (Gibrat, 1966).  The 19th century brought ideas on harvesting energy from the tides but decades past before Johannes Ringes designed a tidal power plant (TPP) for Hansweert, Netherlands in 1913 (Swane, 2007).  Due to the first world war in 1914 the turbine being supplied for the project by AEG in Germany was never delivered and thus the project went no further (Swane, 2007).
Various studies had been done for other locations around the world, but they faced high expenses which deemed them unsuitable at the time. 
Some examples of sites that did not make construction, (Swane, 2007):- 
· Kislogubskaya, Russia 1940. Tidal power would cost twice as much as power supplied by a river power plant.
·  Severn project in 1930 estimated that tidal power would be 20% more expensive than thermal power. 
· Quoddy TTP was twice as expensive as thermal power and four times as expensive as river hydropower plants.
In 1921 a study was published by Boisnier for a tidal power plant on the La Rance estuary, France (Swane, 2007).  In 1960 the French Government decided to construction the TPP as it was more economical than a nuclear power plant and had good natural conditions (Swane, 2007).  La Rance TPP was completed in 1966 and started operating.  It generated the most [image: ]electricity for 46 years before Sihwa Lake Tidal Power Station, South Korea was constructed (trvst, n.d.).[bookmark: _Toc48283383]Table 2: Table listing tidal power stations in order of largest to smallest capacity in megawatts (Wikipedia, 2020).




Annually, both La Rance and Sihwa Lake  TPP’s can power over 130,000 homes with electricity generated from a clean resource (Technology, 2014). Swansea Bay Tidal Lagoon was expected to match La Rance 240MW capacity and provide 155,000 homes with electricity, but unfortunately the project hasn’t surpassed the planning permission phase (Power T. L., An iconic, world-first infrastructure project in South West Wales, 2020).  In Scotland, the MeyGen TPP hit 7.4 GWh in 2018 and almost doubled it to 13.9 GWh in 2019 (Energy M. , 2020).  They have a seabed lease to reach a capacity of 398MW and are looking to install 80MW of tidal capacity over the next few years, but currently MeyGen only have grid capacity of up to 252MW (Energy M. , 2020).

[bookmark: _Toc48542008]3.2 The Tides
[bookmark: _Toc48542009]
3.2.1. Why do we have tides?

The primary source of the tides is the Moon, but the Sun also affects them as well as the Earth having its own gravitational force (Jonna, 2016) (Figure 5).  The Earth makes a complete rotation daily, whilst the Moon’s orbit around the Earth takes 27.32 days, and thus changes the times of the tides by approximately 50 mins each day (Universe, 2010).  When the gravitational pull from the Moon is acting upon Earth, you will find a bulge of water at the point nearest to the Moon and one directly opposite on the other side of the planet as it
is experiencing the least amount of gravitational pull (Jonna, 2016). 




[image: Gravity for Kids | What is Gravity? | Pull of Gravity ...][bookmark: _Toc48540859]Figure 5: Illustrates the gravitational relationship between the Earth, Moon and Sun’s (Lessons, 2020).

[bookmark: _Toc48542010]3.2.2. Types of Tide

The Earth rotates in one lunar day (24 hours, 50 minutes) in accordance with the Moon, and each bulge travels around the Earth at that speed, meaning there is one high tide every 12 hours and 25 minutes and that the height of high/low tides is  (Swane, 2007).  When the Earth, Moon and Sun syzygy (become aligned) the tidal forces due to the Sun and the Moon combine and the overall gravitational pull causes higher and lower tides than when they are not in syzygy (Jonna, 2016). 
When the tides range is at the maximum is it called a ‘Springen’ tide (spring tide), the Dutch verb for jump or leap (see Figure 6) (Grossman, 2019).







[image: Gravity for kids - How spring tides occur?][bookmark: _Toc48540860]Figure 6: How spring tides occur (Lessons, 2020)













[image: Gravity for kids - How neap tides occur?][bookmark: _Toc48540861]Figure 7: How neap tides occur (Lessons, 2020)

When the Moon and Sun are at a 90◦ angle to each other from the Earth, the Sun partly disrupts the gravitational pull of the Moon and at this point the tides range is at a minimum: a neap tide (see Figure 7) (Grossman, 2019).
A Proxigean Spring Tide is an usually high tide causes by the Moon being exceptionally close to Earth (known as the closest perigee) when it is in a New Moon stage, and this happens once every 1.5 years (Jones, 2017).
[bookmark: _Toc48542011]3.2.3 Tidal Components

Two of the main tidal components are (Neill & Hashemi, 2018):
1• The principal lunar component: M2 
The Moon tidal element is the greatest component and can be illustrated in the equation below. 
The time estimates for a Synodic Month, the time between two full moons, is 29 days, 12 hours, 44 min and 3.3 s on average (Swane, 2007).

[image: ]2• The principal solar component: S2 
The tide caused by the Sun is 2.17 times smaller than that of the Moon due to the distance the Sun is from the Earth, and the greater the distance the smaller gravitational pull the Sun has (Neill & Hashemi, 2018). 
[bookmark: _Toc48283384]Table 3:Tidal components with their abbreviations, periods, and relative sizes (if the sea would cover 100 % of the Earth’s surface) (Swane, 2007)





There are 3 tide patterns worldwide (Neill & Hashemi, 2018): 
· Diurnal - one high and one low tide per day.  They are common in the Gulf of Mexico, West coast of Alaska, and in parts of Southeast Asia (Webb, 2020).
· Semidiurnal - two high and two low tides per day.  Typically found along the East coasts of North America and Australia, West coast of Africa, and most of Europe (Webb, 2020).
· Semidiurnal - combination of diurnal and semidiurnal tide patterns throughout the day.  They can be found along the Pacific coast of North America (Webb, 2020).
[image: ]
[bookmark: _Toc48540862]Figure 8: Shows the distribution of the various tide types throughout the world (Webb, 2020).

As we can see in Figure 8 the UK has predominantly semidiurnal tides where the rest of the work has diurnal or semidiurnal mixed tides (DELORM, TATIANA, & MOLINA, 2014). 

The equation below is used to characterise tides as diurnal, semidiurnal or semidiurnal mixed (Luick, 2004).

H defines the amplitude of the given area and local amplitude depends on the shape of the coast (Deser & Smith, 1998).  
Minas Passage, Bay of Fundy, Nova Scotia, is a great example of how bay and inlets create a funnel effect which increases amplitude, and this increases tidal energy (Swane, 2007).  At the entrance the difference is only 2m as opposed to the 16.8m differences at the end (Swane, 2007).  The Bay of Fundy has the highest tides worldwide and approximately 2,500MW could be harnessed from tides (Canada, 2017).

[bookmark: _Toc48542012]3.3 Why tidal power?
[bookmark: _Toc48542013]
3.3.1. Advantages 

(ConnectUs, 2018) (Lombardo, 2015)
· A Very Predictable Energy Source
· No sharp seasonal variations (change of seasons, drought, rainy years) 
· An inexhaustible source of energy
· Exceptionally low costs to Operate
· Effective even at Low Speeds
· It has a long lifespan.
· Completely green energy – does not produce CO2
· It reduces foreign importation of fuel.
· It serves as coastal protection – some barrage schemes protect against flooding
· Constancy and predictability over the years
· The technological accident-risk is much smaller in comparison to for example nuclear plants and hydropower-dams. 
· People will not have to move (like in China: 3 million people moved for the building of the Three Gorges Dam). 

[bookmark: _Toc48542014]3.3.2 Disadvantages
(ConnectUs, 2018) (Lombardo, 2015)
· It still has some environmental effects – migration of fish
· It is an intermittent energy source
· It should be close to land.
· It is expensive
· Not cost effective at present
· It is still considered a new technology.
· It requires long gestation time.
· Location limits
· Changes in tidal movement
· Turbines should be able to change direction of rotation periodically. This makes the technology more complicated (and expensive) than river hydropower. 
· Turbines cannot operate under a head less than half a meter (in case of bulb turbines this is usually even 1.5 meter or more). 
· Saltwater makes operation and maintenance expensive (corrosion)

In conclusion, tidal power is a source of renewable energy that is completely clean and with very little risks and despite the adverse effects it can have to local wildlife and habitats it makes is the way forward for clean future generation (Greenmatch, 2020).

[bookmark: _Toc48542015]3.4 Diﬀerent Tidal Power Generation

[bookmark: _Toc48542016]3.4.1. Tidal Power Development
[image: ]
Tidal energy is a renewable energy source that is continuously developing and the potential for projects is massive, with only few large-scale projects going ahead within the UK ( Papaelias , Marquez , & Karyotakis , 2019).  Despite the various methods of harvesting tidal energy most proposals for areas of interest have only been studied, tested, and reviewed at a small-scale or modular level despite knowing there is a lot of potential energy to harvest 
(Figure 9) (Power T. , The future of tidal power, 2015).  [bookmark: _Toc48540863]Figure 9:There are five types of energy that can be harvested for the oceans.  With the potential to harvest up to 142,000 TWh/year of energy exists (Power T, 2015)


In the UK only a few projects have achieved financial support to be implemented in the sea and to a greater scale; Strangford Lough SeaGen (decommissioned in 2016), Bluemull Sound Tidal Stream Array, and Meygen Tidal Project ( Papaelias , Marquez , & Karyotakis , 2019).  There have been other projects in the line-up for construction such as the Severn Barrage, Skerries Tidal Stream Array (Diary, n.d.), and or course the most recent project, the Tidal Lagoon in Swansea Bay (Energy O. , 2017).  There is considerable uncertainty whether future tidal projects will be implemented at full scale due to lack of financial investment, insufficient support from the Government and worries about environmental effects to fragile ecosystems (Majcher, 2015).
The world's first marine energy test facility was established in 2003 to start the development of the wave and tidal energy industry in the UK (EMEC, Our History, 2020).  Based in Orkney, Scotland, the European Marine Energy Centre (EMEC) has supported the deployment of more wave and tidal energy devices than at any other single site in the world (EMEC, Blog: EMEC 2019 in review, 2019).

EMEC have various test sites in real sea conditions and its tidal test site at the Fall of Warness is connected to the grid to harness the increased energy that the narrow channel creates between the Atlantic Ocean and North Sea (ltd, 2020).  In this channel the strong currents can travel 4m/s (8 knots) during spring tides (Choices, 2017).  Companies that specialise in developing tidal energy such as Alstom, Andritz Hydro Hammerfest, Atlantis Resources Corporation, Nautricity, OpenHydro, Scotrenewables Tidal Power, have all tested at the Fall of Warness site (Choices, 2017).

[bookmark: _Toc39252442][bookmark: _Toc48542017]3.4.2. Tidal stream generator

Tidal Stream Devices (TSD’s) harvest the kinetic energy of the tides to power turbines which then generates electricity, similar to wind turbines ( Hanania, Heffernan, Jenden, Stenhouse, & Donev, Tidal Power, 2020).  Many TSD’s can be fixated to existing structures such as bridges or can be submersed by themselves and avoiding all impacts on the landscape (Choices, 2017).  Stream devices can have turbines that are horizontal, vertical, open or ducted and if placed in inlets they can capture the high velocities at specific sites (Choices, 2017). 
As water is much denser than air they can harness the energy and generate more electricity at a higher rate than wind turbines ( Hanania, Heffernan, Jenden, Stenhouse, & Donev, Tidal Power, 2020).  Harnessing energy from the tides using similar energy to that of wind turbines allows for more efficient generation and a 10mph current (8.6 knots) would create an energy output greater or equal to a wind turbine in 90 mph winds (Entec, 2007).
In Hale, Cornwall a Tidal Stream project is preparing to emerge by Anglo-French Tidal Stream Industry Energiser Project (also known as TIGER) who seek to “gain experience in installation, operation and maintenance of tidal power, demonstrate cooperation with an Anglo-French supply chain, and disseminate the results to help accelerate the commercialisation of tidal stream energy” (Fowler, 2020).
In Pembrokeshire, Wales the Ramsey Sound site unfortunately developed turbine issues and Tidal Energy Ltd who were owners at the time also went bust (Fowler, 2020).  TIGER plan to remove the Delta Steam turbine and examine it extensively to understand the reasons for failure and then Cambrian Offshore South West will operate the site with a new turbine but its type is yet to be confirmed (Fowler, 2020).
As previously stated, there are many types of turbines for TSD’s, they are as follows:

1. Horizontal axis turbine – “The tidal stream causes the rotors to rotate around the horizontal axis and generate power” (EMEC, Tidal Devices, 2020)
2. Vertical axis turbine – “The tidal stream causes the rotors to rotate around the vertical axis and generate power” (EMEC, Tidal Devices, 2020)

[image: ][image: ][bookmark: _Toc48540864]Figure 10: Illustration of horizontal and vertical axis turbines (EMEC, Tidal Devices, 2020)

3. Oscillating hydrofoil – “A hydrofoil is attached to an oscillating arm. The tidal current flowing either side of a wing results in lift. This motion then drives fluid in a hydraulic system to be converted into electricity” (EMEC, Tidal Devices, 2020).
4. [image: ][image: ]Enclosed Tips (Venturi) – “The funnel-like collecting device sits submerged in the tidal current. The flow of water can drive a turbine directly or the induced pressure differential in the system can drive an air-turbine” (EMEC, Tidal Devices, 2020)

[bookmark: _Toc48540865]Figure 11: Illustrations of oscillating hydrofoil and venturi (EMEC, Tidal Devices, 2020)

5. Archimedes screw – “helical corkscrew-shaped device and it draws power from the tidal stream as the water moves up/through the spiral turning the turbines” (EMEC, Tidal Devices, 2020).
6. Tidal Kite – “The kite is tethered to the seabed ‘flies’ in the tidal stream, swooping in a figure-of-eight shape to increase the speed of the water flowing through the turbine” (EMEC, Tidal Devices, 2020)



[image: ][image: ][bookmark: _Toc48540866]Figure 12: Illustration of Archimedes screw and tidal kite turbines (EMEC, Tidal Devices, 2020)

Advantages (Power T. , Advantages and disadvantages of TSD, 2015)
· Cheap to implement
· Turbine stands alone so no need for barrage or dam system
· Modularity allows for economic feasibility on small applications 
· Greater understanding of the environmental impacts  
· Can incorporate them onto existing docks and bridges – can reduce costs and environmental impacts further
· Acoustic properties seem to prevent wildlife straying into their path
· Impact of underwater turbines is less than that of surface turbines
Disadvantages (Power T. , Advantages and disadvantages of TSD, 2015)
· TSD’s cannot produce as much power as barrage/dam systems. 
· Prone to corrosion from saltwater like most tidal systems – however technological advancements have made this a minor issue
· Impact on environment testing currently being done at Northwest National Marine Renewable Energy Centre, United States. 
The developers in this industry believe that the TSD’s will become important within the tidal sector and will play a small but vital role in the renewable power supply 

Most predictions are that tidal stream generators will become an important, though small, part of the power supply in coastal nations (Entec, 2007).




[bookmark: _Toc39252443][bookmark: _Toc48542018]3.4.3. Tidal barrage

Tidal barrages typically harness energy from a tidal estuary where the tide has been held back by a specifically designed dam and it makes use of the difference in height of high and low tides to generate power (IRENA, 2014).  A tidal barrage works by channelling the tidal power into a basin behind the dam and when the tide recedes the water is released through turbines which then generates power (Choices, 2017).  
The outflow of the water through the turbines is more efficient than the inflow as the system is ensuring that it captures as much of the tides as possible (Power T. , Tidal Barrage, 2015).  
[image: ][image: ][bookmark: _Toc48540867]Figure 13: High and low tide flows through a Tidal Barrage (Power T., Tidal Barrage, 2015).


Turbines that use the inflow stream (high tide) are known as flood generators while those that are outflow (low tide) are called ebb generators.  It is important to note that not all tidal barrages use inflow stream (IRENA, 2014).
The type or turbine used in a barrage will depend on the pressure due to the height and thus volume behind the dam that’s being release (Power T. , Tidal Barrage, 2015).  The turbine illustrated in Figure 13 is referred to as a Kaplan turbine and is similar to a windmill, but the Francis turbine and Pelton Wheel can also be implemented (Breeze, 2019). 

Advantages (Hanania, Heffernan, Jenden, Stenhouse, & Donev, Tidal Barrage, 2015)

· Simplistic 
· Long history of barrages
· Easy to build
· Easy to maintain
· Reliable
· Running tidal barrages efficiently is relatively easy
· used to prevent flooding of low-lying areas
Disadvantages (Hanania, Heffernan, Jenden, Stenhouse, & Donev, Tidal Barrage, 2015) (Power T. , Tidal Barrage, 2015)

There are numerous disadvantages for tidal barrages that have prevented more projects being developed (Power T. , Tidal Barrage, 2015).
· Cost - constructing large dams across rivers or inlets of a bay is complicated and costly 
· Rivers can be easily diverted around the dam but water in a bay or river mouth is not easily diverted
· Cost per kilowatt of energy generated is considerably higher for tidal barrages than most other forms of energy generation.  However, the decline in price for fossil fuels means cost of tidal barrages is becoming less of a hindrance to the construction industry.
· Estuaries, river mouths, and bays are sensitive ecosystems - spawning grounds for species that may not breed anywhere else. 
· Altering the flow of sea water negatively affects a number of marine mammals - fish, crustacean, and plant life. 
· Dunes and nearby land can be negatively affected by construction
· Turbidity – Barrages increase matter floating in water, decreasing penetration of sunlight and negatively affects plants, algae, and fish.
· Salinity – The decreased exchange of water decreases salinity which will have a negative effect on wildlife.
· Sediment damming – Building a barrage prevents the normal movement of sediment into the ocean
· Turbine death – Fish and other aquatic animals are killed by the blades of turbines. No good solution to the problem has yet be developed.
The French La Rance Tidal Barrage has been discussed already regarding its massive success in providing renewable energy through the tides.  La Rance has been the source for several losses of flora and fauna and sand-eels and plaice have disappeared (Age, n.d.).  However, the site has now seen how species have adapted to the infrastructure, with sea bass and cuttlefish returning to the river over the last decade (Age, n.d.).

[bookmark: _Toc39252444][bookmark: _Toc48542019]3.4.4. Dynamic tidal power

Dynamic tidal power is an untried but promising technology that uses the difference between the potential energy and kinetic energy of tides (Donev, Afework, Hanania, Heffernan, & Stenhouse, 2019).  Its design consists of exceedingly long dams which would be built from the coast straight out into the ocean without an enclosed area and the tidal differences flow through turbines within the dam and generates electricity (Choices, 2017).  On these dams are bi-directional turbines which can flip 180o to generate power when the tide comes in and goes out; double the output of usual dams (Donev, Afework, Hanania, Heffernan, & Stenhouse, 2019).  
[image: ]











[bookmark: _Toc48540868]Figure 14: A representation of how a dynamic tidal power dam would work (Donev, Afework, Hanania, Heffernan, & Stenhouse, 2019)


Advantages (Power T. , Dynamic Tidal Power, 2015)

· Single installations can produce 8-15 GWh – more than any other tidal system
· 8 GWh installation generates over 20 TWh the equivalent for more than 3 million people.
· It is stable – continuous as direction of flow does not matter
· Reliable 
· Predictable
· Doesn’t require dramatically higher volumes of water on one side of the dam to the other
· Suitable for multiple locations in comparison to barrage or tidal stream
· Offers port protection 

Disadvantages (Power T. , Dynamic Tidal Power, 2015)

· Untested – no certainty it will work without building facility
· Cost – extremely expensive. Can be billions before can even build infrastructure.
· No certainty of environmental impacts – likely to be less than barrage but could disrupt local wildlife/marine life as it blocks a considerable length of coastal flow

[bookmark: _Toc39252445][bookmark: _Toc48542020]3.4.5. Tidal lagoon
[image: ]
A tidal lagoon is very similar to a barrage except it tends to be of a circular design with retaining walls embedded and turbine within the structure which generates power from the tides energy (Choices, 2017).  As the tide comes in water is held back by the turbine wicket gates which are used to control the flow and once the difference in water level height is created the water rushes into the lagoon through bulb turbines and electricity is generated (Power T. L., What is a tidal lagoon?, 2020).  The water inside the lagoon then matches sea level and when the tide recedes the tide flows out and using bi-directional turbines more electricity is generated (Power T. L., What is a tidal lagoon?, 2020).

[bookmark: _Toc48540869]Figure 15: Generating on the flood tide (Power T. L., What is a tidal lagoon?, 2020)



[image: ][bookmark: _Toc48540870]Figure 16: Holding period at high or low water (Power T. L., What is a tidal lagoon?, 2020)



[image: ][bookmark: _Toc48540871]Figure 17: Generating on the ebb tide (Power T. L., What is a tidal lagoon?, 2020)




A tidal lagoons shape and size depends on various factors including tidal range, water depth, environmental impacts, and any interruptions to navigation routes (Choices, 2017).  The Tidal Lagoon Swansea Bay in Wales, United Kingdom would have been the first tidal power station of this type once built (Youle, 2020). 

[image: ]As can be seen in Table 4 the Swansea Bay Tidal Lagoon proposal would have generated a considerable amount of energy and out of the 11 tidal generation schemes it is the only lagoon and ranking 7th for expected capacity. 
[bookmark: _Toc48283385]Table 4: Table of tidal power projects that were proposed but never constructed (Wikipedia, 2020).

Advantages (Power T. , Tidal Lagoon, 2013)
· Less environmental impact than barrage
· Does not block flow of water
· More compatible with pumps to raise water levels within the lagoon higher 
· Creates biodiversity
· Opportunity of sports 
· Tourism
· Provides educational facilities 
· Renewable
· Predictable
· Efficient at low speeds
· Long lifespan
· Low cost to run
Disadvantages (Power T. , Tidal Lagoon, 2013)
· Environmental effects and disruptions to the tidal flow
· Expensive to construct
· Limited locations
· Distance from grid
· Limited useful period
· New technology with few implementations
· Aesthetics
· Weather effects 
· Maintenance can be challenging




















[bookmark: _Toc48542021]4. The River Neath

The author chooses the River Neath as area of interest for discussing the feasibility for tidal energy generation due to the length and width of the river as well as its tidal influence.  However, unprecedented times with the coronavirus has meant that research was limited for the author fields regarding the river as correspondence from relevant sources was difficult and no reply was received. 
[bookmark: _Toc48542022][image: ]4.1 Location
[bookmark: _Toc48540872]Figure 18: Map of the River Neath (Coflein, n.d.)













The mouth of the River Neath can be found with the grid reference 51.616249, - 3.851708.  The Rivers mouth is approximately 77 meters wide and has a total length of 19 miles (Coflein, n.d.).
[bookmark: _Toc48542023]
4.2. Source of River and Surrounding Infrastructure

Neath dates back to the Romans and is well known for fort Nidum at Court Herbert and the Cistercian abbey of Neath Abbey and the monks used the river for trading back in the middle ages (Britannica, 2020).
The River Neath, South Wales runs south west from its source in the Brecon Beacons National Park to its mouth at Baglan Bay, Briton Ferry on the east side of Swansea Bay (Britannica, 2020).  Numerous minor rivers feed into it from Fforest Fawr including: Afon Hepste, Afon Sychryd, Afon Pyrddin, Nedd Fechan and Afon Mellte, all converging to form the River Neath (Davies, Jenkins, Baines, & Peredur, 2008).  The Melincwrt Brook and the Clydach Brook minor tributaries feed into the river and the major tributary is the River Dulais known for flooding in recent years (Britannica, 2020).  A smaller tributary, the River Clydach also joins the Neath in the town centre (Britannica, 2020). 
The River Neath provides water to two canals, the Neath Canal and the Tennant Canal and both cross  the River Neath via aqueduct (Davies, Jenkins, Baines, & Peredur, 2008).  Also crossing the river is a railway line and the A465 road (Britannica, 2020).
The estuary of the river is from Neath Town through the docks which is still in use as a ship breaking yard (known to locals as Giants Grave) to sea at Jersey Marine Beach (Britannica, 2020).  It is important to note that there are salt marshes which reach from Neath to Baglan Bay and the Crymlyn burrows and are an ecological value to the local area (Davies, Jenkins, Baines, & Peredur, 2008).

[bookmark: _Toc48542024]4.3 Why this river?

Within the scope of the authors research is has been determined that the tidal energy around the UK is semidiurnal (two high and two low tides per day) (Webb, 2020) and that from looking at hightides and recording data over the year of 2019 this site would be suitable for a smaller scale tidal project.  The river is not suitable for a barrage or lagoon due to the navigability of the river up to Giant’s Grave, Briton Ferry (Coflein, n.d.).

It is also prone to flood, particularly in winter and in recent years there have been substantial losses for people living near canals and rivers, and there has even been significant damage to roads (Stephens, 2020).  

[image: ]







[bookmark: _Toc48540873]Figure 19: Farmland situated next to the A465 flooded after high tides and storms (geograph.org.uk, n.d.)


The farmland situated next to the A465 floods whenever there is a high tide with added issues of flooding the round about when there’s a lot of rainfall and storms in winter months (Figure 18) (Owen, 2019).  
[bookmark: _Toc48542025]4.4. What tidal generation to implement on the River Neath?

Studying literature and learning the benefits of implementing tidal power and the damage it can cause to ecological sensitive areas has led the author to suggesting that TSD is used on the River Neath.  
As a renewable energy resource, it doesn’t have the negative issues of other systems and all of the benefits such as lower cost, scalability, reduced blade impact, possible incorporation etc, only makes it more suitable and practical for the river.  The one downside that is obvious is that it may not produce as much power as its rivals but if implemented at various points along the 19-mile river then it may have a bigger yield than expected.
[bookmark: _Toc48542026]4.5. Local Tide Energy & Recorded Data 

[image: ]Looking at the local surf forecast website (Figure 19) it is evident there is considerable tidal energy around the suggested site.  On Thursday 20th August 2020 there is predicted to be a maximum of 478Kj of energy in the waves along the coast (Forecast, 2020).  This is just the energy on the ocean’s surface, and it is more than probable that there are strong currents underneath the surface.[bookmark: _Toc48540874]Figure 20: Image showing the wave height, energy and direction across Aberavon to Bay Baglan and the River Neath (Forecast, 2020).





[image: ]
The above graph shows that at the entrance for the River Neath the highest tide will be approximately 7.4m (2.55pm) and the lowest will be approximately 3.5m (9.05pm) (Charts, 2020).  The demonstrates that on a smaller scale a TSD could be implemented further along the river.[bookmark: _Toc48540875]Figure 21: Tide chart showing high and low tides in a 48-hour period (Charts, 2020)

[image: ]Through 2019 the author recorded high tide data and worked out the average and range for each month of the year.  Due to the amount of data it was more practical to look at the results quarterly.
[bookmark: _Toc48540876]Figure 22: Graph illustrating the average and range of the high tides each quarter (Cole, 2020) (Please see Appendix for the rest of the data collected).

Analysing the results showed that the highest recorded tide was at 10.71m and the highest range recorded was 3.58m, meaning that there was a good head benefit from with tidal generation.  
[bookmark: _Toc48542027]4.6. What must be determined for tidal generation at a location?

The author wanted to visit the site and do soil samples where necessary, survey the site at a primary level and establish the following (by means of visits and map use): 
[bookmark: _Toc48542028]
 4.6.1. What to consider

• Number of ﬂow directions in which power is generated (1 or 2) 
• In case of one direction: which direction? 
• Size/scale of structure 
• Location of turbines in the river
• Number and type of turbines/ generators 
• External factors: Fresh water/sea water, marine wildlife, flood risk areas

[bookmark: _Toc48542029]4.6.2. On what criteria are these decisions made? 

• Quantity of water 
• Power generation capacity 
• Environmental considerations (tidal influence) 
• Geotechnical proﬁle/shape 
• Possibility to adapt to future changes 

Once these questions were answered to the best of the authors ability then further investigation into what type of turbine would be needed, scalability of the project, connection to the grid, building methods, costs etc.

[bookmark: _Toc48542030]4.7. Environmental Impact Assessment (EIA)

Predicting the environmental effects of a TSD on the River Neath is difficult without know more about the site due to the pandemic, also made difficult by the fact that tidal resource varies at every site and each will have their own environmental characteristics (Entec, 2007). 


The key environmental issues which should be considered as part of the EIA process are (Entec, 2007): 
• seabed, sediments, and currents. 
• airborne and underwater noise. 
• landscape and seascape.
• other users of the sea. 
• water quality. 
• air quality.  
• ecology (habitats and species). 

Each implementation of tidal energy generation will differ as they may vary in construction and their impact on their surroundings.

[bookmark: _Toc48542031]4.7.1. Seabed, sediments, and currents 
Cables used to connect the technologies to the grid may cause a physical change to the environment and potentially a loss of habitat (Swane, 2007).  Due to constructing these schemes the water flow could change within that area and cause erosion or deposition of sediments which could cause issues elsewhere (flooding, water quality), and so the effects are not limited to the footprint of the project (Pugh, 2001).
[bookmark: _Toc48542032]4.7.2. Noise

Established in the benefits of a TSD the acoustic properties seem to prevent wildlife straying towards them resulting in less blade strikes and less impact on the organisms within the area (Choices, 2017).  Some underwater noise may be generated if drilling or piling is needed for the project and this could be detrimental to some marine life depending on frequency (Entec, 2007).
[bookmark: _Toc48542033]4.7.3. Landscape and seascape
The area is not a tourist attraction and is only used to a certain point by shippers and at various points by leisurely fisherman (Davies, Jenkins, Baines, & Peredur, 2008).  TSD’s in the river would unlikely have great impacts on the landscape/seascape.
[bookmark: _Toc48542034]4.7.4. Water quality 
Quality of the water may be affected by the materials used to construct the tidal project.  For example, the leaking of lubricants or hydraulic fluids (Entec, 2007).
[bookmark: _Toc48542035]4.7.5. Air quality 
Although emissions into the atmosphere are negligible it must be factored in due to transportation links for all components of the scheme and vehicle emissions decreases the air quality (IRENA, 2014).
[bookmark: _Toc48542036]4.7.6. Ecology
Flora, Fauna, various wildlife, organisms, and various habitats, as well as marshlands, may be affected by a TSD scheme (Neill & Hashemi, 2018).  It is vital to ensure that any infrastructure that is going to be implemented poses a low risk to a disturbance of the environment (IRENA, 2014).  The main risks comes from erosion and deposition resulting in physical environmental changes that could be permanent (IRENA, 2014)

[bookmark: _Toc48542037]4.7.7. Social and Economic Aspects

The social, economic, and environmental aspects of a tidal project are closely related.  For example, the new tidal energy generation system will have its construction cost, but local areas may find an increase in job opportunities and regeneration of the local economy, which in turn has social benefits (Entec, 2007).

[bookmark: _Toc48542038]4.7.8. Employment 
The most significant economic aspect of a project is job creation which can result in jobs directly related to the tidal power scheme or indirectly in the local businesses (Neill & Hashemi, 2018).  There may be maintenance jobs during and after project completion and analysis’ of labour markets in tidal resource areas may indicate that a town like Neath could benefit substantially from the development of tidal energy generation (Entec, 2007).

[bookmark: _Toc48542039]4.7.9. Wider economic effects 
Ports could see a rise in development during the project timescale as materials would need to be important but there is room for recreational sports and activities too (IRENA, 2014).  It is unlikely that the site would become a tourist attraction but with potential economic growth it may attract some tourists to the town. 

[bookmark: _Toc48542040]4.7.10. Social effects 
Social effects of tidal energy schemes are specific to the area and communities could gain activities, potential effects of landscape, educational opportunities etc (Entec, 2007).



[bookmark: _Toc48542041]
4.8. Moving Forward

The UK Government has committed to meeting targets for 2050 and endeavoured to do more by means of increasing the renewable energy sector in the UK (Greenmatch, 2020).  This would mean they need to invest significantly in the market, specifically in tidal energy, but due to high costs it is unlikely that there will be a development, despite the UK being a world-leader in tidal technology (Entec, 2007).

We have a tidal stream resource that could be utilised but worries over cheaper labour and costs abroad has slowed developments.  Barriers that are restricting the growth of the UK’s tidal industry is finance, grid access, planning and development teams, and technological issues (IRENA, 2014).  

To move forward and meet the targets set for the UK by 2050 smaller scale projects like a TSD on the River Neath may be a small overall cost to incur if it promotes clean renewable energy.  The local Welsh Government backed the Tidal Lagoon project in Swansea but the UK Government failed to do so and we lost as significant chance to produce a lot of clean energy (Power T. , Tidal Lagoon, 2013).
.















[bookmark: _Toc48542042]5. Conclusion

The tidal energy in the rivers and oceans around the UK is enormous and developing the technology and then exploiting these resources (TSD) could generate 10% of the UK’s electricity demand.  Financing and investment into schemes need to happen to help the market leading experts drive the cost of production and electricity down, thus making tidal power substantially cheaper to install.  There are the issues regarding the effect on the environment both globally and locally, but with more technological advancements in the sector and more investment there will hopefully be a way to reduce the impact as much as possible.
There are significant differences between tidal range and tidal stream schemes.  Tidal range projects look more attractive to investors as they can generate high outputs of electricity in comparison to tidal stream, but tidal stream has much lower costs overall and may be the small step forward that the UK needs.
Lack of investment and backing from the Government on projects in recent years has not impeded research and development but it has kept the market unattractive for commercial development which investors will deem too risky.  It is likely that not backing enough projects will cause the Government to continue funding research and development through the Renewals Obligation but ultimately no end goal will be achieved by 2050.
Overall, the are significant gaps in our understanding of tidal energy in the UK and they will continue to grow if no commercial basis is developed in the UK.  The TSD’s industry is developing fast and leading experts are launching prototype devices to increase global understanding of tidal technologies and this will be vital in understanding how we can adapt to specific sites and limit the damage caused.   It seems that a TSD would be feasibly on the River Neath but more research and tests which were prevented due to Covid-19 would need to be investigated to get a true picture of how beneficial it could be.
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Months July – September 2019 high tides
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Months October – December 2019 high tides
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