Why Swansea need tidal lagoon

1.Tidal Energy
1.1 Principle of Tidal Energy
Tidal forces are exerted by celestial bodies mainly by moon. Owing to the strong attraction to the oceans, a bulge in the water level is created, causing a temporary increase in sea level. As the Earth rotates, this bulge of ocean water meets the shallow water adjacent to the shoreline and creates a tide. Tidy takes place in an unfailing manner, due to the consistent pattern of the moon's orbit around the earth. (Rokue, 2010).
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Figure 1  Effect of moon on earth’s ocean

In addition, tidal energy is a form of renewable energy that converts energy generated from tides into another form of energy, especially electricity, by using specific machinery. Tidal energy is not widely used around the world but has a great future for renewable energy. Now in the world there are three major types of tidal energy plants, tidal dreamer, tidal barrage. Importantly, tidal lagoon, a emerging tidal energy system, is getting more and more attentions. 
1.2 Benefits of Tidal Energy
Tidal energy is a type of renewable energy, so it has lots of advantage over traditional fossil fuel. It is clean and can be transformed into electricity directly without much losses. It produce less carbon dioxide and other pollutants and has less adverse effect on environment. It can be derived from nature continuously without too much damage to nature. What’s more, owing to consistent pattern of orbit system between moon and earth, tidal energy is more predictable than other renewable energy such as wind and solar energy, which is a major advantage against other form of renewable energy. People can manipulate it more accurately by using comprehensive tide data for years in advance but many forms of renewable generation also face a challenge of being relatively unpredictable. 

1.3 Major Issues
At now, two major issues that prevent the development of tidal energy are high initial cost and environmental concern. Tidal energy was too expensive compared with alternatives such as offshore windmills. But now there are lots of advance in technology. 

2. Energy Consumption in UK
2.1 Energy Consumption in UK
In UK, total energy consumption increased by 1.1 per cent in 2018 to reach 143 million tonnes of oil equivalent, the highest level since 2013. Figure 2 below shows the long-term trends in consumption by sector and fuel [2]. It can be concluded that petroleum is still the biggest resource of energy, which account for more than 60%. The most notable trend is the growth in transport consumption and fall in industrial, which we can be reflected by rapid increasing car ownership in Swansea.
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Figure2 Change in Energy Consumption by Fuel (a) and Sector (b) from 1970 to 2018

Figure 3 shows that petroleum is still major resource of electricity and conversion loss can be up to 50%, which is a big issue, because of fossil fuel such as petroleum or solid fuel is lower efficient in thermal electricity generation, which also be affected by the technology level. Electricity is major energy resource for domestic and industrial and service sectors. Large amount of loss produced in conversation from combustible resource. By 2020, the UK is legally obliged to meet 20% of its electrical demands with renewable sources [2]. Currently, renewable sources account for as little as 5% meaning drastic action is required to meet this target [2].  The United Kingdom is a party to the Paris Agreement. UK also assume the responsibility for carbon reduction. The UK is also committed to reduce CO2emissions by 60% by 2050. UK needs to take more action in energy consumption to meet that target[]
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Figure 3 Primary Consumption Compared to Final Electricity Generation in the Domestic Sector

3 Renewable Energy Development in Wales
3.1 Electricity generation in Wales
Figure 4 presents the electricity generation in Wales, of all electricity generated in Wales, 25% in 2018 is from renewable sources, up from 22% in 2017. But it can be seen that fossil fuel is still the major resource as the same as distribution in UK, accounting for more than 70% and create great loss compared with renewable energy.
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Figure 4 Electricity generation in Wales in 2018


3.2 Wales Renewable Energy Targets
In 2017, the Welsh Government announced a target that 70% of Wales’ electricity consumption will come from Welsh renewable energy sources by 2030. Figure 4 depicts the development of electricity demand from renewable energy annually. In 2018, Wales reached the 50% of electricity consumption being generated by renewable energy, up from 19% in 2014 and 48% in 2017. In order to meet this targets, there will be a long term of combination of both decreasing electricity consumption and increasing renewable energy generation. [3]
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Figure 5   Growth in the percentage of electricity from renewable resource.

But in recent years the decrease in electricity consumption from renewable energy has slowed and renewable energy installation rates have been significantly cut without enough support owing to  high cost, lack of management and other many issues. 

In my perspective, wales need more efficient form of renewable energy can not only make up financial burden but also increase the installation of renewable energy. With increasing population and economical development, it’s become more and more difficult to reduce energy consumption. Approximately 71% of the increase in renewable electricity generation in the last five years has been due to large-scale onshore and offshore wind but now wind energy is faced with more challenges. Maybe we not only need more renewable energy installation but also find a much feasible way to reduce cost and combine to our urban development. 


3 Tidal Lagoon Projects in Swansea Bay
3.2 Tidal Lagoon 
Tidal lagoon project in Swansea bay is a new tidal energy energy design. It will construct a round wall embedded with turbines that can efficiently convert tidal energy into electricity. Tidal lagoon in Swansea is designed to sustain a floating community up to 10,000 homes and shops and are also equipped with solar panels and wind energy system. It could be a multifunctional and artificial island used for energy generation, residence and commerce. If it built, it would become the world's first tidal lagoon energy plant, which means that Swansea lagoon project maybe the first tidal lagoon project in the world.(Waters, 2015)
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Figure 6    Swansea Tidal Lagoon Project

According to a long time observed statistics, great velocity and wide range of tide in Swansea can increase its potential for tidal energy. We can see that the Swansea Bay tidal lagoon project will show many edges in tidal energy. Swansea Bay is located in the Bristol Channel on the South Wales coastline, as part of the Severn Estuary owing one of the world's largest tidal ranges, often reaching 10 m. In addition, tidal lagoon project has more advantage than other renewable energy including wind energy. (Petly, 2015)
3.2 Time Line   
The Swansea lagoon project has been rejected for a long time.

The repeated proposals for the Severn barrage since the 1920’s have proved the necessity to evolve techniques used for tidal range generation, with each proposal turned down due to high costs and environmental concerns.

The proposed tidal lagoon would be the same as the one which gained planning consent in 2015 but were not built after the UK Government declined to offer a financial support package to make the energy-generating scheme commercially viable. In 2018, The government rejected plans for a £1.3bn tidal lagoon in Swansea Bay, dashing industry hopes of development of renewable energy in UK and sparking widespread criticism. 

In 2019, Swansea council leader Cllr Rob Stewart gave a brief update on the infrastructure proposal - dubbed Dragon Energy Island - at a meeting of full council, following the submission of a report to the Welsh Government in May. It was also reported that several major companies interested in buying the low-carbon electricity generated by the tide flowing through turbines in this Swansea tidal energy project.[positive]

In conclusion, initial cost is the most concern for government but i think it need more considerable thinking because profit from tidal lagoon would be variable. At the same time environmental concern including the damage to the fishes and ocean fishes can also be not ignored.
3.3 Structure 
They are three main materials: sand, concrete and rock [6]. Sand will be dredged from the lagoon basin area and used to fill complex geotubes. These are a low cost and durable and  is a proven technology having been used in large-scale operations in South Korea and others. In same way as tidal barrage,  an man-made structure to produce head difference between ebb tide and flood. With the head difference, water can pass through turbine and generate electricity. In these project, tidal lagoon project use bulb turbine equipped with Pumping up system including windmills and solar panels.

3.4 Benefit of Swansea Lagoon Project
3.4.1 Reduction for Greenhouse Gas, Pollutant and Fossil Fuel
Tidal generation can displace electricity produced from thermal units. As renewable energy, usage of tidal energy could reduce the emission of greenhouse gas such as carbon dioxide and polluted chemical such as sulfur dioxide, nitrous dioxide. In addition, according to the emission trade system in EU, If a company could reduce its emissions by using high efficient technology or renewable energy and etc, it can keep the spare allowances to pay for its future needs or sell them to other company, which could also make profit for UK. Company can buy or sell carbon dioxide in carbon market so reduction of carbon dioxide has its own value. When analyzing the cost of tidal lagoon project it is mandatory to take the benefit of saving for fuel and reduction of carbon dioxide into account. In addition, less pollutant gas need less investment on treatment device and lead to better air quality condition.  

According to Swansea lagoon project, it will be equipped with pumping up system. Pumping up system can be used to increase head difference between basin and sea level. Energy for pumping up can be directly from windmill and solar farm without too much cost of grid network. At the same time  pumping up is closely related to energy generation of  tidal energy. 
3.4.2 Making up Electricity Peak Demand 
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Figure   Electricity Demand Curve daily across seasons in England [10]

Electricity demand in household is fairly volatile even in every single day. In summer, there are frequently one peak in the mid afternoon and it is often the highest peak in the whole year. In other seasons, there are mainly two peaks happened in the morning and evening. In the morning, people wake up and switch on all appliance. Electricity continues to rise until about nine o’clock and the relatively steadily. In the evening, electricity go up again when people coming back to home at about five o’clock. After people going to bed, electricity decrease.[11]

At same time, electricity price is also variable in every single day but variation of price is not proportion to the variation of electrical generation. Construction of energy plant always needs to exceed the maximum electrical supply to ensure supply always available. Capacity of energy plants cannot increase rapidly with the electricity peaks and increase of capacity will require higher cost and cause more energy loss. What’ more, in order to produce the same amount of electricity, the higher rate of electrical generation is, the higher cost is. In addition, because of  technical limitation, electricity can not be stored like other commodities and it need to be used after generation. So energy plant needs more construction and operating costs to meet the electricity peak but peaks only be actually account for relatively small amount of time in every day. 
[image: ]
Figure    Tidal Time in Swansea Bay
In my perspective, tidal energy may be used to alleviate cost. With enough observed statistic in Swansea bay, tidy can be predicted accurately. Predictability is a major advantage for tidal energy compared with wind energy. Wind generation is used whenever it is available but it rely on the variable weather condition.  In the opposition, tidal energy is predictable. After careful energy estimation, tidal lagoon project can be widely used. The time of tidal energy is close to the time of electricity peak demand.It can also be used to supplement the electricity generation from energy plants and flatten the peak demand, which could save lots of cost for energy plants in a much cleaner way, at the same time tidal energy can steadily assure the energy supply. 

What’s more, tidal lagoon can provide electricity towards the floating communities without too much construction of grid. Electricity can be transported into communities in a short distance.
3.4.3 Lifetime and Flood Abatement
One of the great advantages for tidal lagoon compared with solar energy or wind energy is its lifetime. Even though initial cost for tidal energy, its estimated lifetime will be 120 years that would be approximately five times lifetime of windmill (20-25years) (Waters, 2015). We should also take the cost of repairing, replacement of equipment into account. 

In addition, it is estimated that tidal lagoon can resist flood and storm for 500 years and it could provide a long time protection. With suitable regulation of water flow, Swansea can play an important role in protect coastal regions.
3.4.5 Combined with Swansea Bay Project
Combination of a whole project accompany with Swansea bay project
Boost economy and provide opportunity, Many sponsors

Swansea bay has published the destination management plan of Swansea bay. Tourism is a vitally industry to Swansea bay. It can not only attract more investment to generate hundreds millions for local economy but also provide thousands of jobs. But now according to my observation, Swansea bay now mainly rely on retails, restaurants and grocery shops. Swansea bay desperately need more attraction to public to fascinate people’s attention. According to the destination management plan of Swansea bay, Swansea bay will become a world class tourism destination, which delivers a high-quality visitor experience in a pleasant, clean and well-maintained environment. In my opinion, the production of Swansea lagoon project will be a great impulse to this goal not only for a more attractive destination but also for a more sustainable environment. 

Firstly, Swansea lagoon project could strengthen the attraction of Swansea bay. In China, three gorges dam, the world's largest energy station in terms of installed capacity (22,500 MW), has already become one of the most famous attraction in China because of its reputation and gorgeous scenery. Three gorges now provide a series of service including cruising, education center, historical story, innovative energy and etc. According to statistic, the total number of tourists in the Three Gorges Dam tourist area this year has reached 3.008 million until Nov.2019. one of the major reason people choose three gorges is its great combination of magnificent dam and charming scenery. 
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Figure    Three Gorges Dam in China
In my perspective, Swansea bay as one of the most beautiful bay in the world, also have great scenery. In order to meet the target of ‘world class destination’, Swansea bay also needs to provide public some selling points and fairly different from other destination. In the world, Swansea tidal lagoon project will be the first lagoon project in the world, which will be a great attraction to the people all around the world in the future.  Swansea lagoon can also be used as recreation such sailing, swimming or many other functions. Swansea lagoon project will also provide more poverty and more work opportunities and absorb more investment towards this area. Many companies are now interested in this project.     
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Figure well-being goals for wales
[bookmark: _GoBack]The well-being of wales (Destination Management Plan for Swansea bay) hopes a prosperous and healthier wales. Swansea bay is equipped with great natural scenery but is lack of more attraction. Swansea lagoon project could be a greatly prompt its development.
A Greet Step for Future 
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Figure   Planed lagoon project in UK

One estimate suggest that the UK produce 50 TW/h per year from tidal energy, representing 48% of the European tidal resource.  In future, aside from the added benefits to the economy and the reduction of the carbon emissions, the combined lagoon projects would be able to provide 8% of the UK’s energy demand for an estimated (Waters,2015). In my opinion, in UK, renewable energy is a major trend of renewable energy is inevitable. Renewable energy is not only related to the reduction of pollutant and carbon dioxide but also the energy independence in the future. With the depletion of fossil fuel, price of fossil fuel will become more and more higher and technical design for renewable energy will essential to every nation. 

If Swansea can become a pathfinder, Innovative project can bring up more reputation to Swansea. A new tidal energy we have never seen before.  After successful lagoon project in Swansea, there will be more and more lagoon project established. Swansea lagoon can be a great example in the future of renewable energy in UK. Precious experience of management, construction, operation can benefit the whole UK even the whole world.
5. Conclusion
Tidal energy is a renewable energy due to the attraction of moon. Tidal energy is a kind of cleaner and predictable energy. In present, main form of energy in UK is still the fossil fuel and electricity generation from renewable energy is still relatively low. Welsh Government ’s target that 70% of Wales’ electricity consumption will come from Welsh renewable energy sources by 2030 is slow down. Wales government now need more design to enhance its development of renewable energy. Swansea tidal lagoon project is a new proposition. In my opinion, even though it need a higher initial cost, Swansea tidal lagoon project is avail to the development of Swansea or even whole Wales. Swansea tidal lagoon project will  be established into a multifunctional floating community. It is going to adopt high efficient energy with less adverse impact. It could also make up the electricity peak in household to reduce its cost because of its better predictability and resist flood. It has a longer service life compared windmills and solar panel. In the future, its construction may be a great boost to tourism in Swansea bay and a important example. As far as I am concerned, Swansea tidal lagoon project needs more consideration for its benefits instead of only discussing its initial cost. I think that it play an important role in urban development in many aspect.
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