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1.0 - Introduction 

The University of South Wales Trinity Saint David is looking to extend its facilities to house a large gymnasium complex, swimming pool and changing space. This single storey building will be of approximately 6000m2 and open for fifteen hours a day, six days a week. The University is looking to incorporate renewable energy technologies in to the building to create low carbon emissions, as well as energy storage technologies to possibly use across the whole SA1 campus once the complex has been sufficiently energized.

1.1 - The Aim of the Report

The aim of this report is to review one possible solution to create a sustainable energy system; analyzing the potential benefits it could have for the university, as well as the limitations there may be. Comparative case studies will also be used to view similarities to have an understanding of possible outcomes for the universities sustainable energy route. 

2.0 - Renewable Energy
Renewable energy is power, electricity or warmth taken from the natural and renewable features from the earth. This includes taking energy from the sunlight, rain, waves, geothermal heat and wind. An example of this can be a wind farm. Sustainable energy systems like these do not harm the environment by generating this power, creating low impact to surrounding environments, low carbon and often a high energy output which can then be fed back in to the National Grid. This can also benefit the user as this ‘spare’ energy can be financially beneficial. “New forms of flexibility are key to an affordable, renewables-led power system. Without energy storage, smart-charging electric vehicles, demand response and interconnectors, the U.K. energy transition risks proceeding on a suboptimal path, with a power system reliant on fossil backup and oversized renewables capacity. This will come at a higher cost, and with higher emissions.” (Bloomberg Finance L.P, 2018). Due to the increasing ease of installing renewable energy technology in to buildings, it is almost becoming a necessity in large buildings. This will help to not produce an overwhelming amount of Co2 emissions and damage to the environment. It is highly beneficial to use the natural and reusable features of the environment to create an eco-friendly building without relying on the grid. 

2.1 - CIBSE Energy Consumption Guide
Within the CIBSE Energy Consumption Guide, it states that “The UK’s sports sector buildings spend £700 million on energy every year, resulting in annual emissions of 10 million tonnes of carbon dioxide (CO2) – the principal contributor to climate change. Sports facilities, such as swimming pools, can have high associated energy costs.” (CIBSE, 2001). This guide is published in collaboration with the Government’s Energy Efficiency Best Practice Programme, which allows benchmarking of other sports centres’ performance. This can allow new sports complexes, like the University’s, to aim for acceptable figures and ideas to explore new renewable options. The guide allows the user to specify the use of the building and options for ‘good practice’ which is recommended by the government. “Making and maintaining the best savings in energy use and cost is generally best achieved as part of a well-organised plan that has good senior management support.” (CIBSE, 2001). As money is the driver in all projects, also when a project is completed, the guide also describes effective ways to save on the outgoings. This can be initial expenditure or future running costs. 

2.2 - Environmental and Geological Position 

The University of Wales Trinity Saint David has an effective and very resourceful position in SA1. This can be exploited to create renewable energy from either the wind, rain or waves. Wind can be used due to its constant gales, rain from the ongoing wet weather in the area and waves from the close sea and ready built small dam. Other resources such as solar energy would not work out to be as efficient as Swansea is not known for its glorious sunshine and sunny days, which the complex would need for its long opening and running times. 
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3.0 - The Most Effective Systems
Due to the geographical positioning of the University, the most appropriate systems to incorporate in to the new sports and swimming complex should be based upon either Wind, Rain or Water. A possible solution could be to include wind turbines in to the project. “In recent times wind turbines harness wind to generate electricity. The electricity is then exported either to the grid for use locally or to power a standalone application. This renewable source of energy has great potential in both onshore and offshore wind farms and may also be used at a smaller scale on farms. Wind power is one of the cleanest and safest of all the renewable commercial methods of generating electricity.” (Hayes, 2018). The wind turbine could be a non-non-destructive feature which could be included in to the building process of the new complex, not creating too much of an eye sore with maximum benefits for creating an average of 2.5-3 MW a year, says EWEA. 

The lack of sun throughout the year in Swansea, means a suitable resource to harvest energy from is rain. Solar panels can now generate electricity from rainwater, enabling energy to be harnessed even in cloudy and wet weather. “The new device, demonstrated in a laboratory at Soochow University in China, places two transparent polymer layers on top of a solar photovoltaic (PV) cell. When raindrops fall on to the layers and then roll off, the friction generates a static electricity charge.” (Carrington, 2018). According to Carrington, the cost of solar energy has decreased by 90% over the past ten years, making this more accessible and becoming the most widely used source of renewable energy. This new aspect to the average solar panel can allow cloudy and rainy places, such as Swansea, have an effective harvest of every from the wet weather, as well as being allowed to harvest from the little sun during the Spring and Summer. 

As the university is so close to the sea, a very effective system would be from hydro energy. There is also already a barge/dam in place in the area resulting in minimum disturbances to the wildlife in the area, as well as construction for the surrounding homes and businesses. “Hydropower currently produces 2% of the UK electricity needs; while most of this comes from large dam projects installed many years ago, there is still an untapped small hydro potential in certain parts of the UK. There are several other ways of capturing energy from water offshore, including from tides and waves, but they are outside the scope of this website which focused on technologies that can be applied directly to, or nearby buildings.” (Hayes, 2018). 
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3.1 - Possible Expenditure Savings for Using Renewable Energy
There are multiple economic benefits for installing renewable energy into buildings, however an important feature is money. The user ultimately would want to save, or cut down on costs annually by investing in to the renewable systems. Even though there will be an initial relatively high cost to install and construct a new hydro dam or turbine, the swimming pool and gym complex built by the university would be more than covered by the electricity of the dam, being able to also make extra money on the remaining energy being exported in to the grid. The government will pay 4.64p per kWh of energy which is being sold to the grid, allowing the university to provide power to the local homes, benefitting the surrounding community. The hydro power harvested on the universities door step will not be any Hoover Dam, which creates 2,000 MW a year, however it will meet the needs for the complex and more from the local environment. 
3.2 - Possible Co2 Savings for Using Renewable Energy
Although carbon emissions vary from each dam, hydropower is not the most eco-friendly at the power stations or plant. The water obviously does not create Co2, however the plant which transfers the power in to electricity can have a large output of emissions, but necessarily produces less than burning fossil fuels. With the scale of this project, the 6000m2 sporting complex will not need a vast power station to convert its energy; a plant room within the building will be sufficient for the size of the project. “Using data from the 267 reservoirs, the authors estimate total emissions from all reservoirs worldwide and conclude that those water storage facilities account for 1.3% of all manmade greenhouse gas emissions.” (Weiser, 2016). This line of research is growing with the interest in the gas Methane and climate change, however there is not enough research to justify hydropower to be ineffective and necessarily damaging to the environment. 

4.0 - Hydropower
The UWTSD can sufficiently benefit from the water surrounding the original building and can now be incorporated in to the new complex from the start of the project, possibly being run in to the existing university building and library. “Historically, one of the first uses of hydro power was for mechanical milling, such as grinding grains. Today, modern hydro plants produce electricity using turbines and generators, where mechanical energy is created when moving water spins rotors on a turbine.  This turbine is connected to an electromagnetic generator, which produce electricity when the turbine spins.” (Muise, 2018). Within the SA1 Marina, the tide moves significantly throughout the day, which would be perfect for a hydropower dam to be installed allowing the water to flow in and out twice a day. 

4.1 - Benefits 

The benefits of hydropower are that water is free. There is no cost to the university to allow the free flow of the ocean water; using the vastly moving tide. It is also a reliable source of energy as there is no foreseen error that the water will disappear or stop moving. It could possible help with flood control in the future within the marina with the close proximity of restaurants and bars. This energy can also be easily stored, helpful to the university and the running of three buildings. 

4.2 - Limitations 

The limitations of hydropower may be the high initial cost of installing and construction the dam facilities, potentially causing disturbance to the surrounding areas and wildlife. However, in this case, there is already and barrier and bridge constructed, resulting in the dam being a minor disturbance. “In addition, dam failures can be catastrophic, further disrupting landscapes and claiming the lives of those living downstream” (Muise, 2018). Although there could be possible damages if a project takes a turn for the worse, like any other project, there will be no downstream habitats to destroy or risk to any lives. Each construction project has their own risks, which the construction of the small dam will be minor. 

5.0 - Case Study - Small Hydro at Skidmore College in Saratoga Springs, New York
This case study provides some information on a small hydro within New York, utilising a small river and waterfall, spanning around 30 metres. “It is expected that the Chittenden Falls facility will ultimately produce close to 4 MWh per year, enough to meet approximately 18 percent of Skidmore’s electricity demand.” (Hobbs, 2016). The dam is classed as a low impact dam, posing a small threat to the surrounding wildlife. The dam has also inputted in to the college education within the courses at this college. Giving students a firsthand experience and information to learn about the sustainable energy; benefiting to not only lessening Co2 emissions and environmental impact. This can also be utilised at UWTSD due to the variety of courses including sustainable and environmentally friendly energy.
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6.0 - Recommendations 
To conclude, it is recommended that the university should utilise the surrounding water and marina to create a sustainable energy source, with low impact to the environment. With the Swansea weather and geographical location, the use of hydropower proves to have maximum benefits, with low limitations and risk. Also, providing a long term benefit to the university, financially, environmentally and benefitting university education. 
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