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[bookmark: _Toc4771437]Solar Thermal Panels
[bookmark: _GoBack]Solar thermal panels are designed to use the solar radiation to heat up water. This water is then used in hot water taps and shower systems. However the issue is the water does not heat up sufficiently in the winter months so a boiler or emersion heater will be needed. “Solar water heating systems use solar panels, called collectors, fitted to your roof. These collect heat from the sun and use it to heat up water which is stored in a hot water cylinder.” (energysavingtrust, 2019). In south wales we don’t get a great deal of sunshine and many people are under the impression they won’t work with cloudy skies however the truth behind this misconception is that they do work with cloudy skies as it’s the radiation that supplies the energy and not the sunlight, but the clouds do block much of the radiation so the energy gains won’t be as much as they would be on a clear day. 
[bookmark: _Toc4771438]Photovoltaics 
 Photovoltaic panels are designed to absorb the solar radiation and convert it into a usable source of electricity. Much of this converted energy will be stored ready for later use or fed back into the national power grid where you can earn a small bit of cash for your unused electricity. This is a huge incentive for people to use PV panels as they can save you money and earn it. “Solar photovoltaic (PV) panels contain semi-conductors such as silicon, which convert solar radiation into electricity. The DC (direct current) electricity produced is then (usually) fed through an inverter to produce AC electricity at a voltage and frequency suitable for general use.” (ecocetera, 2019). 
One of the plus sides to PV panels is that it creates zero to none carbon emissions when compared to other energy sources and works on a cloudy day however they won’t produce as much energy as they would on a clear day.
[bookmark: _Toc4771439]District Heating and Cooling
District heating or otherwise known as heat networking is the system of using a centralised heat source and distributing it through insulated pipes. 
“District energy solutions are becoming increasingly popular throughout the UK to help reduce CO2 emissions and long term operational energy costs.” (Vital Energi, 2018). A number of heat sources are used in producing the heat required to be distributed. These can include fossil fuels and biomass but can also include some friendlier options such as geo thermal heat, heat only boiler systems and solar heating. 
[bookmark: _Toc4771440]Ground source and air source heat pumps 
Ground source heating is the use of underground pipes collecting the heat from the ground and using it to heat things like radiators and under floor heating systems. The pipes contain a mixture of water and antifreeze moving in a continuous loop carrying the heat inside the property. “Unlike gas and oil boilers, heat pumps deliver heat at lower temperatures over much longer periods.” (Energy Saving Trust , 2019). Air source heating pumps can come in two main forms “There are two main types of air source heat pumps (ASHPs): air-to-water and air-to-heat.” (Morgan, 2017). The air to water heat pump will absorb heat from the outside into a liquid at a low temperature then the heat pump increases the temperature and the heat is then transferred into the heating and hot water pipe circuits. The air to heat pump uses the warm air from the outside and pushes it inside using fans. Both options require the use of electricity so do leave a carbon footprint. This could be reduced quickly with the use of wind turbines or solar photovoltaic panels. 
[bookmark: _Toc4771441]Wind power and wind turbines
Wind power is created via a mix of off shore and on shore wind turbines. They use the force of the wind to turn their propellers which generates an electric current. By 2020 about 10% of the UK’s energy should be generated via the wind. Some of the advantages of wind power is the wind blows both night and day and the turbines can come in a variety of sizes to suit your power requirement needs. “About 40 per cent of all wind energy in Europe blows over the UK, making it an ideal country for domestic turbines” (energysavingtrust, 2019). A good advantage to consider is the lack of a carbon footprint they produce while generating energy. 
[bookmark: _Toc4771442]Biofuels and Biomass Boilers
Biomass boilers are large boilers that use a wide range of biomass fuels such as wood logs, wooden pellets, industrial waste and high energy crops to produce energy. Traditional fires are sometimes used to produce heat however biomass boilers use much more of the energy provided to heat up properties by the burning biofuels (Renewable fuel). “You will need about 6-7 cubic metres of space near where the boiler is sited to store the fuel (for an average size house).” (YouGen, 2018). Due to the amount of space required there are not a great deal of properties with biomass boilers and the burning of biomass does produce a carbon footprint. 
[bookmark: _Toc4771443]University Development
The new development of the university will be based near the existing developments next to the Swansea seafront. A swimming pool and gymnasium complex with a floor space of 6,000m2 will require sufficient lighting and heating throughout the 6 days of continuous operation from 7am to 10am. For this development I would recommend the use of wind turbines to supply the required electricity for this development over the long operational times. Wind energy is produced by the breeze and along the seafront it’s the ideal building spot for this energy source. It's a perfect fuel source as wind turbines don't pollute the air like power plants that depend on burning of non-renewable energy sources, for example, coal or other fossil fuels. So it is safe to say it is one of the cleanest ways to produce electricity and unlike fossil fuels we will never run out of wind to move the turbines. “It's sustainable. Wind is actually a form of solar energy. Winds are caused by the heating of the atmosphere by the sun, the rotation of the Earth, and the Earth's surface irregularities. For as long as the sun shines and the wind blows, the energy produced can be harnessed to send power across the grid. “ (Anon., 2018). Wind energy has been used for hundreds of years from sailing boats to windmills costing them nothing to power as they relied 100% on kinetic wind power. Wind energy is one of the lowest priced renewable energy sources available, costing in the range of 4 to 6 pence per kilowatt hour. This would be an ideal solution to the university power requirements by using the location of university development to their advantage. In addition to this wind turbines will generate electricity night and day in various weather conditions. “About 40 per cent of all wind energy in Europe blows over the UK” (energysavingtrust, 2019). Due to the size of the university development a number of building mounted turbines on the roof could produce a great deal of electricity with the 6,000m2 of space on which we are able to build the turbines. Solid state batteries are the most common type of electricity stockpiling. Solid state batteries, which incorporates lead-acid and lithium- ion batteries, are dense. Lithium-ion particle batteries have better energy density than compared with lead-acid batteries. Batteries are perfect for long term energy [image: Image result for small horizontal turbines]storage as they can store tremendous amounts of energy that will be generated by the wind turbines. An advantage of using batteries is the energy stored can be used during peak operating hours and regenerated then during off peak hours during the night. One of the drawbacks of using wind energy is the limitations they have for generating energy, for example on a low breeze day the turbines won’t turn as fast and won’t produce the same amount of kinetic energy as a very windy day. Fortunately a number of energy storage batteries can be handy in this situation as the previously stored energy can be used during these times which is why I would suggest a number of them to be included in the new development to store energy for when it is needed. Unused electricity generated by the new development can be stored for later use or fed back into the national grid to benefit the community, this would leave the university with a good reputation with the local community as being one of the first zero emission and sustainable buildings in Swansea. This could open new doors for expansion further down the line with the universities reputation for combating global pollution. The two existing buildings utilise the existing roof space with solar panels however in south wales we get very little sunlight and heavily dense clouds for long periods of time in the winter months. Thus lowering the amount of electricity produced. Fortunately the turbines on the roof of the new development should be sufficient in providing the other buildings with the missing energy during these months as they are when the wind it at its strongest and therefor producing more kinetic energy to be converted for use. The average onshore wind turbine with a capacity of between 2.5 and 3.1 megawatts of energy can produce more than 6,000,000 kilowatts per year, this would be sufficient to power approximately 3,000 households per year. These turbines may be too big to build within Swansea as they stand approximately 212 feet tall and to some they are anaesthetically displeasing however a large number of smaller ones placed on the developments 6,000m2 roof should supply more than enough energy to fit the universities demand.Figure 1 (Taken from google maps)
Figure 2 (Taken from google images)

Unfortunately one of the issues with utilising wind energy as a sole provider of energy is that it relies on the kinetic energy provided by the wind to spin the propellers. With this in mind we have to realise that the wind is irregular and does not always blow when energy demand is high. To try and counter this I do believe a number of batteries being installed to store the energy will make up for the low wind day. In spite of this another issue that has been a problem in the past with other wind farms is the turbines spinning produce sound which isn’t the best thing to hear when you’re sitting in an exam hall and all you can hear is the turbines spinning to keep the lights on, however in recent years the technology in the renewable energy sector has improved greatly reducing the sound produced but not completely eliminating it. With this renewable energy source in mind during the planning stage sufficient sound insulation for the building can be implemented to make the turbines soundless from the inside of the university. Another issue is local wildlife flying into the turbines and being killed. “Good wind sites are often located in remote locations, far from cities where the electricity is needed.” (dasolar, 2017). With turbines being placed in such proximity to the sea the main concern to wildlife would be the seagulls flying into the [image: Darrieus-windmill.jpg]turbines, however this issue is centred around the larger wind farms with turbines 212 feet tall which is not what I suggest putting on the roof of the new development. Smaller turbines in a large quantity is what is being suggested and due to the concern for the local wildlife I suggest adapting some of the techniques used on the larger turbines to be implemented on the smaller ones such as brighter blades so they are easily visible to the birds, and using lights during the night to illuminate the turbines and to discourage the birds from flying too close. Another aspect we could look at is the shape of the turbines, I believe the standard three propeller spinning on a horizontal axis would be the best option however the vertical turbines may be worth considering however the reason as I have not gone into too much detail is they do not produce as much energy as the horizontal turbines, due to the two propellers a lot of drag is being created as the blades are constantly spinning back into the wind and they may require electricity to start turning due to low starting torque. Figure 3 (Taken from google images)
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