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1.0 Introduction 
The purpose of this report is to recommend a sustainable upgrade for the student accommodation building on the Lampeter campus of the University of Wales Trinity St David's. 
The building built in 1822 has many aspects which could be altered or transformed to create a more sustainable and eco-friendly building. As the building is nearly 200 years old, there are limitations to how the building can be changed such as altering its orientation. Therefore, more feasible, realistic upgrades can be completed to improve its sustainability without losing its character or heritage, which are discussed within this report. The processes and its outcomes are discussed and how they would be of benefit to the building. 
A visual condition survey was used to gather information for this report which is a practical and attainable method of gathering information on the current state of the building and to determine which improvements can be made to create a more greener building. This survey will act as a benchmark on how improvements and upgrades can be applied to the building. The condition survey was made on the first of December 2017 between the hours of 10:30 and 12:30 on a typical winter dry day.  All data collected are referenced and the calculations are shown in this report. 
The development of proposals is discussed after each upgrade is stated, with pictures and drawings to support and illustrate why and how the upgrades would be implemented. 



















2.0 Orientation sun lighting and shading 
2.1 First Upgrade 
The Lampeter student accommodation building holds an unusual shape. Only half of the rooms in blocks C, D, E and F of the student accommodation have a South facing wall, therefore only half receives natural sunlight due to its unusual shape (appendix A). For these rooms on the South side of the building, harvesting natural sunlight would not be a problem at any time of the year. The first suggestion would be to replace the buildings windows. Currently, the building has single plane iron framed windows with a rectangle design through the plane of the glass which are dated and unattractive (appendix C). These windows lose heat through the thermal bridging and joints which aren’t as air tight as modern windows. Sound pollution is also transferred very easily in comparison to double and triple glazed windows. When looking at the current single glazed windows, the biggest issue is the amount of heat energy lost from the building through these windows. As there is only one plane of glass, conduction occurs easily, resulting in heat energy from the inside of the building being transferred to the outside. U-value is a measurement of thermal transmission through the envelope of the building (walls, windows, doors and roof). The higher the number the U-value, the higher amount of heat is lost through the different parts of the building. Generally, the average number for a single glazed window would be 5 in comparison to triple glazed windows which on average would be 0.8, thus, highlighting how much of an impact having these windows installed could have on the building (Abbey Glass, 2017). In addition, it is estimated that triple glazed windows can in fact reduce the energy costs of a building by 50%. 
The design of the new windows should include a thin frame with minimal design as this will allow the maximum amount of light and heat to be transferred through the window in to the rooms. Triple glazed windows would be the most appropriate as they conform to the building regulations, they have the lowest U-value when it comes to windows in Approved Document L-1B and they are the safest windows on the market according to Approved Document K (Planning Portal, 2017). Less heat energy will also be lost through these windows and would make the building ‘greener’ and more energy efficient as a result. 
The walls are at a 90° angle from the window frame and the thickness of the walls are 40cm. During the winter months, when the sun is lower, the sun will not be penetrating in to the room as much and would be shining on the sides of the windows. Modifications can be made to the sides of the windows to ensure the maximum amount of sunlight would enter the rooms during the winter months and to ensure more heat entering. Drawing 1 and 2 shows a representation of the sunlight coming through the windows at the beginning of the day. Drawing 1 is the current design of the building and it’s clear that the internal orientation of the building is not suited as some of the sunlight and heat are not coming into the building as efficiently as it could. Drawing 2 demonstrates how a small upgrade on the inside of the building will prove to be prosperous, as more natural light and heat will be able to enter the building. Looking at previous years, using 2016 as an example, the sun is out for the least number of hours within the winter months, the sun begins to rise at 07:36 and then sets at 16:07, with daylight hours of 7 hours and 50 minutes (when the sun is at its lowest point). At the highest point of the year during mid-summer, the sun will begin to rise at 04:07 and then set at 21:33 which amounts to 16 hours and 38 minutes of daylight hours (T&D, 2018). Because of the change of the daylight hours, energy costs of lighting and heating for these rooms in Blocks C, D, E, and F would be reduced. 
A different internal orientation will have to be applied to rooms in Blocks G and H as they are East facing. In the morning, the East facing rooms in these Blocks will be receiving natural sunlight until around midday when the sun is at its highest, however after midday they won’t be receiving any natural sunlight. In order to have more natural sunlight in these rooms, the design of the windows can be changed. The sides of the windows will be removed to allow more light to enter the building. The sunlight comes into these rooms at a different angle – see Drawing 3. In Drawing 3 and 4, the sun would be in the same position as Drawing 1 and 2. As seen in drawing 3 and 4, only one side of the wall will need to be changed to maximise the amount of light entering the building. The same design for the windows in Drawing 4 can be applied to the east facing rooms in Block F too. 
The rooms in Block A and B which are west facing do not receive any natural sunlight in the morning but receives the sunlight after midday. Drawing 5 shows the current design of the building – in Drawing 5 and 6 the sun is in a position during sunset. As you can see from the current design, some of the natural light will be hitting the wall to the side of the window. The sides of the windows can be removed to allow more light to enter the building during the second half of the day. Appendix D shows how little effect the sun light has penetrating the windows mid-day within the winter months.
2.2 Second Upgrade 
Due to the unusual and abnormal shape of the building, the East facing ground floor rooms in Block B and the West facing ground floor rooms in Block G would not be able to undergo any changes due to its internal orientation. Unfortunately, these rooms do not receive any natural light from the sun at any point during the year as the South side of the building shades these rooms.
However, the rooms which are on the first floor of these blocks can receive an upgrade to its windows. In Blocks A and B, rooms which are East facing can receive the same upgrades shown in Drawing 4. In Blocks G and H the rooms which are west facing can receive upgrades shown in Drawing 6. In Blocks C, D, E, and F there are also rooms which are North facing, which include rooms on the ground floor in Blocks C and G.  The rooms which are on the ground floor and first floor will not receive any natural sunlight during the year due to the natural orbit of the earth around the sun. Furthermore, this building only has 1 floor above the ground floor there are different options available to gather natural light into the building. 
One upgrade that can be applied to this building is solar tubes. Solar tubes can be used to harvest more natural sunlight and filter them into the room (appendix 2). From this image, you can see how the light would reflect through the tube into the room, which would be ideal to use for the North facing rooms where there is no natural sunlight coming in through these windows. These solar tubes can only be applied to rooms on the first floor of the building, where the tubes would go through the roof and transmit light in to the first floor. These tubes could not be applied to the ground floor rooms as the tubes would have to go through the rooms of the first floor which isn’t feasible. The benefit of applying solar tubes into the building is to receive more natural sunlight into the building, which would result in a reduction of energy costs in terms of lighting. Applying solar tubes also has benefits to the human body, which includes a reduction in depression, a more fluid sleeping pattern and even higher productivity (Xtralite, 2016). Therefore, the students would achieve benefits without realising if these solar tubes were installed. 
The design of these tubes are simple with three segments; the diamond dome, sun pipe tube and the sun pipe diffuser (Sunpipe, 2017). The inner layer of aluminium has been modified to reflect 98% of any light that hits it, therefore there is only a 2% loss of energy that goes into the aluminium. During day time hours, the rooms which have these solar tubes will save up to 75% on lighting costs (Sunpipe, 2017).  The dome part of the solar tube will be fixed to the roof of the building. As the roof is at a 35° angle, the tube will come out of the roof so the dome can match the highest point of the roof which is the arch in the middle (see Drawing 7). This dome itself will transmit 90% of light that hits the dome, and because of its natural shape as a dome, will bend any light down into the tube. The tube itself is made of aluminium and PVD and the aluminium layer will reflect 98% of any light that hits it. This tube will lead down to the final part of the solar tube which will be the diffuser, as the light will be hitting many different angles within the tube, the diffuser will then spread the natural sunlight evenly around the room. Drawing 8 is a skeletal view through the building and demonstrates how the light will pass from the outside and down into the tube. 
2.3 Third upgrade
The next upgrade which can be applied to the building is solar panels on the South side of the building. This links up with orientation, sun lighting and shading as solar panels can be applied to the roof as it is at a 35° angle, which is the optimum angle to gather as much solar gain within the UK (Solar PV, 2016). The benefits of solar for the building in particular is quite interesting, as the building is to remain as student accommodation for the University. Summer time is when there will be more daylight hours and good weather to shine onto the solar panels however, this is during the summer holidays where there will be no students present in the accommodation. The power which will be collected from the sun during these months can be stored for the following months. It is essential to acquire enough storage batteries to make the most of the panels. The batteries used for the solar panels can be mounted on the wall of every bedroom. By doing this, a battery life meter can be displayed to every student to inform them how much battery life is left. On the other hand, the large amount of solar power the building could collect, a bigger battery storage would be needed. An extension could be built onto the building, or a room within the current building could be modified to store batteries. Tesla Powerwall battery would be quite suited for this project as they have a storage capacity of 14kWh (ECO experts, 2017), which come at a cost of £6,000 each.                                                                              
There are many different benefits for using solar panels which include -  
· Solar panels are a source for renewable energy 
· Clean form of energy 
· Save money for the students living in the accommodation 
· Makes the building a ‘Greener’ building
· Can increase the value of the building
(H Chung, 2003).

3.0 Conclusion
The solutions and upgrades which have been discussed have been chosen after revising the orientation of the building. As the orientation of the building can’t be moved these solutions which include new windows, solar tubes and solar panels are excellent choices of upgrades for the building. These would allow a reduction in the amount of heat energy lost from the building, but also include renewable methods of collecting heat and light energy. The cost of implementing these upgrades would be worth while over time as money would be saved as the amount of heat energy lost through the building and windows would be significantly reduced and renewable methods of collecting energy would be in place for the building. 
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