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[bookmark: _Toc3375932]Introduction
For this assignment we have been grouped together and each been given sustainable aspects to consider for the refurbishment on Lampeter campus and how we can improve on them while working with the listed building compliance regulations. We visited the site on 1st November 2018, the weather was overcast and the previous days it had been cold and wet. Each member was given specific sustainable architecture areas and I was managing U-values, we inspected the building and its current condition making notes where necessary on anything relevant on our sector of work. Once an inspection had been carried out, we met with the estates manager who informed us of the compliance that need to be met in order for the refurbishment to be carried out due to the building being listed. 




[bookmark: _Toc3375933]U-Values
U-values are important to buildings just as much as reducing the carbon output for sustainability. U-values is the coefficient of heat transfer through a material also known as thermal transmittance, it is measured in Watts (W) per Meter² (M²) K, (K) being the temperature change (McMullan, 2007). The lower the U-value the better thermal properties that construction has due to a reduce in heat loss, to calculate the U-value we need to know the thermal resistance (R) of the materials. To calculate the thermal resistance, we will first need to know the thickness of the material and its thermal conductivity (ʎ). To calculate U-values you will need the following formulae.



Building regulations set minimum acceptable standards in Part L1A these are the following that are set for new buildings and being a minimum, you should always aim to set higher standards for sustainable design. (First in Architecture, 2017)
· Roof: 0.20 W/m2 K
· Wall: 0.30 W/m2 K
· Floor: 0.25 W/m2 K
· Party Wall: 0.20 W/m2 K
· Windows, roof windows, curtain walls, pedestrian doors: 2.00 W/m2 K
Building regulations Part L1B are set for Existing dwelling works and table 3 covers upgrading (GOV.UK, 2018)[image: ]

[bookmark: _Toc3375934]Lampeter Campus
the Lampeter campus building was constructed in 1822 and is wales oldest university in wales (University of Wales Trinity Saint David, 2019) and received its charter in 1828. Original founded as St David’s College and joining with the university of wales in 1971.  The main building has been listed since 1969 and is a grade II* listed building, Grade II* (two star) — particularly important buildings of more than special interest, these make up about seven per cent of the total number of listed buildings in Wales (CADW, 2018). The building has been listed for the reason of its special architectural interest as an exceptional group of educational buildings of considerable national historic importance and significant architectural quality. Important also for the association with two major architects (British Listed Buildings, 2012). The original building has had many changes over its time and has been re-rendered over the original exterior wall and has seen the chimneys rebuilt as some of the major changes. The Proposed layout follows the original layout with the entrance tower and adjacent chapel and accommodation located in the 3 other sides. The original walls were ashlar but have since been re-rendered in a pebble dash render (British Listed Buildings, 2012). The windows are the original timber casement single glazed windows as well as the roof being the original slate roof, which has been renewed in its past having felt and insulation added into the loft space. The original doors have likely been replaced with narrow solid French doors which are unlikely to comply with fire regulations.
[bookmark: _Toc3375935]Building Regulations for Listed building
Lampeter campus being listed will require consent for any work that is to be carried out to either altering the building or changing its character, for planning permission it is carried out in an ordinary manner of applying to the local authority, that will then be forwarded to the welsh government where CADW will consider the application. This type is known as an “LBC application” (listed build control application). Each outcome will greatly be depending on the building and what is put forward in the planning application, there are many factors that will affect the outcome as CADW try to retain protected historic environment for Wales. It is a criminal offence to carry out work to a listed building which affects its character as a building of special architectural or historic interest without listed building consent (Welsh Government, 2017)
[bookmark: _Toc3375936]Methodology
To carry out the investigation we conducted a site visit, and carried out a brief inspection of the proposed area of refurbishment, we used cameras to photograph the building and take measurements of the size of the windows and doors which will be needed for further calculations.
As this was a non-intrusive test we are unable to fully confirm the dimensions of some of the elements within the building such as the external render thickness and the internal plaster finish. We are also to assume the thickness of the insulation quilt in the roof space and the thickness of the floor at ground level.
[bookmark: _GoBack]We will follow the U value formulae to find out the Thermal resistance using specified thicknesses and the specification of each material’s thermal conductivity, from there we will use the formulae for finding the U value using the thermal resistance of each layer of material.
All assumptions will be clearly noted when making calculations.

[bookmark: _Toc3375937]Calculations
 All the calculations that will be needed will be shown in the cross section drawing and will be all external areas, these are as follows
· External walls
· Windows
· Doors
· Roof
· floor
[bookmark: _Hlk3204749][bookmark: _Toc3375938]External Walls
For the External walls we had to make assumptions such as the thickness of the external render, and we are assuming the internal finish is pasteboard and adhesive onto the solid wall.Render (15mm)
Air gap (15mm)
Ashlar & rubble Stone (600mm)
Plasterboard (9.5mm)
Heat flow
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[image: ]
The windows were the original single glazed units with a timber frame, it is believed that CADW will want to have the original units kept in the building after refurbishment, we are assuming due to the old age of the building that is common to use singled glazed units around 3-4mm and will be clear plain glass with no coatings.
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[image: ]	We were unable to tell if the door on the date of inspection however the door was around 40mm and the specific drawings of the refurbishment layout uses a 40mm door which we are assuming will be timber
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[image: ]The Roof was a cut roof with a welsh slate covering, from the loft space we could see that there was a sarking membrane present. We were unable to see the sizing of the roofing battens and have assumed them to be the average size of 25x50mm.
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[bookmark: _Toc3375942][image: ]Floor
We were unable to test the floor type as it was covered and this was a non-intrusive inspection, due to the age of the building and the other building methods we are to assume that it is a solid masonry floor laid on earth.
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Any recommendations made will be for finding solutions to meet the minimum requirements of building regulations for existing dwellings, while there are a range of possibilities and methods for meeting the regulation requirements, the building is listed and the methods chosen will have to be approved by CADW and fit within the allowed budget for the project.
[bookmark: _Toc3375944]External Walls
[image: ]The External walls U Value is relatively good for a building of this age simply due to the large masonry walls, for finding a solution for improving the U value it will have to be internally due to the building being originally lime mortar and CADW would require it to be finished in that way. Although that would be the preferred method it will be to costly to alter any of the external walls such as hacking off and re-rendering and not fit within the budget. The solution is to fix it from the inside with dense and thick insulation plasterboard.



















[bookmark: _Toc3375945]Windows
[image: ]The Windows on the building are likely to have the highest U value of all the component in the building. Recommendations for increasing the U value would be to replace the units with modern UPVC double or triple glazed units which will roughly have u values of 1.2-3.7W/m²K for double glazing which is variable by glass thickness and coating and gas filled, and triple glazing being below 1W/m²K. CADW are likely to ask to keep the original windows to maintain the buildings character so there will have to be further methods to ensure a good U value will be met whilst the original windows are present. An option is an internal window such as a double-glazed unit fitted internally.
It will comprise of maintaining the original head, jam and pane of glass and internally place a double-glazed unit which will comprise of a gas filled cavity, the glass will have a low e coating on the outer pane, the double glazing alone of this type will by far meet the requirements for U values and is expected to be around 1.1W/m²K and then the addition layers of air and glass from the secondary original window unit will apply a further reduction in heat transfer.https://retrofit.support/detail/49/

[bookmark: _Toc3375946]Doors
[bookmark: _Toc3375947][image: ]
The solid timber door is poor in terms of the thermal performance of a door and it a place that can be greatly improved at relatively low cost be replacing the whole unit, new composite doors are designed to both efficient and long-lasting coatings against weather, the design allows them to use steel reinforcing for strength with a polyurethane foam core for insulation. These doors a relatively new and will easily meet the required U Values by Listed building control. These Insulated and better sealed doors offer U values of around 1.0W/m²K compared to the building regulations wanting a maximum of around 1.8W/m²K. It is even possible to go lower with better quality products such “THERMOSECUR” as by eliminating thermal bridging by using a more sealed unit with less joins and gaps providing a better insulation, they have successfully manage to reducing the U value of their composite door down to 0.49W/m²K (Berizzi, 2012)  https://www.britelitewindows.co.uk/news/what-is-a-composite-door/



[bookmark: _Toc3375948]Roof

[image: ]The roof had a low U value due to having no insulation in the rafters, it is important to Insulate this space whilst maintain a breathable area to reduce the chance of condensation and causing damp/rot amongst the roof space. To solve this, I have chosen to fill in-between the rafters with Cellulose at 100mm thick being the size of the rafters, then to hold this in place o have selected a Woodfibre board at 12mm thick, this will also act as an insulator and also hold the cellulose in place. Both of these materials are breathable to reduce condensation whilst maintaining a good U value, it is worth noting that additional support such as purlins should be added for supporting the Woodfibre boards and the extra weight added
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[image: ]The Solid floor in the building is not far of the required U value due to the thickness of the solid floor however the problem arises when trying to find a good insulation thin enough to meet the required regulations without lifting the floor level to drastically inside. I have selected a method of using a Kingspan OPTIM-R insulation board as a rigid thin board witch gives an outstanding thermal conductivity of 0.007 W/m.K (Kingspan, 2014).








[bookmark: _Toc3375950]Conclusions
In conclusion it is clear that the current building is far behind the current building regulations in terms of thermal performance, it is possible to meet the current requirements for refurbished buildings in a number of ways. Being able to meet the thermal requirements will require approval by CADW when applying for planning permission, it will be considered for listed building consent by CADW and will apply restrictions onto the works that are to be carried out or will request specific work to be carried out. The building being listed will mean that it is possible that CADW will not allow the works of trying to increase the U-value of specific areas as it can be seen to disrupt historic elements of the building. Trying to find a balance between what CADW will allow and what will fit within the allowed budget will be where issues arrive. Finding a medium between thermal properties and CADW will see some changes in places and maybe none in other areas and the majority of the changes being made internally.  Taking the Considerations to improve the overall wellbeing of the occupants.
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standard that is technically and functionally
feasible and delivers a simple payback period of
15 years or less. Generally, this lesser standard
should not be worse than 0.7 W/(m?.K).

Table 3 Upgrading retained thermal elements

Element' (a) Threshold U-value W/(m?K)®

(b) Improved U-value W/(m?K)®

Wall - cavity insulation? 0.70

0.55

Wall - external or internal insulation® 0.70

0.30

Floor*s 0.70

0.25

Pitched roof - insulation at ceiling level 0.35

0.16

Pitched roof - insulation between rafters® 0.35

0.18

Flat roof or roof with integral insulation” 0.35

0.18

1 ‘Roof’ includes the roof parts of dormer windows and ‘wall’ includes the wall parts (cheeks) of dormer windows.

2 This applies only in the case of a wall suitable for the installation of cavity insulation. Where this is not the case, it should be treated as ‘wall - external or

internal insulation’.

A lesser provision may be appropriate where meeting such a standard would result in a reduction of more than 5% in the internal floor area of the room

bounded by the wall.

The U-value of the floor of an extension can be calculated using the exposed perimeter and floor area of the whole enlarged building.

Alesser provision may be appropriate where meeting such a standard would create significant problems in relation to adjoining floor levels.

Alesser provision may be appropriate where meeting such a standard would create limitations on head room. In such cases, the depth of the insulation
plus any required air gap should be at least to the depth of the rafters, and the thermal performance of the chosen insulant should be such as to achieve

the best practicable U-value.

Alesser provision may be appropriate if there are particular problems associated with the load-bearing capacity of the frame or the upstand height.

Area-weighted average values.
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