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Introduction
The proposal is for the construction of a detached property. It is assumed that the location for this property is in the Swansea region, located in South Wales, United Kingdom. The aim of this report is to look at the current design and orientation of the proposed building and to make recommendations in the form of passive and active solutions to improve its energy efficiency. These recommendations can then be included in the redesign of the property for it to ultimately become a more energy efficient building, to provide better air and light quality and to reduce the running costs of the property during its occupancy.
The current design layout shows that the property is over three levels having a basement, ground floor and first floor accommodation.  According to Rabianski et al (2001) one of the major considerations when looking at the location of a property in the build site is its orientation. My initial recommendation would be to look to site the buildings principle, or front, elevation, facing in a south, south-westerly direction; this will help to take advantage of the predominantly south-westerly winds in this location and with the correct implementation of passive ventilation procedures,  which Kolokotroni et al (2001) suggest will help to provide better air quality to the building.  Situating the building in such a way will also help to take advantage of the daylight sun hours, whereby it rises in the east and sets in the west.  This front elevation should look to take advantage of the solar gains that can be made by the installation of larger glazing on this front section.  Internally, the rooms that are most occupied during the day, namely the kitchen and living areas, should look to be located in this part of the house. It should be noted at this stage that if the access to the site can also be located at the north end, then I would recommend that the swimming pool is also moved to a more suitable location at the south end of the site, again taking advantage of solar gains whilst not being obstructed by the property itself.  Additional information regarding sun movements can be obtained from the Sun Path diagram below.



Sun Path Diagram for Swansea 
  [image: ]
(Gaisma, 2020)


Ventilation Recommendations for the Property
Adequate ventilation is a vital element of design (Vornanen-Wingvist et al (2018).  Wargocki (2013) maintains that buildings must be adequately ventilated to avoid damp, condensation and to encourage air movement and air change within the building therefore improving air quality. There are a few recommendations that I would make regarding this project. 
1. Trickle ventilation - all windows at the property should have trickle vents built into the frames, to encourage air movement.
2. Cross ventilation - where possible, vents should be installed at the front and rear of any rooms for air to flow from one part of the room and exit from the opposite end of the room.
3. Solar chimneys - the design does show two separate chimneys. If installed correctly, Shi et al (2018) advocate that these could act as regulators for the temperature of the building as well as providing ventilation. It should be noted however that due to the climactic conditions of this build site that further investigation should be made as to their suitability as solar chimneys are more often used in warmer climates.

The following drawings aim to illustrate the recommendations made.
[image: ]
Both drawings here indicate trickle vents.
[image: ]

This diagram illustrates cross ventilation.
[image: ]

The following diagram illustrates the function of the solar chimney.

[image: Image result for solar chimney]
(YouGen, 2020)



Suitable Shading for the Property
Due to the location of the property, the region is often subject to some fairly large temperature differences depending on the seasons (Purchase, 2016). Whilst it is important to look at ways of improving solar gain to the property, the correct shading should be implemented in the design, whilst considering that the building needs to be comfortable for its occupants.
1. Taking into account the angle and movement of the sun, it may be appropriate to install a larger eaves section at the front elevation of the building in order to mitigate the effects of sunlight at peak times of the day.
2. The glazing itself should be tinted, in order to regulate the temperature within the building
3. the addition of Venetian blinds is also recommended; these can be supplied as a fixed item to the glazed units or they can be installed separately.
Other shading solutions such as fabric, awnings and external sunshades were considered but deemed unnecessary in this project.

Envelope of the Building
The materials used for the external envelope of the building will be of vital importance to the energy efficiency of the structure (Darwish and Gomaa, 2017). The exact details of these materials should be provided for an adequate standard assessment procedure (SAP) calculation to be carried out and for the building to conform to, and indeed surpass, building regulations approved within Document L concerning heat loss (United Kingdom Government, 2019).  The appropriate calculations need to conform to the appropriate R values concerning the ability of materials to prevent heat being passed through them (Li et al, 2015), and the U values which concern the rate of heat transfer calculated per metre squared of the material (Nardi et al, 2014). When designing and constructing this property consideration should be taken as to the ability of the thermal mass of the structure to be high for it to absorb, retain and distribute heat.

Building Envelope Construction Method
The chosen construction method for the envelope of the building is for it to be of ‘block and block’ construction with a 125 mm cavity which will have a minimum of 75 mm foil backed insulation, for example of King Span or equivalent, as well as a 50 mm air gap. The external face of the block work is to be rendered with a minimum two coats of sand and cement render completed to a smooth finish. The property needs to be painted; further investigation as to the benefits of solar paint and its feasibility for this project are recommended.
The current roof design shown is for a hipped roof. I would recommend that this be altered to an up and over A frame design, this will then provide a much larger surface area on the south elevation, which must incorporate solar panels. 
The following drawing aims to illustrate the layout of the layers of the building envelope.
[image: ]


Thermal Bridging Considerations
Thermal bridging is described by Llomets et al (2018) as where areas with higher conductivity than surrounding materials can create a path for heat transfer; it is a major deliberation of any new build project when considering energy efficiency and compliance to building regulations. The areas that are of particular importance are around window and door openings, and the areas where the superstructure meets the floor area and the intersection where the façade meets the roof.  It is strongly recommended that the appropriate insulated cavity closers and insulated lintels are used throughout the property.  Additionally, sufficient insulation needs to be installed in floor slab to ground floor abutments, wall cavities and roof space. 
The following drawings aim to illustrate these points.

This drawing illustrates both the plan view of an insulated cavity closer, and a side view of insulated lintel and cavity openings.

[image: ]

[bookmark: _GoBack]The following drawing illustrates a side view of potential thermal bridging points within the building.
[image: ]

The following measures are also recommended to be incorporated in the re-design process of this property for it to achieve an appropriate SAP calculation and to ensure efficient thermal performance and energy efficiency throughout its use.
· Ground source heat pump
· Air source heat pump
· Thermostatic valves on all radiators in order to regulate individual room temperatures required
· LED lighting throughout the property
· Insulation of intermediate floor voids to retain and control heat in separate rooms
· All insulation installed to be increased in size in order to exceed building regulation requirements and therefore improve energy efficiency
Conclusion
This report has aimed to highlight some of the major considerations with regards to the proposed property and its orientation, ventilation requirements and energy efficiency performance. Intelligent design can help to meet and indeed exceed these requirements, ultimately resulting in a property that will be a healthy environment to live in, as well as becoming an extremely energy-efficient building, helping to increase its sustainability and reduce its operating costs. Further detailed investigation should be carried out across the range of proposed measures recommended within this report.  The implementation of passive features can be proven to be extremely cost effective in addition to performing important functions in the building; this, coupled with active mechanical solutions, should ensure an energy efficient, high performing structure. 
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