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Introduction

There are many solutions which can be implemented to improve the comfort levels of a building, consisting of both passive and active solutions. 

Passive solutions focus on natural adaptations and considerations on the actual fabric of the building whereas active solutions are mechanically and electrically focused, such as a mechanical ventilation system or central heating.

Passive solutions consist of methods such as correctly orientating the building, natural ventilation, and designing out issues such as thermal bridging.

There are many benefits of designing an energy efficient building, such as lower energy bills, higher property value and lower CO2 emissions. 

The below study is based on a new build property situated in Swansea.





























Adapt the project to the right orientation, shading and solutions for natural ventilation

Through solar gain, the inhabitants can benefit from natural heat and light. In its current orientation, the inhabitants are unlikely to benefit from solar gain, particularly on the left side façade where glazing is minimal. 

Modern software such as the “Ray Trace” feature on Revit allows us to analyse how much sunlight a building is going to receive based on its location, the time of the year and also the time of the day.

Revit also has a “Sun Path” feature which offers a location specific visual representation of the sun’s positioning at various times of day throughout the year, as shown in Appendix A. Through utilisation of the compass area, the building can be designed to the correct orientation for natural lighting/solar gain.

“There are three main drivers for improving the daylight of buildings – energy consumption, benefits to human health and well-being and appearance of the space” 
(Hetreed, Ross and Baden-Powell, 2018)

It is for these reasons a designer may decide to implement more glazing to the south/south east facade as shown in Appendix B and C. They may also decide to reposition the decking and swimming pool to the western elevation so that they will receive the afternoon and late evening sun. This means the pool can be naturally heated by the sun, rather than wasting energy installing expensive pool heating systems.

Designers should look to position living areas such as a living room in areas where they will be exposed to solar gain as shown in the ground floor plan (Appendix D) where there is a large amount of glazing to the south east elevation. This will mean the inhabitants can benefit from natural lighting and subsequently use less electricity to light their home.

A consistent building shape also allows further exposure to the sun as there is less capacity for sections of the building to obstruct other sections, causing shade. This can also be used to a designer’s advantage if they desired more shading.
 
It should also be acknowledged that too much solar gain is undesirable. With too much direct exposure to glazed elements, buildings could be at risk of overheating. 







“Our focus on reducing winter energy use by increasing insulation levels, improving air tightness and controlling winter ventilation, without considering how to maintain comfortable conditions in summer by controlling summer gain and providing large amounts of controllable ventilation has resulted in an increasing problem with overheating in new build properties”
(Hetreed, Ross and Baden-Powell, 2018)

In order to mitigate this, a designer may introduce window blinds to allow the blockage of sunlight. It may also be a good idea to install protective film to filter UV rays but still allow natural light.

In its current layout (as shown in Appendix E), some bedrooms are situated where they will be exposed to the summer sun, which will lead to discomfort for the inhabitants as it will become hot in the evenings/night-time. 

This cannot be avoided in this instance as it is a five bedroom house and so two of the rooms are situated where they may be at risk of overheating. It is for this reason; a designer may choose to introduce minimal glazing or extra shading to these rooms. The rooms to the east of the building however, (as shown in Appendix F) will receive natural lighting/heat from the morning sun and will remain shaded and cool at night and so it may be advised that if any rooms are to be “spare”, it should be those in the west.

“The east orientation gets the morning sun (including potential for warming up). This orientation is suitable to serve as a good place for a breakfast room and bedrooms”
(Hopfe and McLeod, 2015)

A designer may opt to install brises soleil to a glazed area of a building. This would block the unwanted high summer sun whilst accommodating the desired low rays of the winter sun, as shown in Appendix G.

Deciduous planting is a good natural, passive shading option. A designer should specify or utilise an existing tree that will block out the less desired summer sun and will offer more exposure in the winter through its leaves falling during the autumn/winter months. 

Another key element of living comfort is ventilation. 

“The direct benefits of natural ventilation are manifold. Ventilation is essential to human health, comfort and well-being. Natural ventilation removes heat through temperature or wind driven pressure differences while providing fresh air by removing or diluting particle load, odours, humidity and volatile organic compound concentrations”
(Passe and Battaglia, 2015)

Well-ventilated space can be achieved through active solutions such as mechanical ventilation systems, but it can also be achieved through passive systems such as the correct orientation of a building, the correct positioning of partition walls and also the positioning of openable components such as windows.

As shown in both Appendix D and E, a designer may decide to position partition walls to better ventilate the room, ensuring walls aren’t too close to windows to obstruct the flow of air. In this instance, partition walls have been reduced to allow the flow of air throughout.

Stack effect is another natural ventilation strategy that can be implemented to improve the buildings comfort level without energy consumption. Openings could be strategically formed in the building to allow fresh air in and to allow the hot air to rise out of the building. An example of this can be seen below.

[image: ]

(The Building Regulations, Approved Document F, 2010)

Appendix H shows the ventilation requirements for domestic buildings by the building regulations for rooms without full mechanical ventilation. A designer should base their design on this table to ensure that passive ventilation systems comply with building regulations, specifically Part F.






Active solutions by means of renewable energy sources could also be used for power and heating purposes. 

“Rapid deployment of renewable energy and energy efficiency and technological diversification of energy sources would result in significant energy security and economic benefits”
(Zaidi, 2018)

The various types of renewable energy and their typical locations within a domestic building can be seen below.
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(Green Square, 2020)


Whilst the initial costs of installing renewable energy sources can be high, there is often a positive financial return in the long run.







Design the envelope of your building (facades, roof and areas in contact with the ground) Define corresponding cross sections (layers, materials, thicknesses) so as to obtain compliance with Building Regs Part L)

A designer, typically the architect, would need to design the building to comply with Part L1A of the building regulations – “The Conservation of Fuel and Power in New Dwellings”. This requires producing SAP calculations at both design stage and completion to demonstrate that the building has been designed with the correct U-values, that the building complies with Part L1A, to determine the energy-related running costs of the building and also to produce the Energy Performance Certificate for the home.

“SAP takes into account the effectiveness of a buildings fabric relative to insulation and standard of construction. It also appraises the energy efficiency of fuel consuming installations such as ventilation, hot water, heating and lighting”
(Chudley, Greeno and Kovac, 2010)

The lower the U-values across the building fabric, the less energy required to maintain comfortable living conditions within the building. A designer should calculate the U-values of a building fabric, as shown in Appendix K.

Appendix I is a table from Part 1LA and shows the minimum U-values required to comply with Building Regulations.

Appendix K shows the SAP calculations of the home designed in this investigation, but with a pitched roof. High U-values have been attained through high performance windows and doors and thick insulation.



















Identify possible thermal bridges and what solutions you would implement to avoid them

During the design stage, it is essential any potential thermal bridges are identified. Thermal bridging in a building can result in higher energy bills and lower temperatures.

“Even in well-insulated modern construction, thermal bridging is inevitable, and some details and areas are listed below

· Junctions of walls with roofs 
· Junctions of walls with floors 
· Mortar joints around high-performance concrete wall blocks
· Timber framing between sections of wall insulation 
· Timber joists and beams between sections of floor insulation
· Lintels above windows and doors 
· Window frames and sills 
· External door frames and sills”

(McMullan, R, 2017)

In conclusion, if a designer has designed the building in line with the accredited details, thermal bridging should be very minimal/non-existent, unless there has been poor workmanship on site and the builder has not followed the drawings correctly.

It is often the case that the architect will design the building in line with the Accredited Details, as shown with the details in Appendix J. These details cover the specific areas which are typically prone to thermal bridging and maintain continuity in insulation to prevent thermal bridging.

“Accredited or enhanced details, if used, are a proven method of designing for minimum non-repeating thermal bridges as they have had the psi values calculated by an accredited person and are proven in their buildability”
(Hetreed, Ross and Baden-Powell, 2018)

It is common for a contractor to carry out a thermographic survey on a building at key stages and post-completion. This will give them a good idea as to which areas are letting in cold. However, if these type of cold bridging issues are identified at design stage, the contractor can save themselves any remedial works which can be costly and time consuming.
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Appendices

Appendix A – Revit Sun Path
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Appendix B – South Elevation
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Appendix C – 3D View of South East Elevation
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Appendix D – Ground Floor Plan
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Appendix E – First Floor Plan
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Appendix F – East Elevation
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[image: ]Appendix G – Summer Sun Compared to Winter Sun
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Appendix H – Table for Ventilation
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(Hetreed, Ross and Baden-Powell, 2018)




Appendix I – U Values Table
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(The Building Regulations, Approved Document L1A, 2010)










Appendix J – Typical Details


J.1 Window Head Detai[image: ]l                                                                                                             J.2 Window Jamb Detail
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J.3 Intermediate Floor Detail                                                                                     J.4 Roof Detail
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Appendix K – Example SAP calculations

External Walls

	Material
	Thickness [m]
	Lambda [W/(m2K)] 
	R [m2K/W]

	Brickwork 
	0.1020
	0.770
	0.1325

	Cavity
	0.0500
	0.062
	0.8065

	Breather Membrane
	0.0003
	0.085
	0.0035

	OSB
	0.0090
	0.130
	0.0692

	Knauf Insulation & Timber Battens
	0.2000
	0.052
	3.8461

	Service void with VCL 
	0.0315
	0.051
	0.6176

	Plasterboard
	0.0125
	0.210
	0.0595

	Kingspan Insulation
	0.0250
	0.022
	1.1364

	Total
	
	
	6.6713



Part L Requirement – 0.21 W/m2K
Actual Value - 0.14W/m2K


Roof

	Material
	Thickness [m]
	Lambda [W/m2K]
	R [m2K/W]

	Tiled Roof with felt
	0.5000
	2.500
	0.2000

	Mineral Wool Quilt
	0.2000
	0.042
	4.7619

	Mineral wool, softwood timber, gypsum plasterboard
	0.2000
	0.050
	4.000

	Total
	
	
	8.9619



Part L1A (Wales) Requirement – 0.15W/m2K
Actual Value - 0.11W/m2K

Floor

	Material
	Thickness [m]
	Lambda [W/m2K]
	R [m2K/W]

	RC Concrete Slab
	0.2000
	2.500
	0.0800

	Insulation
	0.2000
	0.022
	9.0909

	Total
	
	
	9.1709



Part L1A (Wales) Requirement – 0.25W/m2K
Actual Value - 0.10W/m2K


Windows (High Specification)

Part L1A (Wales) Requirement – 1.6W/m2K
Actual Value - 0.8W/m2K

External Doors (High Specification)

Part L1A (Wales) Requirement – 1.6W/m2K
Actual Value - 0.8W/m2K
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Notes:
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2. For the purposes of checking compliance with the limitin 'i:abrk values for roof-lights, the true U-value based on
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evaluating the U-value of out-of-plane roof-lights is given in Seresementof el performance of out-of-plane
Tooflghts NARM Technical Document NTD 2 2010)
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