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Thermal Bridging considerations 
[bookmark: _Toc530564650]Introduction 
In this report I aim to discuss and inform about thermal bridging in two different sustainability certifications, BREEAM and Passivhaus, as well as providing my understanding of thermal bridging. Thermal bridging or a cold bridge is area of differing thermal conductivity creating an area for heat to transfer. This heat transfer occurs here as it is the path with least resistance.  When the building is situated in a cold climate such as Wales this heat loss can be an expensive and can cause many defects. (Estabishment, 2018)  Thermal bridging often occurs due to a break in the insulative skin of the building envelope. New legislation pushing energy efficiency will help reduce the risks of thermal bridging related problems in the industry, however it can often happen without realisation, most commonly when a building has been poorly detailed as illustrated bellow;
[image: ]Displayed in the diagram, the insulation (yellow) has been penetrated with the timber structure in the corner causing a thermal bridge, simply because of a poor detail 



[bookmark: _Toc529096665][bookmark: _Toc530565674]Figure 1 (https://www.bre.co.uk/certifiedthermalproducts/page.jsp?id=3073)
There are difficult situations concerning thermal bridging especially in steel framed building as effectively the whole structure, due to its composition is a thermal bridge. The more thermal bridges there are in a building. The more energy is needed to maintain internal temperatures. Low spots of internal temperatures can also cause condensation thus encourage mould growth.
[bookmark: _Toc530564651]Types of thermal bridging 
Repeating or quasi-homogeneous thermal bridges
Repeating thermal bridges are consistent bridges in the building envelope. Often elements of construction that are very difficult to avoid bridging. Such as ceiling joists in cold roofs. Cold roofs are insulated above the ceiling, so the loft space is cold. A way to eliminate this form of thermal bridge would be to specify a warm roof, but even then, there will still be a form a cold bridge between the roof joists and the insulation, however the cold bridge may not affect the internal living spaces so much. Further examples of repeating cold bridges are cavity wall ties, mortar in brickwork, ground floor joists in a suspended timber floor and timber studwork and any framed constructed building by rule of thumb. (University, 2018)


Non-Repeating Thermal Bridges 
Contradictory to repeating thermal bridges non-repeating bridges are those that have no pattern or consistency. They occur at a specific point in the building envelope. Such as lintels, windows, doors and even balconies. Attic hatches are often overlooked but these too are even a form of a non-repeating thermal bridge.  Non-repeating thermal bridges are possible easier to control as there are products out there to help overcome the change in thermal resistance such as high u value windows and insulated preformed steel lintels. (University, 2018)
Geometrical Thermal bridges 
Geometrical thermal bridges are when two dimensions or even three dimensions meet. The occurrence or geometrical thermal bridges will obviously increase with the size and complexity of the building. The most common geometrical thermal bridge is where two external walls meet at a corner, structurally this must happen to tie the two walls together, however this penetrates the insulation skin causing a thermal bridge. Corners of room are often damp and because of this and their location often means there is little ventilation. Timber wall plates for the roof connection detail are often common geometrical thermal bridges too. (University, 2018)
[bookmark: _Toc530564652]Thermal Bridges and Energy Efficiency 
With increasing energy prices and there a constant drive by home owners and developers to reduce energy loss in buildings not only for reduced overheads but a more comfortable internal environment. A continuous thermal barrier is needed in the buildings enclosure to reduce most thermal bridges. Insulation also needs to be detailed in such a way that is laps at all joints to prevent a heat transfer path. (Paul E. Totten, 2018) thermal bridging can be controlled if projects are carefully designed and constructed to a high standard of workmanship. A thermographic survey using a thermal imaging camera can be completed to visually identify the main sources of heat loss through thermal bridges. It is possible to calculate the energy loss through thermal bridging using calculations. 
	[image: ]
[bookmark: _Toc530565675]Figure 2 https://www.google.co.uk/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjNsPCuu
OXeAhUpKsAKHammD9IQjRx6BAgBEAU&url=https%3A%2F%2Flocalimpactdesign.ca%2Fpassive-house%2F&psig=AOvVaw1W1afbhB8NysugpA7gLjsH&ust=1542887879745551
	[image: ]
[bookmark: _Toc530565676]Figure 3 https://c8.alamy.com/comp/BX5RXF/infrared-picture-of-a-thermal-insulated-house-digital-composite-BX5RXF.jpg

	Passivhaus 
	Traditionally Built Dwelling



The images above show the difference of thermal loss between a traditional and passivhaus standard dwelling. These images would provide the data required to complete thermal bridging calculations, Thermal bridges are numerically measured using Psi values. These values are used to measure the amount of heat loss that occurs, and these building junctions’ non-repetitive thermal bridges are more commonly used in the calculation of heat loss from a building. (mschueren, 2016)  many insulation suppliers have now calculated their own set of psi values for customers to use. These values will contribute towards a better thermal performance when completing SAP calculations. These Sap calculations are then contributed to the building’s EPC. (Brogden, 20)
Part L of the building regulations governs the conservation of fuel and power thus thermal bridging, the approved document states “The building fabric should be constructed so that there are no reasonably avoidable thermal bridges in the insulation layers caused by gaps within the various elements, at the joints between elements and at the edges of elements such as those around window and door openings.” (buildings, 2017)
[bookmark: _Toc530564653]Effects of thermal bridging 
 The ultimate effect of thermal bridging is condensation due to the large fluctuations in temperatures. This condensation can cause damp patches, especially in the corners of rooms where ventilation is limited. Timber frame structures can also encounter many dilapidations from the result of thermal bridging. The increased moisture levels can cause timber to warp and expand resulting in internal and external wall finishes cracking. Increasing moisture levels encouraging mould growth can also influence the health of the users sleeping in and using the building. After the building the building has been built it is a lot more difficult to rectify thermal bridges due to the nature of their location in the building fabric. 
Heat loss is also a detrimental affect of thermal bridging. With energy prices rising and sustainable initiatives pushing forward for reduced energy consumption. Thermal bridging is almost contradictory to all these factors. As well as increased bills for the building owner and reduced building comfort. 
[bookmark: _Toc530564654]Thermal bridging considerations within BREEAM Certification
BREEAM or the Building Research Establishment Environmental Assessment Method is a sustainable building certification method. It covers many elements of the building awarding credits which add up to give the overall level of certification. In the section Management 04 – Commissioning and handover, thermal bridging is an available credit criterion. The assessment criteria is 1 of 4. The criteria is as follows;
One credit - Testing and inspecting building fabric
1. The commissioning and testing schedule and responsibilities credit is achieved.
2. The integrity of the building fabric, including continuity of insulation, avoidance of thermal bridging and air leakage paths is quality assured through completion of post construction testing and inspection (see compliance notes CN3.3, CN3.4 and Man 04 Commissioning and handover). The survey and testing is undertaken by a Suitably Qualified Professional (see Relevant definitions) in accordance with the appropriate standard.
3. Any defects identified in the thermographic survey or the airtightness testing reports are rectified prior to building handover and close out. Any remedial work must meet the required performance characteristics for the building/element. (BRE, 2018)

In this type of sustainable certification thermal bridging is only checked for compliance at the handover stage. And it simply loses one credit. So, it is still possible to receive certification even if the build has many areas or recurring and non-recurring thermal bridges. So thermal bridges are clearly not a crucial concern in this instance as it is not strictly compulsory. Therefore, it does not encourage it as it is not imperative to gaining certification.  To achieve the credit, it is assumed that the building must pass an air test undertaken by a professional surveyor, which identifies heat loss areas, and a design drawing scrutiny by the BREEAM assessor for drawing visible thermal bridges. (Pansa, 2018)

[bookmark: _Toc530564655]Thermal bridging considerations within Passivhaus Certification 
 In contrast to the BREEAM certification Passivhaus’ mission statement in regards thermal bridges is to try and create a thermal bridge free design. The immediate difference in this certification is not only the thermal bridge freeness of the design.  As illustrated below;
[image: https://passipedia.org/_media/picopen/envelope_passive_house.png?w=300&tok=08da20]
[bookmark: _Toc529096666]The red line in the image below outlines the airtight envelope even around building openings such as the windows, the key point to focus on is the continuous band of insulation (yellow) this is free of cold bridges meaning transfer of energy in and out the building is consistent.
[bookmark: _Toc530565677]Figure 4 (https://passipedia.org/basics/building_physics_-_basics/what_defines_thermal_bridge_free_design)
Thermal bridges in this certification are calculated using many formulae (Passivpedia, 2018) firstly the thermal transmittance of the building must be calculated to determine the minimum surface temperature and the f factor, as well as consulting the drawings. This is a fore more in-depth study of thermal bridges compared to the BREEAM certification.  The Passivhaus certification is carried out by an independent company authorised to issue the certification, After a rigorous compliance process (Passivhaus Trust, 2017). Provided in the evidence concerning the thermal bridging element of passivhaus certification there must be all the requirements summarised in section 3.2.3 Standard connection details of the Passive House Institute, Criteria for Passive House, EnterPHit and PHI Low Energy Building Standard guidance document. (Passive House institute , 2016).  Some of these are;
· Location Plans of thermal bridges (if present)
· Detailed drawings of the building envelope connections of key areas of concern e.g. balconies, roof ridge and floor slab. 
· Evidence requiring thermal loss coefficients based on EN ISO 10211
· Manufactures product EPCs
· Proof of protection against excessive moisture build up  
Unlike the BREEAM Certification specific evidence is required throughout the build process from design, build and handover. In the BREEAM certification there is no test post-handover, so it cannot be known if the building was constructed to the specification standards. There has been a recent UK Passivhaus build named “The Greenhouses” situated in London. (Kingspan, 2017) this building achieved an air tightness rating of 0.6 m3 /hr/m2 at 50 Pa which then reflected a good U-Value of 0.10 W/m2. K in the external walls and found floor and a U-Value of 0.15 W/m2. K in the roof.
[image: ]
[bookmark: _Toc530565678]Figure 5 The Greenhaus development London http://www.kingspaninsulation.co.uk/getattachment/9d9ef282-25c4-442a-9668-2db738d3e90d/Passivhaus-Buildings--Case-Studies.aspx
[bookmark: _Toc530564656]Conclusion 
In specific focus toward thermal bridging I personally feel that Passivhaus certification is more rigorous than its BRE certification counterpart, due to the vast amount of physical data required and the amount of calculations and physical building testing that goes into the whole duration of the given project, BREEAM allows credits for thermal bridging but it is not one that is compulsory it simply contributes to the end credit score thus the certification  level. It is not a key element like in Passivhaus certification.  I feel it may be an overlooked credit in the BREEAM certification as there are easier credits to gain with less amounts of supporting elements, and its not a heavily weighted enough element to make the client really considered it throughout the whole building design.  Each certification has its own market, I feel the BREEAM Certification is more suited toward commercial and public buildings, where although passivhaus has done this it still seems to remain a clear domestic property certification due to its mission statements.  
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