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BREEAM and Passivhaus are construction sustainability certificates designed to reduce the impact of buildings and the built environment on the natural environment. 
The impact of buildings on our environment should not be underestimated, they amount for 45-50% of the energy consumption globally, 60% of raw materials produced are used in the construction and usage processes of a building’s lifecycle, 50% of all the waste sent to landfill is from construction/demolition and usage of buildings and account for over 50% of the water produced. (The Impacts of Construction and the Built Environment, 2010). This considerable impact needs to be managed to prevent further damage and deterioration of our planet.  
Passivhaus

Passivhaus is a ‘fabric-first’ approach designed to implement these energy-saving techniques in the makeup of the building. Passivhaus buildings have to be inherently efficient, carbon emissions are not offset by renewable energy systems such as Solar PV. Figure 1 below shows the targets that need to be achieved. 

	Specific Heating Demand
	≤ 15 kWh/m2. yr

	Specific Cooling Demand
	≤ 15 kWh/m2. yr

	Specific Heating Load
	≤ 10 W/m2

	Specific Primary Energy Demand
	≤ 120 kWh/m2. Yr

	Air Changes Per Hour
	≤ 0.6 @ n50


Figure 1: Passive House parameters (Passivhaus.org.uk, 2016)

In short, the five key principles to achieve Passivhaus Standard are: 
· Very high levels of insulation – Reducing thermal conductivity or U-value, means that the building will be more efficient and needs less artificial heat.
· Extremely high-performance windows with insulated frames – Triple-pane Windows with Argon/Krypton filled gas. In addition to this, a good solar heat-gain coefficient for passive solar gains during the day. Aluminium frames are used with a thermal break to prevent thermal bridging.
· Mechanical Ventilation and Heat Recovery - Mechanical Ventilation and Heat Recovery (MVHR) extracts warm air and supplies fresh air using the heat from the extracted air. The fresh air and exhaust air remain separate and the warmed fresh air is supplied to the ‘clean’ air areas such as the bedrooms and office spaces. The system needs to be certified to Passivhaus standards and have a heat recovery efficiency equal to or greater than 75% and a specific fan power ≤ 0.45Wh/m3 to limit energy usage and noise output to rooms. (McLeod, Mead and Standen, 2016) 
· Airtight building techniques –It is imperative that the OSB boards have been applied correctly and all joints have been sealed with insulation to prevent cold-bridging and condensation formation. Also, use of a heat exchanger can avoid air leaking and moisture build-up.
· Avoidance of thermal bridges – The insulation (in yellow) and the airtight layer (in red) need to be continuous throughout the building envelope. The thermal bridges (in circles) need to be addressed individually to prevent heat loss (Passipedia.org, 2017) – see figure 2.
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Figure 2: Passivhaus Building envelope (Passivhaus Institut, 2017)

Passivhaus Certification procedure - extracted from (Bastian and Arnautu, 2017):
· Pre-construction, all relevant plans, technical data of materials and fitted products, as well as a completed set of Passive House Planning Package (PHPP) are submitted to the certifier.
· The certifier will notify of any corrections. Once rectified, the certifier informs the client if the building will achieve Passivhaus if the planning is followed. 
· Once the construction phase is complete, any changes from planning to execution will be updated in the final review of the documentation – airtightness test, MVHR flow rates, construction managers signed document.
· Quality assurance is recommended especially when clients do not have prior experience of Passivhaus.
· The building owner will receive a certificate, a supplementary booklet with calculations and a wall plaque displaying that the particular building has achieved Passivhaus standard.
Advantages and Disadvantages of Passivhaus 
adapted from (Tobias, 2016)
	Advantages
	Disadvantages

	Direct heating and cooling – less wasted heat production means reduced operational costs.

	Increased design and build costs – more than 10% than standard construction


	Better heat retention and noise insulation – the use of good insulation means. 

	Extreme weather conditions make it difficult to always regulate internal environment for occupants


	Consistent internal temperatures and air quality due to insulation and MVHR

	Lost floor space due to great thickness of walls vs. standard wall construction


	Lack of energy-saving systems such as tanks take up less space in the building

	Unaccounted thermal bridging causes great problems to a Passive House design


	Large windows mean better view for occupants

	Passive House is not zero carbon – it is more about energy saving than energy production which does not always suit every project


	
	Renewable technologies available are not taken advantage of due to the omission of the renewable score to offset primary energy consumption. 





	


BREEAM – Building Research Establishment Environmental Assessment Method 

BREEAM is a construction sustainability assessment, which is the largest established method of certifying sustainable buildings. (The Digest of BREEAM Assessment Statistics, 2014)
The aim of BREEAM is to reduce the life cycle impacts of the buildings on the environment, providing a consistent awarding system for buildings and to create the value and demand for sustainable buildings and the subsequent supply chain of labour and materials in this sector. 
The 9 areas of the BREEAM New UK Construction assessment are the following: 
· Management
· Health and wellbeing 
· Energy 
· Transport 
· Water 
· Materials 
· Waste
· Land use and ecology
· Pollution 
· Innovation 

The weighting of the above units is shown in Figure 3 below: 
[image: ]
Figure 3: BREEAM Assessment areas and weighting (BREEAM UK New Construction: Non-Domestic Buildings (Wales) - Technical Manual, 2016)

For BREEAM credits - An example of a category, which overlaps with Passivhaus, is Energy. One issue is Ene 04 – Low Carbon design, here, there is a maximum of three credits in this issue. The assessor will work through the following:
· One credit for Passive design analysis – showing that the building can achieve appropriate thermal comfort levels for the users, that there is a study showing that the building can reduce the demand for building services that consume energy, and also that there is passive design analysis taken place to reduce total primary energy consumption. 
· The next credit is for Free cooling – the passive design needs to have analysis to consider free cooling opportunities within the building. Also, that there are free cooling strategies implemented in the building so that is does not use active cooling (or at least reduce the need for active energy). 
· There is an additional credit awarded in Ene 04 for a feasibility study being carried out for a low or zero carbon energy sources for the building (e.g. solar or wind energy), which will give meaningful reductions in CO2 emissions as a result. 
These are added to the other credits obtained in the Energy category and are then added up with the other categories, divided by the percentage weighting and added to form the final score. 
Assessment is carried out in two stages: 
· The New Build Design Stage (DS) assessment looks at the features in the drawings and specifications, then an interim rating and certificate are issued (figure 4). This indicates the final score that would be achieved if the specification were followed. 
· [bookmark: _GoBack]Once complete, a New Build Post Construction Stage (PCS) assessment takes place reviewing the as-built performance of the building, resulting in a final certificate being awarded (figure 5). (BREEAM UK New Construction – Non-Domestic Buildings (United Kingdom), 2016)


[image: ]Figure 4: Example of Interim Certificate at Design Stage (BREEAM UK New Construction – Non-Domestic Buildings (United Kingdom), 2016)
[image: ]Figure 5: Final certificate issued at the post-construction phase (BREEAM UK New Construction – Non-Domestic Buildings (United Kingdom), 2016)
Advantages and Disadvantages of BREEAM 

Advantages: 
· BREEAM is a holistic approach to sustainable buildings, it looks at all aspects in which a building can be defined as ‘sustainable’ and rewards each area accordingly. 
· As of 2014, over 260,000 BREEAM certificates had been issued (The Digest of BREEAM Assessment Statistics, 2014) therefore, a building with BREEAM certification makes the building becomes more marketable and appealing to clients, investors and users.
· BREEAM certification is awarded to the building for each particular use – this makes it more relevant to the end user and enables comparability between buildings used for the same purposes. 
Disadvantages:
· BREEAM could be considered as excessive, it looks at areas such as Public transport accessibility that may not be of importance to the client.
· To achieve optimal results in BREEAM, this requires experience in the system to adhere to the criteria set out in the technical manual, this increases costs and the appropriate parties need to be involved to maximise the output of the system.
· There is no standard to work from and a ‘good idea’ does not award credits if it is not listed in the manual. 
· BREEAM is often criticised as being a 'tick-box' exercise (Smedley, 2013). It makes it difficult to follow and have a uniform code to work from. On the other hand, this freedom may allow designers and contractors to innovate new techniques and use new materials/methods to improve sustainability in a novel way. 
Comparison of BREEAM and Passivhaus

· BREEAM and Passivhaus are both equally as expensive, around 10% of the development’s cost (Parker, 2012). Despite this, many councils and funding bodies across the UK require a BREEAM assessment certification as a prerequisite for funding.
· BREEAM looks at overall life cycle including maintenance whereas Passivhaus mainly focuses energy savings in isolation. 
· BREEAM awards credits for responsible material sourcing (Yates, 2015). Passivhaus, however, does not consider the sourcing of materials or whether they are pollutants themselves – as long as the energy efficiency rating is achieved (Andreou, Pelsmakers and Altamirano, 2015)
· Buildings will mostly not perform to predicted standards in terms of energy consumption, CO2 emissions and waste production – the difference in percentages between the CO2 emissions of a building pre and post-construction is illustrated in figure 6. BREEAM awards further credits but do not stipulate that the predicted versus the actual on-site performance gap be measured. In Passivhaus, it is mandatory to compare predicted with actual building performance. 
[image: ]
Figure 6: The performance gap in emissions for predicted and actual building performance (Menezes, 2012)

· Passivhaus and BREEAM are complimentary, in that Passivhaus can be used in conjunction with a BREEAM assessment to achieve a higher rating. There are several projects built to Passivhaus standard whilst also being awarded a BREEAM certificate at the same time. 
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Eachof the above envronmentalsections consists o a iffering number of assessment issues and BREEAM credits (as
described below and defined in detailin the technical sections of this Scheme Document).
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