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Passivhaus and BREEAM are two different assessments within construction to build in a more environmentally friendly way. The main drive behind these is to make buildings much more sustainable for not only this generation but for the many generations after us to be able to use the buildings as they were intended too.  
BREAAM was developed in 1990, however has a history dating back nearly 90 years ago. In 1917, an investigation to explore new methods and materials used within building projects was proposed (BRE, 2017). A building research station was opened in 1949 which was designed to concentrate only on different building materials, how climate influenced buildings and different techniques needed (BRE, 2017). 1988 was the year a new version of assessing buildings was established in Watford (UK), which was named as BREEAM. During the 1990’s BREEAM had to operate as an Executive Agency within its parent department (BRE, 2017). In 1997 BREEAM was finally privatised.  
The idea of Passivhaus dates back to the 1970’s when there was an energy crisis, the idea was a simple one – to super insulate a building to minimise the energy costs of running the building (A Cohen, 2017). The idea of Passivhaus went quiet for a few years until 1988 when Wolfgang Feist (from Germany) and Professor Bo Adamson (from Sweden) decided to revive the idea of super insulated buildings. They both designed and built their first Passivhaus building in 1990 in Kranichstein – Germany. From this building (a four unit town home) they codified the metrics to create the Passivhaus standards (A Cohen, 2017).  In 1996 the PHI (Passive House Institute) was founded in Germany – Darmstadt (F Cerezuela, 2017).        
There are three variations of Passivhaus. Firstly, the Passivhaus classic, which is a maximum of 60kWh/(m²a) of primary energy used within this classification of a building. Secondly, is the  Passivhaus plus which will be a more energy efficient building with a maximum of 45kWh/(m²a) of primary energy used within the building. Finally, the most energy efficient building is known as Passivhaus premium, these buildings will only use a maximum of 30kWh/(m²a) of primary energy (J Grove-Smith, 2015). Some of the certification which comes with Passivhaus include – full building certification, reduced rate certification via BREs and pre-assessments (Unknown, 2017).   
The basic principles of Passivhaus is to super insulate a building. This can be done by having continuous insulation and airtightness within the building, having appropriate shading for the building to maximise/minimise solar gains (this will obviously vary more from country to country). As these buildings are super insulated a very good ventilation unit must be in place to provide fresh air into the property, and finally the designers must limit weak points within the building to minimise the chance of thermal bridging (F Cerezuela, 2017). With the Passivhaus approach, the whole building will be designed to be a more efficient shape, as normal buildings are designed to Part L of the efficiency standards 2002 (J Trinick, 2009). Passivhaus compares the energy used in a building to a fixed target, this being 15kWh per m² of floor area every year, meaning that the design is efficient as a better orientation is used for different buildings. As a result, the Passivhaus rewards good shape for each and every building in different locations (J Trinick, 2009). Furthermore, the PHPP (Passive House Planning Package) is an amazing tool at the design stage of the whole build process as this package can estimate the heating and cooling demand per year which are measured in kWh/(m²a), and also calculates the maximum cooling and heating load (W/m²) (PHI, 2017). The very first project Passivhaus was used for was a home while BREEAM’s first project was in office buildings. 

BREEAM is different to Passivhaus as it not only concentrates on the energy factors of a building, but it also considers 9 different categories, these being –
· Pollution
· Management 
· Health and Wellbeing
· Water 
· Materials 
· Construction waste
· Land Use and Ecology 
· Transport 
· Innovation as an extra category 
BREEAM aims to minimise the negative impacts which construction has on the planet and favours sustainable solutions to provide ‘greener’ buildings, which don’t expire in years to follow (Lowe, 2011). The different categories in BREEAM have different amount of credits which they can achieve, these credits then decide which score the buildings can achieve. These can be <30% (Unclassified), ≥30% (Pass), ≥45% (Good), ≥55% (Very Good), ≥70% (Excellent), ≥85% (Outstanding) (BRE, 2014). 
As stated earlier, energy is one of the 9 different categories in BREEAM. Within the energy category, there are 9 different points included. The following table shows a breakdown of the category. 
	Ene 01
	Reduction of energy use and carbon emissions

	Ene 02
	Energy monitoring

	Ene 03
	External lighting

	Ene 04
	Low carbon design 

	Ene 05
	Energy efficient cold storage

	Ene 06
	Energy efficient transportation systems

	Ene 07
	Energy efficient laboratory systems

	Ene 08
	Energy efficient equipment 

	Ene 09
	Drying space



The very first category in energy lowers the overall energy demand within the building. This usually takes place during the designing step of the build process as energy efficient/low carbon emission systems will be used within the building. The second point in energy concentrates on energy sub metering. By having this in place, energy consumption can be monitored and compared throughout the year with previous years. The monitoring system can highlight how energy is wasted or consumed within the building (BRE, 2014). This system is similar to the PHPP system in Passivhaus. 
External lighting sets itself apart from Passivhaus in the BREEAM system, as Passivhaus does recommend using low energy lighting (such as LED bulbs) (Passivhaus Trust, 2013). There is no specifics on the need for external lighting, as Passivhaus focuses on lighting within the building however BREEAM includes the whole surrounding area – this can include car parking and alley ways. Therefore, for big projects like university campuses, BREEAM would be better suited when considering external lighting. Low carbon design focuses on the design of the building which is very similar to Passivhaus as a passive design is essential to maximise the solar gain from the sun, but it can also maximise the use of wind currents. As the wind can be used to provide fresh air into a building, Passivhaus and BREEAM are very similar in this sense. BREEAM differs from Passivhaus as energy efficient transportation systems are included. This occurs not only through the build process but BREEAM includes this in the whole life of the building. They do this by including features such as bicycle parking stations within the design and including cyclist’s tracks leaving/coming from the property in question. The inclusion of bus stops and bus routes to promote the use of public transport are featured in the BREEAM system which are only some of external features which can reduce the carbon footprint of the whole building (BRE, 2014).   
Energy efficient laboratory systems and energy efficient equipment are similar to Passivhaus as the most environmentally friendly and highest efficiency equipment are chosen to be included in the building – for obvious reasons. One downfall for this (and it applies in both Passivhaus and BREEAM) is in most cases the equipment which is usually more energy efficient usually costs more at the beginning however savings will be made over the years as the customer saves energy.BREEAM falls short compared to Passivhaus in drying space as a Passivhaus building is insulated so tightly that the house is always a warm temperature throughout the year as long as the building is constructed correctly. Clothes can be dried overnight in a Passivhaus building and no condensation would appear as there is a heat recovery system in the buildings which should remove any condensation in the air (GBS, 2017).  	
One of the main advantages of Passivhaus is the unique Passive House Planning Package which comes exclusively with it. This programme can provide calculations of the buildings energy balance in Excel format, and so it’s simple to input new data into the programme (PHI, 2017). The PHPP will never expire as updates are continuous on the programme. Within these updates new tips and tricks are put into the programme with an energy efficiency manual which is regularly updated. PHPP is also very flexible, it is not a standalone programme as it is very compatible with different programmes too. The information gathered within the PHPP can be put into 3D modelling programmes – such as sketchUP, therefore the information can be distributed quite easily (PHI, 2017). 
Passivhaus’ external walls have to be super insulated, which avoids using any mechanical heating within the building. The u-values for Passivhaus external walls is 0.15W/m²K, while the UK standard in the 90’s (which was the same time Passivhaus officially started) was 0.45W/m². However since 2013, the standard for external walls in the UK has been 0.18W/m², suggesting that Passivhaus’ external walls are far less conductive than modern day design (S Footitt, 2015). In a typical modern-day house, heat loss through the windows is a major factor of the buildings poor energy performance because windows are one of, if not the most difficult thing to insulate on a building. Passivhaus uses triple glazing with argon gas in their windows in buildings, with thermal reinforcing in the frame of the window (S Footitt, 2015). These types of windows eliminate the chances of cold spots which can appear in double glazed windows – this means that triple glazing windows the maximum comfort a window can on today’s market. The extra plane of glass gives the window extra strength which means that triple glazing is the most secure on the market (Planitherm, 2015). The main reason the triple glazing is used in Passivhaus is to save on the energy loss that windows have, the u-values for modern double-glazed windows are 2.8W/m² compared to the triple glazed windows which are 0.8W/m² (S Footitt, 2015). From these figures, it is easy to see that the energy saved is a great amount. However, because triple glazing has an extra pane of glass, it makes the window very heavy which in turn means the wall and frame must be strong enough to hold it. This adds to the cost of the whole project and as the actual window is also a more expensive choice, this can be considered a disadvantage of triple glazing (Unknown, 2016).  
The heat recovery system (HRS) used within Passivhaus brings in fresh air into the building but it is preheated in an exchanger on the way into the building, using the warm extracted air. These HRS are very efficient with the average efficiency used within Passivhaus being 80% (S Footitt, 2015).  Nevertheless if the HRS fails or breaks down, the property will no longer be able to have fresh air pumped into the building. 
The building design is crucial to how the building will perform throughout the year as the orientation of the building will usually have large amount of glass south facing to maximise solar gain in the winter months when the sun is low. During the summer months, the building design will have shading features to stop light and heat being able to enter the windows to avoid overheating, this can be achieved as the sun gets higher in the air than the winter months (S Footitt, 2015). One problem with this is that it is not always possible to design the building south facing due to roads or the surrounding areas such as trees or other buildings blocking the light. By having the orientation of the building south facing, it is possible to include solar panels on the roof of the building which will lower the amount of unrenewable energy the house will be using. 
Research suggests that BREEAM is most commonly used over a wider range of countries across the world. BREEAM has 2,266,717 registered buildings in the world which have been built in 76 countries (BRE, 2017) while only 65,000 buildings have been designed and tested to the Passivhaus standard (Passivhaus UK, 2017). Reflecting upon this, BREEAM is the most efficient way to reach a ‘greener building’ as it not only focuses on the energy that’s used within the building but also the surroundings, and it is easier to apply to different countries. 
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