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Introduction

In Europe, buildings consume greater amounts of energy than either transport or industry. As environmental changes continue to occur, the Built environment will be put under more pressure to take up sustainable behaviours and processes. Sustainability has environment, society, and economy as its three pillars; although, institution has been developed as a forth pillar (UNEP, 2003; Ameen, Mourshed and Li, 2015; Doan et al., 2017). In order to be sustainable these pillars must be balanced, as shown in figure 1. 
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Figure 1 (CS Odessa Corp., 2017)
According to the Brundtland Report (WCED, 1987), sustainable development is:
“development that meets the needs of the present without compromising the ability of future generations to meet their own needs.”

BREEAM is one of the most commonly applied and “holistic” sustainable building assessment, with Passivhaus being considered a complimentary assessment, concentrating on energy efficiency and user comfort (BRE, 2011a). The aim of this report is to compare both certificates in relation to the assessment of energy. Two talks were attended on the 25th October 2017; one on Passivhaus given by Francisco Cerezuela of Synergia Passivhaus Design Management, and the other on BREEAM by Jamie Best of Melin Consultants. 

Introduction to Passivhaus
The Passivhaus standard was developed by Bo Adamson and Wolfgang Feist, with the first building being completed in 1991. The standard concentrates on energy efficiency and has three main principles; thermal performance, airtightness, and mechanical ventilation with heat recovery. These principles can be applied to domestic and non-domestic buildings as well as globally, due to the use of climate data in the design of Passivhaus buildings. So far 30,000 buildings have been developed to the Passivhaus standard (BRE, 2011b). Passivhaus is currently a voluntary scheme, certified in the UK by the BRE. For this assignment, the collective requirements from domestic and non-domestic will be used. 
The requirements for domestic buildings are as follows (PassivHaus Institut, 2009a):

Specific Space Heat Demand 



max. 15 kWh/(m2a)

or Heating Load




max. 10 W/m2
Pressurization Test Result n50



max. 0.6 h-1
Entire Specific Primary Energy Demand


max. 120 kWh/(m2a)

The only difference for non-domestic properties is (PassivHaus Institut, 2009b):
Specific Space Cooling Demand



max. 15 kWh/(m2a)

To meet the energy efficiency requirements, several ideas are utilised, the first being orientation. Ideally a Passivhaus building will run along an east/west axis to be within 30 degrees of due south. Orientating the building in this way allows for maximum exploitation of solar gains through the 25-50% glazed south facing façade. Glazing is then minimised on the north façade to mitigate heat loss. The glazing used will depend on the climate, but in the UK triple glazing is used due to its lower U values (≤0.85 W/m2K), to decrease heat loss and cold inner pane draughts; and its solar transmittance values (g-values) of over 0.5. However, over glazing can increase the risk of overheating (above 25oC for more than 10% of the year). To reduce this risk, carefully designed shading is installed on the south, west and eastern facades to reduce the high solar rays from the summer zenith entering the building (PassivHaus, n.d.; McLeod, Hopfe and Kwan, 2013). 
The U values of the external walls are required to be ≤ 0.15 W/m2K and all thermal bridges are to be designed out where necessary and possible. Linear thermal bridges are to have a psi of ≤ 0.01 W/mK. These measures are also to mitigate the loss of heat through the building envelope (PassivHaus, n.d.).

Airtightness is an important factor in reducing the heating demand of a Passivhaus building. By reducing the number of air changes per hour humid air is prevented from entering the building and heat prevented from leaving through the envelope. The n50 test is used to assess the airtightness, and levels of ≤ 0.6 air changes per hour (h-1) must be achieved (PassivHaus, n.d.). However, preventing the building from “breathing” leaves any vapour heavy air, produced through use, inside the building (McGill, Qin and Oyedele, 2014). Because of this, Passivhaus buildings are fitted with mechanical ventilation and heat recovery systems (MVHR). MVHR systems remove humid, warm air, from areas such as kitchens, and replaces it with fresh, conditioned, heat exchanged air. This is especially vital in winter when ventilating through open windows reduces the overall comfort of the building occupants. MVHR systems detailed in building specifications should be Passivhaus certified and have an efficiency of ≥ 75% and a fan power of ≤ 0.45 Wh/m3. However, passive cross-ventilation should be detailed for instances of overheating (PassivHaus, n.d.). 
Primary energy consumption (fuels used as they are found in nature) is limited in Passivhaus (Stephan, Crawford and Myttenaere, 2013). Electricity transformed from primary energy sources is not measured and therefore appliances must have high energy efficiency ratings (A++). Øvergaard (2008) defines renewable energies as primary sources because the energy from the source cannot be measured. However, to prevent poor energy efficiency being offset with renewables, they are not valid primary energy sources in Passivhaus assessments (PassivHaus, n.d.).
Introduction to BREEAM

The Building Research Establishment (BRE) created their Building Research Establishment Environmental Assessment Methodology (BREEAM) in 1990 in the UK. BREEAM was the first environmental assessment developed in the world and has now been implemented in 77 different countries, certifying 552,600 buildings. BREEAM is held as a “holistic” assessment across the four schemes (Communities, New Construction, Refurbishment, In-Use), from cradle to grave, across 10 different categories; management, health and wellbeing, energy, transport, water, materials, waste, land use and ecology, pollution, and innovation (BREEAM, 2016). There are a certain number of credits available for each category, which are then weighted into points, depending on the scheme chosen. The score from this is translated into a percentage of points available and the building is rated according to that percentage (BREEAM UK, 2014b). The Government currently requires new non-domestic developments, funded with public money, to achieve at least an excellent rating (Welsh Government, 2016). To achieve an excellent rating, these buildings will need to achieve ≥ 75% of the points available. For this assignment, the Technical Manual for UK New Construction will be used (SD 5076 – 5.0 – 2014) (BREEAM UK, 2014b). This scheme assesses energy over nine areas: 

· 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 area most comparable with the Passivhaus standard is Ene01, however, areas such as Ene04 (passive design and zero to low carbon energy) is also a shared subject. Ene01 calculates the Energy Performance Ratio (EPRNC) for the building and then compares the result with benchmark values to determine the credits awarded. This calculation requires either a domestic Standard Assessment Procedure (SAP) or non-domestic Simplified Building Energy Model (SBEM) energy assessment, by a suitably qualifies assessor and using approved software, to produce an Energy Performance Certificate (EPC) or Building Regulation UK Part L (BRUKL) Output Document (BREEAM UK, 2014b). The actual and notional energy demand and consumption, and CO2 emissions are taken from the BRUKL Output Document and put into the ENE01 calculator. The proportion of the notional that has actually been used is then determined. This is then used to find the un-weighted ERPs from the building performance translator curve. The un-weighted ERPs are then multiplied with the regional parameter weightings, which are then summed to calculate the overall EPRNC. This is then compared to the benchmark values in Table 25 to determine the credits achieved (BREEAM UK, 2014a). 
Comparative Discussion

An advantage of BREEAM is the use of benchmarking the energy consumption data. By creating a benchmark, buildings assessed on different schemes, by different assessments, in different areas, of different construction materials, and of different sizes can all be effectively compared. Because Passivhaus requires all buildings to conform to the same requirements, it is more difficult to compare buildings both to other passive houes and across other sustainability assessments (Lee and Burnett, 2008). One of the greatest difference in the assessment of energy is the exclusion of CO2 emission data in Passivhaus. 
There is a general assumption that the greater the energy efficiency, the greater the reduction in CO2 emissions. Herring (2006) presents the opinions of economists on this “misconception”. According to his paper, greater energy efficiency can result in a “rebound” effect; the reduction in energy bills encourages the use of more energy overall. Herring proposes that this in turn increases the use of carbon rich energy sources and therefore the emission rates of CO2. He proposes that better policy on the inception of low to zero carbon energy sources would be more effective at reducing global CO2 emissions. 
Another difference between the two assessments is that BREEAM is a life cycle assessment whereas Passivhaus assesses only the in-use energy consumption. This difference is mainly the omission of embodied energy from Passivhaus. Stephan, Crawford and Myttenaere (2012) created their “life cycle energy analysis framework” and applied it to Passivhaus in 2013 (Stephan, Crawford and Myttenaere, 2013). In their 2013 paper, the framework was used to model and assess the embodied, operational and transport energy of a passive house in Belgium. They found that the scope of Passivhaus is too short to give a true representation of energy efficiency. It was found that embodied energy could potentially represent 77% of total embodied and operational energy consumption over 100 years. 
Conclusion
BREEAM and Passivhaus, despite having some comparable aims, are difficult to directly compare. BREEAM as a “holistic”, cradle-to-grave assessment requires much more of the assessed building than Passivhaus. Passivhaus has been found to not have a wide enough scope to give true energy sustainability data, allowing materials with high embodied energy. They are also different in the way they assess energy consumption which cannot be compared. However, they are complimentary, with many of the ideas executed in Passivhaus gaining credits in BREEAM also. The fact that Passivhaus buildings also need SAP or SBEM assessments allows for the ENE01 calculations to easily been done for Passivhaus compliant buildings. To be able to compare Passivhaus to BREEAM, and other green rating assessment, further research should be undertaken into benchmarking Passivhaus energy consumption data, to then allow for a more comprehensive comparison of the two assessments. 
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