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Abbreviations

· BREEAM - Building Research Establishment Environmental Assessment Method
· BRE - Building Research Establishment
· PH - Passivhaus
· LEED - Leadership in Energy and Environmental Design
· PHPP - Passivhaus Planning Package
· iPHA - International Passivhaus Association 
· HQE - Haute Qualité Environmentale
· CASBEE - Comprehensive Assessment System for Built Environment Efficiency
· CCC -  Climate Change Committee
· GHG - Green House Gas
· CEPHEUS -  Cost Efficient Passivhaus as European Standard
· RIBA - Royal Institute of British Architects
· UWTSD - University of Wales Trinity St David
· WGBC - World Green Building Council















[bookmark: _GoBack]1.0 Introduction
BREEAM (Building Research Establishment Environmental Assessment Method) and Passivhaus are two out of three major construction sustainability assessment methods. There are other assessment methods available such as LEED (Leadership in Energy and Environmental Design) (USA), Greenstar, (Australia), HQE (Haute Qualité Environmentale), (France), CASBEE (Comprehensive Assessment System for Built Environment Efficiency), (Japan). However, this report will be concentrating on BREEAM and Passivhaus building principles. The aim of this report is to compare both certificates explaining differences, advantages and disadvantages for their application in buildings. This report will provide the reader with credible and valuable information to choose the right assessment certificate. Please see Appendix 1 that indicates how essential it is to reduce carbon emissions in the UK, which BREEAM and Passivhaus could play a key role in achieving these targets. 


2.0 BREEAM

2.1 Background
BREEAM was founded in 1990 by BRE (Building Research Establishment). BRE is a British private company, which has been running over 90 years. It has been reported that BREEAM is applied in over 70 countries worldwide and it is adaptable to local and climatic conditions. 

According to the BREEAM New Construction Technical Manual SD5076: 5.0 - 2014, BREEAM is the world's first sustainability rating scheme for the built environment and has contributed much to the strong focus in the UK on sustainability in building design, construction and use. BREEAM is now an international standard that is locally adapted, operated and applied through a network of international operators, assessors and industry professionals. 

To achieve BREEAM, the building design is awarded credits in nine separated categories. The overall score is on a scale of Unclassified (<30%) Pass (>30%), Good (>45%), Very Good (>55%), Excellent (>70%) and Outstanding (>85%) this is based on how well each category is credited. 

An independent accredited assessor will assess the stages of BREEAM throughout its duration of the project. The BREEAM rating is required to ensure the best possible environmental performance both during and after construction, and to ensure the environmental sustainability of the individual aspects of the development for the design and procurement stage only.
BREEAM assessment evaluates the procurement, design, construction and operation of a development against a range of targets based on performance benchmarks.

It focuses on sustainable value across range of the 9 categories:
· Energy
· Land use and Ecology
· Water
· Health and Wellbeing
· Pollution
· Transport
· Materials
· Waste 
· Management 

Each category focuses on the most influential factors, including reduced carbon emissions, low impact design, adaption to climate change, ecological value and biodiversity protection.

Aims
· To mitigate the life cycle impacts of buildings on the environment
· To enable buildings to be recognised  according to their environmental benefits
· To provide a credible, environmental label for buildings
· To stimulate demand and create value for sustainable buildings, building products and supply chains.

Objectives 
· To provide market recognition of buildings with a low environmental impact,
· To ensure best environmental practice is included in the planning, design, construction and operation of buildings and the wider built environment.
· To define a robust, cost effective performance standard surpassing that required by regulations.
· To challenge the market to provide innovative, cost effective solutions that minimise the environment impact of buildings.
· To raise awareness amongst owners, occupants, designers and operators of the benefits and value of buildings with a reduced life cycle impact on the environment.

BREEAM New Construction Technical Manual SD5076: 5.0 – (2014),

3.0 Passivhaus

3.1 Background
The term 'Passivhaus' refers to a voluntary, ultralow-energy construction standard first developed in the early 1990's by Professor Wolfgang Feist of the Passivhaus Institut, Darmstadt, Germany. The core focus of a Passivhaus design is to minimise the requirement for space heating and cooling. 

The first dwellings that were completed to the Passivhaus standard were constructed in Darmstadt in 1991. The Passivhaus Institut subsequently monitored the performance of these dwellings, with another 250 Passivhaus projects around Europe eventually being monitored as a part of the European CEPHEUS project. To date, over 7000 dwellings have been constructed in accordance with Passivhaus principles, with many projects now nearing completion and certification in the UK. Please see Appendix 2 & 3 for illustrations on how Passivhaus works.

In a Passivhaus, thermal comfort is achieved to the greatest practical extent through the use of passive measures listed below which can be applied not only to the residential sector but also to commercial, industrial and public buildings.
· Good levels of insulation with minimal thermal bridges
· Passive solar gains and internal heat sources & excellent level of airtightness

Typical set-up of a Passivhaus.
[image: ]
NHBC Foundation Lessons from Germany’s Passivhaus experience, 2017
4.0 The Pro's and Con's of BREEAM & Passivhaus

4.1 BREEAM 
Advantages / Benefits
· BREEAM inspires developers and creators to improve, innovate and make effective use of resources.
· The focus on sustainable value and efficiency makes BREEAM certified developments attractive property investments and generates sustainable environments that enhance the wellbeing of the people who live and work in them.
· While building to meet BREEAM's enhanced standards may incur a capital cost this should be viewed in the context of the overall value of sustainable development. In particular, reduced operational costs, helping to limit investor and developer risk in building for the future, making a building more attractive to let, sell or retain, and creating a healthier workplace.
https://www.thenbs.com/knowledge/what-is-breeam (2017).
· Be a requirement of the client opportunities, to help them to demonstrate that they are meeting their corporate social responsibility objectives.
· Be a prerequisite for receiving public or private development funding
· Demonstrate an acceptable level of sustainability performance to regulatory approval bodies, such as planning authorities.
· Provide a marketable &, sustainable asset. 
· One-step ahead of the current Building Regulations.
· The Design has to adapt / affect the shape of the building, eradicate sick building syndrome i.e. comfortable environment for occupants.
· Excellent links for public transportation, open cycle paths and appropriate parking.
· BREEAM demands excellent use of waste management policies.
· BREEAM states that their certified buildings should be in an excellent location, and provide convenient access to local amenities and activity centres.

BREEAM Disadvantages
· BREEAM is very expensive to complete.
· It does not appeal to every construction project / scheme.
· BREEAM dictates what materials are allowed to be used on site to gain accreditation, so contractor would have to abide by what BREEAM states.
· Time consuming process
· Complicated
· Inflexible
· ‘Tick Box’ Exercise, Politically driven – aimed at government dwellings and professional businesses.  
· Poorly understood, often poorly specified
· Extra construction costs.
· Water conservation issues, BREEAM champions reducing water consumption but this comes at a cost of the water quality in the building. For example, in a hospital environment the water system has to be flushed regularly to prevent legionella and pseudomonas disease.  
· BREEAM requires the building to be cooled actively, to do this a chiller needs to be installed. Resulting in reducing heating costs but could potentially increase cooling costs. Cooling systems are powered by electricity, electric has higher costs than gas.
· The Welsh Government has declared that all new Hospital buildings should achieve BREEAM excellent rating, this results in extra costs and financial constraints on the NHS. 


4.2 Passivhaus 
Advantages / Benefits
· A Passivhaus requires very little energy for heating and cooling. Extremely energy efficient.
· They are self-sustaining buildings / dwellings.
· They are cheap to run.
· Excellent acoustics levels, minimal noise pollution.
· They provide minimal thermal bridges, if not any at all.
· The design of the house is always south facing, this allows the house to be open to passive solar gain. The south face of the property will always have large windows, enabling maximum sunlight throughout the day.
· Passivhaus’s are extremely eco-friendly, they reduce the energy consumption rate, which has a positive effect on the environment. 
· Passivhaus provides the same level temperature throughout the dwelling, there are no cold spots, drafts or heat loss.
· Each dwelling will have its own style, design and personality as big developers would deter not to build Passivhaus’s as they are expensive to build. 
· Requires very high levels of insulation.
· To obtain Passivhaus certification requires very high levels of insulation, extremely high performance windows with insulated frames and airtight building fabrics.
· Passivhaus’s require no furnace, fireplace or other conventional heat source, which is damaging to the environment. 
· Government initiatives could result in rebates and tax credits for retrofits, this is a way to reward homeowners.
· Passivhaus’s are often quiet and peaceful, no loud noises from gas boilers or water tanks heating up.
· They are initially costly but over time the occupant will reap the benefits and recuperate the money back from cheaper utility bills. 

Passivhaus Disadvantages
· Passivhaus properties are at risk of overheating in all seasons. They are not effective in identifying overheating.
· The air quality can be less than a non-passivhaus dwelling, due to the lack of fresh air entering the building but on the other side it does not allow cold air to enter the dwelling.
· They may be unsuitable for vulnerable occupants if operated inexpertly.
· Operating a Passivhaus dwelling requires knowledge, the occupant will have to know when to open windows, when the ventilation system needs boosting and when the filters need to be changed etc.
· Complex systems need to be maintained thoroughly, which can be costly. 
· Not suitable for cold climates, Passivhaus needs to be exposed to a lot of sunlight on the contrary there is a concern for them to overheat.
· Potential damp issues, because there are no or few radiators in the property. Many households dry their laundry on the radiators or in the airing cupboards in the wetter and colder months.
· The ventilation system will need heat recovery system, again this will need to be maintained expertly.
· Passivhaus’s are not cheap to design and build if done properly. They can be extremely costly so the option is not open to all.
· The Passivhaus standard is based on the fact to reduce the carbon footprint, to reduce energy levels, but this comes at a cost because unlike BREEAM it does not state what materials you can use to build a Passivhaus dwelling. Non-recyclable materials could be used which are not environmentally friendly and still obtain Passivhaus standards because the overall energy rate of the dwelling is low.
· Passivhaus are not Zero carbon, the term Zero Carbon arrived back in 2010, it is actually much less strict than Passivhaus. For example, the fabric heat loss performance standard for a 2016 zero carbon house is set at 46kWh/m2/yr for a detached property. Passivhaus on the other hand, sets for the same kind of home a standard of 15kWh/m2/yr, making it much more difficult to reach.
http://thegreenhome.co.uk/building-advice/passivhaus-the-disadvantages/ (2013).
· Dwellings that are designed to the Passivhaus standard cannot be alter it in any shape or form, for example the occupant will not be able to install a cable through the loft space as the dwelling is design scientifically to maximise energy loss then any disruptions will change the calculations and potentially lose the Passivhaus Certification. 


5.0 Moving Forward
5.1 BREEAM or Passivhaus 
From conducting this report and researching many articles, journals and information from professionals within the industry, the author believes that it is difficult to compare BREEAM with the Passivhaus building principles. 

Hodgson (2008) develops the theory that 'The Passivhaus Standard is measured in terms of absolute energy use for space heating only, whereas building regulations and the Code of Sustainable Homes / BREEAM set standards according to reductions in carbon dioxide emissions for space heating, water heating and lighting, because of this, the two standards cannot be compared directly'.

The author agrees with this statement because they are two separate identities, they have many different driving points even though they do share the most important thing in common which is reducing carbon emissions into the environment.

The author does realise that both assessment methods have a lot of advantages and benefits, which contribute to society and the environment. Although BREEAM is a private company, the UK government has taken a positive attitude in introducing it to local government new builds such as schools, hospitals and council dwellings. 

It seems apparent that the UK government view BREEAM as a political answer to reducing energy consumption, water usage and waste in public buildings in order to meet their zero carbon building targets. This is not to say that BREEAM is just for public buildings but due to its policies and procedures it is more appealing to larger organisations. 

The Passivhaus Standard is designed by building scientists who aim to find effective ways to design low-energy buildings so that they perform as predicted.  They predict what the house / construction energy levels will be in advance, this is called the 'Performance Gap'. 

The Performance Gap is buildings is the difference between the thermal performance predicted from building modelling and the actual measured energy in-use once the building is built and occupied. 
http://www.howtopassivhaus.org.uk/sites/default/files/The%20performance%20gap%20in%20new%20construction_June%202017.pdf (2017).



The Passivhaus Performance Gap: Predicted vs. Measure 
[image: ]
2017-2018, Juan A Ferriz-Papi - Building Sustainability Certification 

Choosing the right assessment method is down to suiting the best needs of the client / user, it depends on what the construction is, it depends on whether it is a domestic dwelling or for the public / private sector. There are many considerations to take into place, such as time, cost, location, desires and design (environmentally friendly). 






6.0 Conclusion
This report has highlighted and addressed many key factors in BREEAM and Passivhaus Standard. Both assessment methods are becoming increasingly popular in the UK construction industry. By the author reviewing articles, e-journals, literature and case studies, the outcomes seem to be far more positive than negative about both assessment methods.
Both assessment methods offer different values, the demand for expertise in these fields will increase dramatically which will result in future employment prospects and changing the face of the construction industry. It can be argued that BREEAM or Passivhaus is not suited for every project or construction scheme but over time, these assessments will be taking into consideration much more frequently by professionals in the industry.
The author predicts that Passivhaus will become more popular in the UK market than BREEAM due to its high energy saving rates. This appeals to a more general audience than BREEAM as with the current economical climate, the public is cost saving driven. If there is scientific proof that Passivhaus can save energy costs then more people will pursue it.
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Appendices
Appendix 1
Domestic energy consumption accounts for 27% of total UK final energy use and carbon emissions. The Climate Change Act 2008 established long-term targets for the UK to reduce Green House Gas (GHG) emissions by 80% by 2050 with an interim target of 34% by 2020. Reducing energy in housing is a major opportunity to reduce greenhouse gas emissions and it would not be possible to meet overall UK emissions reductions targets without addressing energy use in the home. The Climate Change Committee (CCC) have identified energy efficiency in buildings and low carbon forms of heating as a priority to delivering the overall carbon budget of the UK. Therefore, the building sector and the construction industry are key to energy and carbon reduction strategies.
http://www.howtopassivhaus.org.uk/sites/default/files/The%20performance%20gap%20in%20new%20construction_June%202017.pdf (2017).




Appendix 2
Passivhaus Certification Process:
[image: Certification Process Flow Chart]
http://www.passivhaustrust.org.uk/what_is_passivhaus.php (2017).



Appendix 3
Passivhaus buildings achieve a 75% reduction in space heating requirements, compared to standard practice for UK new build. The Passivhaus standard therefore gives a robust method to help the industry achieve the 80% carbon reductions that are set as a legislative target for the UK Government. Passivhaus also applies to retrofit projects, achieving similar savings in space heating requirements.
[image: ]
(UWTSD, ‘Passivhaus Certification on Residential Projects’, 2017)

Appendix 4 - The following Case Studies focus on completed BREEAM & Passivhaus Projects.
Case Study 1:
BREEAM: Port Talbot Justice Court, UK
[image: Port Talbot Court long]

The 24,000 ft² BREEAM 'Excellent' rated Port Talbot Justice Centre houses an Informal Youth Court, Tribunal Courts and a two-storey Central Fines Unit (CFU). BREEAM ‘Excellent’ was a prerequisite of the brief from HM Courts and Tribunals Service. The building’s BREEAM rating supports the Ministry of Justice Green plan, as well as enhancing the user’s experience of the building. The building attained an EPC rating of 27. Its sustainability strategy is based on the first principles of sustainable design namely orientation, minimisation of solar gain, natural ventilation, thermal efficiency etc. http://www.breeam.com/case-study-port-talbot-justice-court-uk
Case Study 2:
BREEAM: Institute of Life Science, Phase 2, Swansea University
[image: Image result for Institute of Life Science, Phase 2, Swansea University]

This five storey clinical research and trials facility includes a secure bedded unit, an imaging suite, research laboratories and associated research office space on the lower ground and ground floors. The above ground floors, referred to as the tower, include health informatics, additional office research space, conferencing and business development space. The philosophy behind the development was to deliver a sustainable building, whilst working within the constraints of an environment that was suitable. To achieve this, the design team worked collaboratively with existing university research departments, so that it could focus on the detailed requirements of each specialist department while retaining the objectives of a sustainable building. http://www.breeam.com/index.jsp?id=520

Case Study 3:
Passivhaus: Social housing in Wimbish, near Saffron Walden, UK
[image: ]
A development of 14 new houses and flats, near Saffron Walden. Built to Code for Sustainable Homes Level 4, the dwellings also comply with: Secure by Design, Lifetime Homes, Housing Quality Indicators and Hastoe Housing’s Design Brief. The properties use mechanical ventilation with heat recovery (MVHR), and a condensing gas boiler for hot water. The first 6 months of occupation have resulted in gas bills as low as ￡30. 
Construction type: Masonry, Year completed: 2011, Cost: ￡1555/m2
http://passivhaustrust.org.uk/UserFiles/File/2013/GST%20Why%20choose%20Passivhaus/150413_Bruce%20Tofield_Wimbish%20Passivhaus.pdf


Case Study 4:
Passivhaus: Social housing in Swansea, Milford Way 

[image: Image result for swansea passivhaus]
This project is based on eighteen semi-detached, two-bedroom homes at Milford Way which are now ready for occupation.
 
The 18-home development is made up of 10 two-bedroom semi-detached houses and eight one-bedroom apartments, constructed in two blocks of four.
 
Each home has been designed to innovative, energy-efficient Passivhaus standards, meaning they need very little energy for heating and cooling. Among their features are specialist, highly airtight doors and windows.
 
Tenants are receiving training and instruction manuals on how to best use their new homes to help their cut energy bills to as little as £70 a year. http://www.walesonline.co.uk/news/wales-news/state-art-homes-first-council-13696277


Case Study 5: 
Passivhaus: Private housing at High Barn, Somerset

[image: Knight’s Place in Exeter]

Knight’s Place Passive House Housing is a sustainable social housing development of 18 one and two-bedroom apartments, designed by Gale & Snowden Architects for Exeter City Council. Built with meticulous attention to detail, the two blocks have been designed to strict Passive House standards, which deliver high comfort levels for residents via a mechanical ventilation system with heat recovery (MVHR). http://www.zehnderpassivehouse.co.uk/case-studies/knights-place.ht
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