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Wales is a country with unique climatic conditions and varies from central to coastal regions. Wales is often subject to more rainfall than England and less sunshine. Coastal areas can experience temperatures in the summer ranging from 15°C (59°F) to highs of around 25°C (77°F). Upland areas surrounding Snowdonia and the Brecon Beacons can vary at all times of the year. (Anon, 2020) Therefore, the effects of climate change will have a varying impact across the country, calling for flexible solutions to be put in place within the construction industry. 
This dissertation takes two sustainable construction techniques, The Passivhaus Standard and Active House, and compares the two. A comparative narrative of both techniques has been created, considering the context of Wales providing the information needed to make an informative decision on whether they would be eligible. Due to the continued risk of global warming and the uncertain effects of the COVID-19 pandemic, designers will need to be able to adapt and adopt new ways knowing how to deal with these challenges in the future. 
The Passivhaus Standard is becoming increasingly popular in the UK and is based around the principle of reducing energy consumption to a low level rather than just relying on renewable energy sources. Passivhaus goes past the requirement standards currently set in the Building Regulations and provides a variety of ways to meet the criteria, making Passivhaus a popular choice. 
Active House is becoming increasingly popular in the UK with several domestic, commercial, and residential schemes being designed. Active House is said to be an ‘evolution’ of the Passivhaus Standard and claims to take the rigorous criteria a step further. Active House prioritise the use of renewable energy sources, such as photovoltaic panels, this gathered energy is intelligently managed with microgrids and the national energy network.
Both techniques have positive and negative aspects, the use of case studies in the dissertation provides examples of how each technique has worked in certain climates and whether they would prove successful in Wales. 
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The question investigated in this paper ‘Will Passivhaus or Active House designs address the issues of housing in Wales today?’. This will be addressed by creating a comparative narrative of design methodology for both sustainable construction methods. The primary purpose of the paper is to attempt to provide a guide to Architects, and others who are working in the built environment about ways in which sustainable construction can shape the future in Wales. 

Current housing climate in Wales
[image: Council houses built in Wales for first time in decades - BBC News]
[bookmark: _Toc42271045]Figure 1: Graph showing the number of council houses built in Wales between 1974-2018 (Source: https://www.bbc.co.uk/news/uk-wales-politics-48446234)
[bookmark: _Toc41398456][bookmark: _Toc41584230][bookmark: _Toc41653185][bookmark: _Toc41653323][bookmark: _Toc41655625][bookmark: _Toc41655744][bookmark: _Toc41748498][bookmark: _Toc41911948]According to statistics gathered by the StatsWales, there is a lack of affordable housing being built in Wales. According to statistics gathered by the StatsWales, there is a lack of affordable housing being built in Wales. There are many empty homes, not enough council housing being built, and a return of leasehold and high maintenance charges. Statistics gathered by ITN News, in 2018, states that there were 43,028 empty homes in Wales, 18,000 of those, at least, were empty for over six months. (Anon, 2020) It is evident that vacant homes are not being used effectively during a time of such high housing demand and can lead to an increase in issues. These empty homes can be an increased catalyst for crime, vandalism, anti-social behaviour, drug abuse and maintenance issues such as poorly maintained gardens and damp. 
[image: Empty House]At present, the impact of COVID-19 is having a significant effect on all aspects of life, including the construction industry. It has been suggested that the COVID-19 impact on Wales ‘could be more profound than the rest of the UK’. (Anon, 2020) This could be partly due to the country’s older population and economic profile. The underlying effects of COVID-19 will affect Wales in the long-term, in the worst-case scenario, it has been suggested that the virus could last 'several years' according to deputy chief medical officer. (Diver T. 2020) With the possibility of an extended long-term lockdown, the importance of a healthy and comfortable indoor environment is significant. The Passivhaus and Active House design techniques could be the solution to creating healthy internal environments, allowing people to work from home and keep people safe.[bookmark: _Toc42271046]Figure 2: A currently empty house in Rhondda Cynon Taff (source: https://www.itv.com/news/wales/2018-04-25/more-than-40-000-empty-homes-a-wasted-resource-in-wales/)



The One Planet Council can be a link between applicants and local planning authorities with the correct guidance and resources to help support households who want to make the transition to a more sustainable lifestyle. (One Planet Council, 2020) The aims set out within this policy are ambitious in a small country with a current population of 3,230,490 people who can use up to three times their share of the planet’s resources. The One Planet Council aims to inspire people adopting the One Plant Policy to only use the resources that they need, which in turn means living a simpler lifestyle with less consuming, growing and making more locally sourced foods and spending and travelling less. (Baring M. 2020)
The utilisation of existing sustainability options such as Passivhaus and Active House could be investigated by designers and housing associations to improve the criteria set out in these standards and sustainable practices. Points that could be considered to improve upon the implementation of these sustainable construction techniques in Wales include:

1. Life cycle costing, post-occupancy evaluation and whole life carbon modelling could be part of the necessary scope of work within the framework. The advantages of implementing these techniques in the Welsh climate could be deciding which materials would be most effective in both the thermal and cost aspects of building elements over the life of a building. (Baring M. 2020) Furthermore, ‘under-investment’ within a construction project could prove that a higher specification would have given benefits that justified the initial cost. On the other hand, however, ‘over-investment’ could prove that the benefits from the higher specification are too small to justify the costing. (Fawcett W. 2018)

2. More collaborations are needed in Wales between all sectors within the construction industry and clients to work together to reduce the carbon footprint. 

The 'Zero Carbon Homes' scheme was set out in 2016 to 'mitigate, through various measures, all the carbon emissions produced on-site as a result of the regulated energy use.' The policy is now scrapped, leaving the UK unaware of how to fulfil the requirements of the Energy Performance of Buildings Directive, introduced in 2002. (Zero Carbon Hub, 2020) The EPBD was introduced to improve the energy efficiency of buildings, reduce carbon emissions and reduce the impact of climate change. Unfortunately, there appears to be less clarity regarding how requirements are going to be met now the UK has left the EU. According to the Code for Sustainable Homes (2006), ‘since May 2008 all new homes will have to have a sustainability certificate in the Home information pack.’ (Home Builders Federation, 2020) The measurement and calculation of sustainability, is calculated by BREEAM. BREEAM is a method used to measure the environmental performance of new projects and is perceived to set a good benchmark for environmental design and management. BREEAM is also used to set the standard for Welsh Government projects.


Passivhaus & Active House
Passivhaus & Active House are the two techniques being analysed in this report; the aim is to discover if these techniques could be successful in combating the issues facing housing in Wales today and in the future. Both techniques have proven successful in different climates, especially in Eastern European countries; however, the unique climate in Wales could prove to be more of a challenge.
Passivhaus is currently the more popular technique with a large amount of information available in the form of technical breakdowns, criteria and case studies. Passivhaus buildings claim to provide ‘a high level of occupant comfort while using very little energy for heating and cooling.’ (Passivhaustrust.org.uk, 2013) Buildings must the rigorous criteria set out to be certified by Passivhaus. The five main basic principles include:
· Low space heating energy demand
· Low cooling energy demand 
· Renewable Primary Energy Demand not to exceed set levels
· Specific levels of airtightness
· Sufficient levels of thermal comfort
[image: ](International Passive House Association, 2015)[bookmark: _Toc41398457][bookmark: _Toc41584231][bookmark: _Toc41653186][bookmark: _Toc41653324][bookmark: _Toc41655626][bookmark: _Toc41655745][bookmark: _Toc41748499][bookmark: _Toc41911949][bookmark: _Toc42271047]Figure 3: 18 homes in Swansea, designed by Architype, at Milford Way, built following Passivhaus principles. (Source: https://www.architype.co.uk/blog/new-passivhaus-social-housing-completes-for-swansea-residents/)



Passivhaus also claims to provide a 'crucial opportunity' to help overcome two significant challenges in the construction industry in the UK. 'Building regulations are tightening, requiring more energy-efficient buildings, and targeting zero carbon new homes by 2016.' (Active House, 2011)
Active House, which claims to be an ‘evolution’ of the Passivhaus Standard, is becoming increasingly popular in the UK. Due to the abundance of information available regarding the Passivhaus Standard, it has been an essential part of this investigation to inform the reader about Active House. Active House purports to encourage comfort, more natural light and ventilation into a building. (Roof-Maker Ltd, 2019) A building constructed to the Active House principles can be described as, ‘’a building that supports the wider grid network by intelligently integrating renewable energy technologies for heat, power and transport.’’ The buildings are centred around six main criteria:
· Building Materials and Passive Design
· Sustainable Energy Systems
· Renewable Energy
· Energy Storage
· Services for Electric Vehicles
· A coherence between the microgrids the national energy network
(Clarke J. 2020)
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Aims & Objectives

Aims: 
· To create a comparative narrative of design methodology for both systems with the result to address whether Passivhaus or Active House can have a positive impact on the issues of housing in Wales today.

· To find out the practical implications of adopting Passivhaus or Active House technologies on housing in Wales today.

Objectives:
· Conduct desk research using websites and literature with information on the design methodology of both Active House and Passivhaus to form a detailed and accurate comparison of both techniques.

· Visit an Active Building to get a first-hand experience of how they work, what they are like to be in and how they compare to Passivhaus.

· Interview Active Building specialists to find out how an Active Building is designed to a specific site, how it is heated and ventilated, how power usage is monitored and how these techniques differ from a Passivhaus building.

· Conduct research into one case study into Passivhaus and one into Active House; this data will then be used to make a post-occupancy evaluative comparison of each building type's impact.

[bookmark: _Hlk40015099]
Creating a comparative narrative of design methodology for both sustainable construction methods has made it possible to study both Passivhaus and Active House, exploring and evaluating how they are designed, technologies that are used and how they perform. The research carried out is valuable as it informs Architects, and others in the built environment about a way in which sustainable construction can go forward in Wales.
In addition, this research and comparison has investigated whether Passivhaus or Active House can have a positive impact on the issues of housing in Wales today and establish the practical implications of adopting Passivhaus or Active House technologies for housing in Wales today. A case study of an Active House and Passivhaus have been created on buildings to provide the reader with examples within the Welsh context and a comparison with other countries. Information on the current housing stock in Wales and an analysis of whether these sustainable building techniques are an option in meeting these demands has been investigated. The information on the current housing climate in Wales will provide the statistics and legislation put in place by the UK and Welsh government.
As a qualitative research method, an interview was conducted with Mrs J. Clarke, who is an Architect and Head of Design at the Active Building Centre at Swansea University. Mrs Clarke also took the time to give a tour around ‘Specific’s Active Classroom’, Swansea University Bay Campus. Being able to look around and experience the Active Classroom is vital and extremely helpful in understanding the aims and objectives that are trying to be achieved in terms of comfort, energy consumption and response to environmental context. Before the interview with Mrs Clarke, background research had been carried out on Active House, and the primary aims, objectives and design principles were understood. 
Relevant documents which were accessible online were bookmarked on the library website so that they were easily accessible when needed. Reports, news articles, legislation and videos were found providing information on all criteria relevant to the question. All relevant Welsh Government policies were studied, and pertinent issues related to sustainable housing measures and targets were recorded. 

Evaluation
For Passivhaus, many articles were available from the Universities library database. The internet provided Passivhaus reports, news articles, legislation and informative videos. Due to the current circumstances of COVID-19, an interview with a Passivhaus specialist or a visit to a Passivhaus building was not possible. 
The internet provided a limited amount of information regarding Active House in the form of news reports, legislation and interviews. As a qualitative research method, the interview with Mrs Clarke, who is Head of Design at the Active Building Centre at Swansea University was informative. Mrs Clarke provided a guided tour around Specific's Active Classroom, which was hugely beneficial in understanding how the technologies and design specifications work. Initially, it was decided that a visit to Pobl’s Active Homes, Neath would be undertaken, however, at the time construction was at a critical time-on-site and further on in the year COVID-19 meant this could not be completed.
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Perceptions and the Future of Sustainable Housing
Increasing housing supply is an essential route to improving the stability of house prices and affordability. Furthermore, housing in the private sector that is up for sale could have an impact on the stability of house prices. (Robson B. 2018) 
[image: ]Figure 4 shows the affordability of areas in England and Wales, including the affordability of both countries. Wales had a lower affordability ratio of (5.79) than the figure for England and Wales; therefore, this showed that it was more affordable to work and live in Wales. (Office for National Statistics, 2017) However, as illustrated in Figure 1, it is the lack of affordable social housing being built and the steady decline of the number of council houses in Wales.
[bookmark: _Toc42271048]Figure 4: Graph illustrating the ratio of median price paid for residential property to median workplace- based gross annual earnings, by region and country (Source: https://www.ons.gov.uk/peoplepopulationandcommunity/housing/articles/housingsummarymeasuresanalysis/2016)

Passivhaus and Active House could be sustainable construction methods that have the capability of future-proofing our homes and provide somewhere for people to live who cannot afford to buy or rent market housing.  A report published by the Welsh Government states, ‘Wales needs 14,000 new homes per annum of which 4,000 should be social rent, 1,500 intermediate rent and 1,500 shared ownership’. (Anon, 2019) To a certain extent, the existing dwelling stock in Wales can ease some of the pressure by converting and subdividing into multiple properties. However, some of Wales’ existing housing stock will not be able to adapt to changing weather patterns brought along by climate change. The risk of warmer, drier summers and colder, wetter winters will mean that construction technologies and methods are continually adapting. (Wales Council for Voluntary Action, 2020)
Furthermore, this will lead to frequent repairs and maintenance, along with the eventual need to retrofit sustainable housing technologies such as Active House or Passivhaus. 'Fuel poverty affects nearly a quarter of people in Wales'; this means that many households are at risk of being unable to afford to keep their home at a stable temperature. in an ever-changing climate without investing in energy-efficient techniques and technologies to retrofit their homes. (Wales Council for Voluntary Action, 2020)
[image: Windfarm at Seaton Carew beach near Hartlepool][bookmark: _Toc42271049]Figure 5: Image of offshore windfarm in the UK (Source: https://www.theguardian.com/business/2019/oct/14/renewable-electricity-overtakes-fossil-fuels-in-uk-for-first-time)

As the need to decrease the carbon footprint within the construction industry is becoming more prevalent than ever, sustainable construction methods, including Passivhaus and Active House, may provide part of the solution. However, a highlighted shift has occurred during the past year, which in turn saw the government commit the UK to achieve net-zero carbon by 2050. (Anon, 2020) The UK's 2050 net-zero target was recommended by the Committee on Climate Change which is the UK's independent climate advisory body. 
The term 'Net Zero' means that emissions produced would be kept in a balance by buildings to offset the same amount of greenhouse gases from the atmosphere, for example, how an Active Building use renewable energy sources such as photovoltaic panels to harness energy. (Anon, 2019) In 2019, the UK managed to achieve a significant energy milestone between July and September as renewable energy sources produced more electricity than fossil fuels did for the first time. 
Furthermore, these statistics show that significant progress is being made and the shift towards renewable energy sources is increasing rapidly.
Approximately half of all non-renewable resources humans consume are used in the construction industry, making it one of the least sustainable industries on the planet. Humans have spent most of their lives, attempting to control the natural environment for their benefit. Therefore, construction of infrastructure is constant with the development of new residential, commercial, and industrial housing, along with new roads and bridges. Contemporary human civilisation relies on buildings and how they function for the foreseeable future and continued existence. However, the planet cannot support the current demand and level of resource consumption associated with the continually developing construction industry. (Anon, 2010)
The impact of the rapid growth of the construction industry will most definitely affect the generations to come. Therefore, a future of pollution and unstable climatic conditions may be what the future holds if significant alterations to current constructions methods and policies are not implemented and put into practice on a large scale.
However, the undeniable fact is that the construction industry creates a tremendous amount of wealth globally, especially in the UK. ‘Half of all fixed capital formation annually is vested in buildings, which, taken together with the inherited assets of buildings, represents about 75% of all UK wealth.’ (Brown, M.T. and Uligati, S. 2004) The value of a building in the long term generally depends on its ability to satisfy the occupants or user’s needs, deal with changing environmental conditions and be able to withstand and cement its place in an ever-changing built environment. Passivhaus and Active House building technologies may be techniques designed and can offer a whole life performance solution and become stable investments to social housing providers.


[bookmark: _Toc41398458][bookmark: _Toc41584232][bookmark: _Toc41653187][bookmark: _Toc41653325][bookmark: _Toc41655627][bookmark: _Toc41655746][bookmark: _Toc41748500][bookmark: _Toc41911950][bookmark: _Toc42271050]Figure 6: Line graph showing the percentage increase/decrease of the UK’s Electricity Sources between 2010-2019 (Kieran Lamb, 2020)

Sectors within the construction industry are already making some changes in addressing the implications of climate change. Globally, The Net Zero Buildings Commitment challenges all those working within the construction industry to reach net-zero operating emissions by 2030, furthermore, to also advocate for all buildings to be net-zero in operation by 2050. (Committee on Climate Change, 2017) The World Green Building Council (WorldGBC) defines a net-zero carbon building as, 'a highly energy-efficient with all remaining energy from on-site/or off-site renewable energy sources'. The World GBC states that it does recognise that in most situations, net-zero energy buildings that generate 100% of their energy on-site are not feasible. (World Green Building Council, 2020) Therefore, energy-efficient buildings, supplying energy needs from renewable sources (on-site and off-site) such as Passivhaus and Active House may be suitable solutions to the mass scale needed to achieve Paris Agreement levels of global emissions reductions. (World Green Building Council, 2020)
Many working in the UK construction industry have made climate and biodiversity emergency agreements. Institutions like the RIBA have declared an environment and climate emergency and have vowed their commitment to an action plan to support the government's 2050 net-zero emissions target. (Crook.L, 2019) The RIBA plan to work support-chartered member practices in the UK, enabling them to report building performance criteria regarding sustainability. Furthermore, they can work towards the whole life net zero carbon standard and the post-occupancy performance evaluation of the building. (Royal Institute of British Architects, 2019) On a similar scale, local contractors have not declared a state of emergency like designers in the built environment; however, many have made commitments.
Many recent studies have highlighted the increased demand and need for an updated housing stock and the implementation of sustainable housing techniques in the UK. In Wales, there are significant challenges that need to be met to meet the climate change commitments agreed to by the Welsh Government. In their latest report on low carbon housing, the Welsh Assembly has formulated strategic recommendations that could work towards these targets. One of the recommendations included in a ‘ten-year route map towards sustainable housing’ is that ‘All new build houses in Wales to be built to zero carbon in operation standards.’ (Anon, 2018) Two of the most popular sustainable housing techniques include the German Passivhaus Standard and Active House. While there is significant research on Passivhaus and many projects to gain post-occupancy information from, few researchers have considered Active House.
For Wales to continue making steps forward regarding sustainable social housing, construction techniques need to be trialled and tested to see if they can be successful in the Welsh climate. Wales has a maritime climate which is often overwhelmed by shifts in Atlantic air masses, which, combined the varying topography, can cause weather conditions to vary frequently. Rainfall is frequent and can often be extensive, with the annual total averaging around 55 inches (1,385 mm) for Wales. (Beverley Smith, J. and Carter, H. and Gruffudd, P. 2019) Although there have not been any social housing projects built to the rigorous Passivhaus Standard in Wales, there have been a few projects using Passivhaus principles to create their sustainable solutions. In Glanrhyd, Pembrokeshire, Western Solar has designed housing projects using their very own 'Ty Solar low-energy design'. The Western Solar Design technique features the use of Passivhaus principles, combined with locally sourced timber frame structure, cladding and high levels of insulation using recycled newspaper. (Thorpe D. 2019) Pembrokeshire County Council planning has approved three five-bedroom detached homes along with ten affordable homes which have been specifically designed to house retired and senior citizens of Boncath. (Pyke C. 2019) Housing developers in Wales, however, have been determined not to catch on to the innovative techniques, 'We ended up with a prototype that produced 3.5 times the energy it used – but we did not get any interest from the housing developers'.  (Thorpe D. 2019) Therefore, it is evident that the mindset of the housing developers needs to evolve beyond traditional construction techniques for the future of Welsh social housing to flourish and be ready to tackle the future.
Over the last ten years, many initiatives have been taken to encourage the construction industry to support the sustainable development agenda in the UK. The UK Stock Exchange paper clearly illustrates current attitudes to sustainability and responsibility from quotations given by those in corporate roles. (Anon, 2018) The findings within the paper suggest that a limited number of significant companies positively receive these ideas and that the diversity regarding construction methods within the industry further complicates the issue. Therefore, it is evident that even though the construction industry has committed to reaching some sustainability targets, a limited number of business have changed their strategies. (Myers D. 2004)    

Passivhaus
Austrian Dr Wolfgang Feist is credited for building the first Passive House; he built the 4-plex Passive House in 1991 after completing years of research and consultations with leaders in the industry. (Saar K. 2019) The Passivhaus Standard is one of the most popular methods of sustainable construction, and an extensive amount of research has been carried out on its technologies and performance. Passivhaus buildings are stated to provide a high level of occupant comfort while using a small amount of energy for heating and cooling the building. Passivhaus is certified by a quality assurance process which was formulated by the Passivhaus Institute of Germany. (Price, D.S. and Brown, H 2014) In terms of energy demand, the Passivhaus Standards state that, ‘The space heating energy demand is not to exceed 15kWh per square metre of net living space.’ (passivehouse-international.org, n.d.) Following Part L of the Building Regulations 2014, new homes built in the UK may achieve a heating demand of 60-80kWH per square metre. (Anon, 2014) Therefore, Passivhaus homes claim to use less than 25% of the heat energy typically used in a new build dwelling, which in turn can make a significant impact towards lowering the carbon footprint of Wales. (Anon, 2013)
[image: ]
[bookmark: _Toc41398459][bookmark: _Toc41584233][bookmark: _Toc41653188][bookmark: _Toc41653326][bookmark: _Toc41655628][bookmark: _Toc41655747][bookmark: _Toc41748501][bookmark: _Toc41911951][bookmark: _Toc42271051]Figure 7: Dr Wolfgang Feist with his family in front of the first Passive House in Kranichstein (Source: https://blog.passivehouse-international.org/first-passive-house-wolfgang-feist/)




As of 2020, there are several Passivhaus dwellings in Wales; however, Wales is yet to become home to a Passivhaus affordable housing development. However, the most prominent barrier is likely to be funding and government backing. Nevertheless, in Norwich, England, architects Mikhail Riches and Cathy Hawley won the 2019 Stirling Prize for Goldsmith Street, a Passivhaus council housing development. (Royal Institute of British Architects, 2019) Goldsmith Street happens to be only the second housing development that has won the prestigious award in its entire 23 years. The development consists of almost 100 houses and flats laid out in terraced streets; the project meets the meticulous Passivhaus standards, which in turn should result in energy bills that are 70% below the average household in the UK. (Anon, 2019)  
The UN Body has warned that exceeding a 1.5 °C increase in global temperature will have dramatic effects on how we live and push humans into a ‘highly uncertain world’. (Messenger. S, 2019) In terms of countries with relatively mild climates like Wales, Passivhaus dwellings could primarily operate using natural ventilation during the summer months, if average temperatures stay within a safe threshold. One Passivhaus building solution that could prove fruitful in Wales (and has been in parts of the UK) is the use of 'mixed-mode ventilation'.
Furthermore, this principle would suggest that dwellings rely on natural ventilation during the summer months and mechanical ventilation with heat recovery during the winter months. (Burrell, E. 2014) Passivhaus buildings assume a fixed maximum internal temperature of 25°C, anything above this temperature is the point where overheating is considered. (Lewis A. 2015) Following post-occupancy research undertaken in the UK, a few overheating risks had been identified in several Passivhaus, dwellings with the risk being higher in bedrooms. Faulty specification and installation of mechanical services often leads to exacerbated overheating, and this can be the consequence of a lack of understanding by the occupants on how to control ventilation rates using the Passivhaus technology. (Morten W. 2015)

Active House
Active House is another low energy design approach which could be part of the solution in lowering the carbon footprint in Wales and addressing the issues of housing. The vision of Active House is to define highly ambitious long-term goals to ensure a low carbon and sustainable solution for the future housing stock. (Active House, 2019) The Active House framework provides a target for how to design and retrofit buildings that contribute positively to health and well-being by focusing on the internal and external environment and the use of renewable energy sources. (Williams J. 2017) Active Houses follow passive design techniques but improve their efficiency by producing their energy by using photovoltaic panels. An Active House can generate positive energy and then feed any unused energy back into the grid. (Bernard M. 2011) One of the issues identified in the Active House framework, like the problem presented within the Passivhaus Standard is the risk of overheating. Passivhaus dwellings feature a low number of windows which can create a somewhat gloomy atmosphere, especially during the winter months; however, Active House dwellings are quite the opposite. The apparent issue with Active House dwellings and the sheer number of windows and roof lights is the amount of solar gain during the summer months, which could potentially lead to overheating. (Roof-Maker Ltd., 2019)
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[bookmark: _Toc42271052]Figure 8: Diagram illustrating the Active House Vision – (Source: https://www.rehva.eu/rehva-journal/chapter/active-house-alliance-a-network-for-development-of-sustainable-buildings)
‘Active Buildings’ are one potential low/zero carbon solution: a holistic, systems-based approach, which considers the implications of the climate emergency and net-zero targets.’ (Clarke J. 2020)
In Neath, South Wales the first significant development in the UK to implement the Active House technologies is underway. The 16 houses have been designed to maximise solar gain and use a multitude of contemporary techniques to allow each household to generate, store and release their energy. (Sullivan K. 2018) The project has been developed by housing association Pobl Group with Swansea Universities’ SPECIFIC Innovation and Knowledge Centre, being partly funded by Neath Port Talbot Borough Council. Project lead, Johnny Williams, stated that ‘We expect the homes will generate about 80% of what they consume, based on a good estimate of all loads including plugged-in appliances, not just regulated loads listed in Building Regulations’. (Withers N. 2018)



Building Regulations & Energy Usage
The target of becoming net-zero carbon by 2050 means that there is an increase in pressure to ensure buildings are sustainable. Buildings must be energy efficient and low carbon while also being functional. However, legislation and cost incentives can mean that these criteria are not always fully considered.
The targets set for Carbon Emissions by Part L, encourage designers to consider more complex solutions and implement ground-breaking technologies. It is claimed, however, that this information is not obtained to a high standard by the Standard Assessment Procedure (SAP). SAP is the calculation methodology within Part L, focusing on the residential developments. Phil Kelly, Head of sustainability and building physics at Ramboll, states that the SAP calculations are ‘too generic to act as a true performance indicator’. (Blundell S. 2019)
[image: ]
[bookmark: _Toc41584235][bookmark: _Toc41653190][bookmark: _Toc41653328][bookmark: _Toc41655630][bookmark: _Toc41655749][bookmark: _Toc41748503][bookmark: _Toc41911953][bookmark: _Toc42271053]Figure 9: Illustration of home energy efficiency ratings. (Source: https://www.dreamstime.com/creative-illustration-home-energy-efficiency-rating-isolated-background-art-design-smart-eco-house-improvement-template-image144848997)

The increased demand for the Passivhaus methodology in the UK for residential design is based not only its low energy criteria but also how the standard uses building performance data. In some scenarios, local authorities fall back on some specific carbon emissions-related policies if Passivhaus certification is achieved. According to Kelly, to counteract the current building practices in the UK market, perhaps Building Regulations could allow designers to go beyond the baseline with a flexible approach. (Blundell S. 2019)
[bookmark: _Toc42271242]4.0 – Passivhaus Design Guide

Background into Passivhaus
Passivhaus Standard was developed based on creating low energy consuming buildings during the 1980s in Germany. (Heywood T. 2018) In 1988, Professor Bo Adamson of Lund University and Doctor Wolfgang Feist from the German Passivhaus Institute (PHI) initially proposed the concept. Their idea of a ‘’passive house’’ was a building that could maintain a comfortable indoor environment without active heating and air conditioning system. (Xiaotong, J. Xiang, Z. and Qiuyi, J. 2017) In 1996, Dr Wolfgang Feist founded the Passivhaus Institute in Darmstadt in Germany, and the organisation was used to promote and normalise the Passivhaus Standard and is one of the most ground-breaking organisations in current Passive building research. (UKAlternativeEnergy, 2019) 
The ''Passivhaus'' Standard which can be translated into ''Passive House'', indicates that by improving thermal insulation performance and airtightness of the building, the goal of declining heating and cooling demands and providing improved indoor thermal comfort can be met. The utilisation of Passivhaus technologies allow processes such as natural ventilation, natural illumination, solar radiation heat and heat retention within the building to make the envelope more efficient. (Smith, J. and Bosenick, F. 2018) When attempting to design a successful Passivhaus dwelling in Wales, several design issues need to be considered.
[bookmark: _Toc41398461][bookmark: _Toc41584236][bookmark: _Toc41653191][bookmark: _Toc41653329][bookmark: _Toc41655631][bookmark: _Toc41655750][bookmark: _Toc41748504][bookmark: _Toc41911954][image: Golcar-Passivhaus]
[bookmark: _Toc42271054]Figure 10: Three-storey Passivhaus home in Yorkshire, project managed by the Green Building Store, has a simple, inexpensive gas boiler and enjoys minimal fuel bills. (Source: https://www.homebuilding.co.uk/passivhaus-what-is-it/)
Orientation
For maximum results, a Passivhaus deems a building must be orientated along an east/west principle axis, so that the building faces within 30 degrees of due south as Wales is within the Northern Hemisphere. Also, this allows the building to receive maximum benefit from solar gains, which are most available to south-facing facades during the winter months. In many circumstances, however, with good design and orientation, a substantial solar increase can still be received where a south-facing orientation is not possible. However, in conditions where this is not the case, the heating demand compared to a well orientated Passivhaus could increase by 30-40% as a result. (Burrell E. 2014).
[image: ]
[bookmark: _Toc41398462][bookmark: _Toc41584237][bookmark: _Toc41653192][bookmark: _Toc41653330][bookmark: _Toc41655632][bookmark: _Toc41655751][bookmark: _Toc41748505][bookmark: _Toc41911955][bookmark: _Toc42271055]Figure 11: Diagram illustrating the principles of Passive House Design (Source: https://www.makegroup.co.uk/about/passive-house/)





U-Values & Construction Types
The Passivhaus Standard ensures that all elements have impressive U-Value calculations. Even though the value obtained for glazed elements will often change due to the context of the building, the general limits are:
· Walls, floors and roofs - ≤ 0.15 W/m²K
· Complete Windows Installation - ≤ 0.85 W/m²K
(Mcleod, R. and Mead, K. and Standen, M. 2016)

It must be remembered that in some situations, these values will need to be improved upon and should be considered as the maximum acceptable U-Values.
Most methods of construction can be formulated into the Passivhaus design standards. Masonry, timber frame, insulated concrete formwork, steel other construction methods have been implemented in Passivhaus buildings. (International Passive House Association, 2015) However, it must be remembered that the first Passivhaus building was developed in Darmstadt, Germany, which has a very different climate to Wales and therefore, these standards may not be successful.
[image: Passive House suitable wall systems [ ]]Insulation is used externally in many instances within Passivhaus because this reduces thermal bridging that occurs when structural elements are covered in insulation.
[bookmark: _Toc41398463][bookmark: _Toc41584238][bookmark: _Toc41653193][bookmark: _Toc41653331][bookmark: _Toc41655633][bookmark: _Toc41655752][bookmark: _Toc41748506][bookmark: _Toc41911956]









[bookmark: _Toc42271056]Figure 12: Passive House – Suitable External Wall Constructions (Source: https://passipedia.org/planning/thermal_protection/external_walls/passive_house_suitable_wall_systems)
Figure 12 shows several Passivhaus ‘suitable’ external wall constructions that claim to meet their quality standards. However, the Passivhaus Institute that published this information does not specify which environments these types of external wall constructions would be suitable. The construction systems have likely been designed around the climate in Austria; therefore, they may be unsuccessful in the Welsh climate.

Mechanical Ventilation with Heat Recovery (MVHR)
A significant amount of total heat loss from a low energy building comes from ventilation strategies. One way these losses can be reduced is by recovering some of the heat lost from the outgoing air, while also maintaining indoor air quality. Implementing natural ventilation (through opening windows during the winter) means heat from the warm air is being expelled from the building and lost. Therefore, natural ventilation during the winter is not sought after in many cases and can cause cold drafts, noise and environmental pollution. 

[image: MVHR System Design and Ducting Options - Build It]










[bookmark: _Toc41398464][bookmark: _Toc41584239][bookmark: _Toc41653194][bookmark: _Toc41653332][bookmark: _Toc41655634][bookmark: _Toc41655753][bookmark: _Toc41748507][bookmark: _Toc41911957][bookmark: _Toc42271057]Figure 13: This diagram from Total Home Environment shows the basics of how an MVHR system works (Source: https://www.self-build.co.uk/guide-mechanical-ventilation-heat-recovery/)




At present, Passivhaus claims that one of the only successful ways in which to recover heat loss through the ventilation process and efficiently provide consistent air quality is by using the Mechanical Ventilation with Heat Recovery System (MVHR). MVHR works by extracting air from individual rooms and providing fresh air for others. The air that is extracted is from wet rooms such as kitchens and bathrooms which is warm indoor air, and this is then put through a heat exchanger which releases the warmth to allow the fresh outdoor air which was incoming. (Mcleod, R. and Mead, K. and Standen, M. 2016)
The incoming and exhaust air are kept separate throughout the process, and the pre-warmed fresh outdoor air is then directed to the specific rooms inside the building. MVHR is a controlled and efficient way of providing fresh air to a building, without encountering significant heat loss. A heater coil or frost protection unit is implemented in most cases in the MVHR unit to stop frost occurring in the unit throughout harsh winter weather conditions. (Heywood T. 2018).
Passivhaus state that ventilation units should only be specified when they have been certified by the Passivhaus Institute and have a heat recovery efficiency of ≥ 75% and a specific fan power of ≤ 0.45 Wh/m3 (in accordance to the Passivhaus Institute Methodology). (Passive House Institute, 2019).

Cost of MVHR Systems
As mentioned above, a Passivhaus building needs a whole-house mechanical ventilation system with heat recovery to achieve the maximum peak space heating demands. For example, a two-bedroom four-person home would require an MVHR system that would cost roughly £3,800. Furthermore, filter changes and replacement costs for the system would also need to be considered. (Anon, 2017).  Replacement costs for the fans and heat exchanger are approximately £150 and £325. Including filters needing to be replaced roughly every six months costing an extra £25. (Heywood T. 2018) A whole life study conducted by Encraft suggested that by having residents replace these filters themselves the cost would be dramatically reduced. (Price, D.S. and Brown, H. 2014) However, this may not be acceptable for a register social landlord (RSL) because they are responsible for making sure that the system is working to a high standard. The question is, if these systems are to become commonly used in Wales, should landlords be abided to cover the cost of a filter replacement or should the responsibility fall on the tenant?

Heating
[bookmark: _Hlk41572974]The heating demand in a Passivhaus building is very low, and this means that a heating system of a centralised boiler using a series of radiators or underfloor heating coils in each room is not needed. Passivhaus claims that at most times of the year their buildings will be able to maintain a maximum internal temperature of 25°C by using the heat given off by occupants, solar gain and appliances. Furthermore, during winter, a low amount of heating may be required; this can be done by using a post-air heating unit within the MVHR system. Another recommended solution by Passivhaus is the option of the installation of small towel radiators or underfloor heating in the bathrooms. Passivhaus urge people to take significant consideration when choosing the types of user interface for any kinds of backup heating in a Passivhaus building, as a poorly designed system could cause overheating. (Mcleod, R. and Mead, K. and Standen, M. 2016)
[bookmark: _Hlk41570510]There has been information suggesting that overheating is occurring in Passivhaus Buildings. Passivhaus themselves say that ‘’It is when high solar gains, through windows, or high internal gains, from appliances or building services, increase internal temperatures that overheating can occur.’’ (Morten W. 2015) However, highly insulated and airtight homes are believed to have a higher overheating risk during the summer than less insulated homes. Many existing studies into the subject matter cannot be concluded, mainly because of small sample sizes. Passivhaus takes into account the whole building and does not differentiate between rooms regarding overheating; most commonly, it is seen that bedrooms are most at risk. Many of the technologies used to monitor overheating by Passivhaus only measured one room (living room temperatures).
Furthermore, this may be hiding overheating in other rooms in the building. (Mitchell, R. and Natarajan, S. 2019) However, it cannot be guaranteed that introducing a room by room approach could aid in locating overheating hotspots and ensure temperatures to be consistent throughout the building.






Site Context & Topography
The importance of thorough consideration of site context and topography is highlighted in the Wimbish Passivhaus scheme in Essex. The project was driven by an account of the context of the site and the unique architecture and natural surroundings within the local area. Insulation was applied externally, and intense render colours were used, which are a common feature in this area of Essex, ensured the buildings would sit well within their context. Colours were chosen with a similar tone to allow the buildings to blend into the landscape without becoming an eyesore. (Anon, 2012) 
[image: Header Image]
[bookmark: _Toc42271058]Figure 14: Wimbish Passivhaus scheme in Essex (Source:    https://passivhaustrust.org.uk/projects/detail/?cId=16)
[image: Location (inset) and topographic maps of Wales, United Kingdom ...]When considering Passivhaus as a solution in Wales, considerations regarding context and topography need to be taken to ensure the building respects and blends with the environment. Regions of Wales vary significantly in levels of topography; this could prove challenging when establishing a design methodology for Passivhaus in Wales as each area would come with its unique challenges.  [bookmark: _Toc42271059]Figure 15: Aerial map illustrating the topography across Wales (Source: https://www.researchgate.net/figure/Location-inset-and-topographic-maps-of-Wales-United-Kingdom-the-DEM-was-constructed_fig1_26538528)


Airtightness
For buildings to reduce the heating demand and prevent damp air from entering the fabric, the building must have proper levels of airtightness. One of the most efficient ways in which this can be achieved is by using an airtight membrane or barrier within each of the building elements. Passivhaus claim that their buildings meet a particularly high standard of airtightness by using a test known as an ‘n50’ which is achieved by combining both under and over pressurisation tests. (Mcleod, R. and Mead, K. and Standen, M. 2016) The test measures the number of times the volume of air within the building changes during one hour. Therefore, the test is purely a volumetric measurement by considering the amount of air which needs to be heated within the building. Also, this means that internal walls and floors are excluded from the test, hence making the reliability and accuracy questionable.


[image: (above) Diagram showing some of the potential main junctions and penetrations in a building envelope, where good airtightness detailing and workmanship will be required.][bookmark: _Toc41655754][bookmark: _Toc41748508][bookmark: _Toc41911958][bookmark: _Toc42271060][bookmark: _Hlk41311558]Figure 16: Diagram illustrating the potential main junctions and penetrations in a building envelope (Source: https://passivehouseplus.ie/magazine/guides/the-ph-guide-to-airtightness)









The UK methodology, when carrying out this test differs due to the Building Regulations stating that airtightness needs to be measured as air permeability rather than the volume. Furthermore, this is a measurement of the air leakage per square meter of the building envelope. (Bednarova P. 2016) The ATTMA (Air Tightness Testing and Measurement Association) standard says that the envelope of the building is everything included within the air barrier.


Welsh Climate
Wales has a maritime climate with Atlantic storms and varying weather patterns that make their way across the country during most of the year. Wales is humid and receives the highest amount of precipitation in the UK with relatively temperatures from the low 40s during the winter months to the mid-60s throughout the late spring and summer. However, even though it is a rare occurrence that the temperature will fall below freezing during the day, Wales can be very windy. Along with damp and overcast conditions, this can make otherwise normal temperatures feel extremely cold. On average, evenings in Wales can be 20°F colder than daytime. (Arfin F. 2020)
The unique climatic conditions mean that it is essential that any Passivhaus developments in Wales are designed to perform in the wet Welsh climate rather than a copy of European Passivhaus buildings. The Larch House, which is a Passivhaus certified domestic dwelling in Ebbw Vale, has been designed with the climate and location as a priority.

[image: Larch House | bere:architects]
[bookmark: _Toc41584240][bookmark: _Toc41653195][bookmark: _Toc41653333][bookmark: _Toc41655635][bookmark: _Toc41655755][bookmark: _Toc41748509][bookmark: _Toc41911959][bookmark: _Toc42271061]Figure 17: The Larch House, Ebbw Vale, Wales. The UK's first zero-carbon (code 6), low cost, Certified Passivhaus, built as a prototype social housing and launched at the 2010 National Eisteddfod in Wales (Source: https://www.bere.co.uk/architecture/larch-house/)
In line with the sustainable agenda, the building uses locally sourced materials and manufactured goods wherever possible. The building claims to offer ‘light, airy and comfortable living environments’. It has been developed by the United Welsh Housing Association who aim on replicating the innovative features used in this project in future affordable housing schemes.  (Welch A. 2010)
Case Study: The Zero Resource House
[image: ]The Zero Resource House is made up of two apartments (one building block) which is in Cardiff and was completed in 2008. The apartments are designed to the Passivhaus Standard and do not need a central heating system. The apartment on the ground floor has a floor area of 44m², a north-facing bedroom, bathroom and south-facing open plan kitchen/dining/living room. The apartments situated on the first and second floors have an area of 58m² and include north-facing bedrooms, private bathrooms with roof lights and a south-facing open plan kitchen/dining/living room on the first floor and another bedroom on the second floor.  [bookmark: _Toc42271062]Figure 18: Zero Resource House – Towards Zero Heating, Zero CO2 & Code Six Sustainable Homes (Source: http://www.sc-arch.co.uk/pages/Zero%20Resource%20House.htm)


The main construction is timber frame with render and with timber cladding as an external finish and a zinc roof. The structure of the wall and roof from the internal skin to the external consists of, internal finishes, a 100mm service void insulated with hemp insulation and 80mm of timber fibre insulation to take the external finishing. The floor structures between the flats are insulated to provide sound and thermal efficiency using hemp insulation. The apartments are powered by electricity, and each unit has its heat store fed from an evacuated tube solar thermal array. Both apartments were occupied by one occupant who were both educated at postgraduate level with a little knowledge of sustainable construction and buildings. The most considerable difference between the ground floor unit and the first-floor unit is the level of thermal mass which can have a substantial effect on the building’s performance level. The ground floor slab was made up of 200mm concrete on 200mm PU insulation which provided a large amount of thermal mass; however, the upper floors consisted of a lightweight construction. The development is also designed to be affordable and has achieved this using some specific cost-effective techniques: 
· Ensuring the build makes good use of space
· Specifies user-friendly and effective technologies 
· Costs to run the building are kept very low using renewable energy sources 
[bookmark: _Toc41398466][bookmark: _Toc41584241][bookmark: _Toc41653196][bookmark: _Toc41653334][bookmark: _Toc41655636][bookmark: _Toc41655756][bookmark: _Toc41748510][bookmark: _Toc41911960]
The case study was undertaken over a consistent period of two years. The post-occupancy data, which was collected included occupant profiles, energy consumption data which was collected at three to six monthly intervals and measurements of temperature which were carried out in all rooms at 30-minute sessions. Furthermore, relative humidity measurements were carried out in one or two spaces per flat at 30-minute sessions. 
[image: ]Significant results found during this study came from the energy monitoring, which showed a match of the modelled and monitored energy consumption in the ground floor unit, but a vast difference in the unit above. The energy levels on the ground floor were found to be elevated compared to the modelled energy levels, and this could be because the occupant did not understand that the MVHR system could be switched off during that summer. However, other aspects of behaviour which may have caused discrepancies could not be identified. It must, however, spent a significant amount of time at home compared to the average person. (Sassi Chamberlain Architects, 2020)[bookmark: _Toc42271063]Figure 19: Zero Resource House – Towards Zero Heating, Zero CO2 & Code Six Sustainable Homes (Source: http://www.sc-arch.co.uk/pages/Zero%20Resource%20House.htm)






[bookmark: _Toc42271243]5.0 – Active House Design Guide

Background into Active House
The Active House Alliance is based in Brussels, and they describe their building standard as 'a vision of buildings that create healthier and more comfortable lives for their occupants without a negative impact on the climate – moving us towards a cleaner, healthier and safer world.’ (Alter L. 2013) 
The purpose and long-term goal of the Active House is to make vast improvements for future housing. The approach can only be successful and progress when interested parties come together with an appropriate and whole-building approach to the design and performance of the building. (Active House, 2011) The principles imposed by Active House create a framework for how to design and retrofit buildings that positively contribute to wellbeing by focusing on the quality of both the indoor and outdoor environments and the use of renewable energies. (ActiveHouse, 2011) Overall, an Active House is evaluated perceived on the interaction between the indoor environment, energy usage and impact on the environment. Active House works on three main principles to achieve their desired building envelope:
· Comfort – An Active House strives to provide healthier and more comfortable indoor conditions for residents, this is achieved by allowing a large amount of sunlight and fresh air into the building using a large amount of south-facing windows. (Anon, n.d.)
· Energy – All energy needed to service an Active Building is supplied through renewable energy sources within the structure or from an adjacent energy system. The energy produced from the renewable sources in an Active Building is often fed back into the grid to offset any energy that is not needed. (Bekke J. 2015) 
· Environment – An Active Building positively sits within the surrounding environment manipulating the design which respects and responds to the environment, has a specific source of resources and has a small impact on the environment throughout its life cycle. (Palfi P. 2014)

When asked what the end goal is when designing an Active Building, Head of Design at the Active Building Centre, Mrs Clarke stated that ‘’The main goals are to reduce the energy consumption of the building, also to reduce pressure on the energy networks. Currently, energy networks are quite constrained and were never designed to deal with all the amount of renewable energies that are being supplied into the grid. Active Buildings are not a burden on the grid they are supporting them.’’

Orientation
Active buildings utilise solar energy; therefore, the orientation of the building is a significant factor in the design. It must be considered, however, that due to planning restrictions, it is not always possible to choose the optimal orientation for the building. Furthermore, wherever possible, the building should feature a south-facing element, such as a roof and wall for the implementation of solar photovoltaic panels (PV) and solar thermal panels. (Hasselar B. 2018) If this is not possible in some areas of Wales due to the landscape, site layout or that the orientation is needed to achieve another purpose, then further calculations must be made to enable enough PV panels. Furthermore, PV panels need to be located on the east and west-facing roofs or facades; these measures are taken to generate enough electricity for the building. (Archello, 2009)

The orientation of an Active Building is crucial in its design and functionality, and there are several other factors to consider:
· Areas of glazing located on south facades can help in reducing heating bills through solar gain during sunny winter days. However, these south-facing facades need to be designed and treated carefully to avoid overheating in summer months and sizeable thermal loss during cloudy days. Further resolutions could include the use of large roof overhangs, external shutters, brise-soleil and internal insulating shutters. (Zero Carbon Hub, 2019)

· Active façade treatments need to be considered, such as ‘green’ or ‘living’ walls, which should be located on the building façade, which receives the most solar gain. (Anon, 2014). As an example, in Swansea, the east elevation is the best location for a living wall because it is sheltered from the prevailing south-westerly winds and protected from drying out in the summer months. Furthermore, another solution is to plant the ground adjacent to the building to change the microclimate of the south façade and possibly help regulate the internal temperature. Also, this could then potentially shade glazed areas of the building during the summer months, which in turn would reduce overheating. (Clarke J. 2020)


· Windows need to correspond to the prevailing wind direction if the building is utilising cross ventilation. For example, cross ventilation will be more effective if windows are positioned on the south and north elevations if the area receives south-westerly winds, which in theory will match the direction of airflow. (Anon, 2019).
When possible, an Active Building should be positioned away from adjacent buildings or surrounding vegetation, and these measures can help limit the amount of shade on a solar façade or roof. However, site constraints and planning requirements must be considered, and often some shading will occur, although this can be factored into the design. (Prowler, D. 2016) If the extent of shading is known in the design stage, it can be calculated, and the system can be modified to deal with this. Increasing the size of the solar generation element (PV or Solar Thermal Panels) can evenly distribute the energy lost vs energy gained and allow the building design to overcome the issue.       
Mrs Clarke stated that ''If preferable you need south-facing roofs and elevations to generate heat and electricity if you are reliant on solar energy. Active buildings done to date include renewable energy; however, we are not saying you could not use other renewable methods. For example, an on-site wind turbine or the capacity to generate from geothermal, you can still be considered an Active Building.'' 

[image: ]
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[bookmark: _Toc41398467][bookmark: _Toc41584242][bookmark: _Toc41653197][bookmark: _Toc41653335][bookmark: _Toc41655637][bookmark: _Toc41655757][bookmark: _Toc41748511][bookmark: _Toc41911961][bookmark: _Toc42271064]Figure 20: Diagram illustrating the heating and ventilation of an Active Building (https://www.zebactive.com/active-house/?lang=en)
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[bookmark: _Toc41398468][bookmark: _Toc41584243][bookmark: _Toc41653198][bookmark: _Toc41653336][bookmark: _Toc41655638][bookmark: _Toc41655758][bookmark: _Toc41748512][bookmark: _Toc41911962][bookmark: _Toc42271065]Figure 21: Diagram illustrating project delivery and how design is a constant process of improvement and adaptation in an Active Building (Source: http://www.directcontrolsystems.com/ds-project-delivery)



All aspects of the building makeup must be considered when designing an Active Building and will have a significant effect on the operation and energy consumption overall. These include:
· Heat 
· Air movement 
· Ventilation
· Moisture
· Sound 
· Light









Building Fabric
‘Building Fabric’ refers to structural materials, e.g. cladding, insulation, finishes, that contain the interior elements of the building, separating the external environment from the internal. (Anon 2020) 
Before designing the heating and electrical systems, it is crucial to reduce the overall energy demand of the building, which in turn will make it easier to meet the demand through primarily solar generation technologies. There are a few documents and pieces of legislation that need to be followed when designing the building fabric; these include:
· Welsh Local Planning Policies
· Welsh Building Regulations Approved Document L1A: New Dwellings (Welsh Government 2014) or L2A: New Buildings other than Dwellings (Welsh Government 2014)
· Target U values ≤ 0.15W/m²K for walls, floors and roof and ≤ 0.85W/m²K for windows (installed)
· Target airtightness level of ≤ 0.6ac/h @ n50

[bookmark: _Hlk41576447]The building fabric is designed to minimise heat transfer between the exterior and interior of the building. The Active House technologies must be able to reduce thermal loss from the building in the winter months, which will reduce heating requirements and reduce thermal gains during summer months to reduce cooling requirements. All elements of the building makeup must be considered to provide a maximum overall U-Value of 0.15W/m²K. (Clarke J. 2020)









Material Choices
[image: ]When specifying materials for an Active Building, it is essential to choose as many natural materials as possible, and it is best to look out those with a certificate of responsible sourcing. The certificate was formed by BREEAM aiming to encourage the specification and procurement of sustainably sourced materials. [bookmark: _Toc42271066]Figure 22: Image of a façade using materials with a high thermal mass (Source: http://www.greenspec.co.uk/building-design/thermal-mass/)


High-density materials can aid in preventing overheating and retaining heat, and these materials have a high thermal mass which means that they can absorb and store heat energy. Materials with a high thermal mass include concrete, stone and forms of masonry. A high moisture absorbing capacity can aid in keeping the indoor climate stable, controlling the humidity and temperature. Many natural substances, such as rocks and soil, are the most porous materials containing high water vapour and liquid water transmission properties.
Specifying the right materials is an essential factor when considering Active House construction in Wales. The varied Welsh climate and topography will mean that the specification of materials on each project will need to be carefully considered. However, the flexibility that can be achieved using a combination of high density and low-density materials could prove helpful in combating the challenges faced by varying climatic conditions.



Welsh Climate
As mentioned, when discussing the implementation of Passivhaus in Wales, the unique climatic conditions mean that Active House technologies and techniques need to be designed to perform in Welsh weather. Passivhaus takes the approach of making every effort to minimise energy use by ensuring super-insulated and airtight buildings, with care to eliminate thermal bridges. However, a challenge within Passivhaus is the indoor air quality which remains an issue. It is evident that the buildings perform well in conserving and limiting energy consumption; however, this is often at the cost of good ventilation. (Kilkelly B. 2018)
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[bookmark: _Toc42271067]Figure 23: Active Office/Active Classroom, Swansea (Source: https://www.tatasteelconstruction.com/en_GB/tata-steel-case-studies/Educational/Active-Office-Active-Classroom-Swansea)

Active houses generate a surplus of energy using solar panels, solar water heaters, geothermal heat pumps, or by thermally activating the entire building envelope through a complex air infrastructure. This energy can either be used locally or be fed back to the grid, and this enables the House to control their energy use sustainably and effectively. Use of the Active House technology in Wales along with the effective orientation of the building, will allow enough energy to be gained without it being wasted.   
NZEB – Maison Verte (Active House Case Study)  
Maison Verte was chosen as an Active House case study to demonstrate and explain how principles have been used to make the dwelling successful in a country like Italy which has a Mediterranean climate. The climate is very different to that of Wales; however, the following principles, when executed efficiently, can prove fruitful as demonstrated below. 
The Nearly Zero Energy Building Standard (NZEB) aims to achieve the European CO2 emission reduction target taking new builds and retrofitting into consideration. The Maison Verte is an energy-efficient residential building, situated in Northern Italy and has made a sustainable, technological design approach while also considering energy usage and comfort. Maison Verte is a high energy efficient example, taking into consideration the comfort of the occupants, along with energy and environment, which are all included within the Active House voluntary certification.

Comfort
[image: ]The building envelope is constructed using a lightweight dry construction system, and each layer has been chosen and considered to be most effective, the aim is to optimise cost performance targets for each solution. The level of thermal insulation means that there are sufficient levels of airtightness, and this significantly contributes to the internal environment. The orientation of the building and size of the openings ensure that solar gains are optimised during the winter. The roof features large roof openings, and these bring a large amount of sunlight which significantly increases the quality of the lighting in the attic. Internal ceilings and walls feature a panelling system which helps to keep the air filtered and clear, along with the windows which allow for natural ventilation. 
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[bookmark: _Toc42271069]Figure 25: Maison Verte schematic design and AH Radar—under validation (Source: https://link.springer.com/chapter/10.1007/978-3-319-90814-4_4)

Energy
The design of the envelope adopts energy-efficient and innovative technical solutions, and these are based on dry construction systems. In addition to the thermal insulation, reflective insulation produced by Actis was installed internally to allow an increased capacity of energy to be stored during the winter. Covering the building is an extensive flat green roof; this provides a considerable shelter and can increase the thermal storage capacity of the envelope and in theory, allow the temperature to decrease during the summer months. Photovoltaics with 3kWp are placed on the roof; this also provides a shading system during the summer months. Four evacuated tube solar collectors will be used to generate heat and provide hot water to the building.

Environment  
The lightweight dry construction system ensures a fast construction and minimises the loads implied upon the foundations. Furthermore, a lightweight structure can be taken down when the building is demolished and recycled to be used on another building.
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Before beginning the investigation into whether Passivhaus or Active House design techniques could have a positive impact on the housing issues in Wales, some expectations were not met.
Passivhaus, being the more ‘popular’ construction method of the two and having been used in several successful housing schemes such as Goldsmith Street in Norwich which won the 2019 Stirling Prize. Passivhaus provides many positives as to why the technique may be successful in the Welsh housing market, one of the main points is the low running costs for the building which can turn out to be a lot less than those homes built to current building regulations. Initially, costs are high; however, if these costs are manageable, they are usually outweighed by the long-term benefits. These include installing better windows, more insulation and an MVHR system. 
Cost may not be the most crucial factor for a one-off private domestic build; however, RSL's and affordable housing developers will be looking to make a profit from these homes. Given the fact that Passivhaus provides reductions in energy consumption for the heating of a building and maintain the occupant's comfort, it is not surprising that the initial costs are higher. However, for RSL’s and housing developers it can be the initial costs and ongoing maintenance that are the main factors, it must be understood that the eventual drop in energy costs will work out cheaper and be a benefit. 
Passivhaus is considerably new in the UK and Wales; the number of schemes completed is low compared to Eastern European countries like Germany and Austria. Incentives need to given to RSL's to overcome the main barriers concerning Passivhaus in this report and housing developers to develop schemes, so that the knowledge base and skills can be expanded. This could be done by grant funding by the Welsh Government for RSL’s and housing developers that would like to build a Passivhaus dwelling for the first time. The RSL's and housing developers can share information and gain experience from past Passivhaus projects to minimise the risks and overall costs. Sharing knowledge and experience is vital, and a lesson is required for the design team during the completion of a first time Passivhaus project. Most importantly, consideration must be taken for those living in a Passivhaus dwelling, and this will ensure that the building is being used maintained adequately, especially the MVHR system. 

Active House has been used to produce a pilot for affordable homes in Wales, a community of sixteen homes located in Neath. During the time this research was carried out the residents of these homes had not yet moved in, and construction was at a crucial period, this was a restriction as visiting the site at this time was not an option, and no post-occupancy data was available. However, a plentiful amount of information was available from the Active Building Centre regarding the principles of Active House. When asked whether she saw Active Building’s being produced on a large scale in Wales, Mrs Clarke stated ‘’Yes definitely, Active Buildings work better when there are lots of them, when we did Active Homes Neath, one of the considerations was whether to have a centralised battery store. If you have multiple houses and one is not occupied, then their energy can still be used and put into the grid. Different types of buildings working together are effective, for example, school buildings are not used during the summer, and then the energy can be used by the community.''

Throughout the research paper, there were many similarities found between Active House and Passivhaus. Both techniques are trying to reduce the energy consumption of buildings, and the fabric first approach is the same when trying to ensure that the building envelope is as thermally efficient as possible. It is also evident that airtightness is critical for both and controlling the ventilation efficiently. However, Passivhaus buildings do not rely on renewable energy sources even though some of them implement techniques such as solar panels in the future. It is clear that Active House does not aim to be as airtight as a Passivhaus however they strive to be better than the standards set out in the Building Regulations, Mrs Clarke stated ''Building regs is ten air changes per hour, Passivhaus is less than 1, to be more realistic we are looking at more like 2-5.’’

Furthermore, Passivhaus use technologies such as triple glazing; however, Active Buildings commonly use Pilkington's energy care thermal efficient glass which is reported to have the same performance. Passivhaus has been subject to some criticism regarding embodied carbon and extra materials being used to achieve these impressive results and whether the operations of the building are doing enough to offset enough energy to match that. Embodied carbon and the initial cost links back to whether landlords and housing developers in Wales will want to invest in a technique which may not provide enough profit in the short term. One of the significant benefits that Active Buildings have compared to Passivhaus is the interaction with the grid and the battery storage system. The extra control could be a very attractive concept in the future of Welsh housing which can allow houses with extra energy to feed the surplus back into the community. Future strategies could potentially see different types of Active Buildings working together, for example, school buildings are not used in the summer, and the energy that they collect can be put back into the grid.


[image: ][bookmark: _Toc41911967][bookmark: _Toc42271071]Figure 27: Hiley Road, Passivhaus Retrofit Project Plans (Source: https://www.ecodesignconsultants.co.uk/passivhaus/hiley-road/)


Even during the on-going COVID-19 outbreak, a primary consideration is still being placed upon the climate crisis. Both COVID-19 and climate change will have significant effects on not only the construction industry but also the way we live in Wales. News reports showing reduced pollution levels, cleaner urban waterways and a reduction in greenhouse gas emissions demonstrate that making a change is possible. The Welsh government’s energy initiatives to date have lacked ingenuity and provision. One of the significant challenges within the construction industry is the retrofitting of the existing housing stock.
Passivhaus retrofitting's have already been carried out in the UK, and one example is Hiley Road, a Victorian mid terraced house which needed a major upgrade. The solid brick-walled house was old with single glazed windows making the space cold, and generally uncomfortable. Steps were taken using Passivhaus principles by adding new windows with high-performance triple glazing to reduce the areas of heat loss. Chimneys were removed internally to ensure there were no thermal bridges, and a second-floor loft room was also added to enable a more efficient ratio of usable floor area to external heat loss area. An MVHR system was implemented to provide fresh, clean air to the occupants and to expel stale air and moisture. PV panels were installed as a form of renewable energy on the sloping roof facing west and on the flat roof of the loft. (EcoDesignConsultants, 2016)
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[bookmark: _Toc41911968][bookmark: _Toc42271072]Figure 28: Active House, Eco-Energy Retrofit, 1896 Terraced House (Source: https://www.activehouse.info/cases/eco-energy-retrofit/)

Active House technologies were used to retrofit an 1896 solid wall terraced house within the social housing sector. 

The retrofit insulation levels within this case study were specified to suit the summer conditions and considered the predicted increase by 2050 of the maximum mean temperature. This solution could be one of the main ways in which Active House retrofitting can be implemented in Wales and taking the Welsh predicted maximum mean temperature and adjusting levels within the climate. The retrofit model evolved over the process to include a combination of Passivhaus and Active House technologies. The case study is an example of the conclusion that has been made about implementing the benefits of both techniques and creating the most efficient solution for Wales.

The Active House standard was chosen in this scenario to achieve a successful retrofit and combat issues such as daylighting and embodied energy. ‘The standard specifies targets for primary energy, indoor climate and environment and has an emphasis on occupant health and well-being.’ (Keig P. 2012)
Both Active House and Passivhaus Sustainable building solutions have pioneering technologies and strategies to create low carbon housing. Looking towards the future, the most feasible solution to combat the issues of housing in Wales would be to create a hybrid of both Active House and Passivhaus. For example, the renewable energy which is a crucial component with an Active Building and allows energy to be fed back into the grid can be used alongside an airtight fabric which is usually associated with Passivhaus design. Wales is a country with varied climates especially between inland and coastal areas, and the hybrid would provide a solution which would allow designers to tweak the design to suit varying environmental factors, rather than sticking to one model. The combination would require appropriate flexible legislation to be published explaining how and why different areas of Wales would need a unique approach due to the climate and context.

Conducting this research was crucial in helping discover the best sustainable construction method for the future of the housing industry in Wales. As mentioned above, both Passivhaus and Active House are two different sustainable construction methods trying to achieve the same goal.
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Interview with Mrs Clarke (Head of Design at the Active Building Centre, Swansea)
Interviewer: ‘’What is an Active Building?’’
Mrs Clarke: ‘’An Active Building supports the energy network, intelligently integrating renewable energy technologies including heat power and transport.’’
Interviewer: ‘’What are the end goals when designing a successful Active Building?’’
Mrs Clarke: ‘’The main goals are to reduce the energy consumption of the building, also to reduce pressure on the energy networks. Currently, energy networks are quite constrained and were never designed to deal with all the amount of renewable energies that are being supplied into the grid. Active Buildings are not a burden on the grid they are supporting them.’’
Mrs Clarke: ‘’The Active Building Centre was set up as part of a transforming construction challenge and part of the UK Government’s industrial strategy. The aims are tied into a report called ‘Construction 2025’, the report was written in 2013 and set targets for the construction industry to reduce energy, carbon and whole life cost of buildings. The main aim is to address these challenges.’’
Interviewer: ‘’What are the main similarities and differences between Active House and Passivhaus?’’
Mrs Clarke: ''The similarities are that they are both trying to reduce the energy consumption of buildings, the fabric first approach is the same for both and getting the building envelope to be as thermally efficient as possible. Airtightness is key to both and controlling the ventilation into the building.''
‘’Passivhaus buildings do not tend to have renewable energy, some of them have them as add ons but they do not normally include renewable energy. Active House does not aim to be as airtight as a Passivhaus but to be better than building regs. Building regs are ten air changes per hour, Passivhaus is less than 1, to be more realistic we are looking at more like 2-5.’’
‘’Passivhaus also uses technologies like triple glazing, we have not used this in our Active Buildings, but we have very thermally efficient glass which is Pilkington's energy care and reports to have the same performance as triple glazing. There has been some criticism of Passivhaus in terms of embodied carbon and the extra materials, are the operations of the building offsetting enough energy to match that.’’ 
‘’Active Houses have the interaction with the grid which Passivhaus does not. Passivhaus buildings do generally not need much heating, maybe some underfloor heating in the kitchen, bathroom or a heated towel rail. Active House would still tend to have heating, but it would be a reduced amount compared to a typical house.'' 
''What we are aiming for is to have predictive control strategies, based on all the data being captured we are then able to optimise systems so that you do not need so much of a user interface in the building.’’
Interviewer: ‘’Does the orientation of an Active Building effect the way it works?’’
Mrs Clarke: ''If preferable you need south-facing roofs and elevations to generate heat and electricity if you are reliant on solar energy. Active buildings done to date include renewable energy; however, we are not saying you could not use other renewable methods. For example, an on-site wind turbine or the capacity to generate from geothermal, you can still be considered an Active Building.'' 
''Where possible I think we should use solar, on the Active homes Neath project we wanted all the houses originally facing south that meant that when entering the site you were coming in at the back of some of the houses. The planners were not happy with this and asked us to turn some of the houses through 90 degrees.''
''Those buildings we have got east west-facing roofs, we are collecting data, and it is possible that we could collect the same amount if not more solar gain because you have a generation in the morning and throughout the day.
Interviewer: ‘’Do the buildings provide a high quality of health and well being?’’
Mrs Clarke: ''Yes that is one of the crucial parts of Active House, sensors we have in the active office on the walls measure temperature, humidity and carbon dioxide levels. Indoor air quality is essential, on our buildings now we have a combination of natural ventilation and mechanical ventilation. I think that having that mix and having the right amount of air changes in the space helps in terms of air quality. I think going forward in terms of embodied carbon and use of materials, use of natural materials would help as well. We encourage the use of staircases instead of lifts and escalators, which is not only good for health; it is suitable for energy savings and financial savings.
''Trying to maximise as much natural daylight as possible, using shading, deep overhangs on the south-facing elevations and minimising things such as glare which all come into the Passive design elements.
Interviewer: ‘’How are window openings designed to increase maximum results?’’
Mrs Clarke: ''There is nothing specific about the window designs; however, there are different types of natural ventilation that can be used including cross-ventilation by having windows on either side of the building. Stack ventilation which means the air comes in at a lower level and leaves at a higher level. You have single side ventilation which can be achieved by using sash windows.''
Interviewer: ‘’How is the battery storage used effectively?’’
Mrs Clarke: ''With battery storage, you can think of it as a buffer between the building and the grid, we would tend to charge up the battery during the day. In the summer, the batteries can be full first thing in the morning; however, we aim to try and let them charge gradually throughout the day. We can choose when to export or when to import our electricity to the grid.''
‘’It gets tricky in the summer especially in domestic buildings, because unless you are in the house all day every day using energy, it is wasted. Some houses have smart user faces which you time appliances to work by when the sun is at its warmest during the day.'' 
Interviewer: ‘’Do you see Active House being produced on a large scale in the future?’’
Mrs Clarke: ''Yes definitely, Active Buildings work better when there are lots of them, when we did Active Homes Neath, one of the considerations was whether to have a centralised battery store. If you have multiple houses and one is not occupied, then their energy can still be used and put into the grid. Different types of buildings working together are effective, for example, school buildings are not used during the summer, and then the energy can be used by the community.''
‘’We are working with lots of different housing developers on large scale housing, large scale industrial buildings generating a lot of waste heat could be stored and fed back into the communities.  
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4. Affordability of home ownership Download as PDF

meaning it was more affordable to work and live in Wales than in

England.

Figure 1: Ratio of median price paid for residential property to
median workplace-based gross annual earnings, by region and
country
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The above encouraged the alliance to develop the Active House Vision, which is based on a holistic view on Comfort, Energy
and Environment. Itis a vision of buildings that create healthier and more comfortable lives for their occupants without
impacting negatively on the climate ~ moving us towards a cleaner, healthier and safer world (Figure 1).

Active House is a vision of buildings that create healthier and more comfortable lives for their occupants without negative
impact on the climate - moving us towards a cleaner, healthier and safer world.

COMFORT - Creates a healthier and
more comfortable life for the
occupants

An Active House creates healthier and
more comfortable indoor conditions for
the occupants and the building
ensures generous supply of daylight
and fresh air. Materials used have a
positive impact on comfort and indoor
climate.

ENERGY- Contributes positively to the
energy balance of the building

An Active House i energy efficient
and all energy needed is supplied by
renewable energy sources integrated
in the building or from the nearby
collective energy system and electricity
grid.

Figure 1. The Active House Vision.

ENVIRONMENT - Has a positive
impact on the environment

An Active House interacts positively
with the environment by means of an
optimised relationship with the local
context, focused use of resources, and
onits overall environmental impact
throughout its life cycle.
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