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[bookmark: _Toc47952809]ASTRACT
The current housing crisis combined with a rapid growing population dictates that we require more affordable housing, and with more housing comes more energy demand, which is direct contradiction of the Paris Agreement 2015. The UK government set a policy in place 2019 to start using low carbon homes  PassivHaus technology is transforming the way in which we build houses and could be the answer to both the housing crisis, and our reliance on fossil fuels for energy. With PassivHaus still in its infancy in the UK data is limited as to its long term financial benefits, but further research in 5 years when more PassivHaus social housing developments  have been constructed and extensive financial evidence is available would give a more descript idea of the benefits. This report identifies some of the possible savings available for both local authorities in the long-term maintenance costs, and the tenants being removed from fuel poverty seen over much of the UK. Findings show the financial viability of PassivHaus has increase substantially since 2010 and predicted increases further still. It could be the catalyst for the reduction of the UK carbon footprint and the beginning of better homes for all, becoming a conservation victory without any additional effort  

                                                
[bookmark: _Toc47952810]CHAPTER 1: INTRODUCTION

[bookmark: _Toc47952811]1.1 Background to Research.

“We have witnessed, and are experiencing, the devastating effects of climate change and it is critical that the built environment sector respond. Architectural Technology is a key discipline that is essential to play its part. Many of our Members operate at the forefront of sustainable design and are eager to collaborate and share best practice. We are also looking to learn from others, engage society and do whatever else we can to take on this important challenge.” (Weir, 2020)
In the last decade, climate change has become a matter of urgency worldwide. As evidence of fore-warned global warming crisis is rapidly becoming visible. Countries are putting into place firm action plans to begin reaching the targets of 2030 and 2050 set out in the Paris Agreement 2015.	Comment by Lara Hopkinson: Paris Agreement 2015
With 186 member states upon inception (USA began withdrawal proceedings November 2019) the aim is to prevent a global temperature rise of 3℃ and optimistically within 1.5℃ by the end of 2050 to avoid worldwide catastrophe.
The Agreement acknowledges that largely the developed world is primarily responsible for the rising levels of greenhouse gases (GHG) in less than 200 years of industrial pollution. The conclusion of this is that heavier regulation will be placed on those developed countries to have the greatest impact on reducing the GHG levels worldwide. (UNCC, 2015)
As a result of the Agreement member states have adopted the responsibility of the 20/20/20 targets of 2050. This calls for countries to reduce their carbon emissions by 20%, increase renewable energy by 20%, (solar, wind, tidal) and increase energy efficiency by 20%. The UK’s commitment to the agreement is marginally different with it being 20/20/15, (theccc.org, 2019) while still being fiercely committed to the decarbonising of the global economy.	Comment by Lara Hopkinson: The 20/20/20 targets come from the EU 2020 climate and energy package.  The UK actually has a target of 20/20/15 (in relation to renewable energy generation).  However, they do all link together to the common aim of decarbonising the global economy	Comment by Lara Hopkinson: You should add a reference here
A report by DBEIS on Energy Consumption in the domestic sector, in the UK shows that an increase in consumption of 1,212 kteo/4.8% between 2017/18 (Extreme weather conditions included) (DBEIS, 2019)
Buildings generate 39% of annual global GHG emissions, and use 36% of the total global energy consumption (United Nations Environment, 2017) because of this the construction industry has seen a marked increase in the move toward more sustainable, Low Carbon/Zero Carbon methods.	Comment by Lara Hopkinson: You must provide a citation for these figures
However, this is perceived as a more expensive form of construction and many developers are reluctant to make the change.
Utility prices have risen year on year since 2002. In 2018 the average electricity bill was £699, an increase of 7.9% and gas was average of £676 an increase of 3.1% (Rowe, 2019)
In line with the Paris Agreement to reduce the possibly catastrophic effects of Global Warming, the UK Government are pushing for future buildings to be Zero Carbon (in use) by 2050. (Skidmore, 2019)  For this to happen, the way in which Social Housing buildings are designed and constructed needs to change from the existing high energy consuming units being  	Comment by Lara Hopkinson: Again, there should be a reference here
In June 2019 Prime Minister, Theresa May made a commitment that all future social housing schemes would be Zero Carbon. Pushing the UK forward into meeting the targets set. (Taylor, 2020)However, the UK has a widespread social housing crisis, and there is no concrete plan in place to fix it despite promises to do so. In 2018 only 6000 social rented homes were built due to persistent government funding cuts for social housing construction since 2010  (NHF, 2018) 
Local authorities have since had limited financial resources, and few have spent money on housing in the last 3 decades, despite all governments in that time promising that this was high on their policy. As a result, the private housing sector grows and affordable housing becomes less available, with people in the UK being crammed into temporary shipping container accommodation and 130,000 families living in one-bedroom properties. (Dudman, 2019) UK residents feel more directly threatened by the housing crisis 57% in comparison with our exit from the EU 56% (CIH, 2019). This housing crisis has a direct impact on an entire generation unable to purchase houses as they are paying higher rent for private accommodation and therefore unable to accumulate savings for a deposit for a mortgage. 
As with all construction methods there are many different brands and standards of Zero carbon homes. To choose one in particular, isone is dependent upon the level of detail the developer/client is willing to adhere to. At the most stringent standard is the PassivHaus (PH) method, a PassivHaus building is one that is designed and constructed to the strict guidelines, of airtightness and uValues. In order to get PH certification all these criteria must be met, using Mechanical Heat Recovery Ventilation Systems, solar gain, airtight materials, and ultra-high levels of insulation, to produce a building that requires very little energy usage to heat and cool.	Comment by Lara Hopkinson: Put any acronym in full first, then provide the acronym and then use said acronym going forwards
The birth of PassivHaus was the brainchild of Doctor Wolfgang Feist, Institute of Housing and the Environment and Prof: Bo Adamson University of Lund, Sweden. They tested their design idea on a row of terraced houses in Darmstadt, Germany, 1991, designed by architects Bott, Ridder and Westermeyer. Its success was documented and soon the idea gained followers, and its own design institute, which now tests for PassivHaus Certification. The UK’s first PassivHaus did not complete until 2009 in Wales, quickly followed by one in Camden, London. While the rest of Europe has grown rapidly in their PassivHaus buildings, the UK is running behind with just 1000. Inclusive of Churches, Schools, Village Halls, and many retrofitted to EnerPHit standard.
All Passive House components are available at fair prices today. Investing in a well-planned Passive House is not much more expensive than investing in an ordinary house. (Feist, 2016)
In 2019 there were over 65,000 PassivHaus certified structures all over the world, with many more built very close to the standard but not certified, largely concentrated in Scandinavian Germanic speaking countries. This number is increasing year upon year, with a wide variety of building type now being constructed to PassivHaus standard. Schools, Tower Blocks, Doctors Surgeries, to Terrace House social housing examples like those built by Exeter City Council, and the RIBA Award winning Goldsmith Street in Norwich.

[bookmark: _Toc47952812]1.2 Research Hypothesis.

PassivHaus standard is a more financially sustainable method of construction for social housing. When compared to that of standardised traditional construction methods adhering to current building regulations, it will be found that overall, with in-use costs causing less repairs for councils due to elimination of issues suffered by traditional built homes, such as damp, condensation and heating repairs.
Using the PassivHaus method will make vast leaps to bring the UK within the Paris Agreement targets for 2050.

[bookmark: _Toc47952813]1.2.1 Aim of Research.

· Explore if PassivHaus Standard Design is financially sustainable for local councils/housing associations when building social housing within the UK, in comparison with existing building regulation methods.
[bookmark: _Toc47952814]1.2.2 Objectives.
· To determine the cost differences between PassivHaus and Traditional standard housing.

· To identify how the technology in PassivHaus can greatly improve quality of life, reduce fuel poverty, and lower the construction and maintenance costs.

[bookmark: _Toc47952815]1.4 Dissertation Layout.

· Chapter 1:  Introduction.
· Chapter 2:  Literature Review.
· Chapter 3:  Research Methodology.
· Chapter 4:  Case Study.
· Chapter 5:  Findings.
· Chapter 6:  Discussion.
· Chapter 7:  Conclusion.



[bookmark: _Toc47952816]CHAPTER 2: LITERATURE REVIEW

We analysed what these vast amounts of fuel being extracted from the ground were actually being used for. We therefore turned to the practical issues of heating systems, heat distribution, windows, roofs and ventilation systems. (Feist, 2016)	Comment by Lara Hopkinson: Is this a full quote?  I would recommend that you paraphrase this a little more.  Otherwise this will cause issues in your similarity score.  Only quote the aspect that is really needed.
Using previous works to produce an informative history of PassivHaus design, its financial benefits to both the tenants and the local authority, and to explain how its use in social housing is vital to the future of the reduction of GHG. This will be achieved by gathering written sources from 
· Previous Thesis reports
· Academic Journals
· Building Regulations
· Energy conservation reports
· Greenhouse Gas Emissions data
Internet based literature research using key words 
· Wolfgang Feist PassivHaus
· PassivHaus Design 
· PassivHaus Planning Portal
· PassivHaus Designer’s Qualified
· PassivHaus Contractors Qualified
· PassivHaus Trust
· Agar Grove Lambeth
· High Rise PassivHaus
· PassivHaus Social Housing
· PassivHaus Norwich
· UK social housing crisis
· Building regulation construction costs
· PassivHaus construction cost
· Social housing maintenance costs
· Paris Agreement/Kyoto Protocol
· GreenHouse Gas Emissions in residential sector
· Energy usage residential UK
· Effects of Covid19 on GHG levels
· Conservative social housing policy
· Social housing numbers 2010-2020



[bookmark: _Toc47952817]2.1 Background

The UK is still in 2020 using coal to produce electricity, among other fossil fuel powered power stations and nuclear power stations long overdue for decommission. The UK is currently creating 365.7Mt CO2 per annum, down 3.6% on 2018 (DBEIS, 2020) using 2% of the worlds emissions for 1% of its population is an unsustainable biproduct of providing energy. 
With 34% of those emissions coming from buildings and 64% of that being accounted to residential sector, (CCC, 2015) it is therefore a timely opportunity to use the residential sector to reduce the overall Carbon emissions in the UK even further with the construction of zero/low carbon social housing, to tackle both the housing crisis and adhere to the measures set out in the Paris Agreement. 
This report has the unfortunate benefit of being written at a time in which, due to a mostly worldwide lockdown, daily emissions rates show that it is possible to reduce CO2 emissions with considerate action, by using homes that do so would be much less restrictive on peoples lifestyles and require very little effort on the publics part.

[bookmark: _Toc47952818]2.2 Birth of Low Energy Housing

Low energy housing is not a new idea; during the 1970’s after the energy crisis increased oil prices 4 times higher than before, and rationing of oil (History, 2018) many Scandinavian countries began building homes that required less energy to run, which had passive technology to best achieve that. Denmark and Sweden were leaders in this and by 1980’s had already made it a legal requirement for energy standards for future housing developments included in the National Building Regulations. (Passipedia, n.d.)￼ These countries set up departments to develop standards to reach the energy requirements, and as a result different brands of low energy housing entered the construction market.	Comment by Lara Hopkinson: Consider rephrasing this.  Legal requirement energy standard is a little confusing. Did the legal requirement come in as an energy standard?

[bookmark: _Toc47952819]2.3 Inception of PassivHaus.

"A Passivhaus is a building in which thermal comfort can be achieved solely by post-heating or post-cooling the fresh air flow required for a good indoor air quality, without the need for additional recirculation of air." (PassivHaus-Institute, n.d.)
A concept conceived by Dr: Wolfgang Feist and Prof: Bo Adamson in 1988 in reaction to the excessive use of fossil fuels required to heat our homes, and an educated distrust of the push toward ‘cleaner’ Nuclear power at the time. When interviewed Dr Feist said of the beginnings of PassivHaus:

“It started with a research project and was never meant to be a generally used standard. But the results were so positive and reliable, that we started to convince the industry to produce components with this quality – so costs came down. Now it’s about time to apply in the general market.” (Feist, 2020)	Comment by Lara Hopkinson: Never?	Comment by Lara Hopkinson: Great quote btw!
Built on a plot of land reserved for a project of technological advancement, the first PassivHaus’ was a terrace of 4 in Darmstadt-Kranichstein, Germany was the beginning of a new way of thinking about how we live, and in what we live. 
Whilst the concept has developed over time and improved thanks to advancements in technology and evolution of building materials, the original concept was built on more than just reduction of energy usage. Designed to optimise daylight and capture solar heating, Feist intended for a community way of life, with communal laundry rooms, gardens, and the idea of borrowing tools and growing things as a community. 
Society has changed a lot since Feist began his journey, in recent years people have become more aware of their carbon footprint and have begun changing their living habits to work on reducing this. This could be contributed to the “Attenborough Effect” which has shocked people by showing them the condition our planet is in; this has led to people now having more knowledge and actively reducing their carbon footprint. The wholistic PassivHaus concept is becoming more than just the building design concept and envelope. Societal behaviour is once again very much becoming more communal, less consumer driven with people learning repair skills, gardening, and the rebirth of use of traditional building skills, and materials are lending better to Feist’s original consideration for the purpose of the design and further reducing their carbon footprint.
From 4 Houses as a test theory to 65,000+ units worldwide would give the impression of a successful implementation of the standard, with continued growth predicted as the world strives for better homes, and a healthier planet.


[bookmark: _Toc47952820]2.4 Definition of PassivHaus	Comment by Lara Hopkinson: Continue labelling of sub-headings?

A PassivHaus structure is a building that is designed and constructed to such detailed specification that it removes need for additional heating and eliminate discomfort of overheating in warmer climes, and draughts and chills in cooler climes from the in use living experience. Using as little energy to operate as possible, a well-designed layout to best use natural light and solar gains during daylight and shaded to prevent overheating in summer. (PassivHausTrust, n.d.)	Comment by Lara Hopkinson: References needed
PassivHaus is not exclusive to New Build requirements, there is standards for retrofitting to existing buildings EnerPHit requirements are lower than new build, but necessary due to the considerable amount of existing aging housing stock, and the necessity to improve the carbon footprint of those buildings to reach CO2 emissions targets.	Comment by Lara Hopkinson:  

For a residential dwelling to be certified PassivHaus it needs to meet the following 3 requirements: 
· Achieve an annual heating/cooling demand of no more than 15kWh/m2 per year, or a maximum peak load of 10W/m2.
· Total yearly energy consumption (‘primary’ energy for heating, lighting, hot water, power) must not exceed 120kWh/m2.
· Limit air changes to 0.6 per hour at 50Pa test pressure.
· Thermal comfort must be achieved in all living areas throughout the year, with temperatures remaining below 25℃  (Lymath, 2016)
To achieve PassivHaus standard certification the use of the Passive House Planning Package (PHPP) is required. This is a spreadsheet tool used to calculate the settings of PassivHaus targets, and by using strict construction methods and low energy technology systems the requirements are met ready for testing including:
· Air Tightness – sealing all joints and service penetrations with membranes and specialised tapes to reduce cold bridging and eliminate drafts to minimise air exchanges.
· Super Insulation – using increased levels of insulation from 140mm up to 300mm to achieve U-values of between 0.10 and 0.15W/m²K (Reduced Thermal Bridging by surrounding wall ties, and joins with insulation)
· MHRV System – used primarily to remove hot, wet air from the building created by occupants’ activities and electrical appliances.
· Window Glazing – triple glazed windows, small to the north and larger south facing windows, to maximise Passive solar benefits in winter. (Usually shaded or recessed to prevent overheating during summer) limited to no more than 26% of the external envelope.
With insulated frames and argon filled glass panels the U-values are in the region of 0.70 to 0.85W/m²K.
· Domestic Hot Water – using Solar PV panels for hot water reduces energy consumption requirements.
· Lighting and electrical appliances – careful design, to avoid long distances from windows, to reduce reliability on artificial lighting during the day. Ensuring installation of high energy efficient appliances.
· Landscaping – using trees and planting to create a natural wind barrier, reducing the effects of weather on the external walls, which could increase the need for extra heating inside.
· Solar PV – as an extra component using solar Photovoltaics to reduce the energy bills further and almost eliminate reliance on the national grid when paired with power storage cells. 	Comment by Lara Hopkinson: Should this form part of the bullet-pointed list?
By using all these elements, a building design can effectively be constructed to PassivHaus standards, without excessive deviation from a building constructed to Building Regulations.
Table 1 shows the requirements for PassivHaus, EnerPHit, and Building Regs. A noticeable difference in numbers, which then creates all the benefits, and energy reductions expected from PassivHaus. 

	Component
	PassivHaus Standard U-value
	PassivHaus EnerPHit U-value
	Building Regulation U-value

	Floor Insulation
	<0.10 W/m²K
	<0.120 W/m²K
	<0.13 W/m²K

	Wall Insulation
	<0.10 W/m²K
	<0.85 W/m²K
	<0.18 W/m²K

	Roof Insulation
	<0.10 W/m²K
	<0.35 W/m²K
	<0.13 W/m²K

	Air Tightness
	N50<0.6 air changes PH
	N50<1.0 air changes PH
	<5m³/h/m² @50PA

	Thermal Bridging
	<0.01 W/mK
	<0.04 W/m²K
	<0.08 W/mK

	Door/Window Frames
	<0.8 W/m²K
	<0.85 W/m²K
	<1.6 W/m²K

	Door/Window Glazing
	<0.8 W/m²K
	<0.85 W/m²K
	<1.6W/m²K

	Heating
	<15kWh/m²a
	<25kWh/m²a
	<54.26kWh/m²a

	Energy Demand
	<120kWh/m²a
	<135kWh/m²a
	See Building Regs Part L1A for calculations


[bookmark: _Toc45738942][bookmark: _Toc47952290][bookmark: _Toc47952853]Table 1 PassivHaus and EnerPHit Data (Passivhausttrust, n.d.) Building Regs Data (Planningportal, 2016)

[bookmark: _Toc47952821]2.5 The Benefits of PassivHaus.

Since its conception at the hands of Wolfgang Feist and the design of Bo Adamson the benefits of PassivHaus standard have been its sustainability, reducing fuel use and its costs in the residential sector. In doing so healthier homes have been constructed with many positive elements. Those benefits come as a result of a combination of the exceptional construction methods, attention to detail, and come at the cost of increased performance components.. 	Comment by Lara Hopkinson: Figures needs a figure number, title and source (this comment applies to all figures included in this section)

· Reduced energy bills – Increased levels of insulation >140mm and super-efficient air tightness eliminate the need for traditional heating systems. In the UK, a dwelling built to Passivhaus standards will consume on average 23% of the energy of a similar dwelling constructed to UK Building Regulations for space heating, 41% of the energy for primary energy, and 50% for hot water.  (PEP, 2006) while in colder northern climates there is possibly still a small need for some residual heating (a small towel radiator may suffice), it is so significantly reduced that the demand on the national grid is minimal, or if the dwelling has installed solar Photovoltaics it becomes nothing.
[bookmark: _Hlk45739158][bookmark: _Toc47952216]Figure 1 Energy costs comparison: Gas/Electricity Data (Rowe, 2019) MVHR Data (Solarcrest, 2013)
· Lowered Carbon Footprint – whether it is by using more sustainable materials and creating a low embodied carbon building, or using traditional materials, one of the main benefits of PassivHaus construction is its capability of lowering a person’s carbon footprint. Heating is the highest contributing factor to a dwellings carbon footprint, by removing this from the equation it significantly drops, and this may possibly lead to the occupant being more considerate of their lifestyle outside of the dwelling.

[bookmark: _Toc45733883][bookmark: _Toc45738943][bookmark: _Toc47952217]Figure 2 CO2 Emissions Building Regs data (Citu, n.d.) PassivHaus Data (PassivHausTrust, 2011) 

· Improved indoor air quality – the combination of air tightness and MVHR maintains internal humidity levels between 35% and 55%, by removing moisture from kitchens and bathrooms, and replaced with fresh air into bedrooms and living spaces. Improved air filters in the MVHR air ensures that most prominent allergens are removed before the air is piped into the building. (PassiveBuild, 2013)
· Improved levels of comfort – Passivhaus Institute defines thermal comfort as when the natural heat produced within a dwelling is sufficient to maintain the requirements without mechanical intervention. Reduction of overheating not only reduces cooling costs but also gives better quality of life to occupants. (PassivHausTrust, 2016)
· Build quality, durability – by reducing the need for mechanical heating (Gas or biomass) there are reduced maintenance costs; and less opportunities for air leakage and can only be achieved by rigorous standards of construction, with great attention to detail the chance of building defects is also greatly reduced.. A well-built PassivHaus should require no maintenance for an average of 50 years, (Feist, 2020) which results in a reduction of costs, and a greater financial return for the investors.	Comment by Lara Hopkinson: How about 'the chance of building defects is also greatly reduced.	Comment by Lara Hopkinson: Nothing at all?  I would find this difficult to believe, especially with the MVHR unit.  But if this is written in text somewhere, then provide this as a stated fact	Comment by Lara Hopkinson: In general, you do need more citations in this part
· Financial return – costs of in use Passivhaus are reduced so significantly that financial return can be quickly made to recoup the costs of initial construction. Not just financial, but health benefits of the improved standards can lead to a reduction in time off work with illness, therefore increasing income, and reducing impact on health services. The reduction in energy expenses is so significant that it can greatly change the financial situation of the occupants. (Lymath, 2016)
· Reduced Illness -  with no damp trapped air building up inside buildings causing mould spores to develop, PassivHaus benefits in reduced respiratory diseases which results in less days off work, feeding back into higher financial return, due to reduction in lower wages from days taken for illness compared to that of someone living in a BS house. (Krieger, 2015) Also, better mental health due to less stress caused by financial worries. 
· Positive feedback into community – With increased financial security there is more spare money in a household to put back into communities, and less commitment to working extra hours, promotes more family time to reconnect with the people around and create communities that seem to have become less important in the last 20 years.
· Improved acoustic insulation – high level air tightness, combined with increased levels of insulation and efficient glazing create a convenient knock-on effect to the dwelling’s acoustic performance, which as a consequence can exceed the standards of Building Regulations. (Bailescu, 2019)
Other benefits include more considerate floorplan to best use light and flow, and to group services spaces, this eliminates the number of punctures through the shell of the building, a vital component of the PassivHaus standard. A counter argument to the idea that PassivHaus are boxy and featureless. Community gardens, and often eliminating vehicle access to the interior area of the development. Reducing pollution, accidents, and allowing for homes to be closer together and areas which would be taken up by vehicles to be used as play space, growing space, making space, or just communal meeting space.


[bookmark: _Toc47952822]2.6 Limitations of PassivHaus

While the technology of PassivHaus is ultimately a relatively simple method of construction it is not free of negatives. 	Comment by Lara Hopkinson: This part will also require more citations
· Climate – external weather conditions can result in varying energy requirements. E.g.: Northern climates are colder and may in extreme weather fronts require some heating, whereas those closer to the equator would require more cooling in the hotter summer months, despite the overall performance of the dwelling.
· Consumer Use – despite the best efforts of PassivHaus to be low energy use, that ultimately comes down to the comfort levels of the occupant. If someone prefers a much cooler home, then energy levels will rise with the use of fans or coolers. In homes where someone is always home more energy will be used to remove the heated air they create. (Tobias, n.d.)
· Cost – construction costs can be between 10% - 30% higher than a building constructed to Building Regulations. (This is believed to have reduced to 4-8%) 
Table 2 showss the current comparison of costs PSM for building regulationsPassivHaus standard in the UK, data compiled to determine if an increased number of dwellings reduced the uplift in costs. 
Table 6 Average cost of building regulations construction   
	Development Size
	Median Cost (£/m2)
	Adjust to 2018/19 equivalent
	Correct Factor to normalise to 1-10
dwellings (£/m2)

	1-5 Dwellings
	1077
	1187
	-56

	1-10 Dwellings
	1026
	1131
	0

	>10 Dwellings
	978
	1078
	+52


[bookmark: _Toc47952854]Table 2 Price PSM to number of dwellings (PassivHausTrust, 2019)
· Few Examples - as PassivHaus is not widely used in social housing in the UK the performance results and costs of the standard in a large group setting are few. – this is increasing at a slow but steady pace.
· Lack of Consumer Knowledge – traditional methods are so widely used; many clients have very little knowledge of PassivHaus or its Low/Zero carbon equivalents.
· Limited Qualified Professionals – due to the relatively new nature of the PassivHaus standard there is not an abundance of qualified designers, tradespeople, and certifiers available to increase the quantity of PassivHaus on a large scale. Post construction maintenance teams are also limited, and these jobs cannot be done by any tradesperson as they may cause damage to the membranes and adhesives. (Lewis, 2019)
· Thicker Walls - due to the increased insulation thickness the walls of PassivHaus are considerably thicker than their Building Regulations counterparts. This means that either the internal space or external space suffer. With land prices at a premium it is a difficult decision for developers.  
Other concerns have been, inability for residents to install shelves/wall mounted TVs/ curtain poles due to fear of puncturing the membrane. Some residents also complain about lack of knowledge of how to use the buildings, though no evidence has been shown, statements have been made that some dwellings can overheat in summer months. 

[bookmark: _Toc47952823]2.6 The UK Housing Crisis	Comment by Lara Hopkinson: The UK?
The world is gripped by a housing crisis, while there are enough houses to house everyone that needs one, many of these are private second homes/holiday lets/financial investment. This leaves an estimated 8.4 Million people affected by the lack of available, affordable housing. (BBC, 2019)(This data relates solely to England)
A study conducted by Heriot-Watt University (2019) concluded that:
· 3.6 million people living in a home that is overcrowded
· 2.5 million people are unable to pay their full rent or mortgage each month
· 2.5 million are unable to afford to move out of current living situations, house shares, living with their parents, or living with an ex-partner
· 1.7 million are in unsuitable housing. Single people living in properties too big for them and being forced to pay bedroom tax, older people stuck in homes they cannot use and families in properties which have no outdoor areas.
· 1.4 million are in poor quality homes with issues that make them sick.
· 400,000 are homeless or at risk of homelessness people sleeping rough, living in homeless shelters, temporary accommodation, hotels, hostels or sofa-surfing. (Bramley, 2019)
There are estimated 1.8 million people on the housing waiting list, with double that living in difficulty to juggle rent and food bills. With at least 145,000 social housing units required per year to meet demand. This has not happened, not even by half, instead year on year the amount of social housing units being built is declining, with less than 10,000 units per year being constructed per year since 2014 despite the government once again stating they will build 250,000 homes by 2022. (Shelter, 2019)	Comment by Lara Hopkinson: Reference!
[bookmark: _Toc47952824]2.7 Dangerous Homes
There are 56,000 people still living in high rise tower blocks with flammable cladding systems on them, with very slow progress on the removal of the materials, these people live in fear of another Grenfell Incident happening to their block, but renters have no power and their voices are not heard, by councils or landlords, there are currently 300 towers with ACM cladding systems, and a further 1700 other buildings which require cladding removal to make them safe and to bring them within the new building regulations. (Woodcock, 2020)
[bookmark: _Toc47952825]2.8 Council funding 
Councils face a vicious cycle of no money to spend and spending large amounts of money on housing benefit and this is something that needs to be fixed. People are trapped in unsuitable, insecure, often dangerous housing conditions in both social housing and the private sector, which itself is now bursting at the seams. Existing social housing dwellings have high maintenance costs, and private renting have high rental costs, an undesirable situation on every front.
Very few councils have the money to spend on housing, and many rely on a percentage of private developments being constructed as social housing as part of rejuvenation deals, but these quickly get bought up by the rent to buy scheme, and councils are back at the beginning again. This is due to regulations set out in the right to buy scheme, large discounts for tenants which increase as the length of tenancy grows. As this policy allows purchase after 3 years, it is poor planning to not have increased the available dwellings in those 3 years to counter the loss of each sold unit. (Gov.uk, n.d.)	Comment by Lara Hopkinson: Is this a fault of the planning system?  If this is the case, then you should specify by way of providing a solution to the problem
Councils would need to increase production to remedy this, and possibly extend the length of time before purchase is available on new units, and set limitations that these can then not be used as rental properties for a further length of time to deter buy to rent landlords.
[bookmark: _Toc47952826]2.9 Increasing the social housing market
There can be no denial that the UK needs more social housing, rural areas especially are victim to financial cuts, less likely to get new housing, public transport cuts, closed services. Cities are space limited and have greater CO2 emissions limitations being imposed each year.
 Shelter proposes we need 3.1 million social housing units to provide enough suitable homes for their 20-year plan. With vision and passion this can be a possibility, and how better to introduce PassivHaus social housing than on a large-scale project like this. 
This 20-year programme will provide a return on investment in 39 years, with a cost of £10.7bn a year on average – reduced to £3.8bn when savings in benefits and increased taxes are considered. It is worth the money, compared with the £21bn spent on housing benefit annually and our £62bn budget for capital expenditure. (Shelter, 2018)
With such large sums of money being required for this project, it would be educated thinking to try to reduce costs without reducing quality. Creating homes that require minimal maintenance would lower the expenditure for the projects substantially, not only reducing the amount spent on Housing Allowance, but reducing possible applications for crisis funding to pay for heating bills. 

[bookmark: _Toc47952827]2.10 Avoiding excessive CO2
To build another 3.1 million homes to current building regulations would have a catastrophic effect on the CO2 emissions in the UK and push us well beyond the Paris Agreement levels. Using considerate infrastructure to reduce unnecessary travel, and carbon free homes is the best way to do this. 	Comment by Lara Hopkinson: current?


[bookmark: _Toc47952828]2.11 Cost of Passivhaus.
It has been widely publicised that PassivHaus is more expensive than a dwelling constructed to Building Regulations. (Lozanova, 2018) Whether this is a result of many PassivHaus projects largely being individual bespoke designs, or as a general rule of thumb is yet to be discovered. 	Comment by Lara Hopkinson: If you say this, then there will be the expectation that you provides references to prove it.
Passive house is often perceived as “very nice – but rather expensive.” But is passive house really unaffordable? While some have put the extra cost as high as 15 to 25%,   other estimates tend to be lower, with estimates of  the ‘cost uplift’ for building to passive house estimated anywhere from around 12-15%, down to 0% – or even below. (De'Selincourt, 2014)
Some sources estimate the costs to range from 0-30% difference the UK is still in its infancy of PassivHaus Standard construction despite having been adopted here over a decade ago. It has not been a popular option until recently, as the method becomes more popular, they are being built in more urban locations. Developments in larger groups, as terraced rows, and surrounded by other buildings, all of which can reduce the amount of materials required to maintain the standard, which directly results in a drop in costs. As proven in Building Regulations construction projects, a direct correlation between more materials ordered and reduction in price, and a reduction in amount of materials needed.	Comment by Lara Hopkinson: This is one huge sentence!  Please revise.
[image: ]The Price PSM and overall difference in a study conducted in Germany explains the initial construction cost increase of PassivHaus Vs Building Regulations
[bookmark: _Toc47952218]Figure 4 Cost Comparison in a German study (Kaufmann, n.d.)
Germany has much more stringent building regulations regarding energy consumption than the UK and there is a reasonable difference in costs.
“In the UK, there might still be learning costs (in a range of up to 8% of the standard building costs). The actual costs are in a range of +4% to ordinary new construction; what I would not assess to be considerably more expensive.” (Feist, 2020)
Table 4 shows data from an older comparison study into the cost difference between PassivHaus construction in the UK and a Building Regs construction. A 2-bed detached Passivhaus compared with 2 bed part l1a 2010 standard.
 In this study it shows the components that make a dwelling PassivHaus standard are noticeably more expensive than the building regulations equivalent. When PassivHaus construction vs Building regulation standards on an individual case basis there is a substantial difference in costs, by almost ¼. (This data is based on singular dwelling construction), however when the number of dwellings is increased the costs are reduced. 	Comment by Lara Hopkinson: Again, huge sentence, please revise as I think there is something missing in its meaning.

[image: ] This also corelates with the timeline, newer PassivHaus is costing less than PassivHaus constructed 5 years ago. This is possibly because as more PassivHaus materials become available the costs of those materials reduce, and the style of the dwellings also contribute to this. Until 5 years ago most PassivHaus projects were mostly individual detached buildings, on exposed slots, with no protection from the elements. 
[bookmark: _Toc45738944][bookmark: _Toc47952219]Figure 5 Cost Comparison PassivHaus Vs Building Regulations (Newman N, 2012)

Heating System Costs

In residential properties heating or ventilation is a large percentage of the build costs. In PassivHaus this technology is what makes the building so efficient, by removing damp, stale air and replacing it without excessive air exchanges. Whereas a Building Regs house needs extra ventilation on top of the heat source, to remove the used air and prevent it being absorbed into the fabric of the building, which in turn creates condensation and damp over time. 
As Tables 4 and 54 and 5 show, the cost of both methods is substantial in both dwellings, however the life cycle of a boiler is estimated 15 years (Viessmann, n.d.), whereas a MHRV system is estimated to last up to 50 years (Feist, 2018). With the first PassivHaus now 32 years old and running the same system as when first built with minimal maintenance, a dwelling with central heating would have required two new boiler installations in that time. 

Size of Property Total Cost
	Size of Property
	# Radiators
	Boiler Size
	Total Cost

	1 Bed Bungalow
	5
	24kw
	£2,300 + Labour

	2 Bed House
	6
	24kw
	£3,000 + Labour

	3 Bed House
	9
	28kw
	£3,500 + Labour

	4 Bed House
	10
	33kw
	£4,000 + Labour

	5 Bed House
	12
	33kw
	£4,500 + Labour


[bookmark: _Toc47952855]Table 3 Cost of central heating system (Quotes, 2020) 	Comment by Lara Hopkinson: Please make sure these are properly labelled
	Component
	Cost

	Design
	£450 +VAT@20%

	MVHR unit 
	£1,800 +VAT@20%

	Ducting and Fixings
	£2,200 +VAT@20%

	Installation
	£2,100 +VAT@20%

	Commission MVHR System
	£400 +VAT@20%

	
	£6,950 +VAT@20%


[bookmark: _Toc47952856]Table 4 Cost of MVHR (Patrick, 2016)

Insulation Costs
A large portion of the budget in PassivHaus comes from the extra insulation required to meet the stringent standards. The amount of insulation required for PassivHaus is more than double that of building regulations part L1A, this greatly increases the cost of the building fabric. 	Comment by Lara Hopkinson: Do you mean testing?  Do you mean standards?  
Table 67 shows the thickness of insulation required to reach PassivHaus standard, a substantial increase on current building regulations requirements, 

	Construction Method
	Uvalue
	Thickness
	Cost Psm

	Building Regs Part L1A
	0.16> ᶧ
	75>100 ᶧ
	£20.56 - £27.76 ±

	PassivHaus
	0.10-0.15*
	140>240 or higher*
	£41.53 - £73.07+ ±


[bookmark: _Toc47952857]Table 5 Insulation costs 2019. ᶧ Data (Kingspan, 2014) * Data (Passipedia, n.d.) ± Data (Insulationshop, n.d.)

This shows further evidence that by building a larger number of dwellings in terraced formation, semi-detached, or blocks of flats could possibly reduce the costs by saving on insulation, cladding, and other materials due to the reduction in number of materials required, lack of bespoke items, and heat requirements reduced by close proximity to neighbours. Ordering mass quantities of materials may also provide scope for reduced costs due to the amount required. Simplified design ideas, using prefab construction and repetition also reduces time, and creates a smoother flow in construction, that could lead to lower labour costs as well as materials. 
PassivHaus was once much more expensive than Building regulations method, the more dwellings constructed reduces the £psm cost to sometimes below that of standard methods  more expensive in a single dwelling setting, but that the energy costs even in a retrofit PassivHaus, and maintenance costs over 60 years are substantially lower than that of a Building regulations standard built house. 
Longevity is the key for all components of PassivHaus, the longer they last the lower the lifetime costs of the building, which in turn reduces the comparison percentage difference. This is a big positive for the use of PassivHaus in social housing projects. 
Fuel/Maintenance 	Comment by Lara Hopkinson: Please make the figures below a little larger so that they are fully legible
PassivHaus main objective is to reduce fuel use and costs, in doing so reducing CO2 levels in the residential sector. A convenient bonus to this is the reduction in maintenance costs

	Component
	Lifetime (Years)

	Gas Boiler
	10

	ASHP
	20

	Solar Thermal
	20

	MVHR Unit
	50

	MVHR Fan
	15

	MVHR Heat Exchanger
	25

	Steel Ductwork
	40

	Plastic Ductwork
	15


[bookmark: _Toc47952291][bookmark: _Toc47952858]Table 6 Heating component lifespan (PassivHausTrust.org, 2014)
[bookmark: _bookmark0]

[bookmark: _Toc47952829]2.12 CO2 Emissions
Covid 19 has provided an unprecedented opportunity to prove the possibility of reducing the GHG emissions. With people less able to travel, working from home, factories closed, and a warm weather period (in the northern hemisphere) there has been a Daily global CO2 emissions decrease of -17% compared to the same period of 2019. The end of year prediction is wide between -4% and -7%. (LeQuere, 2020)
Using this unplanned reduction as a catalyst for change is quite possibly the most constructive way to maintain the reduction of CO2 emissions. Improvements in infrastructure, new low carbon schools, better transport links, upgrading factories to sustainable energy supplies, and installing more solar energy panels are all ways to continue the reduction and impact on the emissions level for decades to come. Eliminating fossil fuel use is a necessary step in reducing the overall power consumption. By using PassivHaus this would enable lower consumption, and lower CO2 production further. 
With businesses adapting their working practices to allowing people to work from home post pandemic this will reduce CO2 emissions at a commercial level, and recentring the focus on residential and how important it will then be to use low carbon homes to prevent residential levels rising as a result of people being at home more than they were pre pandemic.

[bookmark: _Toc47952830]CHAPTER 3: METHODOLOGY

[bookmark: _Toc47952831]3.1 Aim of Methodology	Comment by Lara Hopkinson: Having read through this again, there needs to be a bit of a re-structure.  So start with the aim - the first couple of paragraphs can remain where they are.  You should then talk about the planned method of research (i.e. interview, with 20-ish people from across the construction sector etc.).  THEN discuss the Covid-19 issue - the fact that this made it impossible for you to fulfill your research as originally planned.  THEN add in that whilst a brief interview was undertaken, this was then to be supplemented by using a case study approach to attempt to show the overall aim of the work.  If you are wanting to save words, you could cut out a lot of 'padding' from here.  Make it concise and to the point.
The aim of this method is to try to develop a comprehension of the cost implications of PassivHaus Standards and understand how they can be successfully used in a social housing setting. To prove or disprove the theory that PassivHaus standard is a financially sustainable method of construction for social housing.	Comment by Lara Hopkinson: A really long sentence.  Please revise
The relatively recent conception of the PassivHaus industry led to the researcher choosing a combination of interviews with professionals in the construction industry, local councils, and PassivHaus Trust members to develop an educated understanding of the costs involved in PassivHaus design, and questionnaires to a wider range of tenants, construction firms, social workers, future PassivHaus planners, council planning departments, and some members of the general public.	Comment by Lara Hopkinson: What numbers?  Be clear.  If this is related to costs, then specify costs
The significance of this research is that if in its completion Passivhaus is proven viable, then this will help the UK to develop healthy and low / zero carbon homes for all and reduce unfair fuel poverty.	Comment by Lara Hopkinson: Then this can be shortened considerably - e.g. if passivhaus is proven viable, then this will help the UK to develop healthy and low / zero carbon homes for all.
Choosing experts in the field of architecture, construction, PassivHaus, and councils that have already built social housing to PassivHaus standard, and the councils in Wales that are yet to build any, the researcher will gather information from all sectors involved in bringing PassivHaus into the social housing sector. 
With many private housing developers now responsible for providing a number of houses per 100 units to their local social housing department, it is important to also ask the same questions to them, as they may be in a more productive position to be constructing homes in the PassivHaus standard.

[bookmark: _Toc47952832]3.2 Method

[bookmark: _Toc47952833]Case Study.

The UK is behind its European counterparts in the amount of PassivHaus buildings we have in general. That number is even lower when filtered down to social housing projects, with that in mind Goldsmith Street, Norwich was chosen as a suitable example because of its size, and the different types of dwelling that are available on the estate. It was also chosen because it has recently won the 2019, RIBA Stirling Prize.
Norfolk has become a champion for using PassivHaus in its social housing developments since 2008, with several different estates at Hansard Close, Carrowbeck Meadow, Rayne Park all being constructed under Norwich Regeneration Ltd plans. This case study will explain how it has worked for them and why they continue to push forward with it, when other councils avoid the standard.
[bookmark: _Toc47952834]Interview	Comment by Lara Hopkinson: There should also be a rationale for why you decided upon an interview.  This should normally come from the literature review, but here you can utilise the fact that you are interviewing experts; experts int he field of PH are limited, therefore you will only complete a few.	Comment by Lara Hopkinson: OK, this is much better.  I'd still like to see a stronger rationale for an interview though.  It was decided to use an interview approach as the passivhaus movement is still in its infancy in the UK, and this approach allows a smaller number of experts to be approached to question their views.  Something like that.
The decided upon method was to interview several high-profile names in the PassivHaus industry, as the Passivhaus movement is still in its infancy in the UK, this approach allows a smaller number of experts to be approached to question their views. This has provided reliable information in the past for technical reports and will give insight into how the use of PassivHaus is increasing in the UK.
 Using an interview allows for information from design phase, to budgeting, to completion to be recorded, and could gather more specific information, whilst providing important qualitative data and useable quotes.  
The researcher developed a range of questions to cover the wide variety of professions involved in the social housing sector. A number of the questions were constructed to be asked to all participants, while other questions were formulated to ask individuals within their own professions, as while a contractor may know the costs of building, they will not be privy to tenant information.
PassivHaus Design does not have the most popular reputation throughout the UK construction industry, this has been counter argued since its beginning, and as time goes on less written documentation is available to argue the case. Historically this has been due to lack of knowledge and refusal to change. Construction firms owned by builders reluctant to upskill, and colleges unable to change the curriculum to introduce sustainable homes at the start of a construction industry workers careers. 	Comment by Lara Hopkinson: If you specify this, then there should be a link to literature via referencing
Councils and local authorities have spent very little money over the last 30 years in the construction of new houses, (Partington, 2018) and those that have begun building within the last decade have increasingly shown a forward thinking consideration for Low Carbon or Zero Carbon homes. (Wainwright, 2019)	Comment by Lara Hopkinson: This part will need references to make it believable
The questions were developed to further explore the key expectations, limitations, exceptions and a seemingly overwhelming industry prejudice regarding the use of PassivHaus standard in the UK. To determine if or how a better industry wide understanding of PassivHaus, and to determine if an increased education at school/college/university level could increase the use of Zero Carbon homes in social housing. 
By questioning the fundamental issues between cost of PassivHaus and its slow uptake in the UK, with the need for social housing so high in the current climate the ulitimateultimate question would be “Can local authorities afford not to use PassivHaus?”

[bookmark: _Toc47952835]3.4 Restriction to Methodology
The worldwide Covid-19 pandemic unfortunately meant that the originally planned method was no longer viable.  This was due to closure of businesses and inaccessibility of participants for the interview process.
The original plan was to interview 20 people ranging from local authorities, homeless charities architects, builders, lecturers, Passivhaus teaching staff, and the implementor of PassivHaus. This has was not been possible, and only 2 interviews were completed. 
As a result, the method has changed to the style of an online research document, focusing on available existing recorded data. 
· Literature Review
· Case Studies.

This means that the information in this report will be somewhat limited due to access to financial costs of specific elements being unavailable in public records. Every effort has been made to obtain the most relevant and recent costs and up to date information associated with this, to answer the proposed thesis. The author will revisit this when possible to fully include accurate costings and methods to ensure this report adds to the data available for the public reading of the topic.
Whilst the Covid19 pandemic has caused much disruption, it will provide statistical data that will be of benefit to the purpose of PassivHaus is aimed at. This research, along with updated statistics from Mauna Loa Observatory, will prove that the current GHG levels can be reduced, given time, and with the right technology, living conditions to do so. Showing that PassivHaus construction can be used to create examples of how construction of Zero Carbon buildings could possibly change the future of social housing, and commercial/industrial construction beyond that.
When costing for a current building regulations dwelling construction, the variables are so wide reaching that it is difficult to set a cost psm value.

[bookmark: _Toc47952836]CHAPTER 4: CASE STUDY

[bookmark: _Toc47952837]4.1 Introduction
To best get an idea of how PassivHaus is used in a social housing setting, in a time when the country is in desperate need of social housing, the construction of the Goldsmith Street development in Norwich was compared with typical dwellings of a similar size to obtain a comparison between the 2 construction, and to compare this with a typical dwelling of similar size and construction, fabricated to the current building regulations standards. 

[bookmark: _Toc47952838]4.2 Background
Norwich City Council have set a target to become the UK PassivHaus Capital. With an existing stock of 15,000 council houses, and a waiting list of 4000 for social housing, much like the rest of the UK. Continued construction is required to reduce this, as the population increases, and it is estimated that an extra 278 affordable homes need to be built in the city each year to meet demand. This is without including the numbers required to replace the properties lost to the steady stream of occupants purchasing the existing housing stock, at a rate of 662 over the last 4 years under the Right to Buy scheme (BBC, 2018).	Comment by Lara Hopkinson: ONLY IF THERE IS TIME:
Perhaps rephrase this as it does read a little too much like a press piece right now.
The council started their sustainable housing mission in 2014, when they decided that a development, they had already sourced a design for could be more than just another private developer estate. With many people living in fuel poverty, Norwich council decided that people should not have to decide whether to eat, or to heat their homes. (Norwich.gov, 2017) At this point the idea of PassivHaus was not part of the original design brief, but as it progressed the idea to develop as Zero Carbon homes became the focus for all their future social housing estates. Their achievable ambition is to build 1000 PassivHaus social housing dwellings in Norwich within the next 10 years. 	Comment by Lara Hopkinson: achiveable?
In 2015 the council introduced the Fabric First Framework, bringing together a team of expert contractors to advise on the developments. They have gone a step further with it and offered it to all local housing associations and local authorities, providing training courses in PassivHaus design and construction. (HamsonBaronSmith, 2016)
Norwich are not holding back on their use of PassivHaus design, many developments are forging ahead with the completion of 10 flats for social rent Hansard Close in 2017. This was quickly followed by 38 PassivHaus social rental dwellings at Rayne Park in 2018 and 	Comment by Lara Hopkinson: Missing start of the sentence?
[bookmark: _Toc47952839]Goldsmith Street Norwich.

· Architect Mikhail Riches
· Contractor RG Carter
· Structural Engineer Rossi Long Consulting
· Environmental / M&E Engineer Greengauge Building Energy Consultants
· Quantity Surveyor / Cost Consultant Hamson Barron Smith
· Project Management MER Construction Services
· Landscape Architect BBUK
· Certified Passivhaus Designer WARM
· Clerk of Works Enhabit (Whole House Energy)
(Riches, 2019)
The estate is located in the Heigham Grove ward of Norwich, in 2018 it completed phase 1, and is currently the largest social housing PassivHaus in the UK. It is a clear example of how PassivHaus can successfully be used as the future of social housing construction, not just in its construction design, but in its social spaces, and drive to bring life back to a more communal spirit.	Comment by Lara Hopkinson: reads too much like a sales brochure!  Perhaps a clear example?
As with many local authorities Norwich has a low existing stock of single occupancy dwellings, a problem they have aimed to rectify with each of their new developments. Goldsmith Street phase 1 has a varied mix of different size dwellings built on traditional narrow carless streets. At present the development comprises of:
Phase 1
· 45 – 1-bedroom flats
· 40 – 2-bedroom houses
· 3 – 2-bedroom flats
· 5 – 4-bedroom flats
Phase 2 completion will bring a further 
· 1 – 3-bedroom flat
· 11 – 1-bedroom flats
Goldsmith street in numbers 
	Homes in phase 1
	93

	Gross Internal Area
	8,056m2

	Construction Cost
	£14.9m

	Construction Cost m2
	£1,875 excluding fees	Comment by Lara Hopkinson: Is this for Goldsmith Street?  How does this compare with 'traditional' building costs?  If you are going to include a case study, then the costs comparison needs to be clear.

	Estimated CO2 Emissions
	29kg/m2


[bookmark: _Toc47952292][bookmark: _Toc47952859]Table 7 Goldsmith Street figures. (Priest, 2019)	Comment by Lara Hopkinson: Source of table?  Proper label required, as for images below
[image: Cost study calculates timber frame savings]
[bookmark: _Toc47952860]Table 8 Cost of Building Regulations Construction (Constructionindex, 2018)
Tables 7 and 8 show the cost comparison between Goldsmith street and a theorised quote for a development in Birmingham.
	Airtightness (≤0.6ACH@50pascals)  
	0.55-0.61

	Thermal Energy Demand (≤15kWh/m². yr)
	11.7-12.3  

	Thermal Energy Load (≤10W/m²)
	10

	Primary Energy Demand (≤120kWh/m². yr)
	109-117


[image: ]
[bookmark: _Toc47952220]Figure 6 Predicted Energy Performance of Goldsmith Street (PassivHausTrust, 2019)






Awards	Comment by Lara Hopkinson: If the word count is looking too high, you can look to shorten this.  Perhaps mention only a few headline awards.	Comment by Lara Hopkinson: I would take the awards part out.  Towards the end of the case study piece you can say the development has been such a success that it has been awarded a number of prestigious awards including..... then name a couple.

Goldsmith Street has been awarded a plethora of prizes since its completion, ranging from design and construction accolades, sustainability recognition to awards for community inclusion.

· The RIBA Stirling Prize 2019
· RICS East of England Residential Award 2019 
· RIBA East Award 2019 
· RIBA East Special Award 2019
· RIBA East Sustainability Award 2019 
· RIBA National Award 2019
(Carter, 2019)
With so many awards Norwich city council will be assured that they have chosen the right direction with their decision to develop with PassivHaus standard and change the social housing sector for the betterment of the tenants as well as the financial implications for their budget.
Table shows the current comparison of costs PSM for building regulations in the UK.
	Residential buildings
	
	
	

	Estate housing
	
	800m2
	£1260

	Detached house
	
	200m2
	£1680

	Apartment block
	
	7000m2
	£2000



Table 2 https://costmodelling.com/building-costs
[image: ]  Considerate design to ensure that the buildings do not shadow each other and reduce natural light and solar gain, despite their close proximity to each other. Low pitched roofs, taller buildings placed on ends of rows, long triple glazed windows on south facing elevation, capturing the most of solar gain in winter, shaded to prevent overheating in summer.            [image: ]
[bookmark: _Toc45738946]
[bookmark: _Toc47952221]Figure 7 Figure 6 Goldsmith Street Terraced Houses  (RIBA, 2019)  https://www.architecture.com/whats-on/riba-east-great-british-buildings-goldsmith-street

[image: ]
Keeping cars to the outer streets gives the development a level of safety and provides community space for children playing and green space. A huge contrast to the surrounding area.
[bookmark: _Toc47952222]Figure 7  Figure 1.1 Goldsmith Street Aerial View (PassivHausTrust, 2019)         https://passivhaustrust.org.uk/news/detail/?nId=840

The layout of the dwellings is reasonable sized simple open plan ground floor, and spacious bedrooms and bathrooms, the design moves away from the boxy style we have come to know in UK new build homes                      
[image: ]

[bookmark: _Toc47952223]Figure 8 Figure 1.2 Goldsmith Street Flats plan (Riches, 2019)
[image: ]
[bookmark: _Toc47952224]Figure 9 Goldsmith Street Houses Plan (Young, 2019) https://www.ribaj.com/buildings/stirling-prize-2019-mikhail-riches-goldsmith-street-norwich-housing
[bookmark: _Toc47952840]CHAPTER 5: FINDINGS
Analysing data from previous PassivHaus and current Building regulations construction costs, and industry wide knowledge developed a clear result and answer to the thesis posed in this report.
[bookmark: _Toc47952841]5.1 Increased Construction Costs Within Acceptable range.	Comment by Lara Hopkinson: Does this apply to your case study as well?  Its not completely clear at the moment.
When constructed on an individual bespoke, detached dwelling basis the costs for PassivHaus standard construction are much higher than the building regulations standard, sometimes up to 30% more. This is a considerable uplift, and not within the budget range of local authorities to justify the financial outlay. However, when the number of dwellings increases and the amount of materials per unit reduces due to less exposed walls, and the bulk purchase of materials driving costs down further in supply and demand chain. This results in uplifts as little as 4% or lower, this follows the trend seen in the rest of Northern Europe as the standard has developed and become more popular (De'Selincourt, n.d.). More component manufacturers have become available, which increased competition and driven prices down allowing overall construction price to decrease closer to that of building regulations.	Comment by Lara Hopkinson: MUCH better!  Well done	Comment by Lara Hopkinson: Reference please
In fact, much of the uplift cost is due to many PassivHaus units being private construction, with components being made specifically for that individual project. 	Comment by Lara Hopkinson: So in your discussion you can mention the fact that if there is a bulk order placed, this will reduce the economies of scale, thus assisting in bringing PH in line with standard construction


Choice of materials has large impact on construction costs, in terms of manual labour and logistics. As prefab SIPS panels become more popular, and factory built modular units begin simplifying the construction of mid to high rise buildings, these less traditional methods of construction can speed up build times, reduce error margins and waste, further reducing CO2 emissions of the building envelope contributing to the reduction of an areas aims to fall within the Paris agreement. 	Comment by Lara Hopkinson: Not really 'new', just not the 'tradtional' style of construction that the UK goes on about!  So yes, its totally correct to suggest that prefabrication contributes positively, just be careful how you frame this.  Also, what was the method used for Goldsmith St?
Figure 10 shows that building regulations construction methods were noticeably less than the PassivHaus equivalent per individual unit by between 18.5% and 32.5% in 2014.


[bookmark: _Toc47952225]Figure 10 PassivHaus ranging from 2011 to 2014 (PassivHausTrust, 2015) Vs Building Regs Cost PSM 2020 (Costmodelling, 2020) 
(Fiest, 2020) said “The UK is still in its learning phase”, he was referring to the cost increase due to limited knowledge, supply and demand and not enough qualified professionals in the UK to champion the standard passionately to local authorities. In Scandinavian countries where PassivHaus has been adopted on a larger scale, the difference in cost is marginal, and at the upper level only 4%, much of which can be attributed to individual preference for materials and components. 
Table 4 gives evidence that the more popular PassivHaus becomes in the UK and the more units built there is a visible correlation between more dwellings and reduction in £/m2, with prices rising for private buildings which could reflect higher cost luxury fixtures and fittings that private owners would be able to afford. When inflation is included the price of Building Regulations standard will keep rising, whereas the price of PassivHaus is reducing or staying the same as the UK starts to come to the end of its learning phase, and more dwellings are being constructed at social housing level, lowering the price of the essential components that drive the price of PassivHaus up.
	No.
	No. Units
	Tender date
	Tenure
	Building Form
	Build Cost £/M2

	1
	9
	2018
	Private
	Terraced
	1529

	2
	30
	2018
	Affordable Social
	Terraced
	1296

	3
	30
	2018
	Affordable Social
	Flats
	1453

	4
	9
	2018
	Affordable Social
	Terraced/Semi
	1751

	5
	30
	2018
	Affordable Over 60
	Flats
	1807

	6
	30
	2016
	Private
	Terraced
	2070

	7
	30
	2010
	Affordable Over 60
	Flats
	1542

	8
	9
	2015
	Affordable Social
	Terraced
	1517

	9
	9
	2015
	Affordable Social
	Terraced
	2035

	10
	31
	2017
	Social Rent
	Terrace/Flats
	1966

	11
	9
	2016
	Affordable
	Semi
	1927

	12
	31
	2016
	Rent/Shared Own
	Terraced
	1954


[bookmark: _Toc47952861]Table 9 costs for multiple dwelling PassivHaus projects  (PassivHausTrust, 2019)
A report for Federation of Small Businesses by RICS on 2,000 developments also indicates the larger the development the lower the £/m2 in some cases to considerably less than BR costs. Table 2 shows an overall decrease in costs by 2018/19 and a wider study sample size which local authorities would be more likely to develop.
Continuing the UK theme of almost standardised shape and size of social housing allows for using simplified designs, and local materials the construction team can reduce these costs without sacrificing build quality or space. Figure 8 shows that in the Goldsmith St development all rooms have windows, including hallways. This design reduces the need for artificial light during the day, and with smaller windows on the north elevation again prevents heat loss.  All adding to the benefits for the tenants.
[bookmark: _Toc47952842]5.2 Financial Benefits.
Years of austerity and an aging population has resulted in many rental tenants relying heavily on government benefits. This adds to the already limited funds of local authorities when paying for private housing rental payments. With the sell-off of council rental properties and limited construction replacing them more people are renting privately than there are council properties available.
An increase in social housing while expensive in the initial stages would reduce the amount of benefits paid to tenants of private landlords, almost double that of what it costs to rent social housing (Owen, 2014), which would create more available funding for the local authorities. With PassivHaus maintenance ideally being so little over a 50-year period, it would further improve the financial situation of housing associations and local authorities while they drive to increase their housing stock to an acceptable level.
[bookmark: _Toc47952843]5.3 Need for More Housing
The UK is in dire need of more social housing, without councils providing that, the homeless levels will continue to rise, and people living in unsafe housing will increase year upon year as private landlords have the power over tenants because they have no option but to live in unsuitable homes. 
With many local authorities now having declared climate emergencies in their areas they can neither afford to fulfil this need with carbon heavy building regulations homes, that will require repeated maintenance nor the continued expenditure of emergency payments for fuel poverty. Low carbon houses are the only way they can go forward, by using PassivHaus they not only reduce their carbon footprint, but they lower the living costs and carbon footprint of their clients.
New developments in hardest hit areas should be a priority, there is a distinct lack of social housing construction in the last 30 years, with some councils building none at all in that time, this has stifled the social housing market, and reduced the amount of first time buyers, the age of those buyers has increased year on year, and the rental market has increased 18% since 1996 (Moneysupermarket, 2017). 
Norwich council have shown that using PassivHaus for social housing is more than a possibility it is the most used construction method for their social housing developments in the last 10 years earning design and eco awards above their building regulations competitors. With a mission to build 1000 PassivHaus dwellings in the next 10 years (Thorpe, 2018), and teams of architects designing developments on increasingly larger scale, Norwich look to be the first council that will reduce their homeless level, and give first time buyers the ability to buy an affordable home.

[bookmark: _Toc47952844]5.4 CO2 Emissions 
Covid-19 has proven that global CO2 emissions can be reduced. With reduced travel, factory work, retail, and tourism sectors being shut down, the overall Global CO2 emissions dropped by 17%. (26% in some regions) the continued impact of that depends largely on the longevity of force lockdown, and the speed at which the world returns to some form of normal. The effects of the forced lockdown emissions reductions will be beneficial for a long time, with governments worldwide taking this opportunity to focus on health, and energy consumption, and reducing CO2 levels from transport; the pandemic will have much longer, wider reaching implications than the immediate reduction in GHG emissions during the restricted period, which could possibly influence worldwide CO2 levels for decades. (Le'Quere, 2020)	Comment by Lara Hopkinson: Is this globally?
Government incentives to local councils could increase budgets, and allow for further building, if they include thoughtful infrastructure, cycle-paths, low carbon/PassivHaus schools, better connections to town centres, clean energy, water collection, cleaner refuse. While PassivHaus can have an impact on the CO2 levels, it will take much more at local levels to have a global effect. 

[bookmark: _Toc47952845]CHAPTER 6. DISCUSSION

[bookmark: _Toc47952846]6.1 PassivHaus in Social Housing
Very few local authorities are building social housing in the current climate, with years of austerity there is no money to do so. However, Norwich However are leading the way in revitalising and regenerating the use of social housing, at an increased pace. They are doing so with PassivHaus technology and winning awards at all levels, with such success it can be an example to other local authorities that may be observing the projects with keen interest for possible use in their own areas.
[bookmark: _Toc47952847]6.2 Cost Reduction.
As with all construction, the more materials ordered will reduce the economies of scale, thus assisting in bringing PH in line with standard construction. With the UK still being in its infancy of PassivHaus and a gradual build-up of units in each development, we could be 5 years away from seeing the cost comparison reduce to a near negligible level, which will be largely contributed to by the larger scale projects planned, and increased adoption of the PassivHaus standard.
When maintenance costs are included in the financial costs of PassivHaus the cost comparison tilts in PassivHaus favour, by constructing healthier homes that are not susceptible to damp and condensation, with improved ventilation, and less frequent heating replacement, increased window and door performance, all lower the costs over time.
[bookmark: _Toc47952848]6.3 In Use Costs
The very concept of PassivHaus was created because of the finite fossil fuel resources and limited reserves we have for heating homes. Relying on renewable energy isn’t enough, especially when a home can be made comfortable without any extra heating requirement at all. By using its clever design to prevent overheating, capture winter sunlight, all things that reduce costs where a building regulations standards home requires constant financial input. 	Comment by Lara Hopkinson: You will need to be more specific.  Due to finite fossil fuel resources, and limited reserves.
In the current economic climate heating costs are a huge issue for families, some must choose between heat and food. This is almost inconceivable that when technology exists to prevent fuel poverty that homes are still being built that require such a large portion of a person’s income to heat their home.
[bookmark: _Toc47952849]6.4 Retrofitting
The UK has an exceptionally large percentage of aging buildings in its existing housing stock, not all of these are suitable for retrofitting, some have toxic materials, some it would cost more than the value of the property to retrofit. The importance of retrofitting to maintain the architectural aesthetic of an area, and to reduce the amount of embodied carbon released by demolishing buildings, this could however be remedied by recycling some materials, such as red brick and slate, could be reused to prevent landfill and transport emissions.	Comment by Lara Hopkinson: I think you will need to make this one clearer.  Why does PH become important in retrofitting?  What is it you are trying to convey?  On the BBC today was an article suggesting that we should be using older buildings for longer, to avoid unlocking all the embodied carbon.
With many local authority homes having been purchased under the right to buy scheme, this limits the amount of retrofitting that can be done by authorities. They would be limited to best using new developments to introduce PassivHaus, until government grants become available for homeowners to retrofit, which could be in the near future with the UK Government announcing plans for Green Homes Grant. (Schraer, 2020) 

[bookmark: _Toc47952850]6.5 CO2 Emissions
While residential PassivHaus alone will not decrease the CO2 emissions by a substantial amount, examples of factories, schools, libraries, hospitals, and transport hubs are showing that more and more industries are adopting the PassivHaus standard, and in doing so further reduce the global emissions. 
Globally more work needs to be done to reduce CO2 emissions, and PassivHaus could be the start of a more sustainability minded generation, already we are seeing shifts in eating habits, reduction in travel, higher reliance on public transport, and a desire to learn more about sustainable living. (Ellsmoor, 2019) 

[bookmark: _Toc47952851]7 Conclusion.
Is PassivHaus Standard Financially Sustainable for Social Housing in the UK?
PassivHaus does costs more than current Building Regulations construction;, that is evident however this position is changing almost daily, and yet is being changed almoscosts are decreasing. In Scandinavian countries the cost differenecedifference is minimal, the reasoning for this can be attributed to the fact that it has been adopted so well there, and  and the more we usethat PassivHaus is used globally (not just within the UK), the more materials and components will be fabricated and the quicker the costs will reduce due to supply and demand.	Comment by Lara Hopkinson: Has this already been shown to a degree?  In Germany for e.g.?  If so, please add something like this in.  It will help to refine your argument
If these homes were to be built to Building Regulations it would be cheaper in the initial outlay, however the ongoing maintenance costs of heating systems, window upgrades, and general upkeep, including dealing with damp and condensation, would far outweigh the overall cost of a PassivHaus. With near negligible maintenance costs PassivHaus would allow for more units to be built when looking upon a 25-year forecast for the financial expenditure of a development. 
Increased numbers of social housing PassivHaus developments have shown that it is an affordable construction method and will futureproof our homes. With 1 and 2 bedroom dwellings being the most sought after as people wish to downsize from larger homes to avoid bedroom taxes imposed by the government as an incentive to free up homes, however there was not enough smaller properties for people to move to.
By using PassivHaus to increase the social housing stock councils will reap more benefits than just lower maintenance bills. Reducing housing benefit money paid to private landlords, increased income from rent, sale of houses to long term tenants, reduction in school bus fares as people live closer to schools they attend. All these things contribute to an increase in the limited funds that local authorities have, and PassivHaus increases those benefits further, reducing applications for fuel allowance, court fees for council tax, and rent arears. A reduction in noise complaints due to the increased insulation and better-quality windows, and less hostility as the PassivHaus design lends to giving back the safe community feel, something which has long been missing for many in the UK in recent years, and with Goldsmith Street being such an outstanding success thus far, and other projects within Norwich City Council showing that PassivHaus is being successfully used, and continuing to build as PassivHaus standard shows that there is belief in the standard and that whilst it was considered inconceivable just 10 years ago, they have broken the misconceptions and developed strong, healthy, low energy, community homes. 
As we enter the critical phase of reducing our carbon footprint, building low carbon homes becomes more than just a centrepiece, it becomes a necessity. If we as an industry do not contribute to the reduction of the global carbon footprint now then it will be too late, Covid has given us a short reprieve and we desperately need to capitalise on that small window we have to push through more PassivHaus designs, passionately champion the method to local authorities all over the UK. If we do not, then the financial fallout for all countries not meeting their targets will be high indeed, in the UK this will see a return of further austerity measures implemented when prevention would have been much more beneficial than the impossible task of reversing the effects if we fail to act now.
Yes. PassivHaus is financially sustainable for social housing, and moreover its financial benefits in return for the local authorities prepared to use them. However any authority wishing to use them would need someone passionate about the environment and about PassivHaus itself, because without proper thought, careful design, and considerate logistics, while the developments may succeed the local impression of the new style of building may be left tarnished. 
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Figure




Energy Comparison

Gas	1*2 bed	3*4	5+	392	572	793	Electricity	1*2 bed	3*4	5+	403	590	846	MVHR	1*2 bed	3*4	5+	10.82	22.17	29.33	Bedrooms


Cost Per Year




CO2 Emissions per yr avg	PassivHaus	Building Regs	1.21	1.43	Dwelling Construction


Tonnes




Construction Costs Comparison

PassivHaus	
Timber Frame	Brick Cavity	Block Render	1876	1869	1983	Building Regulations	
Timber Frame	Brick Cavity	Block Render	1528	1260	1680	Materials


Cost £PSM
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