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Abstract

This research proposal aims to develop a better understanding of the construction methods used to build houses in the UK. Particularly older houses pre-1980’s. The reason for this date being that the methods used didn’t allow for energy saving and insulative properties and little to no consideration was given to building thermal performance. There are methods available to refurbish these older houses, however these technologies and materials can be costly. Various financial stimuli have been attempted by different countries that make up the UK. Some have been successful, others failures. By analysing different approaches taken, a best practice model can be created which would offer the highest likelihood of uptake. This would directly benefit homeowners by reducing energy costs and help the UK work towards carbon reduction targets.
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1. Introduction


As a result of the industrial revolution, and associated production and population growth, the UK boasts some of the oldest housing stock in Europe, and globally. Within the UK, Wales has some of the oldest housing stock while Northern Ireland the youngest.  It is not easy to compare housing stock from each of the four countries. While flats are dominant in heavily urban areas, in Northern Ireland there are much more bungalows, in Scotland houses were traditionally tenements rather than terraces.

[bookmark: _Hlk99460989]In 2017 there were 28.5 million homes in the UK. The great majority of these were in England 84%, Scotland 9%, Wales 5% and Northern Ireland 3%. BRE Trust (2017)


If we further break down the number of homes by age, we can see that in England alone pre 1919 is the largest type of construction. 
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Figure 1 Statista (2022)


This is important as houses built pre 1919 are considered to be “traditional” build. While cavity walls began appearing in the late 19th century and though it is impossible to have one exact date where traditional build ended across all regions, 1919 is widely accepted in the UK as when solid wall construction started changing to cavity wall. In the 1920’s cavity wall became the standard form of construction. UWE (2009)

Using walls as an example is an easy way to demonstrate how thermal efficiency of houses has improved through legislative requirements over time and how construction methods have changed to meet these requirements.


Traditional Construction

Solid wall traditional construction allowed for no insulative materials other than the stones and rubble which have very poor insulative value. Pre 1919 construction typically used no insulation in roofs, lofts, ground floors or first floors, windows were single glazed, not very well sealed and allowed air movement. Damp proof coursing (DPC) was in its infancy and rarely used, buildings were constructed using breathable materials allowing damp walls to dry out. 

Walls used lime mortar and stone, ashlar, brick, or a combination of either. In affluent cities and large towns solid brick walls were more common, while in rural areas stone was predominant. Sometimes the brick walls would have DPC to prevent rising damp.
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Figure 2 UWE (2009)

This resulted in building with poor thermal performance and open fires were used to heat rooms. 

Houses constructed from 1919 – 1980 make up a very large section and houses aged pre 1919 to 1980 make up the vast majority. National Statistics (2016)

Looking at more detailed data for England and Wales we can see that 38% of houses existing today were built prior to the second World War and 60% built before 1960 and just over 10% between 1991 and 2010. BPIE (2011)
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Figure 3 Historic Doors (2017)

[bookmark: _Hlk99458297]One reason for many houses being built post 1919 in the UK is the end of the First World War, when the government realised the need for a healthy population. It was concluded that to have a healthy workforce the Government needed to help people to have clean living space. Housing stock in England and Wales in 1911 was 7.6million, in 1921 8million, in 1931 9.4million and in 1939 11.3million. Rubenstein (2003).
 

Introduction of Cavities

Once cavity walls became commonplace houses were slightly better insulated and weatherproofed. The cavity reduced penetrating damp and heat transference. However, a cavity with no insulation meant it was only a minor thermal improvement. There are some non-standard prefabricated methods of construction which were used particularly following the second World War where fast construction was required to increase housing stock rapidly. Many of these houses remain today and were often concrete built with little or no insulation in the walls. They aren’t as popular among buyers as traditional or modern built houses as there is a stigma attached that some mortgage companies are wary of lending against non-standard constructed houses.

The early cavity walls consisted of an inner and outer leaf of bricks with a 50mm cavity with no insulation and were tied together for strength by use of wall ties.
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Figure 4 UWE (2009)

Post 1920 there is little change to the method other than the replacement of lime mortar with cement. Towards the 50’s and 60’s breeze blocks were sometimes used for the inner leaf to increase speed of construction. UWE, (2009)

It wasn’t until the 70’s that thermal improvement appeared. In 1972 a maximum U-Value of 1.70 was introduced for walls, which was easily achieved with a brick outer leaf, 50mm cavity and dense block inner leaf. The U-Value was lowered to 1 in 1980 which required the inner block to be lightweight (more air in the block meaning better thermal performance).
This figure further dropped in the 90’s to a U-Value of 0.45. To achieve this insulative material would need to be incorporated into the wall to meet the U-Value. By 2006 the U-Value was 0.3 which is 5-6 times more than a 1920’s equivalent cavity wall. Kingspan (2016)

[image: Cavity Walls, External Veneer and Internal Wall Linings]
Figure 5 Ancon (2019)





1.1 Research Problem

For many years there has been growing realisation that the improvement of the thermal performance of houses plays a significant role in lowering heating bills, reduce carbon footprint eliminating reliance on fossil fuels and meeting net zero carbon targets. Put simply, the more insulated a house is, the less heat it loses through roof, windows, walls and floors and the less energy required to heat it. UK Parliament (2020)
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Figure 6 UK Parliament (2020)


1.2 Context

While the performance of new build homes has drastically improved over recent years, improving the performance of housing stock by replacement of the old with new build is slow and unrealistic. There are economic, social and sustainability benefits of improving existing housing stock without the perceived negative financial costs. BRE Trust (2017)

Many Governments across the globe have tried different incentives and schemes to stimulate the adoption of renewable energy sources and insulation in existing housing stock. 

The UK has a net zero carbon target by 2050. To achieve this, it must cut carbon emissions by 80%. It is claimed a third of those emissions come from heating poorly insulated homes Harrabin (2017). In Wales it is claimed that residential emissions make up 10% of the countries carbon emissions Welsh Government (2021). To achieve this the Government would require a robust scheme for insulating existing poorly insulated homes. It is claimed that the UK will have to insulate 25 million homes and refurbish more than one home every minute. The claim is made by the Green Building Council UKGBC (2021) who, responding to a report published by the Committee on Climate Change, also state the Government has failed to stimulate insulative improvements and that a big issue with insulating owner-occupier homes is that The Treasury is reluctant to finance home improvements which will improve the sale value of private houses. Committee on Climate Change (2019)


The following are some strategies tried in different nations of the UK.





Wales

In the summer of 2021, the Welsh Government announced a ban of fossil fuels for heating new built social housing and has motioned for the private sector to be following the example by 2025. On the 2nd of November Lee Waters the deputy minister for Climate Change announced £150 million would be available to retrofit social homes with sustainable technologies and insulation as part of its Optimised Retrofit Programme. Welsh Government 2 (2021)
While this is an example of Government subsidising the cost of improving building thermal performance and sustainability. It is important to note that it is for social housing and not available to private housing.

Another Welsh Government approach is the Nest Scheme, an initiative to provide free sustainability advice for all homes in Wales and resources for some private homes. The resources are subject to meeting 3 eligibility criteria: Nest Wales (2020)

· You must own or rent the property privately (not social housing)
· The property must be expensive to heat and thermally inefficient
· The owner or someone living at the property has an annual income below £16,105 or receive a means tested benefit or a mental health condition or a chronic respiratory or circulatory condition.

The free resources available are new central heating systems, boilers and insulation to enable households on low income to reduce heating costs and save money on energy bills. The Nest Scheme supports the Welsh Governments commitments to improve economic development, eliminate fuel poverty and minimise climate change. Energy Saving Trust (2022)


Scotland

In 2015 Scotland launched the Warmer Homes Scotland Scheme, which has since seen 22,000 homes receive support and 8 out of 10 of those homes receiving free energy saving measures worth over £5,000 each. This led to an average saving of £300 per household per year. Like the Welsh Nest Scheme, it is provided for private homeowners and renters, not social housing users. The most common improvements are new central heating systems, boilers, loft and insulation.

Home improvements are carried out by an approved installer after an initial survey is carried out to identify the best energy saving solutions for a property. This is funded by the Scottish Government and there are usually no costs to the homeowner or resident. Scottish Government (2021)

For more expensive improvements such as solid wall insulation there may be a contribution to costs from the customer. The Energy Saving Trust provides an interest free loan to support these costs.

Similar to the Nest Scheme, it is aimed at more vulnerable and lower income households with eligibility criteria included stipulating conditions which must be met.


England

In England funding for improvements came in the form of the Green Homes Grant Scheme, part of the Governments “build back greener” initiative as a green economic recovery plan from the Covid-19 pandemic and part of a green industrial revolution Harvey (2021).

The GHGS allowed homeowners the opportunity to apply for vouchers for between £5,000-£10,000 (depending on household income) for home energy improvements. The vouchers would pay certified operatives to install energy saving measures including heat pumps, insulation, heating controls and insulative windows and doors.   

However, this scheme no longer exists, after being unveiled in September 2020 it was widely criticised and cancelled after a short-lived period in March 2021. During its implementation 47,500 homes were upgraded opposed to the planned 600,000 which used £314 million of the £1.5 billion budget, with an expected additional 50 million in administration costs. It also created a much smaller amount of the new jobs than were predicted, House of Commons (2021). 

The House of Commons Committee of Public Accounts Report criticises the Governments poor record of energy efficiency initiatives and warns that it jeopardises future attempts to achieve the net zero target. Blame is also attributed to the 12 week timescale of the scheme which it called “unrealistic and imposed constraints on its design and implementation” The scheme again heavily criticised for being implemented despite it’s Project and Investment Committee dismissing its practicability. House of Commons (2021).

Northern Ireland

The Affordable Warmth Scheme aims to help low-income families improve the thermal efficiency of their homes and thus reducing energy inefficiency and fuel poverty. The scheme is aimed at owner-occupiers and private renters but not those living in social housing, whose annual income does not exceed £23,000. There are no other eligibility criteria other than the annual income. Some properties are excluded such as commercial properties, bed and breakfasts and holiday homes. NIHE (2020)

Once and enquiry has been made, the local authority will send an employee to visit the customer and offer free energy saving advice and provide information on available energy saving measures. They will also help the customer complete an application and check eligibility. Next a Technical Officer will visit to assess the most suitable energy saving measures for the house. The assessment will include cavity borescope investigation (if cavity walls) and inspection of lofts, boilers, ground floor and first floor rooms. 
After the assessment an Approval Pack will be issued which will contain all information about the work which will be covered, grants of up to £7,500 are available or if more expensive solid wall insulation is required, £10,000 grants may be available. There is no requirement for the customer to pay towards work agreed upon in the scheme. If solid wall insulation is required, the installer carrying out the work must provide a minimum 25 year guarantee.
It is then the responsibility of the customer to get quotes from builders to carry out the work (suggested a minimum of 3). This information must be provided to the Local Authority before any work begins and if the quotes are higher than estimated in the Approval Pack, additional grant may be issued to cover the work. NIHE (2020)

UK wide

The Green Deal went live in January 2013, but it was not a big success. By the end of June 2015, only 10,000 households had installed-energy saving measures using Green Deal finance, with a further 5,600 plans in progress.
The low take-up rate of the scheme, plus some concerns about standards, prompted the government to pull the plug on Green Deal funding in July 2015. 
Energy Company Obligations or ECO, is a UK scheme which can help certain households access funding to make energy-efficient home improvements. It began in 2013, with the latest version of the scheme (ECO3) set to run until March 2022. By the time this version ends, the government hopes that energy-efficiency measures will have been installed in up to 900,000 eligible homes. Dodd (2013)






1.3 Aim

Establish a best practice model of financial incentives to encourage the adoption of insulative materials for older private houses across the UK.

1.4 Objectives

· Identify the predominant construction methods used in older houses in UK and the levels of insulative properties associated with those types of houses.

· Identify methods used to improve thermal performance which are appropriate for the construction of older houses and the financial costs of implementing them.

· Analyse historic and current incentives / schemes used by Governments in the UK to encourage implementation of insulative measures. Assess the success or failure of these incentives.

· Establish best methods for incentivising uptake of thermal improvements for houses to create a blueprint of best practice for maximum results.




2 Literature Review


2.1 Introduction

In this chapter the most current and relevant published literature will be reviewed to identify themes, trends and patterns over time. This will be done to establish the link between financial stimulation through grants and subsidies and the uptake of installing energy saving measures by the general public. 

2.2 Housing Stock in the UK

Initial research was carried out into the types of construction and age of the housing stock in the UK, the English housing survey 2014 to 2015: housing stock report and the English housing survey 2020 to 2021: Headline Report. The former gave more detailed information on the profile of English housing stock while the latter gave detailed information on SAP values of houses. Both however provided detailed information only post 1996. The University of West England Bristol provided detailed information on methods of construction pre and post 1919 in the UK.
A report by the BRE Trust entitled The Housing Stock of The United Kingdom provided invaluable data on the combined findings of housing condition surveys from England, Scotland, Wales and Northern Ireland. 
Surveys aren’t standardised through the four nations of the UK, with different criteria, survey equipment and timescales. But there is enough key information to provide comparable data for the four countries, and in 2017 for the first time in nearly a decade all surveys were conducted at the same time.


2.3 Carbon Targets

‘Home insulation and the net zero target’ published by the House of Lords Library in June 2020 discusses carbon budgets, the reason for reducing energy use in homes and gives detailed data on the breakdown of energy use in homes, types of insulation used in different types of wall construction as percentages of total houses and how this has progressed over time through government schemes between 2008-2017. Socioeconomic factors which hinder the uptake of energy efficient measures are discussed, as well as government approaches to negate.

The Committee for Climate Change publication ‘UK housing: Fit for the future?’ criticises the governments “chopping and changing” of policy around energy conservation which has led to a skills shortage in knowledgeable and skilled professional installers and designers which could have been addressed in the Construction Sector Deal. It also identifies the government and HM Treasury as the key in upgrading existing housing stock to low carbon, energy efficient and climate change resilient. The document takes a strategic approach to decarbonising the heating needs of existing houses in the UK.


[bookmark: _Hlk99369959]2.4 Debates, conflicts, and contradictions: where do sources disagree?

While there is abundance of clear, concise information from three of the four nations, NI, Wales and Scotland, when looking at England and the UK as a whole, the information becomes murkier. At first glance, old schemes still appear to be running, further research is required to find that they have been discontinued. There is widespread criticism of the UK government by regulatory bodies and energy saving organisations. A common claim is that the information is available on how to improve thermal performance of older houses, but central government is struggling to deliver an effective clear approach across the whole of the UK. An argument for devolution of power to subnational governments and publicly owned energy saving companies following successful European examples is made by the UK Energy Research Centre, Stabler (2020)


[bookmark: _Hlk99370134]2.5 Gaps: what is missing from the literature?

‘Home insulation and the net zero target’ discusses government schemes for improving energy effieicency such as The Green Deal, which began in 2013, however there is no mention of it ending, which it did due to lack of uptake and amongst much criticism in 2015. The literature was produced in 2020 so it seems quite an oversight. The government websites don’t clearly state this either and though in theory it is still possible to apply for Green Deal Finance, there are very few firms who will offer loans now that the government support has ended, Punjwani (2018). The government at the time confusingly declared that the scheme had ended due to overwhelming demand, UK Government (2014)


3 Methodology
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3.1 Timeline

Table timeline showing a breakdown of activities by month.
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3.2 Data Gathering

It is important to establish the similar methods of construction within the UK for evaluation. By selecting countries with different climates e.g. Scandinavian countries there is a much higher chance of different methods of construction. In a country with much harsher winters, there will have been much more emphasis during construction on thermal efficiency, even in older buildings. This would result in a housing stock which is much more thermally efficient than areas such as the UK. As a result of this there may be fewer or much less robust strategies in those countries for improving thermal performance of older houses.

The majority of the data will be secondary data and come from the governments of England, Northern Ireland, Wales and Scotland. Sustainability and carbon emissions reduction is a very popular subject and massively in the public and global eye. Predictions can be made which are biased and data can be misinterpreted. Careful, diligent research will need to be carried out to interpret the data unbiasedly without political agendas. For example, many newspapers and other media sources have political biases, so tracking information back to its origin will be critical. 

Primary data will be gathered from 4 interviews each with a political figure from each respective nation within the UK. These interviews will establish current practice, predicted targets and ideas on a UK wide system which could be implemented.

[bookmark: _Hlk96503735]For a well-rounded evaluation there needs to be investigation into current and historical strategies used and the socioeconomic impact. For any historical strategies that are no longer used, it will be important to determine why they were discontinued or changed.

3.3 Ethical considerations

Interviews to be conducted will remain confidential. Four political figures will be interviewed to gather primary data on incentives being used in Wales and the associated uptake amongst owners of private housing.

4.0 Results

The results should clearly indicate the financial cost of improving the thermal performance of a house and the predicted savings. This figure could be extrapolated to estimate a total UK figure for houses requiring refurbishment

Also included in the results will be methods of construction for older houses in the countries selected, and the methods available to improve thermal performance.

There will need to be a clearly defined improvement in the performance of the houses, this could include before and after U-Value, SAP values, energy savings in financial terms or reduction in energy used to heat the building.

5.0 Evaluation

For the UK to reach its net zero carbon target by 2050 there need to be major changes to many aspects of our lives. Some look to electric cars as the solution to carbon emissions of motor vehicles. Others believe renewables energy sources such as wind, solar and tidal power are the solution, while some believe nuclear is the most realistic option. However most agree that there is no one solution. One of the least controversial and achievable is to improve the performance of our homes, thus requiring less energy to heat, lowering energy usage, reducing carbon footprint and helping to reduce the speed of climate change.

Insulating homes to create better performance is possible. The real question is how can this be encouraged en-masse across a whole country with a large stock of older, thermally inefficient homes. This research will establish whether government strategies in the UK and other countries have stimulated the adoption of home improvement measures. Which strategies have been most successful and why? And how can they be implemented in the UK?

5.1 Potential outcome and applications

By implementing an efficient strategy across the whole UK, benefits would range from:
· financial savings to individual property owners
· carbon emissions reduction
· minimising contribution to climate change through carbon reduction
· reducing reliance on fossil fuels
· minimising pressure on renewable energy sources allowing time for development of more methods.
· Financial savings for homeowners could have an indirect benefit on the wider economy from the increase in disposable income.
· Uptake of more energy saving refurbishments would result in more skilled construction jobs and apprenticeships. 
· System could be a blueprint for other countries outside of the UK to adopt, thus increasing the positive effects on a global scale.


5.2 Limitations of study

The bulk of information collected will be secondary government data. It will be difficult to collect primary data on a national scale.


6. Conclusion

From the research carried out so far and the literature review it is possible to deduct that there is no consistent approach used across the UK, there are varying positives and negatives from each country. It is evident is that what is being done is nowhere near enough and there is a massive need for a substantial solution if there is any chance of the UK reducing carbon emissions and meeting any global sustainability targets whether long or short term. A central Government funded initiative to encourage refurbishment of older private houses in the UK is essential to meet these targets.
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7. Appendix

7.1 Interview Questions


On the subject of improving thermal performance of older privately owned houses in the UK to reduce energy usage and minimise carbon emissions from the housing sector: 

1. Is it the responsibility of UK Government or National Government to stimulate the adoption of energy saving measures in privately owned homes?

2. Do you believe that current National measures are stimulating the adoption of energy saving refurbishments of old private homes?

3. Given the choice of non-repayable grants vs interest free loans, which do you think is more likely to encourage a private homeowner to improve the energy efficiency of their house?

4. Do you think that removing VAT on energy saving refurbishment work/materials is a feasible option?

5. Should Government play a role in vetting/overseeing refurbishment work and stipulating pre-approved builders?

6. What barriers do you see to the public uptake of energy efficient refurbishments?

7. Are you aware of any noteworthy strategies in place in other countries (whether UK or otherwise) which could be adopted domestically?
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Rates of energy efficiency measures being installed have fallen in recent years. Figure 1

shows the number of insulation measures installed in homes under government
schemes between 2008 and 2017.

Figure 1: Annual installation rates of loft insulation, cavity wall insulation and solid
wall insulation under government schemes, 2008-2017
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