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1. Provisional Title of Project
Is retrofitting homes worth the money and risk?

2. Introduction
Retrofitting homes is key to bringing down the running costs of keeping your home energy efficient and keeping carbon dioxide emissions to a minimum. The UK Government (2021) are looking to reach an EPC rating of C by 2030 in all social housing, this is to target both climate change and the cost of living. According to research by the (National Housing Foundation, 2021), decarbonizing will cost the UK government upwards of £36 billion, this cost will include reaching an EPC C rating, and the implementation of heat pump systems as a replacement for gas, oil and solid fuels. Director of Savills Affordable Housing Team states that “The challenge between now and 2050 will be getting the right balance between appropriate measures, cost benefits and investing in the right stock” (National Housing Foundation, 2021), therefore this project will compare the benefits of renewing the current housing stock and the value for money that the UK will get from carrying it out.
3. Aims and Objectives, Hypotheses to be tested
This project will investigate the hypothesis that “The cost of retrofitting homes outweighs the benefits that you will get after completion.” The aim of this assessment is to show how homes in the UK which have been retrofitted have cheaper running costs and are more sustainable. The hypothesis will be tested by carrying out the following procedures:
· Defining the process needed in order to retrofit the current housing stock
· Gather secondary information regarding the UK’s approach to retrofitting the current housing stock.
· Carry out an examination of the information gathered, deciding whether it is relevant and accurate.
· Examine primary data about costs incurred during the retrofit of a dwelling.
· Compare all information gathered to the hypothesis being tested




[bookmark: _Toc1525758612]Chapter Two – The Process of Retrofitting

The Process of Retrofitting
1. Introduction
This research will focus on the process of retrofitting homes, outlining the requirements that are needed to be reached to become more energy efficient. The research will also focus on the plans set out by the UK Government and Local Authorities to reach the aim of all homes being retrofitted and become an EPC C rating.
2. Fabric First Approach
The fabric first approach consists of not upgrading any equipment in the property but adding to the current build of the house, for example, adding thickness to loft insulation or installing external wall insulation. Adding more material to the dwelling will decrease the U-value of the components, decreased U-values will improve the EPC rating of the property. Ensuring that the building is tight is a key factor in preventing heat loss from the property. Other than the improvements to EPC rating, carrying out an improvement of the dwelling's materials will also improve airtightness of the property, which along with good ventilation will make a safer home, as there is a lower chance of contamination in the property.
[bookmark: _Int_EzGWKthx]The UK Government (n.d.), discusses the lessons learnt from improving the fabric of the building. When installing external wall insulation, it must be made sure that no thermal bridging occurs as this can cause more heat loss from the property and also cause condensation around the external walls. If installed incorrectly it can be costly in the future due to adaptions having to be made such as installing new ventilation systems and stripping walls due to the condensations affects. As an alternative, internal wall insulation can be installed which also may cause thermal bridging if installed incorrectly. Internal wall insulation can also encroach on the internal room sizes are walls are being thickened internal. This can take a toll on the design of a building as adaptions would have to be made to kitchen and bathroom etc. The floors insulation can also be improved to improve the fabric of the properties, depending on the method of installing insulation it may cause problems. Insulation a concrete floor will decrease the floor to ceiling height as we would have to add insulation to the top layer of the floor. Decreasing the floor to ceiling height can cause problems as risers on stairs will have to be decreased. When installing insulation to a suspended timber floor it can be blown into it which could cause an increased risk of rotten timbers and cause the current floor to become unvented. Although all these methods of insulating have negatives if not installed correctly, when installed correctly they can decrease the U-values of the home sufficiently.

3. Improving the Dwellings Heating System
The key to improving the EPC rating of a property is renewing the heating system, currently there roughly 4.4 million homes who are off the gas grid using solid fuels (Bolton and Stewart, 2024). The following heat systems are currently being implemented around the UK to improve energy efficiency;
a. Air Source Heat Pumps
Air Source Heat Pumps use electricity to gather air from outside which is then compressed and converted into a gas which then provides the home with heating. Air source heat pumps thrive in warmer climates as less energy is needed to heat up the air into a gas, though they are not as efficient they do work in colder climates up down to –15C. Air source heat pumps work well alongside solar panels as the electricity being made from the solar panels will be going straight into heating the heat pump.
b. Ground Source Heat Pumps
Ground Source Heat Pumps absorb energy from the ground using ground collectors which are pipes located around 2 metres underground. This process is similar to that of an air source heat pump where fluid in the pipe is then condensed into gas, where it heats up. The grounds temperature has an average of 10-12C all year round, which always makes it efficient (Thermal Earth, n.d.)
c. Hybrid Boilers
Hybrid Boilers are smart systems which decide what source of heating is most cost effective to use at that time. For example, on a cold day where an air source heat pump will use lots of electricity, it will switch to gas as an energy source as it is more efficient. Hybrid systems upfront cost will be more than others due to the installation of both heat pump and gas boiler systems, but the cost savings are more than others.
d. Storage Heaters
Storage heaters use electricity during the night-time to heat themselves up, then during the day will slowly release it, warming up the home. According to (EDF Energy, n.d.), it costs around £2.80 per day to heat a storage heater using the off-peak rates. This rate will decrease during the summer months due to lack of use of storage heaters as it will be warm enough.

4. Removing Gas & Solid Fuels
Homes in the UK can make the switch from fuels heating their home to electricity. 
5. Funding
Funding is available to homes in the UK to help with the supply and installation of renewable energy equipment. The most recent funding programme introduced into the UK is ECO4 which was released in April of 2022. ECO4 covers funding for Insulation, Boiler Upgrades, Greener Heating Systems and Solar PV, (Richardson, 2023). Funding for ECO4 is accessible for homeowners only, but they must fall under requirements set out by the government. Most funding in the UK is aimed at local authorities and social housing associates, as most people occupying their properties may need help paying bills. In Wales, there is currently an Optimised Retrofit Scheme (ORP) which allows landlords to access grants to improve the energy efficiency of their properties by installing smarter heating systems and improving the properties fabric. 
Funding is also now available for training in retrofitting, this will allow younger people gain an understanding of how the retrofit process works and what is needed to be done. Training into retrofit is essential in the progression of improving the energy efficiency of the UK housing stock as more people are needed to find ways of reducing carbon emissions across the UK.
[bookmark: _Toc291510673]Chapter Three – Retrofitting's Effect on Carbon Emissions

1. UK Governments Plan
According to the UK Government (2024) their plan is to reach the goal of hitting net zero carbon emissions by the year 2050. To achieve this goal the UK Government must reduce the number of homes being fuelled by solid fuels and gas. Solid fuels and gas both contribute to carbon emissions as they both release carbon dioxide during combustion. Appendix A, shows a graph produced by the Office for National Statistics (2023), shows the energy usage by houses located in the UK. There has been a decrease in the energy use since 1990, leading us to believe that the introduction of smarter systems, such as solar panels have caused this. The graph shows a decline throughout the time period 2006-2023, which backs up the theory that solar panel installations are working in households as this is when they became popular. 

[bookmark: _Toc167354929]Chapter Four – Summary

Summary 
There is a depth of research that has gone into the retrofit process. The UK’s goal of achieving zero net carbon emissions could be reached from a housing point of view by 2050 by retrofitting the current UK housing stock. However, due to the number of homes in the UK which need retrofitting it may cost the government billions of pounds to fulfil their claim. 


[bookmark: _Toc287762572]Chapter Five –Methodology

1. Research Approach
Secondary research of this topic led to information published by UK Government resources or housing associations. Primary research will allow us to understand the statistics of retrofitting and the populations view on it. Although secondary resources give insight into the overall scheme of retrofitting, this research will allow us to see the details of what goes into retrofitting a property. 
This research will be focused on a street of houses located in Carmarthenshire as it is local and easily accessible. Due to timescales the research route of questionnaires was taken, another reason for this is that occupiers of these dwellings work during the nights and do not have time to participate in an interview. Alongside these questionnaires there will be a piece of quantitative data which examines the cost of retrofitting and changes in EPC ratings when appliances are added to the dwellings. Quantitative data allows us to carry out analysis easier than if we were to rely on just the qualitative data we have gathered.

2. Selection of Sample
The sample being used to test the hypothesis has been selected from an ongoing retrofit housing scheme located in Carmarthenshire. Selecting an ongoing scheme allows us to gather up to date knowledge on retrofitting which helps us knowing the current situation of retrofitting. Questionnaires will be handed out a sample size of 17, as the occupiers of these properties were living in the house before the retrofit and throughout the process which helps in obtaining a data comparison of pre and post of a retrofit. All homes included in this sample have had the following works carried out.
· Installation of Air Source Heat Pump 
· Boiler Upgrades
· Installation of Solar Panels
· External Wall Insulation
· Loft Insulation 
· New Roof Coverings
· Storage Battery and Inverter
· Upgraded double glazed windows
All homes had a past EPC rating varying between E and D and are now currently at an EPC rating of 92A. 

3. Questionnaire
Questionnaires supplied to the sample will include multiple closed-ended questions, close-ended questions will allow an easier data analysis due to answers only being one word or numbers. Responses from closed ended can be compared to each other, unlike if open ended questions were to be chosen where answers could be completely different making a harder data analysis when under review. Questions included in the questionnaire will pinpoint the cost savings that have been made from retrofitting and how comfort levels have changed during the process. The following questions will be asked in the questionnaire:
1. During the retrofit process have you seen changes in energy bills? If yes, how much has been saved on average each month?
2. Have comfort levels of your property increased since works have been carried out?
3. Has there been any problems occurred post the retrofitting process?
4. During the retrofit process were there any problems you faced which affected your normal way of living?
5. Does the monitoring side of retrofit help you manage your finances better?
Question 1 allows us to understand the cost savings due to retrofitting, if there is any, which we can then compare to costs to work out if it is really worth it. Questions 2 gives us an insight into the comfort levels, trying to understand whether retrofitting makes your home healthier, with the benefits such as reduced damp and more ventilation. Question 3 queries whether the retrofitting process works, as problems may occur with the equipment that has been installed in the property or the houses’ fabric itself. Question 4 tries to target the construction process of retrofitting, trying to outline any nuisance that the construction may have caused to the occupiers. Question 5 lets us see if the post retrofitting monitoring systems work, such as apps which connect to solar panels.

4. Primary Research, Questionnaires
To test the hypothesis both qualitative and quantitative data will need to be collected. Both types of data need to be collected so that an in-depth analysis can be made, unlike if only one data type was chosen. The methods of collecting qualitative data will be questionnaires and observations, this is due to the fact that other methods of collecting data can be more time-consuming, such as interviews. Questionnaires will be sent to all tenants of a current retrofit housing project based in Carmarthenshire, the project consists of 17 homes, so this is how many questionnaires are required to be sent. Questions in this questionnaire will either be yes or no questions or which require little amount of writing. This will make analysis of the questionnaires easier because answers can be comparable to each other, compared to if long answers were required where there would be completely different answers in some cases. The focus will be on finding out comfort levels of the people in these homes, finding out if it has changed from the beginning. Draft questionnaires will need to be done to ensure that the questionnaire being handed to the tenants, has relevant questions to test the hypothesis in hand. Each questionnaire will have a collection date, encouraging the person answering it to make sure they get it over on time, this will be around 2 weeks following the handout of the questionnaire. An email reminder will be sent out 1 week before the collection date to ensure that they have not missed the letter.
Once all data is collected, the information will then need to be analysed. Due to the questions being closed, there will be an easier comparison as all answers either be positive or negative. Questions in the questionnaire will ask how the monthly bills have decreased since the home has been retrofitted. This will be compared to the current rates of retrofitting homes which will be retrieved from a current retrofit housing project, which ensures the costs are as up to date as possible. 
Using both a qualitative and qualitative approach there can be a true evaluation of how retrofitting effects the tenants, with qualitative giving their opinion on the comfort levels and quantitative showing the actual financial impacts of retrofitting your home. 

5. Cost Research
Costs relating to retrofitting will be sourced from the same project where questionnaires have been handed out. Using this information allows us to make a direct comparison between the costs of retrofitting and the benefits which may come from it. Costs can be pinned to each person included in the sample which allows the most accurate comparison to take place. For example, Household A’s questionnaire may show a cost saving of £100 per month which can then be compared to the cost to retrofit household A, where we can carry out an exercise which will work out how long it will take for this household's savings to surpass the cost of retrofitting. Carry out this exercise allows us to see if retrofitting is really worth the cost of it. 

Chapter Six – Findings

1. Questionnaire
Questionnaires were posted to 17 properties across Carmarthenshire, in the first 2 weeks of the letter drop, 10 questionnaires were received back, a reminder email was then sent to the occupiers of the homes and 5 more questionnaires were returned. This leaves us with an 88% percent response rate which increases the validity of the survey in hand. The following findings are listed from household A-O. Some questions were asked in person as 
2. Question 1
During the retrofit process have you seen changes in energy bills? If yes, how much has been saved on average each month?
Throughout the responses to this question, we can see that the retrofitting process is working in the UK. From the data in the table, we can see that there is an average saving of £75 per month. This research was carried out in the winter months due to time constraints, therefore there will be less of a cost saving compared to the summer months where the solar panels are gaining most of the energy for the property. We can see that household C’s bills have stayed the same and there has been no cost savings, further responses may give us a reason for this. [image: ]
3. Question 2
Have comfort levels of your property increased since works have been carried out?
[image: ] 



4. Question 3
Has there been any problems occurred post the retrofitting process?
[image: ]
This question outlines the reasoning behind why some houses had less or no cost savings. Household C is said to have had problems with cabling which then caused them to be paying more bills as all of their solar energy was going towards the grid and they were running their air source heat pump using grid rates. Although household C and K had problems with their retrofitting installation 13/15 of the properties had no problems which is successful.
5. Question 4
During the retrofit process were there any problems you faced which affected your normal way of living?
[image: ]
We can see from the responses that there were problems with the construction process. Household G had problems with party wall agreements, this was due to external wall insulation being installed on the property and the neighbour claimed that it would de-value the property as they did not have external wall insulation. Household J responded regarding the noise which is a common problem faced during the construction process as sometimes the sound cannot be dampened.

6. Question 5
Does the monitoring side of retrofit help you manage your finances better?
The question was asked in the person when we had to do the final site measurements of the project. All households who answered this question said yes, as they have all been supplied with monitoring apps which tell them how much electricity they are set to use per month, which in turn helps them understand how much money they need to save each month. 
7. Costings
The following costs outlined the scope of which each tenant had received in this retrofit scheme. Although properties have had similar installations, some costs may differ due to the sized of properties and longer length runs of piping throughout the property.
[image: ]This table shows the cost of retrofitting properties in Carmarthenshire. Costs have been obtained from a project which was completed in October 2023 making it valid as information is not outdated. Costs range from £59,500.00 to £86,877.00, due to some properties already having new roofs or external wall insulation installed. The average cost from this sample was £73,559.00 which we can use as our basis to calculate how long it will take for the properties to make back their money. 

Chapter Seven – Conclusion

1. Introduction 
This conclusion will outline whether the hypothesis is correct or not, analysing both the primary and secondary data which has been collected. Firstly, both sets of primary data will be compared to each other to come to a conclusion on whether retrofitting is worth it. Data has been analysed by hand using excel to represent the data. 
2. Cost of retrofitting vs Savings
Data collected from the sample shows how much the retrofitting process really costs, and how much homes cost to maintain after the process has been completed. 
a. The total of household A’s retrofit came to £80,755.00 and the savings came to £100 per month. This means that it would theoretically take 67 years for the retrofit to pay for itself
b. Household B’s retrofit cost £59,500.00 and savings came to £50 per month, which leads to a 99-year payback time.
c. Household C’s results were void as no savings were made due to errors in the retrofitting process.
d. Household D cost £73,501.16 and made a saving of £60 per month taking 102 years to pay itself back.
e. Household E cost £77,160.43 with a saving of £120 per month, leading to the shortest payback time 53 years
f. Household F cost £63,569.00 and a saving of £75 per month, leading to a payback time of 71 years 
g. Household G cost £75,842.16 to retrofit with a saving of £100 per month making a payback time of 63 years
h. Household H cost £65,124.85 and a saving £100 per month giving a payback time of 54 years.
i. Household I cost £70,214.36 and made a saving of £75 per month, taking 78 years to pay back.
j. Household J cost £81,844.15 and only saved £50 per month giving a 136-year payback time. 
k. Household K cost £70,926.18 saving £100 per month and taking 59 years to payback.
l. Household L cost £81,291.95 and saving £80 per month, taking 85 years to payback
m. Household M cost £81,054.45, saving £70 per month with a payback time of 96 years 
n. Household N costs £68.443.60 to retrofit and saved £100 per month leaving a 57-year payback time 
o. Household O has the worst payback time with 140 years as the savings were only £40 per month 
All of the properties above have an average payback time 78 years, this figure is the maximum time it would for the retrofit system to pay for itself. As this research was gathered during the summer where air source heat pumps and solar panels are not as efficient, the payback time could be years before the data given. We also have to take into account why these properties are being retrofitted, one reason is to bring down the price of occupier's energy bills, but the other is to reduce carbon emissions. This project took 17 properties either using solid fuels or gas and moved them to completely electric and renewable, although the electric may sometimes be drawn from the grid it is better than burning fossil fuels and release carbon dioxide into the atmosphere.

Chapter Eight - Reflection

1. What has this exercise taught you about yourself (personally and professionally) and what will you change going forward?
This exercise has taught me how to carry out research correctly, understanding how to carry out interviews and how data should be collected properly. This project has also shown me the different data analysis methods available whether it be the use of software such as SPSS or simply carrying it out by hand. Personally, it has given me the confidence to communicate with people as I had to visit some properties to ask them to carry out the questionnaire which were provided to them.
2. What was the journey to your goals, including successes and failures; how were issues resolved
My goals were to gather information as soon as possible to ensure that I wasn’t rushing my project at the end, this was not the case as I needed to continually ask the sample to fill out the questionnaire provided. To resolve this, I had to knock doors of people who had not filled out the questionnaire which would hopefully make them fill out the form. Other goals were to improve my knowledge on energy efficiency and the retrofit programme in general as it is a growing industry and many project opportunities are opening up between social housing organizations and councils.
3. Given what you now know, would you do anything differently (if you were to do the project again)?
If I were to do this project again I would spend more time on my data analysis and primary research to try and look more depth into retrofitting and how much U-values effect the buildings SAP score. I would also want to use data analysis software to compare my qualitative which I have not done in this project, I feel like it would make the project easier for me and provide a better analysis.

4. Has what you have done changed your ambition or strengthened it?
After researching this topic, it has made me want to gain further knowledge into the retrofitting process, I have looked into taking retrofit courses which will provide me with more knowledge and maybe a career change into a retrofit adviser.

3. Other References/Sources of information
Information regarding retrofitting will be gathered from various sources including journals, articles, government websites. For the cost comparison, costs from a retrofit project in Carmarthenshire will be used to show a true reflection of how much retrofitting really costs.
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