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Energy efficiency in student accommodation: A comparison between student housing in Swansea
Sangwani Mwenya, BSc (Hons) Building Surveying, 2020  

The residential sector is responsible for 40% of CO2 emission released into the atmosphere contributing to the global warming crisis. The increase in emissions has been unrecognised the UK Government have implemented strategies and set goals in reducing CO2 emissions 80% by 2050. Therefore, recognising inefficient buildings with higher energy consumption is key in order to reach the intended goal. Some of the buildings that are overlooked are student accommodation facilities as they contribute on the impact caused to the environment. The aim of this research study is to understand and analyse energy consumption within various student Housing accommodation in regard to gas usage and the impact on rental cost. The majority of the housing stock in the UK have been adapted over the past decades and deteriorated over time and potentially under perform. This paper aims to evaluate the use of gas in two student households to measure their differences in performance and meet the objectives set out. Relevant literature relating to this topic was examined to understand studies that have been undertaken by other researchers. 

The methodology includes investigating two properties and conducting a visual inspection of the properties in order to determine potential variables impacting the buildings performance. Gas meter readings, annual expenditures were collected and a condition survey on both properties was conducted. Quantitative and qualitative methods were utilised to analyse the data in order to obtain sufficient results. The results obtained would illustrate key differences in the properties gas consumption, overall house condition and identifying key factors that influence energy efficiency in the selected buildings. The success of this research paper is dependent on achieving the aim and objectives set out. 
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1. [bookmark: _Toc39223721]Background

Student accommodation is a concerning point every year for the majority of students who opt to study away from home. The percentage of students attending higher education has risen in the last 5 to 10 years according to the Department of Education (Department of Educations, 2019). The rise in applicants will mean higher demand for student accommodation around the country. The rise in applicant will also mean that CO2 emission levels will rise making it difficult to meet the intended targets set out by the government in reducing emissions. The climate is changing rapidly and will worsen due to high energy demands and high energy consumption produced by the housing industry. Around 40% of emissions released are from the residential sector alone. The residential sector accounts for a large part of the housing industry which is in demand as universities right across the UK are expanding at an exponential rate. The increase in higher education attendees means strategies need to be implemented in minimize the emission growth in order to contribute to the government’s main goal of reducing the level of emissions by 2050 (House of Commons, 2019).    

The majority of students in their second or third year tend to rent properties in the local area rather than campus accommodation. Students decided to rent in local areas for various reasons such as lower rent, lower bill etc. This study will be focusing on a particular area in Swansea where students are highly likely to rent properties. The approximate rental prices in the local areas of Swansea ranges from £50 to £100 per week (Accommodation for student, 2020). The price of accommodation will depend on the number of rooms and the number of individuals living in the property. One of the many reasons student opt to live off campus is to minimize the money spent on bills by sharing accommodation in order to save money. Times can be hard for university students as loans sometimes don’t make ends meet, which leaves students with no choice but having to work ensuring bills are paid. There’s a lack of information on student’s expenditures whilst studying and living in their rental properties. This also raises important issues that students face in their everyday lives such as rental costs, energy bills and other fees students may encounter. 

The majority of the housing stock in Swansea were built between 1837 and 1910 (Kershaw, A., 2011), technically labeling them less efficient at this time than most recent developments. Swansea is a city in Wales which is growing rapidly and is attracting students for its university rank amongst others. The residential properties in the area of Swansea have been adapted over the past decades and have deteriorated over time due to change in weather and the environment evolving. The building stock in the Swansea area being over a hundred years old, have suffered extensive damage and have certainly decreased their Energy Performance Certificate ratings throughout the years passed. Residential student houses are highly likely to be less efficient as maintenance is likely to occur when noticeable defects appear. This sector has lacked development and progression in contributing to the UK’s goal in reducing CO2 emissions by 2050, which also applies to student accommodation as it’s part of the UK’s building stock (House of Commons, 2019). There’s a need to understand how these buildings perform in order to contribute to the 2050 goal. 

The residential sector accounts for a large percentage of the construction industry (Designing Buildings Wiki, 2020). Privately rented student accommodation consisting of the older stock of buildings, lacking in certain aspects in delivering efficiency. It is important for students to acquire efficient properties in order to benefit from living off campus and having to share bills. The aim of this study is to understand the energy efficiency of these properties whilst students reside in them and determine what influences energy usage within the selected properties. There’s a need to understand how efficient these properties are and specifically analyse their energy consumptions. In this search, two properties will be analyzed to gather the relevant information required. The rental and energy bills could vary in each property depending on the number of students sharing. Different energy providers could also contribute to increased or decreased bills as tariffs vary with every provider.

The reviewing of the relevant literature will provide an understanding of the different types of student accommodation properties that other researchers have undertaken their studies on in the past and also gather an idea on the gaps in the literature that need to be researched further. This research study aims to understand the gas usage in student housing properties located in residential areas. This research will also investigate the overall expenditure on gas and the impact on rental cost. Different variables affect the energy usage in student houses will be investigated to understand what influences the change in energy consumption. 

This research topic is a rationale study that needs further investigation in order to educate students on ways to improve energy efficiency in their properties and inform students about the importance of global warming and the effect of producing high emissions. There’s a limitation on the literature surrounding this research question and more research needs to be undertaken. This study is a contribution to previous research papers conducted on similar topics and paves way for further studies to be undertaken and developed.


1

1.1. [bookmark: _Toc39223722]Aim:

· Investigating energy consumption in student housing accommodation and the impact on rental cost.  
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1.2. [bookmark: _Toc39223723]Objectives:

· Evaluate the key factors that influence and affect the change in energy consumption in different properties

· Analyse energy data collected from two student houses and the household’s usage throughout the whole year.

· To assess what influence energy efficiency can have in rental cost



2. [bookmark: _Toc39223724]Relevant Literature

In this chapter, the literature relevant to this topic ‘Investigating energy consumption in student housing accommodation and the impact on rental cost’ will be closely reviewed. There’s a vast amount of research from articles identifying some of the key issues that relate to the research topic, but not enough in terms of energy efficiency in student’s housing. This chapter will review the critical literature relevant to satisfy the aim and objectives of this dissertation. 

The literature reviewed will be directly related to the subject area and will pave way for the forthcoming research. 

2.1. [bookmark: _Toc39223725]Energy Performance in Student Accommodation

The Welsh Government conducted a house condition survey in 2008 to determine the performance of different properties in Wales. A more recent and up to date survey was conducted in 2017-2018 over a 9-month period (Gov.wales., 2018). The aim of this survey was to visualise the condition of the properties in Wales and how they had deteriorated over time. A range of property types were investigated right across Wales analysing their condition and their energy performance. The building types investigated were flats, bungalows, detached, semi-detached and terraced houses. Wales has the oldest housing stock in the UK and potentially resulting in poorly maintained properties with poor comfort levels (Gov.wales., 2018). All domestic properties play a huge role in contributing to the global warming crisis.  

The UK governments conducted a survey in regard to the energy rating of properties in the country. The survey was categorised to score and evaluate the performance of all properties around the country. The category assigned was in alphabetical order and separated efficient properties to the least efficient. This category was adopted from the Energy Performance Certificate were different bands are allocated to properties on their efficiency. The bands are initially between A to G classifying each letter with a grade, which represents an energy rating for a particular property after assessment. The classification A is the most efficient and classification G being the least efficient. This classification is used right across the UK, to determine Energy Performances in buildings (Maunder, S., 2019). This classification gives a general understanding on the performance of any given building. In order to understand the performance of these buildings, it’s important to also understand the occupier’s perception of their living environment. 

Thomas Daniel Collins (2010) conducted a substantial study on the behaviour, comfort, and energy consumption in residence halls in the US following a similar study that was undertaken years prior (Collins, T., 2010). The aim of this study was to investigate how the behaviour of students influences the change in energy consumption in halls and also investigated the thermal comfort levels of halls at the University of Oregon. A comparison between two separate halls at the university was undertaken, conducting surveys to obtain the data required. Various participants took part in the survey providing the researcher with a vast amount of relevant data. After analysing the data, the researcher concluded in their findings that most students in halls have control over their comfort levels and energy consumption. Student were aware of the fact that energy saving is an important factor whilst living in their environment. 

As part of the research and part of the survey conducted, Thomas Daniel Collins (2010) also investigated the difference in energy consumption between an old and new residence hall building (Collins, T., 2010). The findings proved difficulty in obtaining energy data required between the older and new building in order to determine the difference. The findings also highlighted that the university did not use or keep records of the submetering from of their university facilities. A questionnaire approach was implemented for this research study to gather utility data and capture the occupant’s perception on the buildings thermal comfort and views on the building’s energy performance. The questionnaire consisted of 29 questions in order to obtain the information needed. With such a vast number of questions in one survey, the time and concentration flaw’s the respondent’s response as the quality of the data decreases. 

Brent Chudoba from survey monkey conducted a research study on ‘How much time are respondents willing to spend on surveys?’ this study proves that a survey containing a large number of questions is less likely to retain accurate data (Chudoba, B., 2020). Further research would need to be conducted with a similar approach to have a better understanding of the energy consumption between an old and new building by formulating a more precise survey. Also, the conclusion could be viewed as inconclusive as the data gathered was inaccurate and incomplete. The university facilities lacked maintenance and the true comparison for the two university buildings could not be completed, therefore further research is needed to be undertaken in a similar fashion given all the data is accounted for. 

A research paper on the “in-use energy performance evaluation of student accommodation in the UK” was released in November 2012 (Vadodaria, K., 2012). Keyur (2012) conducted this study to investigate the energy performance of the newly built university accommodation for students at the university of Richard Feilden House. The aim of the study was to assess the entire building and its energy performance in order to gather relevant data to determine whether the design and intended use would meet the predicted outcome. The assessment of the building was conducted over a two-year period, collecting all the relevant energy data. The data was collected through fuel bills and included electricity and gas bills (Vadodaria, K., 2012). Electric heating control measures were installed into the building with individual thermostat controls. The electric heating was a substitute for central gas heating in order to determine the benefit of spacing heating by using electric heating. The findings proved that using space heating as an alternative worked as intended by the facility management team according to the energy consumption results over the two-year period. 

To achieve the results obtained and meet the intended energy performance of the Richard Feilden House (RFH) other measures had to be incorporated into the building. High levels of insulation had to be installed into the building in order to retain high levels of thermal mass. The outcome of the results was reliant on the measures put in place to achieve the end result. The research conducted in this paper also covers low carbon emissions and its background and offers suggestions on how to improve emissions in student accommodation in the UK. However, this research study could have been improved by comparing Richard Feilden House  to an ordinary university building to see the full extent of the benefit of the measures put in place. Recommendations can be made on the type of measures which are most likely to be beneficial. Keyur Vadodaria (2012) concluded that no other studies in the topic had been conducted as further research would need to be undertaken in order to allow comparison data and achieve a high benchmark in energy efficiency.

In 2015, Muhammad Azzam-Ismail, Ati Rosemary-Mohd Ariffin and S.N.N-Syed Yahya (2015) investigated a similar research study on the sustainability of the aging properties to determine their efficiency in comparison with the user’s comfort at the University of Malaya in Kuala Lumpur, Malaysia (Yahya, S., Ariffin, A. And Azzam-Ismail, M., 2015). Buildings still perform from the user’s point of view and to be especially sensitive towards their user’s comfort (Berardi, 2013; Zigenfus, 2008). Comfort is a huge factor for any living environment as it links in with how the building performs, which affects how the energy in a household is consumed. It’s important to understand how buildings perform as the climate changes due to high levels of emissions. User comfort is no longer overlooked as this is an important aspect of any habitable living environment. The living environment of students in this instance tends to be neglected were the comfort levels gradually deteriorate over time. It’s vital to understand the relationship between energy and the occupier in a building and how it affects the user. 

Muhammad Azzam-Ismail, Ati Rosemary-Mohd Ariffin and S.N.N-Syed Yahya’s (2015) aim was to investigate the relationship and perception between energy performance in a building and how it affects the user’s comfort whilst occupying the building. A survey approach investigation was conducted were the researchers survey design was to gather the key information that was important, which was the user’s perception on the condition, comfort levels, maintenance and the energy consumption of the property. The survey was conducted on three separate buildings. 

Data was collected from two sources and after the analysis, the researchers found that the property with the higher energy index also achieved a higher perception of comfort by the users. The results obtained varied in each property, but all held significant findings in understanding the aim of the research. The findings proved that one building out the three was highly efficient. The highly efficient building consumed less energy whilst returning the comfort levels for the users. Muhammad Azzam-Ismail, Ati Rosemary-Mohd Ariffin and S.N.N-Syed Yahya’s (2015) results should be taken with caution as the research topic would need further researching to understanding their construction in order to further understand the lack in energy consumption in the inefficient properties.

There’s a significant difference in property type between halls and residential accommodation as the construction is at different levels though the purpose is the same. There’s a vast amount of research on halls regarding this research topic and little research in terms of students residing in residential properties. There’s scope to further the research and investigate the comparison of energy usage in one shared apartment in comparison to one household. The comparison would add further knowledge and understanding to contribute to similar topics that have been researched in the past and also pave way for further research to be conducted. More research could have been conducted on the facilities maintenance identifying the buildings defected elements in order to determine how they affect the energy consumption.

2.2. [bookmark: _Toc39223726]Living Costs 

Energy efficiency in the residential sector needs to improve and meet the expected goal set out by the government in reducing CO2 emissions. The building industry account for around 40% of CO2 emissions released into the atmosphere causing global warming levels to rise. Improving the energy efficiency in residential building stock is crucial as the housing sectors high demand for energy causes an impact on global warming. Students living in residential housing contribute to CO2 emissions emitted and it’s vital for students to be aware of the factors influencing their energy consumption. There different variables that could affect energy consumption such as:

· Property size
· Number of individuals in a household 
· User’s behavior and performance
· Lack of maintenance 

There are various other factors that could influence the change in energy consumption in one given property. Living cost in Swansea will vary depending on the location of the properties. There’s a difference in rental costs around the UK, and Wales is one of the cheaper places to rent. 

Paul Ellett (2018) conducted an annual survey to find out the type of accommodation students opted for in the UK. The results show a large percentage of students living in university halls at 41%, privately rented at 23% and the rest were split between living at home and other means of accommodation. 23% is a significant number of students that opt to live off campus every year even though university halls offer a fixed price which includes all the essentials like water, electricity and gas bills. The survey findings make the research topic interesting when the energy usage prices are included in comparison between the two types of accommodation. Living in halls has an advantage when it comes to paying bills. All bills are included with the rent, which means throughout the month, all accommodation expenses are paid for. Also, students would not have to go through the stress of sourcing for an energy supplier. On the other hand, living in private rented accommodation does not cover costs such as electricity and heating bills as these would have to be paid separately. Paul Ellet also stated that the average monthly price when living in halls is roughly around £214 weekly per person whereas housing is roughly around £533-£770 monthly per household (Ellett, P., 2018). After conducting research on the rental prices in Swansea, it is evident that living on campus is more expensive as accommodation off campus can vary depending on location though it would potentially be cheaper than living on campus. Sometimes students do not have a choice but to leave campus due to the space requirements for new students, though this is becoming less as universities keep expanding.  

Although the majority of the properties researched have been on university campuses consisting of a few floors to accommodate a certain number of students. The research conducted on campuses was based on the overall energy consumption within the accommodation on a monthly/yearly basis (Ellett, P.,2018). This research is an estimate of student’s overall expenditure broken down into different aspects of university life, but not specifically focusing on the efficiency of the properties. In Paul Ellett’s (2018) study, a survey was conducted to establish what percentage of students live in different property types whilst in university. As part of the survey, students were also asked to share their experiences whilst studying and living in these properties. The results illustrated pros and cons of living in these properties, but lacked information on the cost of living in terms of energy bills, energy consumption etc. The survey illustrated the most popular option in terms of spending less on accommodation, but the energy expenses can vary in different properties. This study can cover a vast range of topics within student accommodation, but will focus on the energy consumptions, energy usage, energy efficiency and the condition of the selected properties.

There’s a need to improve student accommodation both on campus and off campus and with efficient building materials, making positive changes, rental prices can be reduced by improving the energy efficiency of the buildings. Living in halls and having a fixed price on electricity and heating at any given time would increase the amount of emissions emitted from the building as the energy usage varies depending on the demand. Living in private rented housing gives the user a conscious understanding on the energy being used in the property in order to obtain lower monthly bills. Gathering more reliable results from an estate agent would be beneficial to see the exact costs in order to compare the energy consumptions produced from the two types of accommodation.

Dr Lee Davies (2016) also conducted a survey on wider scale gathering data from five different universities in the UK comparing data on how energy efficient students are in different universities. He also found that 506,000 of the 2.3 million students that attended Higher Education in the UK which is (22%) stay in halls each year (Unipol.org.uk., 2018). There has been a rise in student residing in halls in comparison to privately rented accommodation. A sharp rise of 19% over a period of 11 years for students residing in halls (Unipol.org.uk. 2018). The approach in this article is to clearly point out the positive and negative factors of living in halls in terms of energy efficiency and saving costs. The data collected outlines the energy efficiency in halls, but the efficiency can be improved in various ways. Over 500,000 tones of CO2 emissions are generated from halls residence in the UK, which is a huge number considering the rise in emissions in the last few years. The Climate Change Act 2008 outlines a path on what the governments ambitions are by 2050. The ambition for the government is to lower greenhouse gases to at least 80% before the year 2050 and improve on the 1990 levels (GOV, 2017). Global warming is at an all-time high and is expected to keep rising. 

Jukka Heinonen and Seppo Junnila (2014) investigated a study on ‘Residential energy consumption patterns and the overall housing energy requirements of urban and rural households in Finland’ which relates to the research topic on this paper. In this research paper, Jukka Heinonen and Seppo Junnila (2014) bring an argument forward that user behavior in apartment buildings promote higher energy consumption as the majority of energy payments are embedded in monthly rental payments (Heinonen, J. and Junnila, S., 2014). After further investigation to further the literature, Jukka Heinonen and Seppo Junnila (2014) also found that other researchers had demonstrated a similar study on residential housing in the residential sector. R. Haas, H. Auer, P. Biermayr (1998) suggested that residents living in detached housing are more likely to be more sensitive towards energy saving than people living in apartment buildings in a study conducted in Austria (R. Haas, H. Auer, P. Biermayr., 1998). A comparison between building types illustrates great understanding on the building performance and its needs on improvements which could be implemented to gain better efficiency. 

Halls/housing serve the same purpose but differ in size, which would be an interesting proposal for another research experiment to identify and understand their energy consumption. The main aim for this research topic is to carry out an investigation at a smaller scale to understand the energy consumption between two separate shared households. Comparing the use of gas in the two selected buildings and give thought to improvements that could be implemented in these dwellings to decrease their gas consumption. This research can be utilized further by comparing the energy efficiency of old build to new build houses. The different variables within these properties can change the outcome of the building’s performance. Understanding the performance of these dwellings and focusing on the gas used would help identify problems that could be rectified by introducing renewable energy technologies which would contribute to reducing CO2 emissions. Introducing renewable energy resources to student shared housing would improve the carbon footprint (CF) emitted. The research that has be accomplished, provides clear and precise information to understand the energy efficiency in student accommodation, but lacks depth. Following on from the research conducted, the aim is to contribute to the existing research and educated students about energy efficiency in their own accommodation.
 
2.3. [bookmark: _Toc39223727]Factors Influencing Energy Consumption in Buildings

Energy consumption is influenced by various factors in any development whether a house, office, factory etc. Consumption is affected by behaviour towards the use of energy and also the unawareness of the implications caused by high energy consumption. Achala Parameshwari Mosale Krishne gowda (2016) conducted research on the factors that influence energy consumption and found that other researchers have proven that energy consumption is dependent on the appliance used (Blakeley, 1977) in a household and also the user’s income (Newman, D. K., 1968). Achala Parameshwari Mosale Krishne gowda (2016) also found that researchers have adopted various methods to encourage individuals in improving their energy consumption on a monthly or yearly basis by providing feedback on their past energy bills in comparison to recent bills (Kohlenberg, R. P., 1976). Achala Parameshwari Mosale Krishne gowda found that some researchers have concluded that consumer’s knowledge about energy consumption is not an important variable in relation to reducing energy usage (Hayes, S. C., 1977). These findings have sparked up interest from other researchers to conduct further research on this study.

There’s a number of factors that influence the increase in energy consumption in a household such as the use of appliances at any given time. Temperature is a huge factor that should be considered when analysing the energy data. Change in seasons will also impact energy consumption as some months are warmer than others. There are various factors that could change the outcome of energy bills on a monthly or yearly basis. Human behaviour being one of the main factors as the increase or decrease of energy depends on the general day to day use. In this case student’s behaviour towards the awareness of energy consumption could vary depending on their financial backgrounds. For example, a student residing in halls at a university campus would be less aware of their energy use as their monthly rental prices includes all energy expenses. Whereas a student living in a shared household would be much more aware of that fact that excessive energy usage will result in higher energy bills.

Maintenance is another factor that could affect energy consumption if the upkeep of the building is poor this would results in a poorly performing building. Components such as roofs, windows, doors, walls, insulation and floors are most important as they keep the building envelop dry and warm. As the building deteriorates over time an assessment of the building should be carried out to determine whether components are failing in order to rectify these problems. University halls are usually maintained according to a maintenance schedule whereas student houses are mainly maintained when a problem is reported by the occupiers. The majority of student houses fall into disrepair due to the lack of maintenance undertake by the landlords. This results in a poor energy rating known as energy performance certificate (EPC) which decreases as the building lacks care and maintenance. EPC’s are ratings given to property categorising them of their energy performance. The ratings range between A which is the greener and more efficient property to G which is the least efficient and potentially dangerous property to be living in (Maunder, S., 2019). In Stephen Maunder (2019) article he gives suggestion on different way to improve energy ratings in households. Stephen Maunder (2019) suggested that by improving insulations, double glazing in windows, using solar panel as a greener suppler for energy and incorporating low-energy lighting into buildings would help reduce costs (De Silva, M. and Sandanayake, Y., 2012). Student houses are less likely to have these sorts of changes incorporated as landlords have the responsibility to upkeep their own properties.  

      
The literature findings support my research aims to a certain extent as the research found clearly outlines the majority of research conducted on this topic is mainly focused on students living on campus rather than students living off campus. One of the focuses is to establish how efficient the properties students tend to live in off campus. There are gaps in the research that has be conducted and certain areas need to be understood  further as they have been overlooked. There’s a lack of research on students living in residential accommodation and whether the accommodation they rent are energy efficient or not, the aim is to compare and contrast the research results findings to previous researchers’ results and findings.


2.4. [bookmark: _Toc39223728]Variables That Influence Energy Efficiency in Houses and Impact Energy Consumption 

In 2012, M. N. K. De Silva and Y. G. Sandanayake (2012) conducted a research paper on ‘Building Energy Consumption Factors’ which highlighted various factors that have an effect on how energy is consumed. After conducting a review of the various factors by category, M. N. K. De Silva and Y. G. Sandanayake (2012) finding’s suggested that, ‘climate’, ‘building related characteristics’, ‘building systems and/services related characteristics’, ‘occupant related characteristics’, ‘socio-economic and legal related characteristics’ are the most frequently addressed factors influencing building energy consumption (De Silva, M. and Sandanayake, Y., 2012). Other factors such as the type, age, size, class, usage hours, geographical location, design/structural parameters, orientation, envelop, construction quality, worker density, share of areas served by air-conditioning, lift and illumination, indoor environmental / thermal quality, nature of surrounding, rent and availability of infrastructure were identified as sub factors of building related characteristics (De Silva, M. and Sandanayake, Y., 2012). These sub factors also contribute to the energy consumptions in infrastructure. The researchers follow on to conclude that the factors identified in the research findings can be used to improve energy usage in existing buildings by conducting further research on how energy consumption can be reduced by using the five key factors identified (De Silva, M. and Sandanayake, Y., 2012).

[bookmark: bau0005]Another research study was conducted by Gianluca Trotta (2017) on ‘Factors affecting energy-saving behaviours and energy efficiency investments in British households’ this study focused more on the affect energy efficiency investments and how they influence household efficiency. The aim of this study was to determine and identify were energy-saving measures can be implemented and what kind of measures would be appropriate. Gianluca Trotta (2017) found that studies on energy use at the household level have observed a large degree of variability in energy consumption across identical houses that cannot be explained by infrastructural differences (Trotta, G., 2017). The role of occupant’s behaviour is as important as building physics with regards to energy consumption (Santin, O.G., Itard, L., Visscher, H., 2009). Gianluca Trotta (2017) conducted the research study by gathering data from households in the UK and conducting a survey. The survey conducted was designed to determine the frequency in which occupier’s behave in terms of energy-saving and whether purchasing efficient appliance would improve the household efficiency. This survey was based on different age range, gender, marital status, single etc. The data collected was converted into numeric values in order to be analysed. Another method of analysis was implemented to identify what variables British households have implemented in order to save energy. Gianluca Trotta’s (2017) research study concludes that the older groups consider implementing energy-saving measures into their properties and a mixture of results emerged from the relationship of age factors with energy-saving behaviours (Trotta, G., 2017). The research study was conducted at such a large scale that it’s difficult to determine the occupier’s behaviour towards energy-saving. There are various other variables that could affect energy efficiency in British households.      

Various variables have the capacity to influence the outcome of energy consumption in any given property. The literature reviewed has outlined a number of key factors that contribute to the energy consumption in various university campus buildings and have identified characteristics that can be implemented into these properties in order to minimise energy usage. Around 23% of students in the UK tend to rent accommodations off campus relocating into the local residential areas (Ellett, P., 2018). There’s a lack of research conducted on student’s energy consumption whilst living in the residential sectors, which needs to be investigated as student’s perception towards energy-saving and energy efficiency might be different. The research studies found are informative and relate closely to this research paper.  






3. [bookmark: _Toc39223729]Methodology 

3.1. [bookmark: _Toc39223730]Research Design 

Both quantitative and qualitative research approaches have been adopted for this research study to satisfy the research aims and objectives as stated. Quantitative research has been defined in various ways. The basis of quantitative research is dependent on numerical findings of the research topic to identify and establish the numerical difference within the data analysed. Suphat, S., (2007) defines quantitative research as ‘The numerical representation and manipulation of observations for the purpose of describing and explaining the phenomena that those observations reflect’ (Suphat, S., 2007).
Creswell (1994) ‘explaining phenomena by collecting numerical data that are analysed using mathematically based methods (in particular statistics)’ (Creswell, J., 2014). Quantitative research focuses on the objective evidence acquired to conduct a research study and, in this case, numerical data would need to be analysed in order to meet the aims and objectives. Fundamentally the quantitative research outcomes remain the same as producing numerical data and other data sets to be analysed is the aim in order to pass judgement on the findings. A qualitative method is adopted in this research paper as it provides factual data that is required to answer certain research questions. 
“A qualitative method focuses on the interpretive information given by someone on how they feel about a certain thing or attempting to make sense of something” (Denzin, N., & Lincoln. Y., 1994).

“Punch (1998) states, the qualitative research is empirical research where the data are not in the form of numbers” (Punch, K.,1998). 

Therefore, both quantitative and qualitative research methods would be deemed as the appropriate approaches to conduct this study, as this would require basic data as well as factual data in order to determine the outcome of this research topic. A quantitative research method will allow for a wider range of numerical data to be analysed in order to form a basic data analysis. Alternative methods to gather data have been considered such as interviews and questionnaires, but using accurate data provided by other sources would result in minimising errors. Certain aspects of this research study will be dependent on qualitative data. There are various techniques that can be adopted for this particular study in terms of collecting data. Numerous researchers have gathered data from different approaches such as interview, surveys questionnaires, email’s etc. Data needs to be collected in a well organised and methodical system making sure the data is accurate enough to be analysed. Inaccuracy data would hinder the outcome of the final results and the research paper would not achieve its aim and objectives. 

This study is to be conducted as a trial to be scaled up for further studies to implement similar techniques in acquiring data at a larger scale. By conducting this study on a larger scale, statistical data can be analysed whereas at a smaller scale only basic data can be analysed as a significant amount of data would be required in order to achieve a statistical study. This study is being conducted at a small scale comparing two student residential households in Swansea and their gas consumption and impact on rental cost as well as the buildings condition. After consideration of all the alternative methods of collecting data, a survey approach would be considered the most methodical system. The survey would consist of two separate data sets. Quantitative and qualitative questions would be configured to satisfy the studies aim in gathering as much relevant data as possible. Many researchers have used this approach to gather data such as energy expenditures in households by collecting the energy data for analysis, analysing the behavioural factors that influence energy consumption in households etc (Heinonen, J. and Junnila, S., 2014). A quantitative approach as mentioned prior requires numerical data sets. This approach is similar to those that have been designed in the past as the data required for this analysis to be conducted are the initial gas meter readings (kWh) from the properties for over a period of two years as this would give a clear representation on the gas usage and trends can be identified. Other data that would be required are the annual expenditures over the two years and identify whether gas tariffs would have had a huge impact on the outcome.

Adopting a survey approach would offer a large proportion of data, which would need to be generalised and focused on the main research question. With both research methods considered, both the quantitative and qualitative research approach are sufficient enough to oversee the data collection process. There will be limitations to what can and cannot be achieved using these research methods. Both quantitative and qualitative research methods have advantages and disadvantages, but in this case specifically focusing on the type of data that can be collected is priority.  The quantitative research method offers a wider scope in obtaining data from a small to large sample size in order to generalise an estimate from a population, and in this case the number of students sharing a residential household in a particular area in Swansea. Data from both households will be collected such as the number of students sharing the property will also be collected as this could be a key factor that influences high energy consumption. The households need to have an equal number of students sharing. Dealing with numerical data allows for statistical comparison at a larger scale between various groups, provides results which can be condensed into statistic, measures levels of occurrences, trends, actions, etc; and can answer such questions as “How many?” and “How often?”. The quantitative method can be adopted for further research on similar topics to analyse trends in data analysed. 

A survey approach is the primary data collection method that has been adopted to gather basic data from two separate student properties in order to evaluate the key factors affecting change in energy consumption between the properties. The survey approach will include data relating to the condition of the properties and the various appliance that use gas. There are various reasons why this method was selected to collect the relevant data to analyse. Other forms of data gathering were considered as mentioned prior such as emails, online, telephone surveys, face to face interviews to gather as much information from individuals residing in both properties etc; but would be time consuming. Adopting this method allows for more questions to be included into the survey in order to gather a larger data set to analyse. Using this type of method is inexpensive and easy to replicate for future researchers.   


3.2. [bookmark: _Toc39223731]Research Method  

The research method adopted for collecting data required for the analysis in order to meet the objectives set out was a survey which would be conducted by the researcher. The survey was designed with a systematic approach to achieve a consistent data collection process in order to gather as much accurate data as possible. The survey was designed in two parts: the first part consisting of numerical data and the second part consisting of the general condition of the property, number of individuals in the properties and identifying appliances using the gas supply. Numerical data would have to be collected upon request from the tenants. Other means of gathering data would be collaborating with estate agents with links to student accommodation in the Swansea area. The numerical data that would be obtained from these properties is the gas readings (kWh) as mentioned prior for the last two years including the annual and monthly costs. Also, data from the boiler such as its capacity and efficiency rating would also be collected. Various other variables were considered such as calculating the wall U-values in both properties, using a thermal imaging software to determine temperature differences with the building envelops which could potentially pinpoint areas in the building that are damp or affecting temperature conditions in the properties. A thermal imaging camera can be used inside and outside the building to visualise the heat loss and defects that can be identified within both properties. The camera improves visibility to a high standard, which improves a survey making it more accurate. Unfortunately conducting this part of the survey would need specialist equipment which is not accessible for the study. The reason for designing the survey in this order is to mainly focus on the factors that affect gas consumption in these properties. Identifying these factors and understanding the characteristics of the building components is important in order to know how components affect the performance of the property. The condition survey is simple enough to be replicated by other researchers to be conducted in the same way as it’s easy to follow. 

The condition survey would be categorised into three different ratings identifying the condition of components by visual observations. The qualitative data that would be collected from the properties would consist of the characteristics of those properties from orientation, size, location, age etc. There are a considerable number of variables that need to be visualised in both properties in order to capture their condition as best as possible. As mentioned prior, the survey categorises building components by assigning a condition rating for a component as illustrated in the actual survey (31). There are three ratings which are known as a traffic light system and is a system that is used widely in many industries. The traffic light system consists of a green rating meaning components are in good condition, amber rating meaning components are in fairly good condition, but general maintenance should proceed and last but not least red rating meaning components on the building are failing and urgent investigations need to be considered. In implementing this type of system, a clear view of the properties conditions can be analysed and suggestions on repairs, renovations etc; can be made in the future to improve energy-saving and reduce energy consumption. 




3.3. [bookmark: _Toc39223732]Sample size 

The simplistic design of the survey can be used on a wider scale to target a larger sample size, but in this case study the sample size is relatively small. As mentioned prior this case study would be a trail as obtaining data from two properties would not be sufficient enough as the data would only be basic and not statistical but does not necessarily mean the aim and objectives cannot be achieved. This case study if successful can be implemented on a larger scale for example assessing family households in a council residential area with identical properties to determine the outcome of energy usage in those particular properties by assessing components such as windows, doors, roofs, wall etc. A similar survey can be utilised in other parts of the country to be conducted in a similar manner. These variables can be compared between students in university halls and residential households in order to implement strategies that could help reduce energy usage.  

The initial sample size would be two households with a maximum capacity of five students sharing. In order to obtain accurate data an even number of students sharing each property would give an accurate representation during the data analysis process. Within both properties, there are variables to consider about the tenants such as gender, age etc. as student’s perception on energy-saving could vary resulting in high energy consumption due to the lack of knowledge on energy consumption or many other reasons.  The intended target for this survey is to conduct it in a popular area were students tend to rent accommodation in Swansea. Reason for this particular choice of location is to obtain data from two identical properties as the majority of student houses tend to be terraced which are old and have deteriorated. The survey would be conducted during the second semester of university as the weather conditions are considerably better. 

The intended period considered to conduct these surveys was after the winter season between the months of March and April as the weather conditions slightly improve. The reason for this is to conduct the surveys in as good weather conditions as possible in order to have a clear visual inspection of the properties. This would allow the surveys to be undertaken without any weather interruptions in order to complete both surveys in a single day. Two surveys would need to be completed as the research study aims to compare two residential student households gas consumption over a two-year period and identify the variables that would impact the increase or decrease in consumption. 

There’s no time limiting on the completion of the survey from start to finish as long as the data is collected in a sufficient manner. During this time all the essential data would have been transferred onto the formatted survey (31). Given the number of elements that would need to be inspected in these properties, a considerable amount of time would have to be spent at each property. The format in which the survey has been designed was the appropriate system to collect the data required for this type of research in order to meet the objectives set out.

The survey method that was chosen to collect the data required could have proven difficult in complete certain aspects of the survey requirements. There are various problems and limitations that could be faced whilst conducting this survey. Problems such as weather conditions could limit access to certain areas of the building, loft access could be limited due to equipment issues and also not having knowledge of the loft construction could prove difficult in accessing the roof void. Whilst conducting the survey their many other limitations that could be faced such as accessing rooms in the properties due to invasion of privacy as some individual might not feel comfortable allowing access to their rooms. The first source of data employed would be the numerical data sets and the second would be the data collected from the buildings condition assessment. The numerical data sets could prove difficult in inputting the numbers into spread sheets in order to be arranged accordingly.  Statistics can be applied to the numerical data of the gas readings over the two-year period but could be flawed if errors occur whilst inputting the data at the initial stage of gathering the data or during the analysis process. The data sets requested from both households will be extracted and tabulated on a computer using the excel spread sheets. Formulating the data in this way can be easy but can sometimes also prove difficult.

It is critical that the data collected is as accurate as possible in order make the analysis process as easy. The second data set is to be evaluated qualitatively by the analysis of the buildings condition ratings illustrated in the condition survey as mention prior (31). 
4. [bookmark: _Toc39223733]Data Analysis 

Once collecting all the relevant data, it is necessary to examining the raw data collected and identify the different patterns and trends. Certain patterns in the data may be expected as some literature reviews have conducted their data analysis in a similar way. It’s important to identify the different relationships within the data in order to find the significant variables that could make the analysis process straightforward. In order to meet the research objectives descriptive analysis would be used. The first stage is to analyse the data sets obtained from the gas meter readings and the total expenditures on gas for a last two-years in each property. The second stage is to analyse data sets from the condition surveys of both properties which contain qualitative data. Quantitative data is easier to analyse whereas qualitative data has to be handled systematically as its difficult to analyse. After examining the raw data, the numerical data would have to be categories and inputted into a software. The software chosen and best fits this type of analysis in order to be analysed is the Excel software. Excel is an efficient software that allows the input of numerical data sets into spread sheets making it easier to visualise. Due to the significant amount of numerical data sets to be analysed, Excel was the easier option as it provides access to various tools such as graphs and mathematical equations. 

Once the numerical data has be inputted accordingly using the Excel software, trends would start to appear within the data as the gas consumption readings are usually expected to have differences throughout the years. To organise the data into a more representative way, using the data inputted, the aid of graphs would be used to identify various characteristics in the data. Bar charts and pie charts would be used to illustrate different variables such as minimum and maximum usage of gas in different months, which property uses more gas and various other findings. The graphs can also illustrate the peak times of usage throughout the years and comparing both properties would identify the differences. Using this sort of presentation to visualise the data gives a more perspective view of the gas consumption spread out over a two-year period. Other variables that would be analysed are monthly expenditures identifying which months were higher in cost and why. With the aid of graphs and identifying the trends within the data a defined analyse can be made according to the results produced.

The second stage of the analysis involves the two building condition surveys and identifying their characteristics by assessing components such as windows, floors, doors, roofs, external walls and the boilers will be assessed by comparing their efficiency rating to determine whether the properties are well insulated. The information collected on the condition surveys would have to be reviewed. The traffic light system as mentioned prior to identify the buildings characteristics would be utilised to pinpoint failing components in the buildings. The different codes of green, yellow and red are ratings that would be allocated to components upon conducting the survey. Since the survey would be conducted on similar properties, a system to analyse this data would be represented using bar charts. The three codes would score the properties condition by accordingly allocating the appropriate codes. The bar charts would represent the numbers of green, yellow and red codes assigned to each property. By using this system, makes it easier to identify which property is well insulated and which one is not. Computing the numbers of green, yellow and red an evaluation can be.  Recommendations would be made for works needed on the building lacking in maintenance. The buildings envelop failing would results in energy loss as its energy performance certificate (EPC) decreases.  
5. [bookmark: _Toc39223734]Results 

After computing the numerical data set into the Excel software and analysing the two data sets, the results expected are as follows:

· % Increase and decrease in gas usage (minimum and maximum)
· identify trends of gas usage on a monthly basis 
· % Increase and decrease in monthly/ yearly expenditures 
· Identifying peak times throughout the year  

The results would illustrate similar characteristics from earlier studies on energy efficiency in a building over the two-year period. The results obtained would be dependent on the user’s behaviour and attitude towards energy consumption. 

The results expected from the survey data set would give a clear understanding on the properties characteristics and the key contributors to heat loss in the building resulting in higher emissions, higher gas bills and higher energy consumption. The codes created would illustrate the distinctive differences between the properties. Comparing the number of  red and yellow codes using bar chart would tell apart the well-insulated properties to the least insulated. The results from the survey could potentially prove to be inconclusive as both buildings could be performing to a high standard by the codes assigned. The significant difference in defects could be minimal and could prove difficult to determine the extent of heat loss from the buildings.  Results from the survey would be dependent on the accurate observations of the building. One house could be in very poor condition and the other being in relatively good condition proving to be the distinctive difference in energy consumption. 

The results obtained would have a similar outcome to the results reviewed in the literature. As this is a trail study to be implemented at a larger scale due to a limited sample size, with a larger sample size the results would show different outcomes in different properties as variables such as house sizes, number of occupants etc., all these variables would change the results of gas consumption in any given property. The results would have achieved the main research study aim in analysing energy consumption in two student properties in a residential setting. The objectives would have been achieved as the data would have been collected and analysed, factors affecting energy consumption in different properties would have been outlined in accordance with the relative procedures in reaching the outlined outcomes. Also, key factors influencing energy efficiency in buildings would have been outlined. Various factors and contributors to the reason why energy efficiency influences rental cost would have also been outlined.
6. [bookmark: _Toc39223735]Conclusion, Limitations and Recommendations 

This section concludes the findings of this research study to answer the aims and objectives set out. There were limitations in the research study which were identified and recommendations for further research on a similar study have been stated. 

6.1. [bookmark: _Toc39223736]Conclusion 

The aim of this research would be to ‘Investigating energy consumption in student housing accommodation and the impact on rental cost’. To achieve the aim, essential objectives were set out in order to conduct this study successfully. Energy consumption in student housing is overlooked and as the percentage of university attendees rises the demand of student accommodation increases. To achieve the aim and objectives set out a review of literature was conducted to find relevant studies that related to the research topic in question. The literature was sourced from articles, past studies, journals, books and findings from previous researchers that have conducted studies in similar fields. The literature was reviewed and upon examination of the various findings, it was clear and evident that there’s a lack of research conducted on student’s living in residential housing. Similar studies had been undertaken on university campuses, but not in the residential sector. while reviewing the literature key factors were identified as the theories pinpointed various variables that contribute to the lack of energy efficiency in student accommodation. By reviewing the literature and understanding the key factors that influence and affect the change in energy consumption in different properties this objective was achieved as the literature review established the variables that influence these changes. 

Further review of the different articles, books, and journals, the theories suggested that user’s behaviours and attitude towards energy-saving influences rental costs. The findings also suggest that students who live on campus are less likely to be energy efficient than students living off campus due to the factor that fixed expenses such as electricity, water and gas bill are all inclusive with their monthly rent. Whereas students living off campus are more likely to be aware as their energy bills are not fixed. Other researchers suggested that inefficient properties that lack in maintenance would result in not retaining high energy performance due to failing components and low graded characteristics within the building. The objective of understanding the influence energy efficiency can have in rental cost was completed. 

After concluding the literature review section and understanding the various key factors that are contributors to the performance of a property, a methodology was adopted to conduct the research. Quantitative and qualitative methods were both utilised as the intended research design would include both techniques. The numerical data sets would be quantitively analysed and the condition surveys would be analysed qualitatively. A survey was designed to obtain data relating to similar findings from the literature review. The survey was designed to gather data required to achieve the first objective which was ‘Analyse energy data collected from two student houses and the household’s usage throughout the whole year’. The design of the survey followed a similar pattern to the surveys found in the literature that was reviewed. The aim of the survey was to obtain as much relevant data as possible which would have been achieved by conducting a residential survey on two student properties. The data required was the gas meter readings, annual expenditures and the overall condition survey of the properties visual inspection and suggesting any remedial works that needed to be undertaken. Both data sets collected would be analysed thoroughly to obtained results addressing the difference in between the two properties. This study was conducted as a trial due to having a relatively small sample size as the lack of resources would hinder the accuracy of the results. These results would have been based on basic data gathered rather than statistical data and recommendations have been stated to further this study on a larger scale to form the true bases of this method on a statistical analysis. The various findings and key factors identified in the data would have been evaluated and discussed in the results section. 

The findings would illustrate the key differences in the properties and a percentage increase or decrease in energy consumption from one year to the next. The results would show the energy consumption differences between both properties from month to month, minimum to maximum usage, monthly and annual expenditures whether they have been a rise or drop from the previous year and if so, why has it increased or decreased etc., the researcher would suggest the reason why. The results would also illustrate the efficiency of the properties components generated from computing the coded scores of green, yellow and red allocated accordingly, which would identify the well insulated property and most efficient. With the findings generated from the data collected an understanding of the overall usage throughout the whole year would be achieved by identifying the various variables that contribute to the energy consumption. By identifying significant key factors, it is essential that student accommodation should not be overlooked as the growing percentage of university attendees rises the more emissions will be emitted. It’s important to educate university students on the impact of energy consumption in order to have a better understanding, better attitudes towards energy-saving as it has an impact on their rental costs and the environment. Changing student’s perception towards energy consumption would be beneficial as implementing changes would see a reduction in expenditures. 

The aims and objective set out would have been achieved and this research would have been successfully completed.     

6.2. [bookmark: _Toc39223737]Limitations 

A number of limitations were identified whilst conducting this piece of research as without these limitations more could been achieved. To obtain a more precise representation of the research question, more case studies on this topic would have increased the quality of the outcome. Having a relatively small sample size decreased the accuracy of the study as a larger sample size would produce different variations of results. Due to access issues on certain areas of the building, limited the condition survey findings. There’s a lack of previous studies on this research topic as having the resources to do so would enhance the quality of the literature review, results and research paper overall.  
6.3. [bookmark: _Toc39223738]Recommendations 

The research conducted can be expanded as further analysis can be undertaken on a similar topic but increase the sample size to a relatively larger scale. A larger sample size would generate more accurate statistical data as the variety of properties would vary with different house size, number of occupants, house conditions etc., a true representation of this study would be illustrated. Further analysis on the energy efficiency in the residential housing sector can be conducted to identify trends within different household’s energy use. Incorporating various surveying techniques such as U-value testing, energy performance testing, thermal imaging would add a great deal of understanding on the building’s performance. Conducting a similar research study in various regions in the UK would add to the research already undertaken and results can be compared. If the research study is executed efficiently energy-saving techniques such as retrofitting, smart technologies can be implemented into the properties. This case study can be a stepping stone for improving student properties to be more energy efficient and educate students on the importance of energy consumption within their own properties. 
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7. [bookmark: _Toc39223740]Appendix 

[bookmark: _Toc39017112]Figure 1 Condition Survey
Student Accommodation Survey

The purpose of this student accommodation survey is to identify factors that would contribute to my research topic in acquiring efficient data that can be used to analyse and identify the trends in a building’s energy efficiency performance. Two student properties with approximately five students sharing are to be surveyed using the same technics in order to carry out identical surveys and gather accurate information. The data gathered will be compared and analysed closely paying attention to the different components in the buildings. This will be a brief condition survey which will provide enough relevant data to compare and contrast between the two properties. The two properties that will be surveyed are from a specific area in the town of Swansea. The properties are in the Uplands area of Swansea, which is where the majority of University students tends to rent their accommodation. The main source of energy that will be compared between the properties is the use of gas and how the envelop of the buildings are kept warm. Gas data will be collected as illustrated in the table 1 below. This information will be used to identify trends within the data such as minimum and maximum usage of gas in the properties and also consumption on a monthly and year basis. The data will also vary depending on the time of year the usage of gas is at its highest as different seasons will affect the usage and have an impact on the results. The weather will be taken in to consideration as this a huge factor that would increase the gas consumption. Other factors that will be considered is the number of students in one property, which could impact the energy consumption in one given property. The building components that will be mainly looked at are listed in the following survey. 


Energy Consumption Data

The main source of energy that will be analysed in the two properties will be gas, because it is the most common form of heating used in homes around the UK. Using gas as a heating source is more economical and the cheaper option to warm a building envelop. The majority of homes in Swansea use natural gas as a source of heating as it’s cheaper per kWh compared to electricity. 

	Energy source
	Gas

	Annual consumption (kWh)
	

	Annual cost (£)
	

	Monthly cost (£)
	

	Energy tariff provider
	




1. Give a brief description of the following checklist.

· Location 
· Orientation
· Age 
· Size 
· Roof
· External walls

	



2. How many bedrooms are there in the property? 
 
	



3. Give a brief description of the following checklist.

· Type of radiators 
· Size 
· Number of radiators 
· Locations of radiators in the property

	



4. Give a brief description of the boiler in the property by using following checklist.

· Make
· Model
· Capacity
· Efficiency rating 
· Last serviced  

	




5. What type of gas meter is in the property?

	



Condition Survey

This condition survey aims to identifying defects in the property and aid in suggesting maintenance requirements needed in order for better performance. The condition survey will have different category ratings to identify building components and their condition. The condition ratings are listed below:

1. [bookmark: _Ref39011560]No repairs needed. Building should be maintained accordingly.
2. Component needs repairing, but not considered to be serious or urgent.
3. Serious defect to component and needs replacing or urgent investigation.

	
	Element 
	Construction 
	Condition 
	Suggested Repairs or Renovations 

	1.0
	Windows
	
	
	

	1.1
	Doors
	
	
	

	1.2
	External walls
	
	
	

	1.3
	Floors
	
	
	

	1.4
	Individual rooms 
	
	
	

	1.5
	Ceilings
	
	
	

	1.6
	Roof void 
	
	
	



All information utilised in this survey will remain strictly confidential.
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