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Abstract

This report investigates current and projected sustainability performance at University of Wales Trinity Saint David (UWTSD). It researches sustainable approaches regarding renewable energy, energy efficiency and management processes for sustainable business. There are findings from 3 site visits to Carmarthen campus which include using energy monitoring equipment. The report also benefits from access to energy data and cost data from the university databases. 
Initial findings concluded that amongst the good and promising work the university is doing towards its sustainability pledges, there is more work to be done in the fields: maintenance, inspection, project feasibility, management attitudes, and student legacy strategies. Proposals included lighting upgrades in the theatre space and the reduction if lighting in another. A combination of those solutions was estimated to yield 504.92 kWh per year in energy savings. 
The report then moves onto management process strategies to enable a more streamlined process of implementing change for improved sustainability. This resulted in a coherent stakeholder engagement plan being proposed along with a new threshold system for monitoring current energy consumption and equipment efficiencies.
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[bookmark: _Toc133607163]Introduction
The way we use our energy has to change. The finite resources the world has been so drastically developed by are beginning to finally look just that - finite. As scrambled and accelerated attempts to harness renewable power increases, this dissertation explores a different focus - energy efficiency. Despite increasing renewable infrastructure, 83% of global energy still comes from fossil fuels (The World Counts, 2023). While in the UK, in 2021, 76% of the total energy consumed came from fossil fuels (Hannah Ritchie, 2022). So, whilst the renewable energy industry continues to grow, we must address how current energy sources are used, because often there are a range of improvements that can be made which allow for less input energy whilst output performance is maintained. It is estimated that if the entire world lived like western consumers, we would need 5 planets to support energy requirements (The World Changes, 2023). This again supports the notion that decreased energy consumption through improved efficiency is imperative to ensure a more sustainable future.
Awareness surrounding sustainability has seen a big shift in recent years, as we see global government changes to help prevent and reverse the human-caused acceleration of global warming, resulting in climate change. Most recent available data shows that worldwide production of wind power alone has increased by over 1 million Giga Watt hours from 2012 to 2020 (IRENA, 2022). Despite this, ongoing battles are rife as war in Eastern Europe has resulted in vastly inflated energy prices across Europe in 2022 and are not forecast to return to levels prior to the war in up to a decade in the UK (Edwards, 2022).
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[bookmark: _Toc133530175][bookmark: _Toc133607122]Figure 1 - Historic & forecast energy prices in UK (£/MWh), (source: Cornwall Insight)
.
This situation has appeared to have acted as a catalyst for many governments in Europe and worldwide to increase their construction of new renewable infrastructure. From 2021 to 2030, advanced economies are forecast to increase their clean energy investment by USD $400 billion (IEA, 2022). This has been welcomed, however, the fact it took such desperate circumstances to act despite the ongoing climate crisis being very well documented acts as a good case in point to show where the priorities lie for some of the world’s most powerful and influential governments.

[bookmark: _Toc133530176][bookmark: _Toc133607123]Figure 2  - Cost of Gas at UWTSD from April 2020 - January 2023 (source: Dan Priddy, UWTSD)
Covid-19 has also had a profound effect on the behaviours and attitudes toward energy of billions worldwide. Industries had to adapt to an increase in working from home, which for many, along with hybrid working, has been made into a permanent fixture. Surprisingly, household GHG emissions in that time (including personal transport, heating, and other activities) fell in the UK by around 10% (ONS, 2021). This was coupled with a global increase in renewable energy consumption during peak waves in the pandemic (IEA, 2021). Looking back on the figures from that time could act as an important tool as the shift to more reliance on renewable energy increases. It also stresses the importance of energy saving and efficiency, where industries look to make savings wherever possible.
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[bookmark: _Toc133530177][bookmark: _Ref133601457][bookmark: _Toc133607124]Figure 3 - UWTSD Timeline (UWTSD)
Figure 3 shows the university’s journey and its addition of various UK institutes over the years. As the university has grown and continues to grow, it requires increasing measures to become a sustainable and carbon neutral establishment. Despite University of Wales Trinity Saint David’s (UWTSD) expansion across the UK, each merged institute faces its own challenges with its infrastructure and buildings. Not all buildings will benefit from the same proposals, but certain initiatives should work across all sites, behavioural changes for example.


[bookmark: _Toc133607164]Aims & Objectives
This Dissertation will involve research into energy efficiency of large buildings, more specifically: university buildings. Using internal university departments, buildings situated in UWTSD Carmarthen campus will be accessed and assessed. This will involve an energy audit being carried out to identify areas for improvement. The idea being to look at potential retrofitting options for the chosen buildings, in order to improve their energy efficiencies. Across its 17 campuses from rural to city locations, the university has a total of 129 buildings in which over 25,000 learners attend (UWTSD Group, 2022). The earliest of which dates back to 1822, while the newest was completed in just 2017 - highlighting a vast timeframe spanning hundreds of years in which different building methods and techniques were used, and attitudes towards sustainability have evolved. 
Improving energy efficiency and introducing renewable energy where possible is imperative in improving the sustainability of the university in all of its campus’s day to day. 140 universities across the UK backed a pledge to reduce their carbon emissions by 78% by 2035 (Universities UK, 2022), which is now just 12 years away as of writing. The university itself has a 2-year interim net-zero plan, as well as a pledge to be net-zero carbon by 2030 (UWTSD, 2022). This also ties in with the UK Government’s target of entirely net-zero greenhouse gas (GHG) emissions by 2050. 
There are several factors that will come into play in the report, not least the costs of carrying out these retrofits. Therefore, the report will go into detail on finances, showing the length of time to make the initial outlay back in savings, as well as the energy that would be saved during that time. 
To make this possible, the project will be working closely with Dr Mike Goodfellow-Smith and Andrew Thorn, both lecturers at UWTSD, and in collaboration with the estates, spaces and finance teams for UWTSD. This will give myself vital access to current energy data and physical access to all necessary campuses, including specific buildings which have been earmarked as preferred retrofit candidates.  





[bookmark: _Toc133607165]Schedules & Planning
Planning for this project began back in August 2022. At that point, it consisted of finding areas of interest that could be used for the project and retrofitting with the purpose of retaining character in buildings whilst also improving energy efficiency. A Gantt chart was created to schedule the project as accurately as possible, but left room for flexibility as schedules can always deviate from the initial plan, via internal or external factors. The schedule did indeed shift during the project mainly due to external factors, as working with members of internal university departments, each with their own responsibilities aimed to input their knowledge to aid the project whilst managing their own workload. Fortunately, the flexibility in the initial scheduling didn’t allow these delays in progress to affect the flow of the project. 
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[bookmark: _Ref133602056][bookmark: _Toc133607125]Figure 4 - 2022 Gantt Chart (source: author)
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[bookmark: _Ref133602015][bookmark: _Toc133607126]Figure 5 - 2023 Gantt Chart (source: author)
Note that the Gantt Charts in Figure 4 and Figure 5 have just the one scheduled site visit (6th March), when in reality, three took place over the course of the project.

[bookmark: _Toc133607166]Literature Review
The Global Status Report (GSR) 2017 by the United Nations (UN) claims that the world is expected to build 230 billion square metres in new construction over the next 40 years – equivalent to the size of Paris added every single week (UN Environment, 2017). However, the construction sector is not on track to decarbonise by 2050 (UN Environment, 2022). The fast-moving pace of the construction sector must not allow us to take our eye off the ball from existing buildings. According to Paula Walsh, Global Property Leader at Arup, 87% of today’s buildings will still be occupied by 2050 (which coincidentally is the same year that the UK Governments target to reach Net Zero GHG emissions is proposed for) (Arup, n.d.). So, with that in mind, the focus of this report is to look further into the retrofit of existing buildings, with the idea of making them more energy efficient.
Factor Four: Doubling Wealth - Halving Resource Use was published in 1998 by AB Lovins, LH Lovins & EV Weizscker yet still many of its key principles are relevant today. If anything, they are more relevant now than when the book was first published, due to the environment we now find ourselves in during 2023. Many opposers to various new environment-improving initiatives such as low-traffic neighbourhoods (LTNs) or congestion charges in ultra-low emission zones (ULEZs) claim that these changes are moving society backwards rather than forwards. However, Factor Four states that improving efficiency means getting the same or more output from less energy (up to three quarters less), rather than the view that higher efficiency is somewhat of a code for poorer performance. It also outlines seven good reasons for resource efficiency, which includes: living better, depleting less, making money, multiplying use of scarce capital, and having more employment (Amory B Lovins, 1997).    
Sustainable building design is a key principle put forward in the book, stating that new buildings should be designed with energy and sustainability at the forefront rather than something of an afterthought, being shoehorned in wherever it fits.
The approach recommended by many is a whole-building approach. This principle is mentioned broadly in Factor Four as thinking of a design challenge “as a whole, rather than a lot of disjointed little pieces, fighting narrow specialisation and disintegration”, while fighting for optimisation (Amory B Lovins, 1997).  
The Carbon Trust completed a detailed report into UWTSD’s carbon footprint in 2023 which looked at the university’s scope 1, 2 and 3 greenhouse gas emissions. It recommended certain changes to help guide the university towards its net zero goal and analysed some of the main contributors to the overall carbon footprint (Carbon Trust, 2023). This report will serve as a useful guide for carbon reduction strategies in the built environment. 
As for management process strategies, the ones discussed further in the report will be heavily influenced by A W. Savitz’s book “The Triple Bottom Line”. This book sets out building blocks and key principles in establishing and maintaining a sustainable business model. UWTSD is as business-like as any other UK university and a vast amount of work goes in to enable student and staff life to run as smoothly as possible. There are thousands of students, each with personal and unique needs from accommodation, financial support, academic support, and access to key facilities, all of which need to be maintained whilst the university progresses forward in other areas – such as sustainability. 


[bookmark: _Toc133607167]Methodology 
Initial research had to be done to ensure the right questions were going to be answered, and that the report wasn’t attempting to answer a question which already had one. Improving energy efficiency in all types of buildings is not a new phenomenon, so the initial research needed to establish niche areas in which this report could fill in gaps and be unique. Once the opportunity of working with an internal university department emerged, the doors were opened to investigate how a university may go about improving its energy efficiency, including combating problems faced such as funding allocation and convincing main stakeholders to approve changes.   
Firstly, in order to confidently propose improvements to Carmarthen campus’ energy efficiency and help build towards its decarbonising pledge, it was important to get to the campus and physically see it. Getting to campus was important to identify problems that may have arisen from initial design, lack of maintenance, equipment end-of-life, other factors, or a combination of them all. It may be a case of a fresh set of eyes on campus, asking questions many who are on site everyday simply would not think of as they may be so familiar with certain parts of their surroundings, as the glacial changes they witness are imperceptible. This acted as free consultation for the university, with myself and my two supervisors carrying out energy audits in increasing detail. The visits ranged from initial familiarisation with the campus and the chosen buildings, to a comprehensive energy audit using modern equipment and the university’s energy and cost figures. 
Alongside the energy efficiency proposals, research was done into management strategies for sustainable businesses, process flow, and legacy strategies. The energy improvements can help the university improve but implementing management plans will enable future changes to be made more quickly and more easily. This streamlining of future improvements could result in long term sustainable development if correctly applied and could propel the university into the top in the UK for sustainability. 
It was necessary to investigate management strategies for sustainable growth within a business and also see how other universities have improved. Reading through different sources and applying appropriate strategies to UWTSD was needed to propose an implementation that has the most chance of success. On that last point, a successful strategy is one that works best specifically at this university. Therefore, simply following a blueprint from somewhere else, even another university, is unlikely to yield results as good as if there are bespoke strategies in place. To do this, staff were questioned from various departments on their experience within the university when it comes to attempting to make change. Discussions on obstacles and whether the processes could be smoother were brought up and will be investigated in more detail further on in the report.
[bookmark: _Toc133607168]Energy Audit
A total of 3 visits to site took place between December 2022 and March 2023. The detail in which the site was viewed increased with each visit. Visits took place at different times of the year each occurring in varying weather conditions. One visit was with the author and Andrew Thorn, lecturer at UWTSD and one of the project supervisors. Another visit was done by the author only, while the final visit took place with the other project supervisor and lecturer at UWTSD, Dr Mike Goodfellow-Smith. 
[bookmark: _Toc133607169]Visit 1: 12th December 2022
The initial visit took place on 12th December 2022 with Andrew Thorn and author present. It was to help familiarise ourselves with the site and the four buildings assigned to us for inspection: Halliwell, Hen Coleg, Swimming Pool, and Sports Hall. Conditions of the visit were very cold but dry which were advantageous as we could feel the temperature differences as we walked through different parts of buildings and at entrances. This visit took place during term time and there was a steady flow of students throughout the time we had there (from 09:00 – 13:00).
[bookmark: _Toc133607170]Visit 2: 6th March 2023
The second visit took place on 6th March with just the author using a Sealey Thermal Imaging Camera. The weather was steady drizzle throughout (from 09:00 – 15:00), with a very high footfall as a result of an Urdd event taking place in Halliwell theatre. Urdd Gobaith Cymru is a National Voluntary Youth Organisation and since 1922 has been providing opportunities for children throughout Wales to develop and socialise through the medium of Welsh (Urdd Gobaith Cymru, 2023). This event saw a sea of primary school pupils from around Carmarthen descend upon the campus, particularly Halliwell. This increased footfall does not happen every day in Carmarthen but is important to remember and consider as it must be able to still cater for these events after any changes, and any potential scheduled maintenance or retrofitting works must consider external events like this.
[bookmark: _Toc133607171]Visit 3: 31st March 2023
Later in March (31st), another detailed audit took place with Dr Mike Goodfellow-Smith. His previous experience in this sector proved invaluable, as he identified more improvement areas. There were intermittent showers, but the overall temperature was comfortable. With it being the last day before Easter break, student numbers were very low, meaning throughout the 3 visits, a range of different visitor and student numbers on campus was observed. 
[bookmark: _Toc133607172]Assigned Buildings 
The following building plans were obtained by the Spaces team within the university and show the plans for the four chosen buildings across all of their levels. The figures shown below are the building plans for each of the outlined buildings, they have different functions and subsequently use energy in different ways.
[bookmark: _Toc133607173]Halliwell
Halliwell is a multifunctional building with its main space being a 325-seat theatre, as well as suites of varying capacities of up to 200 delegates, and a canteen for up to 220 guests (Lleoliad Cymru/Venue Wales, 2022). The suites can host lectures for the students or external conferences. Theatre shows usually take place on weekends, where the first-floor catering space is utilised. 
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[bookmark: _Toc133530178][bookmark: _Toc133607127]Figure 6 - Halliwell Basement Level (-1)
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[bookmark: _Toc133530179][bookmark: _Toc133607128]Figure 7 - Halliwell Ground Floor (0)
[image: Diagram

Description automatically generated]
[bookmark: _Toc133530180][bookmark: _Toc133607129]Figure 8 - Halliwell First Floor (+1)
[bookmark: _Toc133607174]Hen Coleg
Hen Coleg (Old College in English) dates back to 1848 and is a listed building. This brings challenges concerning the addition of changes to the building. Listings are given to buildings of a certain age and garner high architectural and historic interest. This is so they can be protected for future generations, and it is estimated that there are around 500,000 in England with listing status (Historic England, n.d.).  
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[bookmark: _Toc133530181][bookmark: _Toc133607130]Figure 9 - Hen Coleg Ground Floor (0)
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[bookmark: _Toc133530182][bookmark: _Toc133607131]Figure 10 - Hen Coleg First Floor (+1)
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[bookmark: _Toc133530183][bookmark: _Toc133607132]Figure 11 - Hen Coleg Second Floor (+2)

[bookmark: _Toc133607175]Sports Hall
The sports hall and adjoining gym and reception is the university’s main all-weather sports facility. It features a small gym which is available to students and non-students, as well as a large, tented space, used for lectures and indoor sports events. 
There are very early stage talks ongoing concerning a redevelopment at the site and surroundings of the current sports hall. This would integrate the space with the strength and conditioning centre situated further up on the campus next to the swimming pool. Clearly the potential redevelopment for the site will have a bearing on proposed improvements. It would be unwise to spend large amounts on energy improvements for a space which is going to be changed. However, the talks are in the early stages and supposedly a minimum of 2-3 years away from commencement of work, so lower cost solutions would still be welcomed by the team if there was good benefit short term. It could also serve as a useful place to trial certain technologies. If suitably priced, any earmarked equipment could be tested here and monitored as the structure may end up being condemned regardless. 
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[bookmark: _Toc133530184][bookmark: _Toc133607133]Figure 12 - Sports Hall Ground Floor (0)
[bookmark: _Toc133607176]Swimming Pool
Like the sports hall, use of the 20m x 5m indoor, heated swimming pool is shared between students and non-students. It houses a small reception area and changing rooms. The pools opening hours differ in and out of term time (8am – 10am & 12pm – 1pm during term, 10am – 2pm out of term). Students can use the pool leisurely, for exercise, or during lectures for the school of Sport Health and Outdoor Education. It is also hired externally from 4pm on weekdays for children’s swimming lessons (UWTSD, n.d.). The timetable is updated termly so at present there is not a current time and therefore a lack of energy coherence. There are two plant rooms, one houses the water system controlling the temperature of the pool, the other houses the BMS and air system.   
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[bookmark: _Toc133530185][bookmark: _Toc133607134]Figure 13 - Swimming Pool Ground Floor (0)

[bookmark: _Toc133607177]Relevant Equipment & Funding
As a result of work done by Dr Goodfellow-Smith, estates, Christine Lucas, and Gregory Owen, the project was allocated £600 funding for energy monitoring equipment. This was fantastic news for the project and allows the estates team to use it to identify problems and monitor the energy at Carmarthen and other UWTSD sites. To make this budget to go even further, the £250 student bursary was also utilised. This is available to every student at the university and was donated to estates at the end of the final visit along with the other equipment. 
[bookmark: _Toc133607178]Ultrasonic Leak Detector
The RS PRO Ultrasonic Leak Detector was purchased for a total of £376.32. The product details on located on the RS website describe it as:
A great value ultrasonic detector which locates the source of the ultrasonic emissions generated by gas or air leaks. It can be used with its transmitter to locate roof, windscreen and gasket leaks, and to indicate leaks in pipes and conduits. The leakage detector can be used to detect vacuum leaks or pressure leaks in refrigeration and air conditioning installation. A leak will emit an ultrasonic sound as the refrigerant escapes the unit. The detector can be used to pinpoint the exact location of the leak by "homing" in on this sound.
(RS, n.d.)
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[bookmark: _Toc133530186][bookmark: _Toc133607135]Figure 14 - RS Pro Ultrasonic Leak Detector (RS)

[bookmark: _Toc133607179]Pressac Wireless Door & Window Sensor
Wireless windows and door sensors allow the monitoring of the frequency a door or window is opened and shut. It was purchased as a result of observations on the first visit to Carmarthen where in the theatre entrance of Halliwell, the automatic door was opening as students walked through the corridor to the other side (where toilets and other classes were situated), yet not leaving the building. As a result, the temperature in the main foyer was not too indifferent to outside temperature. This would be more of an issue when the theatre is being used, rather than lectures or conferences. 
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[bookmark: _Toc133530187][bookmark: _Toc133607136]Figure 15 - Pressac Window/Door Sensor (Pressac)
The use of this equipment allows for estates to put a figure on how many times the door opens, as well as peak times of day. This data can then be used when looking at potential solutions, or even prove that the source of loss may not be doors or windows but something else. Two of these were purchased for a total of £120 excluding VAT and shipping. One was fitted on the entrance doorway at Halliwell, while the other was left with estates for them to use in a location of their choosing. 
[bookmark: _Toc133607180]Pressac One Channel Wireless Current Sensor
Pressac were also used to purchase a wireless current sensor at a cost of £104 before VAT and shipping. The Pressac overview says:
Our wireless current sensors (CT) simply clip around a single cable, measuring the alternating current (AC) and the wireless transmitter attaches outside the panel for reliable wireless data transmission. The small, energy-harvesting devices use ultra-low power wireless and battery-less technology making them easy to install and very low maintenance.
(Pressac, n.d.)
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[bookmark: _Toc133530188][bookmark: _Toc133607137]Figure 16 - Pressac Wireless Current Sensor: One Channel (Pressac)
This equipment does require a qualified electrician to use which does limit the ease of use, however the electrical team at Carmarthen is available to use this equipment safely and conveniently in future.
[bookmark: _Toc133607181]Sealey Thermal Imaging Camera
The Sealey thermal imaging camera was not purchased directly from the supplier as it was purchased using the student bursary, as mentioned previously. This means that there was not the same red tape as it were that the university seemed to have when purchasing using their allocated funding. The camera was bought brand new on eBay for £217.99 including VAT and shipping costs. 
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[bookmark: _Toc133530189][bookmark: _Toc133607138]Figure 17 - Sealey Thermal Imaging Camera (eBay)
The camera displays a temperature map to detect cold or hot spots, which would indicate a leak in a building or system. It could identify holes in roofs, cracks in windows, blocked extractors and much more. Used in conjunction with the other equipment, especially the ultrasonic leak detector, could be extremely fruitful, as the thermal imaging camera picks up potential leaks, while the leak detector pinpoints its source. 
[bookmark: _Toc133607182]Risk Management
To minimise and mitigate potential risks, a bespoke risk assessment was completed. This identified potential risks on site, gave them a risk rating (severity) and a mitigation plan – so to eliminate the risk, or render it harmless. A copy of the risk assessment is shown in the figure below.
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[bookmark: _Toc133530190][bookmark: _Toc133607139]Figure 18 - Risk Assessment for Carmarthen on site (template provided by Dr Goodfellow-Smith)
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[bookmark: _Toc133530191][bookmark: _Toc133607140]Figure 19 - Risk Matrix and Scoring Implications (source: Dr Goodfellow-Smith)
Such a risk assessment can be used by the university for future checks or audits on their buildings, taking note of the four buildings checked for this specific risk assessment, as entry to other buildings may bring unique risks of their own. It can be used in future by estates as a baseline which they can appropriately top-up if they plan to survey other buildings on site. This risk assessment would not be appropriate on a new development as it does not feature any of the main risks associated with new construction. 










[bookmark: _Toc133607183]Available Assessments & Accreditations
There are various assessments, certificates, ratings and accreditations out there that range in the sites that they are relevant to: from new builds to refurbishments. The main assessments that the report will look into are BREEAM, WLC, and EPCs as these are all used or aim to be used by the university. 
[bookmark: _Toc133607184]BREEAM
[bookmark: _Hlk132704569]Sustainable certificates are available for a wide range of buildings. The Building Research Establishment Environmental Assessment Method (BREEAM) certificate uses 10 different measurements categories to rate and score a building’s environmental performance. It is recognised in 89 countries and counting. These categories include pollution, waste, water, energy, management (Rosenkranz, 2021). This allows buildings of all ages to be measured and scored, which helps identify those succeeding and those in need of improvement, as well as comparing developments to see which technology performs best in a space.  
Other higher education (HE) centres in the UK have BREEAM certificates, including London School of Economics (LSE) who achieved a BREEAM outstanding rating (85%) on their new ‘Centre’, a seven-storey development housing a students’ union, a learning café, exercise studio, coffee bar, fitness centre and more, completed in 2014 (Bre Group, n.d.). The development scored 100% of available credits in management, transport and water categories, some of its praised environmental features include:
· 254m² PV system reducing Carbon Dioxide emissions by 32.3%
· Detailed BMS integrated into data displays on each floor, also integrates with LSE’s existing BMS
· Building’s design promotes night-time heat purging for natural ventilation and cooling
· Locally sourced bricks – also help improve the whole life carbon assessment of the building 
· Staggered east-facing façade aiding ventilation without compromising lighting to existing buildings
This case study is an example of how BREEAM can show the importance of sustainable building design in providing the building blocks for a highly efficient and well performing building. These principles are shared by Amory Lovins, who recognised that a building’s sustainability potential starts with the initial design:
By skimping on design, the owner gets costlier equipment, higher energy costs, and a less competitive and comfortable building; the tenants get lower productivity and higher rent and operating costs.
(Amory B. Lovins, 1999)
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[bookmark: _Toc133530192][bookmark: _Toc133607141]Figure 20 - LSE Centre (Bre Group)
We would not expect older buildings as seen in Carmarthen to reach the same levels of BREEAM rating than a new development on this scale, however there is a standard for BREEAM refurbishment and fit-out. There is a target in place for the university to achieve at minimum a BREEAM “Excellent” rating for all new projects. With work well underway on the innovation matrix at Swansea campus and advanced talks surrounding the new sports centre at Carmarthen, it will soon be clear whether these targets are being met. 
[bookmark: _Toc133607185]Whole Life Carbon Assessment
A whole life Carbon Assessment (WLC) encourages a developer to think about emissions in energy use and embodied carbon throughout the entire lifespan of a project (temple, 2021). From initial construction to energy consumption, to decommissioning and end of life, a site can reduce its carbon emissions drastically throughout its life by taking certain steps and thinking about the building living beyond just its construction. The problem faced is simply that building contractors move from one job to another. Once one development is completed, it is forgotten about, and the processes used to construct the building may not be sustainable in the first place. The figure below shows the promising decline in oil energy consumption in the industry sector compared to that of the transport, services, and domestic sectors. We can further help this by limiting new developments by increasing refurbishments where it can save energy and maintain historical importance and character. 
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[bookmark: _Toc133530193][bookmark: _Toc133607142]Figure 21 - Energy Consumption by Sector Graph (ONS)
A WLC is applied more in new construction projects. However, applying the same principles at retrofitting stage can be beneficial too in improving a projects sustainability. For example, utilising measures such as innovative heating and energy systems and future adaptability. A building’s average lifespan now is 60 years on average (temple, 2021). Yet at Carmarthen, Hen Coleg has been standing for a lot longer and will continue to do so. Plus, this report has discussed the high emissions and energy use of the construction sector, so reducing new construction where we can, will help to keep emissions at a suitable level.
[bookmark: _Toc133607186]Energy Performance Certificate
An energy performance certificate (EPC) shows how energy efficient a property is and is another measure that the university uses in ensuring high standards are kept for the energy usage of their new developments. These won’t be discussed in detail in the report as they are only needed for newly constructed buildings or when buildings are sold or rented. They are also not applied to listed buildings or buildings of a lower threshold of energy use due to their function or occupancy (UK Government, n.d.). Hen Coleg for example would not require an EPC due to it being listed. However, the proposed new sports centre facility on the site of the current sports hall would require this certificate. 



[bookmark: _Toc133607187]UWTSD Sustainability Performance
UWTSD appears to be improving their sustainability as a group of campuses. Carbon emissions associated with gas, electricity and water usage have all fallen from 2018/19 to 2020/21 (UWTSD Group, 2022). C02 emissions relating to gas use fell by 20.74%, while emissions attributed to electricity fell by 54.82%, and a 76.25% decrease in water use related carbon dioxide emissions. This indicates a clear trend that the university is succeeding in its aim to become more sustainable and is clearly working well towards its net-zero carbon goal. According to the university, these reductions have come as a result on several projects focussed on reducing utility consumption. These included a renewed focus on boiler and lighting upgrades and replacements. Modernising lighting can make big savings, especially if the bulbs being replaced are particularly old, as new LED bulbs are much longer lasting and more efficient than traditional bulbs. In fact, in a household alone, the government estimates up to a £55 per year saving by switching from traditional bulbs to LED (UK Government, n.d.). Coincidentally, full LED rollout is part of the university’s action plan to become net zero carbon. These changes came alongside behavioural change projects such as the ‘Blackout’. The Blackout involved all lights being switched off on campus for 1 hour but it is unclear yet as to the success of it. Daylight monitoring and daylight saving could also be linked to this project in order to identify areas and times of day where artificial light may not be needed. There is good coverage of motion sensors for lighting in Carmarthen campus.   
[bookmark: _Toc133607188]Successful Initiatives & Projects
The university has implemented several successful initiatives to improve processes and introduce more education to staff and students on sustainability. They take form via integration into the built environment or are initiatives designed to educate and improve behaviour of staff and students.
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[bookmark: _Ref133533762][bookmark: _Ref133533753][bookmark: _Toc133607143]Figure 22 - Solar Bench (source: author)
The solar bench shown Figure 22 was one of 3 observed in the area between Halliwell and Hen Coleg. They had photovoltaic (PV) panels situated on the seated part of the bench with USB charging ports. These encourages the students to utilise the outside spaces more frequently and provides sustainable and renewable source of energy for charging devices.
There are now currently 2 electric vans as part of the UWTSD fleet for site-based work, with investigations ongoing into the installation of fast-charging points to add to the EV charging stations already in situ. This encourages and supports the increase in EV transport for staff and students, as well as integrates the infrastructure needed to uphold the aim to have a fully electrified fleet by 2025 (UWTSD Group, 2022).
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[bookmark: _Toc133607144]Figure 23 - Living Wall at Halliwell (source: author)
A living wall is placed on an exterior wall at Halliwell, which displays a variety of plants. This green, living wall increases biodiversity around the building and increases the protection of fauna and flora. They also significantly reduce glare compared to conventional hardscapes as well as acting as living insulation (thermal and acoustic) (Department of Biochemistry: University of Cambridge, n.d.). The acoustic insulation properties of a living wall are particularly interesting considering the positive effect it could have on reducing noise pollution from theatre shows at Halliwell if the area of living walls was to be increased.  
Carmarthen have also trialled healthy eating week and vegan days at the campus for staff and students. All food served during those times are healthier and/or vegan, with near unanimously positive feedback to both schemes, which both encourage healthier lifestyles while being kinder to the environment. Interestingly, the Carbon Trust’s report into UWTSD highlighted that purchased goods and services, which includes catering, accounted for 59% of its carbon footprint (Carbon Trust, 2023), so improvement within the sourcing of catering could help reduce that figure. 
[bookmark: _Toc133607189]Recycling 
The university is nearing its target for recycling, with the target set at 65% of all waste recycled by 2021/22. It managed to recycle 50% of all waste during that period, nearing its target but still more work to do. This figure may also be aided further with a review into the catering suppliers that is currently ongoing. There are many bins around all campuses, which are adequately labelled, including general waste, mixed recycling, individual recycling, and also printer cartridge recycling boxes located next to printers with visible and informative signage. The current 50% figure is above the UKs latest average household recycling rate (2020) which stood at 44.4% yet lags behind Wales’s rate which stood at 56.5% in 2020 (Department for Environment, Food & Rurual Affairs: UK Government, 2022). So, despite being above the UK average, there is still work to be done to both keep up with Wales’s household rate and the university’s own 65% pledge.
[bookmark: _Toc133607190]UWTSD Energy Performance Data
Through the help of Koi Merebark (Sustainability Officer - Estates) and Daniel Priddy (Finance & Business Performance Manager – Finance), the report has benefited from access to energy and cost data for UWTSD. The dashboard that the university uses to look at is esight and contains data relating to energy consumption, CO2 emissions, water usage, and gas consumption not only in sub metered parts of Carmarthen, but also other campuses in UWTSD for comparison.














 

[bookmark: _Ref133498446][bookmark: _Ref133498469][bookmark: _Toc133607191]Findings
These findings will cover each building as observed on any or all of the three site visits which took place between 12th December 2022 and 31st March 2023. Some findings will be used to estimate potential cost and energy savings which could be made after rectifying certain problems. The solutions do vary in cost and installation time, which will also be factored in. 
[bookmark: _Toc133607192]Halliwell: The Merlin (Canteen)
The main student catering on Carmarthen campus is situated on the ground floor level in the Halliwell building and is known as The Merlin. It has a maximum capacity of 220 (please note that this figure is likely for conference event, average student capacity to be lower). 
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[bookmark: _Toc133530195][bookmark: _Toc133607145]Figure 24 - Halliwell Ground Floor (Merlin circled in red)
[bookmark: _Toc133607193]Scheduled Start-up
When looking at the energy data given to us, it seemed to somewhat match with what the catering staff claimed about the start-up time of the kitchen (see Figure 25). This is important as the nature of autonomy in a building can often lead to appliances being switched on before they are needed. It can be observed that the initial startup time is around 3am but only really kicks into action at 5am. This could be analysed further and in collaboration with kitchen staff whether this is necessary, or whether scheduled startup can be later on in the mornings. Savings could be made by scheduling the boilers to startup later if viable. It may be a case of habit and routine inhibiting the ability to see that energy is being wasted. 
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[bookmark: _Ref133584888][bookmark: _Toc133607146]Figure 25 - 24-hour Energy Monitoring of Halliwell Kitchen Boiler (source: esight)
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[bookmark: _Ref132984354][bookmark: _Toc133530196][bookmark: _Toc133607147]Figure 26 - The Merlin (source: Venue Wales)
[bookmark: _Toc133607194]Lighting 
Arriving at the site before student lectures began (approximately 08:30), it was observed that full internal lighting was used, despite zero non-catering staff being present and the glazed area of the hall facing East, therefore getting sufficient morning sunlight to illuminate the space. By asking the front of house staff working that day, it was found that the kitchen staff arrive around 06:00 which is when switch-on happens as the team prepare the food to be served throughout the day. It appears the lighting observed at 08:30 could have been on as early as 06:00. This waste of energy would be benefitting no one as kitchen staff would be in the kitchens. The only staff who may need the lighting that early is the cleaning staff, checking their schedules and using lighting accordingly could be an option. 
[bookmark: _Toc133607195]Dish Conveyor
There is a dish conveyor belt (back of shot in Figure 26) used for students to put dirty plates onto, which then gets taken to the kitchen area for cleaning. It was unclear from the visits how often the system is utilised to its capacity, but it was observed that, much like the lighting at the time, the conveyor was on needlessly and wasting energy.
The conveyor could be removed entirely as it feels unnecessary, but this will depend on whether it is a change that the students and catering staff feel would hinder productivity. With that in mind, an improved system where a sensor on the conveyor could be in place. A time switch could be used at known peak times, for example, feedback from staff was that breakfast time is usually quieter than lunch for student footfall, so the conveyor could be switched on before lunch rather than breakfast. There was also feedback from staff that builders were usually in the space at around 09:30 as they had been onsite for several weeks doing work on the main building. This change in the normal footfall of the space could be combated with simply turning on the conveyor as and when it is busy, rather than a set timer. Another solution is a weight sensor where the conveyor will only move once a certain weight (plates, cutlery) is placed on it. This would combat the problem of the system moving and consuming energy whilst there is nothing on it. 
[bookmark: _Toc133607196]Uninsulated Ceiling Panelling
A brief and easy check on the roof panelling identified a lack of insulation in Halliwell. A member of staff involved with the catering office gave information that the office situated adjacent to the main Merlin foyer had new ceiling panels as a result of a collapse. However, these new panels were not insulated, so the proposed plans for new ceiling panels in the main Merlin space are unlikely to be insulated also. A study on a residential scale produced a 35.5% reduction in heat loss through the ceiling using insulation (Byrne, 2013). It is also estimated that buildings with higher ceilings can reduce heat loss by up to 30% by equalizing temperature difference of the lower and upper sections of a space (Arc, 2019).
[bookmark: _Toc133607197]Inefficient Chiller Units
Outdated chiller units were seen in the Merlin space which seemed inefficient. They were exposed for customer viewing of the items on show, making them easy to take off the chiller shelves. However, the lack of a door meant that the chiller had to work much harder to refrigerate the products to a safe level to keep fresh. With the thermostats in the rest of the space indicating 21°C, the cold thermal mass from the chiller will diffuse into the much larger warm space, essentially making it a very poor cooler of the space. New chiller units are apparently close to being purchased and the report recommends that these be fitted with doors to prevent steady heat loss.
[bookmark: _Toc133607198]Halliwell: Conference/Teaching Rooms
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[bookmark: _Ref133585369][bookmark: _Toc133607148]Figure 27 - Blocked Extraction Unit (source: author)
Figure 27 shows an extraction unit on the ceiling of a conference/lecture room in Halliwell. There is clearly some matter blocking the vent, preventing optimum performance of the extractor. A simple clean and maintenance schedule for this vent and all similar within Halliwell and the wider campus buildings will have a larger cumulative benefit to efficiency and air indoor air quality.
[bookmark: _Toc133607199]Halliwell: Theatre 
The Halliwell theatre, as mentioned previously, is a 325-capacity seated venue which is available to host launces, guest speakers, concerts, and theatrical productions – for which there is backstage facilities and spaces for the storage of theatrical equipment. Graduation is also held at the venue for students studying at the campus. The theatre itself is filled with character but it was clear from looking backstage that the venue is dated and would benefit from some upgrades. Existing theatres can benefit from energy upgrades such as modern lighting. Lighting is a key part of a production and using LEDs not only is more efficient but also emits next to no heat vs traditional bulbs, which at the scale of a theatre production can negate the need for the installation of a cooling system within the venue. 
[bookmark: _Toc133607200]Theatre Heating  
Heating in many of the backstage area was on high, despite the rooms being unoccupied and no events in Halliwell on for at least 4 days (visit was on Friday and next scheduled event was the following Tuesday). This was a great waste in heat and energy and the electricity data for the Halliwell theatre shows that there was not an event on in the theatre until the following day (see Figure 21). 
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[bookmark: _Ref133002590][bookmark: _Ref133314393][bookmark: _Toc133530197][bookmark: _Toc133607149]Figure 28 - Electricity Data for Halliwell Theatre (source: esight)
[bookmark: _Toc133607201]Theatre Lighting 
It was hard to observe the theatres lighting due to there being no show on during the visit, meaning the lights were not operational. However, there are examples of lighting upgrades in theatres which can have huge benefits to energy efficiency and the temperature of a space. Any traditional bulbs should be replaced with modern LED lighting. Incandescent bulbs have much higher heat gains compared to newer LED bulbs. 
[bookmark: _Toc133607202]Hen Coleg 
[bookmark: _Toc133607203]Main Entrance 
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[bookmark: _Ref133441122][bookmark: _Toc133530198][bookmark: _Toc133607150]Figure 29 - Hen Coleg Ground Floor with Main Entrance Circled
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[bookmark: _Toc133607151]Figure 30 - Hen Coleg Entrance (source: author)
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[bookmark: _Toc133607152]Figure 31 - Hen Coleg Entrance Highlighting Impact of Open External Door (source: author)
The circle in Figure 29 shows the location of the main entrance at Hen Coleg. It is a partially enclosed hallway with doors leading to a small café and eating area (left on map), the entrance to the old chapel (right on map), and a doorless entry to the corridor which leads to other classrooms and the library (ahead on map). The external door at this main entrance was observed to be open on every visit, and it was also observed that both students and staff leave the aforementioned door fully open or ajar after entering or exiting Hen Coleg. This behavioural issue is no doubt leading to heat loss, especially in the cold of winter. OVO Energy claim that a home can lose up to 15% of its heat through open doors, that figure will be greatly reduced as the size of a building increases (ovo Energy, 2021), yet is still a considerable source of heat loss. 
[bookmark: _Toc133607204]Cracked Windows
[image: A picture containing grass, outdoor, brick, old

Description automatically generated]
[bookmark: _Toc133607153]Figure 32 - Cracked Glazing at Hen Coleg (source: author)
Several cracked windows were observed all around Hen Coleg. As the name suggests, this is an old building, yet that does inevitably mean that the windows are old too, being single glazed and hence increasing the u-value of the glazing. The age of them is a problem in itself, add to that the fact that some are cracked only adds to heat loss. Scheduled repairs and subsequent maintenance to the windows at Hen Coleg is necessary to avoid multiple cracked windows in future, but the listing status of the building does add complications. 
[bookmark: _Toc133607205]Evidence of Damp
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[bookmark: _Ref133587420][bookmark: _Toc133607154]Figure 33 - Signs of Damp in Hen Coleg (source: author)
The damp patch shown in Figure 33 suggests a leak somewhere in the building, likely the exterior roof. However, this was rectified between visits as roof work was taking place and the same damp patch on the wall and ceiling was not present on a later visit. This is encouraging and shows the university is successfully repairing and maintaining the fabric of their buildings. 
[bookmark: _Toc133607206]Swimming Pool
[bookmark: _Toc133607207]Blocked Air Intake
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[bookmark: _Ref133587582][bookmark: _Toc133607155]Figure 34 - Air Intake Blockage at Swimming Pool Exterior (source: author)
This air intake shown in Figure 34 is clearly blocked by leaves that have clogged the intake, reducing the amount of air which can be filtered at any given time. This reduces the efficiency of the unit inside the exterior plant room of the swimming pool but is straight forwardly solved by cleaning out the leaves. To prevent this happening often, a planned inspection and maintenance schedule should be drawn up, with increasing frequency during autumn and winter.  
[bookmark: _Toc133607208]Cracked Mortar
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[bookmark: _Ref133587836][bookmark: _Toc133607156]Figure 35 - Cracked/Damaged Mortar at Swimming Pool Exterior (source: author)
Also, at the swimming pool exterior was observed cracked mortar (see Figure 35). Although this didn’t show any hot spots/heat leakage on the thermal imaging camera, it is still a potential maintenance issue and could eventually lead to heat loss or structural compromise if left too long. Proposed repointing of the damaged section with subsequent maintenance would solve the issue, which is minor.
[bookmark: _Toc133607209]Library Corridor 
[bookmark: _Ref133588237][bookmark: _Toc133607210]Unclean Skylight 
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[bookmark: _Ref133588005][bookmark: _Toc133607157]Figure 36 - Unclean Skylight in Library Corridor (source: author)
Figure 36 shows the skylight in the corridor before the library entrance. It was observed to be dirty during all visits, it being apparent that no planned maintenance had taken place between December and late March. This means that there is a reduced solar gain in this area, meaning lights were switched on unnecessarily. 
[bookmark: _Toc133607211]Excessive Lighting
As mentioned in 8.6.1, the unclean skylight meant that lights were switched on. However, despite the reduced solar gain from the skylight, these lights were still unneeded as the corridor was sufficiently illuminated by the skylight and adjacent window alone. Even using half of the amount of downlighters in the space would reduce energy and costs over a long period.
[bookmark: _Toc133607212]Excessive Heating
This corridor space was observed by both on site to be excessively warm, in fact uncomfortably so. The space lies between the back entrance to Hen Coleg and the vast library space, which has a vaulted two storey roof, both of which were much cooler in comparison. This meant that the heat was lost to both sides alongside only being used by staff and students passing through rather than staying there for an extended period. The heating here should be switched either much lower or even off altogether. Corridors do not require the same level of heating than rooms or occupied spaces. Reducing or switching off the heating here could reduce the energy consumption especially in colder periods. 


[bookmark: _Toc133607213]Potential Savings 
The site audit found that there are many good projects completed, ongoing or proposed at Carmarthen and across UWTSD. It was also found that some changes could be made, both retrofits and behavioural projects, which could add to the growing improvements being made. 
[bookmark: _Toc133607214]Estimated Energy Savings 
The following quotes are estimates and not to be taken as 100% accurate. They are based on calculations which themselves are based on educated assumptions. However, they should give a good indication of initial outlay of any retrofit project and the total payback time and energy savings over a given period. Only a small sample of the proposed improvements have been used to calculate the energy and cost savings, this is in some part due to lack of known information surrounding the figures needed to calculate the savings accurately. 
[bookmark: _Ref133432907][bookmark: _Toc133607215]Merlin Lighting 
Starting in Halliwell canteen, known as the Merlin. There are 21 large downlighters that were observed to all be switched on well before the expected influx of students and other customers. A potential solution to this is the use of invite lighting. This is a principle used by retailers and hospitality facilities that illuminates a building’s interior using only lighting closest to a glazed façade or where it will make the premises most visible to potential customers. It can be done while the site is closed or, in the case of Merlin, during the period after it opens but there is little to no non-staff occupancy. The fact that the Merlin faces East also means that in the morning, using all 21 downlighters is excessive for sufficiently illuminate the space. Using invite lighting in this space would mean using either every light closest to the window, or perhaps every other light if suitable, to save even more energy.
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[bookmark: _Ref133331487][bookmark: _Toc133530199][bookmark: _Toc133607158]Figure 37 - Example of Invite Display Lighting at a Retail Store (source: dreamstime.com)
Figure 37 highlights invite lighting well, as the retail lot is shut, yet potential customers are still able to see the display area. This same principle could therefore be applied to Merlin at certain times each day. For example, from 6am (kitchen opening – 9am first students attend & from 3pm – 6pm). Limiting the usage of the 21 downlighters each morning and evening to run the 7 that run alongside the Eastern façade would reduce the energy usage from those downlighters by two thirds. Assuming that this can be done for up to 6 hours per day 6 days per week and using the same LED bulb wattage in Equation 1 (12 W), each week during term time could save 6.05 kWh per week just by introducing invite lighting.   
[bookmark: _Toc133607216]Theatre Lighting
LED bulbs offer a huge 91.58% heat emission coefficient against incandescent bulbs at a much lower wattage, in the case of this source the LED bulbs wattage was 88W less than the incandescent (Suszanowicz, 2017). Assuming there are 20 stage lighting units in the Halliwell Theatre, switching all from incandescent to LED would require 1760W less to power. 




Equation 1 shows the estimated energy savings by switching theatre lighting in Halliwell to LED bulbs, if such changes have not been made already. It shows an estimated weekly energy saving of 253.34 kJ. Over the course of one year that could save 13,173.89 kJ, providing the theatre lighting runs at an average of four hours per week for the entire year. To compare this with the data gathered from esight, this energy must be converted into kWh. Energy Saved per Week by switching from incandescent stage lighting to LED lighting (estimate)/kJ:









Assumptions:
· 20 Stage lights used in Theatre
· Stage Lighting is used 4 hours per week on average
· Current lighting used is Incandescent bulbs with 100 W power, LED alternative is 12 W (Suszanowicz, 2017)

[bookmark: _Ref133311016]Equation 1 - Estimated Energy Saving per Week/kJ in Halliwell Theatre with Stage Lighting Change (source: author)















The 3.66 kWh reduction in energy per week in Equation 2 indicates a good chunk of weekly energy can be saved by using LED stage lighting in the theatre. To highlight this, taking the graph shown in Figure 22 and showing it against the potential saving highlights the extent of implementing just one change. [bookmark: _Ref133314309]Equation 2 - Estimated Energy Saving per Week/kWh in Halliwell Theatre with Stage Lighting Change (source: author)
Power Saved per Week by switching from incandescent stage lighting to LED lighting (estimate)/kWh:
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[bookmark: _Ref133315158][bookmark: _Toc133530200][bookmark: _Toc133607159]Figure 38 - Halliwell Electricity Graph with Integrated Energy Saving Estimate (source: author)
The above graph in Figure 23 uses the data from Figure 22 with the estimated energy savings shown in green. The reason the saving is not consistent throughout the week is due to the operation time of the theatre lighting, which would usually be operational sparsely as and when there are productions or events on. As opposed to general lighting and electricity demands of the rest of Halliwell such as room lighting, fridges, computers, etc. So, during peak periods when the theatre is likely in use, the overall energy consumption is reduced by 3.66 kWh. This is a good saving but should be supplemented by savings elsewhere that can help bring down the electricity during times where the theatre is not operational. 
[bookmark: _Toc133607217]Estimated Cost Savings
From these energy savings, the potential cost savings can be estimated to help work out whether a proposal is worth undertaking financially. Unfortunately, we live in a time where money talks and the only way some may be convinced to approve energy saving funding is if there is a financial benefit to go alongside. However, gas and electricity account for a combined 19% of UWTSDs entire carbon footprint (Carbon Trust, 2023). 
The university runs on a variable tariff, with the cost of gas changing with the market price. There was not a figure given for the cost of electricity at the university, so it is assumed given that electricity is typically 3-4 times more expensive than gas per kWh (sources: (Money Supermarket, 2023), (EnergyReview.co.uk, n.d.), (Check-a-Trade, 2023)), that this difference will be used to convert the cost of electricity for the university in each billing period. The average difference from the sources was that electricity was 3.4 times more expensive than gas, with two of the source’s figures being within a month of writing. With that in mind, Figure 39 illustrates the projected cost difference between gas and electric rates, while Figure 40 shows the cost conversion estimates from gas to electric.

[bookmark: _Ref133431950][bookmark: _Toc133530201][bookmark: _Toc133607160]Figure 39 – Graph Highlighting Gas Rate vs Estimated Electricity Rate (source: author)
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[bookmark: _Ref133431586][bookmark: _Toc133530202][bookmark: _Toc133607161]Figure 40 - Table with Monthly Billing Gas Rate from Apr 22 - Jan 23, with Electricity Conversion Rate (sources: Dan Priddy, UWTSD, author)
[bookmark: _Ref133435301][bookmark: _Toc133607218]Merlin Lighting 
The initial cost of changing the lighting settings would be zero as there is no added structural work to be done and the university has an electrical team on site meaning no outsourcing costs. The estimated energy saving by using invite lighting in the Merlin in 9.1.1 was 6.05 kWh per week. For an average month during term time this means around 24.20 kWh per month saved. By looking at this data against the estimated electricity costs, it can be determined that savings ranged from 67.51p per month to 540.90p per month. The variable nature of the tariff will affect the potential savings, but the estimated maximum saving for a year due to an introduction of invite lighting is 6490.82p per year (£64.91). This figure could potentially increase to £102.00 if there was a further reduction on lights used for the invite lighting from 7 to 4.
[bookmark: _Toc133607219]Theatre Lighting 
Using the same principles as 9.2.1, the potential savings via theatre stage lighting upgrades are based on the estimation of a 3.66 kWh saving per week. This equates to a monthly saving of approximately 14.64 kWh and using that with the highest tariff rate in Figure 39, the maximum monthly savings could reach or exceed 327.22p per month, and 3926.68p per year (£39.27).


















[bookmark: _Toc133607220]UWTSD Management Overview
The estates, financial, sustainability, and spaces teams within the university have displayed impressive coherent working which this project has benefited from hugely. However, during the project’s lifespan, it has been clear that there is constraints for the teams when trying to initiate changes with delays and approval from upper university management and decision makers often observed to be slow and lacking in promise. 
When it comes to sustainability at the university or any university, as a place of learning and development, surely a big emphasis should be placed on innovation in all sectors. The environment and sustainability are just one cog in that spectrum but can and should be a key principle with the aim of innovation, education, development and improvement. 
[bookmark: _Toc133607221]Current Management Process
The current process for making sustainability improving changes at the university can be time consuming based on feedback from members of the departments. The university suffers from the same constraints of balancing operational priorities and competing financially. Budgets must be fairly spread across all needs of a university so that it best equips staff and students to excel. Currently, in order to see through a certain sustainable improvement of medium to large scale, it requires a business plan to be submitted, which is then passed through finance, management and directors. Once it is approved (usually with back and forth and changes agreed) grant applications can start to the Welsh Government and tender documents are written. These required stages mean the processes inevitably take time.
The problem with the current processes is not the time it takes, as this has been proven to be unavoidable for any type of business doing the same thing. Feedback from several lecturers at UWTSD leads to the conclusion that directors at the highest points at UWTSD group do not have the suitable qualifications and experience in business management roles but are rather academics that have moved up the ranks to roles that don’t necessarily require their expertise in their field of study. It is a problem not limited to UWTSD though, as the Welsh Rugby Union (WRU) has recently undergone a major review and subsequent implementation of new changes regarding the recruitment process of senior board members. Whereas previously ex-players became CEOs and board members, now candidates from business backgrounds will be considered to take up senior roles. In addition to this, there is an emphasis on higher female representation in management with a 50% pledge. This recent example feels all too familiar in comparison to the university. For example, in the university’s history (dating back to 1822 Saint David’s College, Lampeter) there has been zero female vice-chancellors (Wikipedia, n.d.). This is disappointing to say the least and puts the university behind the UK, where 29% of vice-chancellors are women (Jarboe, 2019). Modern changes such as pledging 40%-60% split of male and female roles will help encourage students, particularly females in engineering, that they have a fair and equal chance to get the position their work and expertise deserve.





















[bookmark: _Toc133607222]Proposals for Sustainable Future Strategies at UWTSD
This section looks at how UWTSD can become leaders in the higher education sector for putting sustainable growth first and improving the future for staff, students and stakeholders associated with the faculty. The following proposals and principles are heavily influenced by the book “The Triple Bottom Line” by Andrew W. Savitz. 
[bookmark: _Toc133607223]Sustainable Business Model
Stakeholders are integral to businesses so getting them on side with a vision is key to get things going. Often however, said stakeholders internally, externally, and within the value chain are not appropriately educated on sustainability and cling onto the same old tropes about the environment. Identifying key stakeholders and seeing through their eyes is vital in enabling to get more of them onside with a vision. Students are typically environmentally conscious but can still be wasteful and be ignorant to why a certain policy may be proposed. Having said that, evidence that the university’s trial healthy eating weeks and vegan days have been resounding successes leans towards the idea that students are on board with sustainable practices. Welsh Government are stakeholders as it is them who decide on grant approvals. Fortunately, they are passionate about sustainability and should be easy to get onboard. Those are just two examples of important stakeholders who will both contribute to a help grow and maintain sustainable practices at UWSTD, which can be further helped if they feel as though they can engage with the projects. 
The “sustainability sweet spot” as it’s put in The Triple Bottom Line is the intersection between business interests and social interests. Here, business aim to combine the pursuits of both the common good and the social benefits of the stakeholders as seamlessly as possible (Savitz, 2006). Doing this at UWTSD can be done via increased student engagement, continuing the good sustainable initiatives, continual improvement with carbon reduction, and directorial attitude changes.  
[bookmark: _Toc133607224]Legacy Strategy
Harnessing the knowledge and hunger of students could be an essential tool for the university yet is underutilised currently. There is no current opportunities, transition, or progression for students to collaborate within university departments. Feedback from estates suggests that there are plans in place to run internships which is very encouraging. Running internships alongside graduate schemes allows for competitive working from students, eager to impress and show what they are capable of. That hard work will yield more productivity and could spark ideas to make change. It will also undeniably increase staff-student engagement in all departments and make transitions into employment more comfortable – something which has felt extremely lacking throughout the course.
[bookmark: _Toc133607225]Summary of Findings & Proposals 
This section will provide the final summary of all proposed energy, carbon reduction, and management strategy improvements for UWTSD at Carmarthen. It is bespoke to Carmarthen but there are several elements which can be applied to other campus’ and departments within the university. 
Firstly, there are areas around the Carmarthen campus which would benefit from improved maintenance frequency and inspection. These included: broken guttering at Halliwell which was leading to leakage and puddling at numerous points, mortar cracked and discoloured at swimming pool, and evidence of damp in Hen Coleg. The university does have sufficient inspection and maintenance protocol in place at present, as is shown by the money spent between 2021/22. Therefore, staffing may be the bigger concern here, with too few staff available across all campuses to carry out both scheduled and unscheduled maintenance. An appropriate example of this is Gavin Harding, the compliance manager within estates and facilities, being the only individual responsible for managing the BMS at all campuses. Naturally, this causes problems at he cannot physically be at numerous places at once. Despite remote access to BMS being commonplace, this does not prevent the hugely excessive expectation that one person can effectively manage campuses spread across South Wales and England. It is a sobering exposure of the lack of thought that has gone into energy management at UWTSD campuses. 
Looking ahead to maintaining a sustainable business and continually improving the energy performance at UWTSD, this report proposes a new threshold system to be implemented. This system encourages continual improvement and could potentially be trialled at Carmarthen with a view to implementing it across all campuses if successful. The threshold involves reducing total energy consumption across a campus by at least 2% each year. This is achievable and can be easily tracked at a chosen point each year by looking at the energy data. At each 5-year period, there would be a review into energy performance over that time and a subsequent decision on whether to stick with the 2% reduction or change it higher or lower. 10 years of successful implementation would mean the energy consumption at Carmarthen would reduce by a minimum of 20%. 
Similar to the 2% reduction programme, a threshold for equipment efficiency could run alongside to lower energy input into systems and equipment whilst maintaining or increasing output. This programme could also work around the 2% figure, but instead be applied to efficiency of existing processes and equipment such as boilers, lighting, water. Innovations such as invite lighting and the cleaning of skylights to reduce lights switched on are ways on which this can be done. This 2% principle seeks to increase efficiency by at least 2% per year for all monitorable equipment and processes. 























[bookmark: _Toc133607226]Conclusion
To conclude, this report has found much encouragement from the hard-working members within estates, finance, and compliance that a sustainable future lies ahead for UWTSD. Reports, targets and pledges all strive to reduce energy use, reduce carbon, source more renewable energy sources, work towards a whole life approach, and ensure new developments are built delicately and respectfully to the environment. Unfortunately, there are a number of barriers obstructing quicker and more seamless action. Some of which is part and parcel of an institute of this size, meanwhile others seem needlessly or deliberately obstructive. A seeming attitude of reluctance for change at the highest positions of power at the university is holding back massively on the sustainability front. There is an apparent lack of business management experience at positions which make the final decisions on approval of funding. 
There is scope for a lot of improvements in energy efficiency at Carmarthen, much of which is already being either implemented or in the process of doing so. Electrifying the fleet is picking up pace, while behavioural and energy reduction initiatives on campus are clear to see. The report proposes some potential options for energy reduction with some rudimentary calculated estimates to provide quantitative data. Limitations led to reduced calculations and reduced accuracy in said calculations but hopefully the report still gives a good idea of potential options for retrofits. 












[bookmark: _Toc133607227]Recommended Further Work
The report itself has to also look at itself to see where improvements can be made. Some of the further work recommended would elevate the report and some may feel it should have been included in the first place. The report would benefit from more accurate and calculations and a higher volume of calculations relating to energy and cost savings. There is also scope to look at more advanced retrofits such as air curtains in doorways. Companies who manufacture these products could be contacted for a potential quote to find out the initial cost, which could then be used to work out the total payback time over the course of its lifetime. Carbon pricing was also omitted from this report and the report would no doubt benefit from its inclusion, but word count and time limitations meant it felt too much to fit into this report. A deeper look into retrofitting and specifically, sustainability within universities was initially planned and the report would have more depth with these included. 
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[bookmark: _Toc133530203][bookmark: _Toc133607162]Figure 41 - Guidance for Completing Risk Assessment (source: Dr Goodfellow-Smith)
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Gas Rate vs Estimated Electricity Rate at UWTSD
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Guidance on Completing the Risk Assessment form

General

This form is to be used to record risk assessments for most University activities whether that be lab or workshop-based, an event, on or off-site working, etc. This form is NOT to be used for Display Screen Equipment 

workstation assessments, Hazardous Substance Risk Assessments or New / Expectant Mum risk assessments as these have their own forms which can be found in the link below.

Only complete a risk assessment if you have a strong understanding of the activity being assessed and you have completed the University guide to completing risk assessments.

Click here to access further information on risk assessments including a guide to completing them and some example risk assessments.

Risk Assessment Title

Provide a brief descriptor of what the risk assessment relates to in relation to the task or activity / environment / event / use of specific machinery or equipment. Examples could include "Pesticide spraying", "General 

Office Safety", "Fieldtrip X", "Use of Lathe".

Brief Description of Activity

Provide a brief description of the acitvity being undertaken that expands on the Risk Assessment Title.

Risk Assessor / Authorising Line Manager

Include the name of the person completing the risk assessment but also the line manager responsible for ensuring risk assessments are in place with significant findings communicated.

Persons at Risk

Identify individuals or groups of people who might be affected by the Hazard. Besides staff and students consider visitors, members of the public, volunteers and others who could be affected.

Date(s) / Location(s) of Activity

Where the risk assessment relates to a time limited activity such as an event / fieldtrip etc then input the start and finish dates.

Where the risk assessment does not relate to a time limited activity then input "ONGOING"



Insert the location(s) of where the risk assessment relates to. It could relate to a specific location or room, workshop on or off campus. In this case input specific locations where relevant.

Where the risk assessment can relate to different locations then it is acceptable to input more generic locations such as "All Campuses", "IQ Engineering" provided the separate locations present the same hazards and 

location specific hazards are not being missed. 

Date Valid From / Date of Review

Insert the date the risk assessment is valid from ensuring all those potentially affected by the risk assessment have been communicated the significant findings and controls to be followed in advance. Every risk 

assessment should be reviewed at least every two years. It, however, must be reviewed beforehand if there are any significant changes to the activity i.e. new procedures, substances, machinery, or if there are changes 

in legislation or any accidents or incidents related to this risk assessment.

What are the Hazards? 

The definition of a hazard is something with the potential for something to cause harm. The main types of hazard are categorised as follows: 

1. Biological hazards include viruses, bacteria, insects, animals, etc., that can cause adverse health impacts and can include mould, blood and other bodily fluids, harmful plants, sewage, dust and vermin.

2. Chemical hazards are hazardous substances that can cause harm e.g. cleaning chemicals, machinery oils / lubricants, paints, solvents.

3. Physical hazards are environmental factors that can harm an employee without necessarily touching them, including heights, noise, radiation and pressure.

4. Safety hazards create unsafe working conditions e.g exposed wires or a damaged carpet might result in a tripping hazard. These are sometimes included under the category of physical hazards.

5. Ergonomic hazards are a result of physical factors that e.g. a poor workstation setup in an office, poor posture and poor manual handling technique.

6. Psychosocial hazards can relate to the nature, type and duration of the work eg long or unsociable hours, threat of violence 



When you work in a place or carry ut the same activity or task every day it is easy to overlook some hazards, so here are some tips to help you identify the ones that matter:

 - Walk around the workplace and look at what could reasonably be expected to cause harm.

 - Consider any equipment / machinery and how it is intended to be used.

 - Ask others you work with. They may have noticed things that are not immediately obvious to you.

 - Visit the University’s safety intranet site which provides practical guidance on where hazards occur and how to control them.

 - Check manufacturers’ instructions or data sheets for chemicals and equipment as they can be very helpful in spelling out the hazards and putting them in their true perspective.

 - Remember to think about long-term hazards to health (eg high levels of noise or exposure to harmful substances) as well as safety hazards.

List the harm associated with the hazard

For each hazard, there may be one or more types of harm that could occur. The main types of harm can be related to the type of hazard as above such as: 

1. Biological hazards can cause adverse health impacts and can include mould, blood and other bodily fluids, harmful plants, sewage, dust and vermin.

2. Chemical hazards can result in both health and physical impacts such as skin irritation, respiratory system irritation, blindness, corrosion and explosions.

3. Physical hazards can result in, depending on the nature and type of the hazard, different ill health conditions or physical injuries

4. Safety hazards can result in, depending on the nature and type of the hazard, different ill health conditions or physical injuries

5. Ergonomic hazards can result in musculoskeletal injuries.

6. Psychosocial hazards adversely effect a person's mental health or wellbeing e.g. stress and workplace violence. 

Risk Rating / Residual Risks

This evaluation of risk helps identify those hazards that are more likely to occur or present a greater danger to persons.  that present a uses a combination of likelihood of the hazard resulting in an incident and the 

severity of the typical consequences. Each is numbered 1 to 5 based upon the definitions in the table in the Risk Ratings tab and then multiplied together to give a final Risk Rating. This is subjective which is why you 

must have a reasonable knowledge of the activity in order to undertake the risk assessment. Hazards that remain high risk once evaluated after control measures are put in place, must not proceed without further 

consideration.

Controls

Risks should be reduced to the lowest reasonably practicable level by taking preventative measures, in order of priority. The table below sets out an ideal order to follow when planning to reduce risk from

construction activities. Consider the headings in the order shown, do not simply jump to the easiest control measure to implement.

1. Elimination - redesign the job / activity so that the hazard is removed or eliminated e.g. avoid working at height where possible.

2. Substitution - replace the material or process with a less hazardous one e.g. use a less hazardous substance. Care should be taken to ensure the alternative is safer than the original.

3. Engineering Controls - remove hazardous conditions by placing a barrier between the worker and the hazard eg  machinery guarding, local exhaust ventialtion, enclosures. 

4. Administrative Controls - changes to the way people work e.g. procedure changes, employee training or the use of warning signs.

5. Personal Protective Equipment (PPE) - only after all previous measures have been tried and found ineffective in controlling risks must PPE be used.
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RISK ASSESSOR NAME BRIEF DESCRIPTION OF ACTIVITY

Nye Evans

Site visit of UWTSD Carmarthen Campus, surveying buildings with a view to making retrofitting proposals to 

improve energy efficiency & sustainability

AUTHORISING LINE MANAGER DATE(S) / LOCATION(S) OF ACTIVITY

Dr Mike Goodfellow-Smith, 

Kate Williams, Kelly Williams

TBD/Carmarthen Campus

HAZARD POTENTIAL HARM CONTROLS

Severity

Likelihood

Risk

Severity

Likelihood

Risk

Getting lost, going into 

unauthorised locations

Physical, safety 3 2 6

Map supplied or looked at on arrival to familiarise with campus/accompaniment throughout visit/tour 

given prior to survey, all unauthorised points appropriately marked

2 1 2

Being denied access to parts 

of the site necessary for 

survey/being 

indistinguishable between 

staff and student

Safety, psychosocial 2 3 6

Something to be worn to highlight the fact that permission for certain site access has been granted (e.g. 

lanyard, hoody, vest), and that appropriate people are notified

2 1 2

Vehicles on campus Physical, safety 4 2 8 Maintain awareness of surroundings at all times, use all pedestrian crossings where appropriate 4 1 4

Roof access Biological, safety, physical 4 3 12

If roof access is granted, all relevant safety procedures followed and PPE worn, not to go ahead if there is 

concerns surrounding weather and/or condition of roof

4 1 4

Plant room access Chemical, physical, safety 4 3 12

If access to plant room(s) granted, all relevant safety procedures followed and PPE worn, to be 

accompanied by trained member of staff, observation of equipment only

4 1 4

Falling objects Physical, safety 5 1 5 Hard hat/relevant PPE worn on any potential site with hightened risk of falling object(s) 4 1 4

Malfunctioning equipment 

Physical, safety, 

ergonomic 

4 2 8

Ensure all equipment being used has relevant and up to date inspection and maintenance signatures, 

visual inspection done on all equipment on day of use

3 1 3

Extreme weather Safety, physical 5 2 10

Call off any travel to site, or specific site inspections if weather conditions are deemed too dangerous, 

check ahead for weather warnings for Carmarthen in advance to visit

3 1 3

Theft or damage of 

equipment

Psychosocial, ergonomical 3 1 3

When not in use, equipment tp be kept in safe and secure location, kept under close observatino when 

un use, returned to safe location at task completion

2 1 2

See Risk Ratings Tab

RISK ASSESSMENT

Site: Carmerthen Campus

RISK RATING RESIDUAL RISK

DATE VALID FROM

11/08/2022

For each hazard, identify the type of 

harm that could occur eg biological, 

physical, chemical, safety, 

ergonomic or psychosocial

See Risk Ratings Tab

List what could cause harm from this 

activity.

For each hazard, list the the measures you will be taking to minimise the risk identified.

UNIVERSITY INSTITUTE / DEPARTMENT

UWTSD

PERSONS AT RISK

Students, staff, any other person(s) on site

REVIEW DATE

TBD
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5 - Certain 5 10 15 20 25

4 - Very Likely 4 8 12 16 20

3 - Likely 3 6 9 12 15

2 - Unlikely 2 4 6 8 10

1 - Highly Unlikely 1 2 3 4 5

Severity of Incident

1 - Insignificant 2 - Low 3 - Moderate 4 - High 5 - Major

No or limited further risk reduction measures required. Monitor existing controls. 

Additional resource / cost unlikely to be required.

RISK MATRIX

Subtantial / Intolerable Risk (15 - 25)

Work must stop until suitable control measures have been implemented. Additional 

resource / cost likely required.

Moderate Risk (8 - 12)

Further consideration to be given to reduce risk. Additional resource / cost potentially 

required.

Probability of Occurrence

Low / Acceptable Risk (1-6)
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Billing Period

Rate (Gas)  

p/kWh

Conversion to 

Electricity 

p/kWh

Apr-20 1.8588 6.3199

May-20 1.6869 5.7355

Jun-20 0.8205 2.7897

Jul-20 1.5556 5.2890

Aug-20 1.4974 5.0912

Sep-20 1.4114 4.7988

Oct-20 1.7713 6.0224

Nov-20 1.7351 5.8993

Dec-20 1.7424 5.9242

Jan-21 1.8721 6.3651

Feb-21 1.7949 6.1027

Mar-21 1.7253 5.8660

Apr-21 1.6516 5.6154

May-21 1.8267 6.2108

Jun-21 1.2813 4.3564

Jul-21 0.9839 3.3453

Aug-21 2.0083 6.8282

Sep-21 2.1972 7.4705

Oct-21 4.3149 14.6707

Nov-21 4.3299 14.7217

Dec-21 6.5739 22.3513

Jan-22 4.2664 14.5058

Feb-22 4.4989 15.2963

Mar-22 4.1620 14.1508

Apr-22 4.9499 16.8297

May-22 3.0040 10.2136

Jun-22 2.1880 7.4392

Jul-22 1.4238 4.8409

Aug-22 1.0289 3.4983

Sep-22 3.0904 10.5074

Oct-22 3.2720 11.1248

Nov-22 4.0434 13.7476

Dec-22 6.3706 21.6600

Jan-23 3.7662 12.8051
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