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[bookmark: _Toc164096024]1.0 Introduction
[bookmark: _Toc164096025]1.1 Background
With 5% of carbon emissions being emitted by the healthcare sector, the NHS formally pledged to reach the net-zero target by 2040 (Sandoval et al., 2023, p. 2). In 2019, the NHS discharged 25 megatonnes of carbon dioxide (CO2) into the atmosphere (Booth, 2022, p. 1888) with buildings accounting for 20% of NHS emissions (Fifield et al., 2018, p. 28). Climate change is currently endangering health systems' capacity to provide high-quality care, with growing disruptions from flooding, storms, and heat waves (Tennison et al., 2021, p. 84). Additionally, Powlesland and Joyce (2021, p. 6) believe that by 2030, climate change will cause an additional 250,000 fatalities annually worldwide. In this case, this research will determine if the NHS is doing everything it can to combat climate change and explore what options are available for the future.  
[bookmark: _Toc164096026]1.2 Aim
With the abovementioned concerns, the research aims to review whether air-source heat pumps (ASHPs) are a sufficient replacement for gas boilers in a hospital setting.
[bookmark: _Toc164096027]1.3 Objectives
· Explore the issues with climate change on the planet & NHS,
· Determine what changes the NHS has made concerning climate change and establish proposals from health boards that are committed to decarbonisation,
· Examine sources of green energy available to assist further with the decarbonisation of the NHS estate.
[bookmark: _Toc164096028]1.4 Summary
To summarise, the purpose of this report is to propose a research topic, which will focus on the effect of the NHS on the environment, what they have improved to assist with climate change, and what proposals the organisation has made for the future. Investigations into potential green energy and mitigations will be carried out, with the view of using for NHS estates to reduce CO2 emissions. 
[bookmark: _Toc164096029]2.0 Literature Review
[bookmark: _Toc164096030]2.1 Introduction
This section relates to the critical analysis of literature within the chosen topic. Areas to be discussed include a general overview of climate change, and its causes, the impact of the NHS on climate change, proposals and strategies from the health organisation to tackle climate change, and mitigations available to assist with achieving net-zero carbon emissions. 
[bookmark: _Toc164096031]2.2 Climate Change
The ecosystem in which humans live has already suffered greatly from rising global temperatures, as seen by “the extinction of some species, biodiversity loss, droughts, floods, forest fires” (Chen et al., 2022, p. 2278). Following this, there has been an unprecedented acknowledgment of the global climate emergency by politicians (Powlesland and Joyce, 2021, p. 6) in recent years, with Cardiff and Vale University Health Board (2023, p. 4) believing that globally, people are feeling the effects of climate change. Given that it permanently alters the planetary processes that sustain life, climate change poses a hazard to human health (Dasandi et al., 2021, p. 93). In addition, climate change has been acknowledged as the greatest hazard to human health (Powlesland and Joyce, 2021, p. 6). Fawzy et al. (2020, p. 2071) also expressed their concerns that natural disasters and health hazards are among the threats that could result in fatalities due to climate change. Cardiff and Vale University Health Board (2023, p. 17) have carried out studies, in which 82% of respondents voiced their worries over climate change. 
Following this, in 2019, the UK Climate Change Act 2008 faced major changes, where it was expected that the UK would achieve net-zero by 2050 (Slorach and Stamford, 2021, p. 1). This agreement was constructed at the Paris Climate Change Convention on Climate Change, on the 12th of December 2015, whereby 197 nations agreed to outline strategies for post-2020 international climate change action (Chen et al., 2022, p. 2278). In conjunction with this, the Paris Agreement committed to achieving net-zero emissions and keeping global warming well below 2OC (Tvinnereim and Mehling, 2018, p. 185). Along with the Paris Agreement, 185 countries had filled their initial Nationally Determined Contributions (NDCs) by January 2020, which were an essential worldwide policy tool for preserving the health of the population now and in the future (Dasandi et al., 2021, p. 93).
With this, global warming is primarily caused by greenhouse gas (GHG) emissions, which cause heat to be trapped by the earth’s atmosphere (Fawzy et al., 2020, p. 2070). Chen et al. (2022, p. 2278) believe that by 2050, GHG emissions are predicted to increase by 50%, mostly due to CO2 emissions from the use of non-renewable energy sources. In 2004, building related GHG emissions accounted for 8.6 billion CO2 emissions, and it is estimated that by 2030, it would climb to as much as 15.6 billion CO2 emissions, making up 30-40% of total GHG discharge (Sizirici et al., 2021, p. 1).
[bookmark: _Toc164096032]2.2.1 Building Ancillary Services
It has been highlighted by Carroll, Chesser, and Lyons (2020, p. 1) that buildings provide 40% of all energy consumption, and in addition, the amount of energy consumed has been rising over time (Congedo et al., 2022, p. 12). Odineca et al. (2019, p. 1) have found that building construction and operation account for about half of EU energy consumption, where 56% of the energy specified is utilised for lights, in addition to heating and cooling. Chen et al. (2022, p. 2293) believe that the production and delivery of thermal and electrical energy accounts for the most CO2 emissions. With this in mind, avenues of building ancillary services will be explored, to determine their impacts on climate change.
[bookmark: _Toc164096033]2.2.1.1 Electricity
According to Naumann, Schropp, and Gadarer (2021, p. 354), CO2 emissions are primarily related to electricity consumption when utilising the current generation structure for energy output. In addition to this, 50% of the energy usage is used for heating daily (Sandoval et al., 2023, p. 1). The annual energy consumption for residential and commercial buildings’ space and water heating accounts for 57% of the total energy generation in the UK (Slorach and Stamford, 2021, p. 1). Given this, buildings account for 40% of end-use CO2 emissions and 40% of overall energy consumption (Carroll, Chesser and Lyons, 2020, p. 1). However, compared to electrical energy, more heat energy is created (Harris and Walker, 2023, p. 3). 
[bookmark: _Toc164096034]2.2.1.2 Heating
With the above in mind, there are indications that heating buildings are causing major issues when it comes to climate change. More than one-third of GHG emissions come from heating according to Sandoval et al. (2023, p. 1-2), with a sizable amount of anthropogenic environmental pollution being caused by emissions from heating (Naumann, Schropp and Gadarer, 2022, p. 351). To add to this, Carroll, Chesser, and Lyons (2021, p. 1) believe that decarbonising heat is essential to achieving GHG reduction targets, however, heat decarbonisation is seen as the primary obstacle when aiming for net-zero (Department for Business, Energy, and Industrial Strategy, 2021, p. 7). Burns, Strachan, and Clark (2021, p. 9) agree with this, where they believe that one of the hardest services to decarbonise is heating in both residential and commercial buildings.  In 2021, building heating requirements made up around half of their total energy use (Sezen, 2023, p. 1). Research from Wang et al. (2019, p. 1384) shows that January has the maximum heating capacity. However, overall, Slorach and Stamford (2021, p. 2) state that there is no formal strategy to achieve net-zero heating by 2050, and it has been said that the decarbonisation of heating is moving too slowly (Squires and Goater, 2016, p. 1), and the last ten years have seen little change in the types of heating technologies used worldwide, where in 2019, electric heaters and equipment powered by fossil fuels accounted for about 80% of sales (Slorach and Stamford, 2021, p. 1).
[bookmark: _Toc164096035]2.2.1.3 Fossil Fuels
Harris and Walker (2023, p. 2) have stated that most of the energy needed for heating comes from burning fossil fuels, especially natural gas. The Met Office (2021) reported that in 2014, 25% of GHG emissions in the economic sector originated from the burning of fossil fuels to create heat and power. The impact of gas boilers on climate change is higher than that of any future heating technology, where in Europe, natural gas supplies 57% of building’s heating needs (Slorach and Stamford, 2021, p. 11 & 1). In addition to this, 90% of heating needs are satisfied by fossil fuels, however, 40% of the world’s CO2 emissions materialise from this source (Slorach and Stamford, 2021, p. 1). 2020 saw a historic peak in global CO2 emissions because of the continued usage of fossil fuels, which has further accelerated global warming (Chen et al., 2022, p. 2280). Slorach and Stamford (2021, p. 2) have stated that an estimated 18% of GHG emissions in the UK are attributed to gas combustion. Fawzy et al. (2020, p. 2070) discuss that for both total global GHG and CO2 emissions from fossil fuels, an increase of 2% was seen in 2018, compared to an annual increase of 1.5% for the previous ten years, where 2018 saw a surge in CO2 emissions from fossil fuels mostly due to increased energy demand.
The world's energy systems must be rapidly decarbonised, especially with the recent Russian and Ukrainian War which has abruptly interrupted the security of gas supply (Altermatt et al., 2023, p. 2). Sandoval et al. (2023, p. 1 & 2) have expressed that cutting back on fossil fuel consumption is required to reach net-zero goals, which will help to limit the increase in world temperature to less than 2OC. Due to this, there have been noticeable price rises for gas and power (Sandoval et al., 2023, p. 10). Powlesland and Joyce (2021, p. 19 & 20) also agree that moving away from heating sources that burn fossil fuels is necessary, where there must be low-carbon heating options installed with no fossil fuel combustion systems, whilst Chen et al. (2022, p. 2297) also add that achieving future carbon neutrality will need a shift away from fossil fuels and look to introduce renewable energy sources. However, natural gas will continue to be cost-effective unless regulatory changes or interventions are made, and until the cost of carbon emissions is high enough, the switch away from gas will not occur (Slorach and Stamford, 2021, p. 2).
[bookmark: _Toc164096036]2.2.2 NHS Impact
With the emphasis on the size of the health organisation, that was founded in 1948 by Aneurin Bevan (Rivett, 2024), the NHS estate consists of 217 trusts, which equates to 1,228 hospitals across the UK (Orton, 2023). It can be comfortably identified, that with this number of properties within the NHS portfolio, the organisation is accountable for a significant amount of UK CO2 emissions, as Fifield et al. (2018, p. 28) discuss, where in 2015, the NHS accounted for 4.5% of all emissions in the UK, consequently, the NHS plays a crucial part in mitigating. Cardiff and Vale University Health Board (2023, p. 9) believe that overall, the world’s healthcare industry would rank fifth among nations that output CO2.
As previously discussed, heating is having a detrimental effect on the planet’s climate. It has been noted that an average UK hospital uses 44% of its energy for air and space heating (Fifield et al., 2018, p. 28), whereas 80% of the GHG emissions from the NHS are caused by space heating and hot water systems alone (Flood, 2022). Rook (2023) also believes that around 22% of the UK’s carbon footprint is attributed to the NHS’s use of heat and hot water. Decarbonising the NHS’ heat source comes as a further problem, as per Hawkins (2022). 
Fossil fuels are currently the primary source of heat for the NHS Wales estate (Powlesland and Joyce, 2021, p. 55). The amount of CO2 emitted during direct fuel combustion was 24,538,184 kg by Cardiff and Vale University Health Board (2023, p. 15). In conjunction with this, emissions from heat and electricity obtained indirectly from the same health board totalled 6,178,314 kg (2023, p. 15). James Paget University Hospital (2021, p. 4) reported that their annual amount of direct carbon emissions from building energy is around 2,518 KtCO2. Figure 1 below demonstrates a typical heating and hot water circuit for a hospital building, using gas-fired boilers, where the heating circuit is circulated from radiators back to boilers, however with the burning of gas, CO2, Carbon Monoxide (CO), and Nitrogen Oxide (NOx) is emitted into the atmosphere, adding to the earths ongoing climate emergency. 
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Figure 1 - Typical hospital building hot water and heating generation (gas-boiler).
However, Booth (2022, p. 1888) discusses that within the NHS, emissions have fallen by 26% since 1990. In addition to this, Tennison et al. (2021, p. 91) have stated that the NHS has worked for over ten years to measure and track GHG emissions, therefore it is evident that the health service in the UK is on board with carbon neutrality. 
[bookmark: _Toc164096037]2.3 NHS Decarbonisation Proposals and Strategies
It is critical to decarbonise the public health service (Sandoval et al., 2023, p. 14), given the clear signs that the NHS has a high carbon footprint (Booth, 2022, p. 1891). In Europe, the NHS is the largest employer. This gives the chance to use leverage to impact and promote emission reductions (Tennison et al., 2021, p. 84). A component of the UK’s overall net-zero ambition includes decarbonising the NHS (Hawkins, 2022). James Paget University Hospital (2021, p. 3) believes the NHS is essential to reaching net-zero. Sandoval et al. (2023, p. 15) believe that hospitals have a lot of possibilities with regards to decarbonisation. The NHS established the Sustainable Development Unit in 2008, to respond to the requests from the government under the UK Climate Change Act (Tennison et al., 2021, p. 84). In addition, the decarbonisation strategy for NHS Wales was released in March 2021 (Cardiff and Vale University Health Board, 2023, p. 10). Duindam (2022, p. 6) suggests that new hospitals should be constructed that use less energy, rather than try to solve the problem in current buildings, where on the other hand, the NHS will use 25% less energy in buildings after they are all renovated (Fifield et al., 2018, p. 28). In addition, an extra £260 million was to be provided to fund decarbonisation upgrades including solar energy and energy-efficient heating systems, allowing the NHS to cut its' yearly CO2 emissions by 50,000 tonnes (Limb, 2021).
[bookmark: _Toc164096038]2.3.1 Cardiff and Vale University Health Board
Between 2021-22, Cardiff and Vale University Health Board produced approximately 202,000 tonnes of CO2 emissions, where 18% of the health board's emissions came from service provisions. Buildings were accountable for 36,871,148.88 kgCO2 emissions. The gas and electricity required to power building services, along with wasted energy, accounted for 19% of emissions. It is believed that service demand if extreme weather and air pollution are not addressed. There is currently a £100,000 recurrent capital budget annually for the continuous decarbonisation program.
The health board would prefer to promote appropriate conduct, given they are not expecting to attain 16% savings by 2025. It has been suggested that approximately 2% of emissions would be reduced overall if there was a 50% reduction in electricity consumption. Given the current situation, if all energy was consumed from renewable sources, NHS Wales would not meet its 2030 objective of 34% decarbonisation. 
However, the health board currently has a capacity of around 300,000KWh for renewable energy or its sites. In addition, 7,000 LED lights, including smart controls and emergency lighting, have been replaced, along with 100 Air Handling Unit (AHU) fans. Overall, 700 tonnes of carbon emissions are expected to be reduced annually, along with energy cost savings of between £300,000 and £350,000 (Cardiff and Vale University Health Board, 2023, p. 5-27).
[bookmark: _Toc164096039]2.3.2 James Paget University Hospital
James Paget University Hospital (2021, pp. 5) aims to lower their annual energy costs by between 72% and 83%, where the £576 million NHS energy bill would be reduced to £98 million. The hospital states that a £1 million investment for decarbonisation will result in annual savings of 1.33KtCO2 emissions.
There is a clear concentration on the areas with the most potential, and the hospital are looking to reduce emissions from buildings, by enhancing a building’s thermal performance through minimising heat loss to lower energy use. It is also noticeable that the hospital believes its buildings should be ready for low-carbon heating sources (James Paget University Hospital, 2021, p. 5-8).
[bookmark: _Toc164096040]2.3.3 The Leeds Teaching Hospitals NHS Trust
The Leeds Teaching Hospitals NHS Trust has stated that if net-zero is to be achieved by 2040, then a reduction in emissions of 80% is required by 2028-2032, whereas if net-zero is to be met by 2045, then reductions of 80% are required by an extended 4 years (2036-2039). During the next 15 years, the trust is to invest and cut important backlog maintenance by 50%. In conjunction with this, upgrades to building fabrics, roof, glazing, and replacement of LED lighting are all part of the trust's plan to assist with net-zero. In addition, The Leeds Teaching Hospitals NHS Trust pledged to cut the size of the estate altogether by 2035, and to de-steam. The trust does express its beliefs that installing ASHPs for heating and domestic hot water can help cut down on the use of fossil fuels (The Leeds Teaching Hospitals NHS Trust, 2021, p. 4-21). 
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With the above discussed, mitigations are required to assist with the decarbonisation of the NHS estate. In this section, renewable energy (solar and electrification), heat pumps (air source and ground source), and building fabric will be reviewed, for their potential in achieving net-zero. 
[bookmark: _Toc164096042]2.4.1 Renewable Energy
[bookmark: _Toc164096043]2.4.1.1 Solar
The solar energy that reaches the Earth in a year is around four million exajoules (Nelson, Gambhir and Ekins-Daukes, 2014, pp. 2). Duindam (2022, p. 7) has explored the avenue to reduce the quantity of electricity sourced from the fossil fuel-intensive grid, where installing solar panels on roofs became apparent as an option. Fawzy et al. (2020, p. 2075) believe that solar power is an important innovation with enormous decarbonisation potential. Thus, by taking the place of more carbon-intensive power and heating sources, solar energy can aid in the reduction of carbon emissions. It is also believed that by 2050, solar energy might provide around one-third of renewable power of the world’s electricity. However, in 2014, it was found that even with its enormous potential, solar energy provided 0.3% of the world’s primary energy needs and 0.5% of its power needs (Nelson, Gambhir and Ekins-Daukes, 2014, p. 2-4).
[bookmark: _Toc164096044]2.4.1.2 Electrification
Reaching net-zero can be most realistically accomplished through electrification (Department for Business, Energy, and Industrial Strategy, 2021, p. 16). The electricity demand has increased by a reasonable 25%, but the peak demand has increased by 65% and is now considered undeliverable (Slorach and Stamford, 2021, p. 2). Harris and Walker (2023, p. 10) also believe that the yearly electricity demand may rise by between 25%-50%, and demand at its peak rising by 50%-100% with the push for decarbonisation. This indicates that increasing the capacity of renewable electricity generation will require a significant investment, as per Slorach and Stamford (2021, p. 9). In 2018, the share of renewable energy in the world’s total electricity generation was about 26.2% (Fawzy et al., 2020, p. 2074). Due to this, over the last ten years, the carbon intensity of power generated in the UK has more than halved (Flood, 2022).
[bookmark: _Toc164096045]2.4.2 Heat Pumps
A crucial element in achieving heat decarbonisation is heat pumps. Heat pumps, which take the place of fossil fuel boilers, present the biggest electrification opportunity (Sandoval et al., 2023, p. 2), and rule the market today because of their exceptional efficiency (Department for Business, Energy, and Industrial Strategy, 2021, p. 16). The Department for Business, Energy, and Industrial Strategy (2018, p. 9) has stated that the technology that received the greatest support among those examined was heat pumps. This ever-developing technology functions in response to temperature variations, with large temperature differences resulting in a faster energy transfer (Perko et al., 2011, p. 2). The installation of heat pumps results in higher heating energy efficiency according to Congedo et al. (2022, p. 3) since they are three to four times more efficient than fossil fuel systems. It is believed that the present push for heat to be decarbonised has increased demand for heat pumps (Burns, Strachan and Clark, 2021, p. 9). Carroll, Chesser, and Lyons (2020, p. 10) however believe that heat pumps work best in buildings with adequate insulation. Two variants of heat pumps will be investigated: air source and ground source. 
[bookmark: _Toc164096046]2.4.2.1 Air Source Heat Pumps
Energy recovery systems, or Air Source Heat Pumps (ASHPs), use a small amount of electricity to move heat from outside the building to the hot water and heating system (Carroll, Chesser & Lyons, 2020, p. 1). Essentially, ASHPs draw energy from surrounding air and transport heat into buildings, where heat is collected from the evaporator using a fan (Harris and Walker, 2023, p. 2 & 3). 
ASHPs are currently promoted as being inexpensive, requiring less upkeep, and helping to improve the quality of the local air and reduce CO2 emissions (Carroll, Chesser and Lyons, 2020, p. 2 & 3). Since ASHPs are an established technology, cost reductions are improbable (Harris and Walker, 2023, p. 8). However, Kul and Uğural (2022, p. 1) discuss that as opposed to traditional heating systems, ASHPs offer a large gain and much lower energy expenditures. ASHPs exhibit an efficiency of up to four times that of conventional boilers (Burnett, 2023). The efficiency of an ASHP can fluctuate depending on the building and the heating season (Burns, Strachan and Clark, 2021, p. 1). In addition to this, the operating environment and heat system design affect the ASHP performance variable (Carroll, Chesser and Lyons, 2020, p. 5). Installation, operating, or design errors may cause an ASHP to perform below its capability (Sezen, 2023, p. 2). Burns, Strachan and Clark (2021, p. 1) state their beliefs that the root cause of subpar ASHP performance is inadequate design and specification. It is believed that during periods of extreme cold, the efficiency of an ASHP tends to diminish, resulting in weakened heating performance (Manners, Yang and White, 2022, p. 1). If ASHPs are coupled to residential or commercial hot water supplies, they will produce heat slower than boilers, resulting in hot water storage (Harris and Walker, 2023, p. 3). Taylor et al. (2023, p. 4) reported that the most common heat pump found installed was ASHPs, and these are mostly air-to-water systems. With this, Ofgem (2016, p. 8) found that an ASHP usually costs between £5,000 and £10,000. This is more than twice as much as a new gas boiler. Sun et al. (2021, p. 1) believe that the benefits of ASHPs include their great efficiency, cleanliness, and lack of pollutants. However, 19% of ASHPs installed are linked to leaks of refrigerant according to Naumann, Schropp and Gadarer (2022, p. 354). 
However, Congedo et al. (2022, p. 3) believe that ASHPs will be beneficial when natural gas, oil, and solid fuel boilers are replaced. On the other hand, ASHPs are usually not made to handle a building's whole peak heating load, because doing so can cause excessive cycling and decreased efficiency during warmer months. This is because, in contrast to a traditional boiler, an ASHPs thermal capability decreases at low outside temperatures (Baster, 2011, p. 19). Chesser et al. (2021, p. 1) strongly believe that ASHPs can contribute to the growth of renewable energy sources. In addition, the Department for Business, Energy, and Industrial Strategy (2018, p. 9) discusses that an essential source of electric heating that can significantly aid in the long-term decarbonisation of heat is an ASHP. Koroli and Ishnazarov (2020, p. 1) also agree, stating that one of the most promising applications of environmentally friendly energy-efficient technology is the use of ASHPs. Following on from this, ASHPs that run on renewable energy are a crucial piece of future technology (Naumann, Schropp and Gadarer, 2022, p. 351). Altermatt et al. (2023, p. 5) agree when they state an efficient tactic to significantly cut gas consumption is to install heat pumps at a fast rate, if renewable power capacity is built. Compared to ground source, ASHPs have a substantially smaller land footprint (Carroll, Chesser and Lyons, 2020, p. 1). Also, for the first time, ASHP sales surpassed those of ground source in 2008 (Baster, 2011, p. 8). Figure 2 indicates the potential for the usage of an ASHP in a hospital building, for heating and hot water, in the place of gas boilers, where outside air is compressed at a high temperature, which then heats the storage vessel, for hot water and heating to be distributed. Similarly to Figure 1, the heating is re-circulated through the vessel, along with the compressed air.
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Figure 2 - Proposed ASHP system to replace gas-boilers in a hospital building to produce heating and hot water.
[bookmark: _Toc164096047]2.4.2.2 Ground Source Heat Pumps
Subterranean pipes are used by ground source heat pumps (GSHPs) to distribute water throughout a building (Rook, 2023). Fewer fluctuations are provided by GSHPs, and they gain from more stable mild subsurface temperatures (Carroll, Chesser and Lyons, 2020, p. 3). Taylor et al. (2023, p. 26) believe that compared to ASHPs, GSHPs are even more efficient. CO2 emissions during the construction phase were calculated as reported by Violante et al. (2022, p. 1030), and it was discovered that GSHPs could replace ASHPs with a 54% reduction in CO2 emissions, with a 1.7-year payback period for the initial financial expenditure. However, Violante et al. (2022, p. 1035) also found that when comparing GSHPs to ASHPs, the environmental impact on all areas is higher, especially with the usage of diesel fuel during the drilling and building phases.
[bookmark: _Toc164096048]2.4.3 Building Fabric
Given that the UK has the lowest building energy efficiency in all of Europe (Harris and Walker, 2023, p. 4), enhancing buildings' total energy performance is a crucial first step towards net-zero (Department for Business, Energy, and Industrial Strategy, 2021, p. 7). Ofgem (2016, p. 7) reports that mitigations include double glazing and insulation in cavity walls and lofts. Harris and Walker (2023, p. 4) agree that building heating demands are decreased with insulation, whilst Altermatt et al. (2023, p. 2) believe that to reduce emissions from buildings, thermal insulation should be used. Flood (2022) also believes that enabling estates to function successfully requires improving building thermal efficiency. 
During the winter, buildings with an ASHP system and adequate insulation had the lowest carbon emissions. As a result, the building fabric undoubtedly needs to make up for the heat loss from thermal conductivity (Manners, Yang and White, 2022, p. 1 & 4).
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In summary, the NHS is responsible for 4.5% of all CO2 emissions in the UK (Fifield et al., 2018, p. 28). Following on from this, it was found that more than one-third of GHG emissions come from heating (Sandoval et al., 2023, p. 1-2), with fossil fuels as the primary source of heat for the NHS Wales estate (Powlesland and Joyce, 2021, p. 55). Given the mentioned, fossil fuels must be phased out of the NHS estate and replaced with sustainable technologies. It has been made clear that ASHPs are a source of electric heating that can significantly aid in the long-term decarbonisation of heat (Department for Business, Energy, and Industrial Strategy, 2018, p. 9), where the benefits of ASHPs include their great efficiency, cleanliness, and lack of pollutants (Sun et al., 2021, p. 1). Therefore, given the discussion, the sustainable technology to be trialed will be ASHPs. 
[bookmark: _Toc164096050]3.0 Methodology
To achieve the proposed aim and objectives, the research approach, data collection and analysis, and limitations must be set out.
[bookmark: _Toc164096051]3.1 Research Approach
For the proposed research topic, the quantitative method will be adopted. This is given that most of the quantitative research is deductive, which tests hypotheses based on broad principles using survey and experimental techniques (Verhoef & Casebeer, 1997, p. 1). When doing quantitative research, scientists elect the subject of study, formulate targeted questions, gather quantitative data from participants, use statistics to interpret the results, and carry out the investigation impartially and objectively (Mohajan, 2021, p. 51). It is felt that this research method is most suitable for the aim and objectives set, to collect raw data from sensors, achieve figures from mathematical calculations, and analyse the data in a methodical way to verify clear patterns and outcomes.
[bookmark: _Toc164096052]3.2 Data Collection and Analysis Technique
For the required quantitative data, monitors for gas and electrical consumption from gas boilers in the winter months within a hospital building will be the main source of data collection. The purpose of this data collection is to derive the usage of gas and electricity within a hospital building, for heating and hot water production. This will provide a clear understanding of the requirements for the building and the direct production of CO2 emissions. Following this, theoretical gas and electricity consumption will be calculated for the gas boilers within the building and compared to the above raw data. By conducting this analysis, it will become clear if the current system is working as efficiently as possible, from the designed parameters, and this will also show whether the consumption of gas and electricity is higher than expected and whether the impact on the environment is greater than anticipated. 
Finally, calculations for the operation and electricity consumption of an ASHP will be carried out, based on being retrofitted into the hospital building, providing heating and hot water as a replacement for the gas boilers. This will allow a comparison of natural gas boilers, in a practical and theoretical setting, with a theoretical concept of an ASHP, where fossil fuels would be eliminated. However, as discussed above in the literature review, to eliminate fossil fuel usage, renewable energy sources must be used in conjunction with the proposed ASHP. For this to be possible, there will be a consideration for the use of solar electricity to power the ASHP, given that the health board has a solar farm connected to its main site. Following on from this, CO2 emissions and gas and electricity consumption can be compared amongst the listed tests to satisfy the aim and objectives, therefore the data will be analysed through graphs, to set out clear patterns and conclusions of whether ASHPs can replace gas boilers.
[bookmark: _Toc164096053]3.3 Limitations
It has been acknowledged that there will be limitations to the proposed research. After conducting thorough research, it has become apparent that there is limited prior research on the topic of using ASHPs in hospitals to supplement gas boilers. This demonstrates the importance of the steps set out above, to determine an outcome. In addition, with the limit on time, the depth is limited to wintertime only, rather than summer and winter. This is due to the heating demand being naturally higher in the winter than in summer, therefore it would be more beneficial to follow this avenue. Appendix 1 demonstrates the time available for the research project, in the form of a Gantt chart. Following both points, the sample size would be small, with one winter period captured during the research. Given that the use of ASHPs in hospitals will be displayed as a theoretical model, this may not have real-world applicability and may require experimental testing in the future to complement the theory. Finally, there will be heavy reliance on instrumentation throughout the research to provide the raw data for electricity and gas consumption. If the instrumentation is not calibrated or is faulty, then the values may not represent the true usage. 
[bookmark: _Toc164096054]3.4 Summary
To summarise the methodology section, quantitative research will be carried out, with data collected from gas and electricity monitors. Along with this, theoretical gas and electricity consumption will be calculated and compared to the raw data. Following on from this, there will be calculations for the usage of ASHPs in a hospital building, to replace the gas boilers, as referred to in Figure 2. Electricity consumption will also be calculated and compared to the traditional system as seen in Figure 1, in the graphical format. 
[bookmark: _Toc164096055]4.0 Conclusion
The purpose of this research proposal was to identify a topic and plan the approach on how to assist with the issues related to the topic. With this, it was highlighted that the NHS is, and has been, having a significant impact on the UK's carbon footprint, given the constant usage of fossil fuels to produce heating and hot water for patients, staff, and visitors. The traditional gas-boiler is becoming less efficient, with new greener technologies available, such as ASHPs. With this in mind, and following extensive research, it is of interest to determine whether ASHPs can replace gas boilers within a hospital environment. It is proposed that quantitative research should be undertaken, by collecting data from gas and electric meters from a hospital building. In addition to this, calculations will be carried out for theoretical electricity and gas consumptions of the building, and compared with the raw data with the view in mind of whether the system is working efficiently or correctly to design specification. Following this, ASHP electricity consumption will be required through mathematical calculations, which will be compared to the previous figures, and determine whether ASHPs can perform in the place of gas boilers in a hospital building.
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