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[bookmark: _Toc162882525]1.0 INTRODUCTION
This research proposal is driven by central Government's quest to reduce carbon emissions through decarbonising its property portfolio. Traditional heating systems are powered by fossil fuel combustion boilers, which significantly contribute to climate change. In response, industry has pursued low-carbon alternatives, notably Air Source Heat Pump (ASHP) technologies for retrofitting.

The author has observed various ASHP installations and engaged in wider network discussions, that have revealed common issues relating to the success of these installations. Issues include inefficient, oversized systems, lacking holistic design. A literature review underpins this initial observation by identifying limited, inconsistent, and outdated guidance for ASHP installations, particularly across all phases of construction.

This has prompted the author to pose the question: 

`How can ASHP technologies be successfully retrofitted for heating within Government office premises? `

This proposal aims to define the project, providing clarity on its direction. Through comprehensive analysis, the goal is to demonstrate due diligence and establish project feasibility for a full master’s dissertation. The proposal outlines the project's objectives, methodology, and justification, highlighting the need to address gaps in current literature. 

The research is crucial to help facilitate the successful adoption of ASHP technologies, enabling Government and wider society to reduce carbon emissions with efficient, operationally resilient designed and installed systems.

A roadmap of the research proposal can be found in Appendix 1




















[bookmark: _Toc162882526]2.0 BACKGROUND
The purpose of this section is to provide context to the research proposal.  Figure 1 provides a visual representation of the main drivers leading to the emergence of the research question posed.

Figure 1: Drivers for ASHP selection.
[image: ]

[bookmark: _Toc162882527]2.1   Climate change
Results from human activities emitting excessive greenhouse gases which disrupt the Earth's natural equilibrium, causing climate change. This disturbance raises the planet's baseline temperature via the greenhouse effect, endangering habitability. Consequences include disruptive weather patterns, higher sea levels, forest fires, and worsened air quality. Carbon dioxide emitted via fossil fuel boilers is a major contributor to this.

[bookmark: _Toc162882528]2.2   Legislation and policy
The Paris Agreement (PA) 2016, is a global pact focused on mitigating and adapting to climate change. It includes commitments from all nations to cut emissions and work collaboratively to address climate change. The UK has used the Climate Change Act (CCA) of 2008 to fulfil its obligations under the PA.

[bookmark: _Toc162882529]2.3   Low carbon heating options
Table 1 highlights potential solutions for building heating to address the impacts of climate change, HM Gov (2021b)

Table 1: Low carbon heating options
[image: A close-up of a list of instructions
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[bookmark: _Toc162882530]2.4       Case study
Office buildings within the Department for Work and Pensions (DWP), a His Majesty’s Government (HM Gov) organisation will be selected for the case study. 

DWP is the largest public service department, administering the state pension and a  range of other benefits to circa 20 million claimants and customers, HM Gov (2024a).

Its property portfolio encompasses a mix of uses. Most of these sites, including job and assessment centres, are dedicated to delivering these services, totalling 825 in 2023. There are 55 sites classified primarily under office architype. 

Offices predominately have traditional wet radiators/underfloor heating emitter distribution systems, with gas combustion boiler heat generation.

The DWP has identified the reduction of carbon emissions from its heating systems as a crucial step towards attaining Net Zero (NZ) status.

A selection of specific buildings can support the delivery of the research objectives and comprehensive management information is accessible. 

[bookmark: _Toc162882531]2.4.1       NZ strategy
The primary fossil fuel heating replacement strategy of the case study is:

· Optimising district heat networks, when accessible.
· Installing ASHP`s as replacements for gas boilers.

The rationale for this strategy is linked to DWP`s portfolio constraints, which mainly caters public services and located in urban areas. As a result, there is potential to leverage heat networks serving numerous businesses. Moreover, the challenges inherent in urban environments increase the likelihood of success for ASHPs compared to alternative options.

[bookmark: _Toc162882532]2.4.2       The solution
[bookmark: _Hlk162098444]The DWP vision to adopt heat networks within its estate can be understood particularly for waste heat recovery networks and water source systems. Commonly the heat associated from close water sources, such as rivers, easily covers local demand capacity, Pearson, D., cited in Pearson, A., et al (2019). However, the integration within its estate is reliant upon developers identifying and securing demand for its economic model.  According to Heat and the City (2019), `network developers perceive it as financially risky to design and pay for futureproofed systems`.

Given the demand uncertainty, heat networks cannot be reliably programmed into the DWP`s decarbonisation strategy. Rather, they serve as an incidental opportunity, should networks be developed locally. ASHPs will therefore need to contribute for the achievement of NZ in the short/medium term.

The European Heat Pump Association (EHPA) illustrates (Figure 2) the notable adoption of heat pump technologies, notwithstanding a decline in sales in 2023, attributed to policy changes influencing the market, following the Ukraine invasion. The UK bucked this trend with a reported 4% sales increase during the same period, EHPA, (2024)

Figure 2: Annual sales of heat pumps (EU14) -EHPA
[image: A graph of a bar chart
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Source: EHPA (2024)



























[bookmark: _Toc162882533]3.0 AIM 
The aim of the research proposal is to:

`identify critical success factors for retrofitting ASHP technologies for heating, within Government office accommodation`.

After analysing this statement, some factors require further explanation to provide clarity. The concept of `success`, needs unpicking to understand its implications fully. Success is subjective and linked to the projects desired outcomes. Its specific interpretation in the context of ASHP installations will vary depending on the individual and their role in delivery.  As a result, understanding the definition of success within this context will require further exploration. 




































[bookmark: _Toc162882534]4.0 OBJECTIVES
The objectives of this proposal are to:
· `Undertake an assessment of a current fossil fuel heating system in a typical Government Department office`. 

Assessing the performance and outcomes of an existing combustion boiler heating system is crucial as it establishes a foundation for understanding legacy systems and their functionality. This evaluation will pinpoint challenges linked to the present system and inform decisions regarding its potential replacement. 

· `Undertake an assessment of retrofitting ASHP`s for heating, within a typical Government office`.  
 
This objective will run concurrently with related research to pinpoint obstacles and limitations that need to be addressed during the retrofitting process. 
 
· `Undertake a cost benefit/carbon analysis of ASHP technologies compared to fossil fuel alternatives`. 
 
This analysis should offer insights into the economic and environmental feasibility, as well as alignment with strategy and policy. By considering these factors, stakeholders can enhance decision-making and optimise the success of ASHP deployments. 

· `Develop ASHP retrofitting best practice guidelines`.

The guideline`s aim is to develop an informative checklist for Government offices, with accompanying rationale for project leads considering the implementation of ASHP technology. It is intended to pinpoint critical success factors through all construction phases.  














[bookmark: _Toc162882535]5.0 LITERATURE REVIEW 
The purpose of this literature review is to enhance the authors understanding of the research question by exploring not only technological aspects, but also broader factors influencing the positioning of the technology in the market. The review offers a structure for highlighting the significance of the study and serves as a reference point for comparing the results with other research findings, Creswell (2012). It is the intention to explore what good looks like, anticipate future developments, and identify discrepancies or gaps warranting further investigation. 

The approach taken to locate relevant literature will mostly involve:

· searching academic databases, employing key descriptor terms related to the research topic. 
· Peer-reviewed articles published within the past decade will be prioritised. 
· Consultation of reputable and subject matter expert institutions.
· Geographical relevance will be taken into account if the research holds relevance within the UK context.

The following descriptors have broadly been researched covering the ASHP topic include: need for sustainable heating, ASHP technology, challenges and barriers to adoption, best practice and the future.

[bookmark: _Toc162882536]5.1   Need for sustainable heating
The PA is an international climate change treaty seeking to shift the responsibility for solving the issue onto the nations or populations which have contributed to it. It aims to establish a framework for offering financial, technical, and capacity-building support to countries in need. It has a primary objective of limiting the rise in global temperature to below 2°C above pre-industrial levels, UN (2024). To achieve this, the amount of Global warming gases produced, such as carbon dioxide, must be reduced.  David et al (2017), declares `The heating sector has a decisive role in achieving these goals`. The adoption of low-carbon heating is crucial for achieving international climate change targets, Becker, S. et al (2023).

The CCA  2008, is the UKs legislative framework for delivery of the PA targets, committing the UK by law to reduce its emissions, CCC (2022). Further policies underpin the legislation, HM Gov (2021a) NZ Build Back Greener Strategy outlines actions for meeting NZ carbon goals and elaborates on its vision to decarbonise key sectors including heating, and buildings. This is further detailed by HM Gov (2021b), Heat and Building Strategy, where more specific information about low carbon technologies and their performance can be found. This policy also references Hydrogen as an emerging heating solution, but since publication its prominence has been diluted by Government, HM Gov (2024b).

Heating constitutes 64% of EU home energy consumption, Eurostat (2023). OFGEM (2016) estimates 80% of the UK`s heating comes from gas sources. 

The DWP has been mandated to achieve NZ carbon status by 2050. The Greening Government Commitments (GGC) are the associated targets and monitoring tool used by Government to achieve this, HM Gov (2024d)

An indicative organogram which provides a visual representation of the legal and policy framework in the UK, can be found within Appendix 2.

[bookmark: _Toc162882537]5.2   The technology
The air version of heat pumps represent 40% of the current market, according to the EHPA (2024). `Heat Pumps are promoted as an attractive alternative for consumers to replace fossil fuel heating`, states Carroll et al (2020).

[bookmark: _Hlk162103605]Heat pumps work by absorbing heat from the air into a fluid, which then circulates through a heat exchanger into the heat pump. Within the heat pump, the temperature is raised, and the heat is transferred to water, EST (2024).  Heat pumps generally operate at a lower flow temperature compared to traditional boilers, typically reaching up to 55°C. Therefore, the heat emitter size (radiators etc) is of significance in design and like first generation gas boiler designs, a storage tank/buffer vessel is often required, HPA (2024). Due to lower temperature flow rates of ASHPs, retrofitting ASHP can need to include fabric insulation upgrades and heat emitters. As a result, ASHP dovetails wider fabric first principals for building retrofits, Kirkwood (2024)

[bookmark: _Hlk162216702][bookmark: _Hlk162216733][bookmark: _Hlk162175357]The performance of the AHSP is commonly measured via Coefficient of performance (CoP) and seasonal coefficient of performance factors (SCoP).  The CoP quantifies the efficiency of ASHP operation. It represents the ratio of the heat energy produced (Q) to the electrical energy consumed to operate the heat pump (W), Carroll et al (2020). SCoP is a metric for assessing the efficiency of a heat pump throughout the entire heating or cooling season, Kudela et al (2021). System efficiency can be influenced by pump and system size, and control mechanisms, HPT (2024). Beyond universal construction related legislation, regulation regarding the heat pumps and systems is confined to Part L of the building regulations, HM Gov (2024c). These focus on the conservation of fuel and power. It then signposts to target performance factors within BS EN15450:2007 for guidance on the design of heat pump systems. Heat pumps can save significant carbon dioxide in most cases, Masternak et al (2024).

[bookmark: _Toc162882538]5.3   Challenges and barriers to adoption
The systems design plays a crucial role in ensuring the final solution achieves operational requirements and optimises energy. Numerous publications are available to guide designers through this process. For example, BS EN15450:2007 outlines criteria for heating systems in buildings utilising electric heat pumps, covering features such as the heat pump itself and its integration with the heat distribution system. Additionally, in 2007, BSRIA published BG7/2009, a guidance document for designers on heat pumps. However, both these versions of BS EN15450 and BG7/2009 are now considered outdated in terms of available performance parameters and unlikely to address all aspects of design. Nevertheless, CIBSE AM17: 2022, Heat pump installations for large non-domestic buildings, offers a more comprehensive overview of system design and installation considerations. Noting gaps remain, it is not prescriptive and often referring to manufactures guidance. 
HM Gov (2022), unveiled the British Energy Security Strategy, outlining the UK's dedication to achieving decarbonisation of the electricity system by 2035. Therefore, as the grid becomes greener, the associated carbon dioxide output of the ASHP technology decreases.  However, the electrical capacity within the NG may not always be sufficient, with 65% demand increase predicted by 2035, NG (2024). Therefore, the grid must expand in proportion to the adoption of ASHPs and other emerging technologies (EV cars). Grid reinforcement can be expensive and cause project delays. On a more optimistic note, the ongoing decarbonisation of the  NG makes the electrification of heating systems an appealing choice for businesses striving to minimise their carbon emissions.

While ASHPs are often considered as direct replacements for gas combustion boiler systems, there are notable distinctions that can pose challenges for retrofitting. According to CIBSE (2022), it is necessary to identify external space for ASHPs, and there is a likelihood existing plant rooms will need to accommodate additional thermal storage. These requirements have implications for space allocation of plant. Additionally, secondary considerations such as planning regulations, sustainable drainage systems (SuDs), and noise compliance may come into play.

The aim of SuDs legislation is to promote the sustainable management of local rainwater runoff. The use of impermeable groundworks undermines this goal. SuDs applications are required when construction activities affect an area of land exceeding 100m2, HM Gov (2019)

As per MCS (2019) guidelines, noise emissions from ASHPs should not surpass 42 decibels when measured in neighbouring properties. Typically, ASHPs operate within a noise range of 40 to 60 decibels. Assessments for compliance and the implementation of any necessary mitigation should adhere to the standards outlined in BS 4142:2014.

According to Mohammadpourkarbasi & Sharples (2022), retrofitting ASHP`s tends to incur higher capital costs compared to gas boiler counterparts. Observed also by Carroll et al (2020). Cost is a barrier to adoption also noted by the IEA, (2022). This is primarily due to expenses associated with grid reinforcement, external compound installations, and enhancements to emitters and insulation upgrades. Kelly & Cockroft (2011), indicate operational costs for ASHPs are approximately 10% higher than those for gas systems. `The price of electricity relative to gas influences consumers`, Harrington (2023)

[bookmark: _Toc162882539]5.4   Best practice
Refrigerant selection and its global warming potential (GWP) impacts are excluded from the CIBSE design piece. Various refrigerants have pros and cons, affecting heat pump selection based on efficiency, desired water temperatures, and operational scale. EU's F-gas phase-down mandates refrigerants to have an average GWP below 400 by 2030. For context, CO2 serves as the baseline with a GWP of 1. Noting ASHP systems typically lasting circa 20 years, this environmental factor adds complexity to evaluations. 

In terms of performance, 125 datasets logged on the Heat pump monitor (2024), show an average CoP of 3.9 for ASHPs installations. Heat pumps with a CoP surpassing 3.2 are classified as high-performance, Olympios et al (2024). Part L building regulations stipulate a minimum SCoP of 2.7. A comprehensive retrofit fabric upgrade in parallel, positively impacts these figures. Specifications for insulation, pump capacities, control strategies, and precise system engineering all play a role in shaping high performance outcomes. Commissioning and testing is a crucial part of confirming project objectives have been achieved. Therefore, heat metering is essential to prove system performance.
Clearly the positive consequences of fabric intervention, should flow through the proposed designs and plant sizing. Client briefs may focus on electrification of systems and opting for high temperature ASHP solutions to reduced capital expenditure, Kirkwood (2024). There is likely to be complex operational and energy consequences to this lack of foresight.  

CIBSE via their AM17: 2022 design guide offers an interpretation for success in this field, as follows:

· a comfortable environment for building occupants 
· reliability of heat supply, ease of use and ease of maintenance
· low energy use in operation
· safe operation
· future-proofed and resilient
· as cost-effective as possible in terms of capital and life-cycle costs.

Defining installation success will require further expansion and refinement. Noting however it's essential to consider other critical success factors (CSF) for holistic project execution. The selection of a competent contractor is also identified as a CSF, as noted by Egemen (2022). It is evident CSFs in construction have been subject to ongoing debate for decades, with no industry consensus reached.

ASHP maintenance is more frequent than gas boilers, needing servicing six monthly, BESA (2024). This planned maintenance regime ensures all components function optimally, including filter cleaning, refrigerant level checks, and airflow verification. By maintaining efficiency, ASHPs operate at peak performance, reducing energy usage and operational costs.

[bookmark: _Toc162882540]5.5  The future
The incorporation of ASHPs with renewable energy sources, particularly solar photovoltaic (PV) systems, is already being implemented successfully. Solar PV offers the benefit of supplementing the ASHP power, reducing reliance on the NG and resulting in cost savings. Solar PV and heat pump integration has become very popular, EHPA (2023). Additionally, with further expansion of battery storage, on-site renewable energy can be used during ASHP startup, addressing the high-power demand during this phase. 

A flexible and adapted heat pump cycle, incorporating heat recovery and storage, is currently under development. This system is utilised as an additional heat source for the heat pump's operation. It functions in a quasi-two-stage mode, aiming to theoretically reduce compressor power consumption by up to 20% compared to single-stage cycles, Yu (2022). 

Steam, alongside mechanical vapor recompression equipment, is gaining interest as a method like heat pumps for upgrading heat using electricity. In a closed-loop setup, water can serve as the refrigerant, offering higher target temperatures without environmental or fire hazards. In an open-cycle configuration, high-temperature steam can be produced from lower pressure steam or condensate, IEE (2022). This would potentially address the GWP refrigerant concerns as well.

Alternative refrigerants with extremely low GWP, such as ammonia and propane have been effectively utilised, especially in district heating applications. The installation of the world's largest ammonia heat pump, boasting a capacity of 14 MWh, took place in Norway, Ayub (2016). Despite this milestone, challenges persist in expanding these technologies, due to safety.

[bookmark: _Toc162882541]5.6   Gap analysis
It has been identified that the literature review would benefit from further research in the following areas:

· Construction CSF`s and topics including procurement, contract form/fundamental details, project management etc. This would help to determine CSF that cover all construction phases.
· Building retrofits and how ASHPs benefit/interface, as ASHP project success can be linked to this. 
· An expansion of the research already undertaken.





































[bookmark: _Toc162882542]6.0 METHODOLOGY 
A concurrent mixed methods (MM) approach has been chosen to examine the CSF associated with ASHP installations. This design format allows the successive collection and analysis of quantitative and qualitative data, enabling a comprehensive exploration of the research topic, Creswell (2012). This proposal benefits such an adaptable approach due to the variable factors within the ASHP topic. By employing this design, various technical aspects such as performance, energy efficiency, and cost can be analysed alongside qualitative insights from stakeholder’s experiences, thereby improving the validation of findings and the overall completeness of the study.

A concurrent approach is preferred over sequential due to time constraints for the project’s submission. Sequential methods tend to take longer as they are linear. A foreseeable challenge of the concurrent approach is the increased inconvenience for participants and complexity in reviewing two datasets for the researcher. 

[bookmark: _Toc162882543]6.1   Quantitative and qualitative research approach
It is the intention to incorporate both quantitative and qualitative questions in parallel during a semi structured interview. This is intended to create a lively and organised discussion, enabling participants to immediately offer qualitative perspectives after quantitative question.

To streamline the interview and participant burden, target participants will receive the questionnaire in advance, providing them with sufficient time to formulate considered responses. The questionnaire will also serve as the framework for a scheduled semi structured interview, which will address essential topics such as energy efficiency, system reliability, costs, maintenance, and overall satisfaction levels.

The target audience will include job titles such as Facilities Managers, Building Services Managers, Net Zero/Energy Manager among others, who have recently had an ASHP system installed, 12 months post practical completion. This will ensure a full year of post installation operation, has been experienced by the participant.

Due to confidentiality, notes will only be taken, and the sessions will not be recorded.

Sample size targeted: 10- 15 Government installations.

Key variables of interest include perceived energy efficiency, system reliability, estimated installation costs, perceived maintenance requirements and overall satisfaction. 

A draft questionnaire can be found in Appendix 3.

[bookmark: _Toc162882544]6.2   Data analysis
The quantitative data will be analysed using descriptive statistics to summarise responses and statistics such as correlation analysis, how two or more variables are related, Prematunga (2012) and regression analysis to identify the structure of a relationship, between two variables, Cote (2021). In this case between CSF and overall satisfaction levels.

The qualitative data will be manually analysed using thematic analysis, by searching across a data set to identify repeated patterns, Braun (2006). Interview transcripts will be coded and categorised to identify themes related to CSF. The themes analysed to provide insight into the factors influencing overall satisfaction with ASHP installations.

[bookmark: _Toc162882545]6.2.1     Data integration
The quantitative results must be compared with qualitative insights to provide a thorough understanding of ASHP CSF, therefore data triangulation method will be adopted. This method allows data to be checked from multiple sources and the researcher to check accuracy of findings, Indeed (2022).

[bookmark: _Toc162882546]6.3   Ethical considerations
It is intended for the research to adhere to all ethical guidelines, outlined in University of Wales Trinity St David (UWTSD), Research and ethics code of practice.  An ethics form will be submitted alongside this research proposal. 
Participants will be asked to provide their consent before taking part and their confidentiality will be upheld throughout the study. Appropriate measures will be taken to minimise any potential risks associated with participation, and participants will retain the right to withdraw.

[bookmark: _Toc162882547]6.4   Data management/analysis software
[bookmark: _Hlk162696101]The software Social Sciences (SPSS) will be used to analyse quantitative data.  SPSS is a statistical software platform providing a user-friendly interface and a comprehensive range of features, enabling you to efficiently extract actionable insights from data, IBM (2024)

[bookmark: _Toc162882548]6.5  Timeline
To ensure the efficient management of time and resources, an indicative timeline outlining key research activities has been drafted. See Appendix 4.

[bookmark: _Toc162882549]6.6  Limitations
Several limitations have been identified which could potentially impact the research. The following are among those most likely to exert influence, highlighting the necessity for careful consideration of their risks and mitigation strategies.

· The study sample size may be restricted, with a lack of diversity, as only Government buildings are targeted.
· Both the quality of data and proposed collection methods may impede the research's findings and conclusions.
· Time constraints exist due to an impending deadline to meet the expectations of the educational institute.
· The design of the research proposal could potentially compromise accuracy, should it be inherently flawed.
· Participant and researcher bias may hinder data collection results and conclusions, respectively.



[bookmark: _Toc162882550]7.0 CONCLUSION
The adoption of ASHPs has become a key technological option in the UK Government's efforts and broader world response to climate change, as evidenced by the significant increase in their use. The legislative drivers for ASHP adoption could not be more publicly prominent.

The literature review has confirmed the technology can be adapted to current buildings and is advancing rapidly, indicating more flexibility and system outputs on the horizon. However, the replacement of legacy fossil fuel boilers is complex with limiting factors requiring thorough planning. The existing guidance available is restricted to installation and testing, with the installation guidance commonly referencing a manufacturers narrative, which could be perceived as bias. There is no holistic guidance covering the whole ASHP construction piece, for example the appointment of contractors and how the contract should be formed, which confirms there is a role the proposed research can address.

The intentions to use a mixed methods approach for research offers flexibility, a holistic comprehension of the topic, and the capability to triangulate findings for validation. This approach lends itself to the topic in question as qualitative views can provide perspective to quantitative answers.

There is no single technology serving as the panacea to replace fossil fuel heating systems, despite continued rumblings around hydrogen`s use. Therefore, the emphasis must surely be placed on effectively integrating and optimising existing technologies, such as ASHPs. Failure to act quickly and successfully can lead to concerns about their suitability for retrofitting and give credence to fossil fuel technology supporting actors. Therefore, we must not assume the calvary will arrive, instead sharpen, and develop the tools we have at hand is essential to contribute to climate change mitigation. 

The progression of this research has potential to enhance the existing body of literature by aiding the Government's endeavours toward achieving NZ and laying the groundwork for a framework facilitating the implementation of the technology. Potential updates to standards/guidance, along with revisions to Government policies and targets, could benefit from this research. Ultimately, the principal outcome would be the preservation of our planet, underscoring the profound significance of its impact.















[bookmark: _Toc162882551]8.0 REFLECTIONS
The literature review has revealed the ongoing absence of industry consensus and endorsement regarding wider construction CSFs, with research on this topic spanning several decades without arriving at a definitive conclusion. While the CIBSE 2022: AM17 guidance provides an interpretation of ASHP`s CSF`s, the research scope extends beyond mere installation considerations, instead it is one component among several which must align for total project success. Lam et al (2008) proposes a model and suggests functionality is added to the time, cost and quality, iron model for design and build projects.

Consequently, addressing this effectively and navigating this complex topic demands thoughtful deliberation to maintain relevance and feasibility in the proposed research. Further definition and refinement may be necessary based on additional research and a deeper understanding of the task at hand, which could not be fully determined concurrently with this proposal.
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Research Questionnaire

In 2019, the UK pledged to achieve Net Zero emissions by 2050, mandating the public sector to align with these goals. Decarbonising legacy fossil fuel heating systems is a significant challenge, with OFGEM estimating 80% of the UK's heating is provided by gas. The 2021 Heat and Building Strategy outlines various low-carbon heating alternatives, with Air Source Heat Pumps gaining prominence, holding a 40% market share in Europe in 2023.

This questionnaire aims to explore ASHP experiences within the Government estate, identifying critical success factors to inform the successful retrofitting of this technology.

For questions 1-3, please tick the appropriate box.

1. Please indicate your involvement with the installation of ASHP technology?

Client             				          Carbon/Net Zero/Energy Manager

Building/Property/FM Lead		          Project Manager		                                               

Third Party FM provider

Other					       Please state title

2. How long have you been working in your current role?

1 month – 1 Year			         1-3 Years

4-6 Years 				         7-9 Years

10+ Years

3. How long ago was practical completion achieved for your ASHP retrofit heating system?

Less than 1 Year 			        1-3 Years

3 Years +		

For questions 4 to 10, please indicate your level of agreement with the following statements by circling a number on the scale from 1 to 7. 

4. Performance
a) How satisfied are you with the performance of the ASHP heating system?
	1
	2
	3
	4
	5
	6
	7

	Very Satisfied
	Satisfied
	Slightly Satisfied
	Neutral
	Slightly
Dissatisfied
	Dissatisfied
	Very Dissatisfied




b) Please can you elaborate on your rating and provide examples of aspects of the ASHP performance that influenced your satisfaction level?
	(To be discussed at interview)








5.  Energy efficiency
a) How satisfied are you with the energy efficiency of the ASHP heating system?
	1
	2
	3
	4
	5
	6
	7

	Very Satisfied
	Satisfied
	Slightly Satisfied
	Neutral
	Slightly
Dissatisfied
	Dissatisfied
	Very Dissatisfied



b) What factors do you consider when evaluating the energy efficiency of the ASHP system, and how do these factors impact your satisfaction level?
	(To be discussed at interview)









6. Reliability 
a) Please can you rate the reliability of the ASHP heating system?
	1
	2
	3
	4
	5
	6
	7

	Very Reliable
	Reliable
	Somewhat Reliable
	Neutral
	Somewhat Unreliable
	Unreliable
	Very Unreliable



b)  Please can you share any experiences or instances that has influenced your rating of the ASHP system's reliability.
	(To be discussed at interview)









7.  Installation costs
a) How satisfied are you with the installation costs associated with retrofitting ASHP system?
	[bookmark: _Hlk162804066]1
	2
	3
	4
	5
	6
	7

	Very Satisfied
	Satisfied
	Slightly Satisfied
	Neutral
	Slightly
Dissatisfied
	Dissatisfied
	Very Dissatisfied



b) What factors influenced your perception of the installation costs, and are there any specific aspects you found particularly satisfactory or dissatisfactory?
	(To be discussed at interview)








8.  Maintenance
a) Please rate the maintenance requirements of the ASHP heating system?
	1
	2
	3
	4
	5
	6
	7

	Very
Manageable
	Manageable
	Slightly Manageable
	Neutral
	Slightly
Burdensome
	Burdensome
	Very Burdensome



b) Please describe the planned maintenance tasks associated with the ASHP system and share your experiences in managing them?
	(To be discussed at interview)










9. Fossil Fuel boiler satisfaction comparison
a) How satisfied are you with the performance of the ASHP heating system compared to a gas boiler?
	1
	2
	3
	4
	5
	6
	7

	Very Satisfied
	Satisfied
	Slightly Satisfied
	Neutral
	Slightly
Dissatisfied
	Dissatisfied
	Very Dissatisfied



b) Please can you elaborate on your rating and provide specific examples of differences you've noticed in performance between the ASHP and gas boiler
	(To be discussed at interview)









10. Overall Satisfaction
a) How satisfied are you with the overall integration of ASHP technologies into the existing heating system?
	1
	2
	3
	4
	5
	6
	7

	Very Satisfied
	Satisfied
	Slightly Satisfied
	Neutral
	Slightly
Dissatisfied
	Dissatisfied
	Very Dissatisfied



b) What do you perceive to be the key factors that contributed to the successful integration of ASHP technologies, and are there any areas for improvement?
	(To be discussed at interview)










End – Thank you for your time.























[bookmark: _Toc162882557][bookmark: app4]14. APPENDIX 4
2024 Dissertation research timeline
[image: A screen shot of a graph

Description automatically generated]
	




















End





























image3.png
TASK DESCRIPTION

1. Assessment Component 1—30%
Present a PowerPoint (or equivalent) of your proposed research. The work should present
an outline of your research and the reasons why the topic is worthy of an MSc.

« The PowerPoint is presented to the group THREE weeks prior to the submission of
the Research Proposal

« AResearch Seminar wil be held, in which all students wil present their work to their

fellow students and acadenic staff.

Each presentation will be 10 minutes long followed by questions.

The work is peer-reviewed and assessed by staff.

The Seminar will be held on the SAT campus unless you are informed othenvise.

Students will need to respond to comments from the panel in their written proposal

Research Seminar will be held in the week beginning the 11 March 2024

11.59pm on Tuesday 16th April 2024 (Research Proposal Report) submitted via
Turniti

3. Assessment Component 3
o ALL students need to include an ethics form for their research.

« The ethics committee representatives will review the form

« The ethics form will not be allocated a mark, but f not included the report will be
deemed a failure.

11.59pm on Tuesday 16th April 2024 (Ethics form) submitted via Turnitin





image7.png
1. INTRODUCTION
The problem 2. BACKGROUND
Context Context
) Drivers for research

Case study Q 3. RESEARCH AIM
The technologies o Goal [[=* RESEARCH
o Purpose - OBIECTIVES

Structure

Actions/ sub goals

6. METHODOLOGY 5. LITERATURE REVIEW
THE o Design @ Sustainable heating
QUESTION o Rationale The technology
‘ Approach Challenges & barriers
How can o Data ‘ . What good looks like
ASHP Analysis/integration The future
technologies o Ethical considerations Gaps
be o Timeline

successfully Limitations
retrofitted for
heating within
Government
office
premises?” @ 8. REFLECTIONS
Learning
Alignment

% 7. CONCLUSION Problem solving
Recap
Findings
Justification
Contribution

potential

DISSERTATION /\





image8.png
Paris Agreement (Treaty)
International - Legislative

Climate Change Act
Domestic- Legislative

‘ Net Zero: Build Back Greener Strategy ’

NZ vision for all activities in UK

{ {

PUBLIC SECTOR BUILDINGS DECARBONISATION l | NATIONAL GRID DECARBONISATION
Heatand Buildings Strategy | _ . _ . _ . _ . _ . _ . _. _. _. i British Energy Security Strategy
More detailed guidance for approach and technologies Vision for all grid decarbonisation activities

R

PAS 2038:2021
Retrofitting non-domestic buildings - specification

!

NZ Estate Playbook
Overarching NZ approach identify all key steps

AN

The success of electrification Suite of policies
of heating is intrinsically linked i.e. Hydrogen, Nuclear,
CASE STUDY to decarbonisation grid. Renewables etc





image9.png
Student: Gareth Leek Student No: 2126225 Weeks
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Risk
Rating
(HM, Duration(g¢)
No|Research activity 1) _|Mitigation (weeks) |completion | 1|2 | 3 3 2|3 2|3 2|3|a(5|1]2]3|a[1] 2 3| 4
1 |Refine aims and objectives Low <1 Joow
2 |Undertake fullliterature, addressing
research gaps Low 3 80%
3 [Refine the methodology and outcomes (if
Ineeded) Low 1 90%
4 |Obtain ethics approval Low <1 Joow
5 |Refine questionnaire design Low <1 Jsow
6 [Seektutor feedback Low NA_ |NA
7 |Recruit participants (book interview) Low 1 50%
8 |Issue questionnaire to participants Low <1 0%
9 [Interview participants 1. Tight timings, use float if needed.
Med |2. Ensure point 7 issued in advance |2
9 |Float (time for delays/changes) NA NA_ |NA
10|Data cleanse Low [NA 2 0%
11|Conduct data analysis Lo a A e
12|Analyse results to draw conclusions Low [NA 2 0%
13|Draft research findings (into, it review,
methodology, results, conclusion etc) Low [NA 4 0%
14[Review (accuracy etc) Low [NA 2 0%
15[Seck tutor feedback Low [NA NA_ 0%
16]Float time for delays/changes NA NA_ |NA
17]Dissertation Submission Low [NA <1 0%
18|Undertake viva presentation Low |NA <1 0% [
19|Reflection (process, S&W, success, I
further research) Low |NA 1 0%
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Description

Heat Pumps

Depending on conditions, these options can be installed in pre-existing

(Air, ground, structures. They harness heat from the air, ground, or water.

and water)

Hydrogen Potential for direct substitution of natural gas. Emits zero carbon upon

gas combustion. Technology's efficacy yet to be proven.

Heat Substantial infrastructure, dependent on demand and cooperation among

networks businesses. Can tap into waste heat sources (such as industrial processes
and water courses)

Hybrid Integration of various techniques, such as heat pumps and traditional gas

methods boilers.

Bioenergy Use of bio fuels for combustion boilers such as wood chips, bio-LPG, biogas.
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APPENDIX GA36d
LEVEL 7 ASSESSMENT SPECIFICATION
Student name Student ID number:
Programme: MSc Property and Facilities Management, MSc Sustainable Construction,
MSc Environmental Conservation and Management
Module: Research Methods and Professional Development
" Contribution to
Module code: | ACFA 7004 Sontribution aueo | 100%
Assessment (%):
Lecturer: Dr Deborah Hughes Internal Verifier: | Dr Hannah Williams
Assignment Title: | Research  Proposal & | Word count ~(or | 10 min presentation
presentation equivalent plus " questions
G0%)
4,000.word
Research Proposal
@0%)
‘submission Presentations  ~ _ week | Retum date of| 20 working term
deadiine: beginning 11 March 2024 | provisional marks | time ~dates _after
Research Proposal - 11.59pm | & Witien feedback: | each deadine.
on 16" April 2024
‘Al viien assessments, Where practical and possible, must be submiled via Tumiin
e unless ofhervise insiructed by the Lecturer (Please DO NOT put tis assessment
method: specifcation info Turntin or it vl maich many simiaites with other sudents’
Submissions)
Altemative submission method (if applicable):
Late submission of the assessment wil esult in a lte penalty mark. Penalis
forlate submission: Up fo one week late, maximum mark of 0% Over one week ate,
0% Onlythe Extenuating Gircumstances Panel may apprave a change fo submission
dates.
Academic ‘Acadiemic honesty is requied. I the main body of your submission, you must ive
honesty credi 1o authors on whose research and ideas your work is based. Append {0 your
T submission a refeence st that indicates the books, arces, c. that you have used
sited or Quoted in order to complete fhis assessment

Module Leaming Outcomes
(from moduie syllabus)

On successful completion of this module students v

« Generate a project proposal that meets a given domain research requirements

« Identify and visualise a complex research problem within a specific research domain,
outiin the investiqative approach and comprehensively consider appropriate
methods and solutions.

«_Citically appraise the research process and its outcomes

Tbe able fo: -





