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[bookmark: _Toc133611600]Abstract

By 2050, the United Kingdom has set a difficult goal of decreasing greenhouse gas emissions by 100%, meaning the UK will be completely net zero. Meeting this target necessitates a switch to low-carbon energy sources and addresses the current growing trend in energy use. To enhance understanding of the practical methods involved in the reduction of energy demand, this dissertation study will effectively determine whether heat pumps and local initiatives within communities can be used as viable solutions for controlling the energy demand. The research aims to establish within this paper how will the deployment of heat pumps at the local level help reach the gas emissions reduction target. In what ways do various community energy initiatives tackle the issue of the current energy demand? Explain the primary obstacles in the reduction of energy consumption inside community energy initiatives and what solutions can be done to mitigate them.
The completion of this study revealed the main challenges encountered by community energy initiatives when addressing energy demand. Furthermore, it explored possible solutions to overcome these hurdles and thoroughly understood the opportunities available. The study concluded that community energy projects can effectively manage energy demand, provided they meet specific criteria, including active public participation, financial sustainability, and reduced reliance on government assistance.
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[bookmark: _Toc133611603]1 Introduction
This section provides the background for the research project, explaining its purpose and significance. Additionally, the section outlines the research goals and objectives.
In 2008, the United Kingdom passed the Climate Change Act, which mandated a reduction in greenhouse gas emissions (GHG) by 100% in 2050 compared to 1990 levels (CCC, 2019). The act includes various measures, such as legally binding carbon budgets set every five years and the establishment of the infamous Committee on Climate Change (CCC). This establishment offers to advise the government on emission targets and keep track of its progress.  
The largest energy sector in the UK is heat, which accounts for more than 25% of CO2 emissions (DECC, 2014), requiring significant reductions to achieve the targets. This chapter introduces heat for space and water heating in the UK, outlining the current situation and associated CO2 emissions. It also discusses the development of UK heat policy and strategy and the challenges encountered in reducing CO2 emissions. Finally, the research motivation is explained, and the research questions are summarised.

[bookmark: _Toc133611604]1.1 Background
Since 1980 we have seen an increase in global energy demand, caused by the growth in both population and GDP, it is now expected to continue rising by 47% by 2050 (S&P Global, 2021). To this day, fossil fuels contribute to 78% of the UK’s energy consumption, causing greenhouse gasses to increase (GHGE) (EAC, 2023). In 2015 it was predicted by (DECC) that energy demand will experience a yearly increase of up to 50% by 2030. As there is a depletion of natural resources, there is a growing fear of international political tensions over energy supply (COPE, 2016). 
The United Kingdom's energy consumption is predominantly utilized for heating due to its usual cool climate. As shown in Figure 1 heat accounts for almost half of the final energy consumption in the UK, amounting to 760 TWh, and approximately 57% of this heat (434 TWh) is used for space and water heating purposes in households (OFGEM, 2016). 
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Figure 1: Total UK energy consumption in 2012 (DECC, 2012).
In 2012, over 70% of the heat consumed in the UK was for low-grade space and water heating, the majority of it consumed domestically, see (Figure 2).
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Figure 2: UK heat consumption in 2012 (DECC, 2012).
As seen below (Figure 3), it is clear to see the main fuel used for heat is gas, with the remaining almost evenly split between oil and electricity. 
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Figure 3: UK space and water heating by source in 2012 (DECC, 2012).
If efforts to reduce the world's rising energy demand and reliance on carbon-based energy sources fail, then it is predicted that the climate will be permanently damaged. With the use of a wide range of climate model simulations, climate.gov's prediction for the rise in global average surface temperature may be between 2 and 9.7°F (1.1 and 5.4°C) warmer than they were at the end of the 19th century (NOAA, 2023). The increase in surface temperature will have several consequences, including inequality problems, particularly for the poorer people, who are more dependent on agriculture (IPCC, 2019). There are plenty of other issues that the UK are facing, for example, due to the sea levels around the UK rising by 6 inches (15.4cm) since 1900 and further predicted to increase a further 3.7ft (1.12m) by 2100 there is an increased danger of flooding (Met Office, 2023). This will greatly affect local coastal communities. Farming is another issue the UK will have to overcome, the hotter climate and increased levels of CO2 will make it harder to grow crops, resulting in more droughts water will not be easy to access resulting in less growth. The occurrence of floods, storms and extreme heat will happen more frequently causing damage to buildings, disruption to transport and will compromise human health. Thus, infrastructure and buildings should be modified to accommodate the changing conditions, and businesses also must adapt (Met Office, 2023). Attempts to lessen reliance on carbon-intensive energy sources are becoming more important politically due to the necessity of preventing additional climate change. Therefore, the goal of this project is to advance the body of knowledge regarding the significance of heat pumps and regional strategies for cutting energy demand. This will be accomplished by conducting an in-depth study and examining the difficulties and possibilities that community energy initiatives have while seeking to control demand to determine if they can serve as efficient tools for energy demand management. Section 1.4 will provide a more thorough explanation of the study objectives and questions.
[bookmark: _Toc133611605]1.2 Research Aims and Objectives 
As the task of decarbonizing heat poses significant challenges, especially given that more than 80% of households currently rely on gas for heating, the transition from gas to a low-carbon alternative will heavily depend on the actions taken by individual households. To incentivize this transition, financial benefits such as the Renewable Heat Incentive (RHI) can be offered, and as a last resort, homeowners may be compelled to make the switch. However, there is a lack of agreement on which low-carbon heat technologies should be prioritized for households, which is why this study aims to use academic literature and interviews with stakeholders to evaluate whether heat pumps are suitable for achieving gas reduction targets and how community energy initiatives can serve as efficient instruments in managing energy demand, thus supporting the UK in achieving its ambitious greenhouse gas emissions reduction targets. Specifically, it investigates the potential obstacles and advantages of community energy initiatives in reducing energy consumption within a community, also to evaluate the hypothesis of this project, the following research questions were employed.
[bookmark: _Toc133611606] 1.3 Topic Research Questions
1) Is the deployment of heat pumps a good method for reaching the UK’s GHGE reduction target?
2) In what ways do various community energy initiatives tackle the issue of energy demand?
3) What are the primary obstacles to decreasing energy demand within community energy initiatives and how can they be overcome?
4) What are the potential areas for effectively controlling energy demand within community energy initiatives?
[bookmark: _Toc133611607]1.4 Dissertation Structure
1 Literature review – this area covers the relevant literature on the topic including various topics surrounding heat pumps and energy consumption.
2 Methodology – this chapter of the dissertation describes how the research was conducted and reported in order t answer the research question.
3 Results and analysis – this section highlights the discovery of what the methodology entailed. Alongside this, are the themes and data within the found research.
4 Discussions and conclusions – this chapter explores the meanings of the results about the dissertation topic.

[bookmark: _Toc133611608]2 Literature Review
This section of the dissertation is to offer an overview of the current state of research conducted on this dissertation topic matter. The purpose of this section is to offer and enhance the existing context of the dissertation. This literature review acts as a valuable segment in guiding the selection of appropriate methods that can be later explained in reducing energy demand. 
[bookmark: _Toc133611609]2.1 Heat Pumps
In Europe, heating alone is answerable for over 36% of total emissions (EASME, 2021). Subsequently, the decarbonization of heat is critical in accomplishing the worldwide goal of altogether diminishing GHGE. The UK has legislated its GHGE to arrive at net zero by 2050. (DBEIS, 2019). Today, 40% of energy consumption is from heat, spreading across clients, organisations and around 25 million homes all using the same outdated form of heating, gas boilers. Gas boilers are a highly inefficient way of heating. 
Decarbonising heat is an extremely difficult challenge due to the large energy consumption, heat demand experiences a high volatility of heat demand across various timescales. For instance, the UK can experience an increase in energy generation of up to four times more than the electrical energy consumed during the winter months. According to (Wilson et al, 2013) the peak demand for gas heating is between 5 am and 8 am, at those times the majority of the gas is generated for space and water heating which can reach over +100 GW, these numbers are ten times higher than the peak electrical demand. To mitigate this problem, electric heat pumps have been proposed as the number one viable method around the world. (CCC, 2019). There have been several complications during the progress of heat pump installation, for example, the high capital cost of heat pumps, which can range from £450-1500/kWth depending on the system type, presents a significant barrier to their widespread adoption compared to gas or oil boilers, which cost around £70/kWth and £90/kWth, (Ferroukhi, 2020). In addition, major investments in power infrastructure are necessary, particularly in nations that primarily rely on using fossil fuels for heating, such as the installation of low-carbon generators and the development of power transmission and distribution networks. Therefore, any advancements in electrified heating that can help address these challenges and reduce infrastructure investments warrant attention.


[bookmark: _Toc133611610]2.2 Why heat pumps can support decarbonisation of heat and power
Since the maximum theoretical efficiency of converting energy from electricity to heat is 100%, heat pumps offer a more effective way to generate heat than electrical heaters. The Coefficient of Performance (COP), which calculates the ratio of useable thermal energy produced to the effort needed, is used to assess the energy efficiency of heat pump and air conditioning systems. With COPs of 2-4 (200%-400%) and 3-5 (300%-500%), respectively, air source heat pumps (ASHP) and ground source heat pumps (GSHP) are much more effective for electrified heating than conventional electrical heaters (Dincer, 2012). Additionally, because electricity has a lower carbon intensity than gas, heat pumps may have a lower carbon footprint than gas boilers in many areas. The annual carbon emissions carbon emissions per kWh of thermal energy produced have been decreasing since 2012, as depicted in Fig. 1, with heat pumps having the lowest emissions.
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Using historical data from the UK power system, Fig. 4 shows the estimated carbon emissions of hypothetical electrical heaters (the conversion efficiency from electricity to heat is assumed to be 100%), heat pumps (COP=3), hydrogen heaters (the electrical efficiency of electrolysis is assumed to be 80%, and the conversion efficiency from hydrogen to heat is assumed to be 100%), and gas boilers (Wang et al, 2022)
Furthermore, the carbon intensity of electricity may eventually fall to zero or even turn negative due to the growing use of low-carbon power sources and the development of negative-carbon technologies like carbon capture and sequestration. As a result, heating systems based on electricity may have very minimal carbon emissions. To create a load on the electrical grid that may be changed as needed, heat pumps enable the separation of heat generation from energy consumption. Heat pumps' adaptability can also be used to help with efforts to decarbonize the electricity industry. The flexibility of power capacity that heat pumps can provide is substantial. For instance, the peak gas demand for heating in the UK may exceed 100 GW during a regular week and exceed 200 GW during the worst weather. A further 16–35 GW of electrical load may be supplied to the grid if heat pumps with an average CO2 efficiency of 3 replaced 50% of this demand. However, because heating loads are synchronised with weather conditions, system operators may encounter difficulties balancing transmission and distribution networks. But when dealing with a high percentage of variable renewable energy sources, like heat pumps, the flexibility of the power capacity offered by heat pumps could help ease this challenge of balancing and maintaining the power system. As a result, efficient heat pump timing and placement might speed up the decarbonization of power and lower total investment costs.
[bookmark: _Toc133611611]2.3 The development of high-efficiency heat pumps
If you were to determine the efficiency of heat pumps, there are numerous ways to do this. This section will analyse the ideal cycle of a vapour compression heat pump and identify what impacts its performance. Also, heat sources, heat distribution, and compressors are analysed. 
Four key components make up a vapour compression heat pump: The expansion valve, condenser, evaporator, and the compressor. Each component helps the other to transfer heat from a low to a high-temperature source. The refrigerant fluid is compressed by the compressor and then circulated throughout the system. Once the vapour is cooled in the condenser, it undergoes complete condensation and becomes a liquid. The expansion valve then allows the refrigerant to travel through and enter the evaporator, where it is heated by a low-temperature source like GSHPs for the ground or ASHPs for the ambient air. The process is then repeated. 
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Figure 5  shows the vapour compression heat pump process (Crall, 2015).












As seen below, the pressure-enthalpy (p-h) diagram of a perfect heat pump system is shown in Figure 3. The figure depicts how the compression and related tasks are represented.
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Fig. 6 shows the theoretical effects of the compressor efficiency, evaporation temperature, and condensation temperature on the coefficient of performance (COP) of ideal heat pumps. In the systems with condensation temperature at 60 °C and evaporation temperature at 10 °C, respectively, the sensitivity findings of the evaporation temperature, the condensation temperature, and the compressor efficiency are displayed in (a) and (b).
· 𝑊𝑐; stands for the condensation that undergoes an isobaric phase change and releases heat to an external heat sink.
· 𝑄𝑜𝑢𝑡; represents the isoenthalp throttling process.
· 𝑄𝑖𝑛., this symbolises the change from liquid to gas with heat absorbed from an outside source, this is called the isobaric phase.

A crucial indicator of heat pump system efficiency is the coefficient of performance (COP), which is:

	𝑄𝑜𝑢𝑡	𝑄𝑖𝑛 + 𝑊𝑐	𝑄𝑖𝑛
𝐶𝑂𝑃 =	=	= 1+	
[bookmark: _Toc133610390][bookmark: _Toc133610464][bookmark: _Toc133610538][bookmark: _Toc133611612]	𝑊𝑐	𝑊𝑐	𝑊

The heat released to the heat sink (such as a water tank or space), the heat absorbed from the heat source (such as air or ground), and the work required by the compressor (Wc) must all be considered to calculate the coefficient of performance (COP) of an ideal heat pump cycle. The compressor's efficiency (measured in c) and the heat engine's temperature range must both be considered. These factors may be used to obtain the following COP formula for the optimal heat pump cycle:
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The evaporation temperature controls the temperature at the compressor's input (T1) in the ideal heat pump cycle, whereas the condensation temperature strongly influences the temperature at the compressor's output (T2). The coefficient of performance (COP) difference caused by the three elements may be described as follows if the efficiency of well-designed compressors remains constant at different evaporation and condensation temperatures:[image: ]

[bookmark: _Toc133611613]2.4 Energy Demand Summary
The concept of energy demand refers to the amount of energy required to fulfil the energy needs of a given population at the desired consumption level. In the UK, without energy demand reduction the 2050 net-zero targets will not be achieved (CREDS, 2021). The government has stipulated the need for users to be condensed by nearly 50% per person. The reduction concerning energy demand to combat climate change is evident in the recent prioritisation of this issue in political agendas, the most common energy demand reduction strategies are shown below:
[bookmark: _Toc133611614]Technical Advancements - Research indicates that centralized infrastructure for transmitting and distributing electricity could lead to losses each year. This amount can range to around 6% of loss within the year. This is due to the waste heat created during centralized energy production, which is often left unused. Decentralizing energy production with use of the district heating methods can reduce energy wastage by 30% and more according to (DESNZ, 2020). Advancements in technology offer a means to enhance energy efficiency. By improving the methods of energy generation and utilization, it is possible to achieve the same results with lesser energy input. Additionally, these advancements can reduce reliance on carbon-intensive fuels like fossil fuels, thereby leading to cleaner energy sources. Shown in figure 4. Adopting smart electricity grids, renewable energy sources, and energy-efficient appliances can also reduce energy demand by minimizing resource requirements.
[bookmark: _Toc133611615]Energy Efficiency - The definition of energy and efficiency, provided via (Koopmans and Te-Velde, 2001) refers to the amount of energy used per unit of output. Energy efficiency refers to the practice of achieving the same output or completing a given task using a lesser amount of energy. This concept is implemented in various aspects, such as designing energy-efficient buildings and homes that utilize less energy for heating, cooling, running appliances and electronics. Similarly, energy-efficient manufacturing plants use less energy to produce goods while maintaining the desired output (Energy.Gov). Improvements in energy efficiency result in achieving the same result but with the amount of energy needed reduced. A prominent illustration of energy efficiency can be observed in the case of LED light bulbs. Compared to traditional incandescent light bulbs, LED bulbs can emit the same amount of light with a significant reduction in electricity usage by up to 75-80% (RFF, 2020). The adoption of such practices has gained widespread acceptance, as governments have started recognizing energy efficiency as a viable approach to lower energy demand. As well as energy-saving methods that might require consumers to change their living habits and lifestyle, energy efficiency measures can be used to reach the same goals but enabling them to maintain their usual lifestyle (IEA, 2022).
[bookmark: _Toc133611616]Social Attitude - Achieving the goal of reducing energy consumption and reliance on carbon-based energy sources requires a comprehensive reassessment of how electricity is used, homes are heated, and transportation is powered. However, the challenge lies in finding ways to promote these changes without adversely affecting customers. One approach to address this challenge is to engage the public on their energy use habits, promoting the adoption of low-carbon heating systems, electric vehicles, and energy-efficient appliances (DESNZ, 2020). Recent developments towards a consumer-centric culture have resulted in a direct correlation between energy use and living standards in the UK (UKERC, 2020). To reduce overall energy demand, it is crucial to separate energy use from living standards (Vincent Moreau, François Vuille, 2018). This requires finding innovative ways to encourage people to use less energy without sacrificing their quality of life.
[bookmark: _Toc133611617]2.5 Reduction of Energy Demand	
It is clear that the reduction of greenhouse gas emissions (GHGE) is needed to solve the climate change crisis, unfortunately many barriers stand in the way. According to the (DECC, 2012) energy efficiency strategy the government often neglect the importance that energy demand reduction can have in managing our energy system. Measures that reduce demand are seen to be a more cost-effective way to achieve energy rather than focusing on energy supply. The (CCC, 2016) believe there is a possibility that energy competence techniques can have the ability to achieve significantly larger emission savings compared to nuclear power. Currently, it is predicted that energy competence = could reach around 54 MtCO2e of emissions savings per year by 2030, while nuclear power is only expected to achieve around 4-6 MtCO2e of savings. Domestic energy consumption for heating increases around 70% during the winter months resulting in an increase in GHGE (ECUK, 2020).  This shows that savings on GHGE can be made through energy demand.
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Description automatically generated]A study conducted by the International Energy Agency (IEA, 2020) analysed the energy market in multiple countries and highlighted effective energy demand policies that helped reduce greenhouse gas emissions (GHGE). According to the study, the primary factors responsible for the decrease in energy demand were increased energy efficiency and the decentralization of energy markets. The study suggests that utilizing renewable resources to generate local energy supplies can reduce energy losses from transmission. Additionally, improving energy efficiency in buildings also played a significant role in reducing energy consumption, for example, in Germany. This is evident from a 4% decrease in energy consumption in 2014 as compared to 2013 levels (AGEB, 2014) (refer to Figure 5).

Figure 7  shows that energy markets empower certain areas to leverage the amount of energy resources available for the community, while embracing applying energy management practices.
[bookmark: _Toc133611618]2.6 Explaining Energy Demand
According to the (IRENA, 2019) report, Bottom-up strategies are essential in achieving significant changes in the energy sector by focusing on social behaviour and seeking localized solutions to achieve sustainable reductions in energy demand. According to the report, relying solely on the enhancement of energy efficiency and technology does not suffice as it only provides temporary solutions and does not tackle the root causes of energy consumption. (IEA, 2021) emphasize the importance to educate consumers on how their behaviour towards energy consumption can massively help in reducing energy demand and help create a long-term shift towards a low-carbon energy economy. Some approaches that could be attempted are, awareness-raising campaigns, provision of information and tools, and the adoption of social norms that encourage energy-efficient behaviour. (Khalil et al, 2018) further highlights the importance to educate consumers about energy consumption in the UK and raise awareness of the market-driven nature of the energy sector and the lack of transparency concerning environmental costs. The authors of the study argue that consumer education is a fundamental step towards promoting energy efficiency and reducing carbon emissions. The need for further investigation on effective solutions is important to educate possible consumers on their energy usage. 
It is possible that environmental education can increase responsibility and knowledge among consumers, it cannot ensure a change in their consumption patterns. A report published by the (IPCC, 2014) highlights that effective communication on the impact of climate change mitigation initiatives can be challenging as individuals may not immediately perceive the personal relevance of such measures. It is therefore essential to develop communication strategies that can actively engage individuals and communities, encouraging them to act towards reducing greenhouse gas emissions. Furthermore, the study by (UNEP, 2014) demonstrates that consumers are more likely to make long-term changes to their energy usage when they are actively engaged in the process and can see the direct impact of their actions weather positive or negative. Thus, simply teaching consumers may not be enough to encourage changes in energy usage, so highlighting the importance of research that exposes consumers to the benefits of sustainable consumption is necessary.
[bookmark: _Toc133611619]2.7 Community Energy
Community energy is a collaborative effort that involves a multitude of aspects. Typically involving a group of individuals working as a group to achieve a certain objective, such as decreasing energy consumption, managing energy, purchasing energy, or generating it. Although there is a wide range of community energy initiatives there is a standard approach to energy management that emphasises local engagement, leadership, and control resulting in the community reaping the majority of the benefits. 
Community energy led initiatives often tackle challenging issues around energy, trying to empower communities to capitalise on their local knowledge and strengths while creating a sense of shared purpose among residents is a form of this. Here are a few of the many examples of community energy solutions available in the UK (DESNZ, 2015):
· Renewable electricity installations that are held by the community. This can include installations such as solar panels and hydroelectric mechanics. 
· Local members of the community transitioning to renewable heat sources. This can include heat pumps that can encourage sustainable engagement and positively impact both local economy and environmental status.
· Community groups may advocate for the adoption of energy-saving measures, such as the installation of cavity wall or solid wall insulation. These measures can be partially or entirely financed through initiatives (policies) such as the Green Deal and can lead to a reduction in both energy consumption and greenhouse gas emissions.
· Through collaboration with the local Distribution Network Operator (DNO), organisations can trial the use of smart technologies in a project aimed at exploring the potential benefits of these innovative systems.
· Communities may engage in group purchasing of heating oil as a means of ensuring reliable and affordable heating during colder months.
· When communities collectively change their electricity or gas supplier, they are engaging in a practice known as "collective switching." This approach can lead to more favourable energy rates and increased competition among energy suppliers, which may ultimately benefit both the individual and the community as a whole.
By localising energy systems, the possibility to reduce loss of energy during transmission, which results in lower energy costs over a period of time becomes available (Tipper, 2013). In addition, diversifying the UK's energy combination, community-owned power generation would put enormous pressure on energy providers to lower costs. To conclude, community energy is a potential approach to resolving the energy trilemma since it gives localities the ability to manage energy prices, produce their own energy, and use renewable energy sources. As a result, the UK is no longer as dependent on energy imports, which limits the impact of foreign energy providers on energy costs. 
The literature has widely recognized community energy's potential to cut greenhouse gas emissions in the UK, this potential is supported by the government's increasing funding and support. As noted by (Monasterolo, I., & Fantacci, L, 2020) there are numerous benefits of community energy, for example, economic savings, improved public interest in low-carbon energy and greater energy security. Community energy presents a realistic option for reducing GHGE since it provides a chance to use renewable energy sources, involve local populations in energy concerns, make use of local resources, and boost energy efficiency through localised energy delivery. The research done by (DECC, 2013) concludes that the success of community energy initiatives in mitigating GHG emissions is determined by various factors such as access to funds and motivated individuals. The research highlights the significance of community involvement, empowerment, and ownership, as well as policies and regulations that support such initiatives, in promoting GHG emissions reductions. This is in line with earlier views advanced by (Auld, 2010), which contend that nations are most successful in decreasing their GHGE once they achieve a particular degree of development and are able to finance low-carbon energy programmes like community energy programmes. By reducing energy demand and reliance on fossil fuels without demanding a change in consumer behaviour, increasing energy efficiency and the use of renewable energy sources decouple energy consumption and living standards. As highlighted by (Feibei Chen, 2018), the significance of rising public support for participation in renewable energy technologies have been seen via the adoption of community ownership within community energy programmes. It’s noted that community ownership models, such as residents owning shares or communities benefiting from profits, have been successful in increasing local engagement and support for renewable energy projects, it is also important to mention how these models have been effective solutions to the dilemma of consumers requiring observable results before changing the needed practices. Communities can directly profit from the generation of excess energy thanks to community ownership, which in turn promotes sustainable energy consumption. The article by (McKenzie-Mohr, 2014) discusses the issue regarding he adoption of community energy initiatives by only environmentally aware communities. The source highlights how the adoption of sustainable energy behaviours can be promoted through community-based social marketing (CBSM), which involves using community ownership as an effective tool. Additionally, the article also addresses the concern of restricted implementation of sustainable energy initiatives within environmentally conscious communities, and highlights how community-based social marketing can help in expanding the outreach to a wider audience.
In the UK, there has been success from community energy initiatives in reducing GHGE through the implementation of renewable energy sources at various scales. An example of this success is the community-owned renewable energy project in Fintry, Scotland. The project comprises four wind turbines and a hydro scheme helping generate an annual income of £2.5 million for the local community and reduces carbon emissions by 1,500 tonnes per year. The profits are then used to support local initiatives and reduce energy bills for residents (Centre for Sustainable Energy, 2016). Community energy projects have a lot of potential to be effective demand management strategies, it was discovered that homes who used smart metres saw an average reduction of 7% with some homeowners landing in the range of a 3–15% decrease in their power use (Darby, 2010). Unfortunately, there is a current lack of research regarding successful community energy initiative methods to reduce energy demand in the UK.
[bookmark: _Toc133611620]2.8 UK Policies
In October 2010, the CCC published a technical report on decarbonising heat, which covers various aspects such as demand, technology, future scenarios, and economics. Although the report is comprehensive, it noted that there is still much work to be done, particularly in understanding the interactions between the heat and electricity markets, the performance of CHP, biogas, and heat pumps, and the barriers to low carbon heat deployment, among other things.
In 2022, the UK government released an updated report from 2011 named “The Carbon Plan: Delivering our low carbon future” (HM Government, 2022). This report provided an overview of the country's energy sectors, outlined the progress made to date, and described how the 2050 decarbonisation target would be achieved. The section on buildings listed several actions that included introducing the Renewable Heat Incentive (RHI) and implementing energy efficiency measures via the Green Deal.
According to a report by the Committee on Climate Change (CCC) in 2019, the UK government is legally committed to achieving a net-zero greenhouse gas emissions target of at least 100% reduction from 1990 levels by 2050. However, it may not be feasible to achieve a 100% reduction across all industries, which may require compromises to make up for the shortfall. The CCC's 2020 progress report indicates that domestic homes in the UK contribute to approximately 20% of the country's total carbon emissions, with 15% of these emissions coming directly from homes. Therefore, reducing energy demand in homes is crucial. The policies implemented to achieve the goals of reducing energy demand and greenhouse gas emissions (GHGE) are discussed below, as outlined in the DECC (2016) report:
· [bookmark: _Toc133611621]CRC Energy Efficiency Scheme - The mandatory reporting and pricing scheme known as the CRC Energy Efficiency Scheme aims to enhance energy efficiency within extensive public and private organisations.
· [bookmark: _Toc133611622]Enhanced Capital Allowances - Businesses can take advantage of Enhanced Capital Allowances (ECAs) by deducting the entire cost of eligible energy-saving equipment from their taxable profits as a first-year capital allowance of 100%.
· [bookmark: _Toc133611623]Climate Change Agreements - Energy-intensive industries may qualify for a reduction in the Climate Change Levy, a tax on energy usage in the public sector, commerce, and industry, if they meet government-approved targets for enhancing energy efficiency, through Climate Change Agreements (CCAs).
· [bookmark: _Toc133611624]Help to Heat - Businesses and other non-domestic organisations have the opportunity to finance the expenses of energy-saving property upgrades, either in part or in full, by using the savings on their energy bills over time, through The Help to Heat programme.
· [bookmark: _Toc133611625]Energy Company Obligation (ECO) - This program works in conjunction with The Green Deal to improve the energy efficiency of buildings while simultaneously reducing fuel poverty.
· [bookmark: _Toc133611626]Combined Heat and Power (CHP) - To improve energy efficiency and lower greenhouse gas emissions, policies that promote combined heat and power (CHP) encourage the production of both electricity and heat from a single energy source.
· [bookmark: _Toc133611627]Domestic Renewable Heat Incentive (RHI) - The government provides incentives to encourage the adoption of renewable heating sources and reduce demand for carbon-intensive energy forms. For instance, consumers can install a heat pump and receive a tariff for the energy generated.
· [bookmark: _Toc133611628]Salix Finance - Salix Finance is a government-backed initiative that offers interest-free loans to public sector institutions for enhancing energy efficiency.
The Help to Heat and Energy Company Obligation (ECO) policies will be the main focus as their goal is to reduce current domestic emissions by 79% by 2030, they aim to reduce existing building emissions from UK buildings, incorporating in domestic energy demand. The information below gives a detailed description about these policies, including targets and availability:
[bookmark: _Toc133611629]The Green Deal 
The Green Deal offer’s impartial advice accredited by the UK governance on enhancing energy efficiency to households, community spaces, and businesses. They also help offer assistance that ensures energy measures are being held to the highest standard obtainable. Policy surrounding this also offers loans with repayment systems based on capital gains from energy savings. The necessity of these upfront payments on energy efficiency measures can be removed. This concept is based off the ‘golden rule’ that forms the basis of this scheme, where the locals are not subject to a maximum loan Energy Company Obligation (ECO)
The ECO is a policy where a government scheme requires bigger energy suppliers to provide energy efficiency measures to homes. This initiative acts as a supplementary program to ‘Help to Heat,’ it is specifically designed to enhance energy efficiency in households belonging to low-income, vulnerable, and HTT (Hard to Treat) consumers. Privately rented properties, owner-occupied properties, and consumers who do not adhere to the "Golden Rules" are all eligible under this programme.
[bookmark: _Toc133611630]Targets Faced
These two polices share the same targets, which are:
· To reduce carbon emissions from buildings by 15% by 2030
· To retrofit all households by 2035.
· Use £12 billion of the governments investment to support 250,000 new green jobs.
· Finally, to improve the current fuel poverty crisis.
[bookmark: _Toc133611631]2.9 Policy Rebound Effect/Policy Failures 
This section of the study mentions the policy rebound effect and the failures of the policies.
The study by (Sovacool et al., 2017) explains how demand-side policies alone are unlikely to be enough to significantly reduce energy consumption and associated emissions as they do not address the root causes of energy consumption. When policies are implemented to reduce energy demand, such as improving a household's energy efficiency, without proper consumer education on energy conservation it may lead to the rebound effect where the reduced cost per unit of energy may lead to an increase in energy consumption. Additionally, demand-side policies aimed at reducing energy consumption may have wider implications across various scales, which could potentially counteract carbon offsetting.
[bookmark: _Toc133611632]Energy strategy and return influence:
· Growth in efficient energy use - Equipment manufacturing, shipping, and installation all need energy, which increases energy efficiency.
· Condensed consumption in energy by consumers - The remaining customer energy bill savings may be used on high carbon items, such as international travel.
· Upsurge in affordability of energy - Increased energy use as a result of lower energy expenses.
Since 1990 and 2011 (DECC, 2011), there is insufficient reduction in UK household emissions (S. Sorrell, 2015), past policy efforts and increased public awareness regarding climate change has tried to improve this. Instead of the application of regulations, the unpredictability of emissions may be caused by changes in the financial and environmental climates (DECC 2015). It is plausible that external variables, such as shifts in population and consumption patterns, may have a more substantial influence on the inability to decrease domestic emissions than policies that seem to have no effect. As a result, tackling these factors that counteract energy demand is crucial to address this challenge.
The rebound effect is more likely to occur when improving energy efficiency in households that have limited access to fuel. This is due to high energy costs that have previously prevented these households from maintaining a comfortable temperature in their homes. As a result, when energy costs decrease, homeowners tend to overdue the amount of energy needed to attain the desired level of comfort. An article written by the guardian, “Comfort is king when it comes to heating our homes” cites a study conducted by the Energy Saving Trust, that suggests the majority of people in the UK prioritize warmth and comfort in their homes and are willing to spend more money on energy bills to achieve this. Specifically, the study found that 70% of people feel that a minimum temperature of 20°C is necessary for them to feel comfortable in their homes.
The foundation of the Green Deal rests on the 'Golden Rule' principle. This approach relies on market-based instruments, where price is the primary determining factor as most consumers decide going for the cheap option is better than the option with the better carbon savings. Consequently, loft and cavity-wall insulations have had the largest uptake, while hard-to-treat (HTT) homes - which lack loft space, have solid walls, are off the gas network, or are situated in high-rise blocks - face higher costs to improve their energy efficiency. This results in difficulties achieving the Golden Rule, and these HTT homes account for a significant portion of domestic emissions. Meaning, according to a report by the (EST, 2013), the Green Deal had failed to attract many homeowners and landlords due to a lack of awareness and complexity of the scheme. As a result, the scheme did not achieve its potential in reducing domestic emissions, which was also noted by the (CCC, 2016).
(Ruzzenenti, 2018) believes that while the Green Deal and ECO initiatives aimed to reduce energy consumption and emissions, they have not been as effective as expected due to inadequate funding, limited participation, and a lack of support for low-income households. The government's inability to tackle crucial issues, including the appeal of the scheme to the public, educational issues, energy decarbonisation and the rebound effect, has resorted to failure. This underscores the significance of increasing research on effective energy demand policies to support energy efficiency improvements in buildings, particularly in the area of space heating, in order to achieve the UK's climate targets.













[bookmark: _Toc133611633]2.10 Summary of Energy Demand Policies 
There are plenty of issues and challenges that policymakers face, listed below are examples discussed throughout the literature review.
[bookmark: _Toc133611634]Issues                                                                                                                                Challenges
· Demand side policy unattractive· Emphasising to customers the advantages of lowering energy usage
· To improve environmental responsibility and awareness 
· Growing populations and longer life expectancies necessitate policies that concentrate on improving energy efficiency in a way that is accessible to everyone.
· • Considering environmental considerations when determining costs
· Focusing on improving energy efficiency across all building types in the UK.


· Lack of education

· Unsustainable social values

· Population changes

· Focus on price

· Varied UK housing infrastructure



[bookmark: _Toc133611635]2.11 Summary of Literature Review 
The existing literature has established that greenhouse gas emissions can be lowered by reducing energy demand. However, there have been complaints about the UK's existing attempts to control energy consumption, underscoring the need for more study on successful demand reduction tactics. It has been suggested that community energy efforts are a workable solution for advancing a low-carbon energy economy and resolving inefficiencies in the centralised energy market. International research has demonstrated that community energy programmes may significantly lower energy demand. The prospects and difficulties of putting community energy projects into practise to lower energy demand in the UK, however, have received very little investigation. This dissertation aims to investigate how the communal aspects of community energy initiatives can enhance sustainable energy consumption and identify opportunities and challenges for reducing energy demand through these initiatives. The study will also explore how policy can support these initiatives and whether it’s possible for them to serve as successful tools for energy demand management. Additionally, this study will demonstrate how heat pumps can reduce greenhouse gas emissions and achieve their target.



[bookmark: _Toc133611636]3 Methodology
The methodologies employed will address the research questions stated in section 1.2. Focus is on the rationale behind the selection of multiple primary data gathering approaches is discussed and provide a justification for each. A list is made discussing the participants of this project and detail their respective roles within their organisations. Furthermore, we will explain the limitations of our chosen approach and the reasons for rejecting alternative methods.
For this project, a qualitative approach was best. Instead of depending exclusively on statistical data, as in quantitative research, a qualitative technique will make it possible to attract and get in-depth results. This will offer the ability to apprehend thorough data that highlights the attitudes, insights, and behaviours connected to the dissertation topic.
[bookmark: _Toc133611637]3.1 Interviews/Survey
The study's interviews were conducted using a semi-structured technique. This technique provides the opportunity for the interviewer to be adaptable and flexible while keeping the research topic at the forefront. This method also promotes interviewees to expound upon their viewpoints and experiences, ultimately leading to valuable insights for the study. Additionally, it helped guide the discussion towards the research topic (Creswell 2014). By adopting this approach, encouraged open-ended discussions and avoided the limitations of structured surveys that might inadvertently introduce biases in responses. Furthermore, the informal nature of the interviews provided a comfortable environment for interviewees to share relevant information that increased the accuracy of the findings.
For the interview location and time, the decision was to do online face-to-face interviews as they fit our schedules the best. The time was then set before the interview. It was discussed that the interview would last an estimated time of around 20-25 minutes. Before the interview started it was important to obtain consent from each interviewee to record the interview. The reason for this is to eliminate the distraction of constantly writing notes during the interview increasing focus on the topic. The selection of interviewees were based entirely on what role they have in various community energy initiatives which are relevant to the research questions of this study.
A survey was also sent out to the homeowners of the newly built houses in a former Colliery, to conclude their thoughts on community energy initiatives and moving to low-carbon homes. The aim of getting information from common people and businesses using these approaches is to collect various viewpoints and prevent any potential bias in the outcomes. The participants and their positions within community energy projects and heat pumps are listed below.

[bookmark: _Toc133611638]3.2 Data
The survey gathered results from 10 different homeowners. Four residents live in the one-bedroom apartments, five live in the two-bedroom houses and one lives in the three-bedroom house. Although these residents live in different buildings, they all currently use heat pumps and are residents that belong to a community energy initiative where their neighbourhood owns renewable energy production facilities.
For the interviews, these were the members involved:
· Community Energy Finance at ‘Robert Owen Community Banking
· Caerphilly Council
· Homeowners (Involved in Community Energy) 
· Severn Wye
The data collected from the survey and interview was structured using a thematic coding method. Thematic coding is a qualitative analysis technique that involves identifying passages of text or images that share a common theme or idea. By utilizing this approach, the text can be categorized and indexed into different themes, thus creating a framework for identifying and analysing the central ideas, as explained by Clarke (2012). It also enables the identification of relevant quotations to support different perspectives but also provides valuable insights on the raised topics.
[bookmark: _Toc133611639]3.3 Limitations
This section highlights the limitations faced while working on the study. 
[bookmark: _Toc133611640]Broaden Group Demographic - The fact that environmentalists are typically the only ones driving and supporting community energy efforts suggests that the results of this study may be biased in some way and may not be generalizable to larger groups. When interpreting the findings of this investigation, it is imperative to be aware of this potential limitation.
[bookmark: _Toc133611641]Time - Due to the unavailability of some public figures involved in community energy initiatives during the study timeline, the number of individuals interviewed was restricted. 
[bookmark: _Toc133611642]Survey - The use of the survey among residents in the selected case studies may not be as effective as there was a low response rate resulting in possibly inadequate results. 
[bookmark: _Toc133611643]The negativity surrounding topic - Given the sensitivity of the research subject, respondents involved in the project may withhold truthful responses if they perceive their organisation or themselves in a negative light. For instance, this may occur when addressing issues such as inefficient energy consumption and the ineffectiveness of certain strategies.

[bookmark: _Toc133611644]4 Results and Analysis
The outcomes of the primary research methods employed in this project (as outlined in Chapter 3) will be examined to address the research questions proposed (as outlined in Chapter 1.1). The key themes uncovered will be presented in a structured manner that aligns with the order of the research questions. Firstly, the chapter will outline how community energy initiatives tackle energy demand, and how heat pumps have been an effective solution. Secondly, it will address the primary obstacles that community energy initiatives encounter in reducing energy demand. Thirdly, it will discuss how these hurdles can be overcome. Lastly, the chapter will analyse where opportunities exist for community energy initiatives to efficiently manage energy demand.
[bookmark: _Toc133611645]4.1 Are heat pumps an Effective Solution for Carbon Reduction
From conducting a survey and interviews with homeowners living in the newly developed Penallta Colliery site the conclusion is that heat pumps are a great way of saving money and energy. 
“Moving into the new low carbon homes here in Penallta is the best decision we’ve ever made, not only are we saving more energy but saving much more money…. The heat pump has saved us around £350 last year which is a massive difference compared to the gas boiler at our old home” (Homeowner Source: Interview).
From gathering research from the homeowners, it’s become clear that choosing an air-source heat pump in favour of conventional heating systems is a must. Installing a heat pump will significantly reduce your home’s carbon footprint by around 65%. These pumps are particularly effective since they can generate around 3.5 times as much heat energy as they need to function. In contrast, only 90% of the energy used by a gas boiler can be converted into heat. Air source heat pumps' improved efficiency will result in cost savings for the home as discussed by the interviewee. 
[bookmark: _Toc133611646]4.2 In what ways do various community energy initiatives tackle the issue of energy demand?
The section below presents the community energy initiatives that have adopted successful strategies aimed at decreasing energy demand.
[bookmark: _Toc133611647]Management of Energy Demand - Multiple incentives can be put in place to shift the energy consumption levels to peak renewable output times. This process of this can be achieved via the commercial supply of slow cookers to facilitate cooking throughout the day instead of evening hours. Another strategy would include the implementation of rising tariffs during times of high solar output. This would motivate buyers to use their machinery during early hours instead of late.
[bookmark: _Toc133611648]Change in Behaviour - Enlarging the awareness of the environmental effects of greenhouse emissions can be achieved via the use of prominent promotion among consumers. An efficient method of this would be to educate buyers on the optional means of heating methods such as effective heat pumps. 
[bookmark: _Toc133611649]Energy Efficiency and monitoring - Smart meters can offer many benefits to the average consumer such as accessing crucial data on their current energy status. A method such as this can easily offer buyers the option to improve their energy usage. Wall insulation offers a reduction of energy consumption to local consumers. This method can be accomplished without disrupting their daily routines and this is known as the process of retrofitting to initially improve energy efficiency.
[bookmark: _Toc133611650]4.3	 Barriers of Deployment 
Representatives of community energy initiatives highlighted various obstacles, which were often connected and unique to each initiative. From the interviews, several recurring themes emerged and have been classified as follows:
· Government Policies
· Education
· Financial Issues 
· Strategies
· Public Involvement 
[bookmark: _Toc133611651]4.4	Government Policy
From interviewing with a local organisation involved in community energy initiatives, government energy is one of the most problematic barriers towards achieving energy demand reduction. There are many obstacles embedded within this shorter form of government policy that has been created to support initiatives. Challenges have arisen such as changing political agendas which make it hard to plan in the long term. This is due to uncertainties around certain funding schemes. This concern has been highlighted in the past by groups such as The Community Energy Wales team who once expressed this. During this, the team mentioned how the everchanging agendas have resulted in a negative impact on the ongoing construction of renewable energy sources. It is evident that community energy initiatives strongly rely on the community within. This would have resulted in the options for community energy initiatives to become reduced.
Those who represent these community energy initiatives have mentioned a major barrier in their journey to reducing energy consumption. The barrier is the short-length policies conducted by the government that are in place to support initiatives as mentioned before. After speaking to community members, it becomes clear that a lot of people worry of this issue. Alongside this, they expressed how the constant changing policies initiated by the government have negatively impacted the procedure. This has led to the inability to help reduce fossil fuel usage and highlighted just how much the community relies on the public sector to support their journey to lower energy consumption.
"As seen with changes in government policies regarding tariffs for wind energy in the UK, short-term policies aimed at reducing carbon emissions can create uncertainty for companies. This can make it difficult to plan and invest for the long-term, which can ultimately slow down the transition to a more sustainable energy system." (CEW. Source: Interview) 
[bookmark: _Toc133611652]4.5 Educational aspects
During the survey and interview it was clear to see that lack of education on the topic was a frequent theme that was discussed. I have categorised the key challenges homeowners have faced based on feedback from the survey and interview. 
The feedback from the survey revealed that the majority of homeowners who received smart meters did not effectively enhance their awareness about their energy consumption. The survey allowed the homeowners to express their thoughts: 
“It just got left it in the box because I haven’t found the time to install it. It says you need a USB cable etc….…’’
It was then stated that “If someone were to come and connect it and demonstrate how to use it, I would have no issue making use of it” (Householder. Source: Survey).
According to the study's findings, smart metres may not always be used just because they are distributed. It emphasises how crucial expert installation and customer education are for ensuring efficient use and understanding of smart metre functioning. Technology cannot lower energy consumption on its own; it has to be supported by education to guarantee proper use and comprehension. Community energy programmes, however, have financial obstacles in providing this knowledge. It is also crucial to consider the ages of the householders that participated in the poll, since age may have an effect on the results given that younger people can find it simpler to install smart metres than elderly people. Interviewees were saying ‘One of the reasons for the higher cost was due to the companies offering out these different deals making us as a community feel as though companies are using these strategies to maximise their profits without having a care for the end goal’.
The false advertisement from companies made them look unattractive resulting in consumers ignoring the possible benefits that they could achieve.  Within this research, multiple trends were becoming apparent such as the concept of consumers facing challenges over potential savings from insufficient energy measurement. The initiatives within the community had reported that consumers who endured energy improvements returned with complaints of not receiving the expected savings. Primarily, this was down to the fact of lack of knowledge concerning long-term benefits in addition to such improvements. Following this issue was the way that consumers were primarily interested in short-term results. This meant that they were focusing more on the short-term effects resulting in consumers being less interested in the long-term benefits. Also, the unintended consequence of lowered energy bills was a problem, it resulted in some consumers increasing their energy consumption to raise their comfort levels without incurring extra costs. These findings are supported by the (IEA, 2017) who claims that “a well-documented rebound effect is that consumers may use the money saved from more efficient use of energy to increase the use of energy for comfort or convenience. This can negate some of the savings achieved from improved energy efficiency”. 
[bookmark: _Toc133611653]4.6 Financial aspect
In terms of the financial aspect, the most prominent barrier seems to be focused on finance in relation to deployment. Seeing to these needs seems to be the issue due to the need for sustainable energy initiatives that will result in positive outcomes. Participants made it clear that a lot of the consumers were hesitant to invest such an amount upfront for technology such as smart meters. The findings from this interview concluded that there is a significant level of hindrance faced by the initiatives. Furthermore, there is a clear reliance on funding required. ‘Most of the consumers do not participate in measures if they have to pay for it. Consumers would prefer to spend their money on furniture instead of making their homes more energy effective’ (ROCB Source: Interview).  
The small amount of financial funding allocated to the community energy initiatives has led to the involvement of programs like 'The Green Deal' to retrofit housing, which includes the distribution of smart meters, both of which are heavily reliant on government funding. This poses a challenge as consumers are not well-informed about the monetary benefits of enhancing their property's energy performance, personal upgrades like new furniture are considered much more desirable. One of the more low-level issues for consumers concerns the idea that the majority of consumers can already afford their bills at a comfortable rate which eventually leaves them no need to pay for advice to encourage energy-saving initiatives. The requirement of constant dependence on funding increases at a steady rate meaning that the danger of organisations failing also increases (Leon, 2014). Although, consumers who have experienced poverty concerning fuel do not have disposable incomes which makes it difficult to follow energy-saving advice. As a result, community energy initiatives struggle to generate a sustainable income solely by offering energy advice when they are mostly dependent on funding. The majority of community energy organisations have underlined the necessity of sound financial planning and government structures to achieve a continuous stream of funding. Negligence of these aspects has led to the rejection of projects with promising renewable development sites in the past. This presents a new challenge for initiatives as it fails to always generate any form of revenue. This issue could suggest that the effectiveness of such initiatives is unreliable until they can establish themselves as a feasible approach to reducing the energy demand. 
Information derived from the intervie3 with Caerphilly Council (CCBC) energy team, suggested that these energy initiatives tend to depend on the local community who openly volunteer at such establishments. Although, when it comes to committing full-time hours to this energy position, locals fail to do soi as it is so time consuming. The requirement to fill this role is crucial to the community and how they handle their energy consumption. This point supports the concept of how community energy initiatives are fully dependent on funding to lower the overall energy demand.
[bookmark: _Toc133611654]4.7 Strategical barriers 
[bookmark: _Toc133611655]Observation of Schemes
Based on the interviews conducted, it was found that one of the major obstacles in decreasing energy demand is the challenge of effectively monitoring the impact of various schemes. For instance, CCBC provided an example of building a community-owned solar farm near Penyrheol, Wales which is expected to power 6,000 homes (BBC, 2023). Unfortunately, its impact on energy demand reduction cannot be directly monitored, leading to uncertainty. The absence of measuring data from each home affected by the solar farm obstructs community energy initiatives from accurately assessing the efficacy of different demand reduction strategies. ’Unfortunately, it is not entirely feasible to determine the full degree of energy use before a scheme is introduced, this means that you are unable to become aware of the results’ (CCBC Source: Interview).
Organizing events like open homes is a strategy utilized by community energy initiatives to raise energy awareness among consumers, which may motivate individuals to modify their energy consumption patterns. However, since consumers are acting independently, the impacts are difficult to measure, adding to the monitoring challenges. While community energy initiatives can track event attendance, it is impossible to determine the number of individuals who have acted. Additionally, quantifying the long-term impacts of a scheme poses additional difficulties.
“Some of these strategies have a successful impact for the first 3-6 months, only after this period of time it goes back to normal…. The funding received isn’t enough to monitor impacts in the future” (CCBC Source: Interview).
After conducting research, it was discovered that households tend to keep the smart meters in an optimal position for the initial three months, but frequently relocate them to fewer effective locations over time, resulting in their eventual loss. One research had been conducted; it was clear that the local households tend to withhold the smart meters. More specifically, in an optimal position for the first quarter of a year but frequently relocate to fewer effective positions over time which results in eventual loss of energy. Insufficient funding allocation for the monitoring of consumption results in a possible threat to the energy initiatives exerted by the community to grasp an idea of the long-term demand schemes. CEW identified the predicament by citing smart meters as an example, explaining that their impact varies depending on their placement within a household, with an optimal position being crucial for the most effective results
[bookmark: _Toc133611656]Organisation Aims
After conducting numerous interviews, it became apparent that community energy groups often come together with a specific purpose in mind, addressing issues that are unique to their local area. These groups tend to prioritize particular issues and concentrate their efforts solely on those. When taking into consideration energy demand, when reduced, is not likely to be considered a major concern. Instead, it was continuously observed in the way that many groups do not delve into the deeper meaning of energy in their region, instead opting to provide quantifiable solutions to energy problems, such as constructing a wind turbine or building a solar farm. 
“When consumers contact us, the main focus usually isn’t about demand reduction but how they can build wind turbines or solar farms. They never really seem to ask about what energy efficiency can do for their community” (Severn Wye Source: Interview).
‘When contacted by consumers, the main focus is not just about reducing demand but also about the possible construction of wind turbines and solar farms. The topic isn’t usually about energy efficiency but what it can do for their community’ (Severn Wye Source: Interview).
Community energy initiatives do not always prioritize managing energy demand due to a lack of understanding and attention to the benefits. The possible construction of solar farms have the ability to offer guarantee of returns and reduction of energy demand, it cannot provide the same assurance. This specific perspective from a business viewpoint makes it less appealing, resulting in advice about energy consumption is overly reliant on funding.

[bookmark: _Toc133611657]4.8 Public Engagement
As argued by (EEA, 2020) engagement with the community is acknowledged as essential to establish public support, accomplish changes in behaviour, and foster more sustainable practices. It is essential to have a collaborative and interactive communication with stakeholders to allow for a more inclusive decision-making process, leading to better-informed, relevant, and widely accepted decisions. Individuals tend to only change energy consumption habits if necessary as they don’t want to deal with any inconveniences. Each of the interviewees tend to agree with what the EEA’s said. This point was concerning how energy initiatives have to work next to their neighbouring communities in order to develop effective solutions. Many organisations reported their experience with the common challenges surrounding the involvement of communities despite realising the importance of public engagement. These difficulties were attributed to the following reasons:
Lack of Trust
The level of trust between initiatives and communities is crucial in working towards a more engaged journey of energy reduction levels amongst consumers. Initiatives during the early stage of development faced much scepticism from consumers, this was highly evident from information drawn from the study. This could be attributed to the perception that such initiatives may have undisclosed motives that are not aligned with consumer interests.
Community Energy Wales revealed in the interview that a large amount of unexpected visits and calls are made by private companies to try and sell their products. CEW explained how they grew suspicious of these calls as they felt “they only cared about making a hard sale, not improving energy consumption within the community” (CEW Source: Interview). 
The challenge of distinguishing community energy initiatives from cold calls poses a difficulty in effectively engaging with communities. This was highlighted during consumer interviews, where it was evident that unfamiliar organisations or companies were often mistrusted or disregarded due to the high volume of cold calls received. Several community initiatives reported facing a significant challenge in establishing their credibility and conveying their goals, which were aimed at benefiting the local community rather than exploiting them for profits.
Multiple initiatives for energy included the discussion of the impact it had on The Green Deal for community uptake of energy efficiency measures. It was reported that while Green Deal assessments were widely accepted, financial plans had a low uptake, indicating residents' belief that the deal was not entirely beneficial. Moreover, locals believed that they would have better obtained deals by using the technique of financing these measures privately. Statistical data shows that only a small percentage of households undergoing assessments had taken up financial plans. An issue like this had completely resulted in the local suppliers that were considered trusted, no longer signing up for the Green Deal as it had lost its value in a way. This later led to the local consumers not further comply with their installations via suppliers they had once put trust in. moreover, many more initiatives were facing issues with their installers as the low industry standards started to effect installation. This also included the issue of poor communication between consumers and installers which led to consumers being unsatisfied with their experience. A major disruption like this damaged the reputation these initiatives once held. raising industry and installation standards would encourage higher customer satisfaction.
Community participation
From the interviews, it was clear that the level of initiatives that had experienced difficulties was high. This concerns the engagement between both parties with their energy demand reduction schemes. This issue had results in low participation levels. According to Severn Wye, the requirement of such workshops involved a significant investment of time and effort just to attend these workshops that aimed to educate consumers on energy reduction methods.
“Participants who actually turn up to these workshops do not represent the whole of the community as the majority of the attendance is made up of older people who may have retired” (Severn Wye Source: Interview)
According to some of the initiatives, energy demand reduction schemes in rural areas have historically received low participation rates when relying solely on leafleting and workshops. Even though there was an increase in workshop attendance during 2020-2021, that was solely down to lockdown caused by COVID-19. The increase was due to the possibility of online workshops which made it easier for people to join, unfortunately the amount of attendances dropped once the lockdown ended. This trend was observed several times and there was a shared understanding that initiatives relying on a single method of public engagement tended to receive lower participation levels. Initially, this reiterates the need to allocate resources that are in addition to effectively cooperating and engaging with local communities.
[bookmark: _Toc133611658]4.9 Summary of Results
This section of the dissertation sheds light on the various hurdles that community energy initiatives face while managing energy demand. The challenges mentioned in the previous section tend to revolve around the concept of difficulty in encouraging local communities and inadequate funding. Alongside this was the common trend of insufficient government support that leads to the obvious threat of long-term planning initiatives. Although these challenges have the ability to throw communities of course, the interviewees strongly suggested that they believe community initiatives could function correctly if managed in a way that encourages collaboration and adopting appropriate solutions that ultimately address the challenges.
[bookmark: _Toc133611659]4.10 Solutions to Overcome These Challenges 
The solutions recommended from this research will be discussed in this section. The challenges addressed were suggested and approached by the speakers in the interviews. These were discussed to be severe barriers to energy initiatives.
[bookmark: _Toc133611660]Government Policy ‐ To address the issue of policy uncertainty, a unanimous agreement was reached to promote policies that have longevity. Such policies enable the community initiatives to take place under long-term planning. This is ongoing despite the possibility of potential policy changes that could disrupt the sources of the initiative. A way to facilitate this was suggested that long-term government strategies are to be progressed in order to offer a stable framework for the initiatives to build upon. In addition to this, the suggestion of Green Deals’ ‘golden rule’ was mentioned meaning that it would possibly consider carbon savings with the new effective methodology. This would encourage the adoption of approaches that maximize carbon savings rather than solely focusing on the cheapest option.
[bookmark: _Toc133611661]Education ‐ During the project interviews, consumers highlighted the need for technology to raise awareness of energy consumption. However, they also expressed the need for professionals to distribute and demonstrate the use and understanding of such technology. This measure was recommended to address consumers' perception of the technology as complicated and burdensome.
When addressing the issue of asymmetric information, it is important to consider community energy initiatives to act as local knowledge centres with focus areas such as an ‘energy shop’. This offers consumers the ability to access knowledge on the current costs of efficiency improvements to energy levels. Minimising the gap between both consumers and local buyers would be able to make informed decisions and ultimately find the improvements more attractive due to the correct observation of such costs.
[bookmark: _Toc133611662]Finance ‐ Community energy projects have the potential to create dependable revenue streams by implementing renewable energy sources, but this requires an initial investment according to the CPC. The discussion highlighted that investing a community energy initiative's funds solely in reducing energy consumption through enhancing energy efficiency would not yield returns. To ensure sustainability, the funding should be allocated to both renewable energy generation and energy efficiency improvement. The CPC cautioned against prioritizing revenue generation at the expense of ignoring the energy hierarchy.
[bookmark: _Toc133611663]Strategy ‐ The significance of communication among various community energy initiatives has been recognized as vital due to restricted funds. This facilitates the smaller initiatives to gain insights from the previous endeavours of different organisations. Sharing information regarding ideal smart meter placements and successful public engagement strategies can lead to the efficient allocation of funds.
In order to address the financial challenges associated with providing energy advice, several community energy initiatives have proposed that organisations can serve as an intermediary between suppliers and consumers. By offering recommendations to consumers, these organisations can generate revenue through commissions charged to suppliers. The absence of a financial method for energy initiatives to guarantee income issues raises problems about their sustainability and may result in funding being refused. As a result, organisations must prioritize this aspect.

[bookmark: _Toc133611664]Public Engagement ‐ The examined community energy initiatives highlighted that the most influential initiatives to lower the demand for energy consisted significant public engagement. To address scepticism and mistrust issues within a community, it was agreed that individuals within the community should spread information via word of mouth. To facilitate this, information about local initiatives is to be accessible in familiar areas that clients can locate independently, such as GP surgeries. Consumer interviews revealed that email and recommendations from friends were the primary ways in which they became more observant of their local district initiatives. These advanced approaches offered locals the ability to research their own initiatives at their own pace. This was followed by locals making their own decisions without feeling under pressure.

[bookmark: _Toc133611665]4.11 Summary of the Above Challenges  
In this section, the interviewees' opinions reveal a unanimous agreement that the obstacles currently faced in managing energy demand do not impede community energy initiatives from pursuing this objective. The data above in this study indicates ways in which initiatives have the ability to confront hurdles when trying to lower local energy levels. It is important to acknowledge that solutions to these issues do exist and can be implemented when approached correctly. These stresses the capacity of energy initiatives within communities to effectively lower energy demand. 
[bookmark: _Toc133611666]4.12 Solutions to reduce energy demand
During the interviews, there was a unanimous agreement among the participants that the current government's strategies to reduce energy demand are inadequate. They expressed a need for more grassroots measures to be included in the existing top-down approach. ‘Energy usage is completely different around the whole of the UK, meaning one policy for all isn’t going to work’ ‘ More effective approaches are required to rally community understanding to improve action within societies’ (CEW Source: Interview).
Energy demand initiatives offer a range of approaches that can be used to tackle energy issues within communities, hence their potential in managing energy demand was highlighted during the interviews. The following section will describe the potential solutions that local energy initiatives can provide to successfully take care of local energy demand.
[bookmark: _Toc133611667]4.13 Educational solutions
The opportunity to raise awareness on local energy related issues and educating locals becomes apparent after the initiative has been developed knowingly in the community. Research suggests that one effective strategy is to distribute energy monitoring devices that help consumers understand their energy consumption patterns. By doing so, locals in that community are able to higher their knowledge of energy usage instead of those who provide the energy. Interviews from the study suggested that as long as energy initiatives are being recognized as a responsible source, they would be better responsive and open to the receiving of energy information via devices such as phones. Additionally, residents expressed a desire for consistent locations where they can obtain information about energy issues.
"I have just recently had a heat pump installed, I think it would be great if there was somewhere I could view the results about how much energy and money I have saved. A building located near the neighbourhood would be helpful for when I might need further assistance regarding the new heat pump” (Homeowner Source: Interview). 
Local energy initiatives continue to have the ability to act as educational centres which provide reassuring guidance to local consumers for energy reduction. The guidance in question would cover aspects such as government policy, trusted installers, and effective techniques for lowering energy use.
[bookmark: _Toc133611668]4.14 Local community Procedure
During the interviews, it became apparent that a significant opportunity for local proposals to contribute towards managing consumption levels is through adopting a local approach to community engagement. According to CEW, engaging communities in a neighbourly approach can lead to high levels of local encounter, as it persuades considerations on energy concerns among locals within the community in question. The study interviews also bared that collective action is a major influencing factor in encouraging sustainable consumption. ‘Recognising public engagement as an important factor helped everyone within a community find a solution that is effective and in the long run easier for them’ (CEW Source: Interview).
Establishing trust within local neighbourhoods was discovered to be a significant challenge and opportunity at the same time. This was due to it gaining a large result in residents perceiving community energy initiatives as reliable and trustworthy sources of knowledge. This subsequently directs to another noteworthy prospect.
[bookmark: _Toc133611669]4.15 Strategy
During the interviews, the recurrence of local partnerships between energy initiatives was a recurring point. This specific point was appointed a matter of high importance as it is seen as an opportunity for local initiatives to collaborate with their existing knowledge and understanding on efficient engagement techniques, insights and energy saving guidance. These initiatives can be seen as an effective way to engage community members along with their ongoing investment in programs that can increase participation of the locals across more than one region. This means that energy initiatives are a great tool in encouraging energy demand policies and processes. This is due to the allowance of national programs to be introduced using local methods.
Community energy initiatives have been found to reduce the demand for carbon-intensive energy sources by deploying renewable energy sources. Community Energy Wales and other organisations have also noted that these initiatives can lower energy consumption during peak times of renewable outputs by incentivizing the consumption of energy through tariffs. Therefore, community energy initiatives have the potential to reduce the demand for carbon-intensive energy sources by managing energy consumption times. A notable instance of offering tariffs that incentivize energy consumption during peak times of renewable outputs is the ‘Flexi-Orb’ initiative. It is a collaboration between various Welsh organisations, such as Ynni Glan and the Centre for Alternative Technology, with the aim of establishing a local market for renewable energy that enables consumers to purchase and sell electricity generated from renewable sources. The project provides tariffs that encourage consumers to utilize electricity during periods when renewable sources are generating more energy, like during daylight hours when solar power is most efficient.
Local energy proposals can be used as tools to help reduce the level of carbon intensive energy sources via the development of renewable energy sources. CEW and other organisations have noted that these common initiatives can be used to aid the process of limiting energy use during the peak times of renewable output. This is done by incentivizing the consumption levels of energy via tariffs. Moreover, a notable instance of the offering of tariffs that incentivize energy use during the high peak times is the ‘Flexi-orb’ initiative. It is a collaboration between various Welsh organisations, such as Ynni Glan and the Centre for Alternative Technology, with the aim of establishing a local market for renewable energy that enables consumers to purchase and sell electricity generated from renewable sources. The project provides tariffs that encourage consumers to utilize electricity during periods when renewable sources are generating more energy, like during daylight hours when solar power is most efficient.

[bookmark: _Toc133611670]4.16 Summary of Solutions
To summarise, the section outlines various opportunities that enable community energy initiatives to function as efficient means for reducing energy demand. According to the interviews conducted, the primary opportunity identified is the ability of a local approach to engage communities in ways that top-down policies cannot. This is supported by (Chatterton, 2013) point that community energy initiatives can address energy issues in a manner that is tailored towards local attitudes, values, and beliefs and the importance of considering local behaviours and attitudes towards energy in the development and implementation of community energy initiatives, as this approach can promote sustainable consumption.
To summarise, various opportunities have been outlined in regard to enabling energy initiatives within local communities to be used as a tool to efficient means for lowering the energy demand. Form the interviews, it can be concluded that the primary opportunity identified is the ability of local initiatives being put into place in order to encourage communities in ways that policies fail to. This exact point is supported by (Chatterton, 2013) who communicated that energy initiatives within communities can approach energy consumption issues in a way that is altered towards the attitude of the locals. This includes the local beliefs, and the importance of local behaviours towards energy development.
[bookmark: _Toc133611671]5 Discussion and conclusions
The work completed during the study improved our understanding of effective methods for lowering energy use, as well as the benefits that reduction of carbon-intensive energy sources can achieve. The research questions as shown in the beginning chapter were answered in this study. The purpose of the dissertation was to determine if community energy projects may be useful instruments for reducing energy consumption. The results of this study, which also looked at potential solutions and possibilities, highlighted the key difficulties that community energy programmes confront in lowering energy use. The following categories must be taken care of in order for community energy projects to minimise energy consumption in an efficient manner.
[bookmark: _Toc133611672]Government Support - It is clear that community energy initiatives in managing energy demand are extremely reliant on support supplied by the government, this is due to the funding that is desperately needed. This finding supports (Leonhardt et al, 2022) assertion that funding availability is key to the effectiveness of community energy initiatives in driving change. Uncertainty from governments and not planning for the future have resulted in many sustainability issues for numerous communities. The unfortunate decision to cancel the Green Deal in 2020 is the perfect example of this. This decision has come as a costly one as it was a key solution to the finance issue as they supplied funding to try and help reduce energy demand. Due to the government’s plan to ignore this issue and decide against a new policy there seems to be a mindset change pushing political priorities away from achieving the energy demand reduction goal. Additionally, planned cuts in the feed-in tariff are likely to discourage the development of renewables. Community energy initiatives need to find a solution to rely less on funding from the government as future restrictions in government funding could further hamper their effectiveness.
[bookmark: _Toc133611673]Finance – A generative income is needed if community energy initiatives want to continue being self-sufficient. A way in which this can be achieved is via the process of them to act as intermediaries between installers and local consumers with the additional charge of commission. Although, funding via external sources is often needed in order to appropriately finance demand reduction schemes such as the installation of renewable energy systems. Via the generation of income streams, energy initiaitives can effectively reduce the reliance on government finding policies and eventually become more resilient cooperation’s. Reaching a balance between aspects such as governance structures and financial planning is detrimental in the process of success for local energy proposals.
[bookmark: _Toc133611674]Public Engagement - The importance of public engagement in effective energy demand reduction was emphasized in line with research by (Winskel, 2019). Community engagement is seen as the challenge and opportunity for local initiatives for energy. The proposition that with no engagement of the locals, local initiatives tend to fail or have minimal effect towards consumption levels was mentioned. On the other hand, the community approach for energy initiatives was observed as a fundamental way to engage locals, as operative local engagement is dependent on the recognition that all locals within a neighbourhood is an individual in order to sustain efficient solutions that are locally adapted (Leonhardt et al, 2022). According to this sources, local incentives concerning energy use can be effective in managing the demand for energy if the factors in mention are addressed. These initiatives offer advantages in terms of local engagement with energy issues, using locally adapted methods to involve communities. 
However, the study also found that community energy initiatives often rely heavily on government funding, as highlighted in previous research. This means that the long-term changes in government policy could have a severe impact on the accomplishment of local initiatives for managing demand in energy use. A way in which to overcome this is to notice how necessary it is to reduce the financial dependence of community energy initiatives on government funding. By following this, these local initiatives have the potential to contribute to the UK’s greenhouse gas emission reduction aims as they have effectively been able to control their energy demand at a local level. The development of viable business models will enable communities to effectively use energy initiatives to become more self-sustaining.
[bookmark: _Toc133611675]6 Further Research
The work in this dissertation underscores the impending possibility of local energy initiatives to manage energy demand starting from a local level. This will also help bring attention to the challenges they may face. Further research is required to identify effective solutions to overcome these challenges. In particular, reducing dependence on government support emerged as a pressing area for future research. As this study is directed around local communities in Wales, the generalisability of results is limited meaning that the expansion of such results would enhance the validity of the findings.
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