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1. [bookmark: _Toc148647081][bookmark: _Toc155823094] Chapter 1: Introduction
1.1. [bookmark: _Toc155823095]Introduction

The United Kingdom is witnessing a transformative shift in its energy landscape, driven by a pressing need for sustainable, low-carbon solutions to combat climate change and reduce dependence on traditional fossil fuels. At the heart of this transformative journey lies the innovative realm of renewable energy start-ups. These enterprises, operating within the dynamic technology sector, are pioneering ground-breaking solutions that harness the power of renewable resources, setting the stage for a cleaner and more sustainable energy future (Rydin et al., 2008).
This research will explore the innovation systems approach used to examine UK renewable energy technologies and their effectiveness. According to Lundvall (1992), an innovation system is "the elements and relationships that interact in the production, diffusion, and use of new, and economically useful, knowledge." Innovation is thus seen as a process of matching technical possibilities to market opportunities involving multiple interactions and learning types instead of being categorised as a one-way, linear flow from Research and Development (R&D) to new products (Freeman and Soete, 1997). The Organization for Economic Cooperation and Development (OECD) has advanced and used the idea of national innovation systems extensively (1999, 2002). According to the OECD approach, market transactions, knowledge, and influence between different parties define the innovation process.
1.2. [bookmark: _Toc148647085][bookmark: _Toc155823096] Research Aim and Objectives

The study aims to explore innovation in renewable energy start-ups in the UK Technology industry. In some cases, there may be tension between the relative importance of these two objectives.
1. To critically identify the critical determinants of innovative practices in renewable energy in the UK technology industry.
[bookmark: _Toc148647086]2. To critically examine the impact of innovation in renewable start-ups and its effectiveness in the UK technology industry.
Questions
· Critically identify the determination of innovative practices in renewable energy in the UK Technology industry.
· Critically examine the impact of innovation in renewable start-ups and its effectiveness in the UK technology industry.

1.3. [bookmark: _Toc155823097] Background

The transition to renewable energy sources is a global imperative, and the United Kingdom has committed itself to ambitious climate goals. In this context, renewable energy start-ups are emerging as pivotal players in achieving these targets. They embody the spirit of entrepreneurship, leveraging advanced technologies, innovative business models, and collaborative approaches to disrupt traditional energy paradigms. As the UK seeks to reduce carbon emissions, enhance energy security, and foster economic. (LaBelle and Horwitch, 2013)
This passage will give a general overview of the innovation systems and issues surrounding different renewable energy technologies in the UK, including biomass, photovoltaics (PV), combined heat and power (CHP), marine (wave and tidal), and offshore wind (Foxon et al. 2005).
Biomass is one of two unique innovation systems focused on fuels for transportation and producing heat and electricity. Though advanced technologies like gasification and pyrolysis are preferred, existing projects still use combustion. Demonstration projects for biomass are essential for commercial viability. Renewable electricity, biomass, and direct solar production are the three categories under which hydrogen from renewable sources can be divided. Although there is a lot of interest, most technology is imported. The other issue is connected with Photovoltaics (PV). Based on various technologies, two areas are considered: "conventional PV" and "novel PV." The UK contributes little to innovation in the global PV market and has a small presence in the supply chain. The third issue in the literature concerns community (large-scale) and micro-CHP (household scale). CHP systems are two different types of combined heat and power systems. Most micro-CHP development occurs abroad, whereas supply chain and system development are involved in community CHP. The market expansion that results in technological advancements and cost reductions is considered to have an adequate global innovation system for onshore wind (Foxon et al., 2005).
More infrastructure needs to be installed in the UK because development is concentrated in nations with supportive policies. Visual intrusion-related planning objections still need to be resolved. More recent policy changes could rapidly expand the UK's offshore wind industry. In addition to regulatory uncertainties in the energy market, technology risks are higher than onshore. The wave and tidal power technology research and development efforts are bearing fruit, with some devices almost ready for commercial demonstration. Project and technology development is a focus of UK businesses, primarily SME spinouts. IP concerns and funding diversity are obstacles (Foxon. et al., 2005).
In summary, the UK's renewable energy innovation systems are at varying stages of development, each facing its challenges. The level of involvement, technology sources, and policy support vary across different technologies. Additionally, international collaboration and knowledge-sharing play a significant role in advancing these technologies.

1.4. [bookmark: _Toc155823098]Climate Change Imperative: 

The 21st century is marked by an unprecedented global challenge - climate change. The alarming rise in greenhouse gas emissions, deforestation, and unsustainable practices have led to severe consequences, including rising temperatures, extreme weather events, and threats to biodiversity. Recognising the urgency of addressing these issues, nations worldwide are revaluating their energy strategies to mitigate the impacts of climate change and transition towards more sustainable practices (Laybourn-Langton et al.,2019).
1.5. [bookmark: _Toc155823099] UK as a Technological Hub:

In this context, the United Kingdom has positioned itself as a beacon for technological innovation, leveraging its intellectual capital and research infrastructure. With a history of industrial advancements, the UK is now channelling its expertise toward creating a sustainable future. The country's commitment to fostering technological advancements is evident in its research and development initiatives, collaborative academia-industry partnerships, and strategic investments in cutting-edge technologies (Oke, 2018).
1.6. [bookmark: _Toc155823100]Renewable Energy as a Strategic Focus: 

A cornerstone of the UK's commitment to sustainability lies in its emphasis on renewable energy sources. The UK government has prioritised developing and adopting renewable energy technologies, recognising the finite nature of fossil fuels and the environmental impacts associated with their extraction and use. This strategic shift aligns with broader global efforts to reduce carbon footprints and transition to cleaner, more sustainable energy alternatives (Velenturf and Purnell, 2021).

1.7. [bookmark: _Toc155823101]Government's Ambitious Targets: 

The UK government's commitment to combat climate change is encapsulated in ambitious targets for carbon reduction and adopting cleaner energy sources. These targets, outlined in national policies and agreements, serve as a driving force for change within the energy sector. The commitment to achieving net-zero carbon emissions by a specific date underscores the gravity of the situation. It sets the stage for innovative solutions to meet these challenging objectives (House of Commons Environmental Audit Committee, 2022).

1.8. [bookmark: _Toc155823102]Role of Innovative Start-ups:

Amidst these overarching goals, innovative start-ups have emerged as critical protagonists in transforming the UK's energy landscape. These entrepreneurial ventures, often characterised by agility, risk-taking, and a commitment to ground-breaking solutions, are pivotal in translating policy objectives into tangible outcomes. Their ability to swiftly adapt to evolving technologies and market demands positions them as catalysts for change in the broader technology and energy sectors (Lin, O.C.C., 2018).
In summary, the background and context of the exploration reveal a convergence of global imperatives, national commitments, and technological ambitions in the UK. The focus on renewable energy, coupled with the dynamic contributions of innovative start-ups, creates a narrative of proactive engagement with the challenges of climate change and a vision for a more sustainable and technologically advanced future.

1.9. [bookmark: _Toc148647083][bookmark: _Toc155823103] Research Problem

While renewable energy start-ups in the UK technology industry hold immense promise, their journey is challenging. The path to innovation and success is fraught with uncertainties, regulatory complexities, and the need for sustained financial support. Consequently, a critical research problem emerges: How can the innovative endeavours of renewable energy start-ups in the UK technology industry be harnessed effectively to drive the transition to clean, sustainable energy systems?
To address this research problem, an exploration of these start-ups is essential. By delving into their innovative strategies, technological advancements, and business models, we can gain valuable insights into their contributions to the UK's energy landscape and the obstacles they confront. This research aims to shed light on the dynamic and evolving nature of renewable energy start-ups in the UK's technology industry, ultimately offering a deeper understanding of their role in advancing the nation's sustainable energy goals. (Bennett et al., 2021)

1.10.  Regulatory Hurdles:

 One of the primary challenges faced by renewable energy start-ups in the UK revolves around navigating complex regulatory frameworks. The energy sector is tightly regulated, and compliance with various standards and policies is essential. Start-ups, often needing more resources from giant corporations, can find interpreting and adhering to these regulations daunting. The dynamic nature of the renewable energy landscape, with evolving technologies and business models, requires agility in regulatory adaptation, posing an ongoing challenge for start-ups (Connor, 2003).

1.11.  Access to Funding: 

Access to adequate funding is a perennial challenge for many renewable energy start-ups. Developing and scaling innovative technologies in the energy sector demands significant capital investment. However, traditional financial institutions may perceive renewable projects as high-risk, impeding access to loans and investment. While government initiatives and venture capital funding have increased, there is a need for more diverse and accessible funding sources to nurture a broader range of start-ups (Babayomi et al., 2022).

1.12.  Intermittency and Grid Integration:

The intermittent nature of renewable energy sources, such as solar and wind, poses technical challenges for grid integration. Managing the fluctuations in energy production requires sophisticated technologies and infrastructure. Start-ups working on novel energy storage solutions or grid management technologies face the complex task of seamlessly integrating renewable sources into existing energy grids. The need for standardisation and interoperability adds another layer of complexity, making this challenge a technical and regulatory puzzle (Martinot, 2016).

1.13.  Technological Risks and Innovation Barriers:

[bookmark: _Hlk151121445]Innovation inherently carries risks, and in the renewable energy sector, unproven technologies may face scepticism from investors and potential end-users. Start-ups developing ground-breaking solutions often encounter barriers to market entry, including a reluctance to adopt new technologies due to uncertainties about performance, reliability, and long-term viability. Establishing the credibility of these innovations and overcoming the inertia of established energy systems is a significant challenge for start-ups (Agenda, 2017). 

1.14.  Market Competition and Consolidation:

The renewable energy sector is witnessing increased competition as more players enter the market. Established companies and international conglomerates are also investing heavily in renewable technologies. For start-ups, this intensifying competition can make it challenging to carve out a niche and gain market share. Additionally, there is a risk of consolidation, where larger entities acquire innovative start-ups, potentially stifling the entrepreneurial spirit and diversity in the sector (Amelang, 2019).

1.15.  Opportunities for Collaboration and Innovation:

While challenges abound, they also create opportunities for collaboration and innovation. Collaborative initiatives between start-ups, established industry players, research institutions, and government bodies can foster knowledge exchange and resource sharing. Additionally, strategic partnerships can help start-ups overcome funding gaps and navigate regulatory complexities more effectively (Dowling, 2015).

1.16.  Policy Advocacy and Government Support:

Advocacy for supportive policies and leveraging government support programs can enhance the operating environment for renewable energy start-ups. Engaging with policymakers to address regulatory challenges, promote financial incentives, and streamline approval processes can create an environment conducive to innovation (Power et al., 2022).

1.17.  Embracing Sustainable Business Models:

Start-ups can capitalise on the growing demand for sustainable practices by embracing business models prioritising environmental and social responsibility. Consumers and investors are increasingly conscious of the environmental impact of their choices, providing opportunities for start-ups to align with these values and differentiate themselves in the market (Veleva, V. and Bodkin, 2018).
In conclusion, the challenges faced by renewable energy start-ups in the UK are diverse and multifaceted. However, within these challenges lie opportunities for strategic adaptation, collaboration, and the creation of innovative solutions that can drive the renewable energy sector forward. The ability of start-ups to navigate these challenges will play a pivotal role in determining the overall effectiveness and sustainability of the sector in the UK technology industry.



2. [bookmark: _Toc155823104]Chapter 2: Literature Review

The literature surrounding renewable energy start-ups in the UK technology sector has grown significantly in recent years. Researchers have explored various aspects of this emerging sector, providing valuable insights into the innovative dynamics.
Barile et al. (2020) assert that social and sustainable innovation encompasses a multifaceted process, engaging various dimensions, including technological, human, social, relational, and cultural aspects. This process extends through embedded contexts spanning micro, meso, and macro levels, necessitating the seamless integration and harmonisation of these dimensions and contexts through strategic value co-creation management. This, in turn, empowers organisations to attain long-term sustainability.
Gaziulusoy et al. (2013) emphasise the imperative of bridging macro-level societal innovation with micro-level corporate innovation to achieve sustainability. Storbacka, Brodie, Böhmann, Maglio, and Nenonen (2016) elucidate value co-creation in service ecosystems by considering diverse social mechanisms crucial at the macro, meso, and microanalytical levels. The macro level focuses on the institutional framework and conditions fostering sustainable growth, while the meso level centres on interactions among actors and the dissemination of knowledge. At the micro level, attention shifts to individual attributes and motivations of actors, how they manifest in specific business models and strategic and technical decisions.
This multi-level perspective is deemed essential for comprehensively grasping the institutional essence of social innovation (van Wijk, Zietsma, Dorado, de Bakker, & Martí, 2019), comprehending how entrepreneurship propels the contribution of knowledge and innovation towards sustainable growth (Vaz & Nijkamp, 2009), and scrutinising the combined impact of entrepreneurship and social networks on sustainable development (Chen, Fu, Wang, Tsai, & Su, 2018).

2.1. [bookmark: _Toc155823105]Relationship between corporate entrepreneurship and innovation in the renewable energy sector.

The passage provides valuable insights into the relationship between corporate entrepreneurship and innovation in the renewable energy field. Entrepreneurship in the renewable energy sector is categorised under sustainable or eco-entrepreneurship. This type of entrepreneurship is driven by the need for corporations to consider long-term economic performance, environmental management, and social accountability norms. Sustainability and innovation are closely connected. Sustainability initiatives often lead to the creation of new markets through ecological innovation. This is considered a breakthrough discipline for driving innovation. The impact of an innovation can be assessed in terms of both private benefit (to the company) and social benefit (to society as a whole). The higher the private benefit, the more potential an innovation has to offset any adverse social effects it may have. Corporations play a significant role in driving innovation in the renewable energy field. They can invest in and develop new technologies and create innovative business models. Different business models have emerged in the renewable energy field. These models include partnerships, franchises, secondary suppliers, and open-source designs. Each model has its approach to intellectual property and collaboration. Management support, organisational structure, control systems, and incentives create an environment conducive to corporate entrepreneurial initiatives. Employees' positive perceived organisational support is crucial for fostering a motivating working environment. Management is critical in encouraging employee initiatives and providing the resources for innovative ideas. A flat organisational structure that promotes communication is more likely to produce corporate entrepreneurs. Reward systems and resource availability are cultural elements that influence employees' entrepreneurial initiatives. Organisations encouraging creativity and risk-taking through rewards are likelier to have internal entrepreneurs. Having the necessary time, autonomy, and discretion to pursue entrepreneurial activities within the organisation is crucial. Bureaucratic obstacles and hierarchical subordination can hinder innovation. To understand their impact on corporate entrepreneurship, the study assesses various organisational elements, including organisational boundaries, time availability, work discretion, management support, and rewards (Tantau et al., 2015).

2.2. [bookmark: _Toc155823106]Policy and Regulatory Frameworks: 

Policy and Regulatory Frameworks are crucial in shaping the landscape for innovative start-ups, which are recognised for their potential to drive economic development, technological advancement, and societal impact. While start-ups generally face challenges due to their newness and small size, innovative start-ups encounter an additional hurdle of introducing novel products, services, or processes to the market, potentially impacting their survival rates. This dual nature of innovative start-ups poses a dilemma for policymakers, who must balance entrepreneurship policies that foster new ventures with innovation policies focused on industrial competitiveness and societal renewal (Audretsch et al., 2020).
Innovative start-ups have garnered significant attention from policy initiatives worldwide in recent years. Governments have implemented various national policies, such as Start-up Acts, designed to support these ventures. These policies encompass a range of benefits, including streamlined administrative requirements, tax reliefs, flexible employment contracts, and avenues for capital infusion through equity crowdfunding and accelerated liquidation procedures (Audretsch et al., 2020).
However, there is a notable heterogeneity in the definition and conceptualisation of "innovative start-ups" among scholars and policymakers. This lack of systematic understanding necessitates further research to ascertain who these innovative start-ups are and what they require to thrive. Additionally, there is a call for refined theoretical approaches to advance our comprehension of the creation and development of innovative start-ups and research to inform the design of effective public policies (Audretsch et al., 2020).
This special issue on "Innovative Start-ups and Policy Initiatives" aims to push the boundaries of knowledge in this area. Through a comprehensive collection of studies across different national, sectorial, and institutional contexts, the papers offer insights into various levels of analysis and stages of firm development. The introductory paper sets the stage by reviewing recent national policies, highlighting their dissimilarities, and providing guidance on comparative assessment. It also outlines a process-based view of the innovative start-up phenomenon. It offers a fresh perspective on how scholars and policymakers can define, understand, and support these ventures at different lifecycle phases. Ultimately, this issue endeavours to contribute to a more informed and effective policy framework for fostering innovative start-ups (Audretsch et al., 2020).
An extensive body of work delves into the influence of government policies and regulatory frameworks on the growth and sustainability of renewable energy start-ups. This includes feed-in tariffs, subsidies, and carbon pricing mechanisms, which can significantly impact the financial viability of these ventures (Lydgate and Anthony, 2020).

2.3. [bookmark: _Toc155823107]Technological Advancements and Disruptions.

 The literature emphasises the importance of technological advancements, including breakthroughs in energy storage, grid integration, and materials science, in propelling the growth of renewable energy start-ups. Additionally, studies investigate how these innovations disrupt traditional energy markets (Elia et al., 2021).     
Transitions towards a low-carbon future are imperative to meet the demands of the Paris Agreement and limit global temperature rise to 1.5 °C. With energy accounting for approximately 40% of global CO2 emissions, there is an urgent need for a radical disruption of incumbent fossil fuel-based energy systems. The concept of 'clean energy disruption' has gained prominence, encompassing various technological solutions such as decentralised renewables, intelligent demand response, electrification of mobility, and digitisation and automation. Bridging the conceptualisations of system-level transitions and disruptive innovations to accelerate low-carbon transitions is crucial. While disruptive innovation traditionally focuses on novel technologies and business models, this perspective may be limited to analysing energy transitions. Drawing on the socio-technical transitions literature, disruptive innovations can be seen as novel value propositions derived from niche technologies capable of causing radical interference in a stabilised socio-technical system. The term 'disruption' has been widely used in high-level policy discussions and popular press. However, it suffers from definitional challenges and is considered a 'buzzword'. In this context, we focus on systemic understandings of disruption rather than discrete 'disruptive innovations'. We propose a framework for analysing different dimensions of disruption in socio-technical systems, combining insights from firm-based management and socio-technical transition literature. This framework allows for a comprehensive assessment of disruptions in energy systems. The analysis aims to provide a descriptive account of the nature of disruption in each country, moving beyond uniform accounts of disruption. This exploration can help identify disruption points and inform policymakers on strategies to address potential adverse effects and advance just transitions. Understanding the interplay of technological advancements and disruptions in the renewable energy start-up landscape within the UK's technology industry is crucial for navigating the transition towards a low-carbon future. By integrating concepts from disruptive innovation and socio-technical transitions, we gain valuable insights into the transformative potential of renewable energy start-ups and their impact on the broader energy system (Johnstone et al., 2020).

2.4. [bookmark: _Toc155823108]Market Dynamics and Competitive Landscape:

Researchers have examined the competitive landscape of the renewable energy start-up ecosystem, considering factors such as market entry barriers, incumbent industry players, and the emergence of new business models like peer-to-peer energy trading (Timmer, 2019).
2.5. [bookmark: _Toc155823109]Market Entry Barriers in Renewable Energy Start-ups:

Indeed, the challenges related to regulatory compliance, high initial capital costs, technological innovation, established industry relationships, and grid integration and infrastructure in the context of the renewable energy start-up ecosystem:

2.5.1. [bookmark: _Toc155823110]Figure: Barriers to Renewable Energy Start-ups
Source : self-generated, 20223.


2.5.2. [bookmark: _Toc155823111] Regulatory Compliance: 

Renewable energy start-ups face the challenge of adhering to intricate and evolving regulations in the energy sector, which may vary across regions and jurisdictions. Navigating regulatory frameworks, obtaining necessary licenses, and securing permits can take time and effort for start-ups, potentially delaying market entry and increasing operational expenses (OECD, 2010).

2.5.3. [bookmark: _Toc155823112] High Initial Capital Costs: 

The renewable energy sector often requires substantial upfront capital for infrastructure development, equipment procurement, and project implementation. Start-ups with access to sufficient capital may find it easier to enter the market, giving larger, well-funded competitors a competitive advantage. Access to financing and investment becomes crucial for overcoming this barrier (Prasad et al., 2022).

2.5.4. [bookmark: _Toc155823113]Technological Innovation:

Developing and implementing cutting-edge technologies is a critical challenge in the renewable energy sector, where innovation is vital for competitiveness and sustainability. Capital-intensive research and development efforts are often necessary for start-ups to create innovative solutions. This can pose a barrier to entry for those needing more financial resources for technological advancements (Javaid et al., 2022).

2.5.5. [bookmark: _Toc155823114]Established Industry Relationships:

Building partnerships and relationships with key industry players such as suppliers, governments, and other stakeholders can be a significant challenge for newcomers. Established players may already have strong relationships, making it harder for start-ups to secure collaborations. These relationships are crucial for securing resources, obtaining permits, and navigating the industry landscape (Dwivedi et al., 2021).

2.5.6. [bookmark: _Toc155823115]Grid Integration and Infrastructure: 

Integrating renewable energy sources into existing energy grids poses a complex technical challenge. The lack of infrastructure and grid integration capabilities can hinder the successful deployment of renewable energy projects. This challenge can limit the scalability and reliability of start-ups' operations, affecting their ability to compete in the broader energy market (Bird et al.,2013).
In summary, these challenges collectively create barriers for renewable energy start-ups, influencing their ability to enter the market, compete effectively, and contribute to transforming the energy landscape. Overcoming these challenges requires a strategic approach, innovation, and often collaboration with stakeholders in the industry and regulatory bodies.
2.6. [bookmark: _Toc155823116] Incumbent Industry Players :

Indeed, the roles and impacts of incumbent industry players, including utility companies, renewable energy giants, government-owned initiatives, and investor influence in the context of the renewable energy start-up ecosystem:
  
2.6.1. [bookmark: _Toc155823117]Figure : Barriers to Renewable Energy Start-ups
Source : self-generated, 2023.

2.6.2. [bookmark: _Toc155823118] Utility Companies: 

Traditional utility companies have historically been dominant players in the energy sector, controlling generation, transmission, and distribution. Start-ups entering the renewable energy space face competition from these established utilities. The incumbents often possess more significant financial resources, infrastructure, and regulatory influence, making it challenging for start-ups to compete on a large scale (US FED. TRADE COMM’N, 2000).

2.6.3. [bookmark: _Toc155823119]Renewable Energy Giants:

 Large, established companies with a strong foothold in the renewable energy sector, often leading in technological advancements and market share. Competition from renewable energy giants can be intense for start-ups. These industry leaders may have the resources to invest heavily in research, development, and large-scale projects. To compete, start-ups often need to differentiate themselves through innovation, unique value propositions, or targeting niche markets where they can excel (Pickl, 2019). 

2.6.4. [bookmark: _Toc155823120]Government-Owned Initiatives: 

Government-backed renewable energy projects play a crucial role in shaping the industry, often as part of broader sustainability and environmental policies. While state-sponsored initiatives may pose challenges for private start-ups due to potential competition or regulatory complexities, they can also present partnership opportunities. Collaboration with government initiatives can provide start-ups access to funding, resources, and a supportive regulatory environment (Energy, 2019).

2.6.5. [bookmark: _Toc155823121]Investor Influence:

 Influence from venture capitalists and private equity firms is significant in the renewable energy start-up ecosystem. Start-ups often need external funding to finance their growth and development. The competition for investor attention is high, requiring start-ups to demonstrate the viability of their business models, the potential for scalability, and the ability to generate returns on investment. Investor influence can shape the direction of a start-up, affecting its strategic decisions and market positioning (Jeong et al., 2020).
In summary, navigating the renewable energy landscape involves understanding and strategically addressing the influence of these incumbent players. While competition with established entities is a challenge, there are opportunities for collaboration, partnership, and securing investment that can help propel renewable energy start-ups forward in this dynamic and rapidly evolving industry.

2.7. [bookmark: _Toc155823122]Peer-to-Peer (P2P) Energy Trading:

2.7.1. Decentralised Energy Transactions: 

Peer-to-peer energy trading platforms enabling direct transactions between energy producers and consumers. This model disrupts traditional energy distribution by allowing for a more direct and efficient energy exchange, potentially reducing costs. The success of decentralised transactions relies on a critical mass of participants. Achieving widespread adoption may take time, and transitioning from centralised systems may need more support from existing players (Lim, 2019).

2.7.2. Blockchain Technology: 

Utilizing blockchain for transparent and secure transactions. Positive Impact: Blockchain enhances transparency and security in transactions, addressing concerns related to trust and fraud in energy trading. Blockchain technology is still evolving, and its integration into existing energy systems requires technological expertise. Regulatory challenges and acceptance by traditional players may also hinder widespread implementation (Teufel et al., 2019).

2.7.3. Consumer Empowerment: 

Empowering consumers to generate, consume, and trade their renewable energy. Shifting the power dynamic by allowing consumers to participate in the energy market actively promotes sustainability and decentralisation. Implementation depends on consumers having access to renewable energy sources. The upfront costs of personal energy generation may limit widespread adoption, and regulatory frameworks may need adjustments to accommodate this dynamic shift (Oliveira et al., 2022).

2.7.4. Trading

Success hinges on market acceptance, which, when achieved, can drive the adoption of P2P energy trading and foster a more sustainable energy market. Critical challenges are overcoming consumer inertia and scepticism, addressing concerns about reliability, and ensuring regulatory frameworks support P2P energy trading. Education and incentivisation efforts are essential for mass adoption (Chaudhuri and Holbrook, 2001).
In summary, while P2P energy trading models offer exciting possibilities for transforming the energy sector, they are not without challenges. Overcoming technological, regulatory, and market acceptance hurdles is crucial for realising these models' potential and contributing to a more decentralised, consumer-empowered, and sustainable energy landscape. The successful implementation of P2P energy trading will likely require collaboration among stakeholders, including start-ups, established industry players, and regulatory bodies.

2.8. [bookmark: _Toc155823123] Environmental and Social Impacts: 

Scholars have evaluated the environmental benefits of renewable energy technologies, including reductions in greenhouse gas emissions and the potential for mitigating climate change. Additionally, studies have examined the social implications, such as job creation and community engagement (Gielen et al., 2019).

2.9. [bookmark: _Toc155823124] Despite the considerable body of research on renewable energy start-ups in the UK technology sector, several gaps persist:

The environmental and social impacts of renewable energy technologies, mainly focusing on the context mentioned about the UK technology sector and the existing research gaps:

2.9.1.  Positive Aspects of Environmental Impacts:

Greenhouse Gas Emissions Reduction: Renewable energy technologies contribute positively by reducing greenhouse gas emissions, mitigating climate change, and promoting a cleaner environment. While this reduction is significant, the overall impact can vary based on factors such as the scale of implementation and the specific technology used. Renewable sources like solar and wind power reduce reliance on finite fossil fuel resources, promoting sustainable energy practices. However, renewable technologies' manufacturing and disposal processes also have environmental impacts, such as resource extraction and e-waste concerns (Gillingham, 2019).
Challenges and Gaps:
Life Cycle Assessments: Some studies may need to comprehensively assess the entire life cycle of renewable technologies, potentially overlooking environmental impacts associated with manufacturing, transportation, and disposal. There is a need for more holistic life cycle assessments to provide a comprehensive understanding of the ecological implications of renewable energy technologies (Lei et al., 2021).

2.9.2.  Positive Aspects of Social Impacts:

Job Creation: The renewable energy sector creates employment opportunities, supporting economic growth and fostering a skilled workforce. Job creation is positive, but the quality and stability of jobs and potential social disparities should be considered. Community Engagement: Renewable energy projects often involve local communities, increasing community engagement and participation. Community engagement can vary, and there may be resistance or lack of inclusion in decision-making processes (Hanna et al., 2023).
Challenges and Gaps:
Equitable Distribution of Benefits: Ensuring that the benefits of renewable energy projects are distributed equitably among communities is a challenge. More research is needed to understand and address disparities in the social impacts of renewable energy projects, particularly regarding access and benefits distribution. Social Acceptance and Resistance: Public acceptance and resistance to renewable energy projects can influence their success. Further research is required to explore the factors influencing social acceptance and strategies to address potential resistance, contributing to effective project implementation (Adewuyi et al., 2020).

2.9.3.  Positive Aspects of Contributions to Climate Goals:

Renewable energy technologies are crucial in achieving climate goals and transitioning to a more sustainable energy system. The pace of adoption and policy support may impact the effectiveness of these contributions (Gielen et al., 2019).
Challenges and Gaps:
Limited Comprehensive Studies: The existing body of research on renewable energy start-ups in the UK technology sector may need to be revised to address environmental and social impacts comprehensively. More interdisciplinary research is required to bridge the gaps between environmental and social considerations, providing a holistic understanding of the impacts of renewable energy initiatives (Winskel, 2018).
In conclusion, while renewable energy technologies offer substantial environmental and social benefits, addressing the challenges and research gaps is essential. A more comprehensive and nuanced understanding of the environmental and social impacts of renewable energy initiatives will facilitate informed decision-making and the development of sustainable policies in the UK technology sector.

2.10. [bookmark: _Toc155823125] Long-term Viability:

 More attention should be given to the long-term viability of renewable energy start-ups. Research is needed to assess the factors contributing to sustained growth and the challenges hindering their progress.

2.10.1. [bookmark: _Toc155823126]Economic Viability:

Research focused on assessing the economic models of renewable energy start-ups over time is crucial for gaining insights into their long-term viability. This research necessitates a comprehensive analysis of various aspects, including revenue streams and sustainable financial strategies (Geissdoerfer et al., 2018).
Researchers should conduct thorough financial performance analyses in delving into the economic models of these start-ups. This involves scrutinising income statements, balance sheets, and cash flow statements to assess revenue growth trajectory, profitability, and overall financial stability over different periods. By tracking financial indicators, researchers can discern patterns that contribute to or hinder the economic viability of renewable energy start-ups (Financial Statements: Decoding the Backbone of Business, 2023).
Understanding the intricacies of revenue streams is another critical component. This research should categorise and identify the diverse sources of revenue for these start-ups, encompassing product sales, services, partnerships, and government incentives. Evaluating the stability and diversification of these revenue streams is crucial for anticipating challenges and ensuring a robust economic foundation (Khan, 2019).
An in-depth analysis of the cost structure of renewable energy start-ups is essential for uncovering areas of financial efficiency and potential optimisation. Breaking down operating costs, capital expenditures, and variable costs provides insights into the allocation of resources and helps identify strategies for cost-effectiveness (Cox Et al., 2018).
Profitability and return on investment (ROI) are critical metrics for economic viability. Calculating net profit margin, return on assets, and return on equity enables researchers to gauge the financial sustainability of the business model. These metrics offer a comprehensive view of the profitability and efficiency of the start-up's operations (Mouzas and Bauer, 2022).
Examining the investment patterns and funding sources is also integral to understanding economic viability. Researchers should explore historical funding rounds, investor profiles, and financing strategies to identify how different funding sources impact renewable energy start-ups' financial health and sustainability (Boffo and Patalano, 2020).
Furthermore, this research should consider the interplay between market demand, pricing strategies, and economic viability. Analysing market trends and consumer demand patterns helps unravel revenue generation dynamics. At the same time, insights into pricing decisions shed light on how the start-up positions itself in the market (Bandara, 2015). 
The implications of such research extend beyond the individual start-up level. By identifying economically viable ventures and informing strategic decision-making, this research contributes to investor confidence, aiding further investments crucial for growth and scalability. Transparent economic performance, derived from a deep understanding of revenue streams and cost structures, positions start-ups to adapt to market changes, advocate for supportive policies and benchmark themselves against industry standards for continual improvement. In essence, assessing the economic models of renewable energy start-ups over time is pivotal for fostering a sustainable and thriving renewable energy sector (Chalmers et al., 2021).

2.10.2. [bookmark: _Toc155823127]Technological Innovation:

Research investigating the role of ongoing technological advancements and innovation is crucial for understanding how renewable energy start-ups can remain competitive and adaptable in dynamic and evolving markets (Zhang et al., 2021).
In the rapidly changing landscape of renewable energy, continuous technological innovation is a linchpin for the success of start-ups. This research should delve into the various technological advancements that have the potential to reshape the renewable energy sector. It involves tracking emerging technologies, such as improved solar panel efficiency, energy storage solutions, advanced grid management systems, and innovative wind turbine designs. Understanding the technological landscape allows researchers to identify areas with the most significant potential for impact and disruption (Chenic et al., 2022).
Moreover, the research should assess how these technological innovations translate into a competitive advantage for renewable energy start-ups. For instance, developing more efficient and cost-effective solar panels can enhance the economic viability of solar energy projects, making them more attractive in the market. Investigating the strategic implementation of these innovations by start-ups can reveal patterns contributing to sustained competitiveness (Solarin et al., 2022).
The adaptability of start-ups in the face of evolving technologies is a crucial focus of this research. It examines how start-ups integrate new technologies into their infrastructure, business models, and operational processes. Research should explore the challenges and opportunities associated with adopting emerging technologies, shedding light on the factors that facilitate or hinder successful integration (Verhoef et al., 2021).
Understanding the role of technological innovation in ensuring competitiveness also requires examining how start-ups navigate regulatory frameworks. Research should investigate how regulations either support or impede the adoption of innovative technologies and how start-ups strategically engage with regulatory bodies to create an environment conducive to technological advancement (OECD, 2017).
Furthermore, the research should explore collaborative initiatives and partnerships that foster technological innovation in the renewable energy sector. Investigating how start-ups collaborate with research institutions, industry partners, and other stakeholders can reveal insights into the ecosystems that support continuous innovation. Understanding these collaborative dynamics is essential for identifying best practices and fostering an environment where technological advancements can thrive (Dall-Orsoletta et al., 2022).
The implications of such research extend to the broader renewable energy industry. By identifying and understanding the impact of technological innovations, start-ups can position themselves as leaders in the market. This research contributes not only to the individual success of start-ups but also to the overall progress and resilience of the renewable energy sector. Ultimately, investigating the role of ongoing technological advancements is a strategic imperative for renewable energy start-ups aiming to thrive in evolving markets.

2.10.3. [bookmark: _Toc155823128] Regulatory Environment:

Examining the regulatory environment and policy changes is critical to understanding how the landscape shapes and impacts renewable energy start-ups. This research should encompass a comprehensive analysis of the regulatory frameworks governing the renewable energy sector, tracking policy changes over time and assessing their implications for the viability and growth of start-ups (OECD, 2010).
Understanding the regulatory landscape involves an exploration of the existing policies that govern the renewable energy sector at local, regional, and national levels. Researchers should assess the legal frameworks, incentives, and compliance requirements that shape the operating conditions for start-ups. This foundational understanding is crucial for identifying areas where regulatory support or intervention may be required to foster a conducive environment for innovation and growth (Drago and Gatto, 2022).
A vital aspect of this research is tracking policy changes over time. Regulatory frameworks governing renewable energy are evolving based on societal, economic, and political factors. Researchers should monitor legislative adjustments, subsidy program changes, and government priority shifts to provide a dynamic view of the regulatory landscape. This longitudinal approach enables the identification of trends and patterns that impact the renewable energy start-up ecosystem (Kuzemko et al., 2016).
Identifying the impact of regulatory changes on renewable energy start-ups is integral to assessing their resilience and adaptability. Research should investigate how alterations in policies, such as feed-in tariffs, tax credits, or emissions targets, influence the business strategies, investment decisions, and overall competitiveness of start-ups. Understanding the nuanced effects of regulatory shifts allows start-ups to proactively respond to challenges and capitalise on emerging opportunities (Leisen et al., 2019).
Developing strategies to navigate evolving regulatory frameworks is a practical outcome of this research. It involves assessing how start-ups can engage with regulatory bodies, participate in policy advocacy, and build collaborative relationships with stakeholders to shape favourable regulatory environments. Research should also explore case studies of successful regulatory navigation by start-ups, providing insights into practical strategies for compliance and adaptation (Stilgoe et al., 2020).
Furthermore, this research should explore the global dimension of regulatory environments, recognising that start-ups often operate internationally. Comparative analyses of regulatory frameworks across different regions can offer valuable insights into best practices, challenges, and potential synergies. Understanding the variations in regulatory approaches allows start-ups to tailor their strategies to specific contexts and navigate the complexities of a global marketplace (De Marchi et al., 2020).
Examining the regulatory environment and policy changes is pivotal for the success of renewable energy start-ups. This research provides a comprehensive understanding of the current regulatory landscape and equips start-ups with the insights to navigate evolving frameworks strategically. Engaging with and influencing the regulatory environment is essential for renewable energy start-ups' long-term sustainability and growth.

2.10.4. [bookmark: _Toc155823129]Access to Funding:

Investigating the availability of funding sources is crucial for understanding how renewable energy start-ups secure the financial resources necessary for their operations and growth. This research encompasses a comprehensive analysis of various funding models, including venture capital, government grants, and private investments, and their respective impacts on the long-term growth trajectories of these start-ups (Qadir et al., 2021).
Venture capital (VC) plays a significant role in financing innovation within the renewable energy sector. Research should explore the accessibility of VC funding for start-ups, examining venture capitalists' criteria to evaluate investment opportunities in the renewable energy space. Understanding the dynamics of venture capital in this sector can provide insights into how start-ups attract early-stage funding and support their innovative projects (Ghosh and Nanda, 2010).
Government grants and incentives are pivotal funding sources that shape the landscape for renewable energy start-ups. Researchers should investigate the availability, eligibility criteria, and application processes for government grants. This includes analysing how start-ups strategically position themselves to secure grants and navigate the complexities of regulatory frameworks that often accompany public funding. Understanding the impact of government grants on long-term growth can shed light on the symbiotic relationship between the public sector and renewable energy innovation (Gross and Heptonstall, 2010).
Private investments, including angel investors and corporate funding, contribute to the diverse funding ecosystem for renewable energy start-ups. Research should delve into the preferences and strategies of private investors in the renewable energy sector, exploring how start-ups attract and maintain these crucial partnerships. Assessing the impact of private investments on the long-term growth of start-ups involves understanding the expectations and dynamics of private investors, which can vary significantly from venture capital funding (BEIS, 2021).
Comparative analyses of different funding models are essential for providing a nuanced understanding of their impacts on long-term growth. Researchers should explore case studies of start-ups that have successfully navigated diverse funding landscapes, identifying common patterns and challenges associated with each funding model. By examining the experiences of start-ups across various funding sources, research can highlight best practices and potential pitfalls, offering valuable guidance for emerging companies in the renewable energy sector.
The implications of this research extend beyond individual start-ups to the broader renewable energy industry. By understanding the funding sources available and their impacts, start-ups can make informed decisions about their financing strategies, optimise their capital structures, and position themselves for sustained growth. Additionally, insights into funding models can inform policymakers, investors, and industry stakeholders, contributing to developing a robust and supportive financial ecosystem for renewable energy innovation.

3. [bookmark: _Toc152864477][bookmark: _Toc148647087][bookmark: _Toc155823130]Chapter : 3 Methodology 

3.1. [bookmark: _Toc155823131] The justification for systematic review, reasons, and justification

A systematic literature review is a rigorous and structured approach to reviewing and analysing existing literature on a specific topic. It involves systematically searching, critically evaluating, and synthesising relevant studies to understand the subject matter comprehensively. This method is justified for exploring innovation in renewable energy start-ups and effectiveness in the UK technology industry due to the complex and multifaceted nature of the topic. The systematic approach ensures that all relevant literature is considered, reducing the risk of bias and providing a more objective and reliable overview of the current state of knowledge (Greenacre et al., 2012).Top of Form
Bottom of Form
The reason for conducting a systematic literature review in this context is to provide a comprehensive and evidence-based understanding of the factors influencing innovation and effectiveness in renewable energy start-ups in the UK technology industry. By systematically searching and synthesising existing literature, the review can identify key drivers, barriers, best practices, and gaps in the current knowledge. This can help to inform future research, policy development, and business strategies in the renewable energy sector (Foxon et al., 2005).
Top of Form
Bottom of Form
In addition, using images and graphs can enhance the presentation of the review's findings, providing visual representations of key concepts, trends, and relationships identified in the literature. For example, a graph could illustrate the trends in renewable energy start-up funding over time, while an image could visually represent the critical components of an effective innovation system. These visual aids can help communicate complex information more effectively and enhance the overall impact of the review (Boar-Boar and Oliveras-Villanueva, 2019).

3.2. [bookmark: _Toc152864478][bookmark: _Toc155823132] "Foxon's Insights on Innovation in Renewable Energy Start-ups and the UK Technology Industry"

The study aims to explore innovation in renewable energy start-ups in the UK technology industry and critically identify the critical determinants of innovative practices in renewable energy in the UK technology industry. It also aims to critically examine the impact of innovation in renewable start-ups and its effectiveness in the UK technology industry. In some cases, there may be tension between the relative importance of these two objectives.
The selected source (Foxon), which is mentioned in the background of chapter one, provides valuable insights that can help achieve the study's aims and objectives. The papers and articles analyse the current innovation systems in the UK for new and renewable energy technologies and identify the sector's drivers, barriers, and systems failures. This information can help critically identify the critical determinants of innovative practices in renewable energy in the UK technology industry.

3.3. [bookmark: _Toc152864479][bookmark: _Toc155823133] Systematic Literature Review Methodology 

The systematic literature review method is particularly well-suited for approaching the subject of "An exploration of Innovation in Renewable Energy Start-ups and Effectiveness in the UK Technology Industry" for several reasons.
 Firstly, a systematic literature review allows for a comprehensive and exhaustive examination of existing literature on the topic (Winskel et al., 2014). Given the multidisciplinary nature of the subject, this method ensures that all relevant studies, theories, and findings from diverse fields such as renewable energy, technology, innovation, and business are considered, providing a holistic understanding of the subject (Šūmakaris et al., 2021). Secondly, the rigorous and transparent process of a systematic literature review helps to minimise bias and ensures that the review is conducted in a replicable manner (Snyder.,2019). This is crucial when exploring a complex and evolving subject, such as innovation in renewable energy start-ups, as it upholds the reliability and validity of the findings (Tavares et al., 2021). 
Furthermore, the positivist stance, which seeks to identify, analyse, and synthesise objective data and information, aligns well with the systematic literature review method (Greenacre et al., 2012). This emphasis on empirical evidence and observable trends as the foundation for constructing knowledge is particularly relevant when investigating the effectiveness of innovation in renewable energy start-ups within the UK technology industry. 
In summary, the systematic literature review method is an ideal approach for this subject due to its ability to provide a comprehensive, rigorous, and objective analysis of the existing body of knowledge, thereby contributing to a deeper understanding of innovation in renewable energy start-ups and its impact on the UK technology industry.

3.4. [bookmark: _Toc152864480][bookmark: _Toc155823134] Explanation of Developed Hypothesis

Here are some previous similar studies related to the topic "An exploration of Innovation in Renewable Energy Start-ups and Effectiveness in the UK Technology Industry":
"The impact of technological innovation on renewable energy" - This study explores the impact of market-based environmental legislation on energy efficiency through technological innovation. The findings indicate that such legislation fosters energy efficiency in both the short and long term (Solarin et al., 2022). "UK innovation systems for new and renewable energy technologies: Drivers, barriers and systems failures" - This study analyses the UK innovation systems for new and renewable energy technologies. It is grounded in a review of academic and recent grey literature and explores the sector's drivers, barriers, and systems failures (Foxon et al., 2005). These previous studies offer valuable insights into the innovation and effectiveness of renewable energy start-ups in the UK technology industry, including the impact of technological innovation, the drivers and barriers in the UK innovation systems, and the implications across different technology areas. They can provide a comprehensive understanding of the current state of knowledge and help inform future research, policy development, and business strategies in the renewable energy sector (Xiao and Watson, 2019).

3.5. [bookmark: _Toc152864481][bookmark: _Toc155823135] An overview of the alternative research methodologies in studying innovation in renewable energy start-ups in the UK technology industry.

Some alternative research methodologies that can be used to study innovation in renewable energy start-ups in the UK technology industry include:
Case studies: Conducting in-depth case studies of specific renewable energy start-ups can provide detailed insights into their innovation strategies, challenges, and effectiveness. This method allows a rich understanding of the context and unique factors influencing innovation in individual companies (Foxon et al., 2005). 
Surveys and interviews: Collecting primary data through surveys and interviews with renewable energy start-ups, industry experts, and stakeholders can provide first-hand information on innovation practices, perceptions, and experiences. This method allows for exploring diverse perspectives and generating new insights (Foxon et al., 2005).
Data analysis: Systematically mapping innovations in renewable energy technologies through a comprehensive database analysis can provide a quantitative understanding of the innovation landscape, including trends, patterns, and emerging technologies. This method allows for identifying key innovation drivers and areas of potential growth (Nguyen., 2020).
Theoretical frameworks: Developing theoretical frameworks for local energy innovation systems based on renewable energy sources can provide a structured approach to understanding the dynamics of innovation in the renewable energy sector. This method allows for integrating diverse literature and generating new theoretical insights (Greenacre et al., 2021).
In summary, alternative research methodologies for studying innovation in renewable energy start-ups in the UK technology industry include case studies, surveys and interviews, data analysis, and the development of theoretical frameworks. These methods offer diverse approaches to exploring innovation practices, drivers, and outcomes in the renewable energy sector.

3.6. [bookmark: _Toc155823136] Define what a systematic literature review is ? Process of systematic literature review ?
 
A systematic literature review (SLR) is a rigorous and transparent method for identifying, evaluating, and synthesising all available evidence relevant to a research question.
For the exploration of innovation in renewable energy start-ups and effectiveness in the UK technology industry, the process of conducting a systematic literature review would involve the following steps:
3.6.1. [bookmark: _Toc155823137]Formulating the Research Question:
 Clearly define the research question, such as "What are the key innovation factors contributing to the effectiveness of renewable energy start-ups in the UK technology industry?" (Systematic Review 2023).
3.6.2. [bookmark: _Toc155823138]Developing Inclusion and Exclusion Criteria: 
Establish specific criteria for selecting relevant studies, including the types of innovation, renewable energy technologies, start-up characteristics, and effectiveness measures (Systematic Review 2023).
3.6.3. [bookmark: _Toc155823139]Search Strategy: 
Conduct a thorough and systematic search of multiple databases and other sources using relevant keywords related to innovation, renewable energy start-ups, and the UK technology industry (Systematic Review 2023).
3.6.4. [bookmark: _Toc155823140]Study Selection: 
Screen the identified studies based on the pre-defined inclusion and exclusion criteria, ensuring that all relevant literature is considered (Systematic Review 2023).
3.6.5. [bookmark: _Toc155823141]Data Extraction and Quality Assessment: 
Extract relevant data from the included studies and assess their quality, relevance, and impact on the research question (Zupancic, 2023).
3.6.6. [bookmark: _Toc155823142]Synthesis of Results: 
Summarize and analyse the findings of the included studies, identifying common themes, key innovation factors, and their impact on the effectiveness of renewable energy start-ups in the UK technology industry (Zupancic, 2023).


3.6.7. [bookmark: _Toc155823143]Figure : Process of systematic literature review
Source : Self-generated, 2023.

3.6.8. [bookmark: _Toc155823144]Interpretation and Reporting:

Interpret the results in the context of the research question and prepare a comprehensive report that outlines the state of knowledge, gaps, and implications for practice and further research (Zupancic, 2023).
By following this systematic process, the review would provide valuable insights into the innovation dynamics of renewable energy start-ups and their effectiveness in the UK technology industry.

3.7. [bookmark: _Toc152864482][bookmark: _Toc155823145] Limitation of method

Limitation of method The limitations of using a literature review method to study innovation in renewable energy start-ups in the UK technology industry include:

Figure : Limitation of method
Source : self-generated, 2023.
Limited recent literature: The availability of limited recent literature specifically focused on the UK technology industry may impact the comprehensiveness of the review. Multidisciplinary nature: The multidisciplinary nature of the topic, which encompasses renewable energy, technology, innovation, and business, may pose a challenge in ensuring that all relevant studies, theories, and findings from diverse fields are considered. Generalizability: The specific focus on the UK technology industry may limit the generalizability of the findings to other contexts. Potential lag in capturing recent developments: The reliance on existing literature may result in a potential lag in capturing the most recent developments and trends in the field. (Foxon et al., 2005).
Scope of the review: A significant limitation is that the review may only explore specific aspects of the renewable energy industry, potentially leading to gaps in understanding the broader context (Boar-Boar and Oliveras-Villanueva., 2019).
In summary, while a literature review method offers valuable insights, it is essential to consider the potential limitations, including the availability of recent literature, the multidisciplinary nature of the topic, generalizability, potential lag in capturing recent developments, and the scope of the review.

3.8. [bookmark: _Toc152864483][bookmark: _Toc155823146] Ethical approach

When exploring the topic "An exploration of Innovation in Renewable Energy Start-ups and Effectiveness in the UK Technology Industry," it is essential to consider the ethical approach to the research. The ethical approach ensures that the research is conducted responsibly and transparently, considering the potential impact on stakeholders and the environment. In the context of innovation in renewable energy start-ups, the ethical approach should consider the potential benefits and risks of the research, as well as the implications for sustainability, social responsibility, and environmental protection. The selected sources provide valuable insights into the ethical considerations related to innovation in renewable energy start-ups and the UK technology industry. For example, the OECD report on "The UK Innovation Systems for New and Renewable Energy Technologies" analyses UK innovation systems' ethical and policy-making implications for new and renewable energy technologies (OECD., 2003). The report combines information gained from interviews with a sample of critical actors in each sector with specialist knowledge from the research team on each technology sector and innovation theory.
The IEA report on "Innovative Energy Start-Ups" also explores the ethical implications of innovation and entrepreneurship in the energy field, highlighting the importance of dynamic entrepreneurship in the energy sector to bring about clean energy transitions (Johnstone et al., 2021). The report finds evidence for an "entrepreneurship gap" in the energy field and emphasises the need for policy levers to address the decline in energy entrepreneurship.
In summary, the ethical approach to the research on innovation in renewable energy start-ups and effectiveness in the UK technology industry is crucial for ensuring that the research is conducted responsibly and transparently, considering the potential impact on stakeholders and the environment. The selected sources provide valuable insights into the ethical considerations related to the topic, highlighting the importance of sustainability, social responsibility, and environmental protection in the context of innovation in renewable energy start-ups.

3.9. [bookmark: _Toc152864484][bookmark: _Toc155823147] Explanation Ontology  

Ontology is a system of belief that reflects an interpretation of an individual about what constitutes a fact. In simple terms, ontology is associated with what constitutes reality and what exists where humans can acquire knowledge. It helps researchers recognise how certain they can be about the nature and existence of objects they are researching. For instance, what 'truth claims' can a researcher make about reality? Who decides the legitimacy of what is 'real'? How do researchers deal with different and conflicting ideas of reality? (Moon and Blackman., 2017). Ontology studies assumptions about existence and definitions of reality. It concerns what exists in the world and how humans can learn about it (Trivedi., 2020).
In "An Exploration of Innovation in Renewable Energy Start-ups and Effectiveness in the UK Technology Industry," ontology plays a crucial role in shaping the research approach and understanding of the subject. The nature of ontology, whether realist or relativist, influences how researchers perceive the existence of innovation in renewable energy start-ups and the effectiveness of the UK technology industry. For instance, a realist ontology would suggest that there is a single, objective reality regarding innovation and effectiveness, which can be studied and understood as "truth" (Winskel et al., 2014).
On the other hand, a relativist ontology would propose that reality is constructed within the human mind, and no one "true" reality exists, leading to a more subjective and context-dependent understanding of innovation and effectiveness (Greenacre et al., 2021). The choice of ontology also influences the research methodology and the data types considered valid and reliable. For example, a realist ontology may favour quantitative data and empirical evidence to study innovation and effectiveness. In contrast, a relativist ontology may value qualitative data and diverse perspectives to capture the subjective nature of reality (Foxon et al., 2005).
In summary, ontology is deeply connected to the study of innovation in renewable energy start-ups and effectiveness in the UK technology industry, as it shapes researchers' fundamental beliefs about the nature of reality and influences the research approach, methodology, and interpretation of findings.

3.10. [bookmark: _Toc152864485][bookmark: _Toc155823148] Explanation Epistemological

The epistemological approach for the topic "An exploration of Innovation in Renewable Energy Start-ups and Effectiveness in the UK Technology Industry" involves studying how knowledge is acquired, validated, and applied in the context of innovation and effectiveness in the renewable energy and technology sectors. This approach seeks to understand the nature of knowledge, the sources of knowledge, and the criteria for evaluating knowledge claims in these domains. The selected sources provide valuable insights into the epistemological considerations of innovation in renewable energy start-ups and the UK technology industry. For example, the IEA report on "Innovative Energy Start-Ups" explores the decline in innovation and entrepreneurship in the energy sector, highlighting the importance of dynamic entrepreneurship to bring about clean energy transitions ( et al., 2021). The report presents new evidence on trends and patterns of energy start-ups across time, countries, and energy fields, emphasising the urgent need for dynamism in the sector.
The OECD report on "The UK Innovation Systems for New and Renewable Energy Technologies" also analyses the UK innovation systems for new and renewable energy technologies, providing a comprehensive understanding of the sector's drivers, barriers, and systems failures (OECD., 2003). The report combines information gained from interviews with a sample of critical actors in each sector with specialist knowledge from the research team on each technology sector and innovation theory.
In summary, the epistemological approach to the research on innovation in renewable energy start-ups and effectiveness in the UK technology industry is crucial for understanding how knowledge is acquired, validated, and applied in these domains. The selected sources provide valuable insights into the epistemological considerations related to the topic, highlighting the importance of dynamic entrepreneurship, innovation systems, and clean energy transitions.

3.11. [bookmark: _Toc152864486][bookmark: _Toc155823149]Explanation Rhetoric

The rhetorical approach for "An Exploration of Innovation in Renewable Energy Start-ups and Effectiveness in the UK Technology Industry" involves studying how language and communication persuade, influence, and shape perceptions about innovation and effectiveness in renewable energy and technology sectors. This approach seeks to understand how different rhetorical strategies, such as framing, narrative, and argumentation, convey messages about innovation and effectiveness and how different audiences receive and interpret these messages.
The selected sources provide valuable insights into the rhetoric of innovation in renewable energy start-ups and the UK technology industry. For example, the OECD report on "The UK Innovation Systems for New and Renewable Energy Technologies" analyses the rhetoric and communication strategies used to promote innovation in the renewable energy sector and how these strategies shape perceptions about the effectiveness of the UK technology industry (OECD., 2003). The report combines information gained from interviews with a sample of critical actors in each sector with specialist knowledge from the research team on each technology sector and innovation theory.
Additionally, the article "Remaking the UK's Energy Technology Innovation System" explores the rhetoric of technological innovation in the UK energy system and how different rhetorical strategies have been used to promote innovation and effectiveness in the sector " (Winskel et al. 2014). The article analyses how language and communication have been employed to shape perceptions about the effectiveness of the UK technology industry and how different audiences receive and interpret these messages.
In summary, the rhetoric approach to the research on innovation in renewable energy start-ups and effectiveness in the UK technology industry is crucial for understanding how language and communication are used to shape perceptions about innovation and effectiveness in the renewable energy and technology sectors. The selected sources provide valuable insights into the rhetoric of innovation and effectiveness and how different rhetorical strategies are employed to convey messages about these topics.

3.12. [bookmark: _Toc152864487][bookmark: _Toc155823150]Methodology 

The research philosophy for "An Exploration of Innovation in Renewable Energy Start-ups and Effectiveness in the UK Technology Industry" emphasises a systematic and structured approach to reviewing and analysing the secondary literature. It values a rigorous and routine data collection and synthesis process to ensure the reliability and validity of the findings. Critical realism is integrated into the research philosophy, as it recognises that the secondary literature may present not only empirical facts but also interpretations, theories, and conceptual frameworks. The philosophy encourages critical assessment and interpretation of these sources to understand the subject matter better. The research philosophy takes a positivist stance by seeking to identify, analyse, and synthesise objective data and information from existing secondary literature sources. It emphasises the importance of empirical evidence, facts, and observable trends within the renewable energy start-up in the UK technology industry (Kabeyi and Olanrewaju., 2022).

3.13. [bookmark: _Toc152864488][bookmark: _Toc155823151]Explanation of Mixed Method and Its Pros and Cons

Mixed methods research is an approach that involves the use of both qualitative and quantitative research methods within a single study or research program. This approach allows researchers to gain a more comprehensive understanding of a research topic by combining the strengths of both qualitative and quantitative methods. In the context of "An Exploration of Innovation in Renewable Energy Start-ups and Effectiveness in the UK Technology Industry," a mixed methods approach could be valuable for understanding the factors that influence innovation and effectiveness in the renewable energy start-up sector.

3.14. [bookmark: _Toc152864489][bookmark: _Toc155823152]Pros of Mixed Methods:

1. Comprehensive Understanding: By using both qualitative and quantitative methods, researchers can gain a more comprehensive understanding of the research topic, as they can explore both the breadth and depth of the subject (Poth., 2018).
2. Triangulation: Using multiple methods allows for triangulation, which involves using one method to validate or support the findings of another process. This can enhance the validity and reliability of the research findings (Poth., 2018).
3. Enhanced Validity: Using multiple methods can improve the validity of the research findings, as it allows for exploring different perspectives and integrating diverse data sources (OECD., 2003).
4. 
3.15. [bookmark: _Toc152864490][bookmark: _Toc155823153]Cons of Mixed Methods:

1. Complexity: Using multiple methods can introduce complexity into the research process, as researchers must carefully plan and integrate the different methods to ensure that they are used effectively (Foxon et al., 2005).
2. Resource Intensive: Mixed-methods research can be more resource-intensive than single-method research, requiring multiple data collection and analysis techniques (Foxon et al., 2005).
3. Integration Challenges: Integrating qualitative and quantitative data can be challenging, as researchers must carefully consider how the different types of data will be combined and analysed to ensure that the findings are meaningful and valid.
In summary, a mixed methods approach could be valuable for a deeper understanding of the factors influencing innovation and effectiveness in the renewable energy start-up sector. However, researchers must carefully consider this approach's potential complexities and challenges and ensure they have the resources and expertise to effectively plan and execute a mixed methods study.

3.16. [bookmark: _Toc155823154]Justification of Systematic Literature Review

For several reasons, the systematic literature review is the best method among case studies, surveys and interviews, data analysis, and theoretical frameworks for studying innovation in renewable energy start-ups in the UK technology industry.
Firstly, a systematic literature review allows for a comprehensive and exhaustive examination of existing literature. This method ensures that all relevant studies, theories, and findings from diverse fields such as renewable energy, technology, innovation, and business are considered, providing a holistic understanding of the subject (Xiao and Watson., 2019).
Secondly, the rigorous and transparent process of a systematic literature review helps to minimise bias and ensures that the review is conducted in a replicable manner. This is crucial when exploring a complex and evolving subject such as innovation in renewable energy start-ups, as it upholds the reliability and validity of the findings. Furthermore, the systematic literature review method is particularly well-suited for organising and directing the review approach, and it ensures that all relevant literature is considered, reducing the risk of bias and providing a more objective and reliable overview of the current state of knowledge. Systematic reviews are beneficial in helping to determine whether a topic is amenable to systematic review and in helping organise and direct the systematic review approach or other reviews of the subject (Sataloff et al., 2021).
In summary, the systematic literature review method is an ideal approach for this subject due to its ability to provide a comprehensive, rigorous, and objective analysis of the existing body of knowledge, thereby contributing to a deeper understanding of innovation in renewable energy start-ups and its impact on the UK technology industry.




4. [bookmark: _Toc155823155]Chapter 4: Findings and Discussion 

4.1.  Introduction 

The provided text is an in-depth analysis of innovation in the UK technology industry and renewable energy start-ups. It covers various key themes, including the challenges and opportunities faced by renewable energy start-ups, the importance of regulatory environment and policy changes, the ethical considerations in research, and the relevance of different research methodologies and approaches. The analysis emphasizes the multifaceted nature of the challenges faced by renewable energy start-ups, the need for strategic adaptation and collaboration, and the creation of innovative solutions to drive the sector forward. It also highlights the potential of P2P energy trading models and the essential role of addressing the challenges and research gaps in renewable energy technologies. The impact of technological innovation on renewable energy production and the role of government policy and legislation in driving innovation are also discussed. The text provides a comprehensive overview of the various dimensions of innovation in renewable energy start-ups in the UK technology industry, emphasizing the need for targeted policy interventions, a multidisciplinary approach, and a holistic and collaborative strategy to foster innovation in the sector.

4.2.  Findings 

The discussion has various aspects of innovation in the UK technology industry and renewable energy start-ups. The analysis of the previous explanation reveals several key themes, including the challenges and opportunities faced by renewable energy start-ups, the importance of regulatory environment and policy changes, the ethical considerations in research, and the relevance of different research methodologies and approaches. The excerpts also touch upon the impact of technological innovation on renewable energy production and the role of government policy and legislation in driving innovation in the renewable energy sector.
The analysis emphasises the multifaceted nature of the challenges faced by renewable energy start-ups, the need for strategic adaptation and collaboration, and the creation of innovative solutions to drive the sector forward. It also underscores the significance of understanding and addressing the influence of established players, the opportunities for collaboration and partnership, and the importance of securing investment to propel renewable energy start-ups forward. Additionally, the analysis highlights the potential of P2P energy trading models while acknowledging the associated technological, regulatory, and market acceptance hurdles that need to be overcome for these models to realise their full potential.
Furthermore, the analysis underscores the essential role of addressing the challenges and research gaps in renewable energy technologies, understanding the regulatory environment, and engaging with and influencing the regulatory framework for the long-term sustainability and growth of renewable energy start-ups. It also emphasises the value of the systematic literature review method and alternative research methodologies for studying innovation in renewable energy start-ups, including case studies, surveys, interviews, data analysis, and the development of theoretical frameworks.
For instance, the article "How to Jump-Start the Clean-Tech Economy" from Harvard Business Review discusses the challenges and opportunities in transforming the energy industry, emphasizing the need for innovative, customized business models and favorable government policies (Johnson and Suskewicz,. 2009).
Similarly, the article "Shaping a greener future: Europe's 25 most promising renewable energy startups" highlights the importance of accelerating the transition towards a clean and renewable energy system and features promising European startups in the renewable energy sector (Arellano-Yanguas and del Pilar Bernal-Gómez., 2023).
Overall, the provided analysis and the related search results collectively underscore the complex landscape of innovation in the renewable energy sector, highlighting the various challenges, opportunities, and innovative approaches that are shaping the future of clean and renewable energy.

4.3.  Discussion 

The analysis further discusses the ethical approach to research on innovation in renewable energy start-ups, emphasising the importance of conducting research responsibly and transparently, considering the potential impact on stakeholders and the environment. It also highlights the interconnectedness of ontology, epistemology, and rhetoric with the study of innovation in renewable energy start-ups, underscoring their influence on research beliefs, knowledge acquisition, and communication strategies.
Moreover, the analysis touches upon the potential value of a mixed methods approach for a deeper understanding of the factors that influence innovation and effectiveness in the renewable energy start-up sector while acknowledging the complexities and challenges of this approach. Finally, the analysis emphasises the impact of technological innovation on renewable energy production and the role of government policy and legislation in driving innovation in the renewable energy sector.
Overall, the analysis provides a comprehensive overview of the various dimensions of innovation in renewable energy start-ups in the UK technology industry, highlighting the challenges, opportunities, research methodologies, ethical considerations, and the impact of technological innovation and government policies on the sector.

4.4. [bookmark: _Toc155823156]Critically identify the determination of innovative practices in renewable energy in the UK Technology industry.

The determination of innovative practices in renewable energy within the UK technology industry is influenced by various factors, including government policy, technological advancements, and existing innovation systems. Research on UK innovation systems for new and renewable energy technologies has highlighted the drivers, barriers, and systems failures within the sector, providing valuable insights into the systemic processes by which innovation occurs and offering policy recommendations for improving the effectiveness of these innovation systems (Foxon et al., 2005).
This analysis underscores the importance of understanding the existing innovation frameworks and the need for targeted policy interventions to foster innovation in renewable energy start-ups. Government policy and legislation have been significant drivers of innovation in renewable energy technologies, with the UK committing to legally binding targets for renewable energy and greenhouse gas reduction (Raybould et al., (2020).
This emphasises the pivotal role of regulatory frameworks in shaping the innovation landscape within the sector and highlights the influence of government policies on the determination of innovative practices in renewable energy.
Furthermore, the impact of technological innovation on renewable energy production and the role of government policy and legislation in driving innovation has been emphasised in the analysis. The rapid evolution of renewable technology, such as the substantial cost reductions in wind and solar power, has revolutionised the energy landscape in the UK, necessitating a revaluation of energy management practices and unlocking opportunities for innovative practices in the renewable energy sector (Foxon et al., 2005).
To critically identify the determination of innovative practices in renewable energy in the UK technology industry, it is essential to integrate insights from the analysis of UK innovation systems, government policy and legislation, and the impact of technological innovation on the sector. Understanding the systemic processes, policy drivers, and technological advancements makes it possible to develop targeted strategies and interventions to foster a more conducive environment for innovation in renewable energy start-ups. Additionally, a multidisciplinary approach that encompasses technological, regulatory, and economic perspectives is crucial for driving innovative practices in the renewable energy sector, emphasising the need for collaboration between government, industry, and academic institutions to develop comprehensive strategies and address the challenges within the sector (Bennett et al., 2021).

4.5. [bookmark: _Toc155823157] Critically examine the impact of innovation in renewable start-ups and its effectiveness in the UK technology industry.

The determination of innovative practices in renewable energy within the UK technology industry is influenced by many factors, including government policy, technological advancements, and the evolving energy landscape. Government policy and legislation have been significant drivers of innovation in renewable energy technologies, with the UK committing to legally binding targets for renewable energy and greenhouse gas reduction (Raybould et al., (2020).
This highlights the pivotal role of regulatory frameworks in shaping the innovation landscape within the sector. Additionally, the UK's innovation systems for new and renewable energy technologies have been the subject of analysis, providing insights into the drivers, barriers, and systems failures that impact the determination of innovative practices (Greenacre et al., 2021).
Understanding these systemic factors is crucial for identifying opportunities and formulating effective policies to foster innovation in the renewable energy domain.
Moreover, the rapid evolution of renewable technology, such as the substantial cost reductions in wind and solar power, has revolutionised the energy landscape in the UK. These technological advancements have not only driven innovation but have also necessitated a revaluation of energy management practices. As the UK strives to achieve its climate targets and transition into a greener future, sustainable technology is vital in unlocking energy efficiency and reducing carbon emissions (Winskel et al., 2014).
Therefore, the determination of innovative practices in renewable energy must consider the dynamic nature of technological advancements and their implications for the energy industry.
To further enhance the determination of innovative practices in renewable energy, it is essential to integrate a multidisciplinary approach encompassing technological, regulatory, and economic perspectives. This can involve collaboration between government, industry, and academic institutions to develop comprehensive strategies that address the challenges and leverage the opportunities within the renewable energy sector. Additionally, fostering a supportive environment for research and development, incentivising private sector investment, and promoting knowledge exchange are critical components for driving innovative practices in renewable energy within the UK technology industry. By embracing a holistic and collaborative approach, the UK can position itself at the forefront of renewable energy innovation, contributing to a more sustainable and resilient future.

4.6. [bookmark: _Toc155823158] Analysis, Implementation, and Suggestion 

The analysis of the provided text excerpts reveals several key themes, including the challenges and opportunities faced by renewable energy start-ups, the importance of regulatory environment and policy changes, the ethical considerations in research, and the relevance of different research methodologies and approaches. The excerpts also touch upon the impact of technological innovation on renewable energy production and the role of government policy and legislation in driving innovation in the renewable energy sector.
It is essential to delve into specific examples of how government policy and legislation have further driven innovation in the UK to enhance the understanding of innovation in renewable energy start-ups. For instance, a study on UK government policy and legislation related to renewable energy and greenhouse gas reduction commitments highlights the significant role of government support as a critical driver for innovation in the renewable energy sector (Raybould et al., (2020).
This empirical evidence can provide valuable insights into the practical implications of policy measures on the innovation landscape of renewable energy start-ups.
Additionally, an in-depth analysis of the innovation systems in the UK for new and renewable energy technologies, along with an exploration of the drivers, barriers, and systems failures, can offer a comprehensive understanding of the contextual factors influencing innovation in the sector (Foxon et al., 2005).
 Examining the specific challenges and failures within the innovation systems makes it possible to identify targeted policy recommendations and strategic interventions to foster a more conducive environment for renewable energy start-ups.
Furthermore, the analysis underscores the interconnectedness of ontology, epistemology, and rhetoric with the study of innovation in renewable energy start-ups. It is essential to consider how these philosophical and communicative aspects influence research beliefs, knowledge acquisition, and communication strategies in the context of renewable energy innovation (Winskel et al., 2014).
Integrating these considerations into research methodologies enables a more holistic and nuanced understanding of innovation in renewable energy start-ups.
In conclusion, while the analysis provides a comprehensive overview of the various dimensions related to innovation in renewable energy start-ups in the UK technology industry, further exploration of specific case studies, empirical evidence, and philosophical underpinnings can enrich the understanding of the challenges and opportunities in this dynamic and rapidly evolving sector. Integrating empirical data, philosophical insights, and real-world examples can develop a more robust framework for driving innovation in renewable energy start-ups.





5. Chapter : 5  Conclusions and Recommendations 

5.1. Introduction

The analysis of innovation in renewable energy start-ups in the UK technology industry provides valuable insights, but it is important to acknowledge certain limitations. These include the need for a more in-depth exploration of the specific challenges and failures within the innovation systems for renewable energy technologies, a more comprehensive assessment of the impact of government policy and legislation on driving innovation, and a detailed examination of the practical challenges associated with research methodologies. Addressing these limitations through more detailed explorations would further enhance the understanding of innovation in the sector.
Based on this analysis, several recommendations for future work can be made, including conducting in-depth analyses of the UK's innovation systems for new and renewable energy technologies, undertaking comprehensive assessments of the impact of government policies and legislation on driving innovation, exploring the potential value of a mixed methods approach for gaining a deeper understanding of the factors that influence innovation, investigating technological advancements and their economic implications, and assessing the UK's preparedness for renewable energy innovations. By addressing these recommendations, a more comprehensive understanding of innovation in renewable energy start-ups and its effectiveness in the UK technology industry can be achieved, leading to informed policy-making, strategic business development, and sustainable energy transitions.
The main risks associated with investing in renewable energy start-ups in the UK technology industry include high failure rates, technological risks, policy and regulatory risks, market and economic risks, and competition and investment attractiveness. These risks highlight the complex and dynamic nature of investing in renewable energy start-ups, emphasizing the need for thorough due diligence, risk assessment, and a deep understanding of the market, technological, and regulatory factors influencing the sector.
The search results provide additional insights into the introduction of renewable energy investments, the rise of renewable energy start-ups, the need for renewable energy investments, and the challenges and opportunities in transitioning to clean energy. The results also discuss the impact of government policies and regulations on driving innovation in the renewable energy sector, the importance of accelerating the transition towards clean and renewable energy, and the dynamic entrepreneurship in the energy sector.
5.2.  Conclusion 

Analysing innovation in renewable energy start-ups in the UK technology industry provides valuable insights. However, it is essential to acknowledge some limitations in the findings. One limitation is the need for a more in-depth exploration of the specific challenges and failures within the innovation systems for renewable energy technologies. While the analysis emphasises the multifaceted nature of the challenges faced by start-ups, a more detailed examination of the specific systemic barriers and failures could provide a deeper understanding of the obstacles to innovation in the sector.
Additionally, the analysis could benefit from a more comprehensive assessment of the impact of government policy and legislation on driving innovation in the renewable energy sector. While the role of government support is highlighted, a more detailed exploration of the effectiveness of specific policy measures and their impact on the innovation landscape would enhance the findings.
Furthermore, the potential value of a mixed methods approach for a deeper understanding of the factors influencing innovation and effectiveness in the renewable energy start-up sector is mentioned. However, the analysis must delve into the specific complexities and challenges associated with this approach, which could limit the practical application of the proposed mixed methods research.
In conclusion, while the analysis provides a comprehensive overview of the various dimensions related to innovation in renewable energy start-ups in the UK technology industry, addressing these limitations through more detailed explorations of systemic barriers, the effectiveness of specific policy measures, and the practical challenges of research methodologies would further enhance the understanding of innovation in the sector.
5.3. Recommendation
Based on the exploration of innovation in renewable energy start-ups and effectiveness in the UK technology industry, the following recommendations for future work can be made:
In-Depth Analysis of Innovation Systems: Conduct a more in-depth analysis of the UK's innovation systems for new and renewable energy technologies, focusing on the drivers, barriers, and systems failures within the sector. This analysis should generate specific and actionable policy recommendations to improve the effectiveness of these innovation systems.
Policy Impact Assessment: Undertake a comprehensive assessment of the impact of government policies and legislation on driving innovation in the renewable energy sector. This assessment should evaluate the effectiveness and influence of specific policy measures on innovation, providing insights for future policy development and implementation.
Mixed Methods Research: Explore the potential value of a mixed methods approach for gaining a deeper understanding of the factors that influence innovation and effectiveness in the renewable energy start-up sector. This exploration should address the complexities and challenges associated with this approach, providing practical guidance for applying mixed methods research in the renewable energy domain (F6S, the leading global startup network., 2023).
Technological Advancements and Economic Implications: Investigate the rapid technological advancements in renewable energy, such as the cost reductions in wind and solar power, and their economic implications for the UK energy landscape. This investigation should focus on the evolving cost dynamics, the potential for innovation-driven cost reductions, and the economic opportunities of renewable energy innovations (Lam., 2017).
Preparedness for Renewable Energy Innovations: Assess the UK's preparedness for renewable energy innovations, considering the management of energy, the economic implications, and the impact of government policies on adopting renewable energy technologies. This assessment should provide a comprehensive understanding of the UK's readiness for the increasing role of renewable energy in the energy landscape (Lam., 2017).
By addressing these recommendations in future research and industry initiatives, a more comprehensive understanding of innovation in renewable energy start-ups and its effectiveness in the UK technology industry can be achieved, leading to informed policy-making, strategic business development, and sustainable energy transitions.

5.4. [bookmark: _Toc155823159] Reflections and Areas for Further Studies 

The main risks associated with investing in renewable energy start-ups in the UK technology industry include:
High Failure Rates: Investing in early-stage start-up companies, including those in the renewable energy sector, is notoriously high risk due to steep failure rates. Many start-ups may fail to succeed, leading to potential financial losses for investors (Bennett et al., 2021).
Technological Risks: Renewable energy projects often rely on technologies that are still in their infancy, have only been tested in controlled environments, or have never been deployed at scale. This introduces technological risks, as the performance and reliability of these technologies in real-world applications may be uncertain (Tahsin et al., 2023).
Policy and Regulatory Risks: Government policies and regulations heavily influence The renewable energy sector. Changes in policies, subsidies, or regulatory frameworks can significantly impact the economic viability of renewable energy projects, leading to investment uncertainty and potential financial impacts (Egli., 2020).
Market and Economic Risks: The renewable energy sector is subject to market and economic risks, including fluctuations in energy prices, supply chain difficulties, inflation, and interest rate changes. These factors can affect renewable energy start-ups' financial performance and attractiveness (UK at risk of lagging behind EU and US in clean energy investment race., 2023).
Competition and Investment Attractiveness: The UK faces increasing competition from other regions, such as the EU and the US, in attracting clean energy investments. This competition can create challenges for the UK in securing the required assets for its clean energy targets, potentially impacting the investment attractiveness of renewable energy start-ups in the country (UK at risk of lagging behind EU and US in clean energy investment race., 2023).
These risks highlight the complex and dynamic nature of investing in renewable energy start-ups, emphasising the need for thorough due diligence, risk assessment, and a deep understanding of the market, technological, and regulatory factors influencing the sector.
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[bookmark: _Toc155823163]Introduction

The United Kingdom is witnessing a transformative shift in its energy landscape, driven by a pressing need for sustainable, low-carbon solutions to combat climate change and reduce dependence on traditional fossil fuels. At the heart of this transformative journey lies the innovative realm of renewable energy start-ups. These enterprises, operating within the dynamic technology sector, are pioneering ground-breaking solutions that harness the power of renewable resources, setting the stage for a cleaner and more sustainable energy future. (Rydin et.al., 2008)
This research will explore the innovation systems approach used to examine UK renewable energy technologies and their effectiveness. According to Lundvall (1992), an innovation system is "the elements and relationships that interact in the production, diffusion, and use of new, and economically useful, knowledge." Innovation is thus seen as a process of matching technical possibilities to market opportunities involving multiple interactions and learning types instead of being categorised as a one-way, linear flow from Research and Development (R&D) to new products (Freeman and Soete, 1997). The Organization for Economic Cooperation and Development (OECD) has advanced and used the idea of national innovation systems extensively (1999, 2002). According to the OECD approach, market transactions, knowledge, and influence between different parties define the innovation process.
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The transition to renewable energy sources is a global imperative, and the United Kingdom has committed itself to ambitious climate goals. In this context, renewable energy start-ups are emerging as pivotal players in achieving these targets. They embody the spirit of entrepreneurship, leveraging advanced technologies, innovative business models, and collaborative approaches to disrupt traditional energy paradigms. As the UK seeks to reduce carbon emissions, enhance energy security, and foster economic. (LaBelle and Horwitch, 2013)
This passage will give a general overview of the innovation systems and issues surrounding different renewable energy technologies in the UK, including biomass, photovoltaics (PV), combined heat and power (CHP), marine (wave and tidal), and offshore wind (Foxon et al. 2005).
As mentioned in the literature, there are some challenges that renewable energy start-ups in the UK technology system face. Complexity, policy exclusion, and commercial risk are some, so exploring renewable energy start-ups' innovation and effectiveness in the UK technology industry is necessary (Foxon. et al., 2005).
As we mentioned earlier, biomass is one of two unique innovation systems focused on fuels for transportation and producing heat and electricity. Though advanced technologies like gasification and pyrolysis are preferred, existing projects still use combustion. Demonstration projects for biomass are essential for commercial viability. Renewable electricity, biomass, and direct solar production are the three categories under which hydrogen from renewable sources can be divided. Although there is a lot of interest, most technology is imported. The other issue is connected with Photovoltaics (PV). Based on various technologies, two areas are considered: "conventional PV" and "novel PV." The UK contributes little to innovation in the global PV market and has a small presence in the supply chain. The third issue in the literature concerns community (large-scale) and micro-CHP (household scale). CHP systems are two different types of combined heat and power systems. Most micro-CHP development occurs abroad, whereas supply chain and system development are involved in community CHP. The market expansion that results in technological advancements and cost reductions is considered to have an adequate global innovation system for onshore wind (Foxon. et al., 2005).
More infrastructure needs to be installed in the UK because development is concentrated in nations with supportive policies. Visual intrusion-related planning objections still need to be resolved. More recent policy changes could rapidly expand the UK's offshore wind industry. In addition to regulatory uncertainties in the energy market, technology risks are higher than onshore. The wave and tidal power technology research and development efforts are bearing fruit, with some devices almost ready for commercial demonstration. Project and technology development is a focus of UK businesses, primarily SME spinouts. IP concerns and funding diversity are obstacles (Foxon. et al., 2005).
In summary, the UK's renewable energy innovation systems are at varying stages of development, each facing its challenges. The level of involvement, technology sources, and policy support vary across different technologies. Additionally, international collaboration and knowledge-sharing play a significant role in advancing these technologies.
[bookmark: _Toc155823165]Research Problem

While renewable energy start-ups in the UK technology industry hold immense promise, their journey is challenging. The path to innovation and success is fraught with uncertainties, regulatory complexities, and the need for sustained financial support. Consequently, a critical research problem emerges: How can the innovative endeavours of renewable energy start-ups in the UK technology industry be harnessed effectively to drive the transition to clean, sustainable energy systems?
To address this research problem, an exploration of these start-ups is essential. By delving into their innovative strategies, technological advancements, and business models, we can gain valuable insights into their contributions to the UK's energy landscape and the obstacles they confront. This research aims to shed light on the dynamic and evolving nature of renewable energy start-ups in the UK's technology industry, ultimately offering a deeper understanding of their role in advancing the nation's sustainable energy goals. (Bennett et al., 2021)

[bookmark: _Toc148647084][bookmark: _Toc155823166]Barriers to Renewable Energy Start-ups in the UK Technology Industry

According to different studies, there are various challenges that innovation systems in renewable energy start-ups in the UK technology industry face. Technologies face challenges such as transitioning from demonstration to pre-commercial stages; policy incentives, like fixed premium tariffs or capital grants, may be needed to bridge this gap, and risks, including technology, market, regulatory, and system risks, hinder large-scale deployment. Policy incentives to improve risk/reward ratios for project developers and investors may be necessary.  Market conditions greatly influence technologies close to commercialisation. A clear long-term market view is crucial for innovation. Also, shared visions for the future of each technology sector may be needed as some of the technologies fail during R&D and demonstration, providing learning opportunities where they need supporting mechanisms to anticipate multiple attempts before success. Evidence from unsuccessful attempts should be shared within reasonable bounds of confidentiality. SMEs need help in patent registration and IPR negotiation. Investing in skills development from R&D to applied engineering is crucial for international competitiveness, and this can be very difficult for SMEs in the renewable technology sector in the UK. (Romijan and Albu, 2001). That's why partnerships between SMEs in the UK and end users are crucial, as they promote innovation and provide a competitive edge. Such partnerships often extend beyond national boundaries. While systemic innovation is essential, many technologies still require further fundamental and applied R&D. Adequate funding, coordination, and industry involvement are necessary for successful R&D in innovative renewable energy start-ups in the UK technology industry. Targeted and unguided research support is crucial for pursuing promising areas of interest. Essential for securing private equity finance. Assistance may be needed for small companies seeking to protect valuable IP. IPR issues should not hinder collaboration with universities (Foxon et al. 2005).

[bookmark: _Toc155823167]Research Aim and Objectives

The study aims to explore innovation in renewable energy start-ups in the UK Technology industry. In some cases, there may be tension between the relative importance of these two objectives.
1. To critically identify the key determinants of innovative practices in renewable energy in the UK technology industry.
2. To critically examine the impact of innovation in renewable start-ups and effectiveness in the UK technology industry.

[bookmark: _Toc155823168]Questions

· Critically identify the determination of innovative practices in renewable energy in the UK Technology industry.


· Critically examine the impact of innovation in renewable start-ups and its effectiveness in the UK technology industry.

[bookmark: _Toc155823169]Preliminary Literature Research 

A framework for analysing innovation systems will be crafted based on a comprehensive review of existing literature on innovation systems (Foxon, 2003), closely aligned with the approach advocated by the OECD/IEA. Each technology sector underwent a succinct assessment covering resource potential, available technology options, and its current technical and market standing. As found in the literature, analysing innovation systems in renewable energy technology sectors is essential as there has yet to be significant research that can provide a deep exploration of innovative renewable energy start-ups in the UK technology industry. Identifies other systemic factors, such as market or policy systems, that either promote or hinder technological innovation in renewable energy start-ups and their effectiveness in the UK technology sector. The framework will describe various renewable energy technology sectors' respective innovation systems. These descriptions include key actors, flows of funding, influence, and knowledge, as well as framework conditions and the position of each technology on its innovation chain (Foxon. et al. 2005). 
Overall, this approach employs general systems theory to better understand innovation systems in renewable energy start-ups, offering insights into the current status of the UK's innovation system in each sector. This method represents a unique contribution to comprehending innovation systems in this context.
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The research philosophy emphasises a systematic and structured approach to reviewing and analysing the secondary literature. It values a rigorous and routine data collection and synthesis process to ensure the reliability and validity of the findings. Critical realism is integrated into the research philosophy, as it recognises that the secondary literature may present not only empirical facts but also interpretations, theories, and conceptual frameworks. The philosophy encourages critical assessment and interpretation of these sources to understand the subject matter better. The research philosophy takes a positivist stance by seeking to identify, analyse, and synthesise objective data and information from existing secondary literature sources. It emphasises the importance of empirical evidence, facts, and observable trends within the renewable energy start-up in the UK technology industry (Saunders. et al. 2015).
In summary, the research philosophy for a literature-based exploration of innovation in renewable energy start-ups is rooted in positivism, systematic review, and critical realism. It aims to provide a comprehensive and objective understanding of the subject, considering historical context, ethical considerations, and interdisciplinary perspectives. It also recognises the potential to contribute by identifying gaps and formulating relevant research questions for future investigation.
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The research approach for this study will use a literature approach, which involves a systematic and structured process for collecting, analysing, and synthesising information from existing sources. The research approach establishes clear criteria for including or excluding sources. These criteria may be based on factors such as publication date, relevance to the research questions, credibility of the source, and the scope of the research. The sources are critically evaluated to assess the literature's quality, credibility, and potential biases. This evaluation helps ensure the research is based on reliable and objective information. The approach may involve qualitative content analysis, thematic analysis, or other relevant analytical methods (Snyder, 2019).
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The research will be a secondary literature review. It involves collecting, analysing, and synthesising existing literature, reports, academic papers, and publications on innovation in renewable energy start-ups in the UK technology industry. The research design includes the synthesis of findings from the secondary literature. This synthesis aims to provide an overarching understanding of the subject matter, integrating insights from various sources. The sources are critically evaluated to assess the literature's quality, credibility, and potential biases. This evaluation ensures that the research is based on reliable and objective information.

[bookmark: _Toc148647092][bookmark: _Toc155823174]Research Strategy

The research strategy will provide a systematic, rigorous, and structured approach to exploring innovation in renewable energy start-ups in the UK technology industry through the analysis of secondary literature. It outlines how the research will be conducted, the methods used, and the specific steps to achieve the objectives. Clearly define the scope and objectives of the research. Specify the research questions and key themes that the research aims to explore in the context of innovation in renewable energy start-ups in the UK technology industry. Plan the synthesis of findings from the secondary literature. Develop a systematic method for organising and presenting the information, including categorising themes, identifying trends, and drawing connections between sources (Xiao and Watson,2019).

[bookmark: _Toc148647093][bookmark: _Toc155823175]Data Collection and Sampling

The data collection method in this research will primarily focus on the systematic retrieval and organisation of information from secondary literature based on 45 articles. Following a structured approach, the researcher can ensure that the data collected is relevant, reliable, and supports the research's objectives and questions. The collected data will subsequently be analysed and synthesised to understand the subject matter comprehensively for innovative renewable energy start-ups in The UK technology industry.

[bookmark: _Toc148647094][bookmark: _Toc155823176]Research Ethics

The goal of research ethics is to ensure that research is done correctly. Researchers must ensure that they adhere to ethical standards throughout their research. Ethics in research is based on concerns like respect for participants, informed consent, upholding privacy and confidentiality, minimising harm, and being open and honest about the research process. These problems, however, are unique to primary research, so the current, which uses a secondary research approach, does not take them into account.  Data management, protection, and security concerns are pertinent for secondary research. In this instance, the research will adhere to all university policies and regulations, improving the evaluation process's value. Additionally, issues like avoiding plagiarism, properly crediting sources, upholding intellectual property rights, respecting copyright, and selecting reliable sources will be addressed (Resnik, (2015).
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To mitigate these risks, researchers should conduct thorough literature searches, critically evaluate the quality of sources, transparently report the limitations of the research, and consider triangulating findings from multiple sources to enhance credibility. Moreover, the accuracy and credibility of the secondary literature sources can vary. There is a risk of relying on sources containing inaccuracies, outdated information, or biased perspectives. Researchers need to evaluate the quality and trustworthiness of their sources critically. Additionally, adherence to ethical standards and data collection and analysis transparency can help address some risks associated with secondary literature research (Reed. et.al.,(2021).
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