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[bookmark: _Toc148647081]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.
[bookmark: _Toc148647082]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).
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: _Toc148647083]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]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: _Toc148647085]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: _Toc148647086]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: _Toc148647087]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.
[bookmark: _Toc148647090]Research Approach

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]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]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]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).

[bookmark: _Toc148647095]Risks

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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11 Identify Themes, debates, and Gaps
12 Evaluate Sources
13 Chapter 3: Methodology
14 Research Ethical Approval
15 Data Collection
16 Data Analysis
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18 Chapter 4: Research Findings
19 Accumulating and Defining Clear Goals 
20 Comprehending Mistakes and Analyzing Relevant Themes 
21 Chapter 5: Deliberation 
22 Theme Analysis
23 Identifying Areas for Improvement 
24 Chapter 6: Concluding Remarks and Recommendations 
25 Reiterating the Thesis 
26 Implementing an Effective Business Plan
27 Recommendations for Enhanced Development
28 Finalizing the Document for Submission
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