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Abstract 

In England, renewable energy targets are set to achieve net-zero greenhouse gas emissions. Despite progress in reducing carbon emissions, small-scale hydropower, an environmentally friendly energy option, remains underutilised. This article explores the barriers hindering the development of small-scale hydropower schemes in England. Firstly, institutional challenges arise from conflicting interests between renewable energy development and environmental preservation. Secondly, policy shortcomings present substantial obstacles. The introduction of the Smart Export Guarantee (SEG) failed to support small-scale hydropower, leading to its marginalisation. Financial barriers further impede progress, as private investors view hydropower as risky and costly. Long payback periods and increased permit fees challenge project feasibility, discouraging investment. Meanwhile, public funding remains limited, exacerbating financial constraints. Environmental concerns also pose challenges, with stakeholders wary of potential ecosystem disruptions. Despite technological advancements in mitigating impacts, regulatory requirements demand costly infrastructure and prolonged assessments, further delaying projects. This study underscores the multifaceted challenges hindering small-scale hydropower development in England. Addressing these barriers requires integrating institutional reforms, supportive policies, improved financing mechanisms, and sustainable environmental practices. By overcoming these obstacles, England can unlock the full potential of small-scale hydropower, advancing its renewable energy agenda and contributing to global climate resilience.

Highlights: 

· Small-scale hydropower is underutilised in England.
· Hydropower provides benefits outside of energy production.
· The hydropower sector in England faces a variety of challenges.
· Addressing those barriers may unlock the full potential of hydropower in England. 
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1. Introduction 

As a result of economic and population growth, climate change continues to threaten societies with floods, heat stress, sea level rises and more. To mitigate the impact caused by those factors, countries around the globe have implemented net zero targets for greenhouse gas emissions (Dallison & Patil, 2023a; Leigh et al., 2007; Ueda et al., 2019). From 1990 to 2023, the closure of coal-fired power plants, an increase in investments in renewable energy sources and technological improvements lead to a reduction of emissions by 78.4 percent in the UK (Department for Energy Security and Net Zero, 2024a). Low-carbon renewable energy systems have been extensively explored as a means of decreasing and/or eliminating the dependence on non-sustainable energy sources such as coal and oil and gases (Leigh et al., 2007; Ueda et al., 2019). 

Amongst the renewable energy systems explored is small-scale hydropower, one of the most mature sources of energy available, with durable systems that can last longer than 50 years with minimal maintenance needed and low operational cost when compared with other energy sources (Department for Energy Security and Net Zero, 2024b; Manzano-Agugliaro et al., 2017; Paish, 2002; Ueda et al., 2019). The natural flow of river water has been used by humans for many years as a way to produce energy for industrial usage and irrigation. Water has been a clean source of energy for many decades. In the present day, many communities support small-scale hydropower systems and believe it is an essential technology to provide electrification in rural areas around the world (Bracken et al., 2014). The use of hydropower leads to improvements in the quality of life in some communities by promoting sustainable development and economic growth (Mishra et al., 2011). Moreover, hydropower is a source of energy that can aid the achievement of net-zero goals (British Hydropower Association, 2024a; Kennedy et al., 2024; Slee et al., 2011). 

To date, there is no existing international agreement on how to define hydropower schemes based on their generation capacity, as different countries and organisations have different limitations for small-scale hydropower projects (Gemechu & Kumar, 2022). For England, hydropower schemes are broadly classified in accordance with all UK nations, as seen in table 1 (British Hydropower Association, 2024b; Kennedy et al., 2024). Those developments can then be divided into two categories: impoundment schemes, which entail the construction of major dams, and run-of-river (RoR) sites, which require little to no infrastructure for water storage (Sample et al., 2015). 

Table 1. Classification of hydropower schemes based on their installed capacity (British Hydropower Association, 2024b; Kennedy et al., 2024).

	Micro 
	<100 kW

	Small 
	100 kW to 5 MW

	Large 
	>5 MW


The majority of those hydropower schemes are RoR. Due to their nature and the limited civil work needed, RoR schemes have low negative environmental impacts (Gemechu & Kumar, 2022; Paish, 2002). Given the maturity of hydropower technology and its generally lower intermittency compared to other alternative energy sources like wind, investments in the technology can lead to improvements, which in turn might contribute to achieving more generation using renewable energy sources (Sample et al., 2015).
By the end of 2023, the total electricity production in the UK was 292.7 TWh. Renewable energy sources contributed 46.4 percent (135.8 TWh). Hydropower contributed just 1.9 percent (5.5 TWh), substantially a low share (Department for Energy Security and Net Zero, 2024b). However, even though its contributions are minimal compared to those of other renewable energy sources like solar and wind power, hydropower plays an important role in maintaining the energy system’s resilience (Dallison & Patil, 2023b). The majority of the existing hydropower schemes in the UK are based in Scotland (figure 1) due to the favourable topography and climate in the region (Kennedy et al., 2024). Wilson et al. (2022) report that the hydropower generated capacity in the UK is held by Scotland at 89 percent followed by England at 9 percent and Wales at 2 percent. Besides the topographical and hydrological regime in each nation, this notable difference in generation could be a result of the range of rules and regulations needed to deploy a hydropower scheme depending on the nation. Within the UK, the licensing process is different depending on the nation and environmental organisation that governs them (Dallison & Patil, 2023b).
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Figure 1. Location of onshore hydropower schemes within the UK (Kennedy et al., 2024).
	Research conducted by Minting (2021) defends that hydropower could be used to generate the majority of the electrical power needed by some businesses, communities, and community facilities, as well as help with progress in reaching carbon neutrality. Nonetheless, environmental organisations in the UK still consider hydropower as a problematic technology because of the effects it might have on rivers and their ecosystems  (Bracken et al., 2014). Environmental organisations’ views on hydropower can be stricter and more complex in some nations than others, causing a disparity in the amount of deployed hydropower projects. Minting (2021) also reports that while there is vast potential for the deployment of small hydroelectric facilities, the implementation of small-scale hydropower schemes in England encounters a series of barriers that result in developers needing to overcome demanding and lengthy objections to obtain the relevant approval from environmental organisations and landowners. 

	These barriers are reflected in the low contribution that hydropower has to the UK grid despite the benefits the technology presents. It is, therefore, essential to identify what challenges small-scale hydropower schemes experience and the possible impact those challenges cause. Dallison & Patil (2023a) investigate how the conditions of abstraction licence grants vary across the UK nations and the effects it has on power generation. The analysis discovered that there is currently little explanation or reason provided for the levels at which the relevant environmental agencies have established these standard abstraction licence criteria, which have the potential to harm electricity generation. Although this is a UK-wide issue, and benefits  schemes face in England. Each nation needs to be studied independently to then gain an understanding and comparison among the four, especially as Scotland currently generates the majority of the UK's hydropower while England is lagging. 

	A notable limitation of this study is the difficulty in finding scientific research articles specifically focused on hydropower in England. The majority of the existing literature addresses hydropower within the UK as a whole or solely within Scotland, resulting in an insufficiency of literature dedicated entirely to England. This factor potentially impacts the findings and recommendations of this research.

2. Methodology
This research utilised a multifaceted approach to investigate the barriers confronting the small-scale hydropower sector in England. The methodology involved both qualitative analysis and stakeholder engagement to comprehensively understand the challenges faced by the sector.

2.1. Qualitative Analysis
The study began with a qualitative analysis of discussions from the Community Hydro Forum organised by the British Hydropower Association in April 2023. The forum discussed hydropower-related issues, such as business rates, succession planning, operational issues, power purchase agreements, insurance, rural grids and the net zero transition. The forum provided a platform for stakeholders, including project managers, engineers, and community members, to share their experiences and concerns regarding hydropower projects. The analysis of these discussions helped identify key challenges the sector faces, with a particular focus on financial constraints. The qualitative analysis was conducted through the following steps:

2.1.1. Thematic Analysis: A deductive approach was employed to examine pre-identified themes based on the discussions in the forum and existing literature. The analysis focuses on four themes that the existing literature suggests are the key barriers and serve as the framework for organising the discussions:
· Institutional Barriers: controversies between organisations, licences and permits for hydropower projects, centralised larger scale projects
· Policy Barriers: insufficient policy support and economic incentives, 
· Financial Barriers: long-term loans, payback periods, high capital cost, licencing permit cost 
· Environmental Barriers: Impacts on ecosystems, quality of river water, fish safety
2.1.2. Stakeholder Engagement: To supplement the findings from the qualitative analysis, the study directly engaged representatives from the Environment Agency (EA). A series of meetings were held to gain deeper insights into the regulatory environment and the EA's perspective on small-scale hydropower projects. The discussions with EA representatives were structured around the following topics: 
· Regulatory Requirements: The study explored the EA's requirements for hydropower projects, including the necessity of notifying the agency about any proposed changes to a site, even after licenses have been granted. The need for a pre-application process for turbine types was also discussed, emphasising that this process involves a non-refundable fee with no guarantee of approval.
· Support for Carbon Reduction: The EA’s support for initiatives aimed at reducing carbon emissions was highlighted, particularly in the context of replacing diesel generators in economically disadvantaged communities. The discussions underscored the EA's recognition of hydropower's potential to contribute to England’s carbon reduction goals, albeit within the constraints of existing regulatory frameworks.

3. Discussion 

3.1.  The potential for hydropower in England

	In September 2024, England experienced 133 mm of rain. During that period, rainfall was above average for the majority of hydrological areas in the country. Rainfall was categorised as normal in north-west England, above normal in north-east, while the south-west and east regions of England experienced especially high levels. The Cotswold East catchment in south-east England was the wettest hydrological area in comparison to the long-term average (Environment Agency, 2024). On average, rainfall occurs more frequently at the beginning and end of the year, that is, autumn and winter (Salas, 2023). As temperature drops, households and businesses rely on heating systems to keep warm. This is the period when demand for energy peaks in the country (Gavin, 2014). This combination of factors makes hydropower an ideal solution for electricity generation (Leigh et al., 2007). This is especially true in winter when the potential for hydropower generation is greatest and the generation of technologies like solar may decline (Dallison & Patil, 2023b). However, the ability of hydropower to generate throughout the winter is not valued by the current market (British Hydropower Association, 2024a).
	
	An analysis of hydraulic heads and water flow available in UK rivers has revealed the potential for micro-hydro schemes. According to the study, in 2014, there were 26,000 potential sites in England and Wales, with an additional 13,000 in Scotland. These sites have been considered both practically and technically feasible for the implementation of micro-hydro schemes, making them a capable option for renewable energy production (Bracken et al., 2014). Despite that potential, the number of operational micro-hydro sites in the UK remains relatively low, with 1657 currently in operation (British Hydropower Association, 2024b), with the majority of those being in Scotland - as previously mentioned - despite England and Wales presenting more potential sites. The discrepancy between feasible and operational sites has had a notable impact on the overall contribution of hydropower to the UK electricity grid. This is in contrast to other renewable energy sources, such as solar and wind, which have seen a more substantial increase in their deployment in recent years, even though they are more intermittent than hydropower (Eveleigh, 2023). Such deployment has caused small-scale hydropower to lose its favour because the national grid introduced the idea of affordable and convenient electricity at the “flick of a switch”, but the technology may see a better future because of climate change and a worsening energy crisis as reported by (Eveleigh, 2023). 

In recent years, the three constituents of the energy trilemma, namely security, sustainability, and affordability, have been in constant competition for priority. This competition has been driven by an increase in the global wholesale price for gas, which has put pressure on the affordability of energy sources (Forrester, 2022). Affordable and sustainable energy sources were in the lead. However, since the beginning of the war in Ukraine, the energy industry became more vulnerable, and energy security has, therefore, been made a priority again (Engel, 2023). In light of the growing concern for the environment and the need for sustainable energy sources, it is crucial to recognise and utilise the available potential of hydropower. Hydropower systems have several advantages that make them an ideal source for energy generation. Firstly, they have low operational costs, making them economically viable in the long run. Additionally, hydropower systems have a minimal negative impact on the environment compared to other energy sources (Manzano-Agugliaro et al., 2017).

3.2. Barriers faced by small-scale hydropower in England 

There are numerous rivers and tributaries in North Yorkshire that could be utilised to provide small-scale hydroelectric power, according to Minting (2021). These rivers and tributaries have the potential to harness the power of flowing water and generate renewable energy. However, the small-scale hydropower sector in England faces various barriers that hinder its further deployment. These barriers are imposed by a combination of factors discussed below:
3.2.1. Institutional 

The renewable energy production options under discussion and development in England are frequently subject to many conflicting constraints between different organisations. Domestic renewable and low-carbon energy generation is receiving more attention as a result of growing political pressure to cut carbon emissions in line with the UK targets for net zero, in addition to increasing prices for fossil fuels. There is an increased necessity for rural communities to adopt a more sustainable and localised energy generation approach to support their economic developments instead of relying on mostly centralised energy sources. Simultaneously, organisations with a focus on saving endangered habitats, maintaining biodiversity, and retaining cultural landscapes have become more politically powerful, adding to the push to alter rural policy (Slee et al., 2011). This controversy between different organisations presents challenges that prevent a greater deployment of renewable energy systems, in particular small-scale hydropower (Mirzania, 2019). A substantial proportion of the companies with an interest in further developing renewable energy are small to medium-sized and face major barriers imposed by institutional and planning procedures (ESHA, 2004).   

The process of deploying a hydropower scheme entails investors applying for a range of licences and permits that are associated with investment location, land development and environment (Kałuża et al., 2022). Delays in being granted permission may also result from complex environmental issues, imprecise information, lack of experience, and human limitations in licencing authorities (IRENA, 2023). Often, communities and small-scale hydropower investors based in England need to overcome major obstacles, such as complex negotiations, before securing the necessary permission from agencies and landowners (Minting, 2021). It has always been necessary to gain permission to abstract water from rivers and to use land. However, in recent years, developers are also expected to invest in comprehensive analyses and costly infrastructure to ensure that the proposal does not affect fishing, counter-argue with leisure activities that are based in rivers as well as prove that the flora and fauna will not be negatively impacted, and neither will the riverbed and banks. That results in a continuous increase in the barriers imposed by institutions (Paish, 2002).

Some small-scale hydropower projects might face extra barriers in England, as institutions often favour the expansion of centralised projects of larger scale instead of the more localised and modest initiatives (Mirzania et al., 2019). Koirala et al. (2016) defend that the barriers small-scale renewable energy systems face in various stages, such as design, planning, deployment, and operation, could be overcome by establishing appropriate governing institutions that understand the contribution small-scale energy projects have in achieving a future with low carbon energy. The continuous focus on prioritising larger-scale and centralised energy sources has been making it challenging for decentralised energy sources, including small-scale hydropower, to secure the licencing and regulations needed (Bere et al., 2013).  


3.2.2. Policy and economic incentives
The insufficiency of policy support from government organisations presents small-scale hydropower schemes a notable barrier. In the past, renewable energy producers, including small-scale hydropower, were motivated to benefit from government policies such as feed-in tariff (FiT), which was a policy scheme that paid producers of renewable energy for the energy they generated   (Dub, 2010; Eveleigh, 2023). The policy was introduced in the beginning of 2010, offering hydropower schemes approximately 20p for each kilowatt hour produced with a 20-year commitment to pay the subsidies. This suggested that a hydropower scheme of a medium size with capital costs of between £100,000 and £150,000 and enough electricity to power around 32 households could be eligible for annual subsidies of about £25,000 (Dub, 2010).
The use of small-scale RoR hydropower grew in popularity following the FiT as the scheme guaranteed minimum sales prices for the electricity generated, thereby encouraging the development of small-scale renewable energy projects (Sample et al., 2015). Conversely, though, since introducing FiT, the UK government has continuously and greatly reduced its support for the policy by making it near impossible for new projects to benefit from the scheme. This affected hydropower projects in all nations, including England.  In 2012 and 2016, existing schemes faced major reductions in the payment rates. This reduction had a pronounced adverse impact on renewable energy systems. As a result, in 2014 and 2015, many small-scale hydropower schemes failed to have their water extraction licence approved as a consequence of the continuous degression in FiT  (Mirzania et al., 2019), making it more challenging for new developers to find funding or any other type of financial incentive for their projects  (Eveleigh, 2023; Mirzania et al., 2019). 
The introduction of FiT motivated micro-hydro producers to apply for support. After the establishment of the scheme, micro-hydro projects have been the subject of growing attention as applications in 2009 increased from about ten to more than eighty  (Dub, 2010).  From there, the number of applications continued to fluctuate and reached its peak in 2013 (figure 3). Although the scheme saw a rise in popularity until its final weeks, it was facing funding restrictions that drove the reduction in rates and, therefore, became less and less attractive to consumers (George, 2020). Small-scale hydro projects that had just been established before the FiT decrease failed to finish project installations because of cost and time limits. Periodic degression lowered the FiT generation payout for hydro schemes producing less than 500 kW, leading to general financial concerns. Additionally, community energy organisations, including small-scale hydropower, lacked the professional staff and experience necessary to manage such an unpredictable institutional framework (Mirzania et al., 2019).  
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Figure 2. Representation of the FiT for hydro from 2010 to 2015 for schemes producing up to 100 kW ((Micro Hydro Association, n.d).
At the end of year 12 of FiT, a total of 869,956 installations were registered, with an overall installed capacity of 6.46 GW. 98.92 per cent of the installations were by solar photovoltaic. The remaining 1.08 percent was disturbed across wind, anaerobic digestion, micro combined heat and power and hydro, with a total of 1239 accredited installations (Ofgem, 2022). 

Following the closure of the FiT scheme, the government introduced the Smart Export Guarantee (SEG) in January 2020, which is a scheme that allows small-scale generators to be paid for the low-carbon energy they produce and export back to the national grid, aiding the deployment of low carbon energy sources as well as transition towards net-zero.  SEG payments are made by energy suppliers instead of the central government (George, 2020). The SEG is a direct replacement for the FiT and supports small-scale, low-carbon energy technologies, including hydropower, solar, wind and more. To qualify for the scheme, hydropower generation must not exceed 5MW. The payment rates vary between different electricity suppliers. It ranges from 2p/kWh to 5.6p/kWh, with payment frequencies ranging from 3 to 12 months  (Dong et al., 2020; Folk, 2023). 

As is evident, the scheme does not have a stipulated minimum tariff rate nor a minimum contract length, as those variables change depending on supply and demand. All suppliers are asked for is to provide payments of a value greater than zero for the duration of the export, making it a “free-for-all” market. However, specialist authorities defend that a minimum contract length of five or ten years would benefit generators by providing them with some financial projection and security that the SEG scheme is lacking in delivering (Gordon, 2019). 

During the third operational year of SEG, a total of 92,946 installations were registered with an overall installed capacity of 495,981 kW, 99.9 percent of those installations were solar PV. The remaining amount was shared between 23 installations of micro combined heat and power and seven for wind. No installations for hydropower were recorded. This could be because, to qualify for SEG payments, hydropower schemes have to generate more than 50 kW (Folk, 2023). During that year, the average tariff rates ranged from a minimum of 1p/kWh to 22.98p/kWh with a recorded average of 8.77p/kWh (Ofgem, 2023).

As apparent, FiT and SEG predominantly supported solar leaving the other renewable energy sources, including hydro, struggling to find a policy that supported the technology. Due to financial constraints and timing constraints, small-scale hydro schemes that had just been established before the FiT reduction and pre-accreditation removal were unable to finish project installations (Mirzania et al., 2019). It is challenging for hydropower projects to create a viable business case within an investor-acceptable payback period since wholesale energy prices are set by the erratic global fossil fuel market (British Hydropower Association, 2024a).

3.2.3. Financial 

The financing and construction of energy sources were, for a long time managed by the public sector. However, as a result of many countries having a more open market for power generation, private ownership and investments in energy sources have increased (Bere et al., 2013; Jenssen et al., 2000). Because hydropower financing requires long-term loans, it is less appealing to private investors than other projects with shorter terms. Hydropower also typically has a high construction risk. Projects with a higher risk can be developed and funded as public-private partnerships, but they may require public funding because they are less appealing to private investors (IRENA, 2023).

The main driver for many micro hydro schemes has been a satisfactory payback period (Gallagher et al., 2015). Using a payback period - which is often the financial assessment method chosen by investors - is not always viable as the method ignores a range of important variables that show the real flow of cash of an investment. Harvey (1993) argues that investors see micro hydro schemes as a risky and expensive technology. That presents micro hydro schemes difficulties in securing funding, as investors often require to be convinced at early stages that their investments are safe and that they will return financially viable results. 

Small-scale hydropower projects are typically more difficult to finance than larger scale as they often have features that result in them being less profitable (Jenssen et al., 2000). Although it is known that the most expensive components of a micro hydropower scheme are the turbine and the generator and that their cost can be predicted according to the specific flow conditions of a site (Gallagher et al., 2015), the cost of the components needed for a hydropower project does not change in proportion to the size of the project. This results in small-scale hydropower projects having small revenue and being less capable of reacting to unexpected expenses making small-scale projects more financially sensitive than larger projects. Securing funding from governmental organisations and agencies has been becoming more difficult. Therefore, loans and investments from the private sector are more and more important for the financial stability of hydropower projects (Jenssen et al., 2000).

A publication by IRENA (2012) recognises the high capital cost hydropower has but also highlights the long lifetime, and low operational and maintenance cost when compared to other sources of energy and that makes hydropower a mature and low-cost technology. Nonetheless, in recent years micro hydro schemes in England have faced an extra financial challenge and a possible closure due to the EA’s increase in permit prices. Depending on the scope of the project, fees have increased by up to nine times, from £1,500 to more than £13,000. Although the equivalent organisations in Scotland and Wales have not raised their charges. The EA claims that the increase is to justify the amount of work they must put in to process the applications. According to the EA, this increase is also necessary to address the growing demands placed on water resources as well as a desire to invest in more environmentally friendly methods of using them. Nonetheless, organisations that have closely worked with the EA for over 15 years claim that they cannot find any possible justification for that increase (Eveleigh, 2023; Gatten, 2022). The EA recognises that this will negatively impact small-scale hydropower schemes as their own evaluation of the price increase shows that it could endanger small hydropower projects that would not be able to raise the additional funding (Gatten, 2022). Regardless of recognising the negative impact this increase causes; the EA seems to have decided to move forward with it. 

The small-scale hydropower sector is characterised by the engagement and motivation of a small number of individuals who are motivated by social and environmental concerns around the generation of energy instead of maximisation of profits from their investments (Bere et al., 2013).
For historically important  sites such as weirs and watermills, the non-energy benefit costs of many hydropower projects may outweigh the energy produced. Among the most non-energy benefits of micro hydropower are the provision of recreational facilities, the advancement of heritage values, and an overall enhancement of the environment. Other renewable energy sources, like wind, are dissimilar because aside from producing power, they hardly ever have any direct or indirect macroeconomic effects (Punys et al., 2019). Hydropower projects are often assessed solely on their ability to produce energy, ignoring additional advantages such as enhanced grid flexibility and dependability, heightened resistance to floods and droughts, and numerous other hard-to-quantify socio-economic benefits. Therefore, it is essential to consider the difference between financial and economic viability since the value of a hydropower plant cannot fully be expressed in monetary terms (IRENA, 2023).

The removal of FiT pre-accreditations presented a financial risk to hydropower schemes as many of them were denied grid connection. Hydro projects were particularly affected by the elimination of FiT pre-accreditation because they are usually constructed over two to five years, making them susceptible to changes that could impair their financial sustainability during that time (Mirzania et al., 2019).

3.2.4. Environmental 

Since micro-hydro does not considerably alter river flows and does not emit CO2 during its operational life, it has been proposed that micro-hydro is among the most environmentally friendly energy conversion technologies available (Mishra et al., 2011). Therefore, when it comes to environmental concerns with the technology, the focus lies on the effects it has on the quality of river water, the fauna and flora, the air, the biological equilibrium of the area and so on  (ESHA, 2004). Hydropower still has a reputation for being less sustainable than many other renewable energy technologies, despite various advancements in sustainability over the last few decades. This is mostly because poorly planned and/or managed hydropower projects can have disastrous results; on the other hand, well-planned and managed hydropower projects can reduce environmental effects while providing socio-economic benefits (IRENA, 2023). However, environmental professionals continue to view micro-hydro power as a modern concern because of the potential for technological application to change river flows and fragment channels, so transforming rivers and their ecosystems (Bracken et al., 2013).

As a result, hydro schemes have to invest in comprehensive and costly infrastructure to prevent negative effects on fish, as well as to overcome challenges to show demanding organisations that riverbeds and banks, fauna and flora and land drainage will not suffer any negative impacts (Paish, 2002). This is a consequence of the concern environmental regulators often have with how fish will safely live and migrate up and downstream in rivers with the presence of hydropower machinery even though it has been well documented that hydro schemes can be installed in places in ways that fish can pass through turbines without suffering any harm (Simmons & Lubitz, 2021). Those barriers add extra cost to projects and delay the starting time which sacrifices the feasibility of them (Paish, 2002).
Although there are signs that a micro-hydro system may have sub-lethal consequences in fish, even if the animal may not be killed (Bracken et al., 2013), it is essential to note that Archimedean screw turbines are seen as fish friendly. However, the most suitable sites for this type of turbine are those with low head and moderate flow rates (Simmons & Lubitz, 2021). Studies have shown that young salmon and eels were able to pass through the turbine with low mortality rates because the leading edges of the screw blades are often covered with bumpers made of rubber. Moreover, the injury that some fish faced was minor and with fast recovery rates as they were not disoriented (Fishtek Consulting, 2008; Simmons & Lubitz, 2021).
4. Conclusion

In conclusion, the pursuit of small-scale hydropower in England represents both an opportunity and a challenge in the transition towards renewable energy. Despite its potential to provide sustainable energy, create jobs, and contribute to rural development, small-scale hydropower faces various barriers. Institutional hurdles, stemming from conflicting interests between environmental conservation and energy development, pose a formidable challenge. The complex regulatory landscape, coupled with lengthy approval processes and the involvement of multiple stakeholders, hampers the implementation of hydropower schemes. Additionally, policy support, once robust through initiatives like the Feed-in Tariff, has waned, leaving small-scale hydropower projects financially vulnerable. Financial constraints further compound the challenges, with long-term financing and high construction risks deterring private investment. Moreover, fluctuations in government support schemes have left developers grappling with uncertainty, hindering the viability of hydropower projects. Environmental concerns, while valid, must also be addressed pragmatically. While hydropower offers a relatively clean energy option, poorly planned projects can have adverse effects on river ecosystems. Balancing the need for sustainable energy with environmental preservation requires careful planning and investment in mitigation measures. Despite these challenges, small-scale hydropower holds immense promise. Its potential to provide reliable, low-cost energy, especially in rural areas, aligns with the goals of sustainability and carbon neutrality. By addressing the barriers outlined in this study through coordinated efforts between government, industry, and environmental stakeholders, England can unlock the full potential of small-scale hydropower and accelerate its transition to a renewable energy future. The focus of this paper was limited to the analysis of barriers hydropower schemes face in England, further studies analysing the same issues in other UK nations are needed in order to compare those against each other. 


Acknowledgements 

This research is funded by the EPSRC CDT in Mechanical Engineering.  















References
Bere, J., Jones, C., & Jones, S. (2013). The economic and social impact of small and community hydro in wales. (). https://www.deg.wales/wp-content/uploads/2015/09/ImpactofSmallandCommunityHydroinWales.pdf
Bracken, L., Bulkeley, H., & Maynard, C. (2014). Micro-hydro power in the UK: The role of communities in an emerging energy resource. Energy Policy, 68, 92–101. https://10.1016/j.enpol.2013.12.046
Bracken, L., Button, C., Bulkeley, H., & Stang, V. (2013). A socio-cultural appraisal of developing micro-hydro power generation at the fulling mill
British Hydropower Association. (2024a, Hydropower in the UK. https://british-hydro.org/hydropower-in-the-uk/
British Hydropower Association. (2024b, )). Types of hydropower. https://british-hydro.org/types-of-hydro/
Dallison, R. J. H., & Patil, S. D. (2023a). Run-of-river hydropower in the UK and ireland: The case for abstraction licences based on future flows. Environmental Research, Infrastructure and Sustainability : ERIS, 3(4), 45005. https://10.1088/2634-4505/ad064c
Dallison, R. J. H., & Patil, S. D. (2023b). Impact of climate change on hydropower potential in the UK and ireland. Renewable Energy, 207, 611–628. https://10.1016/j.renene.2023.03.021
Department for Energy Security and Net Zero. (2024a). 2023 UK greenhouse gas emissions, provisional figures. (). https://assets.publishing.service.gov.uk/media/6604460f91a320001a82b0fd/uk-greenhouse-gas-emissions-provisional-figures-statistical-release-2023.pdf
Department for Energy Security and Net Zero. (2024b). Digest of UK energy statistics
annual data for UK, 2023 . (). https://assets.publishing.service.gov.uk/media/66a7e14da3c2a28abb50d922/DUKES_2024_Chapters_1-7.pdf
Dong, S., Kremers, E., Brucoli, M., Rothman, R., & Brown, S. (2020). Improving the feasibility of household and community energy storage: A techno-enviro-economic study for the UK. Renewable and Sustainable Energy Reviews, 131, 110009. https://10.1016/j.rser.2020.110009
Dub, S. (2010, ). Hydropower offers 'win-win' if done sustainably, says agency. Western Mail https://www.proquest.com/newspapers/hydropower-offers-win-if-done-sustainably-says/docview/250016540/se-2?accountid=11526
Engel, D. (2023, Mar 24,). The trilemma facing the energy industry and how it's dealing with it . https://www.weforum.org/agenda/2023/03/the-trilemma-facing-the-energy-industry/
Environment Agency. (2024). Monthly water situation report: England. (). https://assets.publishing.service.gov.uk/media/6707cd4c30536cb927482f9e/Water_situation_report_for_England_September_2024.pdf
ESHA. (2004). Guide on how to develop a small hydropower plant. (). https://skat.ch/wp-content/uploads/2017/03/Layman-2004-Part_2.pdf
Eveleigh, R. (2023, Feb 27,). Why britain’s rivers could be one solution to the energy crisis. https://www.positive.news/society/why-britains-rivers-could-be-one-solution-to-the-energy-crisis/
Fishtek Consulting. (2008). Archimedes screw turbine fisheries assessment.
phase II: Eels and kelts. (). https://webfileservice.nve.no/API/PublishedFiles/Download/201504774/2788861
Folk, E. (2023, Nov 14,). Smart export guarantee. https://www.greenmatch.co.uk/green-energy/grants/smart-export-guarantee#hydropower
Gallagher, J., Styles, D., McNabola, A., & Williams, A. P. (2015). Current and future environmental balance of small-scale run-of-river hydropower. Environmental Science & Technology, 49(10), 6344–6351. https://10.1021/acs.est.5b00716
Gatten, E. (2022, ). Community hydropower schemes face being shut down by new £13,000 licensing costs. Telegraph.Co.Uk https://go.exlibris.link/5NWJQksW
Gavin, C. (2014). Seasonal variations in electricity demand . (). https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/295225/Seasonal_variations_in_electricity_demand.pdf
Gemechu, E., & Kumar, A. (2022). A review of how life cycle assessment has been used to assess the environmental impacts of hydropower energy. Renewable & Sustainable Energy Reviews, 167, 112684. https://10.1016/j.rser.2022.112684
George, S. (2020, Mar 31,). One year on: How has the solar feed-in-tariff closure impacted renewables in the UK? https://www.edie.net/one-year-on-how-has-the-solar-feed-in-tariff-closure-impacted-renewables-in-the-uk/
Gordon, F. (2019). Will the smart export guarantee be enough?: The new smart export guarantee will force all suppliers to offer at least one export tariff. tom grimwood asks whether it will be enough to ensure a bright future for small-scale renewables? Utility Week, , 14. 
Harvey, A. (1993). Micro-hydro design manual: A guide to small-scale water power schemes. Intermediate Technology Publications. 
IRENA. (2012). RENEWABLE ENERGY TECHNOLOGIES: COST ANALYSIS SERIES: Hydropower. (). https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2012/RE_Technologies_Cost_Analysis-HYDROPOWER.pdf
IRENA. (2023). Changing role of hydro power: Challenges and opportunities. International Renewable Energy Agency IRENA. 
Jenssen, L., Gjermundsen, T., & Trondheim, G. (2000). Financing of small-scale hydropower
projects . (). https://www.ieahydro.org/media/cf7bd79f/Financing%20of%20Small-hydro%20Projects.pdf
Kałuża, T., Hämmerling, M., Zawadzki, P., Czekała, W., Kasperek, R., Sojka, M., Mokwa, M., Ptak, M., Szkudlarek, A., Czechlowski, M., & Dach, J. (2022). The hydropower sector in poland: Barriers and the outlook for the future. Renewable and Sustainable Energy Reviews, 163, 112500. https://10.1016/j.rser.2022.112500
Kennedy, C., Bertram, D., & White, C. J. (2024). Reviewing the UK's exploited hydropower resource (onshore and offshore). Renewable and Sustainable Energy Reviews, 189, 113966. https://10.1016/j.rser.2023.113966
Koirala, B. P., Koliou, E., Friege, J., Hakvoort, R. A., & Herder, P. M. (2016). Energetic communities for community energy: A review of key issues and trends shaping integrated community energy systems. Renewable and Sustainable Energy Reviews, 56, 722–744. https://10.1016/j.rser.2015.11.080
Leigh, P., Aggidis, G., & Howard, D. (2007). Investigation of barriers against the development of hydro power schemes in northwest england
Manzano-Agugliaro, F., Taher, M., Zapata-Sierra, A., Juaidi, A., & Montoya, F. G. (2017). An overview of research and energy evolution for small hydropower in europe. Renewable and Sustainable Energy Reviews, 75, 476–489. https://10.1016/j.rser.2016.11.013
Micro Hydro Association. (n.d, n.d). Supporting community energy ownership. http://www.microhydroassociation.org/
Minting, S. (2021, ). Barriers stand in the way of community hydro-electricity. Northern Echo https://go.exlibris.link/8q1mf6dT
Mirzania, P., Ford, A., Andrews, D., Ofori, G., & Maidment, G. (2019). The impact of policy changes: The opportunities of community renewable energy projects in the UK and the barriers they face. Energy Policy, 129, 1282–1296. https://10.1016/j.enpol.2019.02.066
Mishra, S., Singal, S. K., & Khatod, D. K. (2011). Optimal installation of small hydropower plant—A review. Renewable and Sustainable Energy Reviews, 15(8), 3862–3869. https://10.1016/j.rser.2011.07.008
Ofgem. (2023). Smart export guarantee (SEG) annual report 2022-23. (). https://www.ofgem.gov.uk/publications/smart-export-guarantee-seg-annual-report-2022-23
Paish, O. (2002). Small hydro power: Technology and current status. Renewable & Sustainable Energy Reviews, 6(6), 537–556. https://10.1016/S1364-0321(02)00006-0
Punys, P., Kvaraciejus, A., Dumbrauskas, A., Šilinis, L., & Popa, B. (2019). An assessment of micro-hydropower potential at historic watermill, weir, and non-powered dam sites in selected EU countries. Renewable Energy, 133, 1108–1123. https://10.1016/j.renene.2018.10.086
Salas, E. (2023, Oct 11,). Average annual rainfall in the united kingdom (UK) from 2001 to 2022. https://www.statista.com/statistics/322810/average-rainfall-in-the-united-kingdom-uk/
Sample, J. E., Duncan, N., Ferguson, M., & Cooksley, S. (2015). Scotland׳s hydropower: Current capacity, future potential and the possible impacts of climate change. Renewable and Sustainable Energy Reviews, 52, 111–122. https://10.1016/j.rser.2015.07.071
Simmons, S. C., & Lubitz, W. D. (2021). Archimedes screw generators for sustainable micro‐hydropower production. International Journal of Energy Research, 45(12), 17480–17501. https://10.1002/er.6893
Slee, B., Whitfield, R., & Whitfield, S. (2011). Discourses of power: The development of small-scale hydropower in north east scotland. Rural Society, 21(1), 54–64. https://10.5172/rsj.2011.21.1.54
Ueda, T., Roberts, E. S., Norton, A., Styles, D., Williams, A. P., Ramos, H. M., & Gallagher, J. (2019). A life cycle assessment of the construction phase of eleven micro-hydropower installations in the UK. Journal of Cleaner Production, 218, 1–9. https://10.1016/j.jclepro.2019.01.267
Wilson, I. A. G., Day, J., & Phillips, G. (2022). UK hydropower resource assessment 2022. ().Zenodo. https://10.5281/zenodo.7229022 https://search.datacite.org/works/10.5281/zenodo.7229022

image2.jpeg
250

200

150

100

s0

Hydro FiT installations by year
(<=100kW DNC)

157

mApplications (571)

W Commissions (425)

T EEEE:

prespril 201003 2011 2012 2013 2014 2015
2000 s





image1.jpg
Existing onshore

+ hydropower

powerhouses





