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Abstract
Research on the potential for the reuse of historic hydropower sites, such as mills and
weirs, for the generation of hydropower in Scotland is limited, with only two previous
studies. No definitive study has been made of historic hydropower sites in the Highlands
and Islands, though the potential for further power generation from hydropower is
mentioned in government commissioned reports. Research in other areas of Scotland and
in Europe has demonstrated an extensive number of historic sites which may be suitable
for reuse. This study aims to determine what potential exists for re-use of mill sites as
hydropower generators in the Highlands and Islands region of Scotland, and how they may
be used to benefit local communities.
A novel methodology for surveying and analysing potential mill sites was developed using a
range of tools and criteria identified through a review of Scottish hydropower guidance and
best practice, and previous desktop surveys. The method criteria were verified in
consultation with industry experts in hydropower generation, environmental protection,
and heritage. 588 mill sites in the Highlands and Islands were identified using the Canmore
service and Scottish listed buildings register. Further analysis using satellite imagery,
current and historical mapping, and Google Streetview revealed that 27 of these sites may
have some potential for re-use as hydropower generators. Targeted field visits to six sites
validated the survey methodology and gained valuable insights into site conditions and
potential approaches to their reuse. The number of visits was limited due to travel
restrictions imposed by the Covid-19 pandemic, preventing most of the sites from being
assessed in person. The methodology developed by this thesis has wider applicability
across Scotland and elsewhere in the UK.
The adaptive reuse of these sites may have a wide range of potential benefits to local
communities beyond renewable energy production, serving to improve community
empowerment. Reuse of buildings will help to reduce the level of vacant and derelict land
in Scotland, positively impacting local community health and wellbeing. Reuse projects
could provide local jobs and training for traditional construction skills. These sites may
potentially make a small but meaningful contribution to Scottish government targets for
community and locally owned energy, renewable heat, and the Just Transition to Net Zero.
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Introduction
Hydroelectric power generation has a long history in Scotland, with some of the earliest
hydropower stations dating back to the late 1800s (Historic Scotland, 2010). The Scottish
Highlands experienced significant changes during the late 1940s to the 1970s, as the North
of Scotland Hydro-Electric Board (NoSHEB) constructed dozens of hydropower stations and
dams in a major initiative to bring ‘Power to the Glens’ in an attempt to alleviate
widespread poverty and halt the mass exodus of the Highland population (Payne, 1988).
These monumental schemes altered the landscape of the Highlands, with the creation of
new lochs necessary to power the turbines, and the construction of roads and tunnels that
crossed the landscape, all of which are still in use today. Since Foyers hydropower station
was completed in 1975, it was over 30 years before another large-scale hydropower
scheme was built at Glendoe in 2009. It is now thought that the potential for similar largescale schemes in the UK and across Europe is almost fully realised. Though there is still
potentially more hydropower that could be constructed at a large scale, the environmental
cost of doing so is considered too great (Paish, 2002).
Despite a reduced scope for large-scale hydropower developments, Scotland has seen a
boom in renewable energy generation in the past decade, with capacity having grown over
threefold from 2009 to 2020 (DBEIS, 2021a). The 11.9GW of current installed capacity is set
to grow to 25.9GW, with just under 14GW of capacity in planning or under construction
(Scottish Renewables, 2020). This boom has largely been driven by investment in onshore
wind generation, which accounted for 72% of operational renewable capacity in the last
quarter of 2020 (ibid.). Hydropower remains a significant contributor, being second only to
onshore wind in terms of both capacity and generation output, with 1,651MW of
operational capacity (13.8% of renewables) (ibid.). Small hydropower accounts for
approximately 333MW of generation capacity: 20.2% of total Scottish hydropower (Scottish
Government, 2021a). There is currently 23MW of further capacity awaiting construction,
and 5MW under construction (Scottish Renewables, 2020; Scottish Government, 2021a).
While hydropower in Scotland has not grown in step with other renewables, it has seen a
renaissance in micro-scale sites – schemes which produce low amounts of power:
generally, 100kW or less. This has largely been driven by the Feed-in-Tariff Scheme (FiTS),
state-funded payments which began in 2010 to drive investment in small-scale renewables
(Ofgem, n.d.). The scheme allowed operators of small-scale renewable energy generators
to receive payments for renewable electricity generated, regardless of how the electricity
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was used. This was used in conjunction with the export tariff which was paid only on
electricity exported to the grid.
The FiTS made the construction of hydropower schemes by community groups a viable
method of bolstering local economies and providing revenue for other community projects.
These benefits, while often financial initially, can be wide ranging in scope, depending on
the particular aims and intentions of the community (Seyfang et al. 2013). Communitydriven energy projects are part of a larger movement in Scotland for greater community
autonomy and resilience, especially in regard to land ownership (Braunholtz-Speight et al,
2018; Combe et al. 2020).
Both the FiTS and export tariffs were closed to new applicants on 1st April 2019 (Ofgem,
n.d.), and this raises questions about the continued development of micro hydropower for
communities across the UK. Alternative approaches need to be considered if hydropower is
to play a part in the Scottish Government’s goals of 1GW of locally and community owned
electricity capacity by 2020, and 2GW by 2030 (Scottish Government, 2021b). The 2020
target was not met, having reached 853MW in December of that year (Energy Savings
Trust, 2021) The Scottish Government states that though good progress had been made
towards these targets:
“… changes in UK Government subsidies (for example, the closure of the Feed-in Tariff
Scheme) has undermined progress.” (Scottish Government, 2021b, pg.9)
One area of potential further development identified by Slee et al. (2011) is the reuse of
historic hydropower sites – utilising disused weirs, mills, and water wheels for the
generation of electricity. No definitive study has been made of historic hydropower sites in
the Highlands and Islands, though the potential for further power generation from
hydropower is mentioned in two government-commissioned reports (HM Government,
2009; Forrest & Wallace, 2010). The utilisation of such sites is not a new approach, having
been successfully applied in a small number of schemes throughout the UK (British Hydro
Association, 2017), and many more globally. However, a large number of sites in the
Highlands & Islands may have potential as micro-hydropower generators.
The opportunity for community groups to refurbish and reuse older buildings for new
purposes – a practice called adaptive reuse – has been made possible by The Land Reform
Act (Scotland) 2016. This allows a community right to buy land (in the event it is put up for
sale) and a community right to buy abandoned, neglected, or detrimental land and came
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into force in 2018 (Scottish Government, 2018a). Adaptive reuse is a common practice for
building conservation, though research on the topic is largely skewed to urban contexts. It
is potentially a crucial tool for addressing the issue of vacant and derelict land (VDL) in
Scotland, an issue which has persisted for decades but has recently come back into
discussion (Scottish Land Commission, 2020). There is potential for the refurbishment of
mills as hydropower generators to not only provide renewable power, but also address the
issue of VDL, which has become a growing concern.
This study aims to investigate the potential for the refurbishment of historic hydropower
sites for hydropower generation in the Highlands and Islands region by addressing the
following research questions:
•

What is the potential for new hydro-electricity generation in refurbished historic
hydropower sites?

•

What potential is there for such refurbished facilities to generate benefits for local
communities?

•

How effective are survey-based techniques in gauging this potential?

Here “potential” is defined not only as the extent to which it is possible to refurbish historic
hydropower sites and any power output, but also to what extent they would provide
benefits for local communities. “Benefits” here refers to both financial benefits from
revenue generated by the hydro scheme, and a range of social benefits such as the creation
of an educational asset or tourism attraction.
Chapter 1 presents an overview of the benefits and impacts of micro-hydropower and
reviews the concept of adaptive reuse and how this may be applied to historic hydro. The
chapter then reviews contemporary academic discourse surrounding the drivers and
barriers of community energy in the UK, making links to adaptive reuse and the reutilisation of historic hydropower, and noting the emerging concept of energy tourism as a
potential economic opportunity for communities.
Chapter 2 outlines the two previous studies which have investigated historic hydropower
potential in Scotland, and reviews and critiques the methodologies they employed. The
remainder of the chapter presents and explains the development of the methodology
developed in this thesis to address the research aim. The first stage included identification
of data sources for potential mill sites and the tools used for surveying them. A trial run of
the method was then conducted on a random sample of the identified sites, and
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improvements made in a second version of the methodology. The refined methodology
was then presented to a selection of industry experts in hydropower generation,
environmental protection, and heritage for their feedback. Following this, the final version
of the method was created.
Chapter 3 presents the results of the desktop survey of 588 mills sites and provides a
breakdown of the reasons for rejecting sites in the initial phase of the survey. The sites
identified as potentially viable were then evaluated further to identify any environmental
protections which could preclude development at each site. The chapter then describes
how the potentially viable sites were given a priority status for future site visits, based on
the degree to which they fulfilled the survey criteria.
Chapter 4 presents the results of interviews carried out with members and/or owners of
two historic hydropower generators and two historic working mills. As Covid-19 prevented
site visits at the time, the opportunity was taken to interview these respondents and
expand on the factors for reuse identified in Chapter 2. These interviews identified
potential barriers and benefits to utilising historic structures for generating hydropower, as
well as the particular challenges and opportunities involved with utilising and maintaining
historic mills. These factors and their application to the sites identified in Chapter 3 are
then discussed and analysed.
Chapter 5 details the results of visits to six mill sites identified as having some level of
potential for re-use through the application of the method developed in Chapter 2. The
restrictions imposed by the Covid-19 pandemic and the impact this had on contacting site
owners and travel to sites are explained. Each site is discussed in turn, beginning with a
description of the site and its history, and a description of the building’s exterior and
interior (where possible) on the day of the visit, and concluding with an evaluation of its
suitability for refurbishment.
Chapter 6 discusses the results of chapters 3 and 5, and critically analyses the efficacy of
the method developed and employed in this thesis, comparing the results of this research
to the previous two studies outlined in Chapter 2. This section also discusses and reflects
on the impact of Covid-19 on the study and the alterations that were required. It is
suggested that the original methodology developed for this research constitutes a unique
and improved method for the identification and evaluation of historic mill sites for
refurbishment as hydropower generators. The section concludes with possible further
applicability of the method and potential future contributions to Scottish government
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targets. Recommendations are also made for further research on non-financial benefits of
such schemes, adaptive re-use in rural contexts, and the emerging field of energy tourism.
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Chapter 1 – Literature Review
1.1 Micro-Hydro: an overview
In the UK and much of Europe, the potential for medium and large hydroelectric schemes
has already been fully exploited over the past century, so development of smaller schemes,
particularly micro-scale, have become a common method of expanding green energy
sources, especially in rural areas (Paish, 2002; Okot, 2013). Micro-hydroelectric systems are
relatively small schemes which mostly utilise the natural flow of water (called run-of-river
schemes), rather than using a dam and reservoir, as large hydropower installations do.
Dams and reservoirs can be used in small-scale hydro, but this negates one of the primary
benefits of smaller schemes which is their limited environmental impact (Kosnik, 2010), as
discussed later in this section. Rather than damming a river, a weir is most often used – a
low structure built in the path of a river or stream which changes the flow characteristics of
the water while still allowing water to flow downstream. This results in the river level being
raised, and in the case of a small hydropower scheme, it helps to divert water into an
intake (Environment Agency, 2013).
Hydroelectric systems are commonly arranged into categories depending on the amount of
power they generate. The power range for each category is not universally agreed upon,
however table 1.1 shows the most widely accepted distinctions for the UK.
Hydropower
Category

Power Range

Approx. no. of UK
homes powered

Pico

0-5kW

0-5

Micro

5-100kW

5 - 100

Mini

100kW-1MW

100 - 1000

Small

1-10MW

1,000 - 10,000

Medium

10-100MW

10,000 – 100,000

Large

100MW+

100,000+

Table 1.1 – Size categories of hydroelectric power sites (Renewables First, 2015)
The setup of micro-hydropower installations varies depending on factors such as the
surrounding topography and available water sources, however they consist of the same
basic components (British Hydro Association, 2012). Water from a stream or river (or, in
some cases, a small reservoir) is diverted into a channel or pipeline, providing water to a
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turbine or waterwheel, converting the energy from the water flow into rotational energy.
The turbine or waterwheel is attached to a generator, converting the rotational energy into
electrical energy (British Hydro Association, 2012; Renewables First, 2015). The water is
then discharged from the turbine and released further downstream.

1.1.1 Power vs Energy
While the terms “power” and “energy” are often used interchangeably, they represent
quite different things. Energy is a measure of the amount of work done, or the potential to
carry out work and is measured in joules. Electricity is a form of energy which is most often
measured with its own unit, kilowatt hours (kWh) which is the amount of electricity
supplied by 1kW working for 1 hour. Power is the rate at which energy is produced,
measured in watts, or more often kilowatts (kW) and megawatts (MW). A higher power
capacity could therefore provide more electricity in the same amount of time. In the case
of micro-hydro, where supply of water can be seasonal, a higher power capacity does not
necessarily mean a higher amount of energy produced. (Renewables First, 2015).

The amount of power generated for hydropower schemes is dependent on two main
factors: flow and head. The flow rate is a measure of how much water can run through the
system and can vary over time as rainfall levels change and events such as drought or
flooding occurs. For the purposes of calculating the power output of the system, a longterm average flow level is used. The head is a measure of the vertical distance the water
travels through the system, measured from the intake point to where water is discharged
from the turbine. A higher rate of one or both results in a larger amount of power being
generated (British Hydro Association, 2012; Renewables First, 2015).

1.1.2 Calculating head, flow, and capacity
Calculating the various elements of a potential hydropower site can be complex, as each
site is unique, with its own particular layout and environment, and various factors to take
into consideration. This section provides a brief overview of some basic calculations that
can give a general impression of the output of a hydropower site.
Head is typically the most valuable element of any hydropower site. A higher head is
preferable if all other factors are sufficient, as a system needs to be physically larger to
accommodate higher flows (and therefore a higher volume of water), whereas smaller
systems can still account for higher head which leads to a reduction in costs (British Hydro
Association, 2012; Renewables First, 2015). The “gross head” is measured as described in
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the previous section and is the maximum theoretical head. In reality, there is some loss in
head which occurs as water is moved into and away from the turbine due to friction and
the movement of water through pipes etc. This reduced head is the “net head” (ESHA,
2004; British Hydro Association, 2012). Some variation in the head can occur due to the rise
and fall of river levels, flooding, and drought, which has a large effect on low head sites in
particular.
Flow rate is a variable factor and is an important element which dictates when it is viable to
generate electricity throughout the year. Data on flow rates in major water courses are
normally collected by environmental agencies over many years or often decades for a
variety of purposes. When looking at hydropower generation the flow rate is generally
displayed in one of two ways: an Annual Hydrograph and the more complex Flow Duration
Curve (FDC). The annual hydrograph is the easiest to interpret as it simply shows the flow
rates at regular intervals throughout the year, however the FDC is more valuable for
calculating available energy for a hydropower scheme (British Hydro Association, 2012).
FDCs show the distribution of flow over a span of time (usually a year or more) by
measuring the amount of time the flow rate of a watercourse (expressed as ‘Q’) equals or
exceeds a certain amount, called “percentage exceedance”. Percentage exceedance is
expressed as QX – where X is the percentage of time the flow is equal to or exceeds a
particular rate.
For example, in Figure 1.1 the percentage exceedance of 50% (Q₅₀) has a flow rate of
1.6m³/s. This means that, for 50% percent of the time, the flow rate of the watercourse is
equal to or exceeds 1.6m³/s (Q₅₀=1.6m³/s). The Q₀ to Q₁₀ exceedance range (where the
flow is exceeded between 0% and 10% of the time) represents unusually high flow rates,
with Q₀ to Q₁ representing extreme flooding. Q₁₀₀ is the lowest recorded flow rate and
would represent the minimum flow value for this particular waterway (British Hydro
Association, 2012; Renewables First, 2015). These figures are important for designing a
hydropower site as the installation must be able to withstand extreme flood events and
ensure that it does not create conditions for flooding upstream. This is especially pertinent
information for national environmental regulators.
To ensure the rivers ecosystem is not adversely affected and allow for any potential water
usage downstream a minimum amount of flow must be maintained – referenced by a
variety of terms including ‘compensation’, ‘residual’, ‘reserve’, ‘prescribed’ and ‘hands-off’
flow. Compensation flow is a certain flow level that must be maintained downstream of the
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turbine. The exact compensation flow level is dependent on site-specific factors and other
water use in the surrounding area, but it will likely be in the Q₈₅ to Q₉₅ range (British Hydro
Association, 2012).

Figure 1.1 – Example Flow Duration Curve illustrating the flow rate of a watercourse at
different exceedance percentages (QX). (Renewables First, 2015)
The energy conversion of the system will not be 100% efficient, as energy is lost in various
ways across its components. The main efficiency losses will be at the turbine, the speed
increaser (such as a gearbox or belt drive), and the generator. In most systems this will lead
to an overall system efficiency in the region of 60 - 80% (British Hydro Association, 2012); a
value given for a typical micro-hydropower site is roughly 75% (Renewables First 2015).
From these figures, a rough estimate for power and energy output can be established. A
basic calculation of a site’s power output can be made with the following equation:
P = Q x g x Hnet x η
P – Power (W)
Q – flow rate (m³/s) – this figure is multiplied by 1000 to give a figure of litres per second
g – gravitational constant (9.81m/s2)
Hnet – net head (m)
η – the product of efficiencies for the system
Due to the site-specific variables involved in calculating the loss of head (and thus the net
head) on a particular site this will be simplified to a 10% loss (Renewables First, 2015).
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Using an example site where the maximum flow is 3 m³/s (3000 l/s) with a low gross head
of 2.5m (2.25m net), and the typical efficiency value above, the maximum power output
would be:
P = 3000 x 9.81 x 2.25 x .7 = 46,352.25W (46.3kW)
An approximate value for the amount of energy being produced can then be derived from
the power output and the site’s capacity factor. The capacity factor is essentially a measure
of how much the turbine is working over the course of a year – a ratio of how much energy
the generator has produced in a particular period (typically a year) to the maximum output
if it ran 24 hours a day for the same period. There are various reasons why output would
not be at 100% - for renewables relying on a natural source of fuel (water, sunlight, wind),
these are not always available in sufficient quantities to generate electricity as the level of
water, sunlight, or wind fluctuates naturally.
A newly installed generator would not have any historical generation data to calculate the
capacity factor and so an estimate would be made using flow data. According to data from
the UK Department for Business, Energy, and Industrial Strategy (DBEIS, 2020), the average
load factor1 for small-scale hydropower in the UK in 2019 was 39.8% (compared to onshore
wind at 26.6% and solar PV at 11.2%). Using this average, an estimate of the amount of
energy produced in a year (8,760 hours) by the example site can be made:
Energy (kWh/year) = P (kW) x Capacity factor x 8760
E = 46.3 x .38 x8760 = 154,123 kWh
The average, high usage home in Northern Scotland will use 6293kWh per year (Ofgem,
2020), so this site could potentially provide enough power for 33 homes. These figures are
rough estimates but give a good indication of whether a site will be a worthwhile
investment. Other factors, such as a suitable grid connection, reasonable access to the
construction site, and planning and landowner permissions will all have an impact on the
viability of a proposed scheme. These factors will be discussed in Chapter 2.

1

“load factor” and “capacity factor” are often used interchangeably, though they do refer to slightly
different ratios – the Digest of UK Electricity Statistics (DUKES) data appears to use the term “load
factor” in place of “capacity factor”.
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1.1.3 Water wheels and small-scale electricity generation
There are a variety of turbine designs which are suited to different hydropower
environments and can be classified into three categories according to their mode of
operation: impulse, reaction, gravity (see Table 1.2).
Category

Description

Impulse

A turbine driven by a jet of water released at high velocity. Some
turbine types utilise multiple jets.

Reaction

A turbine fully immersed in water within a pressure casing. The
pressure difference across the turbine blades creates a lift force,
causing the runner to turn.

Gravity

A turbine driven by the weight of water passing through its driving
mechanism, such as an Archimedes screw. The rotation of the
mechanism is relatively slow and requires a high ratio gearbox to
convert this into a rotational speed high enough for generators to
create power.

Table 1.2 – Categories of water turbine designs. (British Hydro Association, 2012; ESHA,
2004)

While turbines have been the dominant design for utilising waterpower in the last century,
there is increasing evidence to support the usage of traditional water wheels. Once a
primary method of delivering mechanical power, with evidence of use in Europe and Asia
for over 2000 years (Paish, 2002), waterwheels have become rarer across much of the
world in the past 50 years. There are a large variety of wheel types, but these can be
categorised under one of four main designs outlined in Appendix A.
All the designs outlined in Appendix A are based on vertical wheels turning on a horizontal
axis. Vertical axis water wheels are possibly one of the oldest water wheel designs and
were once quite commonly found in small communities, especially in Scotland where they
were also known as “click mills”, though very few examples remain today (Wickham-Jones,
2009). While these were ideal for small communities where only a small water source and
minimal maintenance were required, they did not have the power to operate multiple
grinding stones or large apparatus (ibid.).
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Figure 1.2 Dounby Click Mill, Orkney. Photo by James Stringer2
Water wheels are often overlooked in favour of turbines for small scale electricity
generation due to a perception that turbines are more efficient (British Hydro Association,
2012). However, a review of late 19th and early 20th century studies (Muller & Kauppert,
2004), and model tests conducted at Queen’s University Belfast (Muller, 2004; Muller &
Wolter 2004) demonstrated that a modern, well designed water wheel could achieve an
efficiency more than 70% for breastshot wheels and 80% for overshot wheels. Later studies
on waterwheel efficiency have found similarly high results. Vidali et al. (2016) found that
breastshot wheels in lab experiments had a maximum efficiency of 75% which was
consistent at a range of flow rates. A study modelling the physics of overshot and
undershot waterwheels (Denny, 2003) demonstrated a 71% efficiency for overshot wheels
– with larger wheel radii being more efficient. Undershot wheels were found to be far less
efficient at 30% with flat wheel vanes, rising to 50% with a redesign of the wheel vanes.

The main drawback for generating electricity from water wheels is that the low rotational
speed of the wheel is not enough to drive a generator and requires the use of high-ratio
gearboxes to achieve the required speed (Muller, 2004; Quaranta, 2017). This type of
gearbox will also lead to a loss in energy, though this tends to be a small proportion at

2

"Dounby Click Mill" by James.Stringer is licensed with CC BY-NC 2.0.
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around 2-3%. The gearbox also contributes significantly to the overall cost of a project around 25-30% for undershot wheels, and 40-45% for overshot (Muller, 2004). More
recently, the British Hydro Association (2012) have stated that appropriate gearboxes have
become more widely available and affordable for schemes up to 20kW. Both Muller (2004)
and Quaranta (2017) also suggest that due to the decline in the use of water wheels in
favour of turbines and the lack of focused investigation into their design over the past 50100 years there is a knowledge gap in the engineering community which prevents water
wheels being widely utilised. Turbines have remained the favoured design as they can be
utilised for much larger capacities and handle much higher flows than water wheels.

On a low flow, low head site there are several advantages in using water wheels versus a
turbine for generating electricity (British Hydro Association, 2012):
-

A turbine may encounter a reduction in output should its intake screen become
blocked, but because water wheels do not require a fine intake screen this does
not occur.

-

A good partial flow performance can be achieved without the need for complex
control systems.

-

They are “fish friendly”, allowing fish to pass through unharmed and negating the
need for fish screens.

-

Quite often they can be placed into existing infrastructure, for example an existing
mill with a lade.

-

They are aesthetically pleasing, often fitting well into their surrounding
environment. This is beneficial from an eco-tourism, educational and
archaeological perspective.

Because of these advantages and reduced need for new infrastructure (such as fish
screens) water wheel usage can provide a significant saving on the initial cost of
construction and can make a project quite cost effective (British Hydro Association, 2012;
Quaranta, 2017).

In 2018, a new type of breastshot waterwheel was designed and tested at Abertay
University in Scotland, with the intention of providing an efficient, economically viable, and
environmentally friendly wheel design for very low head hydropower (Carruthers, 2018).
The wheel design is the first patented in 138 years and manufacturing of the wheel for use
in developing countries is now being investigated (Sancho & McKenna, 2021). The wheel is
designed to work with inflow systems (being placed directly in the watercourse) rather
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than conventional outflow systems (where water is abstracted from the watercourse and
returned further downstream), thus eliminating one of the major negative environmental
impacts of conventional systems (discussed in section 1.2.4). The wheel is also designed to
accommodate larger flows – utilising a greater volume of water to generate more power
rather than increasing the head of the site. This would present an issue for conventional
systems (where water is diverted from the watercourse) where further abstraction would
not be permitted. The utilisation of the Carruthers wheel in an existing mill system was not
tested, and it is unclear if it would be an appropriate replacement for missing or damaged
wheels at historic mill sites, which are mostly outflow systems using lades.

1.1.4 Environmental impacts of micro-hydro
Micro-hydropower schemes are generally considered to have a very low impact on the
environment (Paish, 2002; Yüksel, 2010; Darmawi et al. 2013), which is one of the reasons
they are attractive for development. As micro-hydropower schemes are commonly “run-ofriver” with little or no water storage, it is assumed that they do not have the same
detrimental effects on the environment as their larger counterparts (Darmawi et al. 2013;
Premalatha et al. 2014). Large hydropower schemes rely on a reservoir and necessitate a
large, initial environmental cost. Both existing reservoirs such as lakes and newly created
ones being exploited for power generation will alter the watercourses surrounding them,
potentially having wide reaching effects on the environment and on industries such as
farming and fishing (Okot, 2013). However, despite this “clean” image there is increasing
evidence that micro-hydropower may have a larger impact on the environment than
previously thought.
(Abbassi and Abassi (2011) are critical of the prevailing mentality within the electricity
industry that micro hydropower is either completely environmentally benign or that any
issues are too small to be of any real importance. They argue that, on a per kW generated
basis, small hydropower is no less damaging than large hydropower and, in some cases,
may be more damaging. This viewpoint is echoed by later studies from Norway, China, the
United States, and Spain, each demonstrating that the cumulative environmental impact of
numerous small-scale hydropower sites is disproportionately large in comparison with the
amount of electricity generated by those sites (Bakken et al. 2012; Kimbler & Turros, 2013;
Kuby et al. 2005; Mayor et al. 2017).
The largest environmental factors that are most often scrutinised for small-scale
hydropower are the effects of water abstraction and artificial barriers (primarily weirs) on
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river flows, effects on fish and fish migration, and the impact of construction. In the UK and
much of the European Union EU, environmental regulations control these various aspects
in order to mitigate and prevent damage to the ecosystem, though often creating further
challenges in terms of time and money spent in the planning stage of a project (Paish,
2002).
Abstraction of water is the permanent or temporary removal of water from a reservoir,
lake, river, or groundwater source. This is done for a variety of reasons including providing
drinking water, irrigation, for use in industry, and for hydropower generation. Though an
essential process for hydropower schemes, abstraction poses a number of environmental
risks including drying out of rivers and wetlands, changes in river levels which impact the
condition of riverbanks, stranding of fish, deterioration of water quality, and changes to the
transport of sediment (DEFRA, 2018; EEA, 2018a; SEPA, n.d.). As a result, water abstraction
is a regulated activity in the UK and Europe.
Abstraction of water for hydropower is temporary; micro-hydropower and other run-ofriver schemes extract water from rivers or streams and discharge it further downstream.
This results in a depleted reach in the river between the intake and outfall when the
scheme is operating, changing the river’s flow characteristics which can have profound
effects on local ecology (Anderson et al. 2015). These impacts can be further compounded
by the presence of river barriers, such as weirs, which are often necessary to create the
required head for power generation and are a common feature in small hydropower
schemes.
Water barriers, such as dams and weirs, affect most of the rivers and streams in Europe. It
has been estimated that there is a barrier for every kilometre length of river in Europe, a
much higher density than previously thought (Gough et al. 2018). These barriers have a
significant effect on the fauna of these watercourses, either having a direct detrimental
effect on local species or allowing invasive or predatory species to propagate or have easier
access to prey (Bunn & Arthington, 2002; Mueller et al. 2011; Jepsen, 2017). Barriers and
impoundments can have a detrimental effect on the transport of sediment and river
morphology, which threatens overall river health (Bryan, 2013). The European Environment
Agency states that roughly 40% of rivers in Europe are in “good” or “high” ecological status
categories, with the remaining 60% having “moderate”, “poor” or “bad” statuses (EEA,
2018b, pgs. 23-24), citing water barriers and over-abstraction as being key pressures on
water bodies.
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Since the introduction of the EU Water Framework Directive in 2000, there have been
increasing calls for better management of river barriers and weir removal across the EU
(e.g. Environment Agency, 2013; AMBER, 2018; Jepsen, 2017; Birnie-Gauvin et al. 2018;
Gough et al. 2018; WWF, 2018), as a response to the growing number of studies showing
their significant impact:
“Despite an almost universal acceptance in the literature that weirs have impacted
upon rivers globally for decades and even millennia, we are only just beginning to
demonstrate the importance of increasing river longitudinal connectivity and
reinstating a more natural flow regime to support a range of organisms’ lifecycles.”
(Environment Agency, 2013, pg. 28)
The Environment Agency’s research does acknowledge that there is a lack of data available
for the effects of weir removal and has highlighted that issues such as increased flood risk
and riverbank collapses may occur. They also note that, in some circumstances (for
instance where the weir is used as part of a hydroelectric or flood control scheme), it would
not be appropriate to remove the weir. The uncertainty over potential short and long-term
effects, and a lack of funds, are cited as the main reasons that many weir removal projects
do not go ahead. Some recent studies have shown that removal of barriers and restoration
of river systems can have a beneficial effect on fish populations (Jespen, 2017; BirnieGauvin et al. 2017a), however the long-term effects on river systems are still unknown
(Birnie-Gauvin et al. 2017b)
In river systems with artificial barriers, migratory fish management has generally been
reliant on the presence of “fish passes” or “fishways” to allow fish to bypass these barriers.
There are a huge variety of fish passes, each with its own design tailored to the waterway it
is situated in and the species of fish being targeted (Environment Agency, 2010). Fish
ladders are a common design and consist of a series of connected pools which raise the
water level in small increments with each “step” with migrating fish being able to access
each pool by way of an opening in each separating wall – either a submerged opening or
notch at the top of the wall (FAO/DVWK, 2002). Other designs such as the Borland fish lift
(Payne, 1988) or more recent and unconventional innovations such as the WOOSHH
“salmon cannon”, which uses a small pressure difference to move salmon through a
flexible tube to bypass barriers (WOOSH Innovations, 2016), are alternatives to this design
but are not widely used.
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While fish passes assist with fish mobility over otherwise impassable obstacles, their
effectiveness has been called into question, and they have been found to have unintended
consequences for other aquatic organisms In particular fish passes can allow easier passage
for non-native and/or invasive species of fish which can lead to negative impacts on local
fish populations (Silva et al. 2018). Jepsen (2017) outlined that smolts (juvenile salmon)
were particularly vulnerable to predation from predatory fish and birds, such as heron and
cormorant, due to the presence of river barriers, with cumulative effects from multiple
barriers. The removal of said barriers and river restoration efforts led to much lower
mortality rates and higher smolt counts.
Impacts from construction are numerous, though not necessarily specific to hydropower
scheme projects, and vary according to local conditions (Daigle, 2010). Impacts may include
changes to the environment from the construction of access roads, the potential for
pollution of nearby water sources, dust pollution, negative impacts or changes to local
wildlife, and removal of vegetation and topsoil. Noise from small hydropower installations
can be a concern, and acoustic assessments are part of Environmental Impact Assessments
for projects in Scotland (SSI 2011 no.139) alongside flora and fauna, traffic, land use,
archaeology, recreation, landscape, and air and water quality. Weirs can also have an
impact on sound from a river or turbine, with higher head weirs having an increased impact
(Johnson et al. 2014).
A compounding challenge for all of these impacts is that there is no universal capacity limit
for a “small” hydropower site across the world. Different countries have different capacity
ranges for designating the size of small hydropower ranging from 5MW in the UK to 50MW
in China, New Zealand, and the Philippines, and anything from 30MW to 100MW in the
USA, depending on the state (Premalatha et al. 2014). Schemes of equal capacity may have
very different physical footprints and very different environmental impacts in terms of type
and scale, and this broad range of capacities and impacts is often not reflected in policy
which can allow “small” hydropower schemes to bypass certain constraints that affect
“large” hydropower schemes (Couto & Olden, 2018).
It has been found that the environmental impact of micro-hydropower schemes can be
significantly reduced or negated if a project utilises existing, unpowered waterway
infrastructure, for example irrigation canals (Andrews & Britton, 2017). It should be noted
that this does not negate or reduce the impact of the existing structures, but it utilises
them in such a way as to not cause the same impact as a new hydropower scheme.
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Modernising and re-powering of older hydroelectric schemes may also be possible in some
cases, simultaneously providing new electricity generation while preserving what can be
important pieces of industrial heritage (Appleyard, 2013; Gagliano et al. 2014).
Finally, the impact of climate change on hydropower is not to be ignored. There is a huge
amount of uncertainty in predicting future changes to water availability resulting from
climate change, however there are strong indications that in the UK there could be
significant impacts to the water environment (Watts et al. 2015). The most recent evidence
predicts that, in Scotland, there will be increased water flow levels in winter, and a
decrease in the summer (Watts et al. 2015; CCCASC, 2016; Garner et al. 2017). This will
have an effect on hydropower generation, especially micro-hydropower stations which may
not be designed to deal with such variability, shutting down entirely during the summer
and unable to deal with higher flows in the winter. As the design of hydropower sites is
contingent on historical flow data (as discussed in section 1.1.2), this variability may affect
the long-term viability of such sites.

1.2 Restoration and Adaptive Reuse
1.2.1 Defining the concept
The concept of adaptive reuse encompasses a range of overlapping terms and practices.
Though it is often known by other terms such as “property rehabilitation, turnaround, or
historic redevelopment” (Craven, 2017, paragraph 1), or a myriad of other names as listed
by Wilkinson et al. (2009), the central factor of adaptive reuse is common amongst all of
these – creating new uses for older buildings without removing what makes them
historically or culturally valuable.

Douglas (2006, pg.2) defines adaptive reuse as “any work to a building over and above
maintenance to change its capacity, function (i.e. any intervention to adjust, reuse or
upgrade a building to suit new conditions or requirements)”. This is a broad definition that,
in practice, can mean very different approaches for different buildings, though often it
means retaining and preserving or restoring the façade of a building while creating a
modern interior (Hein & Houck, 2008). Though the practice is commonly associated with
designated historic buildings, the building in question does not have to be a designated
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“historic” building to allow adaptive reuse. As such, the term can be even more broadly
defined to encompass ‘old’ buildings:

“Adaptive reuse is a process of retrofitting old buildings for new uses.” (Rodriguez &
Freire, 2017, pg. 94)

There is no official Europe-wide definition of the term, though building renovation (which
can include adaptive reuse elements) is a priority for the EU with environmental
improvements as a focus (such as energy efficiency or indoor air quality), and groups such
as the EU Building Stock Observatory (Arikapowska et al. 2016) have been established to
monitor and report on building energy impacts. In the UK, national bodies including Historic
Environment Scotland (HES), Scottish Civic Trust (SCT) and Historic England (HE) all have
guides, reports and case studies relating to building refurbishment and re-use. Examples
include HE’s guide to adapting traditional farm buildings (Pickles & Lake, 2017), the SCT’s
examination of the opportunities and barriers to reusing historic buildings (Scottish Civic
Trust, 2010), and HES guides, technical reports, and case studies, including examples such
as a guide to refurbishment of rural buildings in Lothians (Historic Scotland, 2000) and a
technical guide to implementing micro renewable systems in the historic environment
(including reuse of buildings) (Hummelt, 2014). Though none of these give their own
definition, it is certainly a central element to historic building conservation efforts in the
UK.

The remainder of this section considers adaptive reuse in practice, with examples, and
explains why this concept is relevant to the central line of enquiry in this thesis: initiatives
to restore or reuse infrastructure related to small-scale hydropower electricity generation.

1.2.2 Adaptive reuse in practice
Historic buildings have value beyond their monetary worth – cultural, historical, and
architectural value are all present and important aspects to consider. Shipley et al. (2006)
state that historic buildings are a non-renewable resource – unique to a time and place that
cannot be revisited. Adaptive reuse is one approach to preserving this resource while
simultaneously having the potential to address other challenges such as housing shortages
and climate change.
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Yung & Chan (2012) state that it is commonly believed that it is cheaper to convert and
reuse old buildings than it is to demolish them and rebuild. An earlier study by Shipley et al.
(2006) found that investment costs for adaptive reuse projects in Ontario, Canada were
variable compared to new builds, but the rate of return for reuse of old buildings was
almost always higher. However, Bullen & Love (2012) argue that there is limited research
on the economic benefits of historic buildings and that efforts to retain them have
historically been viewed by developers as “investment sinkholes” (pg.411). Langston et al.
(2008) posit that reuse of existing structures represents a time saving compared to
demolition and construction (and thus a financial saving). However, they also argue that
the focus on purely financial factors has led to the demolition of buildings that are far from
reaching the end of their lives, and that the social and environmental benefits of reuse
should be considered.

Climate change, increasing pressures on land use, and depletion of natural resources have
placed sustainability at the forefront of the built environment (Chwieduk, 2003;
GhaffarianHoseini et al. 2013; Zuo & Zhao, 2014; Mısırlısoya & Günce, 2016). Adaptive
reuse has been posited as a sustainable alternative to demolition and rebuilding, with the
goal of tackling these environmental issues. Reuse and restoration are both considered to
be more sustainable approaches to utilising structures compared to demolition and
rebuilding, which can often be wasteful processes (Bullen & Love, 2011; Conejos et al.
2013). Aside from the smaller amount of construction materials and resources used, there
are lower costs and emissions for transportation, less pollution during construction, and a
greater conservation of energy (Wilkinson et al. 2009). Saving the embodied energy of the
building (that is, the energy that was already invested in its construction) is particularly
valuable when compared to new buildings (Watson, 2016) Binder (2003) also suggests that
the pursuit of historical preservation and improving sustainability have naturally aligned
objectives, retaining not only the physical site but the energy that went into making the
building.

Reuse has value in terms of not only energy and material saved, and related carbon
emissions reduction, but also social benefits from retaining community or national heritage
(Yung & Chan, 2012). It has been recognized that long term periods of demolition and
rebuilding, or having older buildings stay vacant, slowly deteriorating, have had a
detrimental effect on local memory, community cohesiveness and population retention
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(Binder, 2003; Cantell, 2005). In Scotland, derelict land and buildings have been recognised
as a problem for communities and entail potential issues such as attracting crime and antisocial behaviour, and a decrease in investment leading to a lack of regeneration in the area
(Scottish Land Commission, 2018). This is discussed further in section 1.3.4.

While provisions for preserving the most significant parts of a nation’s built heritage are
generally codified in law, this often overlooks the less “historically significant” buildings
that are nonetheless important in characterizing the history of a neighbourhood,
community or entire towns and cities:

“This includes the corner store that is a community meeting point, the elementary
school everyone in the community over the age of five has attended, or the derelict
industrial complex that gave birth to the community. Although these buildings do
not necessarily belong on a register of historic places, they are important to
defining an area and should not be disregarded.” (Binder, 2003, pg.8)

The benefits of adaptive reuse are substantial, but in practice it is not without its
challenges. As it is primarily concerned with buildings that are unused or derelict, their
physical condition can be variable. Buildings in poorer condition will invariably cost more to
renovate to a usable condition, and this cost may rise to the point where the case for reuse
is no longer viable. There are also other factors to consider which may drive up the cost of
refurbishment: removal of hazardous material such as asbestos or heavy metal
contamination (a primary concern on certain industrial sites); removal, replacement, or
adaption of plumbing and electrical fittings; meeting modern accessibility, security, and fire
safety standards (Hein & Houck, 2008).

1.2.3 Rural vs urban contexts
The literature regarding adaptive reuse projects focuses primarily on projects in an urban
environment (Langston et al. 2008; Bullen & Love, 2011), often placed in an industrial
setting (Binder, 2003). Competition for space in dense town and city centres, and the high
cost of land have led to adaptive reuse being considered frequently in these contexts
(Bullen & Love, 2012). Binder (2003) lists one of the advantages of such sites as being near
transport links (such as rail lines), as they were quite often constructed with transport of
goods and people to and from industrial areas or city centres in mind.
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There are also environmental motivations for looking specifically at urban contexts.
Urbanisation has become a global trend, and cities hold the majority of the world’s built
assets. In 2010, buildings accounted for 32% of global energy consumption and 19% of
greenhouse gas emissions and these figures could rise to three times as much by 2050
(Chalmers, 2014). With urban populations due to double by 2050, and environmental
impacts from and on cities increasing, urban spaces have the most potential for climate
change mitigation from adapting and retrofitting the built environment (van Staden, 2014).

Studies of rural adaptive reuse are quite often focussed on agricultural buildings and
tourism value. Bocz et al. (2012) note the expansion of rural tourism in Sweden, especially
agricultural tourism (agritourism), has driven the reuse of farm buildings as farmers and
landowners seek to utilise unused buildings and diversify their businesses. Similar drivers
can be seen elsewhere in the world including the Netherlands (van der Vaart, 2005) Spain
(Fuentes et al. 2009), and New Zealand (Mackay et al. 2019). Of particular note are two
studies from Italy (Cassia et al. 2015) and the USA (LaPan & Barbieri, 2014) which highlight
heritage preservation as a key driver for agritourism, with profit motives being less
important to the farmers carrying out reuse.

Unfortunately, studies on rural adaptive reuse in the UK are scarce. Two studies from the
late 1980s on the reuse of farm buildings (Wilkinson, 1987; Darley, 1988) were still cited by
far more recent studies (Fuentes et al. 2009) indicating a lack of more recent evidence.
Historic England have published best practice guidelines on the adaptive reuse of farm
buildings (Pickles & Lake, 2017), which focuses on preserving traditional buildings for the
long term. The document states that only a small percentage are protected through listing,
and many are no longer suitable for their original purpose due to changes in animal welfare
standards. As a result, derelict farm buildings are an increasingly common problem. This
highlights that there are context specific issues regarding rural buildings, which adaptive
reuse may play a part in addressing. In Scotland a single study relates to redundant farm
buildings (Moir, 1992), though little note is made of potential reuse other than it would be
looked on favourably by local councils. While reuse as a concept is widely recognised in the
Scottish context by heritage institutions (Scottish Civic Trust, 2010; Historic Environment
Scotland, 2019), there is a lack of academic research on rural adaptive reuse in Scotland.
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In addition, there has been very little research investigating the difference between
applications of adaptive reuse in urban and rural environments. Shen & Langston (2010)
provide one of the only such studies – comparing adaptive reuse projects from Hong Kong
(urban) and Australia (rural) using an adaptive reuse potential (ARP) assessment method.
The results showed that the urban case studies in Hong Kong had more potential for
adaption, but the differences between the two settings were largely down to differences in
culture and practice in the two countries. In the UK, one study found that nearly 90% of
residential dwellings are located in urban spaces – the highest rate of any EU country (BPIE,
2011) which may explain the lack of research in rural areas. The study notes that building
renovation work in rural environments would not benefit from the same economies of
scale that would allow larger scale (e.g. street or district level) projects to occur in urban
settings as projects are more widespread.

1.2.4 Vacant and derelict land in Scotland
Adaptive reuse is one solution to the issue of vacant and derelict land (VDL) in Scotland,
which has persisted for many years, with nearly 11,000 hectares of VDL registered in urban
areas in 2020 (Scottish Land Commission, 2020). Vacant land is designated as land which is
unused for its stated purpose, has been previously developed or was prepared for
development, and is appropriate for further development. Derelict land is land which has
been damaged by development to such a degree that it cannot be developed without
rehabilitation, including land that has had a previous use which has not been remedied
which could constrain further development (such as land contaminated by chemicals or
heavy metals) (ibid.).

A national VDL taskforce was set up in 2018 to reassess the approach taken to VDL in
Scotland and made recommendations to the Scottish Government in a 2020 report
(Scottish Land Commission, 2020). This report was important for highlighting two relevant
factors: firstly, that derelict land has a serious impact on community health, in terms of
both the physical health of individuals and also community resilience. Secondly, with such a
significant amount of VDL, there is also great potential for re-use of sites:

“…it is difficult to think of a single major area of Scottish Public Policy that would not benefit
from a concerted national effort to bring these sites back into use” (pg.4, 2020)
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This report has now been used to support a £50 million Vacant and Derelict Land
Investment Programme available from 2020-2025 for local authorities to bring VDL back
into use, with the goal of improving community health, tackling climate change, and
improving local economies in deprived areas where VDL is typically concentrated (Scottish
Government, 2020)3.
Data on VDL in Scotland is collected by the Vacant and Derelict Land Survey, an annual
survey administered by the Scottish Government since 1988, which is collated in the Vacant
and Derelict Land Register (VDLR) and is used primarily as a resource for allocating funding
from the Vacant and Derelict Land Fund (VDLF). The Register is the main source of
information regarding VDL is Scotland but has several shortcomings which have a huge
impact on the representation of certain sites:
•

The register does not include sites under 0.1 hectares (called micro-sites),
which can exclude smaller areas or individual buildings. This means that the
registered amount of VDL does not represent the true scale of the issue. This
was identified as a key issue in the Scottish Land Commission’s 2020 report,
which also stated that it was often small, prominent sites which were the most
harmful to community wellbeing.

•

The majority of sites listed in the register are limited to those in settlements
where the population is 2,000 or over. Though some local authorities report on
sites in areas where the population is lower, this is not consistently surveyed
due to resource limitations. There is then a bias toward urban sites in the data,
which compounds the issue of small and rural sites being underrepresented.

•

The register is compiled from data gathered by local authorities, however
participation and quality of data is not equal across these. In particular, the
Highland Council has participated inconsistently, in part because of the large
geographical area it covers. A survey of the outlying areas of the Highland
Council was conducted by consultants in 2006 and was not updated until 2013
where results were presented as part of the Inner Moray Firth Local
Development Plan combined with data gathered from the Planning and

3

The issue of VDL is embedded in the wider legislative and policy context of land reform in Scotland,
which has received much academic and other scrutiny in recent decades (Combe et al. 2020)
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Development, and the Housing and Properties departments (Scottish
Government 2020, Annex A.10). Highland Council has not reported data to the
register since 2015, and only for land within settlements with a population of
over 2,000.

Compounding these issues is that the VDLF is a relatively small fund (the 2020-2021 fund
was £7.6 million in total) and is only available to five local authorities based on the largest
areas of VDL4. As the majority of VDL is concentrated in Scotland’s central belt and the fund
is not sufficient to tackle particularly large or challenging sites, funding will inevitably
remain within these areas, leaving the remaining local authorities with no access to
funding. This has been somewhat remedied by the £50 million in funding made available in
2021 through the Vacant and Derelict Land Investment Programme. However, this is a
limited pool which will last just five years. Each local authority is able to apply to the fund,
though it is not yet clear where the majority of the fund will be allocated.

Many derelict mills in Scotland would likely qualify as VDL should the register begin to
include sites under 0.1 hectare in size. The issues described above are not the only
challenges relating to the current approach to reducing VDL but are the most pertinent
when considering how current policy affects mill sites in the Highlands and Islands, as well
as smaller rural sites more generally. The Scottish Land Commission report does not
address heritage status of sites other than as a potential site constraint. A single case study
from France within the report mentions enhancement of urban heritage as a benefit of
addressing urban regeneration, however this potential benefit is not examined elsewhere
in the document and is focussed on urban heritage rather than rural heritage or the
potential historic value of these sites more generally.

1.2.5 Adaptive reuse and energy: making the links
There is very little literature relating to adaptive reuse of buildings to turn them into sites
for electricity generation, in fact it is often the other way around. One of the highest profile
case studies of successful adaptive reuse is the Tate Modern Art Gallery in London, once
the Bankside Power Station (Hein & Houck, 2008). A more recent example of this is at

4

The 2021-2022 fund was allocated to Glasgow City Council, North Lanarkshire Council, South
Lanarkshire Council, North Ayrshire Council, and Fife Council
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Battersea Power Station, also in London and designed by the same architect as the
Bankside. Technology firm Apple has announced plans to renovate part of the site into its
new London headquarters, opening in 2021 as part of a multi-billion-pound investment into
redeveloping the area (Prynn, 2016). Previous failed project proposals for the site have
included a hotel, public square, and theme park (Ruddick, 2016).

Large, often coal fired or other fossil fuel plants, are quite commonly considered for
adaptive reuse projects due to their impressive architecture and large internal spaces
(Cantell, 2005). With building design and use becoming more sustainable and
environmentally conscious, returning such a building to original use is highly unlikely to be
an option. A building with listed status can often be difficult to demolish, even in part, due
to the protections it is afforded. In Scotland, demolition of a listed structure is only
considered when it meets the criteria outlined by Historic Environment Scotland (HES),
including the building being incapable of “meaningful repair” (HES, 2019a, pg 8) or the
reuse or repair of the building being economically unviable5 (HES, 2019a).

Historic England has commissioned studies on textile mills in West Yorkshire and the NorthWest (Cushman & Wakefield, 2016; 2017). These studies identified 1,500 mills in West
Yorkshire (150 of which were already converted and in use), and 1,082 mills across
Lancashire and Greater Manchester, highlighting the high potential for adaptive reuse
projects. The large number of mills are a remnant of the Industrial Revolution, in which the
‘Northern Powerhouse’ was a driving force in the growth of UK industry at the turn of the
20th century. Large mills, typically textile mills in or near towns, are prime adaptive reuse
candidates, for many of the same reasons as other large industrial buildings. Historic
England lists small business spaces, hotels, residential units, and as centrepieces for larger
redevelopment as potential uses for industrial buildings, including mills (Historic England,
n.d.). Many of the mills surveyed by Historic England have closed within living memory, and
their continued presence is vital for communities to preserve their heritage. A YouGov poll
found that “90% of people believe that mills are an important part of England’s heritage,
story and character” (Cushman & Wakefield, 2017, pg.3).

5

Economic viability of adaptive reuse is defined in the guidance as the cost of retaining the building
being higher than the value after repair, though it must be demonstrated that all reasonable efforts
have been made to retain it.
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Renewal and restoration of energy production sites are more common than reuse. Hydro,
especially, can make use of existing infrastructure for repowering6- there are several
examples of long defunct hydro-power stations being restored to working order. One
example of this is in Knoydart in the northwest of Scotland: a small-scale hydropower
scheme built in various stages between the 1950s to the 1970s and having gone through a
succession of various owners was bought by the community in 1999 and refurbished from
its deteriorated state in 2002 (Knoydart Foundation, n.d.).

Smaller, water powered mills are candidates for adaptive reuse for small scale electricity
generation. Such projects skirt the definition of adaptive reuse, but the change in use from
mechanical power for milling to electrical power generation differentiates it from a simple
restoration. HES note that there has been increasing interest in refurbishing ex-mill sites to
exploit them for hydropower generation (Hummelt, 2014). The British Hydropower
Association (BHA) give three examples of water mills in the UK that have been adapted to
generate electricity – Lydia Mill and Brent Canvas Mill, both in Devon, and Aberdulais Mill
in Wales, all overshot type waterwheels (British Hydropower Association, 2017). Aberdulais
is the largest electricity generating water wheel in the UK, with a diameter of 8m capable of
producing up to 20 kW of power. HydroWatt list almost 100 sites (HydroWatt, n.d.) where
they have refurbished or installed water wheels for electricity generation, ranging from
0.1kW to 105kW in power output. These examples demonstrate the potential for such
systems to produce electricity with a capacity on par with modern turbine systems in
micro-hydropower schemes while adapting historic buildings to this new function and
preserving the fabric of the building.

The next section of this review will explore the community energy sector in the UK and how
the factors influencing the sector interact with the aforementioned applications of adaptive
reuse.

6

Repowering refers to the upgrading or restoration of older power stations with more efficient
and/or larger capacity generators.
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1.3 Community energy in the UK
The community energy sector in the UK can trace its roots back to the Baywind
Cooperative, formed in 1996 to purchase part of a commercial wind farm in Cumbria by
raising funds from members of the general public who then became share owners of the
cooperative (Braunholtz-Speight et al. 2018). The cooperative model used in this case was
based on similar ventures in Scandinavia (Baywind Energy Cooperative, n.d; Fjørtoft &
Gjems-Onstad, 2013). Community energy initiatives have since spread across the UK.
Though an exact number is unknown, currently over 300 community organisations are
operating energy generation projects (as defined in the following section). While the UK
energy sector and its activities continue to be dominated by large, commercial bodies,
community energy groups have carved out an important niche within the sector
(Braunholtz-Speight et al., 2018).
Before analysing the existing and potential relationships between community energy in the
UK and the adaptive re-use of historic hydropower sites, it is important to both define what
the term “community energy” means and what has caused the sector to evolve in the way
that it has. This section is not intended as an exhaustive review of the community energy
sector7 but will look at some of the principal definitions used across the UK, and the factors
affecting community energy projects, in order to explore how these may come into play
around adaptive reuse projects, especially those aimed at the reuse of historic hydropower
sites.

1.3.1 Definitions of community energy
The precise definition of community energy is a subject of much debate, and the term
covers a broad range of community activities which have only increased in scope and
complexity (van Veelen, 2017; Braunholtz-Speight et al. 2018). This range of definitions
lends the term a certain amount of flexibility, which can be beneficial for community
groups as it allows a wider variety of project models to be used (Walker & Devine-Wright,
2008; van Veelen, 2017).
Within the UK, the requirements for a project to be given the “community” status are not
universal. The Scottish Government defines community energy as:

7

Seyfang et al. (2013) and Brummer (2018) both provide broad overviews of community energy in
the UK
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“…projects led by constituted non-profit-distributing community groups established
and operating across a geographically defined community.” (Scottish Government,
2015, pg.2)
This definition excludes for-profit ventures and projects utilising non-renewable generation
technology - noting that non-renewables may be covered under the term, but support has
historically only been given to renewable projects. The Scottish Government also
differentiates “community energy” from “locally-owned energy” which it defines as:
“…projects led by regional organisations which are not profit-distributing and have
charitable aims such as housing associations and educational institutions or local
authorities, as well as commercial businesses including farmers, land managers,
rural small and medium-sized enterprises and profit-distributing co-operatives.”
(Scottish Government, 2015, pg.2)
The UK Government definition is broader than the Scottish Government’s and includes
more of the organisations outlined by the Scottish Government’s definition of locally
owned energy (DECC, 2014, pg.20). Examples of such projects in this definition include
collective community action (such as jointly switching energy providers or jointly switching
to a renewable heating source). This highlights the difference within government policy,
where Scotland’s definition is very much focused on electricity generation - as evidenced by
their goal to have 1GW of community and locally-owned energy capacity by 2020, and 2GW
by 2030 (Scottish Government, 2021b) – and the UK Government’s far broader
interpretation which includes both heating initiatives and collective community action.
The UK Energy Research Centre (UKERC) defines community energy in its report on the
evolution of the community energy sector (Braunholtz-Speight et al., 2018), using an
industry-wide survey and incorporating government definitions. The definition falls into
two parts, and includes any industry project that satisfies the requirements of either one:
1. Any energy project that is wholly or partly-owned or controlled by a community
group; or
2. Any energy project where two or more of these conditions apply:
a) a community group acts as “technology host” (Walker and Cass 2007:
465) i.e. the energy technology is installed on a site they own;
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b) community members have some formal democratic control of the project
(e.g. through ‘one member one vote’ community shares); or
c) there is an active role for community members in the project – perhaps
taking part in collective energy-saving actions or producing energy (e.g.
through domestic solar PV) that is shared among other community
members through some kind of local supply arrangement.
(Braunholtz-Speight et al, 2018, pg. 15)
This set of definitions excludes commercial projects that provide a community benefit8
payment, as the authors felt that this model is too passive and does not fall in line with the
majority of definitions reviewed which highlighted the need for the community to have
active involvement or ownership in the project.

1.3.2 Drivers, barriers, and success factors for community energy projects
Community energy groups are not homogenous in their goals and direction, and a variety
of factors can influence the level of involvement from community members – a
heterogeneity that is reflected in the flexible use of the term (Walker & Devine-Wright;
Bauwens, 2016; van Veelen 2017). Despite this, there are certain universal factors that can
be attributed to increasing the likelihood of a project’s success. Likewise, there are
common barriers for all community groups to overcome, including high capital costs for
new projects, high legal costs, and long planning periods.

1.3.2.1 Drivers
A primary driver of UK community energy schemes has been revenue generation (Walker,
2008), especially from the FiTS, and this has driven substantial growth in the sector since
the FiTS was implemented in 2010 (Braunholtz-Speight et al, 2018). The FiTS provided
revenue for electricity exported to the grid from small scale renewable generation, with a
varying scale of capacity brackets and associated tariff prices based on the technology
being employed (Ofgem, 2021). However, the FiTS export rates were slowly depreciated
over time, especially for hydropower which has seen significant drops in tariff prices across
all capacity levels which slowed the creation of new schemes substantially (Braunholtz-

8

Community benefit is a payment made by a developer to a local community that will be subject to
long term impacts from a project (for instance, a wind farm). In the UK there is currently no legal
requirement to make such a payment, however it is often done as a goodwill gesture.
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Speight et al, 2018). As the FiTS closed to new applicants in March 2019, a replacement
tariff was announced in June 2019 in the form of the Smart Export Guarantee (SEG) and
was implemented in January 2020. The SEG requires energy providers with at least 150,000
customers to offer an export tariff with a rate of their choosing so long as it is above zero
(DBEIS, 2019).
Bomberg & McEwan (2012) designate two categories for community energy project
mobilisation - structural resources and symbolic resources. Mobilisation in this context
refers to raising support within a community for energy saving measures or the generation
of low carbon and renewable energy. This support is valuable, not only for getting
community projects running but also for long term support of the project even when it
faces significant barriers. Structural resources refer to the political structures and
conditions which create opportunities for community groups or can support or encourage
collective action. This also includes material support, for example, the FiTS. Symbolic
resources refer to the non-material support and social factors which enable community
action. This encompasses social dimensions including community identity, cohesion, and
autonomy.
A pure focus on financial return may not be the best approach in many cases. A study by
Haggett et al. (2013) found that projects with an economic primary motivation were less
likely to be successfully completed than projects where carbon saving was the primary
motivation. Ultimately, while community projects with a financial driver as their primary
focus will contribute to the overall low-carbon energy mix, they may do little to reduce
energy usage within their respective communities (Haggett et al. 2013). This is supported
by a later study (Berka & Creamer, 2018) which found that lifestyle changes made by the
wider community to increase sustainable behaviour was limited to projects where this was
an explicit goal of the project, and where funding from the project was used to pursue this.
Though community energy is often framed in UK policy as being a significant element of the
push against climate change (Scottish Government, 2015; DECC, 2014), environmental
concerns are a primary focus for some but not all groups. For groups where this is the
primary motivation, their goals can include the creation and use of renewable, low-carbon
energy sources for both electricity and heating and reducing energy consumption within
the community (Haggett et al. 2013). Research by Seyfang et al. (2013) demonstrated that,
though an overwhelming majority (96%) number of respondents from community energy
projects cited economic benefits as one of their objectives, many other objectives were
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also identified. Environmental objectives were cited by 88% of respondents and reduction
of carbon dioxide emissions was regarded as an obvious benefit of using renewable sources
of energy.
Beyond financial and environmental concerns, there is often a desire within a community
to gain some level of autonomy and security. This may involve a desire to remove
themselves from a dependency on external bodies for their energy supply and having some
measure of control over both the supply itself and the costs. This can go beyond the energy
supply itself and may be one method for the community is applying as part of a larger
effort for broader self-determination (Haggett et al. 2013). Markantoni (2017) does note
that financial goals were often in service to increasing autonomy by reducing reliance on
external grants and allowing the community to improve their own capacity for carrying out
other projects relating to the community itself.

1.3.2.2 Barriers
The barriers for community energy projects can be considerable, even with support
structures in place. In Scotland, despite the large number of community energy groups,
only 44.4% of the 276 projects that had been started were completed and operational in
2013 (Haggett et al. 2013). Project planning has long been recognised as an issue for larger
developers in the UK and, as such, the burden on small community developments can be
substantial, with high costs and long delays that have a disproportionate impact when
compared to impacts on large developments (Bauwens et al. 2016). These delays are most
often attributed to the time taken to negotiate the purchase or lease of land (Haggett et al.
2013). Adams et al. (2001) note that landowner behaviour can be a barrier to brownfield
development, and a landowner can be reluctant to sell for various reasons from wishing to
retain the land for financial benefit to a perceived social role that the established
landowner must fulfil.
Negotiations over land can severely affect hydropower schemes in particular, where the
expanded physical footprint of some schemes (usually as a result of a pipe or penstock)
may run through several parcels of land owned by different landowners, who have to be
negotiated with individually. Failure to secure permission from any one of these
landowners may lead to scrapping of the original site plan as an alternate route needs to be
found, potentially increasing the costs to the point where the scheme is no longer viable9.

9

This point was raised by several correspondents with the author but does not appear to be
mentioned in the literature.
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The same issue is noted by Roberts & McKee (2015) for community walking and cycle paths
requiring agreement from all landowners, which puts additional pressure on communities.
A study by Forestry Commission Scotland (2015) found that the involvement of numerous
lawyers from multiple stakeholders confused communication between all parties,
prolonging negotiations, and increased legal costs for community groups. However, despite
issues with the planning process, community groups appear to be very successful at gaining
planning permission. 97% of community owned energy projects which got to the planning
stage in 2013 were granted planning permission, a much higher proportion than private
ventures (at approximately 75%), though the planning approval rates from each local
council varied considerably (Haggett et al. 2013).
Financial support schemes for community energy have been in decline in the UK, having
been a major driver of growth in the sector. This was most notable with the gradual
reduction and subsequent loss of the FiT scheme, but also loss of tax benefits in the form of
the Enterprise Investment Scheme (EIS) and the Seed Enterprise Investment Scheme (SEIS),
aimed at providing finance at more favourable rates, both of which were discontinued in
2015 (Harnmeijer, 2016). Initial project costs can be a major stumbling block for projects in
the planning or pre-planning phase. Development costs are, overall, higher for community
projects than commercial ones (IEA-RETD, 2016). Costs for community onshore wind
projects were 70% higher as a proportion of total project costs (for non-capital items),
compared to private developments (Haggett et al. 2013). How the loss of key financial
support structures will affect the sector going forward is unclear, and overcoming financial
hurdles is now a focus for research on the sector (Braunholtz-Speight et al, 2018).
For community groups, investment at the planning stage is completely at risk, unlike large
developers who can have multiple projects being worked on simultaneously and therefore
spread their risks. If the project is denied planning permission or does not go ahead, the
investment is lost. Community groups also have less ability to negotiate pricing, either
because they do not plan future projects and cannot negotiate on the basis of future work
being available, or lack of industry experience means that they cannot identify the best
deals available to them (IEA-RETD 2016; Haggett et al. 2013).
A major challenge for UK projects, whether community based or commercial, is the
availability of grid capacity for new electricity generation (Haf et al, 2018). The current
National Grid infrastructure was originally designed for a centralised, hub-based system of
generation, transmission, and distribution of electricity, with larger power stations
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transmitting electricity to local distribution networks. Problems can arise when attempting
to export excess energy to the local distribution network as the network does not have the
capacity for additional power (Birch, 2015). Securing a grid connection can be a lengthy and
expensive endeavour, and where local grid capacity is low this may affect how much a
generator can export (and therefore earn through export tariffs). In response to this, many
community groups have looked to new solutions such as providing power in a local energy
system (where power is generated and used locally) or providing power to a business or
other private entity through a private wire arrangement (CARES, 2016). Energy storage may
be a solution, or part of a solution, to these challenges, but where these arrangements are
not possible, the lack of grid capacity to accommodate new projects remains an ongoing
issue.
Finally, community energy projects are also particularly vulnerable to the loss of skilled or
knowledgeable members involved, which can happen for a variety of reasons. Many
projects rely on the goodwill, energy, and time commitment of volunteers, which puts
projects in a precipitous state when members are lost (van Veelen, 2013). Others with
particular skills or knowledge may be hired to positions funded by grants, which is not
always sustainable and makes these roles somewhat insecure (Haggett et al. 2013).

1.3.2.3 Factors for success and positive impacts
A report by the Department of Energy and Climate Change (DECC, 2014) found that the
success factor most often noted by community groups was the ability to secure funding,
closely followed by support from within the community and support from co-operation
with other organisations. Sharing knowledge and expertise between groups is a key
supporting element for new projects, and because of how far the sector has evolved in
recent years there is now a wealth of experience within established community groups
(Braunholtz-Speight et al, 2018).
Haggett et al. (2013) outline eight success factors for community energy projects, noting
that while not all have to be present for a project to be successful, each increases the
likelihood of a positive outcome. These were largely in line with the later findings by the
DECC (2014) but placed greater emphasis on having environmental or carbon-saving
oriented goals and being part of an existing community group. In particular a strong
community identity and trust (i.e. symbolic resources) are a better predictor of future
success than finances even if the group lacks financial resources. This is supported by
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previous work carried out by Walker et al. (2010) who state that trust within a group and
between their major stakeholders is vital for the future success of a project.
Successful community energy ventures can, potentially, bring a host of benefits to the local
community, and the impacts of such developments are generally thought to be positive
(Haf et al. 2018). However, while there is a large body of work studying the motivations and
paths to successful implementation, there is less focus on the outcomes and impacts of
successful community energy schemes (Rogers et al. 2012; Berka & Creamer, 2018).
By far the most comprehensive analysis of community energy impacts is by Berka &
Creamer (2018), who outline the main types of local impacts cited in the existing body of
literature:
•

Socio-economic regeneration

•

Knowledge and skills development

•

Social capital

•

Increased local support for renewable energy

•

Energy literacy and environmentally benign lifestyles

•

Access to affordable energy

•

Empowerment

Of these, the least studied impacts were ‘access to affordable energy’ and ‘empowerment’,
though it is noted that all of these impacts suffer from a lack of statistical evidence. The
paper concludes by stating that, although different models of community energy often
result in different outcomes, the evidence points to the most effective outcomes as being
indirect benefits and project revenue being invested into the local community.
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1.4 Hydropower and energy tourism: potential opportunities
for communities
As discussed in section 1.3 on adaptive re-use, there is scope for utilising historic buildings
in new ways and for new purposes. Though decommissioned energy sites were quite often
the subject of adaptive re-use projects, it was rarer for other structures to be adapted into
energy generation sites. In the context of community energy, it is not uncommon for
historic hydropower sites – which will be defined here as infrastructure relating to the
extraction of mechanical or electrical power from water sources including, but not limited
to, weirs, mills, sluices, and dams – to be utilised for new hydroelectric developments.
However, given the barriers that the community energy sector faces, and the growing
realisation that small-scale hydropower may have a negative effect on local environments
(as discussed in section 1.2.4), anyone looking to exploit these sites for hydropower could
potentially look at other factors – capitalising on their historic features and their potential
as tourist attractions.
The concept of energy tourism is a relatively new one. Though energy facilities themselves
have been a focus for a certain segment of tourism for many decades, there is very little
academic literature relating to it. Frantál & Urbánková (2017) provide a definition of energy
tourism as a niche form of industrial tourism, itself a niche area within the tourism sector.
This form of tourism had previously been observed in relation to large hydropower
infrastructure (particularly dams) in the Pyrenees (Rodriguez, 2012) and in the Alps
(Loloum, 2016). Frantál & Urbánková, (2017) use further examples from the Czech
Republic: coal mining sites, a wind farm, and a nuclear power plant, and state that some
modern energy facilities are some of the most popular tourist attractions in the country. A
study by Beer et al. (2017) gives numerous examples of global renewable energy facilities
which are popular tourist attractions, including Cruachan hydropower station and dam in
Scotland, North Cape Wind Energy Interpretive Centre in Canada, and Hellisheiði
Geothermal Plant Visitor Centre in Iceland.
Frantál & Urbánková, (2017) analyse the motivations of visitors to a range of energy
production sites (both renewable and non-renewable), finding that the primary motivation
was an interest in the specific technology utilised at the visited site, or energy in general.
Similarly, a recent study on hydropower tourism in Serbia (Dimitrovski, 2021) found that
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small hydropower plant tourism was focussed on the architecture and technology of these
sites:
"Thus, the analyzed offer is predominately driven by its industrial heritage and
educational purposes that derive from it… knowledge transfer (technological facts
and benefits discussed during guided tours or seminars) was an essential element of
energy-tourism." (Dimitrovski, 2021, pg. 7)
The same study found that small hydropower sites were more focussed on tourism and
visitor access than large hydropower sites. This is attributed, at least in part, to security
concerns as larger facilities could not be opened to the public, though many the smaller
hydropower plants were designed by the famous inventor Nikola Tesla, which would also
account for much of their appeal. Contrasting this is a study of the links between tourism
and large hydropower facilities in the Pyrenees (Rodriguez, 2012) where they are not only
focal points for tourists but the associated infrastructure which allowed their construction
are now channels that have expanded tourism in the region – for instance housing for
workers becoming accommodation for tourists or roads built to allow construction
providing access for tourists.
It is difficult to draw concrete conclusions from two regionally disparate examples, though
it is clear that both small and large hydropower plants can be viable tourist attractions.
Smaller hydropower stations are more analogous with mill sites, though without more
research on energy tourism as it relates to small hydropower and in a UK or Scottish
context it is unclear as to whether the same success factors/benefits of small hydropower
outlined by Dimitrovski (2021) are applicable.
There are indications that energy tourism is becoming recognised as a specific area related
to, though distinct from, industrial tourism and adventure tourism (Alekseeva & Hercegová,
2021). Though there are multiple studies that focus on renewable energy and its impact on
tourism, there is much further scope to analyse renewable energy sources as tourist
attractions in their own right, and how such projects impact the local communities around
them.
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1.5 Summary
Micro-hydropower technology is now a mature and well-understood one, however an
interesting new area of research on the applicability of water wheels has emerged in the
past few years. As the FiT has now been closed, the growth of new renewables will rely on
creative solutions and use cases, and the use of water wheels at historic hydropower sites
may represent one potential method to contribute to this. The new Carruthers wheel
design likely has limited applicability to water mill sites as it is not designed for outflow
systems. On sites that are listed, it may not be an acceptable replacement for the original
wheel design in any case. Where water wheels can be used for electricity production there
may be additional benefits, such as a smaller negative environmental impact compared to
conventional turbines and increased value to local tourism. However, these impacts are
largely mentioned in passing and have not been studied to any great extent. This is
especially evident in the relatively new field of energy tourism, which has seen little
attention in the literature.
There is a gap in the literature relating to rural adaptive reuse of buildings and other assets
in a UK context, and in Scotland in general. This is evident from the focus of the literature
being primarily on urban redevelopment, and in discussion surrounding VDL in Scotland
which is biased toward urban sites. The adaptive reuse of sites for electricity production is
also mostly absent in the literature. This is likely due to the desire for increased renewable
energy (ruling out repowering or adaption for non-renewable sites such as coal or gas), and
the limited types of renewables that can reasonably be utilised at reused sites. Where mills
have been reused for electricity production, these have largely been privately owned and
operated and the barriers, drivers and impacts of doing so have largely gone unexamined.
While the potential for refurbishing historic hydropower sites in the Highlands & Islands
has not been studied in detail, there have been two other studies on the subject for other
areas of Scotland. These studies will be discussed in more detail in section 2.2. and section
6.2.1
Community energy – especially in Scotland – is now quite well understood, and the drivers,
impacts, and potential barriers/benefits have been clearly outlined. Uncertainty on the
future of community energy in the UK now comes from the removal of subsidies and how
this will affect the growth of new community renewables. However, literature on
community energy has not explored how adaptive reuse may provide new avenues for
providing benefits to local communities.
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From the factors outlined in this chapter a basic model outlining the potential for
refurbishment can be created (figure 1.3). Here we can outline the central requirements for
potential existing (reuse, generation, community), and the barriers affected each. These
can be split into non-negotiable and negotiable barriers representing insurmountable
elements and factors which can be navigated depending on site specific conditions.

Figure 1.3 – Potential for historic hydropower refurbishment model
Establishing the existence of the building at each site would be the initial step. The
immediate barrier at this stage is that the building is no longer present, or not enough of
the original infrastructure still exists to warrant any further investigation. Another
possibility is that the site has already been redeveloped, or still operates in some capacity
(such as a tourist attraction). Negotiable barriers would be that the site is still present but
very large or complex and would require significant investment to refurbish. If the building
has listed status (a legal protection afforded to certain historic buildings) this may also
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present a barrier to further development, but this would depend on what level of
protection the building has and to what extent. As outlined in section 1.2.3, research on
building reuse in rural contexts is context so there may be other potential barriers present
at this stage.
The next stage would be to establish the potential for power generation. Non-negotiable
barriers relate to the environmental cost of the scheme. As noted in section 1.1.4, microhydro schemes can have negative environmental effects, and any new scheme would have
to be evaluated for these. Requirements for the installation of new river barriers would
likely be seen as too damaging to the environment and would not be permitted. Factors
such as availability of local grid capacity to export power and availability of water would be
more negotiable but may have an impact on the amount of energy that could be
generated.
Finally, an assessment of the local community’s capacity to carry forward the project would
be looked at. Many of the barriers at this stage would be negotiable to some extent as they
are often site-specific – for instance the extent to which local land ownership would affect
the project. The only non-negotiable element being that there is simply no substantive
community to enable to project to take place – for example if the site was so remote that
nobody lived or worked nearby.
This model provides a basis for the survey methodology that will be developed in Chapter
2. Factors affecting community capacity will also be investigated in more detail in Chapter 4
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Chapter 2 – Methodology
2.1 Introduction
Hydropower generation in Scotland is well studied due to its long history of development
reaching back over a century. The hydropower resource studies outlined in the literature
review show that a range of tools and methodologies have been employed to gauge the
availability and the (primarily economic) viability of Scotland’s hydropower resource. This
project differentiates itself from these previous studies by starting from a list of definitive
site locations and evaluating the viability of these locations, as opposed to previous studies
which seek to find the most effective sites for hydropower generation based on their
hydrological characteristics as a starting point.
The methodology developed for this project is based on two previous projects: the
Renewable Energy Sources Transforming Our Regions – Hydro (RESTOR) project (RESTOR,
2012), and the Historic Hydropower in East Scotland survey (Bryce & Kerrigan, 2014). Both
of these are summarised briefly in the next section, followed by an exploration of how the
methodology outlined was developed further to create a more in-depth approach to
surveying historic hydropower sites.

2.2 Key Historic Surveys
2.2.1 RESTOR
The Renewable Energy Sources Transforming Our Regions (RESTOR) project was a
European initiative aimed at refurbishing historic hydropower sites for use as renewable
generation. The project was part funded by the Intelligent Energy Europe (IEE) programme
and ran from June 2012 to May 2015. The aim of the project was to increase renewable
energy development across Europe by identifying historic sites such as mills, weirs, and
hydropower stations that were no longer operational. The data would be made publicly
available through a “Mills Map”, a database of potential historic hydropower sites suitable
for development as a hydropower generator, encouraging the reuse and development of
these historic assets into functional renewable energy schemes. The Mills Map was not
functional until 2021 and at time of writing no documents, reports or other records are
directly available through the project’s website.
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Figure 2.1 outlines the key data required for the database and optional data which would
allow a more detailed assessment as to the site’s suitability.

Figure 2.1 – RESTOR key data and optional data (Punys et al. 2019)
This methodology is described in detail in a draft document “Mills Map – Identification
Instruction Manual: A “Field Guide” for RESTOR-Hydro” (RESTOR, 2012). The aim was to
carry out a large-scale survey as a desk-based exercise, giving some basic guidelines to
participating EU members to allow them to carry out the survey. This came with several
caveats:
•

The mills map is highly unlikely to constitute a comprehensive list of sites;

•

Precise locational data may not be available, and some data points based on
historical data may be inaccurate;

•

Data dependent on input from members of the public (the example given is the
now defunct Google Panoramio) which may be inaccurate and efforts to validate
such data should be made;
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•

It is “virtually impossible” (Pg. 8, RESTOR, 2012) to give accurate values for power
potential without accurate flow data and this is likely the most inaccurate value
being input into the database.

These points highlight key issues with a desk-based approach, and why on-site visits are
important for gaining accurate information. However, for assessing large numbers of sites,
a desk-based approach is the only realistic approach to survey them without a significant
amount of time and resources available. In the case of RESTOR, it is explicitly stated that
the project was not designed or funded to carry out any field work or site visits (RESTOR,
2012, pg. 10).
As the RESTOR project covered several EU countries, each with their own resources for
surveying historical sites (if they exist at all), each member of the project was expected to
identify their own resources to use with a relatively basic set of guidelines for inputting
data into the shared Mills Map database which covered every contributing nation.

2.2.2 EcoTechnic Historic Hydropower Survey
In November 2014, a survey was conducted in four local authority regions in the east of
Scotland (Aberdeenshire, Perth & Kinross, Fife, and Angus) by the four local authorities,
East Coast Renewables, and researchers at the University of the Highlands & Islands (Bryce
& Kerrigan, 2014). While not a part of the RESTOR project, this survey utilised the
methodology detailed by RESTOR for identifying and classifying hydropower infrastructure
as well as the same database structure, with the aim to contribute to the RESTOR project’s
Mills Map. The survey was carried out manually using Google Earth, Google Maps and
Ordnance Survey maps, beginning searches at river mouths, and searching upstream for
evidence of infrastructure. One notable issue was that it was not always possible to identify
sites where there is a lot of tree cover and supplementary data would be required. Because
of this some sites would not have been identified, and other operational hydropower sites
were included.
A total of 587 sites were identified in the study area, the majority of which (329 sites) were
categorised as having a potential capacity of up to 40kW. 372 sites were identified as mill
sites, 137 as weirs, and 78 were listed as being unknown. The vast majority of sites
required further investigation (435), where the level of infrastructure was uncertain. A
small number of sites (21) were listed as having limited potential where the likelihood of a
hydropower site ever being present was very small. 131 sites were listed as having high
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potential, defined as having sufficient evidence that suitable infrastructure was in place and
there were no obvious factors which would prevent refurbishment of the site.
This desktop survey was limited in scope and, though a large number of sites were
identified, there was a large degree of uncertainty in the results. The study demonstrates
the inherent issues with the survey method put forward by RESTOR (site identification in
particular) but acknowledges these problems and points to the next steps that need to be
made to create more accurate evaluations of site viability.
In 2016 the sites identified in this initial desktop study were used in a follow-on study
commissioned by EcoTechnic, a business network designed to support sustainable
development in Perth & Kinross and carried out by hydropower developer BabyHydro Ltd
(BabyHydro, 2017). The project did not have the resources to survey every site, so five sites
from each of the local authority regions were selected by the local authorities and
presented to BabyHydro for screening. Some of these were later replaced by BabyHydro
with other sites which were more likely to be suitable. No indication is given as to how
many sites were dismissed.
BabyHydro then carried out site visits to each site and carried out a ‘pre-feasibility’
assessment – this included an evaluation of the site topology, identifying the site’s layout
and output potential, as well as projected costs and development risks. Angus Council were
not able to gain consents for site visits and could not provide alternative sites from the
longlist, and so no visits were carried out in the area. Only four sites in the Perth and
Kinross Council area were surveyed. As such, only fourteen sites were visited of the twenty
originally planned.
The prefeasibility studies were written up in a series of short reports, with a final project
report completed separately. The short reports focus on the condition and extent of any
remaining infrastructure, access conditions, nearest grid connection point, and an
estimated head and flow of the watercourse. Two of these reports were very short, with
the surveys consisting of only a handful of bullet points. In both of these reports the weirs
on site were found to be either demolished or in a highly degraded state. Both were cited
as lacking the required infrastructure and did not have hydropower potential. In the final
report, three sites were selected as potentially being viable for refurbishment.
The number of sites that were deemed to be worth taking forward by BabyHydro was
approximately 20% of the total number surveyed and extrapolating this to all the identified
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sites would yield around 117 sites with potential. Selecting only the “high potential” sites
identified in the desktop analysis would yield 26 sites worth looking at. This does not
account for any sites that BabyHydro rejected and the uncertainty of the initial desktop
survey, and it is unlikely that this is a representative indicator.
BabyHydro list the main learning points in their final report, briefly summarised here:
-

Site visits: vital on micro-hydropower schemes where a small difference in the head
can lead to a significantly increased potential in site capacity or no potential at all.

-

Landowner consent: site visits should only be conducted if permission to do so has
been granted by the landowner.

-

Cumulative impacts: Strict rules govern water abstraction from multiple points
along the same river, including hydropower, agriculture, and drinking water
abstraction.

-

Weir condition: weirs in poor condition are rarely worth reinstating for a microhydropower scheme alone

-

Financial viability: Despite cuts to the FiT, some sites may be viable if they are able
to provide other benefits such as historic conservation or improvements to the
environment.

The report concludes that, should the sites that could be taken forward, they would be a
valuable educational and tourism resource, though there is no assessment of the historic
value in any of the short reports.
An additional element to note is that BabyHydro employs a proprietary GIS-based software
package called Hydrobot10 to identify sites and calculate optimum arrangements for
schemes, as well as calculating the site’s power output. The project was first used on a
project for The Forum for Renewable Energy in Scotland (FREDS) to identify roughly 1000
sections of river appropriate for hydro development, totalling more than 650MW of power
(Forrest & Wallace, 2009). It is not mentioned in BabyHydro’s reports whether this
software was employed for the EcoTechnic study.
There are two main reasons why Hydrobot was not considered for use in this thesis. The
first is that, as proprietary software owned by BabyHydro, it would have come at

10

https://babyhydro.co.uk/hydrobot/
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considerable expense to utilise for the number of sites that were likely to be surveyed and
would not have been feasible for this study. The second is that the principal use of
Hydrobot is site discovery and calculating ideal site layouts to maximise power output. As
this study is aimed at identifying historic hydropower sites and utilising existing
infrastructure, there is limited scope for using Hydrobot for this purpose and other
methods would be more suitable.

2.3 Historic site mapping in the Highlands and Islands
The first stage of this project was to create a map and/or list of historic sites that could
potentially be viable candidates for refurbishment. The principal data source selected for
this was Canmore, a searchable online database recording Scotland’s historic environment
curated and maintained by Historic Environment Scotland11. Sites in the database are
organised using classifications which group and identify site types (e.g. WATERMILL or
CORN MILL). Using a keyword search will bring up a list of relevant classifications – for
example, searching for “mill” will bring up a list of 57 separate classifications that include
the word mill. Some sites may appear under several classifications. A list of all sites in
Scotland under that classification can be searched through and refined based on council
area, county, or parish.
Site data from each “mill” classification where there was at least one record present
(except “mill house”, “millstone” and “millstone quarry”) was exported from Canmore as a
.csv file which was then opened and edited using Microsoft Excel. Additional data on mill
dams, weirs, and lades were also included. Sites not located in the Highlands & Islands
region were removed – it was easier and quicker to do this through Excel rather than
through Canmore’s search function. As many of the sites were listed under multiple
relevant categories and could not be easily separated without creating further duplicate
entries, the sites were organised into new spreadsheets according to broader categories:
-

11

Mills (of all classifications)
Weirs
Lades
Storage (includes mill ponds and dams)
Lade-Storage (where a lade is present with either a mill pond, dam, or both)

https://canmore.org.uk/
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Horizontal type mills were removed at this stage as they are typically not suitable for
production of electricity, as discussed in section 1.2.3 they are very low powered and
operate using low volumes of water. Mill sites listed as ‘possible’ with no other
classifications listed were also removed as this meant that the site in question was unlikely
to have much infrastructure left that was usable. Data on barriers to fish migration from
SEPA12 was acquired as it included man made barriers (primarily weirs), though it was not
incorporated into the main data set so it could be kept as a separate layer in ArcGIS. Data
for listed buildings was also added as it became apparent that, while Canmore did include
listed buildings, it did not include all of them and there was a gap in the data. Listed
building data was added from Historic Environment Scotland’s listed building portal13 any
duplicates were removed.
Site location data from the International Molinological Society was identified early in the
process as a potential source to supplement data from Canmore. The data for the society
was collected by volunteers and held in a mills database accessible online14 which could be
downloaded as an Excel file, with an accompanying kmz file to view the site locations with
Google Earth. Reviewing these excel files found that the majority of UK entries were for
sites in England and Wales, with a small number of Scottish sites already accounted for in
the Canmore records, being unsuitable (horizontal mills) or outside of the study area. As
such the IMS data was not incorporated into the project dataset.
The site location data was then displayed through ArcGIS pro. At this stage it was decided
that, due to the large volume of sites and the feasibility of evaluating all of them in an
acceptable timeframe, only mill sites would be considered. When compared to weir, lade,
and storage sites, mills were chosen for several reasons, based on the author’s
observations:
-

Mills often include weirs, lades, and mill ponds in context with the site and as such
would be the best focal points for manual searches for historic infrastructure that
has potential for refurbishment.

-

They are the most likely out of the site types to have wider benefits to the
community through education, retention of historical buildings and/or
refurbishment of derelict/vacant structures.

12

https://www.sepa.org.uk/environment/environmental-data/ - “Obstacles to Fish Migration”
http://portal.historicenvironment.scot/
14
http://gpsdatabase.molinology.org/introduction.html
13
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-

Generally, less remote, and closer to inhabited areas than weirs – improving access
both to site and to the grid.

The Highlands & Islands Region boundary line (as defined by the Nomenclature of
Territorial Units for Statistics level 215) was then added as a separate layer to determine if
any sites fell outside this area. Three sites were found to be outside the area and were
removed from the dataset. Subsequently there were 588 mill sites remaining. These are
shown in Figure 2.2.

Figure 2.2 – Site location map
15

https://www.ons.gov.uk/methodology/geography/ukgeographies/eurostat
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2.4 Survey Method First Draft
The first draft of the survey method was developed using criteria identified through the
RESTOR methodology and Scottish specific guides created by the following organisations:
•

•

•

•

Historic Environment Scotland (HES)
o

Scotland’s Listed Buildings (HES, 2019b)

o

Buildings at Risk Register16

Scottish Natural Heritage (SNH)
o

Hydroelectric schemes and the natural heritage (SNH, 2015a)

o

Constructed Tracks in the Scottish Uplands (SNH,2015b)

Scottish Environmental Protection Agency (SEPA)
o

The Water Environment (Controlled Activities) (Scotland) Regulations 2011
(as amended) A Practical Guide (SEPA, 2019)

o

Guidance for developers of run-of-river hydropower schemes (SEPA, 2015)

Local Energy Scotland’s Community and Renewable Energy Scheme (CARES)
o

CARES Project Development Toolkit – Hydropower Module (CARES, 2017)

Previous hydropower resource studies and case studies from the EcoTechnic survey
described in Section 2.2.2 were also used to determine which criteria should be prioritised
for a primarily desktop-based assessment. Based on the model outlined at the end of
Chapter 1 (figure 1.3) a process was devised whereby the entire dataset of sites could be
considered systematically, allowing unviable sites to be removed as early in the process as
possible. This process would be carried out via a series of questions on a flowchart (see
figure 2.3) in an order which first considers criteria which are simplest to ascertain, moving
on to more complicated criteria.

16

https://www.buildingsatrisk.org.uk/faq
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Figure 2.3 – survey process flowchart version 1
1

Does the site have suitable remaining infrastructure?
Existing infrastructure – such as a mill house, lade or weir – is central to the objectives of
this project and a considerable benefit to any prospective hydropower project. A weir is
particularly beneficial, as it is highly unlikely that permission will be given to build a new
one as SEPA’s priority is to restore river connectivity, whereas the repair and improvement
of existing weirs is desirable in areas where either there is no fish migration, or where fish
passage could be improved17.
Weirs must also be in good condition as repairs can be expensive. If a weir is not present or
would require substantial repair work, then it is unlikely that the site is suitable and so it
may be excluded.
The level of suitable infrastructure may be determined when assessing listed building or atrisk status in conjunction with publicly available satellite imaging and its extent can be
confirmed with an on-site visit if necessary/possible.

Is the site a listed building?
Listed buildings are legally protected historical buildings, designated for their importance to
a particular architectural style or being historically significant in some way and are recorded
by Historic Environment Scotland. There are three categories of listing (A, B and C) which
determine their relative importance to a local, regional or national/international level
(category A is of national/international importance), or their notability (e.g. as an example
of an architectural style or time period) and the degree to which they have been altered
(Cat. A, little altered – Cat. C moderately altered). Listings may extend to additional
buildings in the same area (e.g. a country house and its stables etc.).
It is possible to carry out modification works to a listed building (including demolition),
however consents must be obtained from the local planning department prior to doing so.
Modification or demolition without consent is a criminal offence. Applying for consent is
free but will take time to obtain and may impact project timelines. In the case of derelict
mills, it is unlikely to be turned down providing that the refurbishment is appropriate and
does not drastically alter the character of the building18.

17

https://www.sepa.org.uk/environment/water/water-environment-fund/
https://www.historicenvironment.scot/advice-and-support/applying-for-consents/listed-buildingconsent-and-conservation-area-consent/listed-building-consent/
18
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It is unlikely that there are numerous mills designated Cat. A in this survey, though any such
site is unlikely to be suitable for refurbishment in the manner that is intended by this
project and may have already been refurbished. That being said, it cannot be ruled out and
would depend on further site inspection.

Is the site on the Buildings at Risk Register for Scotland?
The Buildings at Risk Register is a list maintained by HES detailing buildings in Scotland that
are deemed to be at risk of demolition or further deterioration. Buildings on the register
may be listed or unlisted but located in a conservation area (areas “of special architectural
or historic interest designated for protection”19 by a local planning authority).
The register does not apply any special protections beyond what is already afforded by any
listed status or temporary or emergency notices that can be issued by local planning
authorities. The register simply provides details of the site and an assessment of its
condition.
Both the building’s condition and its category of risk are evaluated on the register.
Condition is ranked as follows:

Ruinous The building is a roofless shell. Little of the original fabric remains other than the
external walls.
Very Poor The building is either extensively fire damaged, partially collapsed, or is suffering from
major structural problems. It may be totally or partially roofless but retains a little more fabric
than just the external walls. Very little of the interior remains.
Poor The building has been vacant for a number of years and does not appear to be maintained.
Most of the external fabric remains, but there are obvious signs of deterioration such as slipped
slates, vegetation growth, broken windows, vandalism, or blocked rainwater goods.
Fair The building is only recently vacant but there is no identified new use. Although previously
well maintained, it now requires minor repairs. There are some signs of neglect.
Good The building fabric is generally sound, and its overall condition does not necessarily place it
at risk. However, it is under threat of demolition, or its future sustained use is in doubt.
Source: https://www.buildingsatrisk.org.uk/faq

Buildings in ‘Ruinous’ or ‘Very Poor’ condition generally indicate that refurbishment would
be an expensive undertaking. There may be local interest in restoration and re-use, and
such buildings should not be discounted, especially if the building is particularly notable

19

https://www.buildingsatrisk.org.uk/faq
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(usually indicated by listed status) or if a community group was particularly keen to see the
building reused. However, with the greater expense required any projects involving these
sites are less likely to be carried through to completion.
Has the site been developed?
If the building in question has already been developed (e.g. renovated for housing or
brought back into its original use) or is currently being developed then it is highly
improbable that it would have the capacity for further development as a hydropower
generator and can be safely removed at this stage.
Development of the site can be assessed at the same time as their listed status, presence
on the buildings at risk register, or when determining any existing infrastructure.

Does the site have road access?
Existing road access to the site is preferable, as the creation of new construction/access
routes can be expensive and environmentally damaging. Even with an existing road it may
need to be modified to allow construction vehicles to gain access - guidance and best
practice on the creation of tracks in the Scottish uplands are available from SNH20. Road
access can be established along with remaining infrastructure and will be determined using
publicly available satellite imaging (Google maps and/or Edina Digimap) and confirmed with
an on-site visit if necessary/possible.

Break Point 1
At this stage, the criteria assessment covered by satellite imaging will have been
completed. The number and distribution of remaining sites will be assessed to determine
the order in which they will be investigated in the next set of criteria. Clusters of remaining
sites in close proximity will be examined first.

Is the site subject to environmental protection?
Protected area legislation is a necessary limitation on development: protecting wildlife,
plant life, and natural landscapes.
Potential impacts that must be evaluated include:

20

https://www.nature.scot/sites/default/files/Publication%202015%20%20Constructed%20tracks%20in%20the%20Scottish%20Uplands.pdf
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-

Wooded areas and tree removal

-

Fish species

-

Bryophytes and lichens

-

Landscape and visual amenity

Development is possible in most protected areas but are subject to further scrutiny –
further appraisal of site suitability can add significant time (and cost) to a project.
There are several categories of protected area legislation outlined by Scottish Natural
Heritage (SNH, 2015a) to be considered for hydropower schemes:
•

Special Protection Areas (SPAs)

•

Special Areas of Conservation (SACs)

•

Ramsar sites

•

Sites of Special Scientific Interest (SSSIs)

•

National Nature Reserves

•

Geological Conservation Review sites

•

National Scenic Areas

GIS data for each category is available through SNH gateway21

Is grid access likely to be possible?
If the site is going to export power to the grid it needs to be connected to the network. For
small scale generators this involves connecting to the distribution network, which takes
power from the larger scale transmission network and distributes it to end users. In the
north of Scotland, the Distribution Network Operator (DNO) is Scottish & Southern
Electricity Networks (SSEN). Projects may not need to connect directly to the grid
themselves, either making a private wire arrangement to supply electricity to a larger
consumer (such as a farm) or by consuming the electricity on site.
The grid is highly constrained in Scotland at time of writing, especially in the Highlands &
Islands, given the increasing volume renewable energy generation. Network constraints can
result in longer waits for connection or result in the project being deemed unviable.
Unfortunately, while there is some information available on grid constraints in particular
areas, there is no way to know if a particular site can be connected (or the timescale for
21

https://gateway.snh.gov.uk/natural-spaces/index.jsp
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connection) without contacting the DNO as part of an ongoing project. Local use of energy
was not considered at this stage. For this study it will only be possible to give a rough
indication of the constraint level for each site based on data available from SSEN22

Is the site likely to receive approval from SEPA?
The Scottish Environmental Protection Agency (SEPA) regulate the water environment in
Scotland, and any hydropower development must gain a water use licence under the Water
Environment (Controlled Activities) (Scotland) Regulations 2011 (as amended), or CAR from
SEPA to abstract water. According to the CAR practical guide (SEPA,2019) an application is
more likely to be accepted if the scheme is:
-

Situated in an already degraded part of the water environment that is not planned
to be improved and would not result in further degradation;

-

situated in small, steep streams;

-

delivering improvements to the ecological quality of the water environment;

-

using only that proportion of flow that can be abstracted from the river or stream
without breaching river flow standards.

This applies for schemes generating less than 0.35GWh per year (approximately how much
a 100kW scheme is expected to produce yearly). As the sites surveyed by this project are
unlikely to exceed 100kW of generating capacity, this guidance is the most appropriate.
To gauge whether the SEPA is likely to approve the scheme, a desk-based exercise can be
carried out (SEPA, 2015). This will give a general indication of the likelihood of the proposal
being accepted or not. Proposals that are deemed “provisionally unacceptable” will be
removed at this stage.
Sites that are found to be provisionally acceptable may not be suitable for development
after a more thorough survey, however at this stage it is the best indication available.

22

https://www.ssen.co.uk/GenerationAvailability/
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Can the site owner be traced?
In Scotland you can search for ownership through the Land Register of Scotland at a cost of
£20+VAT for each title, however this also requires an online search for the title number for
each property. The search will also not give any contact details for owners, so this will have
to be acquired another way. This makes the process both lengthy and potentially expensive
depending on how many properties are left at this stage of the survey.
Alternatively, the “Who Owns Scotland” database23 covers the majority of the Highlands.
This information is free, only requiring a subscription to access. However much of the
Western Isles, Orkney and Shetland have no information available currently.
The final option is to pursue local contacts through either planning departments or local
groups such as historical societies who may be able to provide contact information.
Accessing buildings is not covered under Scotland’s Outdoor Access Code (SNH, 2005)and
therefore the landowner’s permission must be granted before accessing these sites
directly. External examinations could potentially be done without entering the property,
however as this project may produce results for commercial exploitation the owners may
be justifiably upset that they were not notified.

23

http://www.whoownsscotland.org.uk/index.php
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2.5 Multi-Criteria Analysis and Trial Run
A trial run of the survey method was carried out on six randomly selected sites. This
introduced a basic scoring system using a simplified version of Multi-Criteria Analysis
(MCA). MCA is usually aimed at assessing various options to complete a set objective and is
usually used instead of or alongside cost effectiveness or cost benefit analysis. MCA is
relatively scalable and can be used for decision making for small and large-scale projects. In
this case the general principles were adapted to create a scoring system with the aim of
giving a rudimentary analysis of the site’s viability.
The criteria that could be evaluated via satellite imaging would be tested using the table
below (table 2.1). Two of the criteria from the methodology were not looked at as part of
the test due to the fact that they would too time consuming/costly to carry out at this
stage: SEPA approval and site ownership.
N

Y/P

A

B

C

U

R/U

VP

P

F

G

>1km <1km Y

Y

N

>200m <200m

*

*

0

1

2

3

0

1

2

3

4

0

0

1

0

Suitable Infrastructure
Listed
Condition
Road Access
Env. Sensitive.
Grid
1

2

Table 2.1 – blank scoring table used for trial run

The criteria are colour coded, with each corresponding to their variables at the top. Each
variable is assigned a score at the bottom of the table, which are totalled for a final score.
Values
Of the six sites, four were found not to have any remaining infrastructure or unsuitable
infrastructure – including one that did not have any available water source. Presence of
infrastructure could not be confirmed for one site, which was also in an environmentally
protected area. The final site had infrastructure in place. However, it was a category A
listed building which already had plans for restoration as it was the oldest complete
threshing mill in Scotland making its potential for reuse as a power generator virtually
impossible.
Learning points from this trial:
•

As noted by the EcoTechnic survey, this trial run confirmed that satellite imaging
alone is generally not enough to verify the existence or suitability of infrastructure
in many cases. This is due to insufficient image resolution in some instances but is
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1

primarily due to tree cover and other obscuring vegetation. This can be mitigated in
some situations through the use of supplemental information (such as Google
Streetview where sites are close to roads, or through site descriptions on
Canmore). However, for many sites, such information is not available and verifying
the site requires a site visit or speaking to a local contact who can do so. Canmore
in particular was noted as having a scarcity of information for several remote sites
as a number had not been surveyed since the late 1970s.
•

Other criteria may still be assessed quite quickly if the site infrastructure cannot be
verified. Where road or grid access would clearly be difficult, and infrastructure is
not obviously present, they can be safely removed from consideration.

•

The existence of a usable water supply was not being considered. This was an
oversight and should be considered when evaluating infrastructure.

•

The scoring system is too simplistic and does not reflect relative importance of
criteria accurately. This was especially noted for listed building status and building
condition as being unlisted and in good condition, while desirable, would outweigh
all other criteria.

Overall, the trial demonstrated that the process by which the criteria were looked at
needed to be revised and if a scoring method were to be used for measuring site potential
it would have to be more representative of the values of each criterion. As a desk-based
method there is, unfortunately, no realistic way to better assess infrastructure presence
and condition using satellite imagery other than to conduct site visits. This does not
preclude remote analysis as a useful tool for evaluating these sites however it does mean
that effort may be wasted on sites which may have been suitable based on the other
criteria, but which were only found to have insufficient infrastructure after a site survey
was conducted.
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2.6 Survey Method Second draft
Following the trial run changes to both the flowchart and the details of how criteria would
be considered were made to the method. The revised flowchart (figure 2.4) now represents
three distinct phases of the survey: initial satellite survey, remote site analysis, and on-site
assessment. These better reflected the actual process, where tasks carried out at the same
time were grouped together. The data sources used for each step was also added. The
flowchart includes some of the changes noted in the next section covering feedback from
experts.
The initial satellite survey covers everything that can be evaluated using satellite imaging:
water source presence, site accessibility by road, infrastructure presence, and grid
access/other use. The full list of sites will be evaluated on these criteria and a shortlist of
sites that satisfy each of these will be created and taken forward to the next stage. The
remote site analysis analysed sites on the shortlist for their development potential,
heritage protection status, and environmental protections. Development potential covers
sites that have been developed already or have some development work planned or
currently being carried out. Depending on the development in question some of these sites
may still be viable candidates for re-use. However, where it would preclude any such work
they will be removed from the short list.
On-site assessment is the final stage of the process, though due to both time restrictions
and the fact that visits will only be possible on the condition that the landowner has given
their permission to do so, it is likely only a small number of sites will be visited. In the
EcoTechnic historic hydropower project final report the first learning point highlighted by
BabyHydro was that an on-site visit is tremendously important for getting accurate
measurements of the head for low head sites, as a small change in elevation could make
the site unviable or not worth pursuing. As noted previously it is not always possible to get
accurate data as to the condition of the remaining infrastructure, and a site visit may be
necessary to confirm this information.
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Initial Satellite Survey
Water Source
(2,3,4)

Historic Built
Infrastructure
(1-4)

Road Access
(2,3,4)

Grid connection
point or Suitable
Use Case (2,3)

1: Canmore
Database

3: Google
Maps

Infrastructure
presence

2: Edina
Digimap

4: Google
Streetview

Additional/supplementary
Data Sources

Criteria Analysis

1st Shortlist

Development
Potential (1,5,8)

Remote Site Analysis

Heritage
Protection (1,8)

Environmental
Protection (6,7)

1: Canmore
Database

5: Buildings at Risk
Register

6: SEPA PreApproval
Process

7: SNH Sitelink

8: HES Listed
Buildings

9: HES
Conservation
Areas

Potentially
viable site

Criteria Analysis

Data Sources
2nd Shortlist

On-Site Assessment*
**Ownership
Confirmation**
(9,10,11)

Infrastructure
assessment (5)

Site Visit

5: Buildings at Risk
Register

Hydro factors
assessment (9,
on-site)

11: Who Owns
Scotland?
database

10: Local
Contacts

12: Land
Register for
Scotland

Data Sources
Capacity
calculation

Final Site
List

Figure 2.4 – Survey flow chart final version
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The following sections were changed from the initial draft of the methodology or added to
the process:

Water Source
A water source that is exploitable by the site must be present and in close proximity to the
site or to a channel, such as a lade or pipeline, which can be feasibly utilised to bring water
to the site. This will primarily screen out sites which are not water mills and were
designated only as “MILL” in Canmore.

Grid Connection Point or Suitable Use Case
Area grid constraints were removed from consideration at this point as this criterion was
not useful as an indicator of grid availability for individual sites. A better site-specific
indicator is a method employed by Forrest (2008) in a Scottish hydropower resource study,
in which clusters of ten or more buildings could be considered as grid access points. A
distance of 200m or less to the access point was identified as being the desirable distance
for sites of sub-100kw capacity, as longer grid connections can incur expenses that may be
unviable for micro-scale generation. While this does not indicate whether the grid is
constrained, it does give an indication as to whether a grid connection is possible.
Alternative use cases include sites which could utilise the electricity themselves or provide
a through-route to the grid – using the site’s own grid connection rather than creating a
new one. This would involve a private wire arrangement, where a privately-owned
connection provides power directly to an end user. Suitable sites would include clusters of
farm buildings or other large facilities such as distilleries.

Protected area legislation
A technical paper published by Perth & Kinross Council and the James Hutton Institute
(PKC, 2017) outlines a methodology for assessing an area’s sensitivity to hydropower
developments. In addition to the protected areas outlined by SNH they also consider:
•

Garden and Designed Landscapes (designated by Historic Environment Scotland24)

•

Wildland areas

24

https://www.historicenvironment.scot/advice-and-support/listing-scheduling-anddesignations/gardens-and-designed-landscapes/what-is-the-inventory-of-gardens-and-designedlandscapes/
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This brings the total number of protected areas to be taken into consideration up to nine.
Sites which were overlapped by at least one of the international and national designations
were marked as ‘high sensitivity’. This method can be simply applied in a GIS to mark sites
which are likely to need mitigating elements for them to be acceptable.

Heritage Protection
The Buildings at Risk Register was removed as a viability indicator because a site’s presence
on the list does not constitute any kind of legal protected status in and of itself. This part of
the process will identify what formal protections (such as scheduling or listing) are in place
for the site.

Ownership Confirmation
While site ownership was excluded as a criterion for viability, it is still required to gain
permission from a landowner to carry out an on-site inspection and is a pre-requisite for
hydropower factors and infrastructure assessment.

Infrastructure assessment
For sites with existing structures a robust infrastructure assessment can only be made by a
qualified professional, however a general indication of building condition can be made
using the Buildings at Risk Register conditions table.

Hydropower factors assessment
If possible, head measurements should be taken in order to calculate the site’s capacity and
potential output more accurately, as discussed in the literature review.
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2.7 Specialist Feedback
In the drafting of the methodology the criteria had been selected through reading publicly
available guides, toolkits, and case studies. It was necessary to validate the criteria being
used in order to proceed with the survey method outlined and ensure that no elements
were being overlooked. In order to do this, it was decided that interviews should be carried
out with key stakeholders in hydropower development to discuss the criteria and the
survey process. This was also an opportunity to gauge the opinions of these stakeholders
on both the project and the current state of the industry, particularly on how recent
changes such as the discontinuation of the FiT had or will affect hydropower development.
Although the primary goal of these interviews was to help form the survey methodology, a
discussion around the issues facing hydropower development from various stakeholders in
the process would be valuable not only to discuss how this may affect the study but also
frame how the results may best be used.
Prospective participants were selected from the organisations outlined during the criteria
identification phase. Additionally, a local authority planner and a hydropower developer
were also invited to participate as they would be best placed to highlight any criteria that
were overlooked or were unnecessary.
Semi-structured Interviews were chosen as the most appropriate method (see Appendix B)
as they allow more freedom for discussion and clarification than a questionnaire or
structured interview. The interviews were comprised of two parts. The first asked about
the interviewee’s experience with hydropower, historic building refurbishment, and
working with communities. This section had an emphasis on discussing the barriers to
hydropower projects, specifically from a heritage or community point of view.
The second asked more focused questions to allow the interviewee to give feedback and
comments on the survey method. As the stakeholders involved all represented
backgrounds which related to the hydropower industry in very different ways not every
question was asked of every participant.
Of those invited to participate, five people accepted and were interviewed. These covered
the following areas of involvement:
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-

Environmental management and protection

-

Heritage management and protection

-

Local authority planning

-

Hydropower development

Due to time constraints and delays in the ethical approval process it was not possible to
contact and interview anyone else. Though the number of interviewees was small, each
area of the survey was covered by at least one specialist in their field.
Overall, there were only a few minor changes to the methodology to be made as a result of
the interviews, and the interviews confirmed that the correct elements were being looked
at in the survey process. A summary of the main changes to be made to the survey
methodology and main comments from the interviews are presented in Table 2.2 at the
end of this section.

Infrastructure
Roads and access to site were one of the key factors mentioned which had the most
potential to delay or prevent work being carried out and was mentioned by almost every
participant. The hydropower developer stated that the length of road that would be worth
building or upgrading depends on the size of the scheme:
“100kW is a bigger scheme of the type you’re looking at so it would be a couple of
hundred metres… if it’s a 20kW scheme you can’t afford to build much road.”
As the mill sites being surveyed would be unlikely to exceed a capacity of 100kW, a 200m
cap on the length of new or improved road would be the best initial value to use until more
details are known about the site.
One participant stated that the standards and requirements for road use and construction
were inconsistent across projects and this made it difficult to determine what constituted
necessary works:
“The first question is why do you need a road? Some schemes seem to get away
without having a road or will put a temporary road in during construction and then
completely reinstate the whole thing and rely on a robust stalker’s path to allow a
quad bike… to clean the screens at the top, and that’s all that’s required. It seems
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health and safety is driving it and some people are very wary about not having a
road so that if something does go wrong at the weir they can get an ambulance up
there.”
Another mentioned that the local road network itself would have to be suitable for
construction traffic:
“access is not just the road, it’s also if there’s a weight restriction on a bridge,
which may say that you can’t get the equipment up. I think that was an issue for the
Glen Lyon schemes and they had to construct a bridge.”
This issue is not one that can be realistically addressed during the survey, and it is not
within the scope of the project to provide as detailed information as road weight
restrictions and routes to site from depots etc. The suitability of existing access roads from
the main road network can be investigated to an extent, but not in any great detail beyond
their general condition and impediments such as narrow or older bridges.

Heritage
With the exception of the respondent from the heritage organisation, the respondents had
limited experience working with heritage sites and could not offer much advice beyond the
criteria already being considered. Two main factors were given clarification from the
heritage participant: listed status and the BARR. Listed building status does confer both a
restriction on refurbishment but also opportunity where there is potential to save historic
structures:
“If it was the lower end of the categorisation then there’d be more flexibility and
adapting the building significantly would be easier. If it’s regarded as an absolute
gem, then … major structural changes would be more difficult to get through but
not necessarily impossible. Added to which there’s more possibility of getting some
form of funding associated with it.”
Conservation areas were noted by the interviewee as another designation category – these
are “areas of special architectural or historic interest, the character or appearance of which
it is desirable to preserve or enhance.” (Scottish Executive, 2005). Projects in these areas
may be able to secure further funding through schemes such as the Conservation Area
Regeneration Scheme. This has been added as an additional heritage designation to assess
during the survey.
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When asked what an insurmountable barrier for a project like this might be, they stated
that it would have to be quite a dramatic change to the fabric of the building for it to be
prevented:
“Let’s take, for example, an area of the Highlands that has some jaw droppingly
brilliant water powered grain mills, like Caithness. There are some amazing mills,
and what makes up an amazing mill like that are usually wonderful overshot water
wheels, beautiful masonry flagstones and as an ensemble it’s visually stunning. So,
if somebody wished to hack a massive corner out of that and put an Archimedes
screw [in it] … and it’s a category A listed building that probably wouldn’t happen.
But if somebody was able to put some intermediate technology in there that retains
or actually restored the water wheel but did something inside … that allowed the
water wheel or something that looked like the water wheel to turn and create a
feasible amount of electricity whilst at the same time maintaining and actually
saving a lot of the historic fabric that would be a win-win.”
When asked about sites that were listed on the BARR, the participant stated:
“I think it’s very unrepresentative… what it contains is an amalgam of information
derived from reporting that’s focused on listed buildings where there is somebody
to report on their condition so there’ll be a lot more out there and some of what’s
out there might actually be better to some form of action and be easier to deal
with. These are awkward, prominent cases and they’re intractable for some reason
so they might carry extra barriers to some form of successful action.”
The BARR is limited in scope by design, only accounting for listed buildings or buildings in
conservation areas, so it is unsurprising to have it described as unrepresentative. This does
confirm that it was correct to remove it as a criterion in the survey.
Environmental
The interviewee who worked for SEPA walked the author through the hydropower
screening process as outlined in SEPA’s guide for developers of run-of-river hydropower
schemes25 in order to gauge its suitability for the survey. The primary factor that could be
determined from a desktop-based assessment is the length of depleted reach – providing
that it is under 1.5km, then the scheme would be provisionally acceptable. Schemes

25

https://www.sepa.org.uk/media/383805/guidance_for_developers_of_run_of_river_hydropower_schemes.pdf
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utilising existing weirs were also acceptable, provided that suitable mitigation for fish
passage was made, or that the rivers and streams upstream of the intake did not contain
good fish habitat. What suitable mitigation might be for each site and how feasible it would
be to implement would have to be investigated following a full application to SEPA and is
beyond the scope of this project to determine.
Discussion with the interviewee from SNH regarding protected area legislation identified
rare bryophyte areas as potentially problematic as typically mitigation would involve
relocating infrastructure, which may not be possible for historic sites. Though potentially an
issue the interviewee stated that this should not deter anyone from carrying out an initial
investigation should they want to proceed with a hydropower scheme. When asked if there
were any “no-go” criteria which would halt or prevent development the interviewee stated
that there wasn’t:
“The Scottish planning policy has criteria for no-go’s for wind in national parks and national
scenic areas, but for hydro there’s nothing… there are no no-go areas as far as SNH’s remit
and designations”
One interviewee mentioned that bats were a complicating issue when looking at the reuse
of old buildings, as they are a protected species and there are strict regulations regarding
disturbing bats and bat roosts. Bats permanently roost in all areas of Scotland except for
Shetland, though are rarer in the Orkney Islands and the Hebrides (SNH, 2015c). The
presence of bats can only be determined with an on-site inspection, and so will not be a
factor in this survey, though it is worth noting as this is not a typical consideration for
hydropower development.
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2.8 Conclusion
Though only five interviews were carried out and there were few changes to be made to
the methodology, it was a valuable step in confirming that the correct criteria to assess in
the survey had been identified.
The overall picture regarding barriers and constraints to development was that there was
not anything that would outright prevent a hydropower scheme from being constructed,
though the mitigation required may be onerous enough that development simply was not
possible depending on the group who wished to carry out the project. A summary of the
changes made and comments from the interviewees are presented in table 2.2 below:
Org.

Changes to method

Perth &
Kinross
Council

Impacts on local recreation (River Braan example).
Tracks and roads are the most contentious element
no changes to checklist. due to visual impact

Historic
Environment add data source:
Scotland
conservation areas

Comments

Tax relief on adaptive reuse removed. Listed status is
not particularly restrictive unless incredibly drastic
changes were being proposed. Maintaining listed
buildings and work which is in line with original
appearance and use are encouraged. BARR is not
particularly representative. Certain funding may be
available for projects in conservation areas.

Weir and lade are biggest engineering expenses - weir
must be in good condition. SSE may be able to give
200m new road length - access to a grid access system, otherwise the 10
longer road leads to
houses method is a reasonable proxy. Road length
higher construction cost depends on size of scheme - 200m mentioned for suband increased likelihood 100kw. Screening is a big expense (part of CAR
Hydropower of environmental
licencing). Bats are a major issue in old buildings
Developer
mitigation required
[except Shetland]

SEPA

Appropriate screening required. Interview largely a
no changes to checklist. walkthrough of the pre-approval process.

SNH

Road access is complex and has a huge impact add data source:
developer approaches have varied considerably. No
Scotland's Environment "no-go" designations for stopping hydropower
Map
development proceeding.

Table 2.2 – Interview comments and changes to methodology.
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Despite being removed as a viability criterion; the BARR conditions table provided a
reasonable framework for analysing the conditions of any sites that would be visited.
Detailed structural assessments would not be possible as this would require significant
expertise and is not within the scope of this study. However, a broad look at the condition
of the most obvious structural elements could be commented upon, such as damage to the
roof or clearly evident structural damage such as large wall cracks. This could be
supplemented with assessments from the BARR and any information provided by the site
owners/operators if it is possible to speak with them. This would in no way be a substitute
for professional advice but would constitute a first look to identify any obvious barriers to
refurbishment of the site.
A comparison to the two previous studies reveals some key differences with this new
methodology (table 2.3). Primarily a range of defined, publicly available tools will be used,
and an assessment of the site will be made based on its existing layout. A more detailed
comparison will be made in the discussion chapter.

Key features

RESTOR

EcoTechnic

Thesis Method

Spatial Area

Europe-wide,
including Scotland

South-East Scotland

Highlands & Islands Region,
Scotland

Historic Site
Identification

Variety of regional
specific tools unspecified for
Scottish data

OS Map and Google
Maps, unknown site
assessment
tool/method

Canmore & Listed building
databases, OS Maps, Edina
Digimap, Google Maps,
Google Streetview

Tool
availability

Few specified with
some now defunct
(Panoramio)

Partially public,
BabyHydro tools not
known/not public

Site Visits

not undertaken

select sites based on
unknown criteria

Basic calculation of
Accurate calculation,
maximum power, visited
visited sites only
sites only
Cost as the primary
deciding factor based Basic cost analysis based on
Site condition only, on power output and retention and use of
no cost analysis or site condition. Other
wheel/lade. Cost not the
Viability
other use cases
use cases not
deciding factor, other use
assessment
considered
considered.
cases considered.
Table 2.3 – Comparison of key features of the RESTOR and EcoTechnic methods with the
method outlined in this thesis
Power
calculation
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Sites allocated to
broad power
categories

All tools or equivalent
publicly available
select sites based on survey
data & criteria outlined in
methodology

Chapter 3 – Survey Results
3.1 Introduction
The survey of 588 sites was conducted over a period of five weeks, beginning with sites
that were category A listed moving to category B and C and then unlisted sites. Sites were
selected from the list in ArcGIS Pro to determine their location. Selecting the site on the
map brings up embedded links to its related data in Canmore and listed building entries.
This information can then be used in conjunction with the data sources covered in section
2. and those covered in the following section to determine site conditions and any
pertinent information.
Edina Digimap’s aerial roam tool was used almost exclusively for aerial imagery as it was
found to have a much higher resolution image than Google Maps for the areas being
surveyed. Additionally, Digimap was found to generally have more recent images, though
this was not universal. Digimap was found to have a particular issue in some cases where
long shadows were being cast by trees and buildings which would obscure detail, which
was not found to be an issue with Google maps. Though this was only encountered
occasionally, Google Maps was used for supplemental imaging where Digimap images were
not clear but overall was primarily used for its Streetview function.

Very early in the process it became apparent that the landscape surrounding some of the
sites had changed to such a degree that key infrastructure elements were no longer visible.
This was particularly notable at Kilravock Mill, surveyed near the beginning of the process,
which demonstrated key changes which would have significant effects on the site’s viability
as a hydropower scheme.

The current Ordnance Survey (OS) map of the site (figure 3.2) shows the mill building is
now part of a group of farm buildings, but it is not immediately clear from the map how
this site would have functioned as a water powered mill, there being no channel to the
nearest water source, which was some distance away, and no tailrace for the water to
return to the river. An aerial view of the site (figure 3.1) does not show any obvious traces
of past infrastructure, though the area around the river is obscured by vegetation. The
latest aerial roam data set available on Digimap is from 2017, whereas the OS data is from
November 2019. To discover how the site once looked, the National Library of Scotland’s

Page | 80

georeferenced mapping tool was used which overlays historic OS maps over a modern
aerial image26

Figure 3.1 - Aerial view of Kilravock Mill site – mill building marked (Digimap, 2020)

The 1905 25-inch scale OS map (figure 3.3) shows how the site originally existed with the
lade running from a weir at the river to the southwest. The weir appears to have since been
demolished or destroyed and the shape of the river has also changed, becoming narrower
both upstream and downstream of the weir and becoming a single channel rather than
splitting briefly into three. The lade has also been filled in and built over, at one point
running where a track and a modern barn are now located, with the remainder covered
over by a lawn and other vegetation.

26

https://maps.nls.uk/geo/explore
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Figure 3.2 - Current OS map of Kilravock Mill site (Digimap, 2020)
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Figure 3.3 - site on 1905 2nd Edition 25-inch OS map (NLS maps, 2020)

Three diversion channels with sluices are also marked, but no trace can be seen of these in
the aerial view or current OS map. The discovery that the lade and weir were now gone
effectively rendered the site unviable for further development as a hydropower scheme, as
it would be immensely difficult if not impossible to reinstate them or provide an
alternative.

Using historic maps to determine how the sites being surveyed were originally laid out
would be used for all other sites going forward. It was particularly effective for screening
sites which were originally fed from mill ponds. Mill ponds acted as small reservoirs
allowing a suitable head and volume of water to be collected where these were not
provided by the natural water flow alone and was released as needed to drive the water
wheel. The presence of a mill pond indicates that it is unlikely to have enough water
available to be abstracted and used to drive a turbine for a suitable amount of time. Where
they are no longer in place, re-excavating the mill pond is generally not desirable and may
not be possible in any case due to being built over or requiring large amounts of vegetation
and tree cover to be removed.

This chapter will outline the non-viable sites, the reasons for rejection and the proportion
of sites falling into each category, and then discuss the potentially viable sites and how they
were examined further.
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3.2 Viable and Non-Viable Sites
Of the five hundred and eighty-eight sites, twenty-nine sites were deemed to be potentially
viable for refurbishment as a hydro-power scheme. This accounts for roughly 5% of all sites
surveyed. The five hundred and fifty-nine remaining sites were considered to have very
little or no potential to be refurbished for various reasons including the site already being
in use or simply no longer existing. The results are presented in the chart below (figure 3.4).

3.6%

0.3%
4.9%

5.4%

11.4%

42.9%

13.6%

17.9%

No longer exists/no infrastructure

Errors

Now housing/holiday home

No viable water source

In some other use

Combination

No grid/use case

Potentially viable

Figure 3.4 – Survey results: percentage of each result category

3.2.1 Non-Viable Sites
3.2.1.1 Sites which no longer exist
A large proportion of the sites (42.9%) either no longer existed at all or had very little
infrastructure left – typically just the lowest portion of the building’s walls marking out
where it once stood. Some of these sites were recorded as having been demolished or in a
ruined state in Canmore. Where this was not the case the general state of the site could be
ascertained quite quickly by looking at 1st or 2nd editions of OS maps to locate the site and
comparing them to current editions to see if anything remained in place. Occasionally sites
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would not be recorded on any OS map and aerial imagery was used to locate any ruins –
where none were found the site was assumed to no longer exist. Sites with no remaining
infrastructure were not assessed for suitability in any other categories, though some mills
were noted as having no access or water availability if it was immediately clear.

3.2.1.2 Sites now in another use
Many sites were found to have already been converted to housing or a holiday home
(13.6%), or else had been converted into some other use (5.4%) for a combined total of 112
(19%) of the sites surveyed. A handful of these sites retained a waterwheel, a lade, or both,
though most no longer had any associated infrastructure left. Other uses for the buildings
included a hotel, restaurant, tourist attraction/visitor centre, and galleries. A small number
retained their original use as a working mill. A single mill (Westerdale, East Mill) was found
to have already been converted to a hydropower scheme in 1974, utilising the original lade
and weir, though did not utilise the water wheel for generating power. These sites were
generally not assessed further unless any immediate observations about suitability were
made.

3.2.1.3 Sites with no viable water source
11.4% of sites were deemed to have no viable water source. Most often it was a
combination of multiple infrastructure elements no longer being present that led to this
designation. Many of the mills that were in operation utilised a mill pond or similar small
reservoir, this would store enough water to operate for a short period when required –
typically seasonally for milling grain. In many cases the mill pond is no longer present,
though a small number still retained a small pond. As mentioned previously in this chapter,
this was unlikely to be enough to run a generator for a suitable length of time.

It was also common to find that lades were overgrown, filled in or otherwise demolished.
Re-excavating a lade or creating a new channel or pipeline is expensive and unless a site
was otherwise a good candidate (in reasonable condition, accessible etc.) or still had a weir
present, it is unlikely to be a worthwhile investment. There were also instances where the
lade or mill pond had subsequently been built over with new structures or roads, making
the likelihood of them being reinstated vanishingly small.

Weirs and small dams were also quite often found to have been demolished or otherwise
removed, and the river had returned to a more natural state. In these cases, it would be
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nearly impossible to reinstate due to restrictions by SEPA. In conjunction with all of these
issues, the mills in question were quite often in poor or ruinous condition – not in itself a
reason to be declared non-viable, but with the water infrastructure gone there was no
prospect of refurbishment for generating hydropower.

3.2.1.4 Sites with no grid access or other use case
Only two sites (0.3%) were deemed to be unviable due to there being below the grid access
threshold and having no other apparent use case, Romesdale Mill on Skye and another
unnamed site in Rannas, Elgin. Romesdale Mill could be viewed in Google Streetview
(though at a distance), the Rannas site could be seen in OS but only partially in aerial
images. Romesdale Mill is ruinous (it is listed on the Buildings at Risk Register as such) and
would require extensive work to refurbish. Rannas appeared to be in very poor condition,
though part of the complex of buildings was intact and likely in use. Both had water sources
that were potentially exploitable, though Romesdale would require a short lade roughly
20m in length. Though technically all the other factors were present, these sites would be
tremendously difficult to refurbish due to the condition of the buildings even if grid access
were possible.

3.2.1.5 Sites with a combination of issues
A small number of sites (3.6%) were deemed unviable due to a combination of issues. This
was typically a lack of a viable water source in conjunction with no road access or grid
access. There were no sites that were not deemed viable purely on the basis that there was
no road access to site, and the small number that didn’t have access had other critical
issues and were often exacerbated by the building being in poor or ruinous condition.

3.2.1.6 Error categories
The final category of sites was designated as ‘errors’ and is made up of four types of error
encountered during the survey. The highest number of errors (7.3% of all sites) were from
sites that were not watermills, but mill houses, or non-water powered mills (typically
sawmills). Duplicate entries made up 6.5 percent of all sites surveyed. This was most often
due to Canmore creating entries for townships which included one or more mills which
then had their own entries though all were under the category of MILL in the database.
Though efforts had been made to screen out horizontal mills, many were not allocated that
category on Canmore and only present in the MILL category. This accounted for 3.2% of all
sites surveyed, though it is worth noting that many of the mills that were found to have no
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remaining infrastructure were likely horizontal mills as well. Finally, five of the sites (0.9%)
were found to be genuine errors – with four simply not being mills at all and one that
appeared to have been miscategorised entirely as it referenced a waterfall and there were
no building present at or nearby the site specified.
The site categories were spread evenly across the study area with two exceptions. Sites
already in use are concentrated around Inverness, Caithness, and Orkney, with the
remainder spread across the west coast. This follows the general distribution of sites,
though there was a pronounced lack of refurbished sites on the northwest coast, the Outer
Hebrides, and Shetland, with only a single site on South Uist having been converted to
housing, and two sites on Shetland in some other use. Indeed, the vast majority of sites in
the Outer Hebrides and Shetland were found to no longer exist, and both had a high
number of “error” category sites. This is not entirely unexpected as both of these areas
have historically utilised horizontal mills as their topology is not well suited to larger mills.
In addition, many of the mills in the Outer Hebrides were associated with townships that
are no longer inhabited and mostly ruinous.

3.2.2 Potentially Viable Sites
The survey identified twenty-nine sites that were potentially viable for refurbishment (Fig.
3.5). The sites were had slight concentrations of sites around Inverness, Caithness and
Orkney, matching the concentrations of the total number of sites. However, the overall
distribution of potentially viable sites was relatively evenly across the study area. Eight of
the sites were not listed, four were category A listed, fourteen were category B listed, and
three were category C listed.

3.2.2.1 Protected Areas and Bryophytes
The final stage of analysis was to verify which environmental protections would apply to
each site (if any) and determine whether this would be too much of a hinderance to future
development. Spatial data for each of the nine protected areas identified in the
methodology chapter and for bryophyte sensitivity was added to ArcGIS. Each of the
twenty-nine sites and the water sources for each were then evaluated in turn, checking the
protection areas first for all the sites and the bryophytes afterwards. The results are
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summarised in table 3.1.

Of the twenty-nine sites, twenty-one of them were not in a protected area or were likely to
affect bryophyte habitat. Seven of the remaining eight sites and/or their water sources
were either in one or more protected areas or in close proximity to them. The remaining
site at Loch Creran would not impact any protected area but was designated as category D
– a high priority area with important oceanic bryophyte habitat characteristics, though the
watercourse has not currently been surveyed27. A further two sites were given bryophyte
categories. Balnakeil Mill was given category E status – the site had not been surveyed but
did not have the correct topography or sufficient woodland for bryophyte habitat and was
not a high priority area. Strachur grain mill was given category C status – the watercourse
had been surveyed and found not to be of high bryological importance. None of the sites
were in Wild Land areas or National Nature Reserves.

As discussed in the methodology chapter, none of these designations are likely to be an
insurmountable barrier, though additional surveys would be required which would be an
additional factor to consider when planning a scheme. The category D site at Loch Creran,
and potentially the category E site at Balnakeil Mill would require bryophyte surveys to be
carried out, and should the area be deemed to be an important habitat it may make the
site unviable as the usual method of mitigation (re-siting of equipment) would likely not be
an option. Achingale mill appears to be impacted by four separate protected areas,
however this only covers the sluice gate at the entrance to the lade and any impact from
this on planning of a hydropower scheme at the site would likely be minimal.

Clearing of forest was a factor which required consideration, but rarely needed to be
applied. Only one site was noted as potentially requiring an extensive number of trees
cleared for refurbishment (Strachur Grain Mill).

27

https://cagmap.snh.gov.uk/website-maps/bryophyte_map/index.html
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Site Name
Site Number Wild Land
Glendale Mill And Kiln, Glendale, Skye
330755
N
East Grange
340849
N
Achingale Mill
348469
N
Mill Of Towie
333199
N
Dell Mill, Lewis
338250
N
Achafolla Mill, Luing
394514
N
Balnagown Mill, Lismore
345087
N
Mill, Mill Farm, Loch Creran
338021
N
Balnakeil Mill
330828
N
Corn Mill And Kiln, Mill Of Tore
348517
N
Mill Of Cantray
332585
N
West Mill, Forss
348491
N
Mill, Castletown
347266
N
Ham Mill
332663
N
Kirbister Mill
352647
N
Tankerness Mill
352631
N
Stronsay Meal Mill, Lower Millfield, Stronsay
352725
N
Mill Of Girlsta, Girlsta
352629
N
Muilinn Mhiabhaig (Meavag Mill)
399330
N
Threshing Mill, Scourie Farm
330732
N
Watermill, Hooking, North Ronaldsay
337718
N
South Uist, Mingary, Corn Mill
172126
N
Tiree, Cornaigmore, Mill
157370
N
Strachur, Grain Mill
165213
N
Dundreggan Mill
95419
N
Lairg, Gruid's Mill
97574
N
Balnagowan Estate
314362
N
Bilbster Mains
100489
N
Westray, West Side, Mill
192573
N

SSSI SPA NSA SAC RAMSAR NNR GDL GCR Bryophytes (Cat.)
N N N N
N
N
N N
N N N N
N
N
N N
Y* Y* N Y*
Y*
N
N N
N N N N
N
N
N N
N N N N
N
N
N N
N N N N
N
N
N N
Y* N
Y Y*
N
N
N N
N N N N
N
N
N N
D
Y* N N Y*
N
N
N Y*
E
N N N N
N
N
N N
N N N N
N
N
N N
N N N N
N
N
N N
N N N N
N
N
N N
N N N N
N
N
N N
N N N N
N
N
N N
N N N N
N
N
N N
N N N N
N
N
N N
Y* N N N
N
N
N N
N N
Y N
N
N
N N
N N N N
N
N
N N
N N N N
N
N
N N
N N N N
N
N
N N
Y* N N Y*
N
N
N N
N N N N
N
N
N N
C
N N N N
N
N
N N
N N N N
N
N
N N
N N N N
N
N
Y
N
N N N N
N
N
N N
N N N N
N
N
N N
-

Notes

Sluice/lade entrance potentially in SSSI/SPA/RAMSAR/SAC

Lade in SSSI/SAC, Site in NSA
Loch/Lade in SSSI/SAC/GCR

Loch is SSSI
Site in NSA

Loch part of SSSI/SAC. Cat E Bryo. Downstream of site

Site/Lade in GDL

Table 3.1 - Protected areas and bryophyte sensitivity assessment. Y* indicates the watercourse/source is at least partially in a protected area, but not the
mill itself.
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3.2.2.2 Site evaluation
At this stage of the study, it was clear that in order to assess the remaining sites and verify
that the observations made during the survey were correct that field visits were necessary.
Due to time restrictions and the need for obtaining the landowner’s permission for site
visits, only a small number of mills would be visited. To determine which of the mills would
be the best candidates for viewing, a simple colour coding system was applied which
considered the degree to which each of the potential sites fulfilled the criteria analysed in
the survey (figure 3.5).
•

Green: a good candidate that fulfils the criteria well though it may prove to be
difficult to refurbish or run as a hydropower scheme due to minor or unforeseen
barriers. There are three sites in this category.

•

Amber: fulfils the criteria to an extent, but either is lacking in one area or has some
barriers that may prove the project to be difficult or possibly unworkable. Sites in
this category may also have some uncertainty over their current condition or
usage. There are ten sites in this category

•

Red: an unlikely candidate, fulfils criteria to a certain extent but has one or more
major barriers that will likely make the project incredibly difficult if not impossible.
Sites in this category may also have some uncertainty over their current condition
or usage. There are sixteen sites in this category

It is important to note that, unlike the original multi-criteria analysis method trialled during
the early stages of the study, this method was not a scored system, and each category was
determined by observations made by the author. This was decided due to the fact that
each site was not directly comparable to any other, each having their own distinct
advantages and disadvantages that were specific to their local context.

For example, Castletown Mill in Caithness was assigned to the red category as it had a
documented history of failed refurbishment attempts with very large cost estimates, and
the building has been in an increasingly poor condition for many years. Because of this, it
would be unable to be refurbished without significant cost to the local community. It is
important to note that financial viability was not a criterion of the survey, however in the
case of Castletown Mill (and the similarly sized Ham Mill), information on the cost of
refurbishment was available and this was considered when deciding on their viability
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category. This did not make them entirely unviable as routes to funding may be available in
the future, but it is certainly a disadvantage for any project being considered.

Figure 3.5 - Map of potentially viable sites

Contrast this with Achingale Mill, also in Caithness, which is largely intact and has had
minor repair work done over the years to keep the building in a reasonable condition,
though it is currently listed as being in “poor” condition on the buildings at risk register due
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in part to a section of the building being unroofed. Added to this is a stipulation in the
building’s title sheet28 that gives the owner:

“…the right to use for the water supply drainage and sewerage of the other portions of the
said lands and estate, all existing water courses, pipes, connections, drains and sewers, mill
dams lades and overflows at present used for the purpose of conveying or disposing of
water and drainage to and from the other portions of the said lands and estate…”
And:
“a servitude right to carry out work of restoration to the mill lade and stem which formerly
served the Achingale Meal Mill…”
These provisions give Achingale a significant advantage for potential future refurbishment,
removing what may have been a significant barrier to development. Despite the overall
condition of the building, it remains one of the best examples for potential refurbishment
found in this survey. Though title sheets were not purchased for every potentially viable
site to verify this, these types of embedded water use rights for site owners are not
universal, and unlikely to be present in the titles for all of the other properties.

Amber category mills tended to carry some level of uncertainty as to their current
condition or use, typically where current aerial or streetview images were not available,
though for some the level of water may not be sufficient to power a generator but this
could not be confirmed. This was also the case for some of the red category sites, though
this was coupled with building or infrastructure conditions that were much poorer. Several
of the amber category sites have had expressions of interest from community groups or
current owners for refurbishment or reuse in the past, though it appears that no work had
been carried out on the building since.

28

Title sheet obtained through ScotLIS – Scotland’s Land Information Service:
https://scotlis.ros.gov.uk/
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3.3 Conclusions
The survey found that only a very small proportion of the sites surveyed were potentially
viable for refurbishment as hydropower schemes, with a large portion of the sites either
being in use or no longer existing. Of the potentially viable sites, the majority were listed
buildings, with the majority of those being category B listed.
It was known to the author that the Canmore database was not a comprehensive list of all
sites that have existed in the Highlands & Islands. This became clear during the survey as
several sites were observed on ordnance survey maps nearby the sites being surveyed. A
small number of these outlying sites were looked at in aerial view and all were found to no
longer exist. Canmore’s site data come from a range of sources, but primarily
archaeological surveys carried out by Historic Environment Scotland, records from local
authorities and the National Trust for Scotland, or research by a third party (typically
community groups and private individuals).
The absence of some sites on Canmore or in listed building data likely means that they have
never been part of a survey that was then passed to Historic Scotland, if carried out at all.
Outlying sites found during this study were not included in the final data set because
expanding the number of sites beyond the initial data set would necessitate creation of
additional metadata and would require an additional survey of historic ordnance survey
maps to find sites not included in the data set, which was far beyond the scope of this
study. Any site that had substantial remains and would be suitable for refurbishment is
highly unlikely to have been missed by any past survey – either John Hume’s survey of
Industrial Archaeology in Scotland (Hume, 1977), or more modern surveys. It can be said
with confidence that any mill site not included on Canmore or in listed building records
would not be suitable for refurbishment. Equally it can be said with confidence that the
number of mills no longer existing in the Highlands and Islands is higher than the number
given by this survey, likely substantially higher as there are almost certainly older mills
which were never recorded at all.
A note was made in the introduction of this chapter regarding the use of Edina Digimap and
Google Maps. Google Streetview was an invaluable tool for assessing the condition of the
site or getting a closer look at the site layout. This came with two major caveats: firstly, this
was not available for many of the sites as many were remote and streetview is not
available everywhere in Scotland. Secondly, where it is available the streetview images are
typically not recent, mostly dating from 2011-2013 and different images of the same road
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have different dates. This was notable in one case where a site viewed from two different
parts of the road had images of the building before and after its demolition. This was
generally not an issue for determining the existence of site remains as OS data is very
recent and could be used to determine whether or not a building was still standing.
However, it does highlight the continued need for site visits to determine the exact nature
of the site as it currently exists as streetview could not be relied upon for recent imaging.

The issue of vegetation obscuring aerial views of the site was somewhat mitigated by the
use of OS maps, especially when it came to identifying water infrastructure such as lades,
which could often be dry or obscured by even small amounts of overhanging vegetation.
However, while the existence of certain site elements could be ascertained using OS maps,
their condition could not (except in some rare cases where buildings were marked as ruins),
necessitating a clear view from another source or a future site visit to assess their
condition.
The next step to evaluate the potentially viable sites is to conduct site visits. Due to time
restrictions, only a small number will be visited, with the category green sites being
prioritised, then amber sites and finally red sites. Site visits will be covered in Chapter 5.
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Chapter 4 – Interviews with Historic Hydropower Communities
4.1 Interview Aims
At the time that the desktop survey for this study was completed and planning for site visits
was beginning, the UK went into lockdown in response to the global Covid-19 pandemic.
This made travel inadvisable and site visits would not become possible until a much later
date. It therefore became apparent that it would be beneficial to expand upon the
interviews that had been carried out as part of the development of the methodology.
One area that the interviews had not been able to cover in much depth had been the
utilisation of historic sites in particular, as the experience of the participants (with one
exception) of working with heritage sites was limited. As the interviews had also been
aimed at gaining feedback and information from experts in particular fields, the community
hydropower aspect had also not been covered in depth. Interviews of community groups
who operated hydropower sites incorporating historic infrastructure would identify
challenges and benefits that were particular to historic hydropower sites.
An additional element to this line of enquiry was identifying non-financial benefits of
community based historic hydropower schemes. Since the feed-in-tariff, a major driver for
community hydropower, is no longer available, non-financial benefits need to be identified
if there is to be further development of small-scale hydropower in Scotland. As mentioned
in section 2.2.2, one of the findings of the EcoTechnic survey was that sites may be viable if
they are able to provide other benefits such as historic conservation or improvements to
the environment and/or had the potential to provide an educational resource or to boost
tourism. Despite this, the focus of previous hydropower resource studies has been on
financial viability and return on investment, and the EcoTechnic survey was no exception in
its own site assessments. Benefits to building conservation or the local environment were
briefly discussed in the previous set of interviews, however tourism and educational
benefits were not.
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4.2 Interview Planning
4.2.1 Selection process
Potential interviewees were identified based on online case studies and websites for
completed projects (Local Energy Scotland29, Community Energy Scotland30), and
community groups which had applied for or received funding for a project that has not yet
been completed or was noted as not going forward (Community Energy Scotland31). This
resulted in a rather limited pool of contacts, as few schemes in Scotland appeared to utilise
historic infrastructure. While it is likely that only a small number of hydropower sites
integrate historic infrastructure, it is also possible that any utilisation of historic elements
was not advertised or noted in the case studies or websites of the sites that were looked at.
Because of the small number of potential interviewees (only six community owned sites,
and two privately owned sites), other sites outside of Scotland were also contacted. Due to
the focus being on the impact of utilising historic infrastructure rather than a broader look
at hydropower, it was anticipated that any regional difference in policy and project
management would be minimal or have no bearing on the results and lessons could be
learned that were still relevant to the Highlands & Islands region.
Potential interviewees were contacted by email or phone (where possible) to invite them
to interview. However, as the UK was under lockdown at the time many community
centres and offices were closed, and communication was difficult. This resulted in only two
candidates agreeing to take part in interviews – Torrs Hydro in Derbyshire and Sunart
Community Hydro in Lochaber. As a significant amount of time had already been spent in
identifying relevant groups and attempting to contact them for interview, the criteria for
potential interviewees were expanded to include working mills.
Working mills (here defined for the purposes of this study as a historic water mill that is still
in operation, including operational mills which do not produce goods) were chosen as an
additional interview category for two key reasons:

29

https://www.localenergy.scot/projects-and-case-studies/searchable-map-of-local-energyprojects/
30
Community Energy Scotland’s Case Study section of their website is currently being rebuilt at time
of writing and the project database no longer exists, however a saved version is available via the
Internet Archive’s Wayback Machine:
http://web.archive.org/web/20190328182050/http://www.communityenergyscotland.org.uk/proje
cts.asp
31
Hydropower projects listed in the project database have a project status marked and those
marked in development were investigated further to determine if this was still the case.
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-

Though not being used for the production of electricity as a hydropower scheme,
traditional water mills utilise the same infrastructure that would be relevant for
this study (weirs, lades, mill ponds etc.)

-

The mills that were identified had either been maintained and kept in operation for
a considerable length of time (usually in excess of 100 years) or had been
refurbished to bring them back into operation. This meant that there was likely
some experience not only of refurbishment of mills but maintaining and operating
mills and their associated infrastructure.

There are fifteen working mills in Scotland (Society for the Protection of Ancient
Buildings32), eight of which are part of a museum or are primarily a tourist attraction. The
remaining seven mills are a mix of community owned, trust owned, or privately owned,
though are also open to visitors at various times during the year (see figure 4.1).
The majority of the museum mills were excluded from the pool of potential interviewees as
they were either very large complexes (such as Stanley Mills, Perthshire, and New Lanark,
Lanarkshire) or recreations of smaller mills or horizontal mills (such as the Crofthouse
Museum mill, Shetland). Most were also closed during this period due to the ongoing
pandemic and lockdown restrictions.

32

A list of fourteen mills is listed on the SPAB mills website: https://www.spab.org.uk/mills/visit-amill?display_name=&city=&postal_code=&circle_op=%3C&circle%5Bvalue%5D=10&circle%5Bunit%
5D=miles&circle%5Blocation%5D=&uk_country_49=Scotland&state_province=All&open_for_nation
al_mills_weekend_276=All
Golspie Mill in Sutherland was known to the author. There may be other private or technically
operational but unused mills unknown to the author.
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Figure 4.1 – Locations of working mills in Scotland

While contacting the working mills had many of the same challenges as were experienced
with the community hydropower groups, four more responses were gained from this round
of invitations. However, two of the four potential respondents declined to be interviewed,
one stating that due to a dam breach that they were unable to repair the mill was no longer
operating. Three of the four respondents also noted in their replies to the interview
request that they had considered installing a hydropower turbine on site at one stage.
Disappointingly, one site did not respond to further enquiries, though the other two would
go on to be interviewed.
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Group Name
Type
Torrs Hydro New Mills
Community Hydro
Sunart Community Renewables
Community Hydro
Finzean Mills, Aberdeenshire
Working Mill
Barony Mill, Orkney
Working Mill
Quendale Mill, Shetland
Working Mill
Dalgarven Mill, Ayreshire
Working Mill
Table 4.1 – Responses from invitation to interview

Response
Agreed to interview
Agreed to interview
Agreed to interview
Agreed to interview
Declined interview
No further response

4.2.2 Interview process
Due to the Covid-19 pandemic, the interviews were carried out remotely via phone calls or
using available videoconferencing software, such as skype. As with the previous set of
interviews, semi-structured interviews were chosen as the most appropriate method as
they allow more freedom for discussion and clarification than a questionnaire or structured
interview. In total, four interviews were carried out: two with representatives of
community hydropower groups, and two with owners/operators of Scottish working mills
(Finzean Mills in Aberdeenshire, and Barony Mill on Orkney). Each interview lasted
between 25 minutes to one hour. The interviews were recorded where possible and
detailed notes taken throughout.
The interviews were comprised of a set of questions split into three parts – project
background (on both the project and the community group), project process (questions
regarding barriers and specifically about historic infrastructure), and post project benefits
(questions regarding non-financial benefits to the community and aspects of the project
which were not realised). This included some separate questions for community projects
which had been completed and for those which were not. This was to identify which
barriers were present which did not allow the project to continue and determine whether
this was related to the infrastructure or another factor unrelated to the site’s historical
context.
Questions for working mills were slightly more restricted as they were not all community
owned, and the interviews were more related to the issues surrounding the buildings
themselves, specifically: what refurbishment has taken place, what were the barriers and
benefits to doing this, and had hydropower been considered for the site (why/why not?
Why had it not gone ahead if so). The content of the interviews will be summarised in the
following sections.
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4.3 Community Hydropower with Historic Infrastructure
Two interviews were carried out with representatives of community run hydropower
schemes which incorporated an element of historic infrastructure. The two groups were
Torrs Hydro New Mills and Sunart Community Renewables.

4.3.1 Torrs Hydro, Derbyshire
4.3.1.1 Background
Torrs Hydro New Mills limited is a community benefit society which has been in operation
since 2007 and is based in New Mills, Derbyshire. The society own and operate a 63kW
reverse Archimedes screw hydropower turbine, placed on the site of Torrs Mill at the
intersection of two rivers – the River Goyt and the River Sett. A 3-meter weir at this
intersection provides the head for the turbine (see figure 4.2). This site was chosen as a
candidate for interview for its very direct integration with existing historic infrastructure,
the weir having served the old mill (which had burned down in 1912) and the new turbine
being directly placed within the ruins.

Figure 4.2 – Layout of the Torrs Hydro site with components marked: 1 River Goyt; 2 River
Sett; 3 Torr Weir; 4 Headrace (water intake); 5 Powerhouse; 6 Fish Pass; 7 Reverse
Archiemedes Screw Turbine; 8 Tailrace (water outlet); 9 Leaping Salmon Carving; 10 Ruins
of Torr Mill; 11 Torr Bridge. (source: torrshydro.org)
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The interview was with a group board member, was carried out and recorded over Skype
and lasted 45 minutes. The interview began with some further background on the site,
explaining that the site was identified as part of a wider project to find weirs and other
potential sites with the aim of building hydropower schemes with community interest,
headed by a social enterprise called Water Power Enterprises (now dissolved). Torrs Hydro
New Mills was then set up in 2007 with assistance from Water Power Enterprises and High
Peak Friends of the Earth as an industrial and provident society (now called a community
benefit society). Funding was provided for building the site via a set of grants, a loan, and a
community share offer which would allow them to take the project forward.

4.2.1.2 Project Process
When asked about the barriers that were encountered and how they were overcome, the
interviewee stated that they had been largely shielded from the major barriers (primarily
negotiations with the local council over leasing the land) by Water Power Enterprises. This
had included dealing with procuring an abstraction license and the inclusion of a fish pass.
The site is located in a conservation area, and as such they were required to roof the
generator house in slate, which has since been pulled off the roof by vandals several times.
The final issue that the interviewee raised was that numerous changes had to be made to
the lease, as the town council owned the land, and that this had resulted in the lease not
being signed until two months after generation had started which had been a risk for the
group.

The historic aspects of the site were discussed next, and the interviewee stated that in the
early days of the project the fact that the generator was going to be located in the old mill
was a useful tool for promoting the project as they were “ bringing hydro back to where it
was 200 years ago” and that the idea of utilising water power in much the same way as the
site did in the Victorian era was appealing. Because the site would be in the old mill, they
were required to carry out an archaeological survey and an archaeologist was present for
the initial phase of construction. The survey had uncovered the layer of charred remains of
the mill and the original wheel, though much of the original infrastructure such as the lade
(or ‘leat’ in this instance) was not usable by the new generator. In terms of the historic
infrastructure itself, little was used for the direct benefit of the hydropower installation,
the only major feature that was used was the weir, however the recovered stone from the
old mill was integrated into the new building:
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“What we have done is used the stone that they found, and we’ve made it into a feature, so
there is stepped seating that is made with the stone that was dug out”

They also discovered later that there was a tunnel at the point where the new tailrace had
been created, where water would have been channelled away from the mill. This could
have theoretically been used as the tailrace, provided the Environment Agency had allowed
them to remove water from the river the extra distance:

“Part of it would be the continuation of how the mills used to work… the disadvantage
would have been that we would have a 50-yard tunnel to maintain, which hasn’t seen any
water for at least a hundred years.”

The final layout of the scheme means that the tailrace deposits the water back into the
river at a 90-degree angle, which likely reduces the efficiency of the turbine. This led to a
discussion of the changes that they would have made, knowing what they know now. The
first change would have been to update the estimated power taking the fish pass into
account. Because the original power estimate had not been re-calculated when the fish
pass was included in the design, the Archimedes screw they had installed was slightly
oversized and a smaller one may have allowed them to run the turbine at lower water
levels. Because of this they were generating far less energy than they had anticipated and
were therefore putting less money back into the community than they would have liked to.

The interviewee was keen to emphasise that despite this frustration the scheme had been
seen as a positive and had allowed greater engagement with the local community – for
instance through volunteer work helping to run the scheme. They stated that there was a
real sense of ownership within the community as evidence by their discussions with local
people:

“A lot of people feel as though it is their hydro scheme, whether they bought shares or not”

It has also been an educational resource, with university and primary school students
coming to visit the site – the interviewee noted that one benefit of being an Archimedes
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screw turbine is that it is viewable and can be seen to be working, which is far more
engaging and useful than a closed generator house.

The final question was in regard to tourism around the site. The interviewee stated that the
site had become a something of a landmark for local walking groups, who would quite
often stop at the site to look at it, and some would have a guide who would tell the group
about the site’s history. The finds from the archaeological survey are now kept at the New
Mills Heritage & Information Centre with some on display.

4.3.2 Sunart Hydro, Lochaber
4.3.2.1 Background
As with Torrs Hydro, Sunart Community Renewables is a community benefit society and has
been operating since 2014. The company own and operate a 100kW hydropower scheme
which utilises a previously disused raw water intake dam which had been owned by
Scottish Water until it was sold to the company. This scheme was chosen as a candidate for
interview due to its re-use of old water infrastructure. Though it was not what might be
considered as a heritage building or of much historical value, lessons regarding re-use of
historic water infrastructure were likely to be valuable.

The interview was with a board member for the company, was carried out over the phone
and lasted approximately 45 minutes. The interviewee began with some background on the
project and explained that they had been the one to identify the disused dam as a potential
hydropower site. A community company had already existed in Sunart for roughly 10-15
years but had limited activities managing a small number of community assets such as the
village green. The interviewee stated that since the hydropower scheme began generating
the community company is now far more active. After a public meeting in which the local
residents voted in favour of taking the project forward, A sub-committee of the company
was created in 2012. Members including the crofter who owned land that the scheme
would be crossing. Planning for the site would take nearly five years before generation
began in late 2015.

Initial planning and required permissions were funded via a loan from the CARES scheme,
and a small loan from Sunart Community Council. Funding for construction of the scheme
was raised via a community share offer which was open nationally for six months. When
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the offer was closed the total amount raised was over £750,000 of the approximately
£850,000 needed. The remainder was provided through a loan from the Renewable Energy
Investment Fund (REIF) and reclaimed VAT– an additional loan had been offered through
the Royal Bank of Scotland community fund, but this was not required once the community
share offer had closed.

4.3.2.2 Project Process
When asked about barriers in the project the main area identified by the interviewee was
planning and paperwork. Planning permission was not a difficult process but took time, and
the scheme had to be brought online on a timetable set by SSE distribution in order not to
exceed grid capacity, which affected the timetable for the rest of the project. In order to
effectively manage the planning stages of the project, the CARES loan was used to hire a
project manager – the interviewee stated that without doing so the project simply would
not have been possible.

When asked more specifically about the barriers arising from utilising the historic
infrastructure, the interviewee stated that the only real barrier was that the community
group was required to apply for a community right to buy for purchasing the intake and
dam from Scottish Water, necessitating more paperwork. The dam and intake were both in
good condition and did not require any remedial work. When asked if what, if anything,
they would have done differently having now completed the project, the interviewee said
that other than some overall minor elements of the planning stage, they would not have
changed anything.

Post project benefits were then discussed, and the interviewee stated that the scheme had
a very positive impact on the community’s resilience. The example they gave was of the
primary school, which the community benefit fund had seed funded. The school was, at the
time, the only community owned primary school in Scotland. The opening of the school
meant that parents with school-aged children were more likely to stay in the area, as the
community had slowly been losing younger residents due to lack of services such as
schooling. The increased activity of the community company was also seen as a benefit.

Finally, when asked if there were any aspirations for the project that never came to
fruition, the interviewee stated that there had been some options for the scheme which
were never realised. Firstly, the site was actually capable of producing around 180kw,
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however due to both the limitations on the distribution network and the fact that this
generation level would put the scheme into a FiT bracket with a lower price per unit, the
scheme was designed for 100kW. In addition, a local distribution network was considered,
which would allow the power generated to directly provide energy to the local community.
Unfortunately, the practicalities of setting up, maintaining, and paying for their own
network made this option virtually impossible.

4.4 Working Mills
Two interviews were carried out with Scottish working mills – Finzean Mills and Barony
Mill.

4.4.1 Finzean Mills, Aberdeenshire
4.4.1.1 Background
Finzean Mills are a group of three category A listed wood working mills in Aberdeenshire,
consisting of a sawmill for processing lumber, a turning mill which mainly produces
domestic utensils, and a specialised bucket mill which produces wooden buckets. The
sawmill and bucket mill are owned and operated by the Birse Community Trust, and the
turning mill is privately owned (though the community trust is closely involved with the
maintenance and restoration of the mill). The community trust took ownership of the
sawmill and bucket mill in 1999 and carried out extensive repair and re-construction as
both had fallen into disrepair. All the mills have been in operation near continuously since
the mid nineteenth century.

Figure 4.3 - Map of Finzean mill locations
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This interview was with a member of the community trust and took place over the phone
while the interviewee was travelling and, unfortunately, had to be cut short at about 25
minutes. They later sent a copy of the hydropower feasibility study that had already taken
place for the site prior to the introduction of the feed-in tariff. The brief discussion was
largely around issues to do with the sites listed status and the limits that imposed on
construction.

4.4.1.2 Project Process
Two projects involving the mills were discussed during the interview. The first was the
restoration of the weir (figure 4.4) and sluice gate to the lade (figure 4.5) which provides
water for the sawmill and turning mill, and the second was the plans for a hydropower
scheme which did not go forward.

Figure 4.4 – Restored weir at Finzean (birsecommunitytrust.org.uk, 2019)

Page | 106

Figure 4.5 – Restored lade and sluice gate at Finzean (birsecommunitytrust.org.uk, 2019)

The weir, lade and sluice are category-A listed structures, falling under the same listing as
the sawmill and turning mill (this also includes various outbuildings and the mill cottage).
Because of this, the interviewee stated that this required any repair work to the weir to be
agreed upon by both Historic Environment Scotland and SEPA. As the weir had to retain its
original design and materials, any modification had to be sympathetic to these original
features. SEPA required a fish pass to be put in and a very simple design was installed – a
notch cut into the middle of the weir. This had several advantages, it was inexpensive,
simple to implement and had minimal impact on the weir’s structure. Overall, the repairs
to the weir and sluice gate cost around £15,000.
The interviewee then mentioned that they had considered installing a hydropower scheme
some time ago though it had never gone ahead. At this stage, the interview had to be
ended, however the interviewee later sent a copy of the hydropower feasibility study
which had been carried out in 2003. The scheme was to utilise water flowing along the lade
which would run to a new powerhouse separate from the mills. The scheme would be
capable of producing somewhere in the region of 16-22kW of power, depending on the
flow but likely to be closer to 17kW.
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The study states that the site is sensitive, both in ecological terms from spawning salmon,
and heritage terms as any new buildings would potentially compromise the heritage value
of the site. There was also an anticipated low return on investment, in fact there was real
risk of the site operating at a loss to the extent that:
“even if the plant can be developed entirely without cost to BCT [Birse Community Trust] we
are of the opinion that it may not be desirable” (Caledonian Energy Management, 2003)
It is worth noting that the scheme was intended to be funded through wholesale of
electricity and Renewables Obligation Certificates. Had the scheme been proposed after
the introduction of the FiT and export tariff, which had far more generous rates, the
scheme may well have been viable.

4.4.2 Barony Mill
4.4.2.1 Background
Barnony Mill is a grain mill on Birsay, Orkney, built in 1873 and operating near continuously
since. The mill processes a unique form of Barley called bere, producing a flour called
beremeal. It is the only mill in the UK to process this kind of grain and the mill is “probably
the only one in the world” to do so33. Adjacent to the restored building are the remains of
two other mills awaiting restoration, the group of all three mills are named the Boardhouse
Mills. The mill is owned by Orkney Islands Council, leasing the building to the Birsay
Heritage trust who run the mill and employ the miller and mill manager. The mill operates
commercially, selling beremeal and is open to visitors during the summer months.
The interview was with one of the original trust members and took place over the phone,
lasting around one hour. The interviewee gave an overview of the mill’s history and how it
came into its current use. The mill was bought by the Orkney Islands Council, who
purchased it to gain the water rights for the in late 1980s as they were the main water
authority before Scottish Water. The council ran and maintained the mill as part of a
scheme to help unemployed and “at-risk” young people gain work experience. When the
scheme came to an end, the mill was set to close which prompted the formation of a
community trust to continue running the mill, and the Birsay Heritage Trust was formed to
operate the mill in 1998. The interviewee stated that a key member of the trust was a
retired lighthouse keeper who was the son of a miller and who had been trained to be a
miller – his expertise in millwrighting was invaluable.

33

“About Barony Mill” - baronymill.com
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4.4.2.2 Project Process
When asked about the work carried out on the mill and what renovation or refurbishment
was required when the trust took over its operation, the interviewee stated that there was
very little that needed done. The flagstone floor was lifted, and concrete poured before
resetting and levelling the flagstones. Some new equipment was required as it had been
removed by the previous miller. The interviewee said that the Council had re-roofed the
building, rebuilt the chimney, and repointed the walls, generally maintaining the building
well so there was little in the way of renovation that was required.
The interview then turned to the subject of hydropower as this had been mentioned by the
interviewee prior to the interview. The heritage trust had considered installing a
hydropower scheme in the adjacent, unused mill building to raise funds as they had been
having some financial trouble. The interviewee said that they had anticipated a few issues.
Firstly, further abstraction from the Loch of Boardhouse may have been difficult as they
were already having to negotiate with Scottish Water over their current water usage. One
of the trust members who had a background in engineering had completed some rough
calculation for the potential power output from the scheme, rating it at around 4-8kW. This
would be a very small amount of power, making it a pico-hydropower scheme by most
definitions.
The existing lade infrastructure would need minimum maintenance to make it suitable,
however a new wheel at the mill building would be required. There was also the issue of
how the electricity was used. The interviewee said that they used little electricity on site,
however as a commercial enterprise they were charged business rates rather than
domestic and using the electricity on site may have made some sense.
Regardless, the interviewee had got in touch with Local Energy Scotland who had sent a
representative to take a look at the site and provide advice. The interviewee stated that
they did not receive much interest from LES, though the trust did not pursue the issue, The
interviewee stated that they did not know who else to ask for advice and eventually other
priorities took over and the scheme was not considered further.
When asked about tourism at the site and whether they thought a hydropower scheme
might be a tourist attraction, the interviewee stated that the site was already somewhat of
a tourist attraction, as visitors were allowed into the mill during the summer months for
tours. They then said that the idea of an Orkney “green energy trail” had been raised at the
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Orkney Renewable Energy Forum, which may have been a benefit to the mill, though the
trail had not been put in place at the time. There is no mention of the trail on the OREF
website, indicating that the idea was never implemented or is potentially still being
planned.

4.5 Discussion
4.5.1 Impact of historic infrastructure
The degree to which historic infrastructure affected refurbishment efforts differed
between the hydropower generation sites and the mill sites. The infrastructure at Sunart
was complete and did not require any repairs to be carried out, so it would be fairer to say
that the infrastructure was reused rather than refurbished. The major impact from the site
on the project was that it required a community buy-out in order to purchase the land and
the dam/intake. Community right to buy legislation has been updated and expanded since
the Land Reform Act (2003), including an amendment in 2015 (Community Empowerment
(Scotland) Act 2015) which introduced a right for community bodies to make requests for
asset transfer to a wider range of public bodies, the Scottish Land Fund introduced in 2016
which provides grant funding to assist communities to take ownership of land or buildings,
and the Community right to buy abandoned, neglected or detrimental land introduced in
2018. The strengthening of the legislation would likely have been of help to Sunart,
especially as the land and infrastructure in question was mainly abandoned, which would
have allowed a compulsory purchase.
For hydropower schemes, the historic infrastructure was the reason for starting the project
– both sites utilising a water barrier as part of a new scheme – however the historic aspect
of the infrastructure was not the focus of the project. For Torrs Hydro, though the initial
focus was not the remains of the mill, it was found that there were other benefits for
bringing the community on board with the project by promoting its historic value. For
Sunart the existing infrastructure was largely a convenient element which was still present
and could be utilised, the dam and water intake itself not holding much in the way of
historic or tourism value.
For the mills, the historic value is the central reason for preserving the buildings, though
both sites operate commercially to some capacity this is largely to preserve traditional
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practices and support the local community rather than as a profit-making exercise. That
being said, in both cases economic factors were a central consideration when looking at
potential hydropower scheme installations, and for Finzean was the core reason why it was
not taken forward. This will be discussed in further detail in section 4.5.3.
For the mills, both listed sites, there were additional factors that had to be considered. This
is best illustrated at Finzean, where the weir and sluice gate needed to be reinstated as
they were in their listing (wooden construction, built using traditional methods) while also
conforming to modern ecological standards set by SEPA, which required modification to
the weir which was still in keeping with its original design. This was less of an issue at
Barony Mill, where much of the maintenance was carried out by the local council and
shielded the community trust from much of the planning aspects that would have needed
to be done to maintain the building in the correct way.

4.5.2 Barriers and Benefits
For the hydropower schemes, planning was noted as being a barrier to a certain degree,
with Torrs stating that much of the more difficult aspects (negotiations with the local
council and gaining planning permission) were largely handled by an external partner.
Similarly, Sunart also decided to hire someone to help with the planning aspect, bringing in
the expertise that was needed and ultimately making the project possible. It also
benefitted from including the local landowner in the process from the very early stages,
likely saving the community company time and effort that may have otherwise been spent
negotiating land purchase or rent. This is also consistent with other projects, as noted in
section 1.4.2.2, project planning has long been a difficult aspect of renewable energy
projects, one where issues or elongated timescales can disproportionately affect small,
community projects.
One barrier noted by Sunart was grid availability, which made their project reliant on the
timetable of SSE distribution. This was noted as a common challenge for embedded
generation in the literature review, especially for those at the far ends of the national grid –
common in the Highlands & Islands of Scotland where grid capacity is often constrained.
Interestingly, Sunart had considered the possibility of local distribution which could have
bypassed the need to export to the grid, but this was not logistically possible. Local
distribution or private wire arrangements would limit strain of the local network and would
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be more likely to be given the go ahead by the distribution network operator. This was
likely the case for Torrs Hydro as they have a private arrangement to supply electricity to
the local Co-Op shop, with any excess going to the grid.
Financial barriers to the hydropower projects were largely around uncertainty of funding
from community share schemes, with Sunart extending the share offer nationally which
dramatically increased funding available. Both hydropower projects had support from
external funding bodies (e.g. CARES), which was vital for certain elements of the projects
(planning being the main one). However, as the bulk of the capital required for the
construction was raised through a share scheme, there was still a risk of this external
funding being wasted should the share scheme fail to raise the necessary amount. Financial
barriers for mills were not generally discussed, though funding for certain activities (such as
the weir repair at Finzean) was mentioned, and a lack of funds was cited as one reason for
Barnony Mills to consider a hydropower scheme.
Benefitting the local community was, as expected, the primary driver for all four of the
sites, though the focus differed between hydropower and mill sites. For hydropower
schemes the support was largely via financial means (i.e. profit generated from the scheme
would go to support other projects.). Secondarily the hydropower schemes were, in part,
constructed to be part of a green energy movement and the generation of renewable
energy was the method through which the community groups wished to raise funds.
Additionally, the interviewee from Sunart stated that the scheme had a positive impact on
community resilience, allowing critical projects (such as the school) to benefit the
community as a whole. The example given was that the community owned school had
allowed families with children to remain in the area where previously many had decided to
move away from the town due to a lack of school resources.
Boosting community resilience and increasing autonomy is a benefit that has been
highlighted in the literature (section 1.4.2.1), though for Sunart energy security and
reliance on an external energy supply were not a factor, but rather it was retention of the
local population and allowing the community the means of improving their environment
that was the primary benefit.
For mills the benefits were largely around protection of both historic buildings and
preserving the unique work practices associated with them. This is a bit more difficult to
quantify, though it is worth noting that both have been in operation for decades, acting as
both commercial enterprises (providing jobs and income to the community) and as tourist
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attractions in their own right, though this was not their primary focus and was more the
case for Barony Mills than for Finzean Mills.

4.5.3 Working mills and Hydropower
One of the more interesting points that was raised both during the interview candidate
selection stage and during the interviews was the prior attempts by working mills to
incorporate a hydropower turbine on site. Both of the mill representatives interviewed and
a third respondent which had declined the invitation to interview had stated that they had
investigated the potential for hydropower at some point in the past. These had not gone
ahead for several reasons:
-

Financial – The Finzean scheme was unworkable due to the low payback, with the
possibility of the returns being so low that it would not cover the costs incurred.

-

Low power output – both sites were estimated to produce only a small amount of
power. This tied into the financial aspect, but also there was not any other realistic
use case for any power produced as both sites were already on the grid and had
very low electricity requirements.

-

Lack of expertise – Barony Mills had briefly engaged the help of Local Energy
Scotland (LES) and neither party had pursued the idea beyond a brief site survey by
a representative of LES. The interviewee had stated that there had not been much
interest from LES and they had not been sure who else to go to for advice, after
which other priorities took precedence, and it was not looked into further.

The need for a use case was quite clear from both interviews – without the need for the
power on site or any kind of private wire arrangement, exporting to the grid was the only
realistic outlet. Compounded by the small amount of power that was projected to be
generated, the financial risk outweighed any potential benefit. Ultimately, this left the
potential for generating power on site as an unattractive option. Given the current income
streams likely to be available now (e.g. the Smart Energy Guarantee), this option likely
remains unattractive, though both interviewees expressed interest in exploring their
options for utilising hydropower in the future.
A lack of expertise is a cited as a major barrier in the literature (van Veelen, 2013, see
section 1.4.2.2), though usually in the context of loss of knowledgeable or skilled
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community members. It is peculiar that there was, apparently, disinterest on the part of
LES, though the nature of the communication between LES and members of Barony Mills is
unknown.
The study carried out at Finzean Mills is an interesting assessment of a very small
hydropower scheme prior to the introduction of the feed-in-tariff, and of particular interest
are the handful of notes regarding the impact of the mill infrastructure on the operation of
the scheme, and vice-versa:
•

Fish passage was noted as a particular issue in relation to the mill, as the current
arrangement of drop sluices and low water usage at the mills allowed passage
along the lade, however as the water usage would dramatically increase, these
diversion sluices would no longer provide a suitable path for fish.

•

The potential removal of visual and audial amenity in the form of “removal of the
cascades of water which are currently seen when viewing the mill complex” (pg.
16)

•

Noting the Grade A listed status and the “special character” of the site, the survey
report states that any development had the potential to significantly impact/alter
the character of the site. Therefore, the design of the turbine house and its
placement would have to be considered very carefully.

This highlights a key issue that was touched on briefly during the interview with the
representative from Scottish Natural Heritage (see section 2.7 – Environmental) – historic
sites are not able to mitigate issues to do with infrastructure placement effectively without
potentially compromising the historic nature of the site.
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Chapter 5 – Site Visits
5.1 Introduction
Having identified a number of potentially suitable sites from the desktop survey, the next
stage of the study would be to carry out site visits. The purpose of the site visits would be
to verify that the infrastructure was present as observed during the survey, and to identify
and assess areas where information may have been unclear or unavailable (such as the
condition of a lade or weir). This would give a clearer picture of site suitability for
refurbishment as a hydropower scheme. Site visits would also be an opportunity to speak
with the site owner about the refurbishment of the site, which may identify further
contextual information that would impact its viability.
The site visits were planned to take place during autumn 2020. Unfortunately, the covid-19
pandemic was still ongoing, and the visits had to be planned accordingly. Due to travel
restrictions and the potential for further restrictions to be implemented at short notice, it
would not be possible to visit any of the sites identified on the Western Isles, Orkney, or
Shetland (11 mills total). As noted in section 3.3, site visits were to be prioritised according
to the green, amber, and red categories outlined in section 3.2.2.2, and this was the order
in which sites owners were traced and contacted.
Unfortunately, the process of tracing and contacting site owners was met with similar
challenges encountered while tracing community hydropower groups and mill owners.
Libraries, community groups and businesses remained closed or were only active in a
limited capacity, and tracing owners took significantly longer than it would have done
otherwise. Even once the owner was traced, contacting them also proved difficult as
contact details are not readily available through services such as the Scottish Land
Information Service (Scot LIS). Contact details were obtained through both internet
searches and through contacting local groups who had a connection to, or knowledge of, a
particular site, though in some cases it was not possible to find appropriate contact details
in the given timeframe for this stage of the project. The owners of four sites were able to
be contacted, including the three category green sites. The owner for another amber
category mill, East Grange, was traced but did not respond when contacted. The sites that
were contacted (figure 5.1) were:
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•

Mill of Cantray, Cantraybridge (green)

•

Mill of Towie, Keith (green)

•

Achingale Mill, Caithness (green)

•

Forss West Mill, Caithness (amber)

Figure 5.1 – Locations of mills selected for site visits
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The Mill of Cantray is a refurbished mill, which retains the lade and the building itself
appeared to be in good condition during the survey, though the most recent image found
was from 2011. It also appeared to be in use by a local business, however this could not be
confirmed during the survey due to time constraints, though was later confirmed through
tracing the site owner. One of the resident businesses was contacted to obtain more
information about the mill. Though the lade was still in place, it was no longer connected to
any water source and some internal machinery was still in situ in the mill building. The
building itself had been converted into an office space for two local charities.
Unfortunately, this meant that the site was not suitable for hydropower generation and the
site was not visited.
Achingale Mill and Forss West Mill are both located in close proximity to Thurso, along with
three other red category mills: Castletown Mill, Ham Mill, and Bilbster Mains. It would be
possible to view the exteriors of Castletown Mill and Ham Mill without requiring permission
from the owners as they were both situated immediately next to public roads. Though it
would not constitute a full site visit as it would not be possible to walk the length of the
lades or see the interiors it would be possible to view their current conditions. Given the
conditions of these mills as they were seen during the survey, it would be highly unlikely
that it would have been possible to view the interiors in any case as much of both buildings
had collapsed and it would be unsafe to do so.
The mill of Bilbster Mains was not viewable during the survey and was situated away from
the main road on private land (potentially in the grounds of a private residence). As such it
would have required the owner’s permission to visit and unfortunately the owner was not
contactable prior to visiting the other sites in the area.
Due to the significant amount of time taken to trace and contact owners, site visits were
not made until late October 2020. The Mill of Towie was visited on the 21st October, and
the mills around Thurso were visited over two days – 29th and 30th October. Further
restrictions were imposed on travel by the Scottish Government in early November 2020
which effectively made further site visits impossible.
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5.2 Site Visits
5.2.1 Mill of Towie
5.2.1.1 Site History and Description
The Mill of Towie is a category-A listed former corn mill located on the River Isla in Moray,
likely built in the early 19th century on the site of an earlier mill (Hume, J. 1977). No mill is
mentioned in the parish of Botrophnie in the New Statistical Account of Scotland (NSA)34,
suggesting a construction date closer to the mid-19th century, or perhaps, being so close to
the border of the Keith parish, it is included in the list of mills given there:
There are two mills for carding and spinning of wool, and a bleachfield for country use; a
mill for home-grown flax; six corn-mills, and two flour mills, which carry on a great trade,
supplying the country for upwards of twenty miles round (NSA, 1845 Vol.13, pg.390)
The mill appears on the first edition OS Six Inch map (Banffshire, Sheet XX), surveyed in
1868. On both this map and later editions the weir appears to extend further towards the
sluice gate compared to how it is depicted in the current edition (figure. 5.2)

Figure 5.2 – Mill of Towie weir depicted on 1905 25-inch OS (left) and current OS (right)
The building was surveyed by John Hume in 1977, where the mill briefly described and the
mill wheel is noted as being in “excellent condition” (Hume, 1977, pg. 178). The mill was
later restored in 1987-1988 and was given its category A listing in 1988.
The mill itself is a twin gabled, rubble-built building comprising two floors and a loft,
incorporating a kiln on the east side. The wheel is a mid-breast shot paddle wheel, 3 feet, 3

34

New Statistical Account of Scotland, Society for the Benefit of the Sons and Daughters of the
Clergy, Vol. 13, 1845
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inches wide and 14 feet in diameter35 and is positioned in a lean-to on the west side of the
building. The lade runs from a weir to the south of the site, running a length of
approximately 285 metres to the building, and continuing for a further 290 metres before
re-entering the river. The total depleted reach of the river is approximately 725 metres.
Two sluice gates are marked on the current OS map, one at the lade entrance and another
roughly halfway along the length to the mill, where the river is closest.

5.2.1.2 Mill Interior
The owner of the mill was met on site and gave a tour of the building interior first. The
ground floor had been used as storage for the owner, and not all of the area was fully
accessible, however the internal workings were all still present and in working order,
though some parts would need replaced (such as worn belts). The mill wheel is attached to
a toothed wheel which powers the mill machinery (figure 5.3).

Figure 5.3 – Mill of Towie interior toothed wheel attached to external water wheel
this same mechanism is attached to a small generator, which the owner said would have
been used to power the mill machinery when the water level was too low (figure 5.4).
Display items from the period where the mill was a museum attraction were also still
present (figure 5.5).

35

Canmore, Mill of Towie. https://canmore.org.uk/site/17309/mill-of-towie
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Figure 5.4 – Mill of Towie Auxiliary generator

Figure 5.5 – Display board with images of the Mill of Towie prior to restoration.
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The first floor and loft house the remaining machinery, much of which is behind wooden
barriers. A small number of display boards and a museum reproduction of a 19th century
kitchen are still in situ. The kiln can also be accessed ground floor and loft, though only the
highest level was viewed during the visit (figure 5.6).

Figure 5.6 – Mill of Towie kiln, loft level, with mesh flooring for drying grain
The owner also attempted to get the mill wheel turning, however there was not enough
water in the lade – partly due to the condition of the channel which will be discussed in the
next section. As the mill had been out of use for a number of years, pigeons had nested in
the building and there was a large amount of bird droppings, especially in the loft and the
kiln. Despite this and being disused for so long, the mill interior is in largely good condition.

5.2.1.3 Mill exterior and lade
The exterior of the building was also in good condition, with no obvious cracks or other
damage to the stonework. The water wheel itself appears to be in good condition and will
turn with sufficient water flow, though a small number of the paddles are missing, and
replacements would be required. The mechanism which opens the channel directing water
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to the wheel is also in working order, presumably having been maintained or replaced as
part of the refurbishment in the 80s (figure 5.7).

Figure 5.7 – Mill of Towie channel to wheel showing diversion gate mechanism (bottom
right)
The lade is concrete lined, though vegetation has grown on around and into the channel
which obscures this over the majority of its length. The owner also stated that rabbits
appeared to have burrowed into the banks which had weakened the lining and caused
leaks. This results in the lade water flooding the gardens of the adjacent house, which are
below the level of the lade. The sluice gate at the mid-point of the lade (figure 5.8) is
wooden, with a metal gear mechanism for raising or lowering the gate. The gate is in poor
condition, with the horizontal portion of the wooden frame holding the gear mechanism
having bent out of shape forcing the gate out of position and allowing water through. The
mechanism itself is rusted and it is likely that the gate would need to be replaced entirely.
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Figure 5.8 - Diversion channel sluice gate, showing damage to the gate frame

The sluice gate at the mouth of the weir was missing, though the frame was still partially
still present. There is also another diversion channel and sluice gate present, positioned at
a near right angle to the lade (figure 5.9), this too missing the gate itself, though the frame
and part of the gate mechanism is intact.
The weir appears to be constructed from stone and likely 1-2m in height (though it was
difficult to see due to the overflowing water) and consists of a sheer drop for most of its
length with a long, concrete lined channel on its northern side with a shallow incline –
presumably to allow fish passage (figure 5.10). It was not possible to assess the condition of
the weir due to the water coverage, though the fish pass appeared to be in good condition.
The mill owner does not own the weir, and did not know who did, presuming it to be
owned by the neighbouring farm. Rocks had also been moved to the mouth of the channel
leading to the two sluice gates, creating a low barrier to impede water in a bid to ease
flooding in the lade (fig. 5.11).
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Figure 5.9 - Sluice gate at mouth of lade (top centre) and diversion channel sluice gate
(lower right)

Figure 5.10 - Weir on the River Isla, with potential fish pass in bottom left.
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Figure 5.11 – Rocks at the mouth of channel leading to the Mill of Towie lade

5.2.1.4 Suitability for Refurbishment
The mill was largely as observed during the desktop survey, with the building in good
condition and the infrastructure intact. The condition of the lade was unknown however,
and the site visit helped to clarify details that would not be possible to do otherwise.
Discussions with the owner also revealed some information as to its condition (e.g. issue
with animal burrows) which may not have been evident without close inspection. The
condition of the lade was an issue for the owner due to flooding of their property, which in
turn impacted their ability to obtain home insurance without incurring significant cost.
Even without taking the mill into consideration it was desirable to repair the lade as it left
the owner at risk.
When discussing the future plan for the mill, the owner stated that they wished to bring
the mill back into service but utilise the building for events (e.g. weddings). They had also
considered installing a generator to produce power, primarily for revenue, though they had
also thought about how hydropower might be utilised for heating the adjacent buildings as
their current heating system was very expensive to run.
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The mill wheel is 14 feet in diameter and mid-breast shot, giving an estimated gross head
of approximately 7 feet (2.1 metres), which is very low for a hydropower scheme. The
wheel is also not very wide at just under 1 metre, implying a relatively low flow. The paddle
design is also not particularly efficient in comparison to other designs and due to the
buildings listed status (which includes the wheel) it would be highly unlikely that replacing
the wheel with a more efficient or modern design would be possible. A comparison to
power ratings given by Bozhinova et al. (2015) for a low head (1.5 to 2.5m) Zuppinger water
wheel (broadly comparable, though the design is likely more efficient), the estimated
power rating was between 5.3 to 12.8kW per metre of width – at just under one metre the
mill wheel falls neatly into this range, though given the conditions noted above it is
assumed that it would be at the lower end of this.

5.2.2 Achingale Mill
5.2.2.1 Site History and Description
Achingale Mill is a category-A listed former corn mill likely built in the late 19th century, a
date stone above the door giving 1885 as the date of construction. Survey notes of the site
in 1984 from the Scottish Industrial Archaeology Survey (SIAS) state that it was built on the
site of an earlier mill36. The mill first appears on the first edition OS six-inch map (Caithness,
Sheet XVIII), surveyed in 1871 though, a mill appears close by on a much earlier map of
Scotland by Aaron Arrowsmith in 1807, however this is likely referencing the Mill of
Watten, or another mill that predates either and is no longer standing. No mention of any
mill is given in the NSA for the parish of Watten, which suggests the mills were built after
publication (c.1845), though this may equally be an omission on the part of the parish
minister.
The SIAS survey report stated the mill closed in 1950. The mill was reported to have been in
working order, though not in use, when the site was surveyed by John Hume in 1974 and
described it as “One of the best Caithness mills” (Hume, 1977, pg. 197-8) Images available
from Canmore37 showing the mill exterior during this survey show that it was in relatively
good condition though with some deterioration to the roof.
Later changes to the mill are documented by the Buildings at Risk Register (BARR),
beginning in 1995 when a planning application was submitted to change the use of the
36

https://canmore.org.uk/collection/749623
https://canmore.org.uk/site/8797/achingale-mill
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building to a house with tearoom and exhibition space. These plans never came to fruition,
and in 2000 the property was sold. A new application for the mill to be converted to a
house was submitted by the new owners and by 2003 some restoration work was
underway. In 2008 it is noted that the kiln roof was removed by the owner to facilitate
repair work, with the slates now piled next to the building – the roof is not replaced as the
mill changes ownership. Over the next 12 years ownership changes hands at least twice
more, and various minor repair work is carried out, though the overall condition of the
building continues to deteriorate. The current owner has now restarted repair work on the
mill once again.
The building is an L-plan structure, rubble built, and consisting of three stories with the kiln
occupying the northern arm of the building. The kiln originally had two ventilators on the
roof, but these, along with the rest of the kiln roof, are no longer present. A cantilever,
timber-built sack hoist is present on the south side of the western arm. A notable feature of
the mill is the two overshot water wheels on the east side of the building – one large, 4.5
feet wide and 12ft diameter fed from the lade by a wooden trough, which would provide
the power for the majority of the mill mechanisms, and a smaller wheel, 11 inches wide
and 4 feet in diameter, fed from a pipe running from the wooden trough. This small wheel
drove an automatic stoker, designed to automatically feed grain chaff into the kiln fire and
is a highly unusual addition.
The lade originally ran from a weir on the Scouthral Burn for approximately 886 metres,
before being returned to the burn at the point where it intersects with the larger Strath
Burn, roughly 80 metres from the mill. This can be seen on OS maps up to 1969. However,
on the current OS map, it appears as if the lade returns to the Scouthral Burn, this section
of lade being approximately 337 metres in length (figure 5.12). A smaller drain then feeds
from the burn around 40 metres from the point at which the lade returns to the burn and
continues the remaining distance to the mill. If the lade was reinstated in full, the
approximate depleted reach would be 1180 metres.
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Figure 5.12 – Current OS of Achingale Mill lade on left compared with OS 1:1,250, 1969 on
the right showing the re-joining of the lade to the burn in the upper right.

5.2.2.2 Mill Interior
As with the Mill of Towie, the owner was met on site and gave a tour of the mill interior
first. The mill was largely automated, utilising a complex system of grain elevators to move
dried grain and flour through the building with limited human intervention, allowing the
mill to be operated by only one or two people. The ground floor had partially been given
over to storage for the owner, though mill machinery was still present (figure. 5.13). The
wheel axle enters the building at this level, and the attached gearing has been separated
from the rest of the level by wooden partitions. The ground floor of the kiln is also
accessible here. The flooring is made up of particularly large slabs of Caithness stone, which
the owner said was designed to prevent mice and rats from digging up through the floor.
The stones have sagged in places and would need to be re-levelled. Of note is the writing
and graffiti present on some of the woodwork made by the previous millers or mill workers
(figure. 5.14)
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Figure 5.13 – Ground floor of Achingale Mill showing grain elevator (right) and grain hopper
(top centre).

Figure 5.14 – Graffiti of horse with name (A Sinclair) on ground floor of Achingale Mill.
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The first floor had mostly been cleared of machinery, and a previous owner had erected
another wooden partition in the eastern arm of the building (figure 5.15). The two pairs of
mill stones are still present though in need of redressing or replacing. The external grain
chute can also be accessed here and on the third floor.

Figure 5.15 – Second floor of Achingale Mill with modern partition at east end.
The second floor was largely empty with some machinery in-situ – this floor would have at
least partially been used to store grain. The timber frame of the roof had been partially
replaced and repaired by previous owners; however, this had not been done correctly in
some areas and would require further work. Access to the upper level of the kiln is
possible, however the perforated metal plate flooring was highly degraded and was not
safe to walk on and vegetation had been growing on the flooring for some time (figure
5.16). The lower portion of the kiln was also thickly covered with bird excrement and could
not be accessed properly as it was a significant health hazard.
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Figure 5.16 – Views of Achingale Mill kiln interior, ground floor (left) and second floor (right)
showing the deteriorated metal plate flooring.

5.2.2.3 Mill Exterior
The exterior of the mill is in somewhat poor condition, though the main portion of the
building itself is roofed and watertight (figure. 5.17).

Figure 5.17 - Achingale Mill exterior facing south. Kiln with missing roof on left.
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The grain chute appears to have been clad in plywood or chipboard and is damaged. The
most immediately noticeable damage is the missing roof of the kiln, and several missing
windows throughout the building. The lean-to at the north side of the building has also
suffered significant damage, the walls having partially collapsed and completely missing its
roof (figure 5.18).

Figure 5.18 - Lean-to on south wall of Achingale Mill with missing roof and collapsed wall.

5.2.2.4 Suitability for Refurbishment
The building is, as with the Mill of Towie, largely in the same condition as observed during
the desktop survey. It is unfortunate that it was not possible to view the weir at the time of
the site visit, though it was confirmed by the owner that it was still present. The owner
stated that it is their intention to refurbish the building and excavate the lade to bring the
mill back into working order. Some work had already been carried out and plans for
replacing the deteriorated kiln flooring and the roof were already underway.
When discussing potential hydropower applications, the owner stated that they were
investigating a potential pico-hydropower generator which would be placed externally in
the wheel pit. There would be little room inside the building for a generator without
removing the mill’s machinery (not possible due to the building’s listed status) or the
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addition of further machinery which would decrease efficiency. This generator would run in
tandem with the main water wheel (figure 5.19) and provide power to the building, as it is
not connected to the grid.

Figure 5.19 - Western wall of Achingale Mill with dual water wheels(centre)
It would not be possible to calculate power for this pico generator without further
specifications, however a rough estimate for the main wheel is possible. The small wheel is
likely too small for even a pico-hydropower generator and will not be examined. The main
wheel is overshot which would indicate a head close to the wheel’s diameter, in this case
12 feet (approx. 3.66m) and is 4.6 feet wide (approx. 1.37m) indicating a relatively low
flow. Using the design flow for a Zuppinger wheel given by Bozhinova et al. (2015) as 1 to
1.2m3 which gives a flow of 1.37 to 1.64m3, the calculation for power can be made using
the formula outlined in section 1.2.2:
P=1.64 x 1000 x 9.81 x 3.2938 x 0.7539

38

This is a simplified net head assuming a 10% reduction due to losses in the system.
Assumed system efficiency
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This gives a theoretical maximum potential output of 40.7kW. It is important to note that
the flow and efficiency of the system will be different to the figures given here and this is
an estimate based on a comparable design of water wheel. The figure given for flow would
be the maximum flow the wheel is designed for and would be much less for the majority of
the time the wheel is running. As with the Mill of Towie, due to the building’s listed status it
would be unlikely for the wheel to be replaced with a different design. Should the owner
install a pico-hydropower generator as described it would have just a small fraction of this
output.

5.2.3 Forss West Mill
5.2.3.1 Site History and Description
Forss West Mill is a small, category-B listed former corn mill located next to the Bridge of
Forss near Thruso, Caithness, also called Lybster Mill. It occupies the west bank of Forss
Water, opposite the larger Forss East Mill, which has since been converted into holiday
accommodation (though it retains its machinery). The west mill was likely built in the early
19th-century, and it appears on the OS six-inch map (Caithness, Sheet IV), surveyed in 1872
marked as Lybster Mill. As with the other two mills surveyed, no mills are mentioned in the
NSA, though whether this is due to mills having not been constructed or an oversight by the
parish minister is unclear. The building was given its Category B listing in 1984. It is
unknown when the building fell out of use, and unfortunately there is little documentation
on the building’s history. Very little information was known about the mills condition prior
to the visit, the only images available being a small number of photographs taken during a
survey by John Hume in 1974 and aerial imaging which showed that the building was still
standing and roofed.
The mill is a two-storey, L-plan rubble building, but without an adjoining kiln (presumably
using the kiln in the larger mill). A 4ft 4inch wide, 12-foot diameter overshot water wheel is
present on the north-east side of the building. On the south west is attached a byre range.
A short lade runs from the natural waterfalls the two mills sit between. The lade distance to
the mill is approximately 27 metres in length, and the outfall from the wheel is deposited
directly back into the river approximately 6 metres. This would create a depleted reach of
29 metres, much of this length taken up by the waterfalls.
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5.2.3.2 Mill Interior
The owner was met on site and the interior was viewed first. The mill has been used for
storage for the previous owner, though unlike the other mills viewed, the internal
machinery had been almost completely stripped out. Only the gear attached to the water
wheel and a single belt pulley wheel remaining (figure 5.20). The remainder of the mill was
further storage or was empty.

Figure 5.20 – Forss West mill interior showing wheel gear and belt pulley wheel.

5.2.3.3 Mill Exterior
The mill itself is in fair condition, though damp has allowed vegetation to grow from some
areas of the walls. The metal frame of the water wheel is still present though rusted, having
long ago lost its wooden slats (figure 5.21).
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Figure 5.21 – View of water wheel and north-east wall of Forss West Mill. The hole for
channelling water away from the wheel pit can be seen in the bottom left
At the base of the wheel a short stone wall supports the wheel axle and has a small culvert
which serves as the tailrace. The building remains roofed and appears to be in good
condition. When compared to the images taken by Hume in 1974, the building appears to
have remained in much the same condition – surprising given its age and that apparently
little to no remedial work has taken place.
The stone lined lade is still present though very overgrown (figure 5.22). There was likely a
wooden portion of the lade leading over the wheel, though there is no trace of this left if it
was present. There appears to have been a sluice gate at the mouth of the lade, though
little of this remains. Though difficult to see in many areas it appears that the stone lining is
still sound, and no missing stones or collapsed sections were observed.
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Figure 5.22 – View of Forss West Mill lade looking south-west.

5.2.3.4 Suitability for Refurbishment
As mentioned previously, it was unclear as to what the condition of the mill would be other
than the roof appeared to be intact. It was a considerable surprise to find that the mill
appears to have changed very little since Hume’s survey over 40 years ago. The current
owner inherited the site from the previous owner after they died and had considered
refurbishing the adjacent buildings, and potentially the mill, as holiday accommodation,
though there were no current plans to do so.
The condition of the wheel is unfortunate, and it is not known whether it can be repaired
or if it would require replacing entirely. The fact that so little internal machinery remains
opens up the option of installing an internal generator without compromising the historical
value of the building. The lade and corresponding depleted reach is also remarkably short,
which would be an advantage when seeking permissions from SEPA.
The wheel has very similar dimensions to the one at Achingale Mill, being the same
diameter and just 2 inches thinner. This adjustment made to the calculation made for the
wheel at Achingale gives a maximum potential output of 38.2kW.
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5.2.4 Ham Mill
5.2.4.1 Site History and Description
Ham mill is a large, category-B listed former Girnal (a granary or storehouse for the estate),
later converted into a grain mill. A building of the same shape is marked, though not
named, in its location on the Roy Military Survey of Scotland (1747-1755), suggesting that it
was built sometime in the early to mid-18th century. Later additions such as the adjoining
kiln were made in the early-mid 19th century. It is marked as a corn mill on the OS six-inch
map (Caithness, Sheet I), surveyed in 1873, and still marked as a mill in the revised 1894 OS
one-inch map, however later editions starting in 1905 mark the mill as ‘disused’ suggesting
it fell out of use around the turn of the 20th century. Hume notes that the building was
being used as a barn during his visit in 1974.
The listing for the mill on the BARR state that the building was surveyed as part of the
Caithness Redundant Buildings Inventory in 2007. The inspection found that the building
had lost its internal floors and the structure had become weakened due to this and the
traffic on the road which runs immediately next to the building. In 2011 an options
appraisal was undertaken by the Scottish Historic Buildings Trust (SHBT) on behalf of the
Royal Academy of Music and Drama which then sought to turn the building into a cultural
hub for the performing arts. The capital cost of the restoration in 2011 was approximately
£5 million40 and the SHBT intended to move the project forward in 2012/2013. However,
this project was never realised, and the building remains unused. The last site visit noted
on the BARR was in 2013 which stated that the building remains derelict.
The building is very large, built from flagstone and consisting of a four-storey main building
with an adjoining kiln on the south side. The kiln is roofless and largely ruined, though the
rest of the building retains the roof. The wheel pit is on the north side, though the wheel
and remaining machinery are gone. There is a large pond adjacent to the mill on its west
side, which could easily be seen to have been in service to the mill, however this is a
modern feature which is not actually related to the mill, it having been fed by the Burn of
Ham which used to run alongside the road, and appears to have been redirected to this
new pond. There is now a ‘drain’ marked on current OS maps along the path of the original
lade.
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SHBT Past Projects, page 2 - https://www.shbt.org.uk/wpcontent/uploads/2018/07/8969ab_408b47fc264747a59317caf799f64616.pdf
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5.2.4.2 Site Visit
The building appears to be in much the same condition as described by on the BARR, now
largely boarded up and fenced off to prevent entry. There is no indication that any work
was carried out as a result of the SHBT efforts to redevelop the building. The roof shows
signs that it is starting to collapse as there is a large hole visible in the roof ridge (figure
5.23).

Figure 5.23 – Ham Mill northern wall showing hole in roof ridge.
Cracks have formed in the wall around the top floor window in the east gable (figure 5.24).
The kiln remains ruinous and overgrown with vegetation, though does not appear to have
deteriorated much further when compared to images taken by Hume in 1974. The wheel
pit and wall which have supported the wheel axle is still present though almost entirely
covered by vegetation. It is unknown whether the wheel was breastshot or overshot.
Overall, the building is in very poor condition, and with the removal of the interior floors it
is effectively a stone shell which would require significant remedial work.
As the mill was fed directly from the burn, which has since changed positions, and there
was no weir ever present, there was no reason to view any part of the waterway. It was
observed that the nearby pond sat at an elevation roughly level with the wheel pit wall,
and therefore the axle of the wheel. This would make it largely unsuitable to use as a
reservoir for powering a waterwheel, as the head of water would be very small.
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Figure 5.24 – Ham Mill eastern wall showing cracks around top window

5.2.5 Castletown Mill
5.2.5.1 Site History and Description
Castletown Mill is very large, category-B listed former corn mill, built in the early to mid19th century (The BARR marks the building dates as either 1818 or 181941). The mill appears
on the OS six-inch map (Caithness, Sheet VI), surveyed in 1873, where it is marked as the
“Old Corn Mill”, and not yet featuring the southern portion of the building, which later
appears on the 1894 OS one-inch map. Hume visited the site in 1974 and images taken by
him show the building in relatively good condition and the roof still in place. The internal
machinery and internal overshot water wheel have all been removed, though Hume
describes the wheel as having been 6 feet wide and 16 feet in diameter.
The mill is on the BARR and a development history beginning in 1991 is given, where it
notes that the mill has largely been out of use since it was used by the RAF during the
second world war. The roof of the northern section of building was removed in 1992 by the

41

Buildings at Risk Registry: Castletown Mill, Castletown
https://www.buildingsatrisk.org.uk/details/892829
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owner without the necessary permissions and local councillors had considered serving a
Repairs Notice (whereby a local authority forces the repair or improvement of privately
owned property, usually on the grounds of safety). The building continues to deteriorate
and is included on the BARR in 2004. Various investigations and feasibility studies are made
into the refurbishment and reuse of the building with plans such as regeneration as flats,
offices, and a sports facility42, none of which come to fruition. In February 2021 it was
reported that the mill was purchased by Dunnet Bay Distillery, a local business, who plan to
refurbish the building43.
The building is a three storey T-plan, rubble-built structure consisting of a kiln located in
the centre of the northern portion of the building, with bays on either side with timber
grain chutes. The southern arm of the building has an additional chute projecting in the
centre of its eastern wall. The lade ran from a weir on the Stangergill Burn, feeding into a
small mill pond with a surrounding earthen dam from which the lade would continue along
an artificial earth bank and finally a wooden portion to the water wheel. The lade was
approximately 283 metres long, including the dam, resulting in approximately 290 metres
of depleted reach. Today the lade appears to be redirected back to the burn roughly 40
metres from the weir and the mill dam is dry (though it is still marked on the current OS
and can be seen in aerial images). The launder is gone, though the elevated earth bank and
stone retaining wall is still present.

5.2.5.2 Site Visit
Unfortunately, even an external viewing of the mill was limited, as it was not possible to
view any of the southern or eastern sides of the building, however this was sufficient to
broadly assess the building’s condition. The mill is an incredibly dilapidated state, the roof
of the northern section of the mill now completely collapsed along with much of the
supporting timber frame. One of the grain chutes on the northern wall is missing, leaving a
large gap, the other is still present though very damaged. A smaller building in the
northwest corner still retains its roof, though much of the wooden siding has detached
(figure 5.25).
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Information given by a representative of the Castletown Heritage Society
https://www.dunnetbaydistillers.co.uk/news/distillery-news/castletown-mill/
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Figure 5.25 – View of Castletown Mill looking south-east
The southern arm of the building was in much better condition and still retains its roof.
Overall, the building is in much the same condition as observed during the desktop survey,
though has deteriorated significantly since it was surveyed by Hume in 1974.
The lade could not be easily viewed, however it was possible to view the earth bank and
retaining wall from which the wooden portion would have projected. These are still present
though no assessment could be made of their condition other than some vegetation
growth was evident (figure 5.26).

Figure 5.26 – View of earth bank and stone wall of lade in centre.
Page | 142

Chapter 6 – Discussion
6.1 Introduction
Researching and writing this thesis began in 2017, toward the tail end of the boom in small
hydropower development in Scotland. Though reductions in rates from the Feed-in-Tariff
Scheme (FiTS) were already being felt and new development was slowing, there was still
scope for economically viable small-scale hydropower. The growth in small-scale
hydropower was accompanied by a push for greater community empowerment, primarily
through increasing community land ownership.

The current and future landscape of hydropower development in Scotland is uncertain.
Financial support systems have been removed and attention is shifting to increasing the
share of renewable heating and transport, increasing efficiency, and energy storage. The
full impact on community energy development due to the discontinuation of the FiTS in
2019 and the introduction of the Smart Export Guarantee (SEG) in 2020 will not be known
for some time. However, a boom in micro-hydropower development during the period of
the FiTS concluded with a significant drop in new hydropower development as the scheme
approached closure. Between 2018 and 2020 only 3.3MW of small hydropower were
constructed, compared with 22MW in 2017 alone, and a peak of 58.8MW in 2016 (Scottish
Government, 2021). Though some new community hydropower schemes are being
constructed at time of writing (e.g at Kinlochbervie, Sutherland and on the Isle of Raasay),
these are still funded by FiT payments secured prior to the scheme’s closure44 and
extended due to the COVID-19 pandemic (HCES, 2021; RCR, 2021).

Electricity consumption has been in decline for over a decade, having fallen 19.2% between
2005 and 2019 (Scottish Government, 2021b). However, the move to more electrical
heating and electric vehicles will likely push demand back up, which will require more
generation capacity and storage. Pumped storage hydropower schemes are now being
looked at more seriously alongside other storage solutions (Hull, 2021). Small hydropower
may still play a role within local systems, though FiT payments will begin to dwindle
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Hydropower sites pre-accredited before the March 2019 cut off were given two years to
commission and gain full accreditation, including a 12-month extension due to the pandemic
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between 2030 and 2042 which may leave certain schemes unable to be maintained. This
may result in grants or other subsidies becoming available to keep generation capacity
online if none are already in place or higher SEG payments are not offered in the future.
Nevertheless, historic hydropower still retains certain advantages such as tourism potential
and contributions to both carbon saving and community health.

6.2 Hydropower generation
The results from the survey in Chapter 3 revealed that a small number of mill sites from the
588 initially identified sites in the Highlands & Islands region may be suitable for re-use as
hydropower generators. A total of 29 sites were assessed as having some potential,
reduced to 27 after further information revealed that two would be unviable. Due to the
COVID-19 pandemic, only a very small number of sites were visited, and power output
calculations estimated. These sites were all estimated to have maximum outputs ranging
between 20-40kW. This calculation was made using the water wheel as the mechanism for
driving the generator; no evaluations were made of alternative site arrangements or use of
other turbine technologies. This was done for two reasons:
•

Sites with water wheels would almost certainly be listed and would require the
wheel to be retained. Of the 27 potential sites, 19 were listed buildings, at least 8

of which still retain a wheel. This leaves little alternative without significant
alteration to the waterway, surrounding area, or the mill itself which may
jeopardise the character of the site (as noted in the report on Finzean Mills in
section 4.4.1), in addition to adding considerable expense to any possible reuse
project project. Utilising the wheel to generate power not only satisfies the need to
protect the site’s historical fabric but provides functional and aesthetic benefits as
outlined in section 1.2.3.
•

Accounting for alternative site arrangements and technologies requires a
comprehensive, professional appraisal of the site by hydrology experts to assess
the technical data and the factors to be considered for economic viability. Such
evaluations are highly technical, detailed, and costly, and not the purpose of this
study.
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The benefit of the method developed in this thesis is that it is simple and quick, with very
little technical knowledge required and ideal for a preliminary estimate that can give a mill
owner or community group a workable appraisal of the maximum power output. It does
not require the more advanced techniques outlined by Punys et al. (2019) – mean
calculation of potential capacity and transposed histograms. These methods require
existing data sets and are not suitable for calculating the potential output of individual
sites, only the likely total of a given geographical region – a limitation acknowledged by the
authors.

Similar to the RESTOR project methodology (see section 2.2.1), the methodology employed
in this thesis has limitations and can only provide an estimation of the potential maximum
power output. As the calculations made for the sites in Chapter 5 only account for a single
water wheel design (the Zuppinger), they provide only an approximation of the potential
power output and are not as accurate as incorporating the design flow for the wheel design
in question. The design flow does not account for seasonal variability which would require
a Flow Duration Curve to be constructed (see section 1.1.2). This would require the site’s
historical flow data and the use of specialist software (such as LowFlows) and professional
interpretation to give both an accurate power output calculation and system efficiency
figure. As such, an assumed figure for efficiency was incorporated. Punys et al. (2019) also
identified the need for skilled experts to provide accurate assessments. Despite these
limitations, the method provides a reasonable indicator of potential power generation.

6.2.1 Comparisons to earlier studies
As outlined in section 2.2, there have been two previous studies in Scotland which have
investigated the potential for the refurbishment of historic hydro. The first was the RESTOR
project which was carried out between 2012 and 2015. The project was a high-level survey
of historic hydropower sites in the EU covering 27 Member States including the UK (an EU
Member State at the time). The second was a desktop survey of historic hydropower in
four local authority regions (Aberdeenshire, Perth & Kinross, Fife, and Angus) carried out by
the local authorities, East Coast Renewables, and researchers from the University of the
Highlands & Islands in 2016. This led to a study being commissioned by Ecotechnic resulting
in a series of site visits by hydropower consultants Babyhydro to carry out prefeasibility
assessments at 14 sites in 2017.
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In late 2020, the RESTOR project’s Mill Map45 was brought back online. This shows the
identified sites from the project, their historical use, perceived restorable condition, and
estimated power availability. The Mills Map shows 51 sites in the Highlands & Islands
region, compared to the 588 identified by this study. The 51 sites include eight horizontal
wheels, which would not be suitable for hydropower generation due to their low power
and small water sources. The map illustrates the raw data that were released at the time
the assessment made by Punys et al. (2019) was published. The data show that the vast
majority of the sites in the Highlands & Islands were given the ‘moderate restorable’
condition and were rated at 40kW or below for potential power output. This is in line with
the rest of the EU Member States in the report, as 91% of the sites identified had a
potential capacity of less than 40kW. The 51 sites present on the Mills Map were also
identified in the desktop survey with one exception – a former mill which had been labelled
as a mill cottage in Canmore (a tag which was excluded from the survey) but not as a mill.
The mill in question had already been converted to a holiday home and was not suitable for
further refurbishment.

It is worth noting that there appear to be several duplicate entries and numerous notable
absences from the RESTOR data set, even accounting for sites that no longer exist. In
addition, little appears to have been done to ascertain the current usage of each site and
how this would impact the potential for restoration. For example, one site that was noted
as having good potential in the RESTOR data (Westerdale, Caithness) and formed part of
the survey for this thesis, was found to have already been used as a hydropower generator
since 1974. Punys et al. (2019, pg. 1110) note that the purpose of the RESTOR map was to
give a “realistic but not necessarily comprehensive list of small hydro sites”. Unfortunately,
it appears that the Mills Map data for the Highlands & Islands region is not comprehensive.

RESTOR was also unable to provide further assessment of historical and environmental
constraints due to the differing legislation across the various participating EU Member
States. Policy responses to EU wide protections (e.g. Natura 2000 areas) also varied
between Member States, ranging from a lenient approach to effectively a blanket ban on
development. These are limitations that were overcome to some extent in the
methodology of this study (outlined in Chapter 2) as both historical sensitivity and a wider
range of environmental protection types (both EU and Scottish) were assessed. This was
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http://hydropower.kamilpiwowarski.pl/app
Page | 146

possible due to the much smaller scale of the survey taken (588 sites in Scotland compared
to RESTOR’s 60,000+ across 27 countries), and the exclusion of weirs from the survey (see
section 2.3), though the sites that were surveyed in this thesis were examined in far more
detail. It can be said with confidence that the data set presented in this study is a far more
comprehensive and detailed list of historic mill sites in the Highlands & Islands than the
RESTOR Mills Map.

A direct comparison with the results of the Ecotechnic survey and subsequent site visits
(Bryce & Kerrigan, 2014; Babyhydro, 2017) comes with several caveats. First, unlike the
RESTOR project, the Ecotechnic survey did not overlap with the spatial area covered by this
thesis. Second, it comprised a number of targeted site visits by hydropower consultants
who provided case studies on the conditions of the weirs and lades, and accurate power
output estimations, and ultimately made more detailed assessments of site viability. Third,
financial assessments were made for each site, though these were based on the 2016 FiT
rates and did not generally consider any other use cases or financial models.

There were two exceptions to this, one being a 1kW pico-hydropower scheme to Barry Mill,
Angus, a working mill owned and operated by the National Trust for Scotland, which would
supply power to the mill directly to offset its own usage. In this case, the FiT rate was still
used, as this could be paid out regardless of where the electricity was used, unlike the
export tariff which was only paid on exports to the grid (see section 1.1). This was also the
case with Tullis Russell hydro, Glenrothes which is part of a large industrial estate which
was assumed to be able to consume electricity on site, though no specific use case is given.

The Ecotechnic survey (Bryce & Kerrigan, 2014) and subsequent reports from BabyHydro
(Babyhydro, 2017) resulted in 14 sites being identified and visited across all four of the
counties that were surveyed, with a total estimated power output of 404.3kW, including
two sites generating 100kW each. Two sites did not generate at all, due to infrastructure
not being present or in too poor condition. Only three of the sites that visited were
recommended for further investigation. It is worth noting that, despite the Ecotechnic
survey looking at both mills and weirs, totalling 372 and 137 respectively (not including the
78 unknown sites), all but one of the sites visited by BabyHydro were former mills, implying
that mill sites were more likely to have potential.
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It is difficult to make any direct comparisons with the findings of this previous work in part
due to the selection methods employed by Babyhydro for site visits. An unknown number
of sites were dismissed by BabyHydro prior to site visits taking place, as they were
perceived to have little to no chance of success. The visits themselves were limited to 20 in
total due to financial restraints of the project and reduced to 14 only because of the
inability to gain consents for visits. This means that the number of potentially viable sites
from the entire dataset is unknown and made even more difficult to ascertain by the
uncertainty in the data from the initial six-week survey.

Though limited in scope, the site visits and subsequent power estimates made in Chapter 5
broadly align with both the previous studies, which indicated that the vast majority of sites
would produce less than 40kW. BabyHydro identified and appraised sites with larger
capacities, but these would involve the construction of new turbine houses rather than
utilising existing buildings, as a new layout would enable a higher power output. As the
assumption for this thesis is that the wheel and mill building itself would form part of the
hydropower scheme, alternate site layouts were not considered. Smaller outputs would
also be more acceptable for grid connections, as any grid constraints typically limit new
connections to 50kW (CARES, 2017; BabyHydro, 2017).

6.2.2 Financial returns for hydropower
As mentioned earlier in this chapter, the FiT scheme and export tariff were both closed to
new applicants in 2019 and were replaced by the SEG in 2020. The SEG is a mandatory
scheme for licensed electricity suppliers with over 150,000 customers, and voluntary for
suppliers with fewer customers than this. Suppliers who are required or opt to participate
must offer an export tariff for small-scale, low-carbon generators for electricity exported to
the national grid. This only applies to certain technologies up to 5MW in installed capacity,
which includes hydropower (Ofgem, 2021).
The tariff offered by suppliers is determined by the suppliers themselves but must always
be above zero (even when wholesale prices fall below zero). This ensures that generators
are always compensated for electricity that they are forced to export (which may happen
should there be no storage or load on-site). Some tariffs being offered are tied to the
wholesale price of electricity, others are fixed rates, and both can have variable contract
lengths and pay structures. This is in contrast to the FiT and export tariffs. These were fixed
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rates at the time the generator was commissioned and lasted for a period of 20 years,
though the rates were reduced over time for later applications (see Table 6.1).
Date

Tariff (p/kWh)

April 2010 - March 2014

24.19

March 2015

20.68

March 2016

9.68

March 2017

8.62

March 2018

8.25

March 2019

8.31

Table 6.1 – FiT rates for hydropower with a capacity of 100kW or less April 2010 - March
2019 (Ofgem, 2021) note: a tariff for capacities 0-15kW was in place until 2016 – figures for
2015 and prior are the 15.001-100kW capacity range.
Rates for the FiT were determined by both technology and capacity, with higher capacity
sites earning less per kWh. Export rates had been fixed since 2012 at 5.57p per kWh for all
technologies.

At the time of writing, there are fixed tariffs on offer from suppliers ranging from 1p per
kWh to 5.6p per kWh46. There is also 10-12p per kWh tariff on offer from Octopus Energy
specifically for owners of Tesla electric cars and Tesla Powerwall battery storage systems47.
The FiT rate for hydropower generators with an installed capacity of 100kW or less was
8.31p per kWh which, when combined with the export tariff of 5.57p per kWh, totals
13.88p per kWh when exporting to the grid (Ofgem, 2021). Given the current range of
tariffs available from suppliers, it seems unlikely that a similar rate to the FiT/Export Tariff
will be offered in the future unless small-scale generation is given priority by the UK or
Scottish governments again. A change in government policy that introduced a higher
minimum tariff for the SEG, or the introduction of a new subsidy which supports certain
use cases which support government targets (e.g. electricity production for heating) may
provide a viable avenue for new small hydropower.

From the figures given above for the SEG we can estimate an annual return for a 20kW
scheme. The schemes surveyed by BabyHydro had capacity factors ranging from 36% to

46

Compared on https://www.solarguide.co.uk/smart-export-guarantee-comparison#/ rates as seen
in June 2021
47
https://octopus.energy/tesla-energy-plan-faq/
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88%, with very small schemes having a higher percentage and the majority ranging
between 40 and 62%, with a median capacity factor of 57%48. These figures can be put into
the formula outlined in section 1.2.2 to give an energy output of 99,864 kWh per annum
for a 20kW scheme. If a scheme of this size was to receive the highest SEG tariff currently
available (5.6p) it would generate an annual gross revenue of £5,592.38. Figures from the
BabyHydro short reports suggests that this amount would likely cover the annual costs of a
20kW scheme, but very little would be left over to pay back any loans required for the
initial cost or provide any additional funding for the community. This figure would certainly
fluctuate from year to year and, if output were particularly low in a particular year, it would
result in a net loss for the scheme.
A more attractive option is to use the electricity on site or to have a private wire
arrangement with a local consumer. The average unit price (pence per kWh) for domestic
properties depends on whether the home in question is on a standard tariff or an Economy
7 tariff (for homes with storage heating). The Department for Business, Energy & Industrial
Strategy (DBEIS) reported that, in 2020, the average standard bill was £707, based on a
fixed consumption level of 3,600 kWh per year, equating to an estimated unit rate of
19.63p49 (DBEIS, 2021b). Business rates can be similarly high, especially for very small
businesses (using up to 20,000 kWh/ 20MWh per annum). For example, in the fourth
quarter 2020, the average unit price for very small businesses was 16.57p, and 14.91p for
small businesses (between 20-499MWh) (DBEIS, 2021c). Depending on the amount of
power consumed on-site, the potential savings from a micro-hydropower scheme are much
higher compared to the revenue from exporting alone – for example, a small business using
80 MWh per year could save £11,928 if the entirety of its energy usage were provided by
an on-site generator.
However, these figures do not account for the initial cost for the scheme, which could be
substantial – the average cost of the schemes outlined by the BabyHydro report was
£347,736, with the most expensive scheme being £724,617. Taking the installed capacity of
the sites into account gives an average cost of £17,584 per kW of capacity. Therefore, a
20kW scheme would cost approximately £351,680 and, with the gross revenue figure given
earlier in this section, the payback period would be just over 62 years. A larger 50kW
48

This is higher than the average capacity factor given in 1.2.2, however the average given here
would be more accurate for schemes of this size.
49

This does not account for standing charges or other costs, which are variable according to
supplier. As such the actual unit price will be lower than this figure.
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scheme with the same capacity factor would generate 249,660 kWh per year and
£13,980.96 in revenue with the SEG. Higher capacity schemes tend to cost less per kW to
construct; using the cost of a 53.4kW scheme outlined by BabyHydro, the 50kW scheme
would cost £678,480 and have a payback period of 49 years. These figure does not account
for annual maintenance, repairs, or any other associated costs, so in reality these payback
timeframes would be much higher.
With the capital cost of schemes being so high and the potential revenue being very low,
even when offsetting costs for on-site generation, it makes little economic sense for new
schemes to be developed purely for generating power. When looking at the mills and the
redevelopment of historic buildings for hydropower, the costs become less clear, as these
are dependent on a variety of factors relating to the building’s condition. However, for
historic buildings there is the prospect of additional use cases such as a tourist attraction,
or for use as a community/mixed use space (as is planned for the restoration of John O’
Groats Mill, Caithness50. This mixed use may attract funding or revenue streams from a
greater variety of sources.

6.2.3 Contributing to local energy systems
Heating and cooling buildings contributes significantly to Scotland’s emissions (19.7% in
2018), accounting for more than 50% of energy used (Scottish Government, 2018a). The
Scottish Government currently has a target for all homes in Scotland to have an Energy
Performance Certificate (EPC)51 rating of C or higher by 2040 (ibid.). A draft Heat in
Buildings Strategy, released in February 2021 (Scottish Government, 2021c) to update the
route map outlined by the Scottish Government, identifies the need for more heating
systems to be converted to electric systems. This will be via individual heat pump or green
heat networks. Though many measures taken to achieve these targets will be individual
building improvements (e.g. improved insulation), local energy systems are also a key tool
in tackling this issue.

Local energy systems link local energy supply and demand for heat, transport, and
electricity within a defined region. This is a holistic approach to local energy which takes
each element and their interactions into account. Support for local energy systems is one of
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https://2021.scottishdesignawards.com/architecture-future-building/john-ogroats-mill/
The EPC is a rating from A (most efficient) to G (least efficient) and covers efficiency for heating,
lighting, and hot water systems.
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the six strategic priorities in Scotland’s Energy Strategy (Scottish Government, 2017), both
as an approach to creating more sustainable energy systems, but to increase community
engagement with the systems they use.

In Scotland, development of innovative local energy systems has been driven by local
community groups, especially in rural and island areas where access to the national grid is
not always possible and usage of fossil fuels for electricity and heat is commonplace.
Scottish island communities, in particular, have been at the forefront of local energy
development; quite often being isolated from the grid and with an abundance of potential
renewable energy sources being key drivers (Scottish Government, 2017). This is
exemplified by the Orkney Islands smart grid – the first in the UK – which has allowed new
renewable energy generators to be connected to the island’s distribution network at a far
lower cost than a conventional connection (i.e. the distributed generation model which
exports to the national grid) (ibid.).

A local energy system is being investigated for Islay, Argyll and Bute, as a test bed for
potential innovative methods and technologies that could be incorporated into systems
elsewhere. Islay has several energy-related challenges, including high cost for imported
fuels and a constrained electricity supply network. An assessment from Wood Group UK
(2021) identified several potential benefits of a local energy system for the island:
•

Potentially lower costs, especially when replacing imported fuels (such as oil or
diesel);

•

Energy security: Stability in cost and service especially when compared to more
volatile fossil fuel pricing and transport. Local systems are more resilient in face of
disruption (either supply in terms of lack of resources or transport disruption, or
grid outages etc.);

•

Increased efficiency: local electricity production suffers from far less energy lost in
transmission, storage solutions prevent waste of generated power or excess power
can be re-utilised as replacement fuels (such as in hydrogen production),
contributing further to a sustainable, carbon-free system.

•

It is worth noting that eight sites were identified on Islay in this thesis, though none
were deemed viable for refurbishment.
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Small hydropower has already been demonstrated to work as part of local energy systems,
for example, the Garmony Hydro scheme on Mull (Community Energy Scotland, 2018). Mill
sites converted to generate hydropower could function to supply local power in much the
same way, either supplying power directly to a local grid or providing electricity for heating,
charging electric vehicles, or storage. Hydrogen production is also a possibility in the future,
however test cases in Scotland have identified several key issues which currently affect the
ability to fully utilise hydrogen – though these issues are likely to decrease as more
investment is made in the technology (Local Energy Scotland, 2020).

Given the Scottish Government’s current priorities on heating and local energy to assist in
meeting government targets for net zero, it is likely that local energy systems will become
more common. Community-led, local solutions are identified as a having a role in these
new systems in the new government Local Energy Policy (Scottish Government, 2021b).
These will need to include a wide variety of tailored solutions for the local communities
utilising these systems, in which small generating sites – such as converted mill sites – may
have a part to play. This is especially true in rural and remote areas, where fewer buildings
are connected to the gas network and oil heating systems are more common. Many of the
potentially viable mill sites identified in this study are located in remote areas and
electricity generated at these sites could be used to provide power (in conjunction with
other sources) for electrified heating or to power heat pumps.
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6.3 Potential benefits to communities
As discussed in section 1.4, economic benefits and producing green energy are the primary
drivers for most communities when creating energy generation schemes. However, the
financial benefit of these schemes has become far more marginal since the closure of the
FiTS. The environmental benefits are still present (in terms of “clean” renewable energy
generation), however the construction of new schemes always has an effect on the
environment, and this must be compensated for, in some way, by the level of benefit
provided to the community. This raises questions about what kinds of benefits a
community can receive from refurbishing historic sites, and whether these benefits align
with the changing priorities of both the Scottish Government and the energy sector more
broadly.

The primary goal of this project was to identify historic mill sites where conversion to
hydropower generators would provide benefits to the local community. Financial benefits
from community renewables schemes are well established and documented (Walker, 2008;
Braunholtz-Speight et al, 2018), with other community initiatives usually enabled by the
revenue from a scheme. Discussion of the inherent benefits of schemes are usually
focussed on the environmental impacts of the scheme or as solutions to energy security
issues for isolated or remote communities. As already mentioned, two potential benefits
are highlighted by the BabyHydro report (2017) which are rarely addressed in case studies
or remarked on as an incidental benefit: a resource for education, and industrial heritage
tourism.

6.3.1 Community ownership of mill sites
It is of note that none of the sites visited as part of this study were owned by community
groups; all were in private ownership, with one owned by a business. This appears to be
the case for the majority of the sites identified as having some potential, though this was
not confirmed. All the owners spoken to were keen to reuse their sites, with two wishing to
bring the sites back into working order – both recognising that their mills are historically
significant and not wishing to see them deteriorate further. Similarly, though the owners of
Castletown Mill were not spoken to at the time of the site visits, the new owners now plan
to refurbish the building – though its usage afterwards is unknown. Ham mill has seen
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interest in reuse; however, these plans were never realised, and it is unknown what plans
the current owner has for the building, if any.

The usage of these sites, how they may be redeveloped, and any community benefits are
highly dependent on the plans and interests of private owners, which may not align with
the needs of the local community. While site owners may well be aware of and sympathetic
to the local community’s opinions on the appropriate use of the site and how it should be
refurbished, these are ultimately outside of the community’s control.

Private owners who do not have the immediate financial means to refurbish sites are at a
further disadvantage compared to a community group. Grant funding may be dependent
on owner’s willingness to make the sites accessible to the public or demonstrate local
economic benefit (i.e. provision of jobs either directly or indirectly). This is explicitly stated
in the Heritage Environment Repair Grant available from HES, which states that private
owners are not prioritised for the grant and would have to demonstrate that the benefit to
the community outweighs any private gains52. This may incentivise owners to provide some
level of community benefit in order to receive necessary funding for refurbishment.

6.3.2 Vacant and Derelict Land in Scotland
As discussed in section 1.2.4, VDL in Scotland and its impact on community wellbeing is an
issue that the Scottish Government has recently committed to tackling through the
introduction of a £50 million Vacant and Derelict Land Investment Programme (Scottish
Government, 2020). However, the current VDL register does not currently consider small
and rural areas, which excludes a large number of sites including derelict mills.
Compounding this issue is the limited amount of data on VDL in the Highlands & Islands
region, as the Highland Council has not reported data to the VDLF since 2015. The island
councils (Orkney, Shetland, and Na h-Eileanan Siar) reported just a small number of sites to
the register.

The results of the mill survey demonstrate that dozens of sites could potentially fall under
the classification of vacant and derelict land, many of which are both prominent structures
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Eligibility - https://www.historicenvironment.scot/grants-and-funding/our-grants/historicenvironment-repair-grant/
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(e.g. Castletown Mill) and have been derelict for a long time, often decades. Should the
definition of VDL be extended as recommended by the Scottish Land Commission, this
would address a significant gap in the current register of VDL – especially given the limited
data available from the Highland Council. The negative impacts of VDL on local
communities are made clear by the report by the Scottish Land Commission (2020), as are
the potential benefits of re-use. Not accounting for small sites excludes rural communities
and low population areas, which may be disproportionately affected by VDL. Though the
report calls for smaller sites to be included, there is still an emphasis on urban sites, and
little to no recognition of the historic nature of many of them.

Recognition of these sites as VDL may open up additional funding streams, especially where
there is strong evidence of negative impacts on local communities. There are already a
range of grants and funding available for re-use and regeneration of historic buildings
through Historic Environment Scotland (for example, the Historic Environment Repair
Grant53) and other funds such as the National Lottery Heritage Fund grant scheme54. These
are in high demand and are limited in various ways. Recognition of derelict historic sites on
the VDLR should not be strictly in the interest of obtaining funding, but to recognise these
sites as representing ongoing and potentially damaging concerns to the local communities
who are affected by them. Such recognition would also highlight the important historic
nature of these sites, not only as potential constraints but also as significant opportunities.

While the conversion of mill sites to hydropower specifically is not the only method of
addressing derelict mill sites, it may be one of the most beneficial given the additional
benefits highlighted in section 6.2. This thesis also identified a large number of sites that,
while not viable for hydropower production, may still be refurbished and reutilised in other
ways which would also help to reduce the level of VDL.

The recommendations made in the Scottish Land Commission’s report also include creating
measures to expand communities’ ability to buy land under Community Right to Buy,
creating new funding models to assist with this. If these recommendations are taken on
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https://www.heritagefund.org.uk/funding
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board in the future, it may help pave the way for further community-led development of
derelict historic structures and address some of the issues raised in section 6.3.1.

6.3.2 Energy Tourism & Education
The benefits of tourism and education were examined as part of the interviews with
historic hydropower community groups and mill owners outlined in Chapter 4. These
benefits had been mentioned in the final report from BabyHydro’s site visits (see section
2.2.2) but had not been explored in any detail in the report or by any other studies
identified in the literature. Likewise, energy tourism (see section 1.4) is a relatively new
field of study and the literature available is limited – with no studies on the subject having
been carried out in Scotland. The results of the interviews outlined in Chapter 4 represent a
small but valuable contribution to the study of energy tourism within the context of small
hydropower.

Both tourism and educational benefits are demonstrated at Torrs Hydro (section 4.3.1) to
some extent due to its accessibility and historic context. This was remarked upon as being a
coincidental benefit of the site location – having been chosen due to the weir rather than
the mill. Despite this, the site was now somewhat of a local landmark and the focal point
for tour guides. In addition, work at the site had unearthed archaeological remains which
are now on display at the local heritage centre, and some of the stonework of the old mill
was reused on site. The accessibility of the site both in terms of proximity to the town and
the fact that the turbine was viewable made it valuable as an educational resource, and it
had been used as such by both school age and university students. Water wheels could
function in a similar way, as the mechanisms and much of the infrastructure are externally
viewable, though the remote nature of many of the potentially viable sites identified in the
survey may pose a barrier to accessibility.

The interviewee from Barony Mills reported that the mill was already established as a
tourist attraction but mentioned the possibility of being included in an Orkney ‘energy
trail’. This had not been implemented at the time of the interview, however in June 2021
the Orkney Energy Landscapes project was announced (Archaeology Orkney, 2021) which is
investigating Orkney’s contemporary energy heritage with a view to creating an Orkney
Energy Trail. The project is based on themes of oil, uranium, wind, wave, and peat, but not
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hydropower as there are no substantial hydroelectric generators on Orkney. Unfortunately,
this would exclude the many historic mill sites on the islands, including Barony Mills.
However, the energy trail is a concept that could see use elsewhere in Scotland, and
refurbished mills could be included.

Neither Finzean Mills or the Sunart Hydropower scheme reported much in the way of
tourism or educational benefit. Finzean Mills do open their buildings for tours on occasion,
however they are largely a set of working mills which are kept in working order for the sake
of preservation, to provide cut lumber to the community trust for land management
purposes (e.g. fenceposts), and revenue through the sale of domestic goods from the
turning mill.

Though the evidence gathered on this subject as part of this thesis does point to certain
benefits, it is clear that more focussed and detailed research is required to explore the
potential tourism and educational benefits that could be gained from refurbished mill sites
and small hydropower generators in general.
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Chapter 7 - Conclusions
This thesis has identified and examined a total of 588 historic mill sites in the Highlands &
Islands region of Scotland, finding a very small number which may be suitable for further
refurbishment as hydropower generators. The suitability of these sites for refurbishment
was determined through a process that further developed a methodology established for a
previous, EU-wide study, and was expanded upon in consultation with experts in various
fields relating to heritage and hydropower development. The methodology developed for
this thesis constitutes a unique and improved method for the identification of historic mill
sites potentially suitable for hydropower production. The results gained by utilising this
method in the Highlands & Islands region constitute the most detailed survey of its kind to
date, creating a valuable dataset which gives an important picture of the current state of
historic mills in the region.
The study was carried out in a very challenging environment, not only in because of the
rapid changes in funding for small hydropower and the effects of ceasing subsidies, but also
because the Covid-19 pandemic had a significant impact on the research.

7.4.1 Summary of Findings
The introduction to this thesis outlined the three research questions to be addressed
during this study. A summary of the findings of this thesis as they relate to each question is
outlined in this section.
What is the potential for new hydro-electricity generation in refurbished historic
hydropower sites?
As discussed in section 6.2, the potential for hydropower generation in refurbished sites in
the Highlands & Islands is small, with a theoretical capacity of approximately 20-40kW per
site. Simply utilised to provide extra power to the national grid, this extra capacity would
contribute very little, especially in areas where grid capacity is already constrained.
However, local benefits may be more apparent if utilised as part of a local energy system or
provide a direct contribution to the energy needs of a local enterprise. This is especially
true for the provision of renewable heat, which is a current priority of the Scottish
Government.
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The main limiting factor for this small potential to be realised is financial restraints.
Hydropower schemes require a high capital investment, and the previous FiT and export
tariff - which allowed many community schemes to be financially viable – have now been
closed to new applicants. This leaves only the SEG which, at time of writing, does not
provide a sufficient income stream to enable many, if any, of these schemes to be built.
Again, local systems and use cases may provide a more financially sound approach.

What potential is there for such refurbished facilities to generate benefits for local
communities?
As discussed in section 6.3, economic benefits have been a primary driver for community
based renewable generation. However, given the lack of financial support for renewables,
there is now little scope for communities to utilise renewable generation as a revenue
stream. As already mentioned, there are potential benefits from utilisation for local energy
systems and use cases.
Energy tourism & education were identified as potential benefits for local communities,
having been mentioned but not explored in existing hydropower studies. Energy tourism is
an understudied area of research, but the small number of studies already carried out point
to potential benefits from historic power sites. The interviews carried out as part of this
study point to these benefits existing in refurbished mill sites and provide additional
evidence that further study of energy tourism in Scotland would be of benefit.
It was noted that many mills are in private ownership, rather than community ownership
and any potential benefits to the local community at each site is dependent on the
intentions of the private owners. However, development of the site into a local business
may provide employment opportunities as well as indirect economic benefits to existing
businesses.
The potential benefits to be derived from refurbished hydropower sites for local
communities are limited when it comes to traditional economic benefits. Further research
in the areas of energy tourism, education, and community wellbeing may reveal additional
benefits that can be realised which may encourage further financial support to enable this.
Inclusion of micro-sites to the survey of vacant and derelict land may also encourage
resources to be directed to finding uses for derelict mill sites in the Highlands & Islands.
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How effective are survey-based techniques in gauging this potential?
Survey methods provide an excellent first step in gauging the potential benefits of historic
hydropower refurbishment. As discussed in section 6.2.1, the survey technique developed
and used in this thesis compared favourably to the methods employed in two previous
studies.
Remote survey techniques of this type are still limited by what can be accomplished with
available data, which is not always accurate or up to date. Key metrics such as water flow
and head measurements are still key to calculation of accurate generation potential, and
this data is not readily available without expert assistance. Use of specialist software for
calculating these figures also remains the domain of experts in the field, and this presents a
financial obstacle for community groups.
However, this study has demonstrated the value of an initial survey which takes account of
a variety of factors which affect the usage of a site. Reflections on the efficacy of this
method will be discussed later in this chapter.

7.4.2 Reflections on impact of Covid-19
As discussed in both chapters 4 and 5, the global Covid-19 pandemic has resulted in
changes having to be made during the course of this study. The original plan of the study
was to conduct more background research on the history of each of the identified sites and
visit a broader range of sites across the Highlands & Islands region. The changes stem from
two major restrictions during the UK lockdown period:
•

Difficulties in communicating with community groups, libraries, and archives due to
buildings being closed and services being suspended or reduced. This made
identifying and contacting prospective interview candidates and owners of mill
sites very difficult and time-consuming, which ultimately limited the number of
interviewees and sites that could be visited.

•

Travel restrictions meant that evaluating potentially viable mill sites was both more
difficult and unsafe, as almost all of the sites would require travelling a
considerable distance (some of which would require travelling by plane or ferry)
and multiple overnight stays. Travel restrictions eased in July/August 2020 but,
because of the difficulty involved in contacting site owners, sites were not visited
until October. Later travel restrictions imposed in early November made travelling
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between Council areas a breach of lockdown regulations, effectively rendering
further site visits impossible.

More time had been allocated in the research plan to identify and contact the owners of
identified sites and conduct site surveys, though it is unlikely that all of the sites identified
would have been visited. The interviews with mill owners and historic hydropower site
owners were not part of the original research plan, and had the pandemic not necessitated
a change in direction, these likely would not have taken place. Nevertheless, these
interviews provided valuable insights into the impacts historic infrastructure has on
potential hydropower projects.

The initial research plan included travel to the Highland Archive and the Mills Archive to
carry out in-person research on archive material relating to the sites identified in the
survey. This might have provided additional contextual information such as changes to the
buildings (e.g. previous restoration work) and previous building uses. Archive and library
services being suspended or limited also meant that background research on each site was
rather limited. While there is some information outlining the history of certain sites, there
is little or no information available for many.

7.4.3 Reflections on the efficacy of the chosen method
The method developed in this project built on the methodology developed by the RESTOR
project, providing a more detailed and comprehensive investigation of mill sites in the
Highlands & Islands using publicly available and free to use tools where possible. Where the
tools used were not available to the wider public (such as Edina Digimap), equivalent tools
and services are available to the public elsewhere (e.g. Google Maps and National Library of
Scotland). This approach allows the methodology to be used in new geographical areas by
individuals with limited technical knowledge. While the two previous studies had employed
some publicly available tools (such as Google Panoramio by RESTOR), there was no explicit
goal to make the methodology accessible or usable by community groups. The efficacy of
the method was briefly discussed in section 3.3 but will be looked at in more detail here.

From the initial large dataset of 588 sites, the method was used to create a shortlist of 29
sites with potential for refurbishment, which was reduced to 27 after further investigation.
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Due to Covid-19 restrictions on travel, site visits were limited to just 5 mills. These were
prioritised according to the degree to which each site fulfilled the criteria set during the
survey (and therefore their perceived ease of refurbishment) with three colour categories:
green (strong candidates), amber (good candidates), and red (poor candidates). These
categories were set in the finalised methodology but required validation through site visits.

This priority system had mixed results, correctly identifying two of the three “green” sites
as highly suitable for refurbishment, as the process was already underway. The third
“green” site had already been refurbished as offices and was not suitable for hydropower
generation for this reason. In all cases, the assigned green category was appropriate, as
each was in some stage of refurbishment (in progress or complete). The single amber site
that was visited was identified as having good hydropower potential due to the natural falls
adjacent to the site, but the condition of the mill itself was unknown. The site visit
confirmed the site to be a good candidate.

The two red sites had more mixed results, as the owners had not given permission to visit
and conduct a more thorough survey. Despite this, one site (Ham Mill) was deemed to be
unviable due to the watercourse having been changed. The other site (Castletown Mill) was
found to be in the same condition as observed during the desktop survey, but no further
assessment could be made in regard to its viability. In all cases, the visits did support the
methodology in confirming that the colour categories were appropriate.

In addition to identifying mills with potential for hydropower generation, the survey has
also quantified current usage of mills, with nearly half of the 231 existing mills already in
use. The majority of these (approximately 35%) were used for housing, and nearly 14% are
in some other use. These other uses are diverse and include preservation of the building as
a visitor attraction and return to use as a working mill. One mill was found to have already
been converted to a hydropower generator. This data is interesting as it suggests that mills
are already quite extensively utilised for reuse, but very rarely for hydropower. This is likely
due, in part, to improvements in the identification of suitable sites for developing
hydropower generators and improvements to scheme design in general to maximise
generation output, so that historical mills are simply not in the most efficient locations for
new schemes.
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The needs for site visits for data for accurate estimations of power output are the two
largest issues with this method. While certain tools can limit the need for site visits, they
also have limitations which still require on-site examination. The site visits carried out
during this study, and subsequent conversations with the site owners, revealed a lot of
contextual information (such as the lade conditions and subsequent flooding issues at Mill
of Towie) which would otherwise not be available.

Nevertheless, the method was successful in identifying sites with potential for electricity
generation. The additional steps taken to identify current usage, past interventions, and
other contextual evidence addressed the limitations and issues observed during the
previous RESTOR and Ecotechnic studies. Google Streetview was also found to be a
particularly valuable tool, as aerial imagery and maps did not give a complete picture, and
it was a useful surrogate for site visits. The drawbacks to utilising Google Streetview have
already been discussed in section 3.3 – principally the age of many of the available images
– but where it was used for sites that would otherwise have required a site visit or time
spent in contacting local sources to determine its current state, it represents an invaluable
saving in resources.

Stakeholders such as community groups, regional councils, and organisations such as the
Highlands and Islands Enterprise or Scottish Enterprise may be interested in this method as
it provides a valuable tool for initial assessment of historic sites with a very low cost. This is
especially important for community groups with limited resources and without the
expertise required to conduct more in-depth surveys without the assistance of specialists.
While specialist advice would be required for any site deemed worth investigating further,
it saves any sunk cost for surveying sites that would not be viable.

7.4.4 Future Applicability
The method for identifying mill sites with hydropower potential developed in this thesis has
proven to be effective in the Highlands & Islands region and would be applicable in other
areas of Scotland. Areas in the south-west of Scotland as well as the Scottish Borders and
the Central Belt are more densely populated than the Highlands & Islands region and would
have a much higher density of potential sites.
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Application of the method elsewhere in the UK may also be possible with changes to the
primary data sources. England already has a listed buildings register with data available to
import into GIS systems55, as do Wales56 and Northern Ireland57. Alternatives to Canmore
data are more varied in type and availability. A direct analogue for English site data is the
Heritage Gateway58, a database which collates and displays heritage data from a large
number of national and regional sources. Additional data sets covering industrial and
archaeological sites for Northern Ireland are available through the OpenDataNI website.
Data sources for Wales can be found through the Historic Wales map service59. Changes in
heritage and environmental protections and practices are likely minimal.

Outside of the UK, the method will likely have limited applicability as the criteria are highly
dependent on regional data and region-specific criteria. Environmental protection
standards, heritage protections and attitudes to both vary greatly from country to country,
creating differing measurements for viability. Basic criteria such as the level of
infrastructure presence and water availability are likely universal, but how they may be
utilised will depend heavily on local practice and policy. Availability and quality of tools will
likely vary considerably and even a globally available tool such as Google Streetview will
also have different levels of coverage and image quality. However, the method here can be
considered as a template – both identifying the criteria that must be looked at and the
potential barriers to development – which could be used to develop more region-specific
survey methods. In this sense, it functions in much the same way as the RESTOR
methodology, but more effectively highlights the types of sources that can be used and
how they should be utilised.

7.4.5 Implications for policy
The implications for Scottish policy for this thesis can be divided into two areas: financial
models for community renewables, and rural vacant and derelict land.
The Scottish Government’s target of 2GW of community and locally owned electricity
capacity by 2030 will be difficult to meet without the financial support of subsidies. This has
already been demonstrated by the failure to meet the previous target of 1GW by 2020,
55

https://historicengland.org.uk/listing/the-list/data-downloads/
https://lle.gov.wales/catalogue/item/ListedBuildings
57
https://www.opendatani.gov.uk/dataset/listed-buildings-northern-ireland
58
https://www.heritagegateway.org.uk/gateway/
59
https://historic-wales-rcahmw.hub.arcgis.com/
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which the Government attributes in part to changes in subsidies. The community share
model has proven effective at raising capital for hydropower projects, but this will not be
possible without solid financial returns which the current SEG does not provide. The reuse
of historic buildings may go some way to alleviating this both in terms of costs saved from
reusing existing infrastructure, and also through grants and other funds aimed at
preserving historic buildings. The benefits of tourism, education, and improved community
wellbeing, in addition to renewable energy generation and carbon saving, through building
reuse mean that mill reuse could create meaningful community benefits while contributing
to government targets on climate change. However, doing this on a wide scale will require
either changes to the way communities are able to sell energy generated from their sites or
increased subsidies to support construction of these types of schemes.
This thesis also highlights the potential impact these types of schemes could have on
addressing the issue of VDL in Scotland. However, as small and rural sites are not typically
recognised as such, this limits the ability of communities to be supported by government
schemes aimed at reducing VDL and improving community wellbeing. This thesis therefore
echoes the recommendation made by the Scottish Land Commission’s report that VDL
should incorporate sites smaller than 0.1 hectare in area onto the register. However, this
should be supported by increasing the resources available to properly survey these sites.

7.4.6 Further research
7.4.6.1 Non-financial benefits of small hydropower
Non-financial benefits of small hydropower, such as tourism and use as an educational
resource, are mentioned in hydropower case studies but do not appear to have been
studied in the literature. These are potentially valuable benefits for local communities and
would therefore be valuable to examine more closely. Research in this area would cross
over with energy tourism.

7.4.6.2 Energy tourism
Energy tourism is still an emerging field of study and is confined to a small number of
papers covering regionally specific case studies. Scotland has a diverse and innovative
energy sector with a long history of energy development. While there are a small number
of energy sites that are also designated tourist attractions (e.g. Pitlochry Dam Visitor
Centre, Cruachan Visitor Centre), the subject has yet to be studied in Scotland. There is a
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lot of potential to examine energy tourism in Scotland more closely and contribute to a
growing area of research.

7.4.6.3 Rural adaptive reuse
Research on adaptive reuse has thus far concentrated on urban and industrial reuse cases.
Reuse cases in rural contexts have seen little attention in the literature, though some
research on the reuse of farm buildings was noted in the literature review of this thesis.
Very little research on rural adaptive reuse has been carried out in the UK and virtually
none in Scotland. The results of the survey carried out in this thesis found that a large
proportion of mill sites were already reused, and it would be valuable to examine how the
application of adaptive reuse has differed between Scottish rural and urban contexts.
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Appendix A – Waterwheel designs and descriptions
Design

Diagram

Description

Stream

The wheel is placed in flowing water
without any head. Very low efficiency
and generally not suitable for generation
of electricity but has the advantage that
water diversion is not usually necessary
as the wheel can be placed in any flowing
body of water.

Undershot

Water enters below the level of the
wheel axis, turning the wheel counterclockwise. Designed for low head and
high flow rates.

Breastshot

Water enters above the level of the
wheel axis, turning the wheel counterclockwise. Designed for a steady flow
rate and a range of head heights.

Overshot

Water enters the wheel at its topmost
point, turning the wheel clockwise.
Designed for low flow rates but a higher
head than the other types – the
drawback to this is that the wheel must
have a diameter close to the head
height, which places an upper limit on
the head based the size of wheel that
can reasonably be constructed.
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Appendix B – Questionnaire and consent form for methodology
interviews (Chapter 2)
Interviews with professionals working within the hydropower development sector or the
heritage sector. Some questions will not be used if it is not within the interviewee’s area of
expertise.
1.

Overview – [5 mins]
a. Project Background
b. Site Selection Explanation
c. Purpose of interview
d. Consent to interview

2. Experience of interviewees – [5 mins]
a. Clarify their background and role within their organisation
3. General Questions [20 mins]
a. What can you tell me about the attitude towards hydropower in [your
organisation]?
i. Do you believe this is changing?
ii. Why do you think people feel this way?
b. What do you think are the benefits of refurbishing historic sites for hydro
generation?
i. Can you think of any examples?
c. Beyond financing, what are the main barriers for community groups setting
up a refurbishment or energy generation project?
d. How much interest is there for refurbishing historic hydro sites for
hydroelectric generation?
i. Can you provide any examples?
ii. Was this for generation specifically or other reasons?
iii. Has this changed over time? Why?
e. What are the largest or most common barriers to refurbishing historical
buildings?
f. Have there been any instances where [organisation] has felt it wouldn't be
appropriate to carry out a refurbishment project like this?
i. If so, what were the reasons?
ii. If not, what might make a project unsuitable?
g. How has planning for hydro changed since the inception of the feed-intariff?
h. What does the abolishment of the feed in tariff and the export tariff mean
for the future hydro generation in Scotland?
i. What would you like to see happen in the future?
Show the interviewee the survey flowchart and site map – briefly explain each [5mins]
4. Methodology Questions [20 mins]
a. From a heritage conservation perspective, what are the potential issues
that should be considered during this survey?
b. Would being on the buildings at risk register help or hinder a refurbishment
project?
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c. What kinds of existing infrastructure are the most useful for incorporating
into a hydro scheme?
d. What is required for a private wire arrangement?
e. What do you consider when looking at road access to a site?
f. What environmental factors would rule out a hydro project from going
ahead or would prove to be very difficult to overcome for a developer?
5. Any questions from interviewee and/or suggestions for additional contacts [5 mins]
Inform interviewee that they may request a copy of the interview recording or a transcript
should they wish.

Page | 170

Consent Form
Version date: 1.5.19
Title of Project: Refurbishment of Historic Hydropower Generation in the Highlands &
Islands
Name of Researcher: Alasdair Bachell
Please initial box
1. I confirm that I have read the information sheet dated 1st May 2019 for the
above study. I have had the opportunity to consider the information, ask
questions and have
had these answered satisfactorily.

2. I understand that my participation is voluntary and that I am free to withdraw at
any time
without giving any reason, without my medical care or legal rights being affected.

3. I understand that the information collected about me will be used to support
other research in the future and may be shared anonymously with other
researchers.
I agree to take part in the above study.

Name of Participant

Date

Signature

Name of Person

Date

Signature

taking consent

When completed: 1 for participant; 1 for researcher site file
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Take forward? Reason?
(Y/P/N) Road? Grid? Notes
Infrastructure? Water?
On BARR. Weir upstream where mill lade originated is still in place,
however it appears that the lade now simply rejoins the river
Assuming the sellers listing
around 400m downstream. Reinstating the lade would increase the
(https://www.zoopla.co.uk/prop
depleted reach to approx 1100m. Road includes old bridge, may be
erty-history/achingaleweight restrictions for construction. Sellers listing from 2011 states:
mill/watten/wick/kw1"There are rights in the title to restore Mill lade with current written
5xy/22448544) is still correct,
approval from the Highland Council which could be made to
there may be a great amount of
generate electric power." in 2019 the building was sold and
potential in restoring this
apparently the new owner is looking to restore the building to
building.
Y
working order.
Y
Y
Y
Achingale Mill Y
Building may still be in use,
however this site retains all of its
Large building, part of small building complex nearby to farm.
original infrastructure and has a
Streetview shows there are overhead lines very closeby. Lade and
lot of potential
Y
weir still in place. Building potentially in use
Y
Y
Y
Mill Of Towie Y
Though likely still in use, may be
Appears to already be in use by Cantraybridge College, but cannot
worth contacting college to
confirm. Photo from 2011 shows building restored, wheel still in
confirm. If not or development
place but in disrepair:
potential exists then this is a
https://commons.wikimedia.org/wiki/File:Cantray_Bridge_Mill_Mill Of
promising site.
Y
_geograph.org.uk_-_372686.jpg
Y
Y
Y
Y
Cantray
Any power output likely small,
Building in good condition, remains of wheel pit can be seen. Lade
and a new intake/lade would be
now bypasses site and would require a new channel. Likely not a
Threshing
required, however some
large amount of water passing through site. Building appears to still
Mill, Scourie
potential worth investigating
Y
be in use by farm.
Y
Y
Y
Y
Farm
As the mill wheel has already
been restored there may be
scope to further upgrade the
building to house a small
generator - possibly enough to
Building itself is ruinous, however the mill wheel has been restored
Tiree,
provide power to the nearby
and still operates (though it is not attached to any machinery). Site
Cornaigmore,
house or hostel.
Y
is next to a modern hostel building, potential grid access nearby.
Y
Y
Y
Y
Mill

Site Name

Appendix C – Desktop survey data

This is an example of the data collected during the desktop survey (Chapter 3) A full copy of
the survey data is available online here:
https://docs.google.com/spreadsheets/d/1hojW_MUG0baO0F9JZIwtoKtnTK0CrAWvWKRI8W-jyA/edit?usp=sharing
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Appendix D: Questionnaire and consent form for historic
hydropower community interviews (Chapter 4)
Interviews with members of community groups which have been involved with setting up a
hydropower generation project, regardless of its current status. Only one set of questions
from sections 4 and 5 will be asked.
1. Overview – [5 mins]
a. Study background
b. Purpose of interview
c. Consent to interview
2. Background to project [20 mins]
a. Can you tell me about how and why the project began?
i. What triggered the project?
ii. Who was involved?
iii. Did the community group form around the project or did it already
exist?
1. What kind of group was it/what did it do?
b. How was the site chosen?
i. Who owned the land?
c. How was funding secured?
d. Who supported the project (e.g. CARES)?
e. What was the timeframe for completion?
3. Process of project [15 mins]
a. What barriers were encountered?
i. What drove the project forward?
b. (if historic) were there any challenges or benefits from working with a
historic site?
c. What (if anything) would you have done differently?
4. After completion [15 mins]
a. Aside from the financial revenue generated from the project, have there
been other benefits to the local community from this project?”
b. (if not FiT funded) what is the business model for [project]?
c. What aspirations for the project did not come to fruition?
5. Projects that were not completed [15 mins]
a. What were the main barriers to completing the project?
b. Were there any benefits to the community despite the project not being
completed?
6. Any project-specific questions that have not been covered [10 mins]
7. Any questions or additional information from interviewee, suggestions for
additional contacts (or documents) [10 mins]
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Inform interviewee that they may request a copy of the interview recording or a transcript
should they wish.
Version date: 18.5.20

Title of Project: The potential for the refurbishment of historic hydro power
generation for the benefit of local communities in the Highlands & Islands region
Name of Researcher: Alasdair Bachell
Please initial box

4. I confirm that I have read the information sheet dated 18th May 2020 for the
above study. I have had the opportunity to consider the information, ask
questions and have
had these answered satisfactorily.

5. I understand that my participation is voluntary and that I am free to withdraw at
any time
without giving any reason, without my legal rights being affected.

6. I agree that all information collected as part of the research
process can be used anonymously within the
‘Refurbishment of Historic Hydropower Generation in the
Highlands and Islands’ project.

7. I confirm my agreement to the interview being voice
recorded (please tick):

[ ] Yes (I am happy for the interview to be voice recorded)

[ ] No (I do not wish the interview to be voice recorded)

8. I understand that the information collected about me may
be used to support
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other research in the future, and may be shared
anonymously with other researchers.

I agree to take part in the above study.

Name of Participant

Date

Signature

Name of Person

Date

Signature

taking consent

When completed: 1 for participant; 1 for researcher site file
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