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1 Introducti on

The Isle of Harris is part of the Scottish Outer Hebrides islands?® with great potential for renewable
energy. Exploiting this potential could trigger economic growth within the communities in the is-
lands. Therefore, the community energy projects initiate a different approach towards the energy
issue fostering a new perception and understanding of the energy resources. These type of initi-
atives link the local energy demand with a locally generated supply thereby boosting the local

economy and empowering the community.

The use of wind, hydro and tidal technologies for electricity generation can resolve some of the
challenges related to energy access in West Harris. Consequently, the use of domestic energy
resources reduces the length of the supply chain, decreasing the dependency on the supply from
the mainland while retaining the income in the local economy. Generating energy from renewable
sources reduces the environmental harm caused by fossil fuel technologies, leading to a local low
carbon development.

A major challenge when using the energy produced locally is the limited grid capacity in rural
areas. An innovative way to tackle this problem is by developing energy systems solutions such

as storage technologiesthatmatch t he communi tydés energy nee

Organizations such as Community Energy Scotland (CES) and the West Harris Trust (WHT) en-
courage the development of renewable energies aiming to provide long term income for commu-
nities. In turn, issues such as energy poverty and energy security can also be addressed while

building resilience and capacity.

A five-week field research was carried out by 14 students undertaking the Master of Engineering
in Energy and Environmental Management programme at the University of Flensburg in Germany

in close collaboration with CES, the WHT and the West Harris community.

The mission of this research is to contribute to the achievement of sustainable development
through independent and sustainable energy systems as a means of generating income for the
revitalization of West Harris. Specific sites were assessed to propose sustainable energy solu-
tions based on the potential of renewable energy resources in order to evaluate the possible

benefits that could be derived by the community upon exploitation.

In order to achieve the objective three possibilities have been explored: Options for complement-
ing the electricity generation of the hydropower scheme in Gleann Dubhlinn with wind generation;

Further options for micro hydropower developments (Luskentyre & Seilebost) and a wind scheme

1 The Outer Hebrides are also known as the Western Isles in the UK.
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in Laxdale are also analysed. Alternatives for the use of the excess energy from the aforemen-

tioned projects are considered.

This report presents the main findings organized as follows: Chapter 2 includes a general back-
ground. Chapter 3 explains the methodology applied in this research. Chapter 4 establish the
assumptions made in the economic analysis of the projects, while Chapter 5 presents the main
findings on the household survey. In Chapter 6 the environmental impact considerations are clar-
ified. Chapters 7 to 10 include a multi-approach assessment carried out at the Gleann Dubhlinn,
Laxdale, Luskentyre and Seilebost sites. Chapter 11 analyses different alternatives to use locally
the possible surplus of energy generated at the sites described previously. Based on the preced-
ing sections, Chapter 12 describes how the arrangement of renewable resources, when innova-
tively combined with energy storage, could lead to a dynamic local renewable energy develop-
ment. Finally Chapter 13 presents the conclusions and recommendations from the assessment,

visits, interviews and discussions with the community of West Harris, WHT and CES.
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2 Background

Islands in the Outer Hebrides have been suffering from depopulation in the past decades. Be-
tween 1981 and 2011, Harris has seen its population decreased by 23 per cent (Comhairle nan
Eilean Siar, 2015). The decline can be attributed to an aging population, migration, lack of job

opportunities and housing for young families within the islands.

Furthermore, according to the Scottish Government (2012) almost a third of the Scottish
households are estimated to experience fuel poverty?. In 2012 a national survey identified that
58 per cent of households in the Outer Hebrides were fuel poor, another survey suggests fuel
poverty encounters more than 70 per cent of the Western Islands population (Comhairle nan
Eilean Siar, 2014). The Outer Hebrides Fuel Poverty Action Plan (2014) describes the three main

causes for this predicament, as summarized below:

a) Poor energy efficiency: the age and characteristics of the buildings (solid stone or
poured concrete walls) make it difficult to apply energy efficiency measures.

b) High fuel costs: due its location, the Western Isles rely on a long supply chain in which
at the last mile prices are 49 per cent above national average.

c) Low incomes: compared to the Scottish income level; income in Western Isles is the

second lowest.

A holistic and integrated approach to address this problem has been considered in the Outer
Hebrides Fuel Poverty Strategy 2015-2025 which complements the Outer Hebrides Energy
Strategy. The latter provides a framework to work together with implementation partners fto
maximize the economic benefits of renewable energy generation, increase self-sufficiency

meeting the energy demand and address the levels of fuel poverty in the islands.o

One of these partners is Community Energy Scotland, whose role is to build local energy
economies. |Its objectives aemmunitiestolemnie stramger selt
reliant and resilient by gener at ibpgovitirgeduaatioo,
finance and support (Community Energy Scotland, 2016). This principle resonates with the West
Harris Trust (WHT), a community organisation that owns and manages 7,225 ha2 of land on the
west side of Harris. Among the plans and key objectives that the WHT have for this land is the
development of sustainable small scale renewable energy projects. The overall goal is to revitalize

the community by attracting new residents, developing affordable housing and creating

2 Fuel poverty applies when a household spends more than 10 per cent of its income on fuel for heating.
3 1n 2010 the WHT acquired the crofting townships of Losgaintir, Seilebost, Horgabost, Na Buirgh and Sgar-
asta Mhor, from the Scottish Government (West Harris Trust, 2016).
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employment opportunities, while preserving the natural heritage of West Harris (West Harris
Trust, 2016).

For WHT, the renewable energy projects present a means of generating and also retaining
income within the local economy. A major constraint that hinders the development of these
projects is the limited grid capacity. This is attributed to the limitations of the existing
interconnector to the mainland; however an upgrade of the grid is foreseen by the year 2022.

Renewable energy projects that have already been implemented or planned by WHT include: a
wind turbine in Scarista (60 kW); planned wave energy (45-75 kW) combined with wind energy
(70 or 100 kW) in the new Community Center in Horgabost that will include storage and a planned
hydro scheme (100 kW) on the Abhainn Gil an Tailleir River (Gleann Duhblinn).

During discussions with the WHT, other options to develop renewable energy onthet r ust 6 s
arose, such as: a) A wind turbine to complement the 100 kW hydro scheme along the Abhainn
Gil an Tailleir River to maximize on the 200 kW grid access that has been granted; b) small -hydro
plant or / and wind turbines close to the townships of Luskentyre and Seilebost; ¢) a 1MW wind

project in the Laxdale area.

Renewable energy community schemes have the potential to transform and create inclusive
benefits that could trigger development in West Harris. To access these benefits, the community
needs to adopt new and innovative solutions to start up, scale up and roll-out renewable energy

projects within its boundaries.
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3 Met hodol ogy

The methodology employed to achieve the objective set out for this study included several stages.
The initial step taken was to carry out a survey among the households under jurisdiction of the
West Harris Trust. By use of questionnaires, interviews were conducted with the various home
owners. The data collected in the survey was used to facilitate to assess the energy consumption,
the existing and potential business opportunities and also to gauge the acceptance level of re-
newable energy technologies in the community.

The following step was the assessment of the potential of the identified hydroelectric projects.
The key resource needed to evaluate the hydro potential of any micro hydro power plant is deter-
mined by the flow available in the identified rivers or streams. However, determining flow in each
potential site is both laborious and cost intensive. In this study, long term flow data was not avail-
able for any of the identified sites. The Gleann Dubhlinn site had a limited number of stage and
flow measurements available from previous studies. The only river in close proximity to the po-
tential sites with recorded long term flow data was Laxdale River. Long term flow data of Laxdale
River was used to correlate and compute the long term flow data of Gleann Dubhlinn. The catch-
ment areas of all the potential micro hydro sites were calculated using ArcGIS ®, the Hydrology
tool for spatial analyst extension was used for this purpose. A digital elevation model for West
Harris based on ASTER Global Digital Elevation Model (GDEM) Version 2 developed by NASA
was used to generate the local watershed for the intake points (Aster, 2016). The conversion tool
was then used to transform the watersheds into catchment polygons. The assumption made is
that the topographic condition as well as the precipitation received in Luskentyre and Seilebost
sites are similar to Gleann Dubhlinn .The area ratio method was used to correlate the long term
flow data of Gleann Dubhlinn to the flow data of all the potential sites. Site visits were undertaken
to determine the location and elevation of the possible intakes by handheld GPS. Using the flow
and the head available, the energy profile of the potential hydro sites was generated. For this
purpose various parameters such as environmental regulations, demand profile, turbine effi-

ciency, generator efficiency, and penstock efficiency were taken into consideration.

The steps undertaken to evaluate the wind potential of the proposed sites in West Harris were
carried out in two separate procedures using the software WindPRO® by EMD International
(EMD, 2016). This software is suited for project design and planning of both single wind turbines
and large wind farms, it consists of several modules; each one with its own purpose. To assess
the wind potential in the different sites, three sets of wind data were used: a one year measured
data from the Horgabost meteorological tower (met mast) and two long term MERRA data sets,
one from a nearby node and the second from an offshore node. For every scenario, the energy
output was calculated, as well as an environmental impact assessment that will be further elabo-

rated in the subsequent sections of this report. WindPRO® was used as the base to import all
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data into the program while the software WAsSP® is used as an internal calculation engine to
perform energy prognosis and generation of the resource map using the wind atlas method de-
veloped by Risg National Energy Lab, Denmark (WAsP, 2016). Furthermore, to carry out the
turbulence intensity calculation, the software Windographer® was used.

Financial and economic analyses were carried out for project evaluation in each scenario. This
necessitated the development of an Excel® tool for analyzing the main financial and economic
indicators used to measure the viability and profitability of the projects. The most relevant ones
include the net present value of the project (NPV project), internal rate of return (IRR), levelized
cost of electricity (LCOE), payback period and average debt service coverage ratio (ADSCR?).
While the NPV and IRR are specifically used to determine the profitability of a project based on
the cash flows, the ADSCR is specific to the financing aspect of the project investments. The
latter is essentially a ratio which indicates whether the cash flow (after taxes) is sufficient for debt
service. Debt service refers to the sum of interest and loan principal payments. An ADSCR above
1.0 indicates that on average annual cash flows exceed the debt repayments and therefore the
loan payments can be comfortably met. Any value below 1.0 means that the amount of cash
required for loan payments cannot be sufficiently met by cash flows. ADSCR can be improved by
imploring different loan conditions including alternatively opting for an annuity loan payment and
modifying loan maturity period. In some cases a project may be deemed viable if it yields a posi-
tive NPV and a satisfactory IRR but still have an ADSCR a little lower than 1.0, in which case
madification to financing terms can be made. Feed in Tariffs (FIT) are a crucial parameter for the
economic viability of the projects. Future FITs are impossible to predict but generally a decrease
can be assumed. To account for this uncertainty, in all scenarios, the effect of different FITs on
the NPV of the projects is analysed, thus determining a range of FIT& for which the projects are
viable. Positive NPVs are taken as an indication of profitability for each project. Downward trend
of wind FIT scheme is presented in Annex 15.2 which is a good representative for the whole FIT

scheme.

In addition, by calculating the IRR of the projects, it is also possible to assess the financial viability
in each analysed scenario. The IRR is analysed based on a comparison with the discount rate.
Thus, an IRR greater than the discount rate indicates that the project is profitable. The payback
period, although not the most reliable method of project investment evaluation, is used in addition
to the NPV and IRR. The method of calculation adopted in this economic analysis employs the

discounted cumulative cash flows as uneven cash flows resulting in each year.

4 Average debt service coverage ratio (ADSCR): The ratio between operating cash flow and debt service during any one-year pe-
riod. This ratio is used to determine a project’s debt capacity.
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The main inputs for each scenario are investment cost, operation and maintenance (O&M) costs
and annual energy generation. Other fixed inputs common to each scenario are summarized in
Table 4.1.1. The calculations carried out for investment costs and O&M costs are described for
each site under the specific methodology sections in each chapter. The analysis is being carried
out for the individual wind and hydro scenarios in order to illustrate the viability and overall returns
for the West Harris Trust (WHT) as a key stakeholder of these projects.
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4 Assumptions for the Financi al

To calculate revenue, grids constraints are considered for each site to determine the amount of
energy available for export tariff; because in some cases energy production is higher than what
is permitted under the grid constraints. The last FIT generation rate published on 12" February
2016 by OFGEM was considered as part of sensitivity analyses in the financial calculations. One
exception is the loch project in the Gleann Dubhlinn site which will be described later. For hydro-
power with a total installed capacity of less than 100 kW, the feed-in tariff assumed is 8.54 p/kWh.
For wind power with a total installed capacity greater than 50 kW but not exceeding 100kW, the
feed-in tariff is 8.53 pence/kWh and for wind power with a total installed capacity greater than 100
kW but not exceeding 1.5MW, the feed-in tariff is 5.46 p/kwWh. Moreover, the export tariff is 4.85
p/kWh for all projects (ofgem, 2016). One exception is the loch project in the Gleann Dubhlinn
site which will be described in section 7.6.3.1.

The following table consolidates the main assumptions for the financial analysis:

Table.4.1.1: Main assumption for financial analysis

Parameter Value Source
. (lain Staffell, Richard Green,
Degradation factor 0.05 2014)
Debt 100% WHT
Interest rate 5% WHT
Inflation 2% Assumed by WHT
UK Government (gov.uk,
0,
Tax 20% 2015)
Repayment Straight WHT
. UK Government (gov.uk,
0,
Discount rate 3.5% 2015)
Lifetime 20 years Assumed
Maturity 15 years Assumed
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5 Survey Findings (Summary)

5.1 Introduction

A gquestionnaire survey was conducted by pairs of students between the 22" February and the
1%t March 2016. The survey had three main objectives:
1 To assess the current energy status of dwellings/buildings in West Harris
I To assess the current and potential developments related to the local economy of West
Harris

1 To ascertain the levels of acceptance of renewable energy in the West Harris community

There are 54 residential dwellings in the West Harris community with approximately 130 residents.
The survey was carried out in the Luskentyre, Borve, Scarista and Seilebost areas. A total of 32

households completed the survey, resulting to a response rate of 59% and 76 persons.

On this section some of the most important results of the survey are discussed; the complete

results of the survey can be found on Annex 15.1.

5.2 Energy Status of Dwellings

5.2.1 Predominant Heating Technology Used in Dwellings

The results of the survey as depicted in Figure 5.2.1 shows that among the respondents there
are only three types of heating technologies. By far the predominant heating technology is the
central oil boiler with a share of 75%, followed by the electric heating technology (22%) and fi-

nally the air source heat pump (3%).

B Central Oil Heating
H Electric Heating

m Air Source Heat Pump

Figure 5.2.1: Predominant Heating Technology
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5.2.2 Annual Heating Fuel Expenditure and Heating Demand Computation

Information regarding the expenditure on fuels for heating was also retrieved. From the total ex-
penditure, in combination with additional data, the total energy consumption for heating was cal-
culated for the surveyed dwellings. Excluding 7 respondents who use predominantly electrical
heaters, 25 households use a range of 647,660 - 816,197 kWh aggregated heating demand
based on the lower and higher efficiencies (mainly for central oil heater boiler) assumed in the
computation. This yields approximately 25,906 i 32,645 kWh annual heating demand per house-
hold in West Harris. The total expenditure which flows out annually for the heating fuels amounts
to £ 35,374 for 25 respondents. From the 25 respondents, 18 respondents provided the living
space area of their dwellings. Based on these 18 respondents (only considering the heating de-
mand of the 18 respondents) a heating demand per square meter in the range of 160 i 202

kKWh/m? was computed.
5.2.3 Suitability of Heating System

When asked about the suitability of the heating in the household, the vast majority of the inter-
viewees ranked their systems positively. The results are depicted in the Figure 5.2.2: Suitability

of Current Heating System

VERY POOR

POOR

FAIR

GOOD

VERY GOOD

0% 10% 20% 30% 40% 50%

Figure 5.2.2: Suitability of Current Heating System
5.2.4 Total Annual Electricity Consumption and Demand

The electricity demand of the community and an indicator of consumption per household were
calculated based on the annual expenditure from the households. The aggregated electricity ex-
penditure amounts to £35,438. Using a standard electricity rate of £0.1561/kWh (SSE, 2016), an
electricity demand of 227,022KWh was obtained.

Due to the significant difference in electricity consumption between households using electric

heating and other technologies, a different calculation was made to obtain the energy indicator.
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Table 5.2.1: Annual Electricity Consumption: Dwellings with Predominant Central Oil Heating System

Indicators Expenditure EIectany
consumption
Central Oil Heating System 754 £/household 4,830 kWh/household
Predominant Electric Heating System 1,992 £/household 12,763 kWh/household

5.3 Income Generation in West Harris

5.3.1 Promising Businesses ideas in West Harris

The survey gave the opportunity to the respondents to give business ideas that they consider

could be successful in West Harris. In the following list, the most suggested ideas are presented:
1 Bed & Breakfast, Guest houses, hotels

Eating places (Restaurants, tea rooms, etc.)

Passenger ferries, boat excursions, sailing

Nurseries, child care, etc.

Information technology businesses

Laundry

= =4 -4 -4 -a -2

Massage, acupuncture, reflexology, natural medicine
5.4 Renewable Energy Perception and Acceptance Level

In the survey there was also a statement to assess the level of agreement to the following state-
me n Commiunity Based Renewable Energy Projects is one of the best ways to contribute

to income generation in West Harriso.

The level of agreement of respondents was evaluated on a 5 point scale. Table 5.4.1 summarizes

the results from these 2 questions.
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Table 5.4.1: Agreement Level on RE Community Projects as One of the Best Ways to Contribute to In-
come Generation in WH

Agreement Level Respondents Reasons for the agreements or disagreements
- Availability of abundant resources of Wind, Hydro and Tidal/\Wave
- High potential of Renewable Resources
Strongly Agree 9 (28%) - Seen as only viable option to generate income and provide sustainable community
- RE Projects generate excess electricity and can be used to generate income
- Large land area can be used for Solar PV installations
- Abundant RE resources as mentioned above
- Based on previous experience with 53KW wind turbine, it has generated much revenue
Agree 15 (47%) - Noble Hydro schemes would provide funds for investment which would give profits
- Grants are available for Community RE projects
- Seen as better option than generation of income from crofting
- Community not well informed
Uncertain 7(22%)
- Lack of knowledge to give a sound answer
Disagree 1 (3%) - No interest in RE technologies
Strongly Disagree No respondents strongly disagreed

5.5 Open Comments and Suggestions

The final part of the questionnaire was left open for respondents to provide feedbacks and sug-

gestions which were not explicitly captured in the questionnaire. The suggestions are arranged

in the following sub sections:

T Comments by respondents on Renewable Energy

- There is a need to change the perspective of the community on Renewable Energy

- Explore options on O6smart gridéd

- Uncertain on how RE community projects can attract young people

- Feels that large scale RE community projects is the future/way forward

and exporti

- With the use of RE storage systems, density of houses around the storage systems

can be increased

- There is a need to find other alternatives besides RE projects to generate income

- Feels that the trust is doing a great job in carrying out community based RE projects

1 Comments by respondents on needs/facilities in West Harris

- Child care/nursery
- Day care center for the elderly
- Sports facilities

- Horticulture

T Comments by respondents on Improvement in infrastructure

- Better broadband connections
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6 Environment al | mpact Assessment

6.1 Hydro Projects

An assessment of the potential environmental effects of hydro schemes in the Western Isles was
conducted by W.A. Fairhurst & Partners (2009). These potential environmental effects are

summarized as follows:

Potential negative impact on sensitive receptors near the turbine hosue
during construction.

Noise of turbine in operation shall be considered to avoid negative impact

Noise and .
on nearby housing.

vibration

Sensitive ecological receptors such as riparian species may be affected
during the construction phase.

Temporary impacts during construction need to be minimized

During construction displacement of dust and exhaust emissions from

contractor vehicles travelling to and from the site. The temporary impact

) _ can be mitigated by dmping dOwn elaboration stockpiles of construction
Air quality materials and installing wheel washes on site.

Means of construction need to consider no significant impacts on
sensitive ecological receptors.

Landscape is predominantly uninhabited, only few croft houses are found.

Overhead power lines and infraestructure may have an impact on the

Landscape and
b openess and remoteness of the landscape.

visual impact
Closed spaces whitin the landscape shall be used to minimise impacts on
the landscape.

Tree planting can be used to screen intake location and minimise the
visual impact.

It is unlikely that the sites for the different hydro schemes are significant fish habitat and that the
flow abstraction would be a threat. According to SEPA (2005) predominantly bedrock streambeds

areas with continuous rock surface provide poor habitat for fish.

According to the assessment previously done there is no requirement to submit an Environmental
Statement for the Gleann Dubhlinn site. Nevertheless a detailed ecological assessment and
habitat survey in all sites shall identify species that could be affected by the hydro scheme. It

should consider all implementation phases and locations, including lochs along the water courses.
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A next step would imply mitigation measures to minimise any negative impact. Specially

considering the close boundary with areas hosting different terrestrial and aquatic species.

6.2 Wind Projects

Implementation of wind energy projects has the potential to impact the environment negatively;
therefore it is crucial to carry out an environmental analysis. DECIBEL, SHADOW, PHOTOMON-
TAGE and Zones of Visual Impact (ZVI) Modules in WindPRO® were used to assess the noise,
shadow and visibility of wind turbines of the Gleann Dubhlinn and Laxdale Wind Projects. Addi-
tionally, the adverse effects that the Golden Eagle population of West Harris could face are in-
cluded in this section.

6.2.1.1 Noise

To identify the noise assessment criteria for Gleann Dubhlinn and Laxdale wind projects, ETSU-
R-97 firhe Assessment and Rating of Noise from Wind Farmsoreport is used as reference. Ac-
cording to the report, the noise limit during day-time is within the range of 35-40 dB (A) and during
the night time the level is 43 dB (A). For the calculations, a noise limit of 43 dB (A) was used.
According to the results obtained, the two houses located in the surroundings of the Gleann Dub-
hlinn project site will not be affected by the noise from the turbine(s). To see the detailed map of
the noise impact in this area, refer to Annex 15.3.2 and 15.4.1.

Since there is no housing around the proposed Laxdale project site, the wind turbine(s) will not
have any noise effects to any residential area. The noise map that is shown in Annex 15.3.2 and

15.4.1 can be used for future settlement planning.

6.2.1.2 Shadow

To determine the flicker effect caused by the rotation of the turbine blades, shadow assessment
is carried out in WindPRO®. Since there is no Scottish shadow standard, the values of the Ger-
man shadow standard are considered. For the worst case scenario, this standard establishes that
the sun shines from sunrise to sunset on a cloudless sky and only 30 hours/year of shadow cast
is allowed. Additionally these standards, a more realistic climatic scenario states that only 8
hours/year of shadow is allowed (Green Rhino Energy, 2016). The results obtained show that the
two houses located in the vicinity of the Gleann Dubhlinn project site are slightly affected by the
shadow from the turbine(s), at an extent much lower than the stipulated limit. To see the detailed

map, refer to Annex 15.3.2.

Since there is no housing around the proposed Laxdale project site, there will be no effect on any

residential area. The detailed map is shown in Annex 15.4.1.
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6.2.1.3 Visualization of Turbine

Scotland is renowned for the diversity and quality of its landscapes and scenery. Wind turbines
are large structures with the potential to have significant landscape and visual impacts. Therefore
visual impacts of a wind project have to be considered before implementation and have to be
designed to minimize impacts. To assess the visualization of the proposed wind turbine(s), PHO-
TOMONTAGE and ZVI Modules in WindPRO® are used.

Four viewpoints were proposed by the WHT for the visualization of the wind turbine(s) at Gleann
Dubhlinn site. From Viewpoint 3, the wind turbine(s) is not visible at all, thus it is not included in
the results as shown in Annex 15.3.2. Similarly, visualization of the wind turbine(s) at Laxdale site

was carried out. The results are depicted in Annex 15.4.1.

Table 6.2.1: Coordinates of the view points

Gleann Dubhlinn Laxdale

Viewpoint 1 Viewpoint 2 Viewpoint 3 Viewpoint4 Viewpoint 5

Longitude 6°55'54.99” 6°5526.92" 6°53'57.79" 6°55'26.85" 6°51'43.33
Latitude 57°52'7.99" 57°51'59.91" 57°52'5.38" 57°52'33.58”  57°51'32.88

6.2.1.4 Impact on Golden Eagles

All wild birds in Scotland are given protection under the Wildlife and Countryside Act of 1981. The
isle of Harris is a natural habitat for the golden eagles which are of special interest in this study.
These birds are included in this act as one of the species that are protected from harassment and

whose nests are conserved (Scottish Natural Heritage, 2014).

When siting wind turbines in bird protection territories it is of great importance to consider their
nesting areas, migratory and flight paths. The major concern is collision of the birds with turbine
blades. The bigger the rotor blades and the more the number of wind turbines located in an area,
the higher the chances of bird death due to collision and displacement of the birds from the golden

eagles habitat areas.

Predators such as golden eagles are much more sensitive to bird strike because the size of the

population is small.

The wind turbines selected for the proposed projects are of low capacity hence the rotor swept
area is not highly significant and neither is the hub height. Additionally only a maximum of two

turbines are proposed in each site therefore the risk of displacing the birds is quite low.

The golden eagles prefer to fly and nest in windy and mountainous regions. As seen on the Figure
5.2.1 the Gleann Dubhlinn site is nearer to the coast region, in relatively low altitude and at a
considerable distance from the nearest nesting area, highlighted in green on the map. The feeding
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areas and flight paths of golden eagles are away from the coast and are concentrated more on
the highest parts of the mountains. Nevertheless a detailed environmental assessment on the
impacts of the wind turbines to the golden eagles may be required by the Royal Society of the
Protection of Birds (RSPB).

(- )

W
O Nesting areas

“/\ Gleann Dubhlinn

V) site
N
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'\\1// Laxdale site i 0y
Harrkss

Figure 6.2.1 : Golden Eagle nesting areas
Source: Interview with Robin Reid, Conservation Officer for the Western Isles RSPB
On the other hand, Laxdale site is more significant in terms of the size of the turbines. The site is
located in the middle of the mountain where golden eagles could be affected, although the nearest

nesting area is located on the other side of the mountain.

From the aspects mentioned in this section, although a great risk for golden eagles is not antici-
pated, a detailed environmental assessment on the impacts of the wind turbines to the golden

eagles may be required by the Royal Society of the Protection of Birds (RSPB).
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7 GeannDubhl|l Hycraommd WPMNhdadj ect

7.1 Background

Among the proposed micro hydro projects, Gleann Dubhlinn is the one which has already been
planned and is expected to start in the summer of 2016. The catchment area of this scheme is
around 5 km?in size and is located to east of Seilebost. There is an existing intake on the Abhainn
Gil an Tailleir River which has been used for supplying drinking water to settlements in the west
of Harris. According to W.A. Fairhurst & Partners (2009), the watercourse flows from south to
north discharging into the Luskentyre Banks and Saltings a Site of Special Scientific Interest
(SSS)).

The capacity of the hydro plant planned for this site is 100 kW. Previous studies conducted on
this site indicate a low base flow index with variable flow. To contribute to the stability of the
system, one of the scenarios developed in this report is the storage option. A significant lake
(loch) around 850 m upstream of the intake has been considered as a storage option which will

be discussed further.

Presently, 200 kW of grid access has been granted, thus it is of great interest for the WHT to
assess the possibility of implementing a complementary 100 kW wind scheme to maximize the
export of energy to the grid. The wind turbine was sited approximately 1.4 km (57°51'55.03"N,
6°54'42.66"W) North-East from the proposed power house location of the 100 kW hydro project,

this was site was identified on the initial site visits with Directors of the West Harris Trust.
Furthermore for this purpose, three scenarios were assessed in this site as follows:

Scenario 1: 100kW hydro and 100kW wind turbine
Scenario 2: 100kW hydro with storage and 100kW wind turbine
Scenario 3: 100kW hydro with storage and a larger wind scheme to determine if there is

any surplus than can utilized economically.

The locations of the schemes are as shown in Figure 7.1.1
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Figure 7.1.1 : Wind and Hydro sites in Gleann Dubhlinn

7.2 Specific Methodology

7.2.1 Hydro

For the power profile generation of the Gleann Dubhlinn hydro project, the following parameters
were assessed:

1. Long term flow data

2. Flow duration curve

3. Catchment area, head and penstock length

7.2.1.1 Long term flow data

Stage and flow measurements of the Abhainn Gil an Tailleir River were obtained from the feasi-
bility study (W.A. Fairhurst & Partners, 2010). However these measurements corresponded to
only few months of a specific year, thus not enough to perform the system analysis of combining
both wind and hydro generation. Recorded flow data of a nearby river, Laxdale® was used to

generate the required flow of Gleann Dubhlinn micro hydro site. To correlate the flow data of

5 The Laxdale River flows three and a half miles north-west from its source in Loch Bearasta Mor to Loch
Fincastle. It is described as a narrow burn that one mile from its source enters Loch Laxdale from which a
mile further reaches sea across the sands of Luskentyre (Sandison, 2013).
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Laxdale and the available data of Gleann Dubhlinn, corresponding flow data in the same year,
month, day and time from both sites were selected. Both the flows were plotted against each
other to get the correlation equation with corresponding correlation coefficient. With this equation,
long term flow data of Gleann Dubhlinn was calculated.

7.2.1.2 Flow Duration Curve

After the generation of long term flow data, these data were then used to generate a flow duration
curve. Long term flow data of Gleann Dubhlinn sorted in chronological order was plotted against
Exceedance Probability. Exceedance probability is the percent of time that each discharge is

exceeded. The base flow of the stream or river was calculated from the curve.

7.2.1.3 Catchment area, head and penstock length

For Gleann Dubhlinn, the catchment area, head and penstock length was already determined.

However, it was possible to replicate almost exactly the watershed using ArcGIS.
7.2.2 Wind

As introduced in Chapter 3, three sets of data were considered. First the one year measured data
and the onshore MERRA data were analysed to obtain a long term corrected data set. In the
Figure 7.2.1 : The comparison of the wind direction of the different data sets the comparison

of the wind conditions of the different data sets used in the calculations.

Horgabost Met Mast Data Onshore MERRA Data Long Term Corrected Data Offshore MERRA Data

Freuncy (% Frequeney (% Py (8

Figure 7.2.1 : The comparison of the wind direction of the different data sets
(Source: WindPRO®)
The results obtained showed that the predominant wind direction from the met mast was south,
while the MERRA long term data was South-West. The difference in the predominant direction
suggests that the met mast is positioned in the location where the wind is deflected. In light of
this, it was concluded that the measured wind data of the met mast is not representative of the

actual wind direction of the proposed wind locations.
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Regarding the wind speed, the average value from the met mast was 9.33 m/s taken at a height
of 10 m while the average wind speed from the offshore MERRA node presents an average wind
speed of 9.45 m/s at 50m height. Taking into consideration that MERRA data is based on a
MESOSCALE® model to interpolate the wind data it provides a better representation of the wind
speed comparing to onshore MERRA data. Additionally, as can be seenin Figure 7.2.1 the results
of the wind direction of the two MERRA data sets are consistent with each other.

Considering all mentioned aspects, the use of offshore MERRA data was deemed most appro-
priate to compute the energy prognosis. Since the MERRA node uses a Mesoscale model to
interpolate the wind data, uncertainties exist. Therefore it is recommended to build a new met

mast in the proposed site.

For the energy output of the different scenarios the wind data selected was simulated in the soft-
ware. The specific topographic conditions of each site and the different proposed turbines were

also factored in the simulation.

An environmental analysis was also carried out including noise of the wind generators and the
shadow flicker. Additionally, visualization of the wind turbines from various points is done and

possible repercussions on the golden eagle population are discussed.

7.2.3 Considerations for Economy

All main economic assumptions mentioned in Chapter 4 of this report also apply to the case of
the Gleann Dubhlinn wind projects. However, specific considerations include road access costs
which have been assumed to be negligible because of the location of the site near existing roads
and other specific investment costs as listed in Table 7.2.1. Operation and maintenance costs
were assumed to be 5% because of the small scale of the turbines considered for that site. The
total energy generation and energy exported to the grid have been calculated using the Homer®
Energy software. This was done for each scenario to ascertain how much revenue can be attained
based on the 200 kW grid constraint. Revenues in this section are therefore considered by apply-
ing the FIT to the total amount of useful energy generated and the export tariff specifically on the
amount of energy exported to the grid.

6 Mesoscale Model simulates weather and wind conditions throughout the area at all levels of the atmos-

phere for 366 days randomly sampled from a 15 year period.
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Table 7.2.1: Cost break-down for total investment cost of 1 Xant turbine

Break-down Cost (£) Source
Turbine purchase price 235,000 WHT
Foundation 31,000 WHT
Turbine installation 19,000 WHT
Grid connection costs 0 Payment assumed completed
Grid cable costs 117,000 Estimated based on previous projects
Consultancy 6,000 Estimated based on previous projects
Land 0 WHT
Road access 0 WHT
Total investment cost 408,000

Source: Own elaboration (Compiled from various sources)
7.3 Technology Review

7.3.1 Hydro

7.3.1.1 Turgo Turbine

A Turgo turbine manufactured by Gilkes has been selected as the type of turbine in this site
(Annex 15.3.1). The Turgo turbine is a type of impulse turbine which is specifically designed for
medium head hydro projects. These turbines have an overall operational efficiency up to 83.69%
(Gilkes, 2010). This turbine normally operates in a head range between Pelton and Francis (about
9 m and 300 m) and a minimum design flow of 0.045 m®/s (Annex 15.3.1). The runner of the Turgo

turbine is able to handle a greater quantum of flow along with higher specific speed.

7.3.2 Wind

In this section, technical specifications of the proposed wind turbines for different scenarios are
briefly described. For the first and second scenarios of the Gleann Dubhlinn project, installation
of a 100 kW XANT M-21 wind turbine was taken into consideration (Xant, 2016). For the third
scenario, two 100 kW XANT M-21wind turbines are proposed. For the fourth scenario, three 60
kW HWT60 wind turbines were considered (Harbon, 2016). The turbine selection was based on
the wind characteristics of the site, preferences of the West Harris Trust, existing installations in

the Western Isles, availability in the market, the current tariff and financial schemes.

In the Table 7.3.1, the different classes of turbines are specified, based on the wind regimes
according to the IEC standards. Following this criteria the turbines selected are in Class IA, this
is in accordance to the results obtained in the resource assessment section that will further be

discussed in the subsequent sub-chapters.
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Table 7.3.1: Basic parameters for small wind turbine classes

Turbine Class IEC I High Wind IEC Il Medium Wind IEC lll Low Wind
Annual average wind speed 10 m/s 8.5 m/s 7.5m/s
Turbulence classes A 18% A 18% A 18%
B 16% B 16% B 16%

Source: (Vestas, 2015)
7.3.2.1 HWT60 Wind Turbine

HWTG6O is a 3-bladed Class IA turbine model manufactured by H S Harbon & Sons Limited, an
England based designer and manufacturer. The installed capacity of the turbine is 60 kW, hub
height of 18.6m and rotor diameter of 16 m. This turbine model adapts to the conditions of the
site since it does not require a crane for erection (Harbon, 2016). The price of the turbine is
£209,000.

Additionally, a 60 kW Harbon turbine was installed in Scarista in 2014 March, therefore WHT is

already familiar with the turbine.

7.3.2.2 XANT M-21 Wind Turbine

Xant M-21 is a 3-bladed Class IA turbine model manufactured by Xant, a Belgium based designer
and manufacturer. The installed capacity of the turbine is 100 kW, hub height of 38 m and rotor
diameter of 21 m. The turbine has a permanent-magnet synchronous generator. It has no gear
box, which makes operation and maintenance easy. Considering the topography of the site, a
convenient characteristic of this model is that it does not require heavy machinery to be erected
(Xant, 2016).

The turbine is £235,000 (2,350 £/kW) which makes is more attractive compared to a 60 kW Har-
bon turbine with a price of £209,000 (3,483 £/kW). The price information for both turbines was
given by the WHT.

Additionally, an identical turbine was selected to be used at the West Harris Community Center.
Inevitably the installation and use of this turbine will provide the WHT valuable first-hand experi-
ence on the quality, operation and maintenance of this model and breed familiarity to the technol-
ogy. Consequently, this conveniently allows WHT gauge the suitability of this turbine, creating a

good rapport with the supplier and ultimately easing the administration of the projects.
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7.4 Resource Assessment

7.4.1 Hydro assessment

7.4.1.1 Hydro without water storage
7.4.1.1.1 Long-term flow data
An average profile for the years 2008 to 2015 would neglect peak flows after strong rainfalls and

very low flows after longer periods without rain. Therefore a representative year had to be se-
lected to generate a generation profile. The values for the year 2008 were used as a reference

as these are close to the average of the last eight years.

Table 7.4.1: Gleann Dubhlinn yearly average flows

2008 2009 2010 2011 2012 2013 2014 2015 Average
Average 0,123 0,109 0,095 0,138 0,107 0,114 0,131 0,147 0,120
values Closest
MIN year MAX year
to average year

Source: Own elaboration based on correlation calculation

A flow hydrograph in Figure 7.4.1 was constructed using the 15-minutes data of the characteris-
tic year (2008). The results were compared with those reported by Wallingford HydroSolutions

16
14
12
o
T
z
2 06
(N1
0.4
0.2
0
c £ £ £ 2 = £ ¥ = > > C € T S5 S5 ww o a5 8 2 oz 9 o9 O
T © ® o o & & 2 2 §®§ ©® 5 5 2 2 2 I 3 o o =2 2 ©» & 9o @ 9w
DA S A S S S S-S =N Ji S R G - S
~ o
I IS B SO N~ — - ® 2 5 3 & N

Figure 7.4.1: Gleann Dubhlinn hydrograph (m3/s) based on characteristic year (2008)
Source: Own elaboration

The flow levels across the year are expressed as exceedance percentiles Table 7.4.2. For the
Gleann Dubhlinn scheme it is expected the use of Q90 as SEPA stipulates for compensation

flows for hydro projects with a catchment area under 10 km? (SEPA, 2015).
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Table 7.4.2: Flow statistics for the correlated long-term data FDC Gleann Dubhlinn

Flow Flow (m3/s)
Percentile

(%)
95 0.0053
90 0.0128
80 0.0284
70 0.0428
60 0.0607
50 0.0833
40 0.1060
30 0.1322
20 0.1727
10 0.2625
5 0.3774

Source: Own elaboration

The Q90 is the flow level that is exceeded 90 per cent of the year (for 90 per cent of the year the
flow is above 0.12 m3/s in Gleann Dubhlinn). Over the course of a year it will be expected to have
at least this flow 328 days. This flow has to be left in the river at all times; it cannot be subtracted

for electricity generation purposes.

Flow (m?/s)

o

Figure 7.4.2: Gleann Dubhlinn Flow Duration Curve (FDC)
Source: Own elaboration

7.4.1.1.2 Catchment area

The catchment area for Gleann Dubhlinn was calculated (using ArcGIS) to replicate the catch-
ment area already defined by Wallingford (2010). The catchment area extends roughly over five

square kilometers as shown in Figure 7.4.3.
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The head for this project site is located 81m above descending from smooth slopes combining

rocky convexities in the relative low steep hillside.

-— Kilometers
0 0.2250.45 09 1.35 1.8 N

Powerhouse Location(108,112, 896,427)

Intake (-6.924002416, 57 .854092686)
G = =

Legend
D Catchment_Gleann Dubhlinn

Figure 7.4.3 Gleann Dubhlinn catchment area
Source: Own elaboration using ArcGIS®

Seurces: Esrh HERE, DeLorme, TomTom,

7.4.2 Wind assessment

Once the preliminary wind data assessment was finalized in the resource assessment chapter it
was necessary to prepare the data for further stages of the calculation in WindPro®. To do so, a

frequency analysis was performed to calculate the distribution of the wind speeds.

The Weibull distribution showed in Figure 7.4.4 represents how frequent a particular wind speed
occurs. In this site, the most prevalent wind speeds are between 8 -10m/s at 50m height. The

predicted wind direction is represented graphically by the energy rose as shown in Figure 7.4.4.

Weibull Distribution Energy Rose (W h'im?frear)
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— 10-15ms

15-20ms
— 20-40ms

Fraquency [%]

k4 i ]

8 L] 12 14 16 B o » o
Wind s peed [mis )

fesn wind speed (m's ) Frequency {%)
Figure 7.4.4: Weibull distribution and Energy rose
(Source: WindPRO®)

Page | 25



7.4.3 Turbulence

Wind turbulence is the rapid disturbance or irregularity in wind speed and direction. High turbu-
lence levels decrease power output and cause extreme loading’. The Figure 7.4.5 illustrates the
turbulence intensity (TI) at 10m height. Tl is the ratio of the standard deviation to the main wind
speed. Since MERRA data does not have standard deviation and the data on sites are limited, Tl

is calculated using the data retrieved from the met mast in Horgabost.

In the Figure 7.4.5 the TI calculated is represented with blue curve, which lies slightly above the
IEC-B curve and below IEC-A curve, therefore the most suitable turbine under this conditions has
to be IEC-A.

Turbulence intensity at 10 m

1.2
= Representative TI
= |EC Category A
= |EC Category B

et el i~

1.0 IEC Category C

0.8

0.6

Turbulence intensity

0.4

)
. k

0.0

Wind speed {m/s)

Figure 7.4.5: Turbulence intensity curve
(Source: Windographer®)

7.4.4 Wind Resource Map

The wind resource map is an analytical tool to represent the wind resources available in a geo-
graphical area. It is essential for wind energy planning and it is useful to map a smaller space
within a region in order to optimize the positioning of a wind turbine. The parameters required to

compute this include the wind data, turbulence and the topography of the area under analysis.

"Extreme loading refers to the high wind speeds that subject the wind turbine to a massive amount of stress.
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Figure 7.4.6: Wind resource map
(Source: WindPRO®)
The Figure 7.4.6 shows the resource map of the area of interest. According to the results ob-

tained, the range of wind speeds expected on the proposed project sites is between 7.8 m/s and
8.6 m/s.

7.5 Scenario I: 100 kW Hydro + 100 kW Wind

7.5.1 Hydro Energy Assessment

7.5.1.1 Hydro without water storage

To simulate the combined generation profile of the hydro scheme and a wind turbine at Gleann
Dubhlinn a generation profile for the hydro scheme had to be generated. The calculation was
made to guide further calculations regarding the energy profile and the use of water storage ex-

plained later.

7.5.1.1.1 Generation profile

Variation in flow affects the overall efficiency. Therefore using the every 15 minutes flow values
and the efficiencies provided by the supplier (Gilkes, 2010) result in a total generation of 389.83
MWh as shown in Table 7.5.1.

Table 7.5.1: Power generation Gleann Dubhlinn scheme

Gross Turbine Turbine Capacity Annual

head (m) rated flow capacity factor energy
(m3/s) (kW) generation

(MWh)

81 0.168 100 0.450 389.83

Source: Own elaboration
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As expected, the water flow is not constant along the year; there will be periods where genera-
tion will stop completely. From the long term data as per Figure 5.2.1, it can be deducted that
this is most likely to happen between May and June, as these seem to be the driest months in
the year. According to the flow data of 2008 (characteristic year), the turbine does not have

enough flow to operate for about 40 per cent of the year.
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Figure 7.5.1 Gleann Dubhlinn 15-minute energy generation (kWh)
Source: Own elaboration (Annex 15.3.1)

7.5.2 Wind Energy Assessment

The softwares WindPRO® and WAsSP® used the parameters mentioned in the preceding sections
to calculate the expected annual energy output from the wind turbine. The results are summarized
in the Table 7.5.2. The annual energy output using the Xant M 21 wind turbine was 380 MWh and
as expected, the WSW-W sectors contribute to the highest share of the energy produced.

In this particular case the number of full load hours is 3800 per year. To encapsulate additional
losses such as turbine performance losses and electrical efficiency that could not be computed
a reduction factor of 10% is applied and subtracted from the total, obtaining a final net energy

output of 342 MWh.
Table 7.5.2: Annual Wind Energy Output in Gleann Dubhlinn (Scenario I)

Sector N NNE ENE E ESE SSE S SSW WSW W WNW NNW TOTAL

Resulting 164 116 117 128 197 357 471 552 603 560 341 193 3800

Energy (MWh)

Full Load

_ 1640 1160 1170 1280 1970 357.0 4710 5520 6030 5600 341.0 1930 3800.0
Equivalent (Hours/year)

Source: WindPRO®
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The resource map in as per the Figure 7.4.6 shows the location that is proposed by WHT for the
Gleann Dubhlinn wind project. The purple regions represent the regions with the highest wind
speeds. The turbine was placed in this region and the energy output calculated was 35% higher
than the output at the proposed site. Nevertheless factors such as road access and cable costs,
would considerably raise the investment costs.

7.5.3 Economic Analysis

1 Xant turbine (100 kW) installed to produce energy in addition to the 100 kW hydro, proves to be
profitable only if a minimum FIT of 8 p/kWh is applied, when the base energy output according to
the wind energy assessment is considered. If 20% less energy is generated, a minimum of 12
p/kWh would be required to break even. In the event that 20% more energy is generated, the
minimum required FIT decreases to approximately 6 p/kwWh. Figure 7.5.2 shows how the NPV
vari es wit h veachgandwidth df éndrgy gendration.

1 XANT turbine

1000 FIT and resultant NPV

800

600

NPV (1000 £)

0.25

FIT (£/kWh)
Base Energy Output 20% Increase in Energy Output —@— 20% decrease in Energy Output

Figure 7.5.2: FIT and resultant NPV for 1 Xant turbine
Source: Economic model results

7.5.3.1 Example Case: FIT (8.53 p/kWh)

The example case assumes the current FIT of 8.53 p/kwWh and with this FIT it results in a positive
NPV and IRR which is comparable to the discount rate. An ADSCR of 0.83 suggests the need for
further investigation into financing options to ensure that with the aforementioned FIT, the loan
can be adequately serviced. Table 7.5.3 summarizes these results. The full cash flow is shown in
the Annex 15.3.3
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Table 7.5.3: Economic results for 1 Xant turbine

PARAMETER RESULT
NPVproject (£) 27,6356
IRR (%) 4.2%
LCOE (£) 0.155
Payback Period (years) 19.00
ADSCR 0.830

Source: Economic model results

7.6 Scenario Il: 100 kW Hydro + 100 kW Wind + Storage

7.6.1 Resource Assessment

7.6.1.1 Hydro

Wall ingford HydroSolutions®o

f

ndi

ngs

(2010)

Dubhlinn catchment area, mentioning that highly variable flows are therefore expected in this

site. For this scenario of hydro storage option, Loch Heilasbhal has been taken into considera-

tion to serve as a natural storage option. This loch is located at a height of 157meters with an

area of 59000 m2. This loch is the biggest storage option available for this site of Gleann Dub-

hlinn. It is located at a distance of around 850 meters from the intake.

Loch Heilasbhal

N

Figure 7.6.1: Location of Loch Heilasbhal
Source: W.A. Fairhurst & Partners (2009)
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