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Abstract

The studyis concerned witlassessinghe feasibility of retro fitting micresmall scale
hydroelectricschemes into existing civil works (dams and weirs gt@n attempt to

reduce both the overall expenditaed carboriootprint of sud developments.

The Argyll and Bute council is interested in evaluating the propensity for energy
generation from two sites in Duno@mnd Rothesayn Scotland By exploiting the
generation potential at the sites, the council aims to generate poweretdare
demand orraise additional revenue through thgovernmentsFeed in Tariff by

exportingthe generated power back to thational Gid.

The objectives of the project are to assess the power generation potential of the sites
in Argyll and Bute ando evaluate the revenue that may potentially be generated.
Following initial site surveys, an assessment of the hydrological potential of the sites
was conducted. Suitable technologies were evaluated and potential scheme layouts
proposed. A technical anyais was conducted to assess the optimum energy capture
of the proposed scheme. Potential costs and revenue were calculated over the twenty

year lifetime of Feed in Tariffs.

It was found thathe Bishops Glen site in Dunoon has the greatest potential to
accommodate retro fittingf dwydroelectric power plant. A0kW turbine was found

to have theoptimum capacity for energy capture at the site, returning 165,000 kWh of
energy per year. As there is no immediate local demand, a grid export connection was
found to be the most suitable option of utilising the power generated. Due to the high
costs involved in grid connections, the potential for a return on investment was found
to be dependent on the availability of government grant funding. It was found that
general, retro fitting of hydroelectric schemes does have the potential to reduce
overall costs involved in such developments, howeveptiential for a satisfactory

outcome is reliant on the availability and quality of the existing site infrastaictu
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AA regenerated and successful Argyl | and
and approach and view energy as an economic asset. It will consume energy in an
efficient manner and openly embrace alternative energy technology as a means of
generating local affordable energy to secure economic, social and environmental

advantageo

- Argyll and Bute Councils vision for energy, Scotland Week, Brussels 1998
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Sectionl T General

1.1 Introduction

Historically the United Kingdom has had the propensity to take advantage of an
abundant resource of renewable energy in the form of biebwic power As the

UK continues to try and meet carbon dioxide reduction targets irdptiseugh
Government legislation such as the Climate Change Act in 2008, renewable resources

are being increasingly looked upon to generate power and increase energy security.

The renewable energy Feed In Tariff was introduced in April 2010 as an atempt
further fuel the momentum of decentralised renewable energy sources. In comparison
to other renewable technologies, hydroelectric generation is considered to be a more
mature and trusted technology, with more modest capital expenditure for equivalent
levels of energy generation. As such, small scale hydro developments that were once

considered infeasible may now have a greater potential to be economically viable.

The major consideration for any developer is ultimately the costs involved in a
project. In addition, there are lengthy planning and legislation processes that must be
adhered to in order to legitimately develop small scale hydro schemes. The most
attractive solution is often the most cost effectvith minimal disruption to the

externdsurroundings and environment.

Scotland has a rich abundance of rivers and streams, weather that can provide running
water and land formations that can all be combined to potentially produce electricity
through hydro schemes. As a result, we havech heritage of existing hydro
infrastructure, such as water powered cotton and grain mills, existing canals and water
reservoirs, the majority of which have potential to be retro fitted with hydro electric
schemeslt is therefore becoming more attractive develop small scale hydro
schemes around existing infrastructure in order further reduce the carbon footprint of

such developments and in doing so reduce the initial required capital investment.
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1.2 Argyll and Bute

The project is concerned withe feasibity study of retro fitting micresmall scale

hydro schemes into existing civil works (dams and wet in Argyll and Bute

locatedon the West coast of ScotlanBigure 1). The Argyll and Bute council is

interested in evaldeng the propensity for energy generation from two sitea
freshwater reservoir (Hguwe 2Band A snmb damnigt e n Du
watercourse near Kirk Dam, Rotheséigure 3). By exploiting the generation

potential at the sites, the council aims to geteepawer to meet local demandraise

additional revenue through the governments Feed in Tariixpgrtingthe generated

power back to th&lational Gid.

Appin
../ EidGe of.D 3
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Figure 1. Map of Argyll and Buté1)
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Both potential sites havelifferent individual characteristics that present the

oppotunity to seek a novel solutiat each site

1.3 Hydro electric Power in Scotland

As with many countries with an abundance of flowing water and significant rainfall,
Scotland has had a historical affinity with using water to power turbines for non
electrical ses, such as cotton and oat millScottish Hydro Electric (now part of
Scottish and Southern Energy Growmsoriginally establishediuring the 2% World

War under the name thidorth of Scotland Hydro Electric Boa(llOSHEB)in 1943

by an Act of Parliarent. It was formed to be responsible for generating, transmitting,
distributing and supplying electricity throughout the North of Scotland, as well as a

being a means targvide economic growth in the Highlan(®.

The first privately owned hydro elext power stations were built to power the
aluminium smelting industry, with amy further hydro schemdseing built in the
following years(Figure 4) before it became uneconomic due to falling electricity

prices.
2
Thurso
Scottish Hydro Electric Schemes Wick
Shin
Diornech
® Ullapool ™
Conon o
o b Elgin
Dingwall MNairn
- Peterhead
Affric/ Inverness
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(I.(‘.;rleat ® Kingussie Aberdesn
en
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Fort Wiliiam Y Clunie
[ ] o
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..~ Breadalbane Dundee
93:”, Sloy/<, ' Perth @
= Awe ®
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L)
Edinburgh
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Figure 4. Major hydrodectric schemes in Scotlan@®)
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In 2009,S c o t | uadewléped hydro potential waseealuated using the Hydrobot
remote hydro modelling software which, unlike previous models, incorporated the
contribution of micrehydroresources. The amended financially viable resource was

estimated at 1.2 GW of potential installed capacity across 7043 scf@mes

The new figureseffectively doubled the previous estimate of 657 MW of hydro
potential from a 2008 Scottish Hydro PowResource Study. The increase in
generation potential is due to the inclusion of smaller sized schemes in the study,
which as a result of the Governments Feedrlariff incentive, make previously
uneconomical developmenisore financially viable. Furthediscussion on Feeih

Tariffs is given in Sectio2.6.4

1.4 Methodology

The purpose of the study is to evaluate the feasibility of retro fitting hydro schemes
around an existing infrastructueg two sites in Argyll and Bute byoasideringthe

economic, social and environmental ramifications this may have. The approach taken
in the study attempts to respect the maturity of the technology involved as well as the

propensity for unique and individual solutions ttfe potential site may possess.

The initial stage of the process is in the evaluatibaurrenthydrcelectricgeneration
technologies which are conducted in the literature review. This sflamthe study

to be completed satisfactorily and for the appropriate perfocen@haracteristics of

the potential schemes to be evaluatéte literature review also highligthe unique
solutions that small scale hydro schemes can offer in terms of grid connection, remote

off grid generation and meeting local demand.

The secondtage in the process consists of the main bulk of the feastilidy. On
liaising with Argyll and Bute council members, a preliminary site survey is conducted
for both the Bi shop 6 sTheditesare avaluhtedKfor their Da m s

generatiorpotential and also theability to meet off grid demand. Havirgathered
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asmuch site information, plans and records as possible, a thorough hydrological study

is conducted.Monthly flow duration curves can then be evaluated.

The third stage in the pcess involves the design of potential schemes. Having
surveyed the sites and understood their unique characteristics and layout, this can be
combined with the hydrological data calculated to desigystem with the greatest

energy capture potential

With an optimal system designed around the sites geographical and flow constraints,
potential micro hydro contractors can be contacted in order to provide an indicative

costing for the potential hydro scheme. This cost data can then be used in conjunction
with the predicted output from the scheme to analyse the potential revenue from the

scheme and evaluate the annual financial projections.

Following the economic analysis, specific conclusions can be drawn on the feasibility
of each site and recommendationgde to Argyll and Bute council. General
conclusions are also drawn on the holistic feasibility of retro fitting hydroelectric

plant and further general recommendations are made.
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Section Il T Overview of Hydro Power Schems

2.1 Generation

This sectiom intends to cover the concepts and technoldpigisare pertinent in the

retrofitting of hydro power schemes

2.1.1 Review of Power from Water

Water can be considered to be one of the earliest working filuiddich Man has
been able to convert its storpdtential energy into useful kinetic energy and work.
Hydraulic power can be captured from water wherever this energy transformation
takes place i.ei. wherever a water source flows from a high level to a lower level.
This change in height can occur nally through thedrop of a waterfall or the
undulatiors of a river down a hillside, but can also be man nthdrigh construction

of a weir or reservoirThe main factors that govern the power available from a source

areheadandflow rate

The equatiorior the potential energyef) of water is known to be
E, =mgh [1]

Wheremis massg is acceleration due to gravity ahds height. As a body of water

on Earth cannot be without a massijthercan it avoid the pull of gravity, it becomes
clealy apparent the importance théie height to which it is elevatdsasin terms of

its storedpotential energy This gross heighsi c ommonl|l y knkam as
is shown diagrammatically ifigure5. H is the maximum avadlble vertical fall in

the wder from upstream to downstream, measured in metnegs). As the fluid
makes its way to the turbine, energy will be lost to friction and other inefficiencies in
the pipe system. This energy loss effectively reduces therdmbuead available to

the turbine, which is commonly known ast head.
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Figure 5: Headmeasurement adn hydroelectricscheme(6)

The second factor thateterminesthe derivable power from a watsourceis the

volumetric flow rate Q) of the fluid measured in cubic metres per secanis].

The energy generated through the combination of head and flow rate is converted into
mechanical power in the turbines shaft, which in turn powers a generator to produce
electricity. In additionto H and Q, the power geneatedby a hydro schemes also

governed by gravity, fluid density
general power equation

P =npgHQ [2]

(1)

Where powerPR) is measured in Wattdlt is apparenfrom equation[2] that in order

to maximise the power output from a particular scheme, one should aim to maximise

flow rate, head andutbine efficiency as} and g are constant Equation [2]also

highlights that power can potentially be derived from défeé combinations of H and

Q, which often characterises individual schemes i.e. one may draw an equal amount
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of power from a scheme with high flow/low head to one with high head/low flow.

The characterisation of hydro schemes is discussed in the folleetign

2.1.2 Run of River Schemes

There are two general layouts of hydro electric systems that one can use to categorise
the scheme Thesimplerof thetwoiske wn as a #Ar un(5arfdastiever 0 sc

name suggest, the layout of the schenteEendehon the watercourse.

High Head Penstock Scheme

1
Water Course “N 4 { b

Intake abstraction

Penstock

! Transmission

Tailrace

Power House

Figure 6: A high head, penstock only run of river schebje

Specifically, run of river schemes do not have the capability for any reservoir or
storage(5) and therefore the performance of this type ofteyn can réés more
heavilyon seasonal variatioria rainfall.
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Low Head Barrage Scheme

Water course

.F_‘I T 3

o—
b -

S

Penstock

Turbines

Figure 7: A low head, barrage run of river schelfig

The operational procedure of a high hégdro scheméFigure6) can be summares

as follow:

Water is diverted from the river to in intake

The flow of water is decelerated by entering a settling tank or forebay in
which particles suspended in high velocity flows can come to rest. The intake
and forebay is often protected by a traabk (a rack of metal bars) which

does not allow large floating debris to pass into the penstock and turbine

The penstoclcarries the water at pressure to the turbine which is situated in

the power house containing generation and control equipment

The wate flow then exits the power house through the tailrace and back into

the main water course
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This general operational principle remains consistent throughout all types of hydro
schemes, however depending the flow and turbine characteristiceperational

principlesdo vary between schemedo highlight this,Figure7 depicts a low head,

high flow 6barragedéd scheme whichbuisns on s
situated in the main water course, thus negating the recemtesha water abstraction

and forebay.

Run of river schemes arnased in traditionaflour and cottonmilling facilities where

water wheels are use to drive machinery for grinding grain, oats and cotton mills
Canals built forthe diversion of water fothesemills are often still in existence,
therefore run of river hydroelectric schemes can often be developed around this very
basic existing infrastructureAs previouslymentionedhe island of Bute has a history

of small canals and dams which canve a source of flowing water with the
potential for small scale generation.

2.1.3 Reservoirsand Storage

The second general type of hydroelectric sahésncategorised by the ability store

water in a reservair These dammed structures eliminate the temtshature of
generation from run of river schemes and allow power to be generated at times of
peak demandnd dryer weather Depending on the type of turbine and the layout of
the scheme, it is also possible to construct a pumped storage system, wehere th
majority of the reservoir drains duringegk demand hours. h& turbine isthen

reversed during times of low demand to pump water back into the reservoir.

An example of such a schemeSky Power Station at Loch Sloy in Argyll and Bute
(Figure8), whichi s t he Uni ted Kingdomdés | argest col
station. This reservoir style hydroelectric scheme takes water from Loch Sloy though

a 3 km long tunnednd feeds the power statithrough 4 large diameter peasks.
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Figure 8: Loch Sloypower station (7)

With dammed structures, the additional functionality and reliability comes not only at
many times the cost to run of river schemes, but there are far greater environmental
impacts cosidering the area that may be required to flood behind the dam in order to
store sufficient water resources. Reservoirs and pumped storage are often reserved
for the major developers looking to generate on the scale of many MW, such as Sloy
Power Stationas opposed to the more local developer looking to generate only in
kW. One of the interesting factors about the Bishops Glen site is the existence of a
small dammed reservoir which may provide an area of substantial storage to alleviate

the transient nate of a simple run of river, flow dependant system.

Hydro schemes can be classified on the level of power output. A summary of scheme

classification is given below in Table 1.

Classification Range Purpose

Pico up to 5kw Small local generationsingleoff grid domicile
Micro 5kW to 100kW Small community off grid generation
Mini 100kwW- 1MW Community generation either off or on grid
Small 1MW - 10MW

Medium 10MW- 100MW Commerciakcalegeneration feeding grid
Large 100MW +

Tablel: Schemelassification by outpu(8)
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2.2 Types of Hydro Electric Turbines

This section aims to discuss ttexhnical information pdrientto the different types
of turbines available, their efficiencies and for which type of scheme they are

typically selected for use in.

Turbines are designed to convert the energy from the flow of water into power
through a mechanical shaftThere are two main classifications of hydruorbines
which are defined by the form of energy used to drive the bladsther pressure or
kinetic energy, which correspond to reaction and impulse turbines respectively. The
specific design of turbine implementéd a scheme is generally a function of the

available head, the main types of which smenmarised in Table. 2

Impulse Turbines Reaction Turbines
High head Pelton, Turgo
Medium Multi-jet pelton, Turgo, Francis
head Crossflow
Low head Crossflow Kaplan

Table2: Turbine categorisation

2.3 Impulse Turbines

The impulse turbine converts the pragsin the water into kinetic energy as it enters
the runner in the form of a high speed jet of water. The water jet strikes buckets that

are mounted on the runner, which drives the shaft connected to the generator.

2.3.1 Pelton Turbines

Peltonturbinesare themost common type of impulse turbine. The pelton turbine was
invented in the 18709 sOndogr miree rotzlescredtd d a n
single high velocity jet or multiple high velocity jets of water which stbkeket like

blades attached tthe runner causing it to rotatérigure 9 and Figure 10). This

motion drives a shaft which generates power through an electromagnetic generator
(Figure 9). The generator is oftenoonected to transmission gear to accommodate

different flow rates.
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Nozzle Bucket

Figure 9: Pelton turbine attached to

generator(10)

Driveshaft

. Runner
Water jet

Figure 10: Jet, nozzle and bucket of a pelton turbihe)

The energy of the discharged water jet is absorbed by the buckets due to their unique
half shell $ape Figure 10). Buckets are also designed to have a cutaway at the lip
which allows smooth entrance of the rotating buckets into thetjeam When the

jet hits the buckets it is split in half by the edge running down téreeef each
bucket. This causes the jet to be deflected back through 180 °, which in turn increases

the amount of energy absorbed by each bucket.

Pelton turbines are mainly used in high head applications; from 60m to 1QA0m
hence the pressure at thezzle can be extremely high. The velocity of the water jet

is controlled by further or lesser penetration of the needle valve through the nozzle.
Nozzles often have a flow deflector that can be employed in the event of emergency
shutdown. The defleat moves the direction of the flow away from the runner which

in turn allows the needle valve to be closed more slowly, ensuring there is not a

pressure surge in the penstock due to water hammer.

The design of pelton turbines allow more than 1 jet ofew#&d be directed at the
runner(Figurel1l). Having multiple jets increases the available torque, which allows

the runner to be smaller and increases rotational speed.
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In addition to increasing the rotational speed of the rurmenyltijet pelton turbine
is able to achieve a higher efficiency of power generation if the flow rate falls below

that of the design rate.

Figure 11: Multi-jet pelton tubine (11)

This allows mujti pelton turbines to ha a greater
10%

operational range, achieving high efficien e s (a 95%) f or
discharge, opposed to 30% to 100% for a singl€Lfex
Multi jet pelton vs single jet pelton
100
L
" /K :
q 80 / N
70 l
60
50 +-1-
0 20 40 60 80 100
Multi-jet pelton Percentage of maximum flow
= = 7 Single jet pelton
Figure 12 Typical efficiencies of muljet and single jet pelton turbing€$2)
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2.3.2 Turgo Turbines

Turgo turbines operate on siwuil principles to pelton wheel turbines, however they
have an altogether different set up. The buckets parallel to the runner in a pelton
turbineare replaced with curvedadesin a turgo turbineKigure13). The vanes are

struk by the jet 6 pressurised water at a typical angfe20° (11) which exits on the
opposite side. Since the incoming water and exiting jets of water do not interfere with
one another, turgo style turbines can accommodate higher flow rates than similar
sized pelton wheels. With higher flow rates of water, the runner on a turgo turbine
can be smaller and rotate at higher speed and can sometimes be connected directly to

the generatowhich, negating the need for a transmission.

Figure 13: Turgo turbine water je

Angled vanes and runner blade§11)

on runner

. T - - 5
Connection td W

generator

Runner blades

Figure 14: Typical turgo turbine set ufi0)

Turgo turbines can operate from 20% to 100% of maximum design flow rate and

reach efficiencies similar to that of pelton wheels in the region of @1%

2.3.3 Crossflow Turbines

Crossflow turbines differ to theelton and Turgo types of impulse turbines in that the
water acts on the blades of the turbine at lower velocity and pressure and is generally
reserved for schemes that can offer higher volumetric flow rates and lower heads

typically in a barrage style sap (Figure7).
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The water is directetransverselyonto the runner blades through guide vanes and
crosses the runner twice before exiting the turbine to the tailrace in a fashion similar
to that of a basic water whefligure15). The action of passing through the turbine
blades twice increases the efficiency of thibing however compared tother types

of impulse turbineshe efficiency of the Crossflow design is often lower

N\ water flow

Figure 15: Schematic of a Crossflow turbine desi{@d)

The blades on a Crossflow turbine are mounted tangentially on a horizontal shaft
allowing the flow of water to pass throughThe design of different types of
Crossflow turbines have been path throughout the years, namely by Anthony
Michell, Donat Banki and Fritz Ossberger leading to the turbine design being also

commonly referred to as a BarMichell or Ossberger turbind-igure16).

The simple design of Crossiloturbines allow for units to be comparatively less
expensivehantheir Pelton and Turgo coumparts, which flow permittingoffers the
small scale hydraleveloperan alternativemeans of generatn that is cheaper to

maintain.
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Figure 16: Horizontally mountedssberger turbin€l13)

2.4 Reaction Turbines

Reaction turbines produce power from movement of a rotor or runner from the
pressure differential created by a flowing body of watas such, reaction turbines
are better suitedotextract the energy from médlow head applicationsvith high

volumetric flow rates.

2.4.1 Francis Turbines

The first main type of reaction turbine in use is the Francis turbine, vilanah fixed
runner blades and adjustable guide vaaas are useth awide head rangef 25 to
350m (11). Similar to Pelton and Turgo impulse turbines, Francis turbines are
versatile in orientation and can operate with either a vertical or horizontgFeyuse

17 andFigure 18); however in smalinicro scale applications horizontal axis turbines

are more common for space reduction.
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Spiral casing

Figure 18 Horizontal axis Francis turbin€l1)

The waterenters the turbine through a spiral casiRgre 18) which is designed in

such a way that the tangential velocity of the water is kept constant as it enters the
guide vanes. fe vanes control the discharge oé tfiow onto the turbine runner

which rotates around its axis. The runner blades are designed such that as the water
passes across the blades the subsequent pressure differential and velocity forces
created will cause the runner to rotate. The water &éx#s the turbine through a
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draft tube the shape of which is designed to help decelerate the water flow and

recover the pressur€ifurel18)

2.4.2 Kaplan Turbines

Kaplanturbinesare of the propeller type reaction turbines and arergéypeaised in

low head applications from 2 to 40¢hl). Kaplan turbines have adjustalpiepeller
blades(Figure19) which can increase the efficiency of the turbine over a wider range

of flow rates. The ability to adjust the ahe of the propeller blade differentiates

Kaplan turbines from general propeller turbines that have fixed propeller blades.

Along with the adjustable propeller blades, the guide vanes on a Kaplan turbine may

be static or may be adjustable, which is kncavis fAsi ngl eo or Adoubl e

respectively Figure20).

Figure 19: Kaplan turbine propelle(11)

Figure 20: Double regulated Kaplan Bu

turbine (11)
Kaplan turbines extract energy from the flowing water by way of a pressure change in

the fluid asit moves through the turbine and passes over the propeller blades. The
turbines can be orientated many ways (Vertical, horizontal, inclined or siphoned),
however the operational principal the propeller remains the same. Kaplan turbines
can also be corgured to have the generator contained in a waterproof bulb in the
submerged flowKigure20). The configuration of Kaplan turbines is dependent upon
the flow and site characteristics; however they generally operate under high flo

conditions(11).
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2.4.3 Turbine Specific Efficiency Curves

The efficiency of hydro turbines can be reduced should the available water discharge
vary from that to which the turbines have been designed. The typical efficiency
curves of the turbines discussadsection2.2 are shown irFigure21 (11).

The efficiency curves give amdication of the operational rage one should expect
from each type of turbine. Impulse turbines such as the Pelton and(hotghown)

are capable of operating at higher efficiencies over a wider range of flow rates which
is often desirable in small scale retrofitted applications where a constant discharge
cannot always be guaranteed. Generally, reaction turbines haveler sipatational

range and are better suited in applications where the water discharge is constant, with
the exception of the Kaplan turbine, which has adjustable vanes and runner blades that

allow it to perform more efficiently over a wider range of flows.
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Figure 21: Typicalsmall scale hydro turbine efficiency variatiofid)
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2.5 Additional Civil Works

The concept of retro fittingydroelectric power plant is dependent upon the existence
of an original infrastructure to work anodii otherwise the project would simply be
regarded as a new developmei.this sense, it is assumed that if a scheme is to be
retrofitted then there will besome form of appropriate canal/weiror dam
infrastructure already in situ that will require maimal additional works.There are
however, certain features of hydroelectric schemes that are unlikely to exist
beforehand, and are likely to be additional works requirements, which are discussed

below:

2.5.1 Fish Ladder

Fish laddersare structures designe allow the safe passage of fisiround
hydroelectric plant The design of fish ladders dependenbn the layout of the site

and also the breed(s) @ith one is looking to divert. Generally, fish ladders will
consist of a number of concrete poolatttvill allow the fish to progressively swim up

or down stream of the plant. Fish ladders may not always be a requirement in
retrofitted schemes however, as infrastructure blocking the path of fish may already
be in existence and is likely to already has@me form of fish pass installad

accordance with local environmental legislative requirements

2.5.2 Trash Racks

A trash rack isa piece of cleaning equipment that removes debris from the water
before it enters the penstock and turbine where it is likelyattse damageSmall

trash racks can take the form of a simple barred structure which block debris and
require manual cleaning. Larger systems may require cranes and heavy lifting
machinery in order to clear large amounts of debltss often the cas¢hat when a

piece of material (vegetation and branches a#c)removed from a riverit
automatically becomes a waste material and is not allowed to be thrown back into the
water flow(11). As such, trash racks often provide a desirable side effect toctie
ecosystem by removing plastic bottles, bags and large pieces of debris that may cause

an unwanted blockage further downstream.
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2.6 Transmission of Power

The network of power ables that connecpoints of power gemation to the
consuming loadss known as theNational Gid network. The grid consists of high

and low voltage transmission lines that distribute power to consumers. In order for
power to betransmittedefficiently, the power losses must be minimiseBower
losses in transmission systemmerease with the length of the transmission line and
the square of the transmitted curr¢bd). Transmission line lengths are impractical

to reduce, as routes are often as direct as possible to reach the end consumer, therefore
transmission losses are tigated by increasing the transmission voltagéich
reduces the required current. High voltage transmission lines in the UK are rated
275kV or 400kV and are used to transmit power over large distances with minimal
losses. The power is then stepped domwrvoltage by substation transformers to
132kV or 11kV to be distributed within the local electricity netwdflg(re22).

%f Transmission Line

<—— Subtransmission Line

Step-Down
Transformer
/
!
. ...'::::_:'; o Primaw """" o
Substation — £=°3 Distribution - - -
s Linas J
; ;
! ;
\ Secondary /
Distribution
Lines

Figure 22 Schematic of transmission and distribution system
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2.6.1 Grid N etwork Connection

All power generators wishing to connect to the distribution grid network must firstly
seek permission of the Distribution Network Operator (DNO) in their regiigure

23 shows the DNO which operate within the UK. Apgwer generation scheme in
Argyll and Bute will therefore have to seek permission from Scottish and Southern

Energy Power distribution before being permitted to connect to the national grid.

The DNO are the governing organisation that define the minineguinements (and
associated costs) that need to be satisfied in order to connect to the network in that

particular region.

Typically, any renewable energy project seeking a grid connection will require a
small substation to transform the electricity gexed to the appropriate gnaltage
(usually 11kV or 33kV depending on the distribution network). -wi@ system
would either be buried or pole mounted which would then link the generater sub
station to thenearestgrid network connectior{(15). Renewale energy facilities
generating less than 5kW require a G83 connection agreement from the DNO, whilst

larger generators require a G59 agreement.

€ SSE Power Distributi #’

'SP ENERGY
NETWORKS -

'SP ENERGY /
NETWORKS
> ///
WESTERN POVIIR EE
DISTRIBUTION

Figure 23: Distribution Network Operators in the UKL6)
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2.6.2 Distributed Network

The curent National Grid infrastructure originated when all of the power generated
came from a small number of very large power stations traditional hierarchical
format The distribution system was therefore built on the assumption that power
always flowsfrom higher voltage generators to low voltage consumers, and until
recently this was largely the cas@he network is now beginning to migrate away
from its traditional format to accommodate the growing number of small, distributed
generation points anglvolve into a distributed network, with a number of key drivers

increasing the momentum of the change.

The increase in Chemissions over the last 20 years is one of those key drivers.
Traditionaly, fossil fuel fired power planteave madesignificant @ntribution to the
amount of CAthat is emitted in the UKAs UK the Government continues to try and
reduce those emissions in line with carbon reduction targets for 2020 and beyond,
smaller, more distributed points of generation encompassing cleamnjafgleesnergy

are being looked upon to achieve this. This migration is also buoyadvaycesn
renewable energy technologies, providing additional avenues for power generation
7).

The introduction of the of The Department of Energy and Climate Chiarf#8 to
oversee energy and climate change policy has also had an effect on migrating toward
a more distributed netword8). As the wholesale price for oil and gas continues to
rise due to scarcity, DECC attempt to ensure that the UK has energyesuppli are
secure, low carbon and are competitively priced. As,sumtewable energy sources

which are of an abundance in certain areas of thatdkalso politically favourable.

2.6.3 Technical requirements

A hydroelectric developer who is looking to connexthe national grid will require
additional pieces of electrical equipment to allow them to safely do so. Depending on
the DNO and the specific requirements set out in their new connection

documentationthe developer may have to pay in full or onlyagportioned amount
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for the cost of the additional works to be carried out.

As such, the connections

requirements can often bextremelycostly in terms of the overall budget of the

project.

In order fora typical small scaléaydro generator{ a 3 MMoABe connected to the

Scottish and Southern Power Distribution gtillere a number of key components

that the DNO require to be installétB). The connection of a generator will require a
length of 11kV cable to be installed between a new circuit brealdgdato theHV

switchgear panel at the existing primary substation and the new substation at the

cust omer 6s

premi ses.

Fighre 24.

S
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Figure 24: Schematic diagram of DNO gaired connection equipme(i9)

2.6.4 Feed In Tariff

schemai

The Feed in Tarifscheme was formally introduced by the Department of Energy and

Climate Change (DECC) in April 201@0) and is a policy that guarantees a price per

kW/hr (Table 3) of power generated by means of renewable energy souerea 20

year period.

Should a consumegenerate electricity from one of the eligiblenewable energy

sources then they would be granted a payment rate that relates to the power rating of

the gerration method. As such, any retro fitted hydro development frordNaW
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would be eligible for a tariff in theangeof 4.57 19.9p/kWh This price is paid to the
consumer who uses the energy generated for their own local demand. Should the
consumer als export the energy generated to the national grid, then they would
qualify for an additional 3p/kWh for each unit expor(ea).

Energy Source Scale Gene(};?&'\?\/%r Iy Duration (years)
Anaerobic digestion O500k W 11.5 20
Anaerobic digestion >500kW 9 20
Hydro 015 kW 19.9 20
Hydro >15- 100kW 17.8 20
Hydro >100kW- 2MW 11 20
Hydro >2MW - 5MW 4.5 20
Micro-CHP <2 kW 10 10
Solar PV 04 kW n 36.1 25
Solar PV 04 KW r g 41.3 25
Solar PV >4-10kW 36.1 25
Solar PV >10- 100kwW 31.4 25
Solar PV >100kW- 5MW 29.3 25
Solar PV Standalone 29.3 25
Wind Ol. 5kW 345 20
Wind >1.5- 15kW 26.7 20
Wind >15- 100kwW 24.1 20
Wind >100- 500kW 18.8 20
Wind >500kW- 1.5MW 9.4 20
Wind >1.5MW - 5MW 4.5 20

Table3: United Kingdom Feed in Tariff rates (with hydro highlighted in blu

The aim ofthe policy is a greater uptake of a wide range of srelle low carbon
electricity technologies, which by greater deployment will help meet the UK 202
renewables targef@1). The introduction of the scheme aims to create a more formal
and simple to understand framework which covers a wider range of sub 5MW
technologieq21). If successful, the policy will contribute to the carbon reduction
targets a well as increase energy security. There is however a continuing debate on
the overall effect that the Feed in Tariff will have on the wholesale electricity price, as
similar schemes in Germany have recorded an increassonsumersmonthly

electricity @sts(22).
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2.6.5 Communities and Renewable Energy Scheme

Community Energy Scotland (CES) is an independent Scottish charitable organisation
that can provide advice and funding for renewable energy projects in Scotland. One
of the main areas of funding from SHs through th&€ommunities and Renewable
Energy Scheme (CARESWhichis a financial support scheme maaiailableby the
Scottish Government to communities looking to invest in renewable energy
technologies. CARESsupersedeshe Scottish Community andHouseholders
Renewables Initiative (SCHRI) and supports a range of community organisations with

aid in financing the installation of renewable energy technoldgi®s

As a local authority, the Argyll and Bute Council are eligible to apply for support
towards the cost of both narapital and capital projects. Grants are available up to a
maximum of £15,000 to support the funding of fw@pital projects such as feasibility
studies. This funding can be used to pay towards the costs assowititeithe
feasibility studies themselves, support proposal development or fund capacity
building such as raising awareness of renewable energy and skills development.
Capital grants are available up to a maximoin£150,000 to pay towards the costs of
installing the enewableenergy generation systemsjprovenents required in the

local infrastructureor costs of implementing fiscal regulations (25).

As hydroelectric power generation schemes are an eligible technology under CARES,
Argyll and Bute council are eligibleo apply for a maximum of £165,000 of grant
funding to help towards the capital costs of a potential hydro electric developiment.
addition to CARES, CES may also be able to provide extra sources of funding if any
of the Argyll and Bute hydro schemes #@megain long term income from the projects

by exportingenergy to therid. The amount of funding made available is dependent
on each individual application. Revenue calculations are carried out in S&&imm

a basis of zero, half and full levels of funding being available to the hydro schemes
through CARES.
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Section Il - Feasibility Study

3.1 Bishops Glen

BishopsGlen is located 1.5km to the west@finoonin the Argyll and Bute District

The site is homéo the BishopsGlenreservoirwhich formerlyprovided Dunoon with

a supply of fresh water befotbis was transferred to Loch Eck in 1977. Bishops
Glen reservoir is now a local beautpot andis managed and maintained by the
Dunoon and District Angling IBb as adtill water fishery. The reservoir has
substantial existing infrastructure which may make it possible to retro fit a hydro
electric power scheme around. Thare no local loads/demand that could benefit

from the potential power generated; tHere the only current option is to export the

Figure 25: Bishops Glen reservoir, Dunodf)

The Bish@s Glenreservoir is formed by an earth embankment d&ngure 27)
which was built in the 19" century(23). There are a further 2 smaller reservoirs
located further upstream which were removed by breaching in 1983 after theey we
no longer required for public supply due to the transition of fresh water supply to
Loch Eck. The Bishops Gle reservoir basin covers an area of 0.19kmith a
capacity of 252,000 (23).
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Figure 26: Threephase 11KkV line thas local to Bishops Glereservoir

Figure 27: Earth embankment dam (background) concrete weir (foreground)
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3.1.1 Initial Site Survey

An initial site survey was conducted with David Whyte from Argyll and Bute
Council. The main feates of the site were recorded, measurements taken and

potential sites for generation plant recorded.

The overflow of the dam consists of a compouwanhforced concrete webf three
sections at different level@igure 27). The overflow passes down a reinforced
concrete chutéFigure28) and discharges at a waterfall into a rdxsinin the gorge
below the danfFigure29).

Figure 28: Overflow chute

Figure 29: Waterfall into rock basin

The control of the water level of the reservoir is achieved through 3 sluice gates (two
1330x 1220mm and one 1330 x 1000mm) which are set in the upper section of the
overflow chute (Appendix &) and a 800mm diameter scour valve downstream of
the sluice gates (Appendix-2) and approximately 3m vertically lower. The scour

valve is currently operable from a man hole using a large T key, whereas the sluice
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gates are operated from a platformabthe overflow sill by screws and a detachable

lever.

From the initial site survey visual inspection g@8) there does not seem to be any
immediate integrity concerns relating to the condition of the dam, weir, sluice gates,
scour valve or overflow alte The initial survey concluded that the sites existing
infrastructure had potential to be retro fitted with a hydro power scheme. As such,
hydrological survey stage of the feasibility study was then undertakeiditional

site survey tures can béoundin Appendix A

3.1.2 Traditional Hydrological Survey

Argyll and Bute Council record the water lever of the reservoir from a ngsrige
board fixed to the wall of the overflow weir (it can be seen as the white stick located
against the wall irFigure 27). Unfortunately dueto incomplete records, the water
level of the weir has only been recorded on a weekly basisZ&38®/08 to 7/05/09.
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Figure 30: Varying discharge over the weir
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Using the weekly watr level readings that have been collated from September 08 to
May 09, the discharge over the weir carchiulatedrom:
Q = 1.8(L — 0.2h)h* [3]

Where:
Q is discharge in fifs
L is the length of the weir in m

h is the height of the level of water flowing ovaetweir.

Equation [3](10)is used along with theeasured water leveis Table4 to calculate
the variation of discharge.

Measured Measured
Date Time | Water Level Date Time Water Level
(cm) (cm)

25/09/2008 16.30 0 30/012009 16.55 0
02/10/2008 15.20 15 06/02/2009 16.40 0
10/10/2008 16.00 0 14/02/2009 15.45 0
17/10/2008 15.45 1 21/02/2009 15.25 0
26/10/2008 16.05 3.1 28/02/2009 16.15 0
02/11/2008 15.45 0 07/03/2009 16.00 4
09/11/2008 16.20 0.5 14/03/2009 15.45 10
16/11/2008 16.00 0.5 21/03/2009 10.15 0
23/11/2008 15.20 4 28/03/2009 14.00 8
30/11/2008 15.35 0 04/04/2009 14.35 0
07/12/2008 15.50 10 11/04/2009 12.10 2
19/12/2008 14.40 40 18/04/2009 13.15 0
27/12/2008 15.45 0 28/04/2009 14.5 4
05/01/2009 15.25 0 02/05/2009 9.25 0
09/01/2009 16.10 18 07/05/2009 15.20 19
16/01/2009 14.40 8

23/01/2009 15.30 4

Table4: Weekly Bishops Glen water level readings

As the readings are intermitteand inonsistent with seasonal expectations, another

method of calculating the expected flow rate from the weir must be used.
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3.1.3 LowFlows 2000 Hydrological Survey

LowFlows 200 is a piece of software developed by Wallingford Hydro Solutions
which enables the user &stimate the river flows for a given chinent area in the

UK. It is recommended for use by the Centre of Ecology and Hydrology (CEH) and
the Scottish Environmental Protection Agency (SEPA). In the absence of accurate
measured flow data, LowFlows permitee user to calculate the natural flow
characteristics of the site. n laddition LowFlows candetermine theappropriate
compensation flow that must be left in order to minimise the radvenvironmental

impact any diversion or rdistribution of water.

The catchment area for Bishops Glen is 5.18&md is shown by the solid red line in

Figure 31. It is this catchment area that is the primary input for the LowFlows

software.
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Figure 31: Bishops Glerhydrological catchment are@)

The output from the LowFlows software is in the form of monthly flow duration
curves, which are statistical probabilities of a particular flow rate occurring. Flow
duration curves are calculated for each month in a yeatebly an accurate estimate

of the probal# flow duration can be made.
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In addition to providing monthly flow exceedance curves, the LowFlows software
also provides a method of gauging the annual 95% exceedance flow, this is the flow
of water that is exceed for 95% of the year and is the minimum compensation flow
rate that is required by SEPA to remain flowing in the water course. A summary of
the monthly data obtained from LowFlows for the Bishops Glen catchment area is

given inTable5 andFigure32

Jan- June) Monthly Flow Rates Q (m3/s)
Percentage flow (%) Jan Feb Mar Apr May June
5 1.093 | 1.208 | 0.937 0.66 0.332 | 0.398
10 0.84 0.741 | 0.698 | 0.409 | 0.199 | 0.257
20 0.533 0.463 0.379 0.227 0.101 0.134
30 0.376 | 0.312 | 0.266 | 0.138 | 0.059 | 0.079
40 0.271 | 0.216 | 0.193 | 0.094 | 0.038 | 0.053
50 0.191 | 0.158 | 0.144 | 0.066 | 0.025 | 0.038
60 0.137 0.12 0.113 0.052 0.02 0.025
70 0.097 0.083 0.088 0.038 0.015 0.017
80 0.063 0.054 0.062 0.028 0.011 0.011
90 0.04 0.029 0.4 0.019 0.008 0.008
95 0.027 | 0.021 0.03 0.015 | 0.006 | 0.006
99 0.016 0.012 0.021 0.01 0.004 0.005
Mean Q (m3/s) 0.32 0.29 0.26 0.16 0.083 0.098
July- December Monthly Flow Rates Q (m?3/s)
Percentage flow (%) July Aug Sep Oct Nov Dec
5 0.509 0.751 0.832 1.065 0.959 1.171
10 0.304 | 0.452 | 0.567 | 0.763 | 0.732 | 0.896
20 0.169 0.254 0.321 0.482 0.442 0.551
30 0.104 0.152 0.205 0.336 0.309 0.37
40 0.067 0.095 0.132 0.229 0.21 0.256
50 0.045 0.062 0.092 0.162 0.153 0.176
60 0.03 0.04 0.062 0.108 0.114 0.121
70 0.02 0.024 0.04 0.072 0.081 0.085
80 0.013 | 0.015 | 0.025 | 0.043 | 0.055 | 0.058
90 0.008 | 0.009 | 0.012 | 0.026 | 0.037 | 0.036
95 0.006 | 0.006 | 0.009 | 0.018 | 0.026 | 0.025
99 0.005 0.005 0.006 0.011 0.015 0.013
Mean Q (m3/s) 0.12 0.16 0.21 0.29 0.27 0.33
Table5: Monthly flow durations for Bishops Glen catchment
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1.4

Bishops Glen Monthly Flow Durations
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Figure 32 Bishops Glen monthly flow exceedance curves

3.1.4 Summary of Site Advantages and Disadvantages

A brief summaryoutlining the main pros andons of the Bishops Glen site is given in

Table®.

Advantage

Disadvantage

There is extensive existing infrastructure includi

dam, weir, sluice gates, overflow spillway

There is no immediate local demand to which a r¢
fitted hydro scheme could supply

There is a nearby 11kViase line connection

The catchment area of the reservoir can supply us

levels of discharge

There is a relatively steep head drop of 20m ove
short distance that would accommodate a small s

hydro scheme

Siteis accessible theavy machinerymaintenance an

emergency

Table6: Summary of Bishops Glen advantages and disadvantages
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3.2 Kirk Dam

The proposed site for retro fit of a hydro scheme at Kirk [saam earth emls&kment
dam that crosses thelatively flatgrassy plaimearthe larger Kirk dam reservoin
Rothesay,Figure 33. The interest in Argyle and Bute council assessing the hydro
feasibility of the Kirk Dam site stesnfrom the availability of local demand in the
form of a community owned swimming pool, also showrFigure 33. The site is
ideally located to provide an effrid source of energy that could be used to

supplementhe existing heating and lighting loads within the pool complex
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Figure 33 Proposed site for retro fit of hydro scheme
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The site is approachable via a footpath next to the cemeterplayindfields, where

a culvert of diamete800mm connects the upstream and doweash ends of the
embankment The potential site at Kirk Dam has no further heavy civil infrastructure
besides a small wooden daof questionable integrity. The area immediately
surrounding the water course thaades to the embankment consists of long grasses
and marsh (se€&igure 34 and Figure 35). Both the sides of the embankment are
fenced off for safety. There is a metric measuring gauge attached to titycfesade,

however there are currently no known records of water depth readings.

Additional site photographs of the Kirk Dam site are located in Appendix B.
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Figure 34: View of water coursentering theearth embankmertam

Figure 35: View of water course approaching embankment dam
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