BACKGROUNDI HFPROPOSALS

CommunityEnergyPlusare working with Mojo Maritime Ltd to assess

the feasibility of installing tidal power generation technologies in
Carnsewand Copperhousd’ools,Hayle

The sluicinggatesand culvertsin CarnsewlPool, and the flood gatesin
CopperhousePool, present an opportunity to adapt these featuresto
store water for usein the generationof renewableenergy

The feasibility study will
approach,that will be Iin
needsin the estuary,whi
with considerationto the

ook at a retrofit and community-ownership
Keepingwith historic use and support future
st also exploringthe viability of tidal energy

piodiversitysupportedby the significantRSPB

bird habitatswithin the pools

Aswell as developingoptions for Carnsewand Copperhousdrools,the
feasibilitystudywill providean opportunity to developappropriatescale
technologiesand assesghe financial viability to replicate similar scale
projectsin other coastalsitesin Cornwall
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TIDAL ENERGY GENERATION

Tides are driven by gravitational and oceanographic factors and tidal energy is a massivelytiiaddrresource.

There are two key advantages to tidal energy:
A 1t is completely predictable

A 1t has a high power density, in terms of extractable energy per unit area.

Two ways exist for extracting tidal energy.

Tidal streamtechnologies are similar to underwater
turbines. The tidal stream is the flow of water as th
tide ebbs and flows, which results in a tidal current.
The tidal steam technology extracts energy from th
Kinetic movement of water.

Tidalrangeuses the vertical difference in height
between the high tide and following low tide. In
order to maximise the potential vertical difference
and extract most energy, water may be captured at
high tide and then released through turbines once
the tide has receded.

The power available from tidal range technologies |
determined by the area of water enclosed and the
tidal range, which is the difference in height
between low and high tide.
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Diagram illustrating storage of water at high tide and extraction of
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HAYLE

Historically to the present day, Hayle port is hazardous with constantly shifting channels which vary in depth and size as a
result of siltation. With the initial development of the commercial port, maintaining the waterways for safe navigation

became essential.

In 1769 the Cornish Copper Compaaystructed floodgates at both ends dfopperhouseool, which were filled with

water at high tide, this was then impounded and released at low water, causing a tidal surge sufficient to scour our the
channels into the sea. On the western side of the Estii#ayyery& Co. began construction @farnsewPool in 1833,
complete with sluice gates to clear the channel for large ships to travel up to the foundry and quays.

Sluicing ceased in the 1950s, but with increasing siltation in the channel, it is becoming increasingly unnavigable. Options
are now being considered to reinstate sluicing within the channel to support the development of Hayle Harbour once more.
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Why Is tidal generation a good opportunity for Hay?e

The area and location of thearnsewand
Copperhousgools are relatively sheltered.

The project is low risk from a civil engineering
perspective.

The enclosed water masses are large enough for
reasonable power generation potential.

There Is existing infrastructure that may support a
tidal-range installation.

An established grid connection is in close proximity to
the site.

There are other potential political and local economig
advantages.

COMMUNITY
ENERGY PLUS

©

mMojo

wwwwwwwwwwww



TECHNOLOGY SELECTION

No technologies currently exist that have been optimised to extract energy from mini and-soaietidal range projects,
options have therefore been developed from the potential adaptation of tidal stream and tidal range technologies.

A minimum tidal stream speed is required to make tidal stream technologies economically viable. Although there Is
potential to meet such stream speeds, the smallest scale of existing technology would not be useable in the water depths
In both Carnsewand Copperhouseools.

Tidal range technologies have been successfully developed, with most modern power projects using Kaplan Bulb turbines.
This turbine has a six mode operating capability which enables the turbine to:

A Generate power on flood and ebb tides; and
A Pump and sluice water in both directions.

These mode functionallow the control systems to
maximise energy capture, for example pumping water
Into the pools to increase head at higtde and

therefore potential power available. A diagram of the
Kaplan Bulb turbine proposed for Swansea Bay tidal
scheme can be seen to the right.

Althoughthere are no very low head river turbines that
could be used for this scale of tidal range scheme, there
are river turbines similar in design to the Kaplan Bulb |
turbine and of the right scale. Théith StreamDiver -

has been used as a proxy, with appropriate dimensions, = steen  —

weights, installation and O&M methods to complete an | ;m‘ -
engineering feasibility analysis. I S
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ENGINEERING FEASIBUODITMSITREAMDIVER

Cable track
The power unit isnstalled in the |
water, within a bulb turbine housing. o/ i1 [
The bulb is filled with water to .
provide lubrication and avoid water N _
contamination. This approach has 1]

beenusedsuccessfullyo adapt other “g D N
Voith turbines to be used within sea ¢ Z :

water. A schematic can be seen in the

diagram on the right. Streampiver unt

Shutt-off valve Draft-tube

For the project, the turbines have been desigriedmodular installation and can be easily installed or removed using a
mobile crane. The modular approach has been used for feasibility to ensure broader utility of the findings for other mi
micro-scale projects, depending on site requirements

Sluicing and potential small craft locking has bee
facilitated through the incorporation of a penstock
unit. In the case of Hayle, should an adaptation of
the Kaplan Bullburbine beused, the two way flow
function could allowsluicing through the turbines
without an additional penstock needed.

Installation strategies would be unique depending
on the site, however an indicative time scale ef(
days would be allowed for the installation of three
turbine units and 1 penstock. The installation wou
Include site preparation, installation, flooding up,
grid connection and landscaping.
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SITE OPTIONS

All three sites have been identified as feasible in civil engineering terms. Of theCatasewSluice Gates would be the
simplest due to the relative ease of installation in the new lock gate approach

Copperhousd-lood Gates represent the next best opportunity, with ansewCulvert Gates being the most complex due
to the need to coffeldam more water resulting in greater site preparation.

AlthoughCopperhousdnas a
higher surface area when full,
the pool volume decreases very
rapidly to a small channel as the
sea level falls. There is very little
change in depth across the area
of Carnsewpool and as such,
Carnsewoffers a better total
energy prospect than
Copperhouse

Annualpotential energy from
A Carnsewt 1,911MWH
A Copperhouset 1,497MWH

A combination of energy generation and sluicing has been considered to maximise energy capture from the flood and €
tide phases.
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