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Tidal Power - Introduction

Twice each day, thanks to a gravitational pull on earth from our rotating moon, the
world's oceans produce powerful water currents and rising and falling tides. Humans
have studied and exploited the tremendous power of the tides for millennia,
including harnessing tidal power in 10th century dams to turn millwheels for grinding
flour. Forty years ago, the first tidal dams were constructed to convert tidal power
into electricity. One of the first such tidal dams was constructed on Canada’s Bay of
Fundy, where tides rise by as much as 12 metres (45 feet). Now, new energy
technologies (NOT dams) that generate electricity from tidal currents could help
produce as much electricity as the largest hydroelectric dams or nuclear and fossil
fuel generating stations, without producing greenhouse gases or harming the
environment. Read on to learn more!

 Basic science confer s huge advantages on tidal energy

The basic science of earth’s tidal forces confer enormous advantages on this potential
resource, namely:

- The earth’s tides are a source of renewable power that is free, reliable (FIRM),
and predictable years in advance (for ease of integrating with existing energy grid).

- By virtue of the basic physical characteristics that accrue to seawater, namely, its
density (832 times that of air) and its non-compressibility, this medium holds unique,
‘ultra-high-density’, potential (in comparison with other renewables, and wind,
especially) for generating renewable energy. This potential is greatly amplified
when volume and flow rates present in many coastal locations worldwide are
factored in. For example, a passage of seawater flowing with a velocity of 8 knots*
has a wind-speed equivalent force of approx 390 km/hour or 230 miles/hour (*1 knot
= 1 nautical mile/hour or 1.15 statute miles/hour or 1.8 km/hour).

Technology Overview

* First-generation, barrage-style tidal power plants

The oldest technology to harness tidal power for the generation of electricity
involves building a dam, known as a barrage, across a bay or estuary that has large
differences in elevation between high and low tides. Water retained behind a dam at
high tide generates a power head sufficient to generate electricity as the tide ebbs
and water released from within the dam turns conventional turbines.

Though the American and Canadian governments considered constructing ocean
dams to harness the power of the Atlantic tides in the 1930s, the first commercial-
scale tidal generating barrage rated at 240 MW was built in La Rance, This plant
continues to operate today as does a smaller plant constructed in 1984 with the
Annapolis Royal Tidal Generating Station in Nova Scotia, rated at 20 megawatts
(enough power for 4,500 homes). One other tidal generating station operating today
is located near Murmansk on the White Sea in Russia, rated at 0.5 megawatts.



These first-generation tidal power plants have all withstood the rigors of the marine
environment and been in continuous pollution-free operation for many years. But due
to the very high cost of building an ocean dam to harness tidal power, and
environmental problems from the accumulation of silt within the catchment area of
the dam (which requires regular, expensive dredging), engineers no longer
consider barrage-style tidal power feasible for energy generation.

 Second-generation, tidal current power production

Engineers have recently created two new kinds of devices to harness the energy of
tidal currents (AKA ‘tidal streams’) and generate renewable, pollution-free
electricity. These new devices may be distinguished as Vertical-axis and Horizontal-
axis models, determined by the orientation of a subsea, rotating shaft that turns a
gearbox linked to a turbine with the help of large, slow-moving rotor blades. Both
models can be considered a kind of underwater windmill. While horizontal-axis
turbine prototypes are now being tested in northern Europe (the UK and Norway) a
vertical-axis turbine has already been successfully tested in Canada. Tidal current
energy systems have been endorsed by leading environmental organizations,
including Greenpeace, the Sierra Club of British Columbia and the David Suzuki
Foundation as having “the lightest of environmental footprints,” compared to other
large-scale energy systems.

» Additional advantages of tidal current power generation

Like the ocean dam models of France, Canada and Russia, vertical and horizontal-
axis tidal current energy generators are fueled by the renewable and free forces of
the tides, and produce no pollution or greenhouse gas emissions. As an improvement
on ocean dam models, however, the new models offer many additional advantages:

- because the new tidal current models do not require the construction of a dam,
they are considered much less costly.

- because the new tidal current models do not require the construction of a dam,
they are considered much more environmentally-friendly.

- because the new tidal current models do not require the construction of a dam,
further cost-reductions are realized from not having to dredge a catchment area.

- tidal current generators are also considered more efficient because they can
produce electricity while tides are ebbing (going out) and surging (coming in),
whereas barrage-style structures only generate electricity while the tide is ebbing.
- Vertical-axis tidal generators may be stacked and joined together in series to
span a passage of water such as a fiord and offer a transportation corridor (bridge),
essentially providing two infrastructure services for the price of one.

- Vertical-axis tidal generators may be joined together in series to create a ‘tidal
fence’ capable of generating electricity on a scale comparable to the largest existing
fossil fuel-based, hydroelectric and nuclear energy generation facilities.



- Tidal current energy, though intermittent, is predictable with exceptional
accuracy many years in advance. In other words, power suppliers will easily be able
to schedule the integration of tidal energy with backup sources well in advance of
requirements. Thus, among the emerging renewable energy field, tidal energy
represents a much more reliable energy source than wind, solar and wave, which are
not predictable.

- present tidal current, or tidal stream technologies are capable of exploiting and
generating renewable energy in many marine environments that exist worldwide.
Canada and the US, by virtue of the very significant tidal current regimes on its
Atlantic and Pacific coastlines — proximal to existing, significant electro-
transportation infrastructure - is blessed with exceptional opportunities to generate
large-scale, renewable energy for domestic use and export.

e Vertical-axistidal turbine — Canadian connection

A Canadian company - Blue Energy Canada Inc. — has completed six successful
prototypes of its vertical-axis ‘Davis Hydro Turbine, named after its inventor, the late
Barry Davis. Barry Davis trained as an aerospace engineer, working on the renowned
Canadian Avro ‘Arrow’ project, then on the equally-remarkable ‘Bras D’Or’ hydrofoil
project of the Canadian Navy. Barry then decided to apply his knowledge of
hydrodynamics in creating a tidal energy generator. Barry received support from the
Canadian National Research Council and successfully tested 5 turbine prototypes in
the St. Lawrence Seaway and on the eastern seaboard. Blue Energy is presently
raising funds for a commercial demonstration project of the Davis Hydro Turbine. For
more information please see www.bluenergy.com

Figure 1: cutaway graphic depicting an array of vertical-axis tidal turbines stacked
and joined in series across a marine passage. Tidal currents push on vertical
mounted hydrofoils that apply a torque force to rotating shafts, which are coupled to
generators housed just above the water level. A transportation corridor (bridge, etc.)
may be constructed along the top surface providing two-for-one infrastructure
service (courtesy, Blue Energy Canada Inc.).



Figure 2: cutaway graphic of a ‘mid-range-scale’ (2 x 250 kW) vertical-axis tidal
turbine. (courtesy, Blue Energy Canada Inc.)
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Figure 3: chart illustrating the comparative energy advantage of Blue Energy’s
vertical-axis tidal current turbine system over other renewable energy options.
(courtesy, Blue Energy Canada Inc.)

* Horizontal-axistidal turbine

Although they were proposed during the oil crisis of the 1970s, the first tidal turbines
began operating in the mid-1990s when a 15-kilowatt horizontal-axis tidal turbine
was installed in Loch Linnhe on the west coast of Scotland, north of Glasgow. Now,
two companies in the United Kingdom are planning to initiate horizontal-axis tidal
turbine demonstration projects while another demonstration project has begun off
the coast of Norway. A US company has also designed a working prototype.
Horizontal-axis tidal turbines closely resemble wind turbines, except that the turbine
and blades are completely submerged in water. For more information about these
turbines, please consult www.itpower.co.uk/OceanEnergy.htm;
www.externalrelations.soton.ac.uk/media/02038.htm; www.tidevannsenergi.com/,
and http://uekus.com




Figure 4. graphic depicting Hammerfest Stream horizontal-axis, ‘water mill’ tidal
stream turbine. Turbine propellers consist of 15-16 m blades mounted on towers
placed on the sea bed. Tidal currents drive the propellers, with blades automatically
adjusting toward the prevailing current. Each propeller is coupled to a subsea
generator from which the produced electricity is fed via shore-connecting cables to a
transformer and then on into the grid. (from www.e-tidevannsenergi.com/)

Figure 5: Hammerfest Strom horizontal-axis turbine about to be deployed in
demonstration project, Northern Norway, 2003. (from www.e-tidevannsenergi.com/)

 IsTidal Energy Expensive?

No, tidal energy power systems are expected to be very competitive with other
conventional energy sources, and excellent cost advantages arise from there being
no pollution or environmental expenses to remediate nor are their fuel expenses (the
kinetic energy of tidal currents is free). Further, ongoing maintenance costs are
expected to be modest, as they are with other large-scale marine infrastructures, e.g.
bridges, ships, etc., and a non-polluting tidal energy regime will qualify for valuable
carbon offset credits. A 2002 feasibility report on tidal current energy in British
Columbia by Triton Consultants for BC Hydro stated, “Future energy costs are
expected to reduce considerably as both existing and new technologies are developed
over the next few years. Assuming that maximum currents larger than 3.5 m/s can be
exploited and present design developments continue, it is estimated that future tidal
current energy costs between 5¢ / kWh and 7¢ / kWh are achievable.”



Recent resear ch confers advantages of tidal current energy

New technologies to harness tidal current power and generate electricity, though not
yet available commercially, are being tested and investigated by researchers. So,
too, are researchers beginning to assess the generating potential of regional tidal
current energy regimes. The following points underscore the exciting potential of
this emerging resource:

1. Anengineering research report released by the University of Southampton, UK,
2003, describes marine current turbines as a more effective and predictable energy
resource than wind turbines, with the potential to access an estimated four times
more energy. Dr. AbuBakr S. Bahaj of the Sustainable Energy Research Group, U of S,
asserts, “atidal current turbine rated to work in a flow between 2 to 3 metres/per
second in seawater can typically access four times as much energy per rotor swept
area as a similarly rated power wind turbine.” Dr. Bahaj adds, 'the potential of the
electricity that can be produced from the resource is high. For example, our current
estimate of such a potential for only one site, the races of the Channel Islands,
indicates that this will be about the same as the electricity produced by three
Sizewell B nuclear power stations [= 3 GW].” The Department of Civil
Engineering (CEE) and the School of Engineering Sciences (SES) at the U of S have
been awarded £215,000 over the next three years by the Engineering and Physical
Sciences Research Council (EPSRC) to research the development of turbines to
generate power as tides ebb and flow. (for more information see:
www.externalrelations.soton.ac.uk/media/03023.htm)

2. British Columbia has taken the first small (and conservative) steps to estimating
the energy-generating potential of tidal current energy on its coast, and similar
assessment surveys should be undertaken in the maritime provinces and Quebec.

In BC Hydro’s 2002 ‘Tidal Current Energy’ analysis completed by Triton Consultants,
the following advantages of Tidal energy are listed in the Executive Summary:

- Tidal current energy is predictable — tides can be predicted centuries
into the future

- Tidal current energy is regular - tidal currents follow a daily cycle

- Tidal current energy peaks at different times at different sites — power
can be phased into the electricity grid.

- Tidal current energy will not be effected by global climate change

- Based on tidal modeling studies, environmental and physical impacts of
tidal current power generation are expected to be small.

- Tidal current resources in British Columbia are considerable - the
mean annual exploitable power ranges from about 2,700 GWh/annum for
large scale installations with existing technology to approximately 20,000
GWh/annum with realistic assumptions on near future technology. Note
that 2,700 GWh and 20,000 GWh represent 5.6% and 40% respectively
of BC Hydro’s power generation in the year spanning 2001 to 2002.

- Present tidal current energy generation costs, using currently
demonstrated technology, appear to be competitive with other Green
Energy sources, at 11¢ / kWh for a large site (800 MW rated capacity and
1400 GWh/annum) and 25¢ / kWh for a small site (43 MW rated capacity
and 76 GWh/annum). These costs assume a conservative capacity factor



(mean power/rated power) of 20% and a maximum current speed of 3.5
m/s.

- Future energy costs are expected to reduce considerably as both
existing and new technologies are developed over the next few years.
Assuming that maximum currents larger than 3.5 m/s can be exploited and
present design developments continue, it is estimated that future tidal
current energy costs between 5¢ / kWh and 7¢ / kWh are achievable.

(* to view a copy of BC Hydro’s 2002 ‘Tidal Current Energy’ report assessing this
resource in British Columbia, go to:
www.bchydro.com/environment/greenpower/greenpower1652.html

and download the report/pdf listed in the left hand column.)

3. In May, 2001, the Science and Technology Committee of the British Parliament
released a comprehensive report, ‘Tidal and Wave Energy’* following an extensive
inquiry. The report recommends the British Government enhance opportunities
to develop and deploy such systems and it identifies the following benefits of
ocean energy systems:

- Energy from both waves and tides is predictable and reliable, with few
problems integrating the electricity into a modern Grid.

- Modern wave and tidal devices are based upon tried and tested
engineering skills and experience, built up over fifty years of offshore oil
and gas exploitation, in which the UK is particularly rich. There are
already several prototypes working around the world - most notably on
Islay in Western Scotland.

- Although more research needs to be carried out, the environmental
impact of wave and tidal devices appears to be minimal. In fact, they can
have a positive impact by stopping coastal erosion, for example.

- The potential domestic and export market for wave and tidal energy
devices is estimated to be worth between a half and one billion
pounds. Were the UK to seize the lead now it could create a whole new
industry employing thousands of people, as Denmark has already
done with wind turbines.

- The UK is particularly well placed to exploit both technologies, with a
favourable wave climate and very strong tidal streams.

(* for a copy of the report, ‘Wave and Tidal Energy’, see:
http://www.parliament.the-stationery-
office.co.uk/pa/cm200001/cmselect/cmsctech/291/29102.htm

4. A 1994 report on Blue Energy Canada’s Davis Hydro Turbine commissioned by
the government of British Columbia stated, “Many sites in B.C. and worldwide
have the required conditions, deep, fast currents, to utilize the Davis turbine to
produced commercial quantities of electricity.” ... “In suitable sites, and many
seem to exist, significant quantities of electricity might be generated on scales
comparable to conventional power plants (hydro, thermal, and nuclear).” The
report’s author, Dr. Harold Halvorson (Halvorson Marine Engineers,Victoria) also
said, “B.C might benefit not only from using the technology to generate tidal
electricity in the province but also from manufacturing units for domestic and export
markets.” (to download report please go to: www.bluenergy.com)




5. Large-scale tidal energy generation has been proposed for Passamaquoddy Bay
straddling New Brunswick and Maine, and the Bay of Fundy since at least the 1930s.
Even the late American President John F. Kennedy, a champion of a large-scale
barrage-style tidal power project at ‘Quoddy, envisioned a “fossil-fuel-free energy
future” on the Atlantic seaboard. Newer tidal current technologies offer much more
energy generation potential, and much less environmental disturbance, than the
impoundment schemes advanced in earlier plans. (To listen to a speech by the late
JFK extolling the attributes of the Passamaquoddy Bay tidal energy project, from the
Rose Garden of the White House in 1963, go to: www.dreamofpassamaquoddy.com)

NEWS about Tidal energy

- may be found at the Blue Energy Canada website news listing:
www.bluenergy.com

» Upcoming North American Ocean Energy conference
- the first-ever Tidal and Wave Energy conference to be held in North America is

scheduled for June 28-29, 2004 in Palm Beach, Florida.
Visit the following web site for more details: www.energyocean.com/



Environmental Overview — Tidal Current Power Production

* Life-cycle Assessment

1. construction of components, including thin-shelled (reinforced concrete) marine
caissons, durable steel turbines, electrical generation equipment, electrical
transmission cables, other infrastructure)

2. transportation, assembly and installation of energy generation system
3. operation and maintenance of energy generation system

4. removal, disassembly and recycling of components

* Environmental Signature

- expected long-life of components (thin-shelled marine caissons, durable steel
turbines, electrical generating equipment, electrical transmission cables)

- requires no fuel

- produces no emissions

- produces no waste products during operation

- little or no siltation expected during operation

- open sluice, slow-rotor design allows for easy passage of fish and marine
invertebrates

- minimal noise expected during operation

- minimal EMF (electro-magnetic field) expected during operation

* Main Environmental Concerns

- impact on fish and marine mammal movement and/or migration rotors
Mitigation: rotors stop at slack tide, protective barriers, sensory braking
tech., acoustical tracking technology to guide fish and mammals

- deflection of local energy regime (as energy is removed by turbines)
Response: energy displacement is NOT expected to be significant

- marine fouling (encrustation) of energy system components by algae and
invertebrates
Mitigation: use of non-toxic, anti-fouling materials

- noise and/or electro-magnetic fields (EMFs) in marine environment
Response: noise and/or EMF from operation expected to be minimal



» Third party evaluation of environmental impact of tidal current energy generation
1. Triton Consultants Ltd. (Richmond BC Canada)
(from ‘Tidal Current Energy’, 69 pp; prepared for BC Hydro, 2002)

“Based on tidal modeling studies, environmental and physical impacts of tidal
current power generation are expected to be small.”

Complete ‘Tidal Current Energy’ report is found at:
www.bchydro.com/environment/greenpower/greenpower1652.html

2. Science and Technology Committee of the British Parliament
(from ‘Wave and Tidal Energy’; 240 pp; prepared for British Parliament, 2001)

“Although more research needs to be carried out, the environmental impact of wave
and tidal devices appears to be minimal.”

“Effect on marine life. Concerns have been raised about the danger to marine
animals, such as seals and fish, from wave and tidal devices. We have had no
evidence that this is a significant problem. Such devices may actually benefit the
local fauna by creating non-fishing 'havens' and structures such as anchoring devices
may create new reefs for fish colonisation.”

- from the Conclusion to ‘Wave and Tidal Energy’:

“As we begin to contemplate the potentially catastrophic consequences of
environmental pollution and global climate change and the soaring demands for
energy across the world, it is becoming increasingly clear that how we supply our
energy needs will be one of the critical questions of the 21st Century.

“... The urgent need to cut carbon emissions to counter global climate change and
environmental problems now means that we must explore the potential of all
significant sources of renewable energy.”

“We can no longer afford to neglect the potential of wave and tidal energy.”
Complete ‘Wave and Tidal Energy’ report is found at:

http://www.parliament.the-stationery-office.
co.uk/pa/cm200001/cmselect/cmsctech/291/29102.htm



Recent Letters of Support
from leading environmental or ganizations

for Tidal Current Energy Generation

David Suzuki Foundation (Vancouver, BC, Canada)

“We were pleased to learn that both BC Hydro and federal agencies are interested in
pursuing further demonstration initiatives involving tidal and ocean power
technologies. As you know, we believe these forms of energy development are
worthy of attention and research and development support. ... (We) support the
further development of tidal and ocean power sources and encourage inclusion of
those sources within government and utility programs designed to foster renewable
energy sources.”

- Gerry Scott (Director, Climate Change Campaign) 07/2001

David Suzuki Foundation (Vancouver, BC, Canada)

“BC’s coastline is ideal at several locations for hydro turbine energy production.
Please encourage BC Hydro, Environment Canada and Industry Canada to contact
our office for material on Climate Change and why tidal energy is one of Canada’s
solutions. ... Government support for Ballard Power moved it from an
undercapitalized energy concept to a world leading fuel cell developer. Government
support for ecologically friendly hydro-turbine technology could similarly move the
Davis concept into production on a national and international scale.”

- Jim Fulton (Executive Director) 07/2001

Sierra Club of British Columbia (Victoria, BC, Canada)

“The Sierra Club of BC is very interested in exploring what means of support the
Government of Canada is proposing to offer to renewable energy projects in BC. We
are especially interested in exploring how support could be given to prototypes that
show a potential for successful pilot projects, such as the Davis Hydro Turbine.”

- Michael Mascall (Chair) 07/2001

The Society Promoting Environmental Conservation (Vancouver, BC, Canada)

“Tidal energy in particular deserves full investigation as a viable energy alternative.
Of all the choices at our disposal, tidal energy appears to be the least understood -
even though it has many times the energetic potential as wind, for example. The
Society Promoting Environmental Conservation fully supports any initiatives or
demonstration projects which would prove it to both environmentally benign and a
reliable source of electrical power.”

- David Cadman (President) 07/2001

- END -



