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26 MARCH 2013

To the readers and users of the Community and Business Toolkit for Tidal Energy Development:

Increasing concerns over global climate change, caused, in part, by our dependence upon fossil fuels for en-
ergy production, has been leading countries around the world to investigate the potential of renewable and
sustainable energy sources, especially for electricity production. This is evident in the development of wind
farms around the globe, both on land and offshore, and in efforts to develop the vast energy potential of the
oceans’ waves and currents. Of the marine energy resources, tidal currents have the virtue of being both re-
newable and eminently predictable.

While the tidal energy industry is still in its infancy, it seems probable that the next few years will see tidal
power devices installed at many places around the world, including the Bay of Fundy. Such developments rep-
resent both opportunities and challenges for local communities and businesses. The Community and Business
Toolkit for Tidal Energy Development is intended to provide a comprehensive resource that would help people
in companies and communities to better understand the opportunities for tidal energy development and the
social and environmental challenges that it presents.

The Toolkit project was developed by the newly established Acadia Tidal Energy Institute at Acadia University
in Nova Scotia. Located near the shores of the Bay of Fundy (one of the world’s finest potential locations for
tidal power development), Acadia University has been involved in tidal power-related research for decades,
particularly through the Acadia Centre for Estuarine Research. With the advent of new ways of obtaining
power from tidal currents, and growing understanding of both the potential and challenges of tidal energy
conversion, we felt that a guide to the technical, financial, environmental and social issues would be beneficial
for both communities and businesses, and would help inform decisions, reduce risks and maximize benefits.
The Toolkit was developed in the context of Nova Scotia and the Bay of Fundy, but we believe it will have great
benefit for readers and users elsewhere. This document is the product of a multi-disciplinary, collaborative
effort by contributors from many institutions and sectors. We see the Toolkit as a living document that can be
adapted as new information becomes available and the industry matures. To that end, we welcome any advice
and comments that would enable us to enhance its value to communities and businesses that have opportuni-
ties to be engaged in meeting future energy needs from tidal energy resources.

(lwit

Anna Redden, PhD
Director, Acadia Tidal Energy Institute
Acadia University
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Y\ Atlantic Canada Agence de 1+l
ii Opportunities promotion économique anada
Agency du Canada atlantique

THE ATLANTIC CANADA OPPORTUNITIES AGENCY works to create opportunities for economic growth
in Atlantic Canada by helping businesses become more competitive, innovative and productive, by work-
ing with diverse communities to develop and diversify local economies, and by championing the strengths
of Atlantic Canada. Together, with Atlantic Canadians, we are building a stronger economy.

http://www.acoa-apeca.gc.ca/eng/Agency/OurRole/Pages/Home.aspx

: Offshore Energy
Research Association
of Nova Scotia

OERA is a not-for-profit association dedicated to leading energy research initiatives, enabling the sustain-
able development of Nova Scotia energy resources through strategic partnerships with academia, govern-
ment and industry for the benefit of all. OERA is an amalgamation of OEER Association (Environmental
Energy Research) and OETR Association (Technical Energy Research), which were formed in 2006 with
funding from the Nova Scotia Department of Energy. OERA’s members are Acadia University, St. Francis
Xavier University, Cape Breton University, Saint Mary’s University, Dalhousie University and the Nova Sco-
tia Department of Energy.

http://www.offshoreenergyresearch.ca
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DEPARTMENT OF ECONOMIC AND RURAL DEVELOPMENT AND TOURISM

The focus of the Department of Economic and Rural Development and Tourism is on productivity and in-
novation, investment, workforce development, tourism, procurement, international commerce, and the
provincial gateway as core economic drivers. The department develops and advances corporate policies
and strategies in these areas of focus. The department leads key initiatives, delivers programs, makes
strategic investments, builds regional and community capacity, and manages government’s procurement
governance framework.

http://www.gov.ns.ca/econ/overview/

ASCO

RESEARCH

JASCO Research is an international company with over 25 years of experience providing consulting services to the Marine
Industrial, Oceanographic, Oil & Gas, Fisheries, Defense and IT sectors. Much of JASCO’s work involves quantifying noise pro-
duced by industrial activities through advanced computer modeling and field measurement programs.

http://www.jasco.com/CompanyHome.html

N

NortekUSA

Nortek USA is a scientific instrumentation company that develops and distributes water velocity instruments. Their products
are based on the acoustic Doppler principle and span from single point turbulence sensors to long range current profilers.
Their customers are scientists, research institutions, and consulting engineers, all with demanding applications requiring
state-of-the-art instrumentation that is reliable and easy to use.

http://www.nortekusa.com/usa/about-nortekusa
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AZCOM

AECOM is a global provider of professional technical and management support services to a broad range of markets, includ-
ing transportation, facilities, environmental, energy, water and government.

http://www.aecom.com/About

A division of 1R

VEMCO is a world leader in the design and manufacture of underwater acoustic telemetry transmitters and receivers. VEM-
CO produces various types and sizes of underwater acoustic transmitters that are attached to fish, automated receivers for
long term fish behavioural studies, receivers that deliver real-time, high-resolution position information, and temperature
and depth data storage recorders.

http://www.vemco.com/company/index.php

'Emera

Emera Inc. is an energy and services company. The company invests in electricity generation, transmission and distribution,
as well as gas transmission and utility energy services. Emera’s strategy is focused on the transformation of the electricity
industry to cleaner generation and the delivery of that clean energy to market.

http://www.snl.com/irweblinkx/corporateprofile.aspx?iid=4072693
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& FORCE

Fundy Ocean Research Center for Energy

FORCE is Canada’s leading test center for in-stream tidal energy technology. FORCE works with developers, regulators, and
researchers to study the potential for tidal turbines to operate within the Bay of Fundy environment. FORCE provides a
shared observation facility, submarine cables, grid connection, and environmental monitoring at its pre-approved test site.
FORCE receives funding support from the Government of Canada, the Province of Nova Scotia, EnCana Corporation, and
participating developers.

http://fundyforce.ca/about/

CUMBERLAND ENERGY OFFICE

The Cumberland Energy Office is a partnership between Cumberland RDA, the Municipality of the County of Cumberland,
the Town of Springhill, and the Town of Parrsboro.

http://www.cumberlandrda.ca/energy/

The Municipality of Digby is actively pursuing opportunities to develop a tidal industry in the Bay of Fundy. Digby was
recognized as the “Port of Choice” as part of the Department of Energy, Marine Renewable Energy Infrastructure Assess-
ment. Digby understands the importance of taking a cautious approach to developing this industry and is working with
manufacturers and developers in an effort to identify long term supply chain needs. Officials from Digby also believe that
the long term socio-economic potential of this industry must have the right balance between ensuring that environmen-
tal concerns are not compromised at the sake of industry growth and that, as this industry matures, all efforts are made
to ensure its sustainability.

http://www.digbydistrict.ca/renewable-energy.html
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Fundy Tio: =

Fundy Tidal Inc. (FTI) was established in 2006 to take advantage of local interest in opportunities to generate renewable
energy from the tidal currents of the Digby Gut, Grand and Petit Passages located in Digby County, which borders the Bay of
Fundy. FTI’s mission is to serve as a vehicle for community led in-stream tidal energy projects throughout Nova Scotia and to
establish Digby County as a focal point for marine renewable energy industry development and R&D activities. Fundy Tidal
has received 5 small-scale tidal Community Feed-In Tariff (COMFIT) agreement, totalling 3.55MW and seeks to complete
these projects by 2017.

http://www.fundytidal.com/index.php?option=com_content&view=section&id=5&Itemid=35

Design and layout by Revsof Productions. www.revsof.com
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MODULE 1 - OVERVIEW OF TIDAL ENERGY
Author: Dr. Graham Daborn

Tidal power is an old technology. The tidal movements of the oceans represent huge amounts of predictable,
renewable energy derived from the gravitational effects of the Moon and the Sun, and have been used by human
beings for centuries. Tidal mills, which convert the power of moving water into mechanical energy for grinding
grain or sawing wood, existed in Roman times in Europe, and were widespread in eastern North America until the
end of the 19th century. Since the beginning of the 20th century, however, interest has been in the generation of
electricity from the tides, especially in the Bay of Fundy (Nova Scotia). This module provides a brief introduction
to tidal power, its potential in Canada, the alternative approaches by which it can be captured, and the principal
environmental and socio-economic issues involved.

Canada has tidal energy opportunities on all three coasts: the Atlantic, Pacific and Arctic. The greatest potential
is in the Bay of Fundy, not only because it has the world’s highest tides (up to 16m), but also because the region’s
electricity demand is currently being met primarily by fossil fuels. Tidal energy is renewable, and has the advan-
tage, unlike wind, of being predictable, because the tides are predictable and well known; however, the power
output varies over time because of slack water periods, variations in tidal range, and daily changes in the times of
high and low tide. For one hundred years, there have been plans for generating electricity from the Fundy tides.
Most of the schemes considered building barrages (dams) across the entrances to bays or between islands, stor-
ing the tidal waters at high tide, and then allowing the stored water to exit through turbines that would rotate
to produce electricity. Conversion of the potential energy of the stored water is similar to that in hydroelectric
power stations, with which Canada has a great deal of experience.

Research over many decades has shown that barrages have significant implications for water flows, regional
ecology, and other coastal resources such as fishing and transportation. The Annapolis Tidal Generating Station,
opened in 1985, has demonstrated that the more severe environmental effects are associated with the dam,
rather than the turbines used to generate the power, although the latter may pose important risks to fish and
mammal populations in the area. As a result, present approaches to tidal power development are based mainly
upon electricity generators that are driven by the force of flowing water, rather than by the water stored behind
a dam or barrage. These so-called tidal in-stream energy converters (TISECs) are analogous to windmills, in that
they take the kinetic energy from flowing water, without requiring a barrage. Consequently, many of the negative
effects of barrages can be avoided, although there remain concerns, particularly with regard to fish and marine
mammals. There are numerous designs for TISECs currently being developed around the world, some of which
are of commercial scale, able to generate 1 to 2 MW of power. A test site, the Fundy Ocean Research Centre
for Energy (FORCE), is being established at the entrance to Minas Basin, Bay of Fundy, to test commercial-scale
TISECs.

In 2008, Nova Scotia conducted a Strategic Environmental Assessment of tidal power development in the Bay
of Fundy, the outcome of which was a commitment to a systematic, cautious programme of evaluation of tidal
power potential in Nova Scotia. As the FORCE test facility is being completed, a broad programme of research and
monitoring is under way to assess the environmental and socio-economic implications of large scale electricity
generation from the Fundy tides. Principal environmental concerns include: the potential effects on fish, bird,
mammal and other aquatic life associated with turbines, electrical cables, construction activities, etc.; the effects
on sediment distribution and movement; and the overall effects on tides of removing some of the energy from
the water. Socio-economic concerns include: the effects on other resource uses, such as fisheries, mining and
transportation; the developmental opportunities for local communities, e.g. through job creation, tourism, etc.;
and financial feasibility. These implications are examined in this toolkit.
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MODULE 2 - MEASURING AND ASSESSING THE TIDAL RESOURCE
Author: Dr. Richard Karsten

With the world record tides of the Bay of Fundy, Nova Scotia has one of the world’s best tidal power resources.
Accurately measuring the size of this resource and assessing the portion of the resource that could be exploited
is an important step in developing a tidal power industry.

HOW LARGE IS THE NOVA SCOTIA TIDAL RESOURCE?

The combined extractable power from the largest tidal flows in Nova Scotia is nearly 7500 MW. The vast majority
of this power is located in Minas Channel (7200 MW). The passages of the Digby Neck region have another 230
MW, while Cape Breton has 5-10 MW.

HOW MUCH OF THE TIDAL RESOURCE CAN BE CONVERTED INTO ELECTRICITY?

The exact proportion of the tidal resource that can or should be converted into electricity is an open question
that depends on the efficiency of the turbine technology and acceptability of the environmental impacts of ex-
tracting the tidal power. Estimates are based on today’s technology and on limiting the impact of power extrac-
tion to small reductions in the flow (5-10%). These estimates suggest the Nova Scotia tidal passages can support
turbine arrays with an installed capacity of nearly 1500 MW. Once again, the vast majority of this capacity (1400
MW) would be located in Minas Channel. Currently, Nova Scotia has a generation capacity of about 2500 MW.
So, tidal power could play a significant role in Nova Scotia’s energy future.

HOW DOES THE TIDAL RESOURCE VARY ACROSS NOVA SCOTIA?

The tidal resource is not the same for all tidal passages. Tidal passages that connect tidal basins to the Bay of
Fundy, like Minas Channel and Digby Neck, have a large extractable power. But, extracting power from these pas-
sages will have a direct impact on the tides in the tidal basin. Other passages that lie between two large bodies
of water, like Petit Passage and Grand Passage, may have a smaller extractable power but a greater portion of this
power can be exploited with little impact on the surrounding tides.

The speed of the tidal currents in each passage also affects how the power will be generated. Petit Passage and
Digby Gut appear to be similar passages, but the speed of the currents in Petit Passage is almost twice that in
Digby Gut. This means the same turbine will produce roughly eight times more power if placed in Petit Passage
than if it was placed in Digby Gut. It will also experience four times as strong forces. Clearly, these passages re-
quire different technologies to efficiently exploit the resource.

The resource and deployment sites in each passage must be assessed individually to determine the technology
to be used and the power that should be produced.

HOW ARE POTENTIAL TURBINE ARRAY SITES ASSESSED?

There are many aspects to determining a suitable site for an array of tidal turbines. In terms of the characteris-
tics of the tidal flow, sites are assessed using a combination of observations of the tidal currents (using acoustic
profilers) and numerical simulations. These assessment techniques can produce an accurate prediction of how
the tidal currents will vary over years and decades. However, it is still difficult to predict high frequency, turbulent
variations of the flow that will have important affects on power production.

Determining how large an array could be deployed at a given site is difficult. Turbine arrays can have odd cumula-
tive effects; that is, 100 turbines may not generate 100 times the power of one turbine. An array of turbines can
be more efficient than individual turbines if they increase the blockage ratio — the portion of the channel they
occupy. An array can also decrease the efficiency if the turbines lie in each other’s wake. The impact turbines
have on the environment generally increases as the number of turbines increases; that is, 100 turbines have
more than 100 times the impact of a single turbine. Once again, an assessment of how large an array can be
deployed at each site is required.
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MODULE 3 - TIDAL POWER EXTRACTION DEVICES
Authors: Dr. Sue Molloy and James Taylor, P.Eng.
TIDAL ENERGY CONVERTERS

The overall theme in tidal energy convertors (TEC) is that designs are changing constantly but that the funda-
mental science of operation does not. There is currently no single TEC model that can be applied to all tidal
resource settings. However, there are two primary categories of tidal turbines, horizontal axis and vertical axis.

e Horizontal Axis: When a turbine has a horizontal axis, the axis of rotation is designed to be parallel
or slightly off-parallel to the flow of the water. These types of turbines tend to resemble underwater
windmills.

o Cross flow: Cross flow turbines are a variant of horizontal axis. This model of turbine has the
axis of rotation across the flow of water, parallel to the water surface. These turbines can resemble
push-style lawnmowers.

o Open centre: Open centre turbines are a variant of horizontal axis. These types of turbines are
shaftless and have the blades connected to an outer rotating rim to allow current flow through a
large centre hole.

e Vertical Axis: Vertical axis turbines have an axis of rotation that is perpendicular to the flow of water.
This means the axle around which the blades rotate is vertical at 90° to the water flow direction. These
devices can resemble egg beaters.

Turbines rotate in tidal currents of typically 2m/s - 4m/s (metres/sec) (4-8 knots). This rotational energy turns
an axle that creates electrical energy through a generator. That electrical energy is then used to provide power
for a specific use/user or is added to the central power grid. The high current speeds of the Bay of Fundy (more
than 5m/s) offer developers both a unique opportunity and a formidable challenge.

Tidal turbines can be moored in a variety of ways. Turbines can be floated on the surface of the water, usually
on a floating platform or set of pontoons, with the blades of the turbine underwater. Vertical axis turbines
typically use this style of mooring to take advantage of the highest-speed currents approximately 1m below
the surface. Typically, in a floating structure, there will be some form of cable mooring to keep the turbine in
relatively the same place. Some turbines can be anchored to a permanent structure like a pier and extended
out into the water. Currently, most horizontal axis designs are being deployed on the sea bottom. They are con-
nected to a pile that is driven into the ocean floor or connected to a concrete surface that has been installed
on the sea floor, known as a gravity base.

In Nova Scotia, each model of tidal turbine has, or is expected be, tested. In 2009, the first turbine, an open
center model developed by Open Hydro, was installed and removed from the Bay of Fundy.

A general attitude in the tidal industry right now is that turbine designs need to be kept simple. Fewer parts in
the design mean less maintenance will be required over the life of a turbine and a simple design enhances the
ability of the device to work in the marine environment.
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Some questions currently facing designers include:
e What is the marine environment like at the installation site?
e How will the turbine be installed?
¢ How accessible will the turbine be for maintenance?
e How long will the turbine last before maintenance is required?
¢ What kind of maintenance can be expected?
e How much time will there be to access the turbine at slack tide?
e Should the turbine be installed on the sea floor or floated at the surface?

e How will the geological marine environment affect the turbine and vice versa?

As projects progress, these questions get asked over and over again, and each new marine environment re-
quires a new set of answers. At present, turbines need to be customized for an environment as there are no
“one size fits all” turbines at the moment. Some solutions to these types of questions have been successful in
one location and found to be completely inappropriate in others. For example, the Bay of Fundy has approxi-
mately 20 minutes of slack tide and very high current speeds, which makes drilling to install concrete piles
unattractive. However, piles have been used successfully to support many turbines in the ocean around the
European Marine Energy Centre Test Centre in the Orkney Islands in Scotland, where the currents are some-
what slower.
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MODULE 4 - THE REGULATORY REGIME FOR TIDAL ENERGY
Author: Elisa Obermann

Tidal energy is a public resource, and like many natural resources, tidal energy is governed by several pieces
of legislation, regulations, and overarching policies. Laws and policies are designed to ensure that the devel-
opment of this resource is carried out in the best interest of the public and the environment. As the marine
ecosystem supports multiple users and uses, legislation strives to provide suitable licensing processes, envi-
ronmental protection, worker/public safety, resource conservation, recognition of other users, community
benefits, and economic benefits.

POLICY AND PROGRAMS FOR TIDAL ENERGY

The development of tidal energy in Nova Scotia has been supported through enabling policies, strategies,
plans, programs, and regulatory development. Several provincial policies, programs, and legislation address-
ing tidal energy development have been established in recent years, with many of them informing the current
regulatory requirements and processes for tidal energy, including:

e Strategic Environmental Assessment (SEA): SEAs are an important planning tool and provide an as-
sessment of the social, economic, and environmental effects and factors associated with potential de-
velopment of renewable energy sources. A SEA was completed for the Bay of Fundy in 2007-2008 and
the Cape Breton region in 2012-2013. An update to the Bay of Fundy SEA will be completed in 2013.

¢ Renewable Electricity Plan: The Government of Nova Scotia’s Renewable Electricity Plan, estab-
lished in April 2010, sets out a detailed path for achieving the target of 25% renewable electricity sup-
ply by 2015 and establishes an ambitious goal for 2020 to have 40% of Nova Scotia’s electricity supply
(sales) produced from renewable resources. The 2020 goal is now legislated in Nova Scotia’s Electricity
Act. It also includes direction to establish a feed-in tariff (FIT) for tidal energy.

¢ Renewable Electricity Regulations: The Renewable Electricity Regulations established under Nova
Scotia’s Electricity Act in October 2010 provide a legal basis for many of the actions put forward in the
Renewable Electricity Plan. The regulations outline many of the legal criteria and requirements for
the Community Based Feed-In Tariff (COMFIT) program as well as establish a One Window Process to
review COMFIT applications and details on the developmental tidal FIT.

¢ Enhanced Net-Metering Program: Net-metering is a utility-led program by Nova Scotia Power that
allows a consumer to meet their annual electricity needs with a low impact renewable electricity gen-
eration facility of up to 1 MW capacity. Tidal energy is considered a low impact renewable resource
that qualifies for this program.

e Community-Based Feed-In Tariff (COMFIT): The COMFIT is a program designed to support smaller-
scale renewable energy projects developed and owned by communities. Tidal energy is supported
through the COMFIT program and is eligible to receive an established price per kilowatt hour (kWh).

¢ Developmental Tidal Array Feed-In Tariff (FIT): A FIT specific to large-scale devices and tidal arrays
is being developed by the Nova Scotia Utility and Review Board. It will cover projects connected at the
transmission level using devices greater than 0.5 MW.

e Marine Renewable Energy Legislation: Unlike other resources, legislation specific to tidal energy
does not exist. The Bay of Fundy SEA recommended that legislation for marine renewable energy be
developed. The Government of Nova Scotia has been working to develop new legislation that would
provide clear, predictable, and efficient processes to support the sustainable advancement of the sec-
tor.

e Marine Renewable Energy Strategy: In May 2012, the Government of Nova Scotia released its Ma-
rine Renewable Energy Strategy. It includes enabling mechanisms and activities to help advance tidal
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energy in Nova Scotia, including a feed-in tariff scheme coupled with a licensing process that will be
established in legislation to provide a pathway for projects to proceed from the testing stage to dem-
onstration and, finally, to commercial development.

o Statement of Best Practices: The Government of Nova Scotia is currently developing a statement
of best practices that embeds standard requirements and practices for risk assessment as well as op-
tions for precautionary and adaptive environmental assessment, licensing and management, site as-
sessment and environmental monitoring requirements, modeling and monitoring energy production,
deployment of devices, stakeholder consultation and engagement, and transparency in environmental
data collection and dissemination.

RELEVANT LEGISLATION, REGULATION, AND THE PERMITTING PROCESS

There are multiple federal, provincial, and potentially, municipal authorities involved in the regulation of tidal
energy. Nova Scotia’s current regulatory framework and policies reflect the varied and complex public interests
associated with tidal energy. These public interests include: multiple uses of the marine environment; poten-
tial conflicts among these uses; granting rights to produce energy from a shared, public resource (oceans); and
the sale and distribution of electricity through a regulated, integrated utility (Nova Scotia Power Inc.).

PROVINCIAL LEGISLATION FEDERAL LEGISLATION

e Nova Scotia Environment Act e Fisheries Act

e Environmental Goals and Sustainable Prosperity Act | ® Canadian Environmental Assessment Act

e Fisheries and Coastal Resources Act e Species at Risk Act

e Endangered Species Act e Migratory Birds Convention Act

e Energy Resources Conservation Act e Navigable Waters Protection Act

e Crown Lands Act ¢ National Energy Board Act

® Beaches Act e Oceans Act

e Special Places Protection Act e Canada Environmental Protection Act
e Electricity Act e Shipping Act

e Public Utilities Act e Canada Labour Code

e Social Legislation
e Assessment Act

e Municipal Government Act

THE FUTURE OF TIDAL ENERGY REGULATION

Nova Scotia’s Marine Renewable Energy Strategy includes a plan to establish a licensing process in legislation
for tidal energy projects. The licensing process will include two licensing streams—one for technology devel-
opment and the other for commercial power development. This system will focus on a staged, progressive,
and adaptive approach to development and deployment of in-stream tidal devices.
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MODULE 5—- ENVIRONMENTAL RISK ASSESSMENT
Authors: Lisa Isaacman and Graham Daborn (Executive Summary written with assistance from Monica Reed.)

Understanding the potential environmental implications of Tidal Energy Convertors (TEC) development is crucial
for the technology’s success in providing clean, renewable energy. With little evidence on the environmental
effects of TEC development, careful assessment and mitigation of environmental risk is required. Independent
scientific experts have collaborated to produce “A Framework for Environmental Risk Assessment and Decision-
Making for Tidal Energy Development in Canada,” which was prepared for the Department of Fisheries and
Oceans and the Nova Scotia Department of Energy. This framework provides guidance for project planners and
reviewers in the assessment and mitigation of environmental risks for TEC development proposals and projects.
Module 5 highlights the Framework’s key considerations and procedures and is intended to inform project plan-
ners and reviewers, as well as the general public.

Ecological components, including wildlife, physical habitats (sediment, water, vegetation, geology) and ecosys-
tem processes (e.g., biophysical dynamics, food-web interactions), are often referred to as receptors because
they receive the pressures induced by development. When examining the potential implications of TEC develop-
ment, the pressures, known as stressors, are assessed to evaluate their potential impact on the receptors. The
table below lists the predicted stressors and the potential environmental effects associated with each stressor.
Please note: the listed effects have only the potential to occur, and thus require evaluation; the list is not a fore-
cast of what will happen.

Predicted Stressors and Potential Environmental Effects

STRESSOR

Changes in Current
Energy

POTENTIAL ENVIRONMENTAL EFFECTS

Change in water movement characteristics and patterns in close proximity to TEC de-
vice, altering local sediment dynamics (scour, sediment deposition, and transport).
Alteration of regional and/or coastal/shoreline habitat due to alteration of sediment
dynamics (alteration of substrates, erosion, transport, and deposition pattern) and
tidal patterns (timing, height, mixing patterns, velocity).

Presence of Physical
Infrastructure

Loss or modification of benthic or pelagic habitat structure and complexity due to
scour and presence of device base and submarine cables.

Attraction, avoidance, or exclusion of species from habitat areas leading to changes
in biological community structure and function.

Physical Interactions
with Infrastructure

Physical contact with device or stress induced by pressure flux or turbulence causing
injury or death of marine organisms.
Altered movement and migration patterns due to avoidance.

Noise, Vibrations, and
Light Emitted from
Devices

Increased stress, physical or physiological damage to auditory systems, or behav-
ioural changes (e.g. habitat avoidance/attraction, change in movement patterns,
decreased mate and prey detection).

Emitted
Electromagnetic Fields

Increased stress, physical or physiological damage, and behavioural changes (avoid-
ance/attraction, communication, movement, and migration patterns).

Release of
Contaminants

Chemical pollution from paints, antifoulants, and lubricants affecting water chemis-
try and marine organism health.

System-scale Effects

Impacts on the stability and dynamics of the local population, with possible trickle
down effects on local, regional, and potentially remote population and biological
community structure and function, particularly when migratory species are affected.
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It is important to recognize the great amount of scientific uncertainty associated with TEC developments. The
listed environmental impacts have been recognized as potential effects that require pre-deployment assess-
ment, with monitoring continuing throughout the device’s operational phase and beyond device decommis-
sioning.

The probability and magnitude of the potential effects are difficult to gauge for a number of reasons. Every
environment is unique and complex. Additive or cumulative effects caused by the combination of past, pres-
ent, or future human activities should be anticipated, but are difficult to predict. Changes to critical ecosystem
processes may appear small and incremental, but may change, intensify, or only become detectable over a
period of time. Acting in concert with other activities, a seemingly minor disturbance may well result in a
major impact on a critical aspect of the environment or other established resource use. Developments, par-
ticularly commercial-scale arrays, will need to be reassessed at regular intervals to address these elements of
uncertainty.

In addition to the environmental complexities, the potential effects are difficult to predict because in-stream
tidal energy generation is still in the early stages of research and development. Numerous TEC technologies
have been developed, but few full-scale devices have been tested for prolonged periods of time. To date, envi-
ronmental monitoring has largely focused on the near-field (in the immediate vicinity of the turbine) impacts
of a single device. Monitoring studies have been limited by the duration and scope of the test projects, as well
as by the lack of available monitoring technologies and techniques suitable for high-energy marine environ-
ments. New methodologies for data collection and environmental monitoring techniques are being developed
alongside the emerging industry, and thus, have not yet been verified as effective and accurate. Because the
aforementioned factors combine to create a substantial degree of scientific uncertainty, environmental moni-
toring results from one project should not be used to predict the potential environmental effects of TEC devel-
opments elsewhere. Additionally, the outcomes of one project should not be used to make inferences about
another project because environmental effects are likely to be technology-, scale-, and site-specific.

Due to the uncertain environmental risks, a set of principles for the objective review of proposed TEC projects
is presented to facilitate environmentally responsible advancement of this developing industry. These prin-
ciples include:

1. adequate consideration of ecosystem-scale and cumulative effects;
2. a precautionary and adaptive management approach;
3. the need for appropriate and early initiation of baseline studies;

4. the need for risk evaluation criteria and indicators that are relevant, flexible, and can be consistently
applied to projects of any type, size, or location;

5. consideration of other human uses of the ecosystem; and
6. early and on-going First Nations engagement.
See Module 5 for further information pertaining to these principles.

Module 5 presents a series of steps (framework), best practices, and criteria/indicators to guide project plan-
ners and reviewers in assessing the environmental risks of a proposed project and planning for the appropriate
adaptive mitigation and monitoring of the identified risks. The table below describes the steps.
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Framework to Reduce Risk

EXPLANATION

1. Define the scope of
the review.

Clearly delineate the scope of the project and review. This includes identifying the activities
and ecosystem components to be reviewed, defining the spatial and time scale of the project,
and the review, integrating ecosystem-scale and cumulative effects and recognizing the poten-
tial for staged developments.

2. Evaluate the project
site characteristics.

Assess the interrelationship between the scale of the development and the site characteristics.
TEC developments may be found in three different site types: through the narrow entrance

of a coastal basin, through multiple passages between landforms, or in certain coastal areas
offshore. The characteristics of the site, as well as the presence of a species or habitat of high
conservation concern, will influence the implications of the TEC development.

3. Evaluate the environ-
mental risk of the project
proposal based on a set
of standard defined crite-
ria and indicators.

Evaluate risk based on multiple qualitative and numerical science-based evaluation criteria
and indicators, which are adjustable to particular project designs and sites. Criteria in the
categorization of risk levels of TEC development include:

1. Extent of Habitat Alteration Due to the Presence of Physical Infrastructure;

2. Effect on Water Movement and Sediment Dynamics;

3. Timing of Short Term Projects;

4. Physical Obstacle to Marine Organisms;

5. Noise, Vibrations, and Turbulence Effects on Marine Organisms Due to Turbine
Operation; and

6. Effects of Other Signals Emitted by Project Infrastructure.
To determine the risk level, risk indicators within each of these criteria will need to be evalu-

ated based on the probability, detectability, spatial extent, significance, duration, and revers-
ibility of the forecasted effect.

4. Identify risks of
interference with other
human uses of the eco-
system.

Determine the risk level for interference with other human uses of the marine and coastal
ecosystem (e.g. fisheries, recreation). While many activities will be able to coexist with TEC
developments, some may be displaced or disrupted. Marine spatial planning, socioeconomic
impact assessment, and/or consultations with stakeholders can assist in evaluating the risks
and planning mitigation measures.

5. Categorize the overall
risk of the proposed proj-
ect and make a manage-
ment decision.

With the risk level of each of the criterion established and weighted equally, assess the overall
risk level of the entire project. Each risk level (low, moderate, high, extremely high) couples
with a management decision on the project’s appropriateness to proceed as proposed.

6. Propose supplemen-
tary mitigation measures
to reduce the overall risk
of the project, when ap-
plicable.

Mitigation measures can be used to downgrade the overall risk of the project, potentially
avoiding rejection, delays, and/or added costs associated with the need for a more in-depth
review, baseline studies, and monitoring program. Mitigation measures may involve site
relocation, change in the timing of project activities, adjustments to the size or configuration
of the development, or use of mitigation devices such as erosion protection, or fish/marine
mammal deterrents.

7.) Prepare the environ-
mental monitoring and
follow-up activities, and
an adaptive manage-
ment program for an
approved project.

Design a long-term adaptive environmental monitoring and management program for an
approved project, including monitoring requirements, timelines, and/or conditions for re-
assessment, and an adaptive management response plan. These follow-up activities are key
to reducing scientific uncertainty and allow improved decisions to be made in the future.
Monitoring confirms the predictions of the environmental assessment, exposing the effective-
ness of the mitigation measures and identifying lower than anticipated and/or unanticipated
changes that necessitate adaptive management measures. An adaptive response plan can
ensure appropriate and timely actions are taken to mitigate the cause of unanticipated effects.

See Module 5 for further information pertaining to these steps.
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MODULE 6 - STAKEHOLDER AND COMMUNITY ENGAGEMENT
Author: Dr. John Colton

Effective community and stakeholder engagement is critical in the development of tidal energy. There is no
better strategy for mitigating the risks associated with developing a tidal energy project than to develop a
stakeholder engagement process that is inclusive of all stakeholders. Stakeholder and community engage-
ment is particularly relevant to tidal energy development as there is likely to be a wide range of stakeholders
affected. Experience shows that participatory processes facilitate consensus and conflict management, build
local pride, and create confidence, trust, and greater cooperation.

Once stakeholders have been identified, it is important to work to understand their concerns. Stakeholders
form opinions on renewable energy developments based on their perception of the environmental, socio-
economic, and emotional impacts the proposed development has on them and their community. When con-
sidering the potential for tidal energy development in an area, it is important to also identify any First Nation
communities in the region. Keep in mind that these communities do not have to be necessarily close to the
proposed tidal energy site to be considered an important stakeholder. Treaty rights can extend across hun-
dreds and, in some cases, thousands of square kilometers, including both terrestrial and marine ecosystems.
The Crown or government has the legal authority to consult with First Nation communities, but it is incumbent
on tidal energy developers to play a role as well.

Methods for stakeholder engagement vary and are numerous. Planning ahead and choosing the right com-
munity and stakeholder tool is important, as some methods are better suited for specific points in the devel-
opment process. The Spectrum of Community Engagement provides an outline of engagement goals and the
methods associated with each goal. Understanding the right mix of methods and their use will provide bet-
ter opportunities for communicating information and learning the perspectives of community and business
stakeholders. More importantly, basing the community and stakeholder engagement process on principles
of transparency and respect will foster the collaborative spirit necessary to engage in a discussion on a tidal
energy project.
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MODULE 7 - FINANCIAL EVALUATION AND THE COST OF ENERGY
Author: Dr. Shelley MacDougall

The electricity generated from tidal energy will be expensive at first, but the cost is expected to decline over
time as experience, efficiency, technology improvements, and economies of scale are gained. The goal is for
tidal energy to be competitive with other forms of renewable energy, such as wind.

Though the energy of the tides is freely available, the cost of harvesting it is high. The cost of the energy comes
from the research and development costs, site assessment and permitting, capital costs of tidal energy con-
verters, bases, monitoring devices, subsea cables and on-shore connection to the electrical grid, installation,
environmental monitoring and reporting, lease and insurance costs, maintenance and periodic overhauls, and
decommissioning costs.

An example of a 1 MW tidal energy investment is detailed in the toolkit. A 1 MW device would be required in
the deep and fast waters of the Minas Passage. The median cost of electricity of the single 1 MW device at the
demonstration stage is estimated to be $683 per MWh or $0.683 per KWh. The estimated energy output is
estimated to be 3,500 MWh per year. To achieve economies of scale, an array of tidal energy converters would
need to be connected to the underwater cables and electrical grid. The profits generated from the sale of the
power to Nova Scotia Power Inc. (NSPI) would go to the project developer, the project’s lenders, and share-
holders. The four tidal energy test berths in the Minas Passage are leased by consortia of large companies
that include technology developers such as Marine Current Turbines and Atlantis Resources and their partner
companies, Minas Basin Pulp and Power, Irving Shipbuilding, and Lockheed Martin.

Small scale tidal energy devices, designed to produce less than 0.5 MW of electricity, can be placed in arrays
in smaller, lower flow areas such as Digby Gut, and Petit and Grand Passages. The cost of energy generated by
early stage tidal energy converters in the development stage was estimated by Synapse Consulting to be $652
per MWh or $0.652 per kWh. Each device could deliver an estimated 1,620 MWh to the distribution system.
The small scale projects fall under the Nova Scotia Community Feed-in Tariff program if they are at least 51%
owned by local communities. The profits generated from the sale of the power would go to the local owners
who are partnering with companies that have developed tidal energy conversion technology or assisted with
project development.
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MODULE 8 - OPPORTUNITIES AND STRATEGIES FOR COMMUNITIES
Authors: Alan Howell and Dr. John Colton
SECTION 1: BENEFITS OF TIDAL ENERGY DEVELOPMENT FOR COMMUNITIES.

Tidal energy represents a unique opportunity for communities across Nova Scotia. Tidal energy development will
create jobs, support research, and provide cleaner energy. Understanding the opportunities and challenges of
tidal energy can help communities make informed choices and support community buy-in.

What are the Opportunities Both Large and Small Scale?

Small scale projects that are COMFIT eligible are currently the primary opportunity for communities. Being
awarded a COMFIT provides a community a guaranteed price for the energy it produces. While the initial rev-
enue will likely be used for debt repayment, the life of a project can span decades and can contribute to the long
term stability of a rural coastal community. A COMFIT award can also be an opportunity for partnership. Orga-
nizations or groups who may not have the capital necessary to develop a project alone have the opportunity to
partner with other entities to support a COMFIT project.

Large scale opportunities are also available to communities, but long term benefits will not materialize until the
tidal energy industry matures in Nova Scotia. Communities across Nova Scotia will have something to gain from
the development of a large scale tidal energy industry. Communities that are located near tidal energy deploy-
ment and servicing sites will likely see the greatest proportion of benefits.

Important Questions

Often, the first question community members ask is, “how many jobs will this create?” or “how will it benefit
the economy?” These are valid and important questions. They are, however, difficult to answer precisely. The
employment and economic benefits of tidal energy development are not well documented, largely because few
projects have been completed to date. Also, the number of jobs created is highly contingent on the size of the
project and who develops it, especially where the development is not a COMFIT. Large scale or tidal array devel-
opments will have greater demand for labour and expertise, which will mean more job creation opportunities;
this is balanced against the complexity of such projects that may require materials, equipment, and expertise
not available locally. Potential direct job ranges of 2 to 22 jobs per MW capacity have been cited by researchers
and industry experts. It is almost certain that any tidal energy project will have an economic impact in the local
community. Jobs can come from directly working on a project (welding, vessel operation, etc.) as well as from
the increased demand for services in the community (lodgings, food, and retail). At the outset, it is expected that
there will be a mix of direct and service related jobs. Other benefits to communities include increased economic
diversity, tourism potential, education and research opportunities, and skills and capacity building for local orga-
nizations, workers, and administrators. Perhaps one of the most significant opportunities tidal energy presents
is the ability to reduce reliance on energy sources that damage the air, water, and soil. Local renewable energy
projects are part of a broader provincial, national, and international solution to improve the quality and sustain-
ability of our environment.

What are the Challenges to Attaining Benefits?

Communities can face many challenges to attaining the benefits they want and not all benefits will be avail-
able for all communities. Geography, demographics, and local labour force characteristics may not support the
development of local jobs. There are no local content rules for renewable energy development in Nova Scotia;
however, using local expertise and materials is often in the developer’s best interest. Local opposition to tidal
energy can stop projects in their tracks. Fostering good working relationships amongst tidal project teams and lo-
cal communities members, especially if they come from very different backgrounds, can be time consuming and
difficult. However, as has been shown in the United Kingdom, United States, British Columbia, and here in Nova
Scotia, open, honest, and frank discussions of tidal energy can help to overcome challenges and result in both
large and small benefits for local communities.
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SECTION 2: STRATEGIES FOR COMMUNITIES AND BUSINESSES TO GARNER SOCIO-ECONOMIC BENEFITS

Nova Scotia and other Atlantic Provinces have a pool of knowledge, infrastructure, and services related to
ocean and marine technology and industry. Collectively, this combination of knowledge, infrastructure, and
services has been used to develop a state-of-the-art commercial fishery, ship building enterprises, oil and gas
development, and barge hauling services. Local, regional, provincial, and federal governments have invested
significant resources into exploring how the skills associated with these types of industries can be used in
other industrial sectors. This is important, as communities are looking for strategies to become more resilient
to weather the changes brought about by economic uncertainty and the booms and busts associated with
certain industries. Exploring a community’s infrastructure, skills and knowledge of its citizens, its services and
amenities, and understanding how these can collectively contribute to and support tidal energy development
may provide for greater resiliency and sustained community development.

Strategies for community development have evolved from a traditional top-down approach to a grass-roots
approach. Traditional economic development models have focussed on job creation by encouraging greater
economic diversity to stimulate economic growth in regions. Increasingly, this development approach is be-
ing replaced by a more holistic approach that focuses on socioeconomic growth. Inherent in this shift have
been the role of the citizen and the focus of development. Citizens and other stakeholders in this new model
of development become active agents in shaping their communities through harnessing local assets found in
their communities and businesses. This approach to development moves beyond job creation by broadening
its focus to community development. With this approach, the community is examined through another lens:
that of Community Capital. Researchers have identified a variety of types of community capital: natural capital,
physical capital, economic capital, human capital, social capital, and cultural capital.

Tidal energy development may provide rural, island, and other remote communities with energy that may al-
low for development of local small-scale industries such as greenhouses, tourism-related activities/facilities,
or small-scale manufacturing. Any ownership model can produce these types of opportunities. Choosing the
model will depend on resources available, the mix of stakeholders, and the willingness to take on the risks as-
sociated with ownership.
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MODULE 9 - OPPORTUNITIES AND STRATEGIES FOR BUSINESSES
Authors: Elisa Obermann and Dr. Shelley MacDougall

The development of tidal energy projects will require a supply chain of multiple services, supplies, and exper-
tise including marine scientists and engineers, mechanical and electrical technicians, vessels, sensory instru-
ments, divers, steel fabricators, manufacturers and supporting expertise such as insurance, legal, transporta-
tion, and financial services. The building of a supply chain is important to support the advancement of tidal
energy development and it also represents a new economic opportunity.

Due to the early stage of development of the tidal energy industry, there are presently supply chain gaps in
capability and capacity regionally, as well as internationally. The current gaps identified are in device manu-
facturing, engineering construction, foundations, and anchoring. At the same time, Natural Resources Canada
identified areas where Canada has evident strengths to support tidal energy development, including deep sea
ports, marine construction, resource monitoring and analysis, environmental assessment, marine supplies,
commercial diving, and transport. These challenges and strengths present opportunities for businesses, com-
munities, and individuals in Nova Scotia with applicable expertise and skills sets to contribute to development
domestically, nationally, and globally.

Getting involved in the supply chain side of tidal energy development requires an understanding of the sup-
plies, services, and skills required for a tidal energy project. Every project is different depending on location,
size, and technology used and this could dictate the supplies and services required. There are six project
stages, each requiring an array of technical as well as supporting and enabling services:

1. Research and Development: The research and development stage includes research and testing of tidal
energy technologies to test and refine a prototype design that can be developed into a commercial-scale
device. Typically, R&D activities are conducted by specialized centers belonging to companies, universities or
government entities.

2. Site Screening and Project Feasibility: The first stage of project development is aimed at identifying potential
sites, learning characteristics of the sites, and determining feasibility of a project at those sites. After a poten-
tial site has been identified through a site screening, a site resource assessment is completed. The next step
is to conduct various feasibility studies that consider the resource identified, resulting in detailed modeling of
potential constraints to the project.

3. Planning: During the planning stage, tidal energy developers engage in environmental and technical studies
and activities to help inform project design and provide details necessary for determining what types of per-
mits, licenses and authorizations will be required to move forward with the project.

4. Project Design & Development: Tidal energy developers typically progress to the project design and de-
velopment stage if the outcome of feasibility assessments meets the project objectives. During this stage,
a developer typically performs activities necessary for gaining project approvals and permits and as design
progresses, technical information feeds into the regulatory process.

5. Project Fabrication: This stage focuses on the implementation of the selected procurement strategy for
elements of the project that are to be contracted out. Device, project components, and infrastructure begins
to be manufactured according to standards, timescales and costs agreed to in the contract.

6. Construction, Installation, and Commissioning: The construction, installation and commissioning stage
starts once all permits and approvals have been received and the device and other components are complete
and ready for final assembly. This includes onshore assembly, offshore installation activities, and on-site com-
missioning. A range of vessels are typically required including specialist, modified, standard and jack-up ves-
sels. A number of suppliers are required to manage and deliver the safe, timely installation of expensive and
relatively delicate technology in tough environmental conditions.
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7. Operations and Maintenance: The project development process will be designed to ensure cost-effective
and safe operation throughout the life of the project. Maintenance will be scheduled to enable efficient per-
formance and mitigate environmental impact. This stage will likely require technical support from the installa-
tion contractor, equipment supplier, and technology developer at early stages of operation.

8. Decommissioning: Once a project reaches the end of its operating life, it will be decommissioned and the
associated infrastructure removed in a safe and environmentally sustainable manner and in accordance with
regulatory requirements.

Growth of the tidal energy sector in Nova Scotia and globally will be highly dependent on having a supply chain
with the right businesses, skills, and expertise to support project and industry development. Nova Scotia and
the Atlantic region are well suited to pursue involvement in the growing tidal energy industry by transferring
skills and expertise from related sectors including: offshore petroleum, ocean technology, wind energy, marine
structure fabrication and marine transport, and port facilities.

An effective strategy for taking up the commercial opportunities presented by tidal energy is industry cluster-
ing. An industry cluster is a geographic concentration of companies (suppliers of goods and services, their cus-
tomers, and related companies) and organizations (research labs, universities, industry associations, standards
associations) in the same industry. Companies in the cluster share common needs, opportunities, constraints,
and obstacles to productivity. They both compete with one another and cooperate. The most famous of indus-
try clusters is Silicon Valley in California.

To develop an industry, “cluster thinking” is needed: an orientation toward groups of organizations, rather
than individual firms. Many of the pieces are in place for the Nova Scotia tidal energy industry to develop as
a cluster.

One of the advantages of an industry cluster is strength in numbers. Another advantage is the proximity of
suppliers and customers, which facilitates the development of new technologies and processes by being able
to meet regularly, face-to-face. The rate of innovation in clusters tends to be greater than outside clusters, at
least during the growth stage. Beyond the construction and deployment of the tidal energy devices in local
waters, Nova Scotia has the opportunity to develop technologies and expertise associated with them that will
be in demand worldwide. Developing and exporting innovative products and process expertise will generate
local economic benefits. Industry clustering can help achieve these innovations.



a

XXXI | EXECUTIVE SUMMARY - OVERVIEW OF TIDAL ENERGY © Acadia Tidal Energy Institute __Jmff\

ACADIA
Tidal Energy
INSTITUTE

MODULE 10 - FINANCING, GOVERNMENT SUPPORTS, AND RISK
Authors: Dr. Shelley MacDougall and Melissa Beattie

Technologies for tidal energy conversion are in the early stages of development. Devices are still expensive
to build and their performance in waters outside of test sites is still uncertain. Companies developing the
technologies will seek to deploy them where electricity can be sold. Developing projects involves many steps:
feasibility assessment, planning and permitting, design and construction, manufacture, installation, operation
and maintenance, and finally, decommissioning. There are various supports provided by governments, mostly
at the technology research and development stage. When the “heavy lifting” begins, finding financing is a
considerable barrier for all but the very largest companies. Tidal energy projects have very large upfront costs
and very long pay back periods.

There are also significant risks inherent in tidal energy projects. The largest is technology risk — simply the un-
predictability of if and how well the new technology will perform once it is installed. Until devices and arrays
are deployed commercially, setbacks are hard to predict and mitigate. Insurers do not have sufficient actuarial
data to set insurance premiums. Besides technology risks, there are construction risks, potential problems
with equipment and manufacturing accessibility, cost overruns, a lack of capable operators, and political and
regulatory risk. Of course, health and safety of workers and other users of the waters, damage to the environ-
ment, and, in reverse, damage to the equipment by the environment and other users are significant risks.
Another, less understood, risk is community dissent toward a development. There are steps that can be taken
to mitigate many of the risks, but still, a substantial amount of remain.

Once tidal energy devices are in the water and operating, the rate of project development should increase
as financing becomes easier to attract. However, government support is needed to help get the technology
through the so-called “technology valley of death”: the pre-commercialization stage for which there is scarcity
of financing. Supports being provided by the federal and provincial government through the various stages of
technology and project development include legislated renewable energy targets, research and development
funding, feed-in tariffs, community economic development investment funds (CEDIFs), flow-through shares,
accelerated depreciation, and the Scientific Research and Experimental Development (SR&ED). There is still a
need for further government interventions, such as loan guarantees, to enable developers to access financing
in order to move forward.
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MODULE 11 - ASSESSING THE POTENTIAL ECONOMIC IMPACTS OF A FIVE MEGAWATT TIDAL ENERGY
DEVELOPMENT IN THE DIGBY AREA OF THE BAY OF FUNDY

Author: Dr. Brian VanBlarcom

The economic impacts of tidal energy development are largely unknown because few commercial scale develop-
ments exist to date; those that do exist have only been in operation for a short time. What we do know is that
tidal energy projects involve multiple stages and inputs. Inputs cross multiple sectors. This module attempts to
model the potential impacts of a theoretical 5MW tidal energy facility that consists of several tidal generation
devices with a capacity of 0.5 MW or less and that is capable of being interconnected with the electrical grid
through a distribution system. The total estimate cost for this project is $50 million.

Why the Digby Area?

Digby was chosen for analysis based on a number of potential sites being identified in that area. Fundy Tidal
Inc. has received regulatory approval for a 1.95 megawatt tidal power project in Digby County. Small scale tidal
developments are the focus of the case study since the applicable technology/costs/degree of local inputs, etc.
for larger (150 MW range) developments are significantly less precise at this point in time. Impacts would be dif-
ferent in other areas of the province due to differences in the type and number of businesses and the make-up
of the labour force.

The Input/Output (I/0) Model

An input/output (I/0) model is used to estimate potential economic effects. An input/output model attempts
to estimate total impacts across all sectors in an economy by modeling the total demand for goods and services
from, for example, the insertion of a tidal energy project into an economy. An |I/0 model attempts to estimate
the total direct, indirect, and induced effects of a project. Direct effects occur when firms involved in tidal power
development buy goods and/or services from local firms. Indirect effects occur when local firms buy local inputs
(goods/services) as a result of the direct impact. The economic activity resulting from the re-spending of income
generated by the direct and indirect effects is known as the induced effect. The induced impacts are additional
expenditures resulting from increased income brought about by increases in final demand.

This module makes a few assumptions:
1. The cost of development is approximately $10 million per MW for a tidal energy facility.
2. A tidal project 5MW in size will take 5 years to complete and spending will be equal each year.
3. Seventy percent of all the required inputs for the facility will come from within the Digby area.
4. Those living and working in the Digby area will spend all of their earnings within that area.

5. The size and way the economy of Digby currently functions will remain static, with the only
significant change being the 5SMW tidal energy facility.

The model is not a precise tool for estimating economic and job growth; however, it does provide insight into
the potential impacts of tidal energy development on the scale of 5MW in the Digby area.

The I/O model indicates that:

e A 5MW project would provide steady work for 48 people for the 5 years of the project develoment
and construction, with an estimated annual income of $60,000 per person.

e Over the lifetime of the tidal facility (estimated at 20 years), an equivalent of two full-time jobs
would be created.
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INTRODUCTION TO THE COMMUNITY AND BUSINESS TOOLKIT FOR TIDAL
ENERGY DEVELOPMENT

Author: Dr. Shelley MacDougall

The Community and Business Toolkit for Tidal Energy Development, produced by the Acadia Tidal Energy Insti-
tute, is a comprehensive guide for the sustainable development of in-stream tidal energy. It has been written for
people who wish to broaden their understanding of what tidal energy is, what is involved in its development, and
what potential impacts and benefits it will have.

The Toolkit provides broad coverage of the challenges and opportunities of sustainably developing in-stream
tidal energy. It describes the location of suitable tidal resources in Nova Scotia, environmental assessment, tech-
nologies, community and business opportunities, strategies for garnering economic benefit, community en-
gagement, costs, financing and risk. The Toolkit has been developed to provide a foundation of knowledge to
empower local stakeholders who are interested in learning more about the many issues related to tidal energy
development. The regional focus of the Toolkit is Nova Scotia, Canada, though much of the information is appli-
cable nationally and internationally.

The Community and Business Toolkit for Tidal Energy Development was funded by the Atlantic Canada Oppor-
tunities Agency Innovative Communities Fund, Nova Scotia Rural Economic Development and Tourism, Munici-
palities of Digby County, Cumberland Regional Economic Development Association (Cumberland Energy Office),
AECOM Canada Ltd., Fundy Tidal Inc., Jasco Applied Sciences, Minas Basin Pulp and Power, Nortek USA, VEMCO,
Offshore Energy Research Association (OERA), Fundy Ocean Research Centre for Energy (FORCE), and Acadia
University. We are grateful for their support.

THE ACADIA TIDAL ENERGY INSTITUTE

The Acadia Tidal Energy Institute is located in Wolfville, Nova Scotia, Canada, near the shores of the world-
renowned Bay of Fundy. The vision of the Acadia Tidal Energy Institute is a world that benefits responsibly from
tidal energy. The Acadia Tidal Energy Institute aims to be a hub of scientific and socioeconomic research that will
help advance knowledge of tidal energy that respects the environment and supports socioeconomic prosperity
by leading and disseminating collaborative, objective research regionally, nationally, and internationally.

AIM AND TARGET AUDIENCE OF THE COMMUNITY AND BUSINESS TOOLKIT FOR TIDAL ENERGY DEVELOPMENT

People and organizations in Nova Scotia and elsewhere have already begun work on developing tidal energy.
Therefore, this toolkit does not teach engineers how to engineer devices, developers how to develop projects,
environmental assessors how to assess the environmental impacts, financiers how to finance, nor community
engagement facilitators how to facilitate community engagement. Rather, the Toolkit is primarily designed to
inform stakeholders of the steps involved in the process of developing tidal energy. Though most stakeholders
will find new information in all modules, including those in the area of their expertise, they will gain particular
benefit from toolkit modules that discuss aspects outside their area of expertise. Developers can read about
community engagement. Environmentalists can read about the technology being used. Community members
can become informed of the environmental assessments to be undertaken. Town councillors can read about
the supply chain needs and opportunities and how to keep economic benefits local. Any stakeholder can find
out what permitting procedures and government supports are in place.

The toolkit is accessible and downloadable as a PDF file from the Acadia Tidal Energy Institute website
(http://tidalenergy.acadiau.ca/). The modules from the toolkit can also be downloaded individually.



a

3 INTRODUCTION © Acadia Tidal Energy Institute \,IEI§’
Ti&‘\a(;ﬁgr)lIeArgy
INSTITUTE

ORGANIZATION OF THE TOOLKIT

The Community and Business Toolkit for Tidal Energy Development contains eleven modules. They are orga-
nized into three broad themes:

A. WHAT IS IN-STREAM TIDAL ENERGY ALL ABOUT?

This first section provides an overview of tidal energy and its history (Module 1), explains the location and
measurement of tidal energy resources (Module 2), and describes the generic designs of tidal energy turbines
(Module 3).

B. HOW IS IN-STREAM TIDAL ENERGY MANAGED RESPONSIBLY?

This section discusses three aspects of sustainability — environmental, social, and financial. The modules in this
section outline the regulatory regime in Nova Scotia for tidal energy (Module 4), environmental risk assessment
(Module 5), stakeholder and community engagement (Module 6), and financial evaluation and cost of energy
(Module 7).

C. OPPORTUNITIES PRESENTED BY IN-STREAM TIDAL POWER AND HOW COMMUNITIES AND BUSINESSES
CAN TAKE HOLD OF THEM.

This section outlines the opportunities presented by tidal energy and strategies for communities (Module 8)
and businesses (Module 9) to take up those opportunities. Sources of financing, government supports, and
the risks inherent in tidal energy projects are identified and information is given on how to manage those risks
(Module 10). Finally, an assessment of the potential economic impact of a hypothetical five megawatt tidal
energy development in the Digby area of the Bay of Fundy is summarized (Module 11).

In each module, there are web links and references for readers who want to seek out further information. Each
module also includes definitions, examples, vignettes, and so on. These can be found in various boxes located
on pages throughout the toolkit.

BOXES IN THE TOOLKIT

Best Practice Examples of how things have been done effectively elsewhere in the world or
in other industries, such as wind energy, are provided in these boxes.

Emergent/Discussion These boxes describe subjects on which “the jury may still be out” or for which
no empirical evidence is available. The expectation is the issue may require
consideration but there is no solution yet.

Foundational Concepts New concepts and definitions are explained in these boxes.

Nova Scotia In Context These boxes highlight situations and examples specific to Nova Scotia.
Toolbox These boxes describe practical tools or checklists available for use.
Vignettes Vignettes provide the reader with real-world examples to help understand a

process or concept.
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FREQUENTLY ASKED QUESTIONS

Business and community members have asked the toolkit writers many questions about tidal energy and the
toolkit was written to help answer them. Key questions are below, along with where answers can be found in
the toolkit.

WHY CONSIDER TIDAL ENERGY?

Nova Scotia generates a large amount of its electricity from imported coal. The emissions, such as CO,, SO,,
and particulate matter, and the cost and price uncertainty of this fuel source make this unsustainable. Jurisdic-
tions that generate electricity from their own natural resources not only have greater energy security, they
enjoy economic spinoffs, such as jobs. As in many jurisdictions, the government in Nova Scotia recognizes the
need to change the province’s energy mix and develop its own sources of renewable energy.

Globally, in-stream tidal electricity generation is very new. Research, development and testing are being done
in several countries, such as Ireland, Scotland, Australia, South Korea, and the USA. With the world-class tidal
resource in the Bay of Fundy, we have an opportunity to become a global leader in this new industry, be it
through new designs of turbines, bases, electrical systems, monitoring devices, methods of deployment, and
operating procedures, or through environmental impact assessment and protection. Developing expertise,
products, and processes that will be of use around the world is good for local economic development.

HOW IS TIDAL ENERGY CAPTURED? WILL WE BE ABLE TO SEE THE TIDAL TURBINES?

There are various ways to capture tidal energy but this toolkit deals primarily with in-stream tidal energy de-
vices. Tidal in-stream energy converters, otherwise referred to as “turbines,” “TEC,” or “TISEC devices,” are
submerged in the tidal currents. Though some are suspended from barges or mounted on pin piles, others are
mounted on the ocean floor or tethered to the bottom with cables. With many designs, the equipment is not
visible from the land. The turbines rotate slowly under the water and do not create noise above the surface.
For information about the various ways of capturing tidal energy, see Module 1: Overview of Tidal Energy. To
read about various designs of tidal in-stream energy devices and bringing the electricity to shore, see Module
3: Tidal Power Extraction Devices.

WHERE WILL THE TURBINES BE? HOW MUCH ELECTRICITY CAN WE GET?

There are a limited number of locations where the flow of the water is great enough to develop tidal energy.
In Nova Scotia, the Minas Channel, Digby Gut, Petit Passage and Grand Passage, Great Bras d’Or Channel, and
the Barra Straight are possibilities. Only in the Minas Channel is large-scale tidal energy development possible.
The other locations are suitable for small-scale tidal energy development. Module 2: Measuring and Assessing
the Tidal Resource provides information about where the tidal resources are, what power can be extracted,
and how such an assessment is done.

HOW DID WE GET TO THIS POINT?

Nova Scotia has a very long history of trying to harness the energy of the amazing Bay of Fundy tides. Module
1: Overview of Tidal Energy explains what tidal energy is, its history, how in-stream tidal energy converters
work, and some of the environmental effects.
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HOW MANY JOBS WILL IT CREATE?

The number of jobs created will depend on how much tidal energy we develop. There are several initiatives be-
ing explored at present: community-owned, small-scale tidal energy projects in the Grand Passage, Petit Passage,
Digby Gut and Bras d’Or Lakes; and large-scale 1-MW device testing in the Minas Passage. In both cases, there
will be need for tradespeople, marine services, engineering, hotel accommodation and restaurants, and so on.
Small-scale tidal energy development needs these in much smaller quantities. Much of it will probably be within
the capability of existing Nova Scotian companies, providing them with more work. Large-scale tidal energy de-
velopment, depending on if it goes beyond testing to become a commercial-scale tidal energy-farm, will require
many more products, services, tradespeople, knowledge workers, and infrastructure. Several modules in this
toolkit provide information about the jobs needed for development. If you are seeking estimates of how many
jobs or “person-years” of employment that could be generated in Nova Scotia during construction and opera-
tion, read Module 11: Assessing the Potential Economic Impacts of a Five Megawatt Tidal Energy Development in
the Digby Area of the Bay of Fundy. If you are interested in knowing what kinds of products, services, skills, and
expertise will be needed and at what stage, go to Module 9: Opportunities and Strategies for Business. Module 9
also provides details on where supply chain businesses can get information and how to get involved.

WHAT ABOUT THE OTHER PEOPLE WHO USE THE WATER — FISHERS, MI’KMAQ, TOUR OPERATORS,
RECREATIONAL USERS, COMMERCIAL NAVIGATORS, AND SO ON?

Just like on land, there are many competing uses for the water and many people make a living from it. Marine
spatial planning and coastal zone management are useful tools for managing conflict between marine uses.
How to best apply these tools to tidal energy in Nova Scotia is not fully understood at this point. However,
consultation with the members of the communities near the tidal energy sites is important for understanding
the needs of the various users and for finding compromises for sharing the water, both above and below the
surface and through the seasons. Module 6: Stakeholder and Community Engagement provides guidance on
how to effectively consult and engage with people who have an interest in the same waters. Module 6 also
provides information on the opportunities for users of the water to express their concerns and suggestions.

WHAT ABOUT THE FISH AND MARINE MAMMALS?

Being low-carbon and renewable are not the only important environmental aspects of tidal energy. The effects
on the ecosystem, the tides, marine mammals, fish, and other organisms that depend on the tides should be
considered. Care must be taken. If you are interested in knowing more about this, there are two modules that
should be useful to you. Module 4: The Regulatory Regime for Tidal Energy describes the regulations, permit-
ting and licensing processes, and requirements for environmental impact assessments. Module 5: Environ-
mental Risk Assessment provides guidelines for project planners to assess the environmental risks and how to
reduce the impact on the ecosystem.

WILL THE ENERGY BE CHEAPER?

This is another element of sustainability — financial. It is early days in the global tidal energy industry. Right
now, the TEC devices being tested are expensive to build and install, but engineers are working to bring the
costs down in order to be economical. The energy, being ever present in the tides, is free, but there are many
costs involved in harnessing that energy, converting it to electricity, and getting it to the electrical distribution
or transmission grid. Equipment needs to be built, installed, and maintained, and data need to be collected
and monitored. There are insurance premiums, wages, taxes, etc., to be paid. In short, the energy will be ex-
pensive in the beginning, but it is believed the cost will come down to be competitive with other renewables.
If you are interested in the cost of tidal energy and what makes this cost up, you can read up on it in Module
7: Financial Evaluation and Cost of Energy.
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WHAT IS IN IT FOR OUR COMMUNITY? HOW WILL IT AFFECT US?

Communities could see some new industrial activity and perhaps some new tourism. They may have the op-
portunity to garner benefits from tidal energy development. There could also be some negative effects. Mod-
ule 8: Opportunities and Strategies for Communities discusses these and strategies for mitigating the negative
impacts and keeping benefits local. Module 6: Stakeholder and Community Engagement describes methods
project developers can use to engage and consult with members of the community. The process of stakeholder
and community engagement includes meetings held in affected communities in order to give people a chance
to learn what is going on and to express their concerns.

WILL TIDAL ENERGY DEVELOPMENT PAY OFF? WHAT ARE THE RISKS? HOW CAN THEY BE REDUCED?
WHAT ABOUT FINANCING? WHAT HELP IS THERE FROM GOVERNMENT?

There are several modules to answer questions such as these. In Module 9: Opportunities and Strategies for
Business, supply chain opportunities are detailed and strategies for businesses to take them up are described.
While the industry is new and small, business startups may be premature, but many of the businesses in our
maritime economy have the skills and expertise to provide services and products for the development of tidal
energy.

Module 7: Financial Evaluation and Cost of Energy describes the costs and what must be included in the cost-
benefit analysis of tidal energy projects — both small-scale tidal and large. It also describes the levelized cost of
energy calculations, an industry-standard measure for comparing costs of energy from various sources.

Module 10: Financing, Government Supports, and Managing Risk outlines the financing available at the vari-
ous stages of technology and project development, as well as the gaps in financing. Methods of financing are
explained and supports provided by the federal and provincial governments in Nova Scotia are outlined, with
web links to relevant government information. Finally, the module discusses the risks inherent in a tidal energy
project and how to mitigate them.

Guidelines for project developers for consulting and engaging stakeholders and communities are provided in
Module 6: Stakeholder and Community Engagement. Few things can derail a project like community dissent, so
undertaking forthright and thorough community consultation and engagement is not only good stewardship, it
is good business.

In summary, the Community and Business Toolkit for Tidal Energy Development has been written to inform
the responsible development of tidal energy, empower stakeholders with up-to-date and comprehensive
information, and lead communities toward a greener, more secure source of electricity.
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to generate e/ectrjcjty form of marine renewable energy that depends upon the flow of tidal

. . waters. Here you will find a brief summary of the history of tidal power in
have resulted in a major Canada, an outline of some of the devices that are being considered for

Shlﬁ’ in thinking about generating electricity from tidal waters, and an indication of the technical,
environmental, and social issues that surround tidal power. It is intended
how we can meet our for the general reader and will serve as a guide to the more detailed in-

formation contained within the Community and Business Toolkit for Tidal

future energy needs. Energy Development.

Using the energy of the tides is a very old human activity. The power in
flowing tidal waters has been used for about two thousand years: the
Egyptians, Greeks, and Romans used tidally-driven water wheels to grind
grain, and remains of a tidal mill dating to 620 AD have been found at
a monastery in Northern Ireland. Even the famous London Bridge con-
tained four tidal wheels that drove pumps providing water to the city in
the 17th century. In Canada, Champlain built a tidal mill at Port Royal
(Nova Scotia) in the early 17th century and other mills existed in New
England and Passamaquoddy Bay (New Brunswick) in the 1800s. These
were all mechanical mills; the energy of flowing water being used to turn
wheels for grinding grain or pumping water.

1.0 - INTRODUCTION: WHY CONSIDER TIDAL ENERGY?

Concerns over climate change and the increasing costs of non-renewable
fossil fuels to generate electricity have resulted in a major shift in thinking
about how we can meet our future energy needs. There is no doubt that
the planet is getting warmer and little doubt that the extensive use of fos-
sil fuels (i.e. oil, coal and natural gas) is playing a role in global warming.
These fuels are non-renewable and have very high value for other uses
(e.g. plastics and pharmaceuticals). Consequently, major efforts are being
made to shift towards greater use of renewable energy sources, particu-
larly for the generation of electricity.

There are several renewable sources available: solar, wind (both on land
and offshore), waves, tidal and river currents, and biomass. Solar power
is, of course, only available during the day and must be stored, or an alter-
native found to provide energy needs during the night. In the far north, it
may not be available for months at a time. Much effort has been put into
the use of wind and wind farms are now regularly appearing over the land-
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scape and nearby sea. The limitation of wind, apart from the relative cost,
is that it is not very predictable. There are times when the wind appears
to blow everywhere, so that all wind farms are operating; but at other
times, when it does not blow at all, electricity generating companies have
to find an alternative source. Tidal flows, however, are eminently predict-
able: one can forecast exactly when the tide will be running, and roughly
how fast, for years in advance. It is a clean energy source in the sense that
it does not contribute greenhouse gases and may be tapped in ways that
do not result in flooding of land. (This is unlike traditional hydro power,
where land flooding associated with hydroelectricity developments can
result in increased release of greenhouse gases such as methane and car-
bon dioxide, so that although the generation phase may not release GHGs
directly, the development is not strictly ‘green’).

Additional benefits that could come from tidal power include:

e Reduction of the environmental effects of energy production
by other means, including fossil fuels, hydro, or nuclear power;

¢ Enhancing regional and national energy security by minimizing
dependence on sources of fuel from other countries;

¢ Long term price stability;

¢ The ability to build generating capacity in an incremental way
(unlike a dam-based system that requires the dam be completed
before any electricity is generated or revenue earned); and

¢ The potential for building supportive industries (e.g. associated
with turbine manufacture, etc.) that could develop exportable
products and skills.

Many of these advantages are explored in this toolkit.

1.1-TIDAL POWER

For the last hundred years, tidal power proposals have been aimed at gen-
erating electricity. This reflects the versatile nature of electricity as a form
of energy, the importance of electrical devices in our lives, the developing
expertise in hydroelectricity in the 19th and 20th centuries, and the ability
to transport electricity over considerable distances. Electricity’s major limi-
tation, however, lies in the fact that, once generated, it is difficult to store
in large quantities; consequently, it needs to be fed into an electrical grid,
where it may displace some other energy source or be used immediately to
drive machines or produce heat, etc. In some situations, excess electricity is
used to pump water up into a reservoir (‘pumped storage’) from which it can
be used to generate electricity again when needed.

Batteries provide a means of storing small quantities of electricity, but have so far
not been developed to handle large amounts. There have been suggestions for
storing unused electricity as compressed gas (e.g. compressed air or hydrogen),
but these have yet to prove economically or environmentally feasible.

FOUNDATIONAL CONCEPT:

WHAT IS A WATT?

Electrical power is commonly
expressed in terms of watts (W),
kilowatts (kW), megawatts (MW),
or gigawatts (GW). A watt is a
measure of power equal to one
joule per second.

1,000 W =1 kW;
1,000 kW =1 MW;
1,000 MW =1 GW.

Typical power ratings for familiar
electrical devices are as follows:
an incandescent light bulb might
be 60W; an equivalent CFL light
bulb of the same light output
might be 18W. A small television
and your refrigerator might be
rated at 60 — 160 W, the water
heater in your house might be
about 3,800 W (or 3.8 kW), and
your electrical oven about 2,000
watts (or 2 kW).

The energy consumed depends
upon the length of time that any
device is working, so the impor-
tant figure is a combination of
the power of the device and the
number of hours it is running.
Power usage (which is what the
electricity company charges you
for) is measured in kilowatt-
hours (or kWh). For example, a
60W light bulb left on for 5 days
(120 hours) will consume 7,200
watt-hours, or 7.2 kWh. The av-
erage household uses about
1,500 kWh per month (and about
18,000 kWh per year), provided
the house is not heated electri-
cally; if it is, the consumption will
obviously be much higher.
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Proposals for generating electricity from tidal flows began in the early 20th century for the Bay of Fundy,
Canada, and the Severn Estuary, Britain. Most of the proposals have resembled a dam-based hydroelectricity
station: a dam was to be built across one or more tidal channels to create an impoundment (the ‘headpond’),
which could be filled by the rising tide. At high water, all gates would be closed, keeping the water in the head-
pond. When the sea level had fallen sufficiently outside the dam, turbine gates would be opened, allowing
the water to flow through and the turbines to generate electricity. Until recently, when South Korea opened
a 250MW tidal power project, the largest dam-based tidal power stations were a 240 MW plant at La Rance
(France) and the 18 MW plant at Annapolis Royal, Nova Scotia (Figure 1-1).

In Nova Scotia: Annapolis Tidal Generating Station.

The Annapolis TGS was opened in 1984. It has a single ‘Stra-Flow’™ turbine with a rated capacity of 18 MW
and generates 80-100 MWh per day. The station was installed in a pre-existing causeway built in 1960 to
provide a river crossing and flood protection for agricultural land upstream. Research has included studies
of fish mortality, the effects on shoreline erosion, and salt water intrusion into groundwater. Fish mortalities
were found to be higher than predicted as a result of physical contact and pressure changes occurring as the
fish pass through the turbine. There have been no documented effects on marine mammals, although seals
and whales occasionally find their way upstream of the causeway, presumably in pursuit of fish.

Generating Station
Cross Section

Figure 1-1: Annapolis Tidal Station, Annapolis Royal, Nova Scotia

Source: Kids Encyclopedia Britannica Source: Library and Archives Canada
http://kids.britannica.com/comptons/art-126923/The-An- http://www.collectionscanada.gc.ca/eppp-ar-
napolis-Tidal-Generating-Station-in-Nova-Scotia-successfully- chive/100/200/301/ic/can_digital_collections/west_nova/
harnesses tidal.html

Such dam or barrage-based hydro and tidal electricity generation enables the conversion of the potential
energy stored in the water held in the reservoir or headpond; however, when water is flowing, it has kinetic
energy that can also be captured in the same way the kinetic energy of the wind is captured and converted by
a windmill. Tidal power projects that convert the potential energy of the water are referred to as tidal range
developments, whereas devices that generate electricity from free-flowing tidal water are often generically
called tidal energy converter— or TEC -- devices. (See the box titled Concept: Tidal Range vs. Tidal Stream, for
the distinction between tidal range and tidal stream approaches.)
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1.2 - ELECTRICITY FROM WATER

About 60% of the electricity generated in Canada comes from water
through numerous hydroelectricity stations, commonly called ‘hydro
plants’ (NRCan 2011; Environment Canada). Typically, a hydroelectricity
station is constructed on a river system by building a dam that holds the
water back in a reservoir. In most cases, the site chosen for the dam is
where the elevation of the land changes suddenly, such as at a waterfall,
and the dam creates a large impoundment, often resulting in an increase
in the distance through which the water will fall. The difference in water
levels provides the force needed to drive the turbines (Figure 1-2).

Transmisslon Lines

Figure 1-2: Diagram of a Hydro-electric Plant

Source: New Brunswick Power, Hydro http://www.nbpower.com/html/en/safety_
learning/learning/electricity_generated/hydro/hydro.html

The amount of hydroelectricity generated depends upon the quantity of
water available and — critically — on the height through which the water
falls. In most cases, where the dam creates a large water reservoir, the
plant can be used to generate electricity continuously and therefore sup-
ply a constant amount of electricity that can meet the continuing demand
—or ‘base load’ — requirements.

Large hydroelectricity generating stations of this kind can provide con-
tinuous power, but smaller installations tend to be used primarily to
meet peak power demands. Thousands of such dams have been created
around the world since the latter part of the 19th century.

FOUNDATIONAL CONCEPT:

TIDAL RANGE VS. TIDAL
STREAM

Tidal range refers to the vertical differ-
ence in water level between the times
of high tide and low tide. Estuaries or
other coastal bays that have a large
tidal range such as the Bay of Fundy
in Canada, the La Rance Estuary in
France, and the Severn Estuary in the
United Kingdom have been considered
as places to generate electricity for
decades. The most common approach
considered for these high tidal range
locations involves building a dam or
barrage across the estuary to create
an area for storing water brought in
by the flooding tide. Turbines located
in the barrage would be turned as a
result of the difference in water level
between the headpond, upstream of
the dam, and the falling sea level on
the downstream side (i.e. converting
some of the potential energy of the
stored water into electricity). This can
be done either just on the ebb tide
(one-way generation), or on both the
rising and falling tides (two-way gen-
eration). Such an approach is termed
tidal range generation. Building a bar-
rage across an estuary has a number
of undesirable environmental conse-
guences and, for this reason, is a less
popular solution these days. However,
creating a lagoon or shore-connected
impoundment in an estuary or bay
with high tidal range could provide
some of the advantages of tidal range
generation with some fewer environ-
mental concerns. (See below for more
on lagoons, etc.)

Tidal stream refers to the motion of
flowing water. The force of flowing wa-
ter can drive a turbine just as the wind
does a wind turbine. There are numer-
ous different designs for devices that
will convert some of the kinetic energy
of fast-flowing water into electricity.
These are generally called tidal energy
converters, or TECs. Further details can
be found below and in Module 3 of
this toolkit.
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FOUNDATIONAL CONCEPT:
ENVIRONMENTAL ISSUES

OF BARRAGE-BASED TIDAL
POWER STATIONS

Building a barrage or dam across
an estuary can produce major
changes to the ecosystem, with
significance for other inhabitants
(e.g. marine mammals, birds,
fish, and their food supplies) or
for other uses of the estuary (e.g.
shipping, fishing, or recreation).
The dam itself may limit access
by migrating fish to spawning or
feeding grounds in the upper es-
tuary or the rivers that feed into
it, and if they do pass through
the dam, they may suffer injury
or death because of contact with
moving parts of the turbine or
changes in pressure, etc. The dam
also restricts water flows and so
may modify the tidal movements
on both the sea and landward
sides of the barrage. Changes to
intertidal zones may include a re-
duction in the area exposed at low
tide and major changes to sedi-
ment distributions, which in turn
may affect fish, birds, and other
animals that live in or depend
on the intertidal zone. In the
case of the Bay of Fundy, some
of the larger barrage proposals
considered in the 1970s would
have modified the tidal range
throughout the Bay and the Gulf
of Maine, with significant chang-
es that could affect fisheries and
shoreline properties.
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1.2.1- CURRENT APPROACHES TO TIDAL ENERGY

The present considerations for tidal electricity generation are primarily
based upon new designs for tidal energy converters that convert the kinetic
energy of the flowing water. TEC devices have a long history at the concept
level, including in Canada. Clarkson, in 1915, developed a mechanical pump
driven by tidal flows that could pump seawater up to a considerable height,
from where it could be used to drive a conventional turbine, and the Na-
tional Research Council assisted in the development of the Davis vertical
axis turbine (based on the Savonius rotor) more than 30 years ago. Most
of the more mature TEC technologies are either horizontal or vertical axis
designs (Figures 1-3 and 1-4). Converting the kinetic energy of flowing tidal
water using TEC devices is the major focus of tidal power investigations in
Canada, Europe, and the U.S.A. at the present time and the subject of this
toolkit.

Figure 1-4: Vertical Axis Turbine,
New Energy Corporation

Figure 1-3: Horizontal Axis Turbine
- Marine Current Turbines -SeaGen

Source: New Energy Corporation, http://
newenergycorp.ca/Default.aspx

Source: SeaGen turbine: http://www.
alternative-energy-news.info/seagen-
tidal-power-installation/

1.3 - WHY TIDAL POWER?

The tide, like the wind, is a renewable energy source that does not con-
sume any fossil fuels (after construction, at least) and generates neither
greenhouse gases nor waste heat. Unlike the wind, however, the flow
of the tides is very predictable. It is possible to forecast the state of the
tide and the velocity of the water reasonably accurately for any given
place and time, years into the future. This predictability makes it easier
to integrate tidal energy into an existing electrical grid system than other
intermittent renewable resources such as wind, wave, or solar power.
Around Canada and some other parts of the world, there are many loca-
tions where strong currents occur as a result of tidal movements. Where
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these sites are close to cities or towns or near major industrial users of
electricity, the predictability of tidal power generation is very appealing.
Thus, in addition to the advantages of reducing fossil fuel use for energy
production, there may be considerable economic and social benefits from
developing tidal power such as: providing a local supply of electricity, rather
than transmitting from a distant power plant; providing local employment
in the construction and/or maintenance of the devices; or encouraging new
industrial development. Many of these aspects are detailed in Modules 8
and 9 of this Toolkit.

1.4- HOW TIDAL ENERGY CONVERTERS (TECS) WORK.

Tidal energy converters extract some of the kinetic energy of fast-flowing
tidal waters. At present, more than 40 different devices are in varying
stages of development, but most are still in prototype or demonstration
phases. These devices vary significantly in orientation, material construc-
tion, efficiency, scale, and power output. In addition, anchoring and de-
ployment details will be highly variable, depending upon substrate and
current conditions on site (PCCI, 2009). The present concepts may be
classified into several general but occasionally overlapping categories:
vertical axis (or axial flow), horizontal axis (or cross-axis), rim generators,
venturi devices, paddlewheels and fanbelts, and fluttervanes. A review
of some 40 devices was prepared for Natural Resources Canada (NRCan
2011). The more mature technologies, particularly those that are being
considered for deployment in Canada, are discussed in more detail below.

Water is more than 800 times denser than air. As a result, moving water
contains much more energy than does wind: for example, water flow-
ing at ten knots contains as much energy per unit area (e.g. per square
metre) as a hurricane force wind. A TEC device, therefore, can be much
smaller than a wind turbine that generates the same amount of power.

1.4.1 - VERTICAL AXIS

Vertical axis TEC devices rotate around a vertical axis, with a gearbox and
generator that may be above or below the water level; such devices are
relatively independent of changes in the direction of current flow (see Fig-
ure 1-4, above), and for that reason are suitable for locations in which the
direction of the current changes over time. These devices tend to have
rather lower energy conversion efficiencies than do other designs and
may also have difficulty starting to rotate again once they have stopped.
At the present time, vertical axis devices tend to be of small power yield:
in the 50 to 250 kW range. A Canadian company, New Energy Corpora-
tion, has tested a 5kW version of its EnCurrent™ device in the outer Bay
of Fundy and is working towards testing of devices up to 250kW.

1- OVERVIEW OF TIDAL ENERGY | 14

FOUNDATIONAL CONCEPT:
‘RUN-OF-RIVER’

Where large river flows combined
with a steep river slope are natu-
rally sufficient to run a hydro plant
without a large storage reservoir,
the development is termed a ‘run-
of-river’ hydro plant (e.g. many
places in British Columbia). Since
there is no large storage, output
from such an installation will vary
according to the seasonal changes
in river flow. Such ‘run-of-river’
stations can generally only be
used for peaking power, not base-
load power.

777us, in addition to the
advantages of reducing
fossil fuel use for energy
production, there may be
considerable economic
and social benefits from
developing tidal power
such as: providing a local
supply of electricity, rather
than transmitting from a
distant power plant; pro-
viding local employment
in the construction and/or
maintenance of the de-
vices; or encouraging new
industrial development.

FOUNDATIONAL CONCEPT:

WHAT IS A KNOT?

1 knot (1 kt) is a measure of
speed: 1 nautical mile per hour.

1 kt = 1.8 km per hour or approxi-
mately 0.51 metres per second.
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1.4.2 - HORIZONTAL AXIS

Horizontal axis devices (see Figure 1-3, above) include designs with propeller-like blades rotating around a
central hub that usually contains the gearbox and generator coils; reorientation of these devices to a variable
current direction may be required and designs for self-adjustment of orientation constitute a significant fea-
ture of their development. Horizontal axis designs can be scaled up to yield relatively large amounts of power,
in the range of 1-2 MW, but there is some opinion that, unlike wind turbines, this will be about the largest scale
feasible for tidal stream devices.

A few horizontal axis devices (e.g. Figure 1-5) have dispensed with the gearbox found in wind turbines and
some propeller-like tidal turbines in favour of generating electricity in the shroud surrounding the rotating
blades. This ‘rim generator’ design has allowed for the elimination of the bulky central core and for sym-
metrical aspects that enable the device to operate in two directions without realignment. These may be most
applicable in rivers or in reversing-stream tidal situations (where ebb and flood directions differ by 180°); oth-
erwise, they will require arrangements for passive or active re-orientation. Several horizontal axis designs have
a bell-shaped entrance (a ‘duct’ or ‘shroud’) that serves to accelerate the flow of water through the generator,
yielding higher efficiencies and more power.

js { e )
i

Figure 1-5: Rim Generation Tidal Device, Clean Current

Source: Recharge News, North America http://images.businessweek.com/ss/09/07/0714_sustainable_planet/7.htm
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1.4.3 - TIDAL LAGOONS AND SHORE-ATTACHED IMPOUNDMENTS

Although tidal range energy conversion (see notes above) has been less popular in recent decades, some com-
panies are considering the use of artificial tidal lagoons in coastal areas to create a head of water that can be
used to drive conventional low-head hydro turbines. The lagoon (see Figure 1-6) consists of an impoundment
created from relatively inexpensive material (e.g. a rubble mound) located in shallow waters of an estuary or
bay that has a large tidal range. The enclosing dyke contains a turbine generating station with bulb turbines
that can operate in both directions and thus extend the generation time over most of the tidal cycle. By
dividing up the inside of the lagoon into separate sections and operating the different sections as high and
low basins, it is theoretically possible to provide continuous electrical output from the facility.

An alternative approach is to create an impoundment using part of the natural shoreline rather than complete-
ly surrounding a region of the ocean with a dyke, as in the case of a lagoon. These shore-based impoundments
(Figure 1-7) would operate in a similar manner to the lagoon. Analogous in some ways to a barrage, especially
in the fact that the scheme converts the potential energy of the contained water into electricity, the lagoon
and shore-attached concepts differ in that the impoundment does not totally cut off the estuary from the
sea, allowing water and marine life to move past the structure. However, in order to capture sufficient water,
the impoundments have to enclose a relatively large area and within this area, there will be significant habitat
changes. Three projects have been proposed for tidal lagoons of varying sizes for installation in Wales: Swansea
Bay (30 MW), Fifoots Point (30 MW), and North Wales (432 MW); other proposals exist for the Canada, Korea,
and China. None have yet been built. Further information can be obtained from http://tidalelectric.com/.

Hydroelectric WingDam Shoreline /

Basin

Turbine/Generator Caissons

Open Ocean, Estuary, or B
st (e Support Columns & Stay Piles

Figure 1-6: Diagram of a Tidal Lagoon. Figure 1-7: Diagram of a Shore-attached Tidal Impoundment.

Source: http://www.wisions.net/index.php?item=6& Courtesy: Halcyon Inc.
modus=technology&need_id=3&subneed_id=&start_
tech=136&technology_id=77I
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1.5 - TIDAL POWER OPPORTUNITIES IN CANADA

Natural Resources Canada identified more than 190 sites on the three
ocean coasts of Canada (see Figure 1-9) as having potential to generate
more than 1 MW of power from tidal currents (NRCan 2006). The total tidal
energy available in the country was estimated at more than 42,000 MW.
Most of the resource is found in Nunavut, particularly in the vicinity of Hud-
son Strait and Foxe Channel, and thus relatively remote from major areas
of electricity demand. However, TEC devices could be used effectively to
provide consistent, predictable, renewable energy suitable for support of
local communities that are presently dependent on imported fossil fuel.
Most other sites having more than 1 MW potential were found in British
Columbia, whereas on the Atlantic coast, a few sites with high potential
were identified in the Bay of Fundy and Cape Breton.

In Nova Scotia, there are a number of locations where electricity could
be obtained from tidal waters, either using tidal range or tidal stream ap-
proaches. If one were to accept the consequences of building barrages,
lagoons, or other tidal range structures, it would be possible to generate
several gigawatts of power—far more than the current total energy de-
mand in Nova Scotia, which is about 2200 MW (or about 2.2 GW). With
tidal stream approaches, however, the potential is much lower because TEC
devices can capture only a smaller portion (up to 30%) of the kinetic energy
in the water. An early study in 2006 suggested that about 1,000 MW could
be generated by arrays of TEC devices in the various portions of the Bay of
Fundy (Bedard et al. 2006). More recent work, outlined in Module 2 of this
toolkit, suggests that this may be a considerable underestimate. Many of
the narrow passages in the Bay of Fundy or around the Bras D’Or lakes in
Cape Breton have the potential for producing only a few MW.
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Figure 1-8: Locations of Proposed and Current Tidal Power Develop-
ments in the Bay of Fundy, 1910-2010.

Sites A6, A8, and B9 were sites considered for barrage-style tidal power developments
in the 1970s. Lines drawn across the Bay of Fundy represent the approximate maximum
tidal range (m).

Source: Base map: www.thehopewellrocks.ca
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Canada Potential Tidal Current Resource Sites
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Figure 1-9: Canadian Tidal Energy Resources in MW

Source: NRCan (2006). Canada Potential Tidal Current Sites [Map], Canadian Hydraulics Centre - National Research Council Canada

1.5.1 - GENERATING ELECTRICITY FROM THE TIDES USING TIDAL ENERGY CONVERTERS (TEC) DEVICES

In-stream tidal technologies are diverse, with many design concepts still evolving. Few of these have reached
the stage of testing at full commercial size. A