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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 producti on, has been leading countries around the world to investi gate the potenti al of renewable and 
sustainable energy sources, especially for electricity producti on. This is evident in the development of wind 
farms around the globe, both on land and off shore, and in eff orts to develop the vast energy potenti al of the 
oceans’ waves and currents. Of the marine energy resources, ti dal currents have the virtue of being both re-
newable and eminently predictable.  

While the ti dal energy industry is sti ll in its infancy, it seems probable that the next few years will see ti dal 
power devices installed at many places around the world, including the Bay of Fundy. Such developments rep-
resent both opportuniti es and challenges for local communiti es 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 communiti es to bett er understand the opportuniti es for ti dal energy development and the 
social and environmental challenges that it presents. 

The Toolkit project was developed by the newly established Acadia Tidal Energy Insti tute at Acadia University 
in Nova Scoti a.  Located near the shores of the Bay of Fundy (one of the world’s fi nest potenti al locati ons for 
ti dal power development), Acadia University has been involved in ti dal power-related research for decades, 
parti cularly through the Acadia Centre for Estuarine Research. With the advent of new ways of obtaining 
power from ti dal currents, and growing understanding of both the potenti al and challenges of ti dal energy 
conversion, we felt that a guide to the technical, fi nancial, environmental and social issues would be benefi cial 
for both communiti es and businesses, and would help inform decisions, reduce risks and maximize benefi ts.  
The Toolkit was developed in the context of Nova Scoti a and the Bay of Fundy, but we believe it will have great 
benefi t for readers and users elsewhere.  This document is the product of a multi -disciplinary, collaborati ve 
eff ort by contributors from many insti tuti ons and sectors.  We see the Toolkit as a living document that can be 
adapted as new informati on becomes available and the industry matures. To that end, we welcome any advice 
and comments that would enable us to enhance its value to communiti es and businesses that have opportuni-
ti es to be engaged in meeti ng future energy needs from ti dal energy resources.

Anna Redden, PhD
Director, Acadia Tidal Energy Insti tute
Acadia University
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FORCE is Canada’s leading test center for in-stream ti dal energy technology. FORCE works with developers, regulators, and 
researchers to study the potenti al for ti dal turbines to operate within the Bay of Fundy environment. FORCE provides a 
shared observati on facility, submarine cables, grid connecti on, and environmental monitoring at its pre-approved test site. 
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the long term socio-economic potenti al 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 eff orts are made 
to ensure its sustainability.  

   htt p://www.digbydistrict.ca/renewable-energy.html
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energy from the ti dal currents of the Digby Gut, Grand and Peti t 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 ti dal energy projects throughout Nova Scoti a and to 
establish Digby County as a focal point for marine renewable energy industry development and R&D acti viti es. Fundy Tidal 
has received 5 small-scale ti dal Community Feed-In Tariff  (COMFIT) agreement, totalling 3.55MW and seeks to complete 
these projects by 2017. 

   htt p://www.fundyti dal.com/index.php?opti on=com_content&view=secti on&id=5&Itemid=35
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   MODULE 1 - OVERVIEW OF TIDAL ENERGY 

Author: Dr. Graham Daborn

Tidal power is an old technology. The ti dal movements of the oceans represent huge amounts of predictable, 
renewable energy derived from the gravitati onal eff ects 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 ti mes in Europe, and were widespread in eastern North America unti l the 
end of the 19th century. Since the beginning of the 20th century, however, interest has been in the generati on of 
electricity from the ti des, especially in the Bay of Fundy (Nova Scoti a). This module provides a brief introducti on 
to ti dal power, its potenti al in Canada, the alternati ve approaches by which it can be captured, and the principal 
environmental and socio-economic issues involved.

Canada has ti dal energy opportuniti es on all three coasts: the Atlanti c, Pacifi c and Arcti c. The greatest potenti al 
is in the Bay of Fundy, not only because it has the world’s highest ti des (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 ti des are predictable and well known; however, the power 
output varies over ti me because of slack water periods, variati ons in ti dal range, and daily changes in the ti mes of 
high and low ti de. For one hundred years, there have been plans for generati ng electricity from the Fundy ti des. 
Most of the schemes considered building barrages (dams) across the entrances to bays or between islands, stor-
ing the ti dal waters at high ti de, and then allowing the stored water to exit through turbines that would rotate 
to produce electricity. Conversion of the potenti al energy of the stored water is similar to that in hydroelectric 
power stati ons, with which Canada has a great deal of experience.  

Research over many decades has shown that barrages have signifi cant implicati ons for water fl ows, regional 
ecology, and other coastal resources such as fi shing and transportati on. The Annapolis Tidal Generati ng Stati on, 
opened in 1985, has demonstrated that the more severe environmental eff ects are associated with the dam, 
rather than the turbines used to generate the power, although the latt er may pose important risks to fi sh and 
mammal populati ons in the area. As a result, present approaches to ti dal power development are based mainly 
upon electricity generators that are driven by the force of fl owing water, rather than by the water stored behind 
a dam or barrage. These so-called ti dal in-stream energy converters (TISECs) are analogous to windmills, in that 
they take the kineti c energy from fl owing water, without requiring a barrage. Consequently, many of the negati ve 
eff ects of barrages can be avoided, although there remain concerns, parti cularly with regard to fi sh 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 Scoti a conducted a Strategic Environmental Assessment of ti dal power development in the Bay 
of Fundy, the outcome of which was a commitment to a systemati c, cauti ous programme of evaluati on of ti dal 
power potenti al in Nova Scoti a. 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 implicati ons of large scale electricity 
generati on from the Fundy ti des. Principal environmental concerns include: the potenti al eff ects on fi sh, bird, 
mammal and other aquati c life associated with turbines, electrical cables, constructi on acti viti es, etc.; the eff ects 
on sediment distributi on and movement; and the overall eff ects on ti des of removing some of the energy from 
the water. Socio-economic concerns include: the eff ects on other resource uses, such as fi sheries, mining and 
transportati on; the developmental opportuniti es for local communiti es, e.g. through job creati on, tourism, etc.; 
and fi nancial feasibility. These implicati ons 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 ti des of the Bay of Fundy, Nova Scoti a has one of the world’s best ti dal power resources.  
Accurately measuring the size of this resource and assessing the porti on of the resource that could be exploited 
is an important step in developing a ti dal power industry. 

HOW LARGE IS THE NOVA SCOTIA TIDAL RESOURCE?

The combined extractable power from the largest ti dal fl ows in Nova Scoti a 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 proporti on of the ti dal resource that can or should be converted into electricity is an open questi on 
that depends on the effi  ciency of the turbine technology and acceptability of the environmental impacts of ex-
tracti ng the ti dal power.  Esti mates are based on today’s technology and on limiti ng the impact of power extrac-
ti on to small reducti ons in the fl ow (5-10%). These esti mates suggest the Nova Scoti a ti dal 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 Scoti a has a generati on capacity of about 2500 MW. 
So, ti dal power could play a signifi cant role in Nova Scoti a’s energy future.

HOW DOES THE TIDAL RESOURCE VARY ACROSS NOVA SCOTIA?

The ti dal resource is not the same for all ti dal passages. Tidal passages that connect ti dal basins to the Bay of 
Fundy, like Minas Channel and Digby Neck, have a large extractable power. But, extracti ng power from these pas-
sages will have a direct impact on the ti des in the ti dal basin.  Other passages that lie between two large bodies 
of water, like Peti t Passage and Grand Passage, may have a smaller extractable power but a greater porti on of this 
power can be exploited with litt le impact on the surrounding ti des.  

The speed of the ti dal currents in each passage also aff ects how the power will be generated.  Peti t Passage and 
Digby Gut appear to be similar passages, but the speed of the currents in Peti t Passage is almost twice that in 
Digby Gut.  This means the same turbine will produce roughly eight ti mes more power if placed in Peti t Passage 
than if it was placed in Digby Gut. It will also experience four ti mes as strong forces.  Clearly, these passages re-
quire diff erent technologies to effi  ciently 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 ti dal turbines. In terms of the characteris-
ti cs of the ti dal fl ow, sites are assessed using a combinati on of observati ons of the ti dal currents (using acousti c 
profi lers) and numerical simulati ons.  These assessment techniques can produce an accurate predicti on of how 
the ti dal currents will vary over years and decades. However, it is sti ll diffi  cult to predict high frequency, turbulent 
variati ons of the fl ow that will have important aff ects on power producti on.

Determining how large an array could be deployed at a given site is diffi  cult.  Turbine arrays can have odd cumula-
ti ve eff ects; that is, 100 turbines may not generate 100 ti mes the power of one turbine.  An array of turbines can 
be more effi  cient than individual turbines if they increase the blockage rati o – the porti on of the channel they 
occupy. An array can also decrease the effi  ciency 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 ti mes 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 ti dal energy convertors (TEC) is that designs are changing constantly but that the funda-
mental science of operati on does not. There is currently no single TEC model that can be applied to all ti dal 
resource setti  ngs. However, there are two primary categories of ti dal turbines, horizontal axis and verti cal axis. 

 • Horizontal Axis: When a turbine has a horizontal axis, the axis of rotati on is designed to be parallel  
 or slightly off -parallel to the fl ow of the water. These types of turbines tend to resemble underwater  
 windmills.

  o Cross fl ow: Cross fl ow turbines are a variant of horizontal axis. This model of turbine has the  
  axis of rotati on across the fl ow 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  
  shaft less and have the blades connected to an outer rotati ng rim to allow current fl ow through a  
  large centre hole.

 • Verti cal Axis: Verti cal axis turbines have an axis of rotati on that is perpendicular to the fl ow of water.  
 This means the axle around which the blades rotate is verti cal at 90° to the water fl ow directi on. These  
 devices can resemble egg beaters.

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

Tidal turbines can be moored in a variety of ways. Turbines can be fl oated on the surface of the water, usually 
on a fl oati ng platf orm or set of pontoons, with the blades of the turbine underwater. Verti cal axis turbines 
typically use this style of mooring to take advantage of the highest-speed currents approximately 1m below 
the surface. Typically, in a fl oati ng structure, there will be some form of cable mooring to keep the turbine in 
relati vely 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 bott om. They are con-
nected to a pile that is driven into the ocean fl oor or connected to a concrete surface that has been installed 
on the sea fl oor, known as a gravity base. 

In Nova Scoti a, each model of ti dal turbine has, or is expected be, tested. In 2009, the fi rst turbine, an open 
center model developed by Open Hydro, was installed and removed from the Bay of Fundy.

A general atti  tude in the ti dal 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 questi ons currently facing designers include:

 • What is the marine environment like at the installati on site? 

 • How will the turbine be installed?

 • How accessible will the turbine be for maintenance?

 • How long will the turbine last before maintenance is required?

 • What kind of maintenance can be expected?

 • How much ti me will there be to access the turbine at slack ti de?

 • Should the turbine be installed on the sea fl oor or fl oated at the surface?

 • How will the geological marine environment aff ect the turbine and vice versa?

As projects progress, these questi ons 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 fi ts all” turbines at the moment. Some soluti ons to these types of questi ons have been successful in 
one locati on and found to be completely inappropriate in others. For example, the Bay of Fundy has approxi-
mately 20 minutes of slack ti de and very high current speeds, which makes drilling to install concrete piles 
unatt racti ve. 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, ti dal energy is governed by several pieces 
of legislati on, regulati ons, 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 multi ple users and uses, legislati on strives to provide suitable licensing processes, envi-
ronmental protecti on, worker/public safety, resource conservati on, recogniti on of other users, community 
benefi ts, and economic benefi ts.

POLICY AND PROGRAMS FOR TIDAL ENERGY

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

• Strategic Environmental Assessment (SEA): SEAs are an important planning tool and provide an as-
sessment of the social, economic, and environmental eff ects and factors associated with potenti al 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 Scoti a’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 ambiti ous goal for 2020 to have 40% of Nova Scoti a’s electricity supply 
(sales) produced from renewable resources. The 2020 goal is now legislated in Nova Scoti a’s Electricity 
Act. It also includes directi on to establish a feed-in tariff  (FIT) for ti dal energy.

• Renewable Electricity Regulati ons: The Renewable Electricity Regulati ons established under Nova 
Scoti a’s Electricity Act in October 2010 provide a legal basis for many of the acti ons put forward in the 
Renewable Electricity Plan. The regulati ons 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 applicati ons and details on the developmental ti dal FIT.

• Enhanced Net-Metering Program: Net-metering is a uti lity-led program by Nova Scoti a Power that 
allows a consumer to meet their annual electricity needs with a low impact renewable electricity gen-
erati on facility of up to 1 MW capacity. Tidal energy is considered a low impact renewable resource 
that qualifi es for this program.

• Community-Based Feed-In Tariff  (COMFIT): The COMFIT is a program designed to support smaller-
scale renewable energy projects developed and owned by communiti es. 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 specifi c to large-scale devices and ti dal arrays 
is being developed by the Nova Scoti a Uti lity and Review Board. It will cover projects connected at the 
transmission level using devices greater than 0.5 MW. 

• Marine Renewable Energy Legislati on: Unlike other resources, legislati on specifi c to ti dal energy 
does not exist. The Bay of Fundy SEA recommended that legislati on for marine renewable energy be 
developed.  The Government of Nova Scoti a has been working to develop new legislati on that would 
provide clear, predictable, and effi  cient processes to support the sustainable advancement of the sec-
tor. 

• Marine Renewable Energy Strategy: In May 2012, the Government of Nova Scoti a released its Ma-
rine Renewable Energy Strategy. It includes enabling mechanisms and acti viti es to help advance ti dal 
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energy in Nova Scoti a, including a feed-in tariff  scheme coupled with a licensing process that will be 
established in legislati on to provide a pathway for projects to proceed from the testi ng stage to dem-
onstrati on and, fi nally, to commercial development. 

• Statement of Best Practi ces: The Government of Nova Scoti a is currently developing a statement 
of best practi ces that embeds standard requirements and practi ces for risk assessment as well as op-
ti ons for precauti onary and adapti ve environmental assessment, licensing and management, site as-
sessment and environmental monitoring requirements, modeling and monitoring energy producti on, 
deployment of devices, stakeholder consultati on and engagement, and transparency in environmental 
data collecti on and disseminati on.

RELEVANT LEGISLATION, REGULATION, AND THE PERMITTING PROCESS

There are multi ple federal, provincial, and potenti ally, municipal authoriti es involved in the regulati on of ti dal 
energy. Nova Scoti a’s current regulatory framework and policies refl ect the varied and complex public interests 
associated with ti dal energy.  These public interests include: multi ple uses of the marine environment; poten-
ti al confl icts among these uses; granti ng rights to produce energy from a shared, public resource (oceans); and 
the sale and distributi on of electricity through a regulated, integrated uti lity (Nova Scoti a Power Inc.).

PROVINCIAL LEGISLATION FEDERAL LEGISLATION

• Nova Scoti a Environment Act

• Environmental Goals and Sustainable Prosperity Act

• Fisheries and Coastal Resources Act

• Endangered Species Act

• Energy Resources Conservati on Act

• Crown Lands Act

• Beaches Act

• Special Places Protecti on Act

• Electricity Act

• Public Uti liti es Act

• Social Legislati on

• Assessment Act

• Municipal Government Act

• Fisheries Act

• Canadian Environmental Assessment Act

• Species at Risk Act

• Migratory Birds Conventi on Act

• Navigable Waters Protecti on Act

• Nati onal Energy Board Act

• Oceans Act

• Canada Environmental Protecti on Act

• Shipping Act

• Canada Labour Code

THE FUTURE OF TIDAL ENERGY REGULATION

Nova Scoti a’s Marine Renewable Energy Strategy includes a plan to establish a licensing process in legislati on 
for ti dal 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 adapti ve approach to development and deployment of in-stream ti dal devices.
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MODULE 5 – ENVIRONMENTAL RISK ASSESSMENT

Authors: Lisa Isaacman and Graham Daborn (Executi ve Summary writt en with assistance from Monica Reed.)

Understanding the potenti al environmental implicati ons of Tidal Energy Convertors (TEC) development is crucial 
for the technology’s success in providing clean, renewable energy. With litt le evidence on the environmental 
eff ects of TEC development, careful assessment and miti gati on of environmental risk is required. Independent 
scienti fi c 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 Scoti a Department of Energy. This framework provides guidance for project planners and 
reviewers in the assessment and miti gati on of environmental risks for TEC development proposals and projects. 
Module 5 highlights the Framework’s key considerati ons 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, vegetati on, geology) and ecosys-
tem processes (e.g., biophysical dynamics, food-web interacti ons), are oft en referred to as receptors because 
they receive the pressures induced by development. When examining the potenti al implicati ons of TEC develop-
ment, the pressures, known as stressors, are assessed to evaluate their potenti al impact on the receptors. The 
table below lists the predicted stressors and the potenti al environmental eff ects associated with each stressor. 
Please note: the listed eff ects have only the potenti al to occur, and thus require evaluati on; the list is not a fore-
cast of what will happen.

Predicted Stressors and Potenti al Environmental Eff ects
STRESSOR POTENTIAL ENVIRONMENTAL EFFECTS 

Changes in Current 
Energy

Change in water movement characteristi cs and patt erns in close proximity to TEC de-
vice, altering local sediment dynamics (scour, sediment depositi on, and transport).
Alterati on of regional and/or coastal/shoreline habitat due to alterati on of sediment 
dynamics (alterati on of substrates, erosion, transport, and depositi on patt ern) and 
ti dal patt erns (ti ming, height, mixing patt erns, velocity). 

Presence of Physical 
Infrastructure

Loss or modifi cati on of benthic or pelagic habitat structure and complexity due to 
scour and presence of device base and submarine cables.
Att racti on, avoidance, or exclusion of species from habitat areas leading to changes 
in biological community structure and functi on. 

Physical Interacti ons 
with Infrastructure

Physical contact with device or stress induced by pressure fl ux or turbulence causing 
injury or death of marine organisms. 
Altered movement and migrati on patt erns due to avoidance.

Noise, Vibrati ons, and 
Light Emitt ed from 
Devices

Increased stress, physical or physiological damage to auditory systems, or behav-
ioural changes (e.g. habitat avoidance/att racti on, change in movement patt erns, 
decreased mate and prey detecti on). 

Emitt ed 
Electromagneti c Fields

Increased stress, physical or physiological damage, and behavioural changes (avoid-
ance/att racti on, communicati on, movement, and migrati on patt erns). 

Release of 
Contaminants

Chemical polluti on from paints, anti foulants, and lubricants aff ecti ng water chemis-
try and marine organism health.

System-scale Eff ects Impacts on the stability and dynamics of the local populati on, with possible trickle 
down eff ects on local, regional, and potenti ally remote populati on and biological 
community structure and functi on, parti cularly when migratory species are aff ected.  
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It is important to recognize the great amount of scienti fi c uncertainty associated with TEC developments. The 
listed environmental impacts have been recognized as potenti al eff ects that require pre-deployment assess-
ment, with monitoring conti nuing throughout the device’s operati onal phase and beyond device decommis-
sioning.  

The probability and magnitude of the potenti al eff ects are diffi  cult to gauge for a number of reasons. Every 
environment is unique and complex. Additi ve or cumulati ve eff ects caused by the combinati on of past, pres-
ent, or future human acti viti es should be anti cipated, but are diffi  cult to predict. Changes to criti cal ecosystem 
processes may appear small and incremental, but may change, intensify, or only become detectable over a 
period of ti me. Acti ng in concert with other acti viti es, a seemingly minor disturbance may well result in a 
major impact on a criti cal aspect of the environment or other established resource use.  Developments, par-
ti cularly commercial-scale arrays, will need to be reassessed at regular intervals to address these elements of 
uncertainty. 

In additi on to the environmental complexiti es, the potenti al eff ects are diffi  cult to predict because in-stream 
ti dal energy generati on is sti ll 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 ti me. To date, envi-
ronmental monitoring has largely focused on the near-fi eld (in the immediate vicinity of the turbine) impacts 
of a single device. Monitoring studies have been limited by the durati on 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 collecti on and environmental monitoring techniques are being developed 
alongside the emerging industry, and thus, have not yet been verifi ed as eff ecti ve and accurate. Because the 
aforementi oned factors combine to create a substanti al degree of scienti fi c uncertainty, environmental moni-
toring results from one project should not be used to predict the potenti al environmental eff ects of TEC devel-
opments elsewhere.  Additi onally, the outcomes of one project should not be used to make inferences about 
another project because environmental eff ects are likely to be technology-, scale-, and site-specifi c. 

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

 1. adequate considerati on of ecosystem-scale and cumulati ve eff ects;

 2. a precauti onary and adapti ve management approach; 

 3. the need for appropriate and early initi ati on of baseline studies;

 4. the need for risk evaluati on criteria and indicators that are relevant, fl exible, and can be consistently  
      applied to projects of any type, size, or locati on;

 5. considerati on of other human uses of the ecosystem; and

 6. early and on-going First Nati ons engagement.

See Module 5 for further informati on pertaining to these principles. 

Module 5 presents a series of steps (framework), best practi ces, and criteria/indicators to guide project plan-
ners and reviewers in assessing the environmental risks of a proposed project and planning for the appropriate 
adapti ve miti gati on and monitoring of the identi fi ed risks. The table below describes the steps. 

XXIII



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute EXECUTIVE SUMMARY  -  OVERVIEW OF TIDAL ENERGY 

Framework to Reduce Risk
STEPS EXPLANATION

1. Defi ne the scope of 
the review.

Clearly delineate the scope of the project and review. This includes identi fying the acti viti es 
and ecosystem components to be reviewed, defi ning the spati al and ti me scale of the project, 
and the review, integrati ng ecosystem-scale and cumulati ve eff ects and recognizing the poten-
ti al for staged developments.

2. Evaluate the project 
site characteristi cs.

Assess the interrelati onship between the scale of the development and the site characteristi cs. 
TEC developments may be found in three diff erent site types: through the narrow entrance 
of a coastal basin, through multi ple passages between landforms, or in certain coastal areas 
off shore. The characteristi cs of the site, as well as the presence of a species or habitat of high 
conservati on concern, will infl uence the implicati ons of the TEC development.

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

Evaluate risk based on multi ple qualitati ve and numerical science-based evaluati on criteria 
and indicators, which are adjustable to parti cular project designs and sites. Criteria in the 
categorizati on of risk levels of TEC development include: 

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

              2. Eff ect on Water Movement and Sediment Dynamics;

              3. Timing of Short Term Projects;

              4. Physical Obstacle to Marine Organisms;

              5. Noise, Vibrati ons, and Turbulence Eff ects on Marine Organisms Due to Turbine                                                                       
.....        Operati on; and 

              6. Eff ects of Other Signals Emitt ed 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, spati al extent, signifi cance, durati on, and revers-
ibility of the forecasted eff ect.  

4. Identi fy 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. fi sheries, recreati on). While many acti viti es will be able to coexist with TEC 
developments, some may be displaced or disrupted. Marine spati al planning, socioeconomic 
impact assessment, and/or consultati ons with stakeholders can assist in evaluati ng the risks 
and planning miti gati on 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 enti re 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 miti gati on measures 
to reduce the overall risk 
of the project, when ap-
plicable.

Miti gati on measures can be used to downgrade the overall risk of the project, potenti ally 
avoiding rejecti on, delays, and/or added costs associated with the need for a more in-depth 
review, baseline studies, and monitoring program. Miti gati on measures may involve site 
relocati on, change in the ti ming of project acti viti es, adjustments to the size or confi gurati on 
of the development, or use of miti gati on devices such as erosion protecti on, or fi sh/marine 
mammal deterrents. 

7.) Prepare the environ-
mental monitoring and 
follow-up acti viti es, and 
an adapti ve manage-
ment program for an 
approved project.

Design a long-term adapti ve environmental monitoring and management program for an 
approved project, including monitoring requirements, ti melines, and/or conditi ons for re-
assessment, and an adapti ve management response plan. These follow-up acti viti es are key 
to reducing scienti fi c uncertainty and allow improved decisions to be made in the future.  
Monitoring confi rms the predicti ons of the environmental assessment, exposing the eff ecti ve-
ness of the miti gati on measures and identi fying lower than anti cipated and/or unanti cipated 
changes that necessitate adapti ve management measures. An adapti ve response plan can 
ensure appropriate and ti mely acti ons are taken to miti gate the cause of unanti cipated eff ects.

See Module 5 for further informati on pertaining to these steps. 
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MODULE 6 - STAKEHOLDER AND COMMUNITY ENGAGEMENT

Author: Dr. John Colton

Eff ecti ve community and stakeholder engagement is criti cal in the development of ti dal energy. There is no 
bett er strategy for miti gati ng the risks associated with developing a ti dal energy project than to develop a 
stakeholder engagement process that is inclusive of all stakeholders. Stakeholder and community engage-
ment is parti cularly relevant to ti dal energy development as there is likely to be a wide range of stakeholders 
aff ected. Experience shows that parti cipatory processes facilitate consensus and confl ict management, build 
local pride, and create confi dence, trust, and greater cooperati on.

Once stakeholders have been identi fi ed, it is important to work to understand their concerns. Stakeholders 
form opinions on renewable energy developments based on their percepti on of the environmental, socio-
economic, and emoti onal impacts the proposed development has on them and their community. When con-
sidering the potenti al for ti dal energy development in an area, it is important to also identi fy any First Nati on 
communiti es in the region. Keep in mind that these communiti es do not have to be necessarily close to the 
proposed ti dal 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 Nati on communiti es, but it is incumbent 
on ti dal 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 bett er suited for specifi c 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 opportuniti es for communicati ng informati on and learning the perspecti ves of community and business 
stakeholders.  More importantly, basing the community and stakeholder engagement process on principles 
of transparency and respect will foster the collaborati ve spirit necessary to engage in a discussion on a ti dal 
energy project. 
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   MODULE 7 - FINANCIAL EVALUATION AND THE COST OF ENERGY

Author: Dr. Shelley MacDougall

The electricity generated from ti dal energy will be expensive at fi rst, but the cost is expected to decline over 
ti me as experience, effi  ciency, technology improvements, and economies of scale are gained. The goal is for 
ti dal energy to be competi ti ve with other forms of renewable energy, such as wind. 

Though the energy of the ti des is freely available, the cost of harvesti ng it is high. The cost of the energy comes 
from the research and development costs, site assessment and permitti  ng, capital costs of ti dal energy con-
verters, bases, monitoring devices, subsea cables and on-shore connecti on to the electrical grid, installati on, 
environmental monitoring and reporti ng, lease and insurance costs, maintenance and periodic overhauls, and 
decommissioning costs.  

An example of a 1 MW ti dal 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 
demonstrati on stage is esti mated to be $683 per MWh or $0.683 per KWh. The esti mated energy output is 
esti mated to be 3,500 MWh per year. To achieve economies of scale, an array of ti dal energy converters would 
need to be connected to the underwater cables and electrical grid. The profi ts generated from the sale of the 
power to Nova Scoti a Power Inc. (NSPI) would go to the project developer, the project’s lenders, and share-
holders. The four ti dal energy test berths in the Minas Passage are leased by consorti a of large companies 
that include technology developers such as Marine Current Turbines and Atlanti s Resources and their partner 
companies, Minas Basin Pulp and Power, Irving Shipbuilding, and Lockheed Marti n.

Small scale ti dal energy devices, designed to produce less than 0.5 MW of electricity, can be placed in arrays 
in smaller, lower fl ow areas such as Digby Gut, and Peti t and Grand Passages.  The cost of energy generated by 
early stage ti dal energy converters in the development stage was esti mated by Synapse Consulti ng to be $652 
per MWh or $0.652 per kWh. Each device could deliver an esti mated 1,620 MWh to the distributi on system. 
The small scale projects fall under the Nova Scoti a Community Feed-in Tariff  program if they are at least 51% 
owned by local communiti es. The profi ts generated from the sale of the power would go to the local owners 
who are partnering with companies that have developed ti dal 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 communiti es across Nova Scoti a. Tidal energy development will 
create jobs, support research, and provide cleaner energy. Understanding the opportuniti es and challenges of 
ti dal energy can help communiti es make informed choices and support community buy-in.

What are the Opportuniti es Both Large and Small Scale?

Small scale projects that are COMFIT eligible are currently the primary opportunity for communiti es. Being 
awarded a COMFIT provides a community a guaranteed price for the energy it produces.  While the initi al 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-
nizati ons or groups who may not have the capital necessary to develop a project alone have the opportunity to 
partner with other enti ti es to support a COMFIT project. 

Large scale opportuniti es are also available to communiti es, but long term benefi ts will not materialize unti l the 
ti dal energy industry matures in Nova Scoti a. Communiti es across Nova Scoti a will have something to gain from 
the development of a large scale ti dal energy industry. Communiti es that are located near ti dal energy deploy-
ment and servicing sites will likely see the greatest proporti on of benefi ts. 

Important Questi ons

Oft en, the fi rst questi on community members ask is, “how many jobs will this create?” or “how will it benefi t 
the economy?” These are valid and important questi ons. They are, however, diffi  cult to answer precisely. The 
employment and economic benefi ts of ti dal energy development are not well documented, largely because few 
projects have been completed to date. Also, the number of jobs created is highly conti ngent on the size of the 
project and who develops it, especially where the development is not a COMFIT. Large scale or ti dal array devel-
opments will have greater demand for labour and experti se, which will mean more job creati on opportuniti es; 
this is balanced against the complexity of such projects that may require materials, equipment, and experti se 
not available locally. Potenti al 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 ti dal energy project will have an economic impact in the local 
community. Jobs can come from directly working on a project (welding, vessel operati on, 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 benefi ts to communiti es include increased economic 
diversity, tourism potenti al, educati on and research opportuniti es, and skills and capacity building for local orga-
nizati ons, workers, and administrators. Perhaps one of the most signifi cant opportuniti es ti dal 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, nati onal, and internati onal soluti on to improve the quality and sustain-
ability of our environment. 

What are the Challenges to Att aining Benefi ts?

Communiti es can face many challenges to att aining the benefi ts they want and not all benefi ts will be avail-
able for all communiti es. Geography, demographics, and local labour force characteristi cs may not support the 
development of local jobs. There are no local content rules for renewable energy development in Nova Scoti a; 
however, using local experti se and materials is oft en in the developer’s best interest. Local oppositi on to ti dal 
energy can stop projects in their tracks. Fostering good working relati onships amongst ti dal project teams and lo-
cal communiti es members, especially if they come from very diff erent backgrounds, can be ti me consuming and 
diffi  cult. However, as has been shown in the United Kingdom, United States, Briti sh Columbia, and here in Nova 
Scoti a, open, honest, and frank discussions of ti dal energy can help to overcome challenges and result in both 
large and small benefi ts for local communiti es. 
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SECTION 2: STRATEGIES FOR COMMUNITIES AND BUSINESSES TO GARNER SOCIO-ECONOMIC BENEFITS

Nova Scoti a and other Atlanti c Provinces have a pool of knowledge, infrastructure, and services related to 
ocean and marine technology and industry. Collecti vely, this combinati on of knowledge, infrastructure, and 
services has been used to develop a state-of-the-art commercial fi shery, ship building enterprises, oil and gas 
development, and barge hauling services. Local, regional, provincial, and federal governments have invested 
signifi cant resources into exploring how the skills associated with these types of industries can be used in 
other industrial sectors. This is important, as communiti es 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 citi zens, its services and 
ameniti es, and understanding how these can collecti vely contribute to and support ti dal energy development 
may provide for greater resiliency and sustained community development.

Strategies for community development have evolved from a traditi onal top-down approach to a grass-roots 
approach. Traditi onal economic development models have focussed on job creati on by encouraging greater 
economic diversity to sti mulate economic growth in regions. Increasingly, this development approach is be-
ing replaced by a more holisti c approach that focuses on socioeconomic growth. Inherent in this shift  have 
been the role of the citi zen and the focus of development. Citi zens and other stakeholders in this new model 
of development become acti ve agents in shaping their communiti es through harnessing local assets found in 
their communiti es and businesses. This approach to development moves beyond job creati on by broadening 
its focus to community development. With this approach, the community is examined through another lens: 
that of Community Capital. Researchers have identi fi ed 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 communiti es with energy that may al-
low for development of local small-scale industries such as greenhouses, tourism-related acti viti es/faciliti es, 
or small-scale manufacturing. Any ownership model can produce these types of opportuniti es. 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 ti dal energy projects will require a supply chain of multi ple services, supplies, and exper-
ti se including marine scienti sts and engineers, mechanical and electrical technicians, vessels, sensory instru-
ments, divers, steel fabricators, manufacturers and supporti ng experti se such as insurance, legal, transporta-
ti on, and fi nancial services. The building of a supply chain is important to support the advancement of ti dal 
energy development and it also represents a new economic opportunity. 

Due to the early stage of development of the ti dal energy industry, there are presently supply chain gaps in 
capability and capacity regionally, as well as internati onally. The current gaps identi fi ed are in device manu-
facturing, engineering constructi on, foundati ons, and anchoring. At the same ti me, Natural Resources Canada 
identi fi ed areas where Canada has evident strengths to support ti dal energy development, including deep sea 
ports, marine constructi on, resource monitoring and analysis, environmental assessment, marine supplies, 
commercial diving, and transport. These challenges and strengths present opportuniti es for businesses, com-
muniti es, and individuals in Nova Scoti a with applicable experti se and skills sets to contribute to development 
domesti cally, nati onally, and globally. 

Getti  ng involved in the supply chain side of ti dal energy development requires an understanding of the sup-
plies, services, and skills required for a ti dal energy project. Every project is diff erent depending on locati on, 
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 supporti ng and enabling services:

1. Research and Development: The research and development stage includes research and testi ng of ti dal  
energy technologies to test and refi ne a prototype design that can be developed into a commercial-scale 
device. Typically, R&D acti viti es are conducted by specialized centers belonging to companies, universiti es or 
government enti ti es. 

2. Site Screening and Project Feasibility: The fi rst stage of project development is aimed at identi fying potenti al 
sites, learning characteristi cs of the sites, and determining feasibility of a project at those sites. Aft er a poten-
ti al site has been identi fi ed through a site screening, a site resource assessment is completed. The next step 
is to conduct various feasibility studies that consider the resource identi fi ed, resulti ng in detailed modeling of 
potenti al constraints to the project. 

3. Planning: During the planning stage, ti dal energy developers engage in environmental and technical studies 
and acti viti es to help inform project design and provide details necessary for determining what types of per-
mits, licenses and authorizati ons 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 objecti ves. During this stage, 
a developer typically performs acti viti es necessary for gaining project approvals and permits and as design 
progresses, technical informati on feeds into the regulatory process.  

5. Project Fabricati on: This stage focuses on the implementati on 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, ti mescales and costs agreed to in the contract.

6.  Constructi on, Installati on, and Commissioning: The constructi on, installati on and commissioning stage 
starts once all permits and approvals have been received and the device and other components are complete 
and ready for fi nal assembly. This includes onshore assembly, off shore installati on acti viti es, and on-site com-
missioning. A range of vessels are typically required including specialist, modifi ed, standard and jack-up ves-
sels. A number of suppliers are required to manage and deliver the safe, ti mely installati on of expensive and 
relati vely delicate technology in tough environmental conditi ons. 
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7. Operati ons and Maintenance: The project development process will be designed to ensure cost-eff ecti ve 
and safe operati on throughout the life of the project. Maintenance will be scheduled to enable effi  cient per-
formance and miti gate environmental impact. This stage will likely require technical support from the installa-
ti on contractor, equipment supplier, and technology developer at early stages of operati on. 

8. Decommissioning: Once a project reaches the end of its operati ng 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 ti dal energy sector in Nova Scoti a and globally will be highly dependent on having a supply chain 
with the right businesses, skills, and experti se to support project and industry development. Nova Scoti a and 
the Atlanti c region are well suited to pursue involvement in the growing ti dal energy industry by transferring 
skills and experti se from related sectors including: off shore petroleum, ocean technology, wind energy, marine 
structure fabricati on and marine transport, and port faciliti es.

An eff ecti ve strategy for taking up the commercial opportuniti es presented by ti dal energy is industry cluster-
ing. An industry cluster is a geographic concentrati on of companies (suppliers of goods and services, their cus-
tomers, and related companies) and organizati ons (research labs, universiti es, industry associati ons, standards 
associati ons) in the same industry. Companies in the cluster share common needs, opportuniti es, constraints, 
and obstacles to producti vity. 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 orientati on toward groups of organizati ons, rather 
than individual fi rms. Many of the pieces are in place for the Nova Scoti a ti dal 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 innovati on in clusters tends to be greater than outside clusters, at 
least during the growth stage. Beyond the constructi on and deployment of the ti dal energy devices in local 
waters, Nova Scoti a has the opportunity to develop technologies and experti se associated with them  that will 
be in demand worldwide. Developing and exporti ng innovati ve products and process experti se will generate 
local economic benefi ts. Industry clustering can help achieve these innovati ons.

XXX



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tuteEXECUTIVE SUMMARY  -  OVERVIEW OF TIDAL ENERGY 

   MODULE 10 - FINANCING, GOVERNMENT SUPPORTS, AND RISK

Authors: Dr. Shelley MacDougall and Melissa Beatti  e

Technologies for ti dal energy conversion are in the early stages of development. Devices are sti ll expensive 
to build and their performance in waters outside of test sites is sti ll uncertain. Companies developing the 
technologies will seek to deploy them where electricity can be sold. Developing projects involves many steps: 
feasibility assessment, planning and permitti  ng, design and constructi on, manufacture, installati on, operati on 
and maintenance, and fi nally, decommissioning. There are various supports provided by governments, mostly 
at the technology research and development stage. When the “heavy lift ing” begins, fi nding fi nancing 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 signifi cant risks inherent in ti dal 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. Unti l devices and arrays 
are deployed commercially, setbacks are hard to predict and miti gate. Insurers do not have suffi  cient actuarial 
data to set insurance premiums. Besides technology risks, there are constructi on risks, potenti al problems 
with equipment and manufacturing accessibility, cost overruns, a lack of capable operators, and politi cal 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 signifi cant risks. 
Another, less understood, risk is community dissent toward a development. There are steps that can be taken 
to miti gate many of the risks, but sti ll, a substanti al amount of remain.

Once ti dal energy devices are in the water and operati ng, the rate of project development should increase 
as fi nancing becomes easier to att ract. However, government support is needed to help get the technology 
through the so-called “technology valley of death”: the pre-commercializati on stage for which there is scarcity 
of fi nancing. 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 tariff s, community economic development investment funds (CEDIFs), fl ow-through shares, 
accelerated depreciati on, and the Scienti fi c Research and Experimental Development (SR&ED). There is sti ll a 
need for further government interventi ons, such as loan guarantees, to enable developers to access fi nancing 
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 ti dal energy development are largely unknown because few commercial scale develop-
ments exist to date; those that do exist have only been in operati on for a short ti me. What we do know is that 
ti dal energy projects involve multi ple stages and inputs. Inputs cross multi ple sectors. This module att empts to 
model the potenti al impacts of a theoreti cal 5MW ti dal energy facility that consists of several ti dal generati on 
devices with a capacity of 0.5 MW or less and that is capable of being interconnected with the electrical grid 
through a distributi on system. The total esti mate cost for this project is $50 million. 

Why the Digby Area?

Digby was chosen for analysis based on a number of potenti al sites being identi fi ed in that area. Fundy Tidal 
Inc. has received regulatory approval for a 1.95 megawatt  ti dal power project in Digby County. Small scale ti dal 
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 signifi cantly less precise at this point in ti me. Impacts would be dif-
ferent in other areas of the province due to diff erences in the type and number of businesses and the make-up 
of the labour force. 

The Input/Output (I/O) Model

An input/output (I/O) model is used to esti mate potenti al economic eff ects. An input/output model att empts 
to esti mate total impacts across all sectors in an economy by modeling the total demand for goods and services 
from, for example, the inserti on of a ti dal energy project into an economy. An I/O model att empts to esti mate 
the total direct, indirect, and induced eff ects of a project.  Direct eff ects occur when fi rms involved in ti dal power 
development buy goods and/or services from local fi rms. Indirect eff ects occur when local fi rms buy local inputs 
(goods/services) as a result of the direct impact. The economic acti vity resulti ng from the re-spending of income 
generated by the direct and indirect eff ects is known as the induced eff ect. The induced impacts are additi onal 
expenditures resulti ng from increased income brought about by increases in fi nal demand.

This module makes a few assumpti ons:

 1. The cost of development is approximately $10 million per MW for a ti dal energy facility.

 2. A ti dal 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 functi ons will remain stati c, with the only   
  signifi cant change being the 5MW ti dal energy facility.

The model is not a precise tool for esti mati ng economic and job growth; however, it does provide insight into 
the potenti al impacts of ti dal energy development on the scale of 5MW in the Digby area. 

The I/O model indicates that:

 • A 5MW project would provide steady work for 48 people for the 5 years of the project develoment  
  and constructi on, with an esti mated annual income of $60,000 per person. 

 • Over the lifeti me of the ti dal facility (esti mated at 20 years), an equivalent of two full-ti me 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 ti dal energy. It has been writt en for 
people who wish to broaden their understanding of what ti dal energy is, what is involved in its development, and 
what potenti al impacts and benefi ts it will have.

The Toolkit provides broad coverage of the challenges and opportuniti es of sustainably developing in-stream 
ti dal energy. It describes the locati on of suitable ti dal resources in Nova Scoti a, environmental assessment, tech-
nologies, community and business opportuniti es,  strategies for garnering economic benefi t, community en-
gagement, costs, fi nancing and risk. The Toolkit has been developed to provide a foundati on of knowledge to 
empower local stakeholders who are interested in learning more about the many issues related to ti dal energy 
development. The regional focus of the Toolkit is Nova Scoti a, Canada, though much of the informati on is appli-
cable nati onally and internati onally.

The Community and Business Toolkit for Tidal Energy Development was funded by the Atlanti c Canada Oppor-
tuniti es Agency Innovati ve Communiti es Fund, Nova Scoti a Rural Economic Development and Tourism, Munici-
paliti es of Digby County, Cumberland Regional Economic Development Associati on (Cumberland Energy Offi  ce), 
AECOM Canada Ltd., Fundy Tidal Inc., Jasco Applied Sciences, Minas Basin Pulp and Power, Nortek USA, VEMCO, 
Off shore Energy Research Associati on (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 Insti tute is located in Wolfville, Nova Scoti a, Canada, near the shores of the world-
renowned Bay of Fundy. The vision of the Acadia Tidal Energy Insti tute is a world that benefi ts responsibly from 
ti dal energy. The Acadia Tidal Energy Insti tute aims to be a hub of scienti fi c and socioeconomic research that will 
help advance knowledge of ti dal energy that respects the environment and supports socioeconomic prosperity 
by leading and disseminati ng collaborati ve, objecti ve research regionally, nati onally, and internati onally.

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

People and organizati ons in Nova Scoti a and elsewhere have already begun work on developing ti dal 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, fi nanciers how to fi nance, 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 ti dal energy. Though most stakeholders 
will fi nd new informati on in all modules, including those in the area of their experti se, they will gain parti cular 
benefi t from toolkit modules that discuss aspects outside their area of experti se. 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 opportuniti es and how to keep economic benefi ts local. Any stakeholder can fi nd 
out what permitti  ng procedures and government supports are in place.

The toolkit is accessible and downloadable as a PDF fi le from the Acadia Tidal Energy Insti tute website
(htt p://ti dalenergy.acadiau.ca/). The modules from the toolkit can also be downloaded individually. 



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute3 INTRODUCTION

   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 fi rst secti on provides an overview of ti dal energy and its history (Module 1), explains the locati on and 
measurement of ti dal energy resources (Module 2), and describes the generic designs of ti dal energy turbines 
(Module 3).

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

This secti on discusses three aspects of sustainability – environmental, social, and fi nancial. The modules in this 
secti on outline the regulatory regime in Nova Scoti a for ti dal energy (Module 4), environmental risk assessment 
(Module 5), stakeholder and community engagement (Module 6), and fi nancial evaluati on 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 secti on outlines the opportuniti es presented by ti dal energy and strategies for communiti es (Module 8) 
and businesses (Module 9) to take up those opportuniti es. Sources of fi nancing, government supports, and 
the risks inherent in ti dal energy projects are identi fi ed and informati on is given on how to manage those risks 
(Module 10). Finally, an assessment of the potenti al economic impact of a hypotheti cal fi ve megawatt  ti dal 
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 informati on. Each 
module also includes defi niti ons, examples, vignett es, and so on. These can be found in various boxes located 
on pages throughout the toolkit.

BOXES IN THE TOOLKIT

Best Practi ce Examples of how things have been done eff ecti vely 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 sti ll be out” or for which 
no empirical evidence is available. The expectati on is the issue may require 
considerati on but there is no soluti on yet.

Foundati onal Concepts New concepts and defi niti ons are explained in these boxes.

Nova Scoti a In Context These boxes highlight situati ons and examples specifi c to Nova Scoti a.

Toolbox These boxes describe practi cal tools or checklists available for use.

Vignett es Vignett es provide the reader with real-world examples to help understand a 
process or concept.



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute 4INTRODUCTION

 FREQUENTLY ASKED QUESTIONS

Business and community members have asked the toolkit writers many questi ons about ti dal energy and the 
toolkit was writt en to help answer them. Key questi ons are below, along with where answers can be found in 
the toolkit.

WHY CONSIDER TIDAL ENERGY? 

Nova Scoti a generates a large amount of its electricity from imported coal. The emissions, such as CO2, SO2, 
and parti culate matt er, and the cost and price uncertainty of this fuel source make this unsustainable. Jurisdic-
ti ons that generate electricity from their own natural resources not only have greater energy security, they 
enjoy economic spinoff s, such as jobs. As in many jurisdicti ons, the government in Nova Scoti a recognizes the 
need to change the province’s energy mix and develop its own sources of renewable energy. 

Globally, in-stream ti dal electricity generati on is very new. Research, development and testi ng are being done 
in several countries, such as Ireland, Scotland, Australia, South Korea, and the USA. With the world-class ti dal 
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 
operati ng procedures, or through environmental impact assessment and protecti on. Developing experti se, 
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 ti dal energy but this toolkit deals primarily with in-stream ti dal energy de-
vices. Tidal in-stream energy converters, otherwise referred to as “turbines,” “TEC,” or “TISEC devices,” are 
submerged in the ti dal currents. Though some are suspended from barges or mounted on pin piles, others are 
mounted on the ocean fl oor or tethered to the bott om 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 informati on about the various ways of capturing ti dal energy, see Module 1: Overview of Tidal Energy. To 
read about various designs of ti dal in-stream energy devices and bringing the electricity to shore, see Module 
3: Tidal Power Extracti on Devices.

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

There are a limited number of locati ons where the fl ow of the water is great enough to develop ti dal energy. 
In Nova Scoti a, the Minas Channel, Digby Gut, Peti t Passage and Grand Passage, Great Bras d’Or Channel, and 
the Barra Straight are possibiliti es. Only in the Minas Channel is large-scale ti dal energy development possible. 
The other locati ons are suitable for small-scale ti dal energy development. Module 2: Measuring and Assessing 
the Tidal Resource provides informati on about where the ti dal resources are, what power can be extracted, 
and how such an assessment is done. 

HOW DID WE GET TO THIS POINT? 

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

The number of jobs created will depend on how much ti dal energy we develop. There are several initi ati ves be-
ing explored at present: community-owned, small-scale ti dal energy projects in the Grand Passage, Peti t Passage, 
Digby Gut and Bras d’Or Lakes; and large-scale 1-MW device testi ng in the Minas Passage. In both cases, there 
will be need for tradespeople, marine services, engineering, hotel accommodati on and restaurants, and so on. 
Small-scale ti dal energy development needs these in much smaller quanti ti es. Much of it will probably be within 
the capability of existi ng Nova Scoti an companies, providing them with more work. Large-scale ti dal energy de-
velopment, depending on if it goes beyond testi ng to become a commercial-scale ti dal energy-farm, will require 
many more products, services, tradespeople, knowledge workers, and infrastructure. Several modules in this 
toolkit provide informati on about the jobs needed for development. If you are seeking esti mates of how many 
jobs or “person-years” of employment that could be generated in Nova Scoti a during constructi on and opera-
ti on, read Module 11: Assessing the Potenti al 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 
experti se will be needed and at what stage, go to Module 9: Opportuniti es and Strategies for Business. Module 9
also provides details on where supply chain businesses can get informati on 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 competi ng uses for the water and many people make a living from it. Marine 
spati al planning and coastal zone management are useful tools for managing confl ict between marine uses. 
How to best apply these tools to ti dal energy in Nova Scoti a is not fully understood at this point. However, 
consultati on with the members of the communiti es near the ti dal energy sites is important for understanding 
the needs of the various users and for fi nding 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 eff ecti vely consult and engage with people who have an interest in the same waters. Module 6 also 
provides informati on on the opportuniti es for users of the water to express their concerns and suggesti ons.

WHAT ABOUT THE FISH AND MARINE MAMMALS? 

Being low-carbon and renewable are not the only important environmental aspects of ti dal energy. The eff ects 
on the ecosystem, the ti des, marine mammals, fi sh, and other organisms that depend on the ti des 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 regulati ons, permit-
ti ng 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 – fi nancial. It is early days in the global ti dal 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 ti des, is free, but there are many 
costs involved in harnessing that energy, converti ng it to electricity, and getti  ng it to the electrical distributi on 
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 competi ti ve with other renewables. 
If you are interested in the cost of ti dal energy and what makes this cost up, you can read up on it in Module 
7: Financial Evaluati on and Cost of Energy. 
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WHAT IS IN IT FOR OUR COMMUNITY? HOW WILL IT AFFECT US? 

Communiti es could see some new industrial acti vity and perhaps some new tourism. They may have the op-
portunity to garner benefi ts from ti dal energy development. There could also be some negati ve eff ects. Mod-
ule 8: Opportuniti es and Strategies for Communiti es discusses these and strategies for miti gati ng the negati ve 
impacts and keeping benefi ts 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 meeti ngs held in aff ected communiti es 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 questi ons such as these. In Module 9: Opportuniti es and Strategies for 
Business, supply chain opportuniti es 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 
mariti me economy have the skills and experti se to provide services and products for the development of ti dal 
energy. 

Module 7: Financial Evaluati on and Cost of Energy describes the costs and what must be included in the cost-
benefi t analysis of ti dal energy projects – both small-scale ti dal and large. It also describes the levelized cost of 
energy calculati ons, an industry-standard measure for comparing costs of energy from various sources. 

Module 10: Financing, Government Supports, and Managing Risk outlines the fi nancing available at the vari-
ous stages of technology and project development, as well as the gaps in fi nancing. Methods of fi nancing are 
explained and supports provided by the federal and provincial governments in Nova Scoti a are outlined, with 
web links to relevant government informati on. Finally, the module discusses the risks inherent in a ti dal energy 
project and how to miti gate them. 

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

In summary, the Community and Business Toolkit for Tidal Energy Development has been writt en to inform 
the responsible development of ti dal energy, empower stakeholders with up-to-date and comprehensive 
informati on, and lead communiti es toward a greener, more secure source of electricity. 
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   1 - OVERVIEW OF TIDAL ENERGY 

Author: Dr. Graham Daborn

WHAT DOES THIS MODULE COVER?

This module provides an introducti on to the subject of ti dal power – a 
form of marine renewable energy that depends upon the fl ow of ti dal 
waters. Here you will fi nd a brief summary of the history of ti dal power in 
Canada, an outline of some of the devices that are being considered for 
generati ng electricity from ti dal waters, and an indicati on of the technical, 
environmental, and social issues that surround ti dal power. It is intended 
for the general reader and will serve as a guide to the more detailed in-
formati on contained within the Community and Business Toolkit for Tidal 
Energy Development.

Using the energy of the ti des is a very old human acti vity. The power in 
fl owing ti dal waters has been used for about two thousand years: the 
Egypti ans, Greeks, and Romans used ti dally-driven water wheels to grind 
grain, and remains of a ti dal mill dati ng to 620 AD have been found at 
a monastery in Northern Ireland. Even the famous London Bridge con-
tained four ti dal wheels that drove pumps providing water to the city in 
the 17th century. In Canada, Champlain built a ti dal mill at Port Royal 
(Nova Scoti a) 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 fl owing 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 getti  ng warmer and litt le 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. plasti cs and pharmaceuti cals). Consequently, major eff orts are being 
made to shift  towards greater use of renewable energy sources, parti cu-
larly for the generati on of electricity. 

There are several renewable sources available: solar, wind (both on land 
and off shore), waves, ti dal and river currents, and biomass. Solar power 
is, of course, only available during the day and must be stored, or an alter-
nati ve found to provide energy needs during the night. In the far north, it 
may not be available for months at a ti me. Much eff ort has been put into 
the use of wind and wind farms are now regularly appearing over the land-

C  oncerns 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. 
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scape and nearby sea. The limitati on of wind, apart from the relati ve cost, 
is that it is not very predictable. There are ti mes when the wind appears 
to blow everywhere, so that all wind farms are operati ng; but at other 
ti mes, when it does not blow at all, electricity generati ng companies have 
to fi nd an alternati ve source. Tidal fl ows, however, are eminently predict-
able: one can forecast exactly when the ti de 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 fl ooding of land. (This is unlike traditi onal hydro power, 
where land fl ooding associated with hydroelectricity developments can 
result in increased release of greenhouse gases such as methane and car-
bon dioxide, so that although the generati on phase may not release GHGs 
directly, the development is not strictly ‘green’).

Additi onal benefi ts that could come from ti dal power include:

 • Reducti on of the environmental eff ects of energy producti on
      by other means, including fossil fuels, hydro, or nuclear power; 

 • Enhancing regional and nati onal energy security by minimizing  
    dependence on sources of fuel from other countries;

 • Long term price stability;

 • The ability to build generati ng 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 potenti al for building supporti ve 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, ti dal power proposals have been aimed at gen-
erati ng electricity. This refl ects the versati le nature of electricity as a form 
of energy, the importance of electrical devices in our lives, the developing 
experti se in hydroelectricity in the 19th and 20th centuries, and the ability 
to transport electricity over considerable distances. Electricity’s major limi-
tati on, however, lies in the fact that, once generated, it is diffi  cult to store 
in large quanti ti es; 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 situati ons, 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.

Batt eries provide a means of storing small quanti ti es of electricity, but have so far 
not been developed to handle large amounts. There have been suggesti ons 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 watt s (W), 
kilowatt s (kW), megawatt s (MW), 
or gigawatt s (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 rati ngs 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 
watt s (or 2 kW).

The energy consumed depends 
upon the length of ti me that any 
device is working, so the impor-
tant fi gure is a combinati on 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 consumpti on will 
obviously be much higher. 
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Proposals for generati ng electricity from ti dal fl ows 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 
stati on: a dam was to be built across one or more ti dal channels to create an impoundment (the ‘headpond’), 
which could be fi lled by the rising ti de. At high water, all gates would be closed, keeping the water in the head-
pond. When the sea level had fallen suffi  ciently outside the dam, turbine gates would be opened, allowing 
the water to fl ow through and the turbines to generate electricity. Unti l recently, when South Korea opened 
a 250MW ti dal power project, the largest dam-based ti dal power stati ons were a 240 MW plant at La Rance 
(France) and the 18 MW plant at Annapolis Royal, Nova Scoti a (Figure 1-1).

 

In Nova Scoti a: Annapolis Tidal Generati ng Stati on.

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 stati on was installed in a pre-existi ng causeway built in 1960 to 
provide a river crossing and fl ood protecti on for agricultural land upstream. Research has included studies 
of fi sh mortality, the eff ects on shoreline erosion, and salt water intrusion into groundwater. Fish mortaliti es 
were found to be higher than predicted as a result of physical contact and pressure changes occurring as the 
fi sh pass through the turbine. There have been no documented eff ects on marine mammals, although seals 
and whales occasionally fi nd their way upstream of the causeway, presumably in pursuit of fi sh.

Figure 1-1: Annapolis Tidal Stati on, Annapolis Royal, Nova Scoti a

Source: Kids Encyclopedia Britannica 
htt p://kids.britannica.com/comptons/art-126923/The-An-
napolis-Tidal-Generati ng-Stati on-in-Nova-Scoti a-successfully-
harnesses

Source: Library and Archives Canada 
htt p://www.collecti onscanada.gc.ca/eppp-ar-
chive/100/200/301/ic/can_digital_collecti ons/west_nova/
ti dal.html

Such dam or barrage-based hydro and ti dal electricity generati on enables the conversion of the potenti al 
energy stored in the water held in the reservoir or headpond; however, when water is fl owing, it has kineti c 
energy that can also be captured in the same way the kineti c energy of the wind is captured and converted by 
a windmill. Tidal power projects that convert the potenti al energy of the water are referred to as ti dal range 
developments, whereas devices that generate electricity from free-fl owing ti dal water are oft en generically 
called ti dal energy converter– or TEC -- devices. (See the box ti tled Concept: Tidal Range vs. Tidal Stream, for 
the disti ncti on between ti dal range and ti dal stream approaches.)
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FOUNDATIONAL CONCEPT: 
TIDAL RANGE VS. TIDAL 
STREAM

Tidal range refers to the verti cal diff er-
ence in water level between the ti mes 
of high ti de and low ti de. Estuaries or 
other coastal bays that have a large 
ti dal 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 ti dal range 
locati ons involves building a dam or 
barrage across the estuary to create 
an area for storing water brought in 
by the fl ooding ti de. Turbines located 
in the barrage would be turned as a 
result of the diff erence in water level 
between the headpond, upstream of 
the dam, and the falling sea level on 
the downstream side (i.e. converti ng 
some of the potenti al energy of the 
stored water into electricity). This can 
be done either just on the ebb ti de 
(one-way generati on), or on both the 
rising and falling ti des (two-way gen-
erati on). Such an approach is termed 
ti dal range generati on. Building a bar-
rage across an estuary has a number 
of undesirable environmental conse-
quences and, for this reason, is a less 
popular soluti on these days. However, 
creati ng a lagoon or shore-connected 
impoundment in an estuary or bay 
with high ti dal range could provide 
some of the advantages of ti dal range 
generati on with some fewer environ-
mental concerns. (See below for more 
on lagoons, etc.)

Tidal stream refers to the moti on of 
fl owing water. The force of fl owing wa-
ter can drive a turbine just as the wind 
does a wind turbine. There are numer-
ous diff erent designs for devices that 
will convert some of the kineti c energy 
of fast-fl owing water into electricity. 
These are generally called ti dal energy 
converters, or TECs. Further details can 
be found below and in Module 3 of 
this toolkit.

   1.2 - ELECTRICITY FROM WATER

About 60% of the electricity generated in Canada comes from water 
through numerous hydroelectricity stati ons, commonly called ‘hydro 
plants’ (NRCan 2011; Environment Canada). Typically, a hydroelectricity 
stati on 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 elevati on of the land changes suddenly, such as at a waterfall, 
and the dam creates a large impoundment, oft en resulti ng in an increase 
in the distance through which the water will fall. The diff erence in water 
levels provides the force needed to drive the turbines (Figure 1-2). 

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

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

The amount of hydroelectricity generated depends upon the quanti ty of 
water available and – criti cally – 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 conti nuously and therefore sup-
ply a constant amount of electricity that can meet the conti nuing demand 
– or ‘base load’ – requirements. 

Large hydroelectricity generati ng stati ons of this kind can provide con-
ti nuous power, but smaller installati ons tend to be used primarily to 
meet peak power demands. Thousands of such dams have been created 
around the world since the latt er part of the 19th century. 
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1.2.1 - CURRENT APPROACHES TO TIDAL ENERGY

The present considerati ons for ti dal electricity generati on are primarily 
based upon new designs for ti dal energy converters that convert the kineti c 
energy of the fl owing water. TEC devices have a long history at the concept 
level, including in Canada. Clarkson, in 1915, developed a mechanical pump 
driven by ti dal fl ows that could pump seawater up to a considerable height, 
from where it could be used to drive a conventi onal turbine, and the Na-
ti onal Research Council assisted in the development of the Davis verti cal 
axis turbine (based on the Savonius rotor) more than 30 years ago. Most 
of the more mature TEC technologies are either horizontal or verti cal axis 
designs (Figures 1-3 and 1-4). Converti ng the kineti c energy of fl owing ti dal 
water using TEC devices is the major focus of ti dal power investi gati ons in 
Canada, Europe, and the U.S.A. at the present ti me and the subject of this 
toolkit.

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

Figure 1-4: Verti cal Axis Turbine, 
New Energy Corporati on

Source: SeaGen turbine: htt p://www.
alternati ve-energy-news.info/seagen-
ti dal-power-installati on/ 

Source: New Energy Corporati on,  htt p://
newenergycorp.ca/Default.aspx

   1.3 - WHY TIDAL POWER?

The ti de, like the wind, is a renewable energy source that does not con-
sume any fossil fuels (aft er constructi on, at least) and generates neither 
greenhouse gases nor waste heat. Unlike the wind, however, the fl ow 
of the ti des is very predictable. It is possible to forecast the state of the 
ti de and the velocity of the water reasonably accurately for any given 
place and ti me, years into the future. This predictability makes it easier 
to integrate ti dal energy into an existi ng electrical grid system than other 
intermitt ent renewable resources such as wind, wave, or solar power. 
Around Canada and some other parts of the world, there are many loca-
ti ons where strong currents occur as a result of ti dal movements. Where 

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 
signifi cance for other inhabitants 
(e.g. marine mammals, birds, 
fi sh, and their food supplies) or 
for other uses of the estuary (e.g. 
shipping, fi shing, or recreati on). 
The dam itself may limit access 
by migrati ng fi sh 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 suff er injury 
or death because of contact with 
moving parts of the turbine or 
changes in pressure, etc. The dam 
also restricts water fl ows and so 
may modify the ti dal movements 
on both the sea and landward 
sides of the barrage. Changes to 
interti dal zones may include a re-
ducti on in the area exposed at low 
ti de and major changes to sedi-
ment distributi ons, which in turn 
may aff ect fi sh, birds, and other 
animals that live in or depend 
on the interti dal zone. In the 
case of the Bay of Fundy, some 
of the larger barrage proposals 
considered in the 1970s would 
have modifi ed the ti dal range 
throughout the Bay and the Gulf 
of Maine, with signifi cant chang-
es that could aff ect fi sheries and 
shoreline properti es.
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FOUNDATIONAL CONCEPT: 
WHAT IS A KNOT?

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

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

these sites are close to citi es or towns or near major industrial users of 
electricity, the predictability of ti dal power generati on is very appealing. 
Thus, in additi on to the advantages of reducing fossil fuel use for energy 
producti on, there may be considerable economic and social benefi ts from 
developing ti dal power such as: providing a local supply of electricity, rather 
than transmitti  ng from a distant power plant; providing local employment 
in the constructi on 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 kineti c energy of fast-fl owing 
ti dal waters. At present, more than 40 diff erent devices are in varying 
stages of development, but most are sti ll in prototype or demonstrati on 
phases. These devices vary signifi cantly in orientati on, material construc-
ti on, effi  ciency, scale, and power output. In additi on, anchoring and de-
ployment details will be highly variable, depending upon substrate and 
current conditi ons on site (PCCI, 2009). The present concepts may be 
classifi ed into several general but occasionally overlapping categories: 
verti cal axis (or axial fl ow), horizontal axis (or cross-axis), rim generators, 
venturi devices, paddlewheels and fanbelts, and fl utt ervanes. A review 
of some 40 devices was prepared for Natural Resources Canada (NRCan 
2011). The more mature technologies, parti cularly those that are being 
considered for deployment in Canada, are discussed in more detail below.

Water is more than 800 ti mes denser than air. As a result, moving water 
contains much more energy than does wind: for example, water fl ow-
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

Verti cal axis TEC devices rotate around a verti cal axis, with a gearbox and 
generator that may be above or below the water level; such devices are 
relati vely independent of changes in the directi on of current fl ow (see Fig-
ure 1-4, above), and for that reason are suitable for locati ons in which the 
directi on of the current changes over ti me. These devices tend to have 
rather lower energy conversion effi  ciencies than do other designs and 
may also have diffi  culty starti ng to rotate again once they have stopped. 
At the present ti me, verti cal axis devices tend to be of small power yield: 
in the 50 to 250 kW range. A Canadian company, New Energy Corpora-
ti on, has tested a 5kW version of its EnCurrent™ device in the outer Bay 
of Fundy and is working towards testi ng of devices up to 250kW.

FOUNDATIONAL CONCEPT: 
‘RUN-OF-RIVER’

Where large river fl ows combined 
with a steep river slope are natu-
rally suffi  cient 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 Briti sh Columbia). Since 
there is no large storage, output 
from such an installati on will vary 
according to the seasonal changes 
in river fl ow. Such ‘run-of-river’ 
stati ons can generally only be 
used for peaking power, not base-
load power.

T    hus, in additi on to the 
advantages of reducing 

fossil fuel use for energy 
producti on, there may be 
considerable economic 
and social benefi ts from 
developing ti dal power 
such as: providing a local 
supply of electricity, rather 
than transmitti  ng from a 
distant power plant; pro-
viding local employment 
in the constructi on and/or 
maintenance of the de-
vices; or encouraging new 
industrial development.
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1.4.2 - HORIZONTAL AXIS

Horizontal axis devices (see Figure 1-3, above) include designs with propeller-like blades rotati ng around a 
central hub that usually contains the gearbox and generator coils; reorientati on of these devices to a variable 
current directi on may be required and designs for self-adjustment of orientati on consti tute a signifi cant fea-
ture of their development. Horizontal axis designs can be scaled up to yield relati vely 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 ti dal 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 ti dal turbines in favour of generati ng electricity in the shroud surrounding the rotati ng 
blades. This ‘rim generator’ design has allowed for the eliminati on of the bulky central core and for sym-
metrical aspects that enable the device to operate in two directi ons without realignment. These may be most 
applicable in rivers or in reversing-stream ti dal situati ons (where ebb and fl ood directi ons diff er by 180o); oth-
erwise, they will require arrangements for passive or acti ve re-orientati on. Several horizontal axis designs have 
a bell-shaped entrance (a ‘duct’ or ‘shroud’) that serves to accelerate the fl ow of water through the generator, 
yielding higher effi  ciencies and more power. 

Figure 1-5: Rim Generati on Tidal Device, Clean Current 

Source: Recharge News, North America htt p://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 ti dal range energy conversion (see notes above) has been less popular in recent decades, some com-
panies are considering the use of arti fi cial ti dal lagoons in coastal areas to create a head of water that can be 
used to drive conventi onal low-head hydro turbines. The lagoon (see Figure 1-6) consists of an impoundment 
created from relati vely inexpensive material (e.g. a rubble mound) located in shallow waters of an estuary or 
bay that has a large ti dal range. The enclosing dyke contains a turbine generati ng stati on with bulb turbines 
that can operate in both directi ons and thus extend the generati on ti me over most of the ti dal cycle. By 
dividing up the inside of the lagoon into separate secti ons and operati ng the diff erent secti ons as high and 
low basins, it is theoreti cally possible to provide conti nuous electrical output from the facility.

An alternati ve 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 potenti al energy of the contained water into electricity, the lagoon 
and shore-att ached concepts diff er 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 suffi  cient water, 
the impoundments have to enclose a relati vely large area and within this area, there will be signifi cant habitat 
changes. Three projects have been proposed for ti dal lagoons of varying sizes for installati on 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 informati on can be obtained from htt p://ti dalelectric.com/.

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

Source: htt p://www.wisions.net/index.php?item=6&
modus=technology&need_id=3&subneed_id=&start_
tech=136&technology_id=77l

Courtesy: Halcyon Inc.
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   1.5 - TIDAL POWER OPPORTUNITIES IN CANADA

Natural Resources Canada identi fi ed more than 190 sites on the three 
ocean coasts of Canada (see Figure 1-9) as having potenti al to generate 
more than 1 MW of power from ti dal currents (NRCan 2006). The total ti dal 
energy available in the country was esti mated at more than 42,000 MW. 
Most of the resource is found in Nunavut, parti cularly in the vicinity of Hud-
son Strait and Foxe Channel, and thus relati vely remote from major areas 
of electricity demand. However, TEC devices could be used eff ecti vely to 
provide consistent, predictable, renewable energy suitable for support of 
local communiti es that are presently dependent on imported fossil fuel. 
Most other sites having more than 1 MW potenti al were found in Briti sh 
Columbia, whereas on the Atlanti c coast, a few sites with high potenti al 
were identi fi ed in the Bay of Fundy and Cape Breton. 

In Nova Scoti a, there are a number of locati ons where electricity could 
be obtained from ti dal waters, either using ti dal range or ti dal stream ap-
proaches. If one were to accept the consequences of building barrages, 
lagoons, or other ti dal range structures, it would be possible to generate 
several gigawatt s of power—far more than the current total energy de-
mand in Nova Scoti a, which is about 2200 MW (or about 2.2 GW). With 
ti dal stream approaches, however, the potenti al is much lower because TEC 
devices can capture only a smaller porti on (up to 30%) of the kineti c 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 porti ons 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 underesti mate. Many of 
the narrow passages in the Bay of Fundy or around the Bras D’Or lakes in 
Cape Breton have the potenti al for producing only a few MW.

Figure 1-8: Locati ons 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 ti dal power developments 
in the 1970s. Lines drawn across the Bay of Fundy represent the approximate maximum 
ti dal range (m).
Source: Base map: www.thehopewellrocks.ca 

Natural Resources 
Canada identi fi ed 

more than 190 sites on 
the three ocean coasts 
of Canada (see Figure 
1-9) as having potenti al 
to generate more than 
1 MW of power from 
ti dal currents.
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Canada Potenti al Tidal Current Resource Sites

 

  Figure 1-9: Canadian Tidal Energy Resources in MW

  Source: NRCan (2006). Canada Potenti al Tidal Current Sites [Map], Canadian Hydraulics Centre - Nati onal Research Council Canada

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

In-stream ti dal technologies are diverse, with many design concepts sti ll evolving. Few of these have reached 
the stage of testi ng at full commercial size. As a result, suffi  cient informati on to assess the environmental risks 
of TEC developments is currently lacking for the following reasons:

 • Few full-size devices have been deployed in natural environments for prolonged periods of ti me; 

 • Environmental eff ects are likely to be technology-, site-, and scale-specifi c; 

 • The most favoured locati ons for deployment exhibit challenging physical conditi ons – consequently,  
    eff ecti ve physical and biological data collecti on and eff ects monitoring are diffi  cult and someti mes  
    limited by the availability of suitable monitoring technology;

 • Absence of monitoring results to confi rm predicti ons of environmental assessments; and 

 • Many of the sites with highest potenti al for marine renewable energy are insuffi  ciently studied for  
    the environmental implicati ons to be assessed with confi dence. 
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1.5.2 - SITE CONSIDERATIONS 

Sites suitable for ti dal in-stream generati on must have high ti dal fl ows, both in terms of the speed of the water 
and the amount of water passing through that locati on. The power potenti al of any site is a combinati on of water 
velocity and volume, so that wide, deep channels with high fl ows could be tapped to generate large amounts of 
electricity. This advantage, however, is counter-balanced by some signifi cant limitati ons: the forces that the device 
must withstand and the potenti al environmental eff ects that might be associated with converti ng the energy of the 
fl owing water into electricity.

Most of the horizontal axis turbines are designed to begin electrical generati on when the fl ow reaches 2-3 
knots (1 to 1.5 metres per second). The maximum water velocity at which they will conti nue to operate is very 
variable, but many of the most advanced designs are controlled to yield a consistent amount of electricity at 
any velocity above a chosen level. The forces exerted on the turbine increase dramati cally as speed increases. 
If the speed of the water doubles, the forces involved increase by 4 ti mes and the power by about 8 ti mes 
(see Figure 1-10). Consequently, very high velociti es such as those in the Bay of Fundy (up to 10 or 11 knots, 
or more than 5 m/second), represent extremely powerful locati ons and demand that the ti dal generators be 
very well constructed. 

 

     Figure 1-10: Relati onship Between Power and Water Velocity.

Much of the att enti on at the present ti me is focused on sites like the Minas Passage in the Bay of Fundy, which 
could support large amounts of electricity generati on from arrays of multi ple turbines. Such developments 
would be aimed at feeding electricity into the grid to displace the use of fossil fuels. There are many other 
sites, however, that would be suitable for one or a few turbines only, providing energy for a more local de-
mand. Obviously, the implicati ons of these diff erent sites and development scales vary. For more informati on 
on site and scale relati onships see Module 5 of this toolkit. 
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1.5.3 - ADVANTAGES OF TIDAL POWER

The obvious advantage of ti dal power is that it is a renewable resource with no conti nuing fuel costs and is 
not associated with emissions of greenhouse gases. Like wind energy, ti dal energy is variable over ti me, but 
unlike wind, it is eminently predictable. The ti des and their movements are well known (see box below); 
they result from the gravitati onal att racti on of the Moon and the Sun, and we can therefore forecast when 
the ti des will fl ow with reasonable accuracy for years ahead. Even though predictable, the intermitt ent na-
ture of ti dal stream generati on presents a challenge, whether the electricity is fed into the grid where it can 
displace other forms of energy, or is to be used locally. 

F

FOUNDATIONAL CONCEPT: TIDAL CYCLES 

Tides are caused primarily by the gravitati onal att racti ons of the Moon and Sun on the Earth and its waters. The Moon is 
much closer to Earth, and therefore its infl uence on the ti des is about twice as great as that of the Sun.

Most suitable locati ons in Canada have semi-diurnal ti des, which means that there are approximately 2 ti des each day; a 
few locati ons someti mes have one strong ti de plus a much smaller second ti de each day as a result of local conditi ons. The 
ti me between one high ti de and the next is about 12.4 hours. Because the Moon orbits the Earth in the same directi on as 
the Earth spins, two successive ti des actually take 24 hours and 50 minutes, so that the ti me of a parti cular high ti de on 
one day is about 50 minutes later than the corresponding ti de the day before. When the ti de reverses at high water and 
low water, there is a brief period in which the water is not fl owing at all, or is fl owing too slowly to drive a turbine. These 
‘slack water’ periods vary in length, being as short as 20-30 minutes (as in the Bay of Fundy) or as long as an hour, and no 
electricity can be developed from ti dal stream devices over this period. Consequently, TEC generators can produce power 
for perhaps 10 or 11 hours in each 12.4 hour period, and the ti me of this generati on will become later each day by just 
under one hour.

In additi on to the twice-daily rise and fall of the ti de, there are longer cycles in which the range of the ti de (i.e. the verti -
cal diff erence in water level at high ti de and at low ti de) varies over days, months, and years. Some of these variati ons 
are related to the interacti on between the Moon and Sun; at ti mes they are pulling on the Earth and its waters in more 
or less the same directi on causing larger, so-called spring ti des, whereas the next week, their gravitati onal eff ects tend in 
diff erent directi ons, resulti ng in smaller ti des (known as neap ti des). Also, the distance between the Moon and the Earth 
changes during each month because the Moon goes around the Earth in an ellipse, rather than a circle. As a result, twice 
each month the Moon is closer to the Earth (the lunar perigee), causing greater ti des, and twice each month it is further 
away (the lunar apogee), resulti ng in smaller ti des. Similarly, the Earth travels around the Sun in an ellipse, so that at two 
ti mes each year it is relati vely close and at other ti mes further away. All of these variati ons produce changes in the speed 
with which ti dal waters move and therefore will tend to aff ect the amount of energy that can be captured. However, all 
of these changes are predictable. 

What is not so predictable, however, are the additi onal eff ects resulti ng from wind and river fl ows, which may increase 
or decrease the water fl ows at any given locati on. In regions with naturally large ti des, these are usually relati vely minor 
eff ects, except during storm conditi ons. 
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1.6 - ENVIRONMENTAL ASPECTS OF TIDAL POWER

One hundred years of considerati on of ti dal power energy as a source of electricity has taught us a great deal 
about the natural environmental features of these strong ti dal areas. The environmental implicati ons vary con-
siderably depending upon the characteristi cs of the locality chosen for development, whether the approach 
is based on ti dal range or ti dal in-stream designs, and the scale of the development. More details on the site 
and scale issues can be found in Module 5 of this Toolkit. This secti on will briefl y summarize the major issues.

1.6.1 - ENVIRONMENT-RELATED ISSUES OF TEC DEVELOPMENTS 

The major environmental questi ons raised by TEC proposals are as follows:

 • What will be the eff ects of removing energy from ti dal waters on the fl ow and ti dal characteristi cs  
    (e.g. current velocity, ti ming, turbulence, mixing, temperature distributi ons, sediment loads), both  
    near to the site of development and further away?

 • What are the eff ects of electromagneti c fi elds produced by the generators and the cables carrying  
    electrical currents on the organisms in the vicinity?

 • What might be the eff ects of fl oati ng debris or ice on the infrastructure?

 • What are the risks of corrosion or abrasion to the infrastructure?

 • What is the potenti al for organisms to grow on and interfere with the operati on of the TEC device  
    infrastructure? This is referred to as biofouling.

 • What risks are posed by the infrastructure for animals (e.g. entrainment, avoidance, and att racti on)?  
    Principal concerns relate to marine mammals, turtles, fi sh, and marine birds.

 • What indirect eff ects might there be on organisms resulti ng from changes in current fl ow patt erns  
    and ti ming, turbulence, mixing, sediment transportati on and depositi on, and habitat changes?

 • What will be the eff ects on marine organisms and habitat as a result of constructi on, installati on, and  
    decommissioning of the infrastructure? 

Determining the feasibility of any given locati on for ti dal power development requires an extensive back-
ground investi gati on of the conditi ons at the site. Surveys of local bott om conditi ons, fl ow rates, habitat prop-
erti es, and the use of the area by organisms will oft en require investi gati ons that may be both costly and ti me 
consuming. Knowing the nature of the substrate is criti cal for design of the structures that would be used to 
support the turbines, and the presence of sediments or debris being carried by the water will aff ect decisions 
about the materials to be used in constructi on of the devices. Many coastal sites are used by mammals and 
fi sh during feeding or spawning migrati ons, and thus these animals may only be present for limited periods 
of ti me during the year. Methods for conducti ng such surveys are changing conti nuously as technologies im-
prove. In order to forecast the risks to such animals, biological surveys may take more than a year to complete. 
It is, consequently, a feature of good practi ce to initi ate such background studies as early as possible.

Criti cal informati on about current fl ows is obtained from bott om-mounted acousti c devices that record the 
velocity of the water at diff erent depths at very fi ne ti me intervals. Combined with computer-based numerical 
models, these records provide the detailed informati on a developer needs to esti mate the potenti al power 
producti on at the site. Because ti dal movements change over ti me (e.g. the spring-neap cycle and seasonal 
variati ons associated with the distances between the Earth, Moon, and Sun), measurements of current fl ows 
need to be made over periods of weeks or months. Fine scale surveys of bott om conditi ons can now be carried 
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IN NOVA SCOTIA: BAY OF  FUNDY 
STRATEGIC ENVIRONMENTAL 
ASSESSMENT (SEA).

A Strategic Environmental Assess-
ment is a systemati c process for 
evaluati ng the environmental con-
sequences of a proposed policy, 
programme, or development so 
that environmental implicati ons 
can be incorporated into strategic 
planning and decision-making.

The Bay of Fundy SEA began in 2007 
and was completed in 2008 by the 
Off shore Energy Environmental Re-
search Associati on, a not-for-profi t 
corporati on dedicated to fostering 
off shore energy and environmental 
research and development, includ-
ing examinati on of renewable en-
ergy resources and their interacti on 
with the marine environment.

“The objecti ve of the SEA [was] to 
assess social, economic and envi-
ronmental eff ects and factors asso-
ciated with potenti al development 
of renewable energy resources in 
the Bay of Fundy with an empha-
sis on in-stream ti dal. The SEA will 
inform decisions on whether, when 
and under what conditi ons to allow 
pilot and commercial projects into 
the water in the Bay of Fundy and 
under what conditi ons renewable 
energy developments are in the 
public interest over the long term.”

Source: Fundy Tidal Energy Strategic 
Environmental Assessment: Final Re-
port, (2008) prepared by the OEER 
Associati on for the Nova Scoti a 
Department of Energy. htt p://www.
off shoreenergyresearch.ca/Link-
Click.aspx?fi leti cket=DwM56WU51T
0%3d&tabid=312&mid=992

A secondary benefi t of the Fundy 
SEA was the opportunity to in-
crease public awareness of the 
potenti al and issues relati ng to TEC 
development in the Bay of Fundy 
region, and to enable public input 
into decision- and policy-making. 
To that end, several public consul-
tati ons were held and a represen-
tati ve stakeholder group engaged 
to review public input and the SEA 
Report and Recommendati ons. 
The Fundy SEA is being reviewed, 
as planned, in 2013.

out using acousti c, video, and other imaging devices deployed from boats 
in place of the traditi onal sampling techniques using grabs or surveys by 
divers, but although these new technologies provide an unprecedented 
level of informati on, they require extensive analysis and are oft en quite 
costly. Monitoring of animal movements, especially fi sh and mammals, 
remains a challenge because the high rates of fl ow and extreme tur-
bulence of TEC sites limits the eff ecti veness of existi ng video or acous-
ti c technologies. At present, many studies have to depend upon acti ve 
acousti c tagging techniques in which fi sh are fi tt ed with acousti c devices 
that emit an identi fi cati on signal that can be picked up if the fi sh is close 
enough to a recording device. Some mammals, such as porpoises and 
dolphins, emit their own sounds that can be picked up by similar receiv-
ers and can oft en provide identi fi cati on of the species, but such passive 
techniques have not yet been developed for many of the larger whales. 
All of this informati on, however, is necessary in order to assess the risk of 
a ti dal power development to these valued species. 

In additi on to the generators themselves, installing TEC devices in high 
fl ow areas requires a substanti al and varied amount of other infrastruc-
ture. This infrastructure includes cables for transmitti  ng the electricity to 
shore; support structures for the turbines, such as massive gravity bases, 
pilings, pins, or cables; anchors for monitoring or other equipment, in-
cluding navigati on aids; and various subsurface or surface fl oati ng devic-
es. These are described in Module 3 of this toolkit. Depending upon the 
local site conditi ons and the choice and number of TEC device(s), all this 
equipment may be below the surface, essenti ally out of sight, or some 
may remain at the surface. Land-based infrastructure will include facili-
ti es for landfall of the electrical cable, transformer and transmission lines, 
and staging and repair areas. These structures need not be near the in-
stallati on site for the device; however, shorter distances are preferable 
from a project planning perspecti ve. 

All of these structures and faciliti es have important environmental and 
socio-economic implicati ons. A summary listi ng of the issues is included 
here.

1.6.2 - EFFECTS ON OTHER MARINE RESOURCES

The coastal marine environments where TEC development might take place 
are oft en important for other established resource-based industries such as 
fi sheries, aquaculture, mining (including some fossil fuels), and recreati on. 
Whether these acti viti es are compati ble with ti dal power development will 
depend upon local conditi ons at the site(s) and the scale of the development. 
In parti cular, exclusion zones created to protect energy developments from 
accidental interference may represent important limitati ons for local fi sher-
ies, transportati on, or recreati on. These topics are normally addressed in en-
vironmental assessments that would have to be prepared for larger projects, 
but might be omitt ed for smaller ones.
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1.6.3 - SUPPLY-RELATED ISSUES OF TEC DEVELOPMENTS

Large scale development of electricity using ti dal in-stream devices (or la-
goons) will have important and varied economic implicati ons associated with 
the materials needed, the availability of skilled labour for constructi on and 
maintenance, and fi nancing. The requirements of the early constructi on 
phase of a TEC development, in terms of material or personnel, are similar 
to many other marine constructi on acti viti es, including harbour construc-
ti on, off -shore platf orms (e.g. for oil and gas development), and off shore 
wind farms. TEC devices can be installed in a variety of ways: suspended 
from fl oati ng structures, att ached to pilings drilled into the seabed, sitti  ng 
on gravity bases on the seabed, or suspended from cables anchored to the 
bott om, for example. These installati on opti ons are discussed in Module 3 of 
the toolkit. Once the devices are installed, however, maintenance operati ons 
may require availability of several diff erent forms of skilled labour, including a 
great variety of technology specialists, boat and heavy equipment operators, 
and even divers (where suitable conditi ons exist). The supply chain issues and 
opportuniti es for local businesses and labour force are explored in depth in 
Module 9 of the toolkit.

   1.7 - FINAL WORDS

In order for ti dal power development to become successful, it must be 
able to generate electricity reliably for a prolonged period of ti me – gener-
ally many years -- under diffi  cult environmental conditi ons. Esti mati ng the 
ongoing operati onal or maintenance costs is diffi  cult at this early stage of the 
industry, when few devices have been successfully deployed for long periods 
of ti me. Nonetheless, it is criti cal that confi dence can be had in the durability 
and operati ng properti es of the equipment. In this context, it is also impor-
tant to recognise that ti dal ecosystems, no matt er how stable or constant 
they may seem, do themselves change conti nuously over ti me as a result of 
natural events (e.g. storms, shoreline erosion, sea level rise, etc.), and as a 
result of human interventi on (e.g. dredging and harbour constructi on, bridge 
and causeway constructi on, eff ects of climate change, etc.). These kinds of 
long-term and large-scale changes require that the assessment of any site 
for ti dal power development needs to be comprehensive and extensive in 
both space and ti me.

It is hoped that this toolkit will enable you to understand the issues, to fi nd 
answers, and to become engaged in the decisions regarding ti dal energy.

Large scale develop-
ment of electricity 

using tidal in-stream 
devices (or lagoons) 
will have important 
and varied economic 
implications associat-
ed with the materials 
needed, the availabil-
ity of skilled labour 
for construction and 
maintenance, and 
financing.



24© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute 1 - OVERVIEW OF TIDAL ENERGY

   REFERENCES  

Bedard, R., Previsic, M., Polagye, B., Hagerman, G., & Cassavant, A. (2006). North American Tidal In Stream Energy 
 Conversion Technology Feasibility Study. Electrical Power Research Insti tute. 9 pp. Retrieved from 

htt p://oceanenergy.epri.com/att achments/streamenergy/reports/008_Summary_Tidal_Report_06-10-06.pdf 

Garrett , C., & Cummins, P. (2008). Limits to ti dal current power. Renewable Energy, 33(11), 2485-2490. 

Isaacman, L., Daborn, G. R., & Redden, A.M. (2012). A framework for environmental risk assessment and decision-
 making for ti dal energy development in Canada. Report to Fisheries and Oceans Canada. 48 pp.

Khan, M.J., Bhuyan, G., Iqbal, M. T., & Qualcoe, J. E. (2009). Hydrokineti c energy conversion systems and 
 assessment of horizontal and verti cal axis turbines for river and ti dal applicati ons: A technology 
 status review. Applied Energy, 86(10), 1823-1835.

NRCan. (2006). Inventory of Canada’s marine energy resources. Canadian Hydraulics Centre - Nati onal Research 
 Council Canada (Technical Report-04). Retrieved from

htt p://canmetenergy.nrcan.gc.ca/renewables/marine-energy/publicati ons/2888 

NRCan. (2011). Sector profi le: An assessment of the marine renewable energy sector in Canada—now and in the 
 future. 27pp. Retrieved from 

htt p://canmetenergy.nrcan.gc.ca/renewables/marine-energy/publicati ons/2979 

PCCI. (2009). Wave and current energy generati ng devices: Criteria and standards. Report of Minerals and 
 Management Service, Virginia, USA. 138 pp. Retrieved from 

htt p://www.oregonwave.org/wp-content/uploads/Wave-and-Current-Energy-Generati ng-Devices-MMS-2009.pdf 



Photo Credit: R
ichard Karste

n

MEASURING AND MEASURING AND MEASURING AND 

ASSESSING THE ASSESSING THE ASSESSING THE 

TIDAL RESOURCETIDAL RESOURCETIDAL RESOURCETIDAL RESOURCETIDAL RESOURCETIDAL RESOURCETIDAL RESOURCETIDAL RESOURCETIDAL RESOURCETIDAL RESOURCETIDAL RESOURCETIDAL RESOURCE

Photo Credit: R
ichard Karste

n

2



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute 2 - MEASURING AND ASSESSING THE TIDAL RESOURCE 26

   2 - MEASURING AND ASSESSING THE TIDAL RESOURCE   

Author: Dr. Richard Karsten 

WHAT DOES THIS MODULE COVER?

The following module describes the ti dal resource in Nova Scoti a.
It contains:

 • Maps of Nova Scoti a showing the locati ons of the largest 
     in-stream ti dal resources. 

 • Calculated extractable power at each locati on.

 • Calculated potenti al installed capacity of the turbine array that  
    could be deployed at each locati on. 

 • A discussion of site assessment. 

 • A detailed analysis of Minas Channel including bathymetry,
    ti dal fl ow, and the impact of extracti ng power. 

IS THIS MODULE FOR YOU?

This module is for anyone interested in the size of the potenti al in-stream 
ti dal resource in Nova Scoti a as a whole and at specifi c locati ons. It is also 
for anyone interested in the method of assessing the total resource and 
the resource at a specifi c site. It will be of interest to anyone wanti ng to 
learn the terminology of ti dal resources.

   2.0 - INTRODUCTION: NOVA SCOTIA TIDAL RESOURCE

Nova Scoti a has signifi cant ti dal energy resources. The Bay of Fundy has 
the world’s highest ti des, routi nely reaching over 16 m in range in the 
Minas Basin. Several passages along the coast of the Bay of Fundy have 
strong ti dal currents that are suitable for the deployment of ti dal energy 
converters (TEC) that extract energy from the fast moving currents. A 
criti cal aspect of ti dal power development is an accurate assessment of 
the power resource. The following two secti ons summarize the in-stream 
ti dal resource as described in Karsten (2012).

   2.0.1 - EXTRACTABLE POWER 

The map in Figure 2-1 shows the extractable power for each of the major 
passages in Nova Scoti a. The extractable power is the maximum amount 
of power that can be taken from the fl ow through the passage.

The map shows that Minas Channel is, by far, the largest resource in Nova 
Scoti a with 7200 MW of extractable power. The extractable power in 
Minas Channel is roughly three ti mes Nova Scoti a’s maximum electricity 

A criti cal aspect of 
ti dal power devel-

opment is an accurate 
assessment of the 
power resource. 

DEFINITION: 
TYPES OF RESOURCE

Theoreti cal Resource is the power 
contained in the enti re resource.

Technical Resource is the propor-
ti on of the theoreti cal resource 
that can be captured using existi ng 
technology.

Practi cal Resource is the propor-
ti on of the technical resource that 
is available aft er considerati on of 
external constraints – for example, 
environmental impacts.

Economic resource is the propor-
ti on of the practi cal resource that 
can be economically captured.

(Adapted from a number of sourc-
es.)
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DEFINITION: 
EXTRACTABLE POWER 

Extractable power is a measure 
of the theoreti cal resource. It is 
the in-stream power that can be 
extracted from a given ti dal re-
source while accounti ng for the 
resulti ng reducti on in the fl ow 
speed. The extractable power is 
the total power removed from 
the fl ow, not only the power to 
generate electricity. Extractable 
power can be calculated using 
theory or numerical simulati on.

T      he extractable power 
in Minas Channel 

is roughly three ti mes 
Nova Scoti a’s maximum 
electricity usage.

DEFINITION:                              
MEAN POWER, ANNUAL         
ENERGY PRODUCTION

Mean Power: The average power pro-
duced usually measured in megawatt s 
(MW). For ti dal fl ow, it is roughly 40% 
of the maximum power that would be 
produced. 

Annual Energy Producti on (AEP): The 
total power produced in a year, usually 
measured in TWh. It can be calculated 
by multi plying the mean power by the 
number of hours in a year. 

In 2010, Nova Scoti a had a total elec-
tricity generati on of about 11.7 TWh, 
or a mean generati on of 1340 MW. 
http://www.statcan.gc.ca/pub/57-
601-x/2011002/t124-eng.htm

usage. It is an incredible resource, resulti ng from the world’s highest ti des 
in Minas Basin and the associated large volume of fl ow through Minas 
Channel every ti dal cycle.

Although smaller in scale, the passages along Digby Neck (Digby Gut, Peti t 
Passage, and Grand Passage) sti ll have signifi cant extractable power, be-
tween 16 and 180 MW. These sites have suffi  cient power to support the 
deployment of arrays consisti ng of 10 to 50 turbines. Although the three 
passages are similar in size and locati on, Digby Gut has considerably more 
extractable power because it is the sole connecti on between Annapolis 
Basin and the Bay of Fundy.

The passages in Cape Breton (Great Bras d’Or, Barra Strait) are again 
smaller in scale. Development here would consist of only a few turbines. 
Other sites around Nova Scoti a may allow for a similar level of develop-
ment, but these have not been fully assessed at this ti me. The extractable 
power listed on Figure 2-1 is the maximum power that can be removed 
from the fl ow through the passage and does not correspond to the elec-
tricity that could be generated by a parti cular ti dal energy converter.
The fracti on of the extractable power that could (or should) be converted 
into electricity depends on many factors: the acceptable reducti on in fl ow 
through the passage, the design of the TEC, the size and arrangement of 
the array of TECs, the limitati ons of the supporti ng infrastructure, etc.
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DEFINITION: INSTALLED          
CAPACITY 

Installed capacity is the maxi-
mum power generati on capac-
ity of a given turbine array. For 
example, an array of 10 tur-
bines rated to produce 1.2 MW 
would have an installed capac-
ity of 12 MW. 

Figure 2-1: Esti mated Maximum Extractable Power from Tidal Passages      
   in Nova Scoti a

2.0.2 - INSTALLED CAPACITY 

The size of turbines and turbine arrays are usually discussed in terms of 
the installed capacity - the maximum power the turbine array can pro-
duce. The map in Figure 2-2: Esti mated Maximum Installed Capacity for 
Tidal Passages in Nova Scoti a gives the Karsten (2012) esti mate of the 
maximum installed capacity that each passage could support. The in-
stalled capacity at a given site is only a fracti on of the extractable power 
– for the sites examined, the installed capacity ranged from 15% to 40% 
of the extractable power.

The esti mates of the installed capacity for the passages give a rough idea 
of the size of the turbine array that might be deployed at each site. Cur-
rent TEC technology has focused on turbines with a capacity of roughly 
1 MW. As such, Minas Channel could support an array of roughly 1000 
turbines, Digby Gut around 50 turbines, Peti t and Grand Passages 5 to 
10 turbines each, and the Cape Breton passages (Great Bras d’Or, Barra 
Strait) 1 large or 2-3 small turbines. Although these are rough esti mates, 
they do give a fi rst idea of the size of industry that might develop around 
each site.
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LOCATION INSTALLED CAPACITY (KARSTEN 2012) EPRI INSTALLED CAPACITY

Minas Channel 1400 595

Digby Gut 47 9.8

Peti t Passage 13 18

Grand Passage 6.2 13

Great Bras d’Or Channel 0.8 2.8

Figure 2-2: Esti mated Potenti al Installed Capacity for Tidal Passages in 
Nova Scoti a

In Table 2-1: A Comparison of Installed Capacity, from Karsten (2012) and 
EPRI (2006), the power esti mates and installed capacity in Figures 2-1 
and 2-2 are compared to the esti mate of installed capacity in the Elec-
tric Power Research Insti tute (EPRI) report (Hagerman et al. 2006). This 
comparison is presented to emphasize that such esti mates will change 
depending on how the analysis is completed and the accuracy of the data 
used. As well, the changes are not uniform for all passages. The Karsten 
(2012) esti mates for ti dal-basin systems, like the Minas Channel-Minas 
Basin and Digby Gut-Annapolis Basin systems, are larger than the EPRI 
(2006) values. On the other hand, the esti mates for the other passages 
are smaller.

Table 2-1: A Comparison of Installed Capacity from Karsten (2012) and EPRI (2006). Values are in MW.
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LOCATION TYPICAL MEAN SPEED 
(M/S)

MEAN POWER DENSITY 
(KW/M^2)

MEAN POWER FOR A 16 M            
DIAMETER TURBINE (KW)

Minas Channel 2 6.8 540

Digby Gut 1.2 1.5 120

Peti t Passage 2.2 9.0 720

Grand Passage 1.6 3.5 280

Great Bras d’Or Channel ~1.0 0.85 68

Barra Strait ~0.7 0.3 23

2.0.3 - POWER DENSITY

The extractable power and installed capacity are not the only measures to consider when assessing potenti al 
in-stream ti dal power. The velocity of the ti dal current plays a criti cal role in determining if a site can be de-
veloped and what technology can be deployed. The power generated by a TEC increases with the cube of the 
water speed. Therefore, a small increase in ti dal currents will result in a signifi cant change in the amount of 
power that can be generated. The power of a fl ow is typically given by the power density – the power per unit 
of cross-secti onal area. 

In Table 2-2, the mean speed and mean power density for the Nova Scoti a passages are listed. It should be 
noted that a ti me-averaged or mean speed of 2m/s corresponds to maximum speeds during a spring ti de of 
4 to 5 m/s. As can be seen in the table, the power density can be converted into the power an idealized 16 
m diameter turbine, operati ng at 40% effi  ciency, would produce. Such a turbine would be rated to produce 1 
MW at a rated speed of 2.9 m/s. The informati on provided in Table 2-2 illustrates that the high fl ow speeds 
in Minas Channel and Peti t Passage can produce signifi cantly more power for a given turbine than the other 
passages. Such numbers make it obvious that the development of each of these passages will require diff erent 
turbine technologies.

Table 2-2: Typical Mean Speed, Mean Power Density, and Mean Power for a 16 m Diameter Turbine (kW) by 
Tidal Passage

   2.1 - SUMMARY

In summary, Nova Scoti a has signifi cant ti dal power resources. Minas Channel is in a category on its own, with 
an extremely high extractable power resource and a high energy density. Digby Gut has a high extractable re-
source, but a lower power density. Taking advantage of the large power resource will require a large number 
of turbines that run effi  ciently at lower fl ow speeds. On the other hand, Peti t Passage has a much lower total 
power resource, but a high power density. This means a moderate amount of power could be generated by a 
few properly designed turbines. Grand Passage has a lower total power and moderate power densiti es, and 
may be bett er suited to testi ng turbines. The Cape Breton passages are low-level resources, both in terms of 
extractable power and power density, suitable for only a couple of low-fl ow turbines.
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   2.2 - SITE ASSESSMENT

When we shift  our focus to specifi c sites, we must address questi ons like: 

 • how should a specifi c site be chosen, 

 • what size of turbine array could be deployed, 

 • what type of turbines should be used,

 • how much power can be generated, and

 • what impact will installing the turbines have on the 
environment? 

2.2.1 - MEASUREMENTS OF TIDAL FLOW 

As menti oned in the secti on on resource assessment, the speed of a ti dal 
fl ow is criti cal in determining the resource and the technology that is best 
to deploy. The velocity of the ti dal fl ow is most oft en measured using an 
Acousti c Doppler Current Profi ler (ADCP). ADCPs provide a verti cal profi le 
of the fl ow, from near the bott om to near the surface, every sampling 
period, which can vary from 1 second to several minutes. Since ADCPs 
give velocity data at a single locati on, the deployment of several ADCPs 
at diff erent locati ons around a site may be required to properly observe 
the ti dal fl ow. 

Typically, ADCP measurements of the ti dal currents must be taken for at 
least 35 days. This allows a ti dal harmonic analysis of the fl ow to be com-
pleted. This analysis can be used to predict the ti dal fl ow for years into 
the future, as is done to predict ti dal heights and ti mes for most harbours. 
The ADCP data also allow the analysis of other details of the fl ow: the 
asymmetry in amplitude and directi on of the fl ow between the fl ood and 
ebb ti de; the variati on in the directi on in fl ow within a given fl ood or ebb 
ti de; the mean verti cal profi le of the fl ow and the variati on in this profi le; 
informati on about the bott om boundary layer; and the amplitude and 
spectra of the turbulence in the fl ow. 

All these characteristi cs can be important in the choice of turbine to be 
deployed. For example, the ti dal consti tuent analysis will be used to cal-
culate a histogram of water speeds over a typical year. Combined with a 
power curve for a given turbine, the histogram can be used to predict the 
Annual Electricity Producti on (AEP) for the turbine. Other characteristi cs 
of the fl ow may favour a specifi c turbine design. For example, if there is 
a large asymmetry between the ebb and fl ood directi on, a turbine that 
yaws (changes directi on) or a verti cal axis turbine may be more suitable 
for the locati on. If there is strong verti cal shear or a high level of turbu-
lence, the result could be much larger forces on a turbine - in parti cu-
lar, large twisti ng forces on the turbine blades. Such a site may require a 
more robust turbine or may not be suitable for turbine deployment at all.

DEFINITION: TIDAL                      
HARMONIC ANALYSIS 

A ti dal harmonic analysis can be 
completed on any data connected 
to ti des – water depth, water ve-
locity, turbine power. The analysis 
connects the data to the regular, 
predictable moti ons of the Earth, 
Moon, and Sun (see discussion 
of ti dal cycles in Module 1). Each 
ti dal consti tuent describes one 
aspect of these moti ons with a 
parti cular period. For example, 
the M2 ti de is the primary ti de 
associated with the Moon and 
has a period of 12.42 hours, while 
the S2 ti de is primarily associated 
with the sun and has a period of 
exactly 12 hours. A ti dal harmonic 
analysis calculates an amplitude 
(i.e., the height of the ti de) and 
a phase (i.e., the ti me when high 
ti de occurs) for each ti dal con-
sti tuent. The results can be used 
to predict the ti dal data at any 
ti me. This type of analysis is used 
to generate the ti de predicti ons in 
typical ti de charts. 

For more discussion and a list 
of ti dal consti tuents, see htt p://
en.wikipedia.org/wiki/Theory_
of_ti des#Harmonic_analysis.



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute 2 - MEASURING AND ASSESSING THE TIDAL RESOURCE 32

2.2.2 - NUMERICAL MODELING AND FLOW IMPACT

Numerical models of the circulati on around a proposed site can also be an important part of the fl ow analysis. 
The numerical models complement the ADCP data, confi rming many of the results above. As well, the numeri-
cal model can give the spati al variati on of these characteristi cs, leading to the choice of a site with the most 
suitable conditi ons for turbine deployment. Numerical model results will also highlight surrounding bathymet-
ric features that can produce eddies or waves that may disturb the ti dal fl ow and make a site less desirable. 
The predicti ons of a ti dal model can also be used to improve deployment and scheduled maintenance. 

Finally, validated numerical models should be used to determine the impact that a turbine array will have on 
both the local and far-fi eld fl ow. The cumulati ve impact of an array of turbines may not be a simple multi ple of 
the impact of a single turbine; that is, 100 turbines may not have 100 ti mes the impact of one turbine. This is 
especially true for large arrays that occupy a large porti on of a passage. As well, turbine arrays can have eff ects 
far from where they are deployed. For example, turbines placed in Minas Passage will reduce the fl ow through 
the passage and therefore reduce the ti dal range in Minas Basin, but, they will also have a small impact on the 
ti des throughout the rest of the Bay of Fundy and the Gulf of Maine.

2.2.3 - OTHER SITE ASSESSMENT FACTORS

Many other factors may aff ect the assessment of a site for turbine deployment. Here, we list some that should 
be considered for all sites:

WAVES: The wave conditi ons at a site are important. Large waves can aff ect the loading on a turbine and 
turbine performance even when the turbine is well below the surface. Large waves can also cause diffi  culty 
during deployment and maintenance. In general, the smaller the waves and swell are, the bett er.

WEATHER: The weather conditi ons can also change the fl ow. Large pressure systems can enhance or reduce 
the ti dal fl ow and storm surges can cause strong fl ow that can damage turbines. Weather can also aff ect de-
ployment and maintenance by limiti ng access to the site. 

SEA BOTTOM: The sea bott om may determine if specifi c turbines can be deployed, or how the turbine will be 
moored in place. Careful geotechnical analysis of the seabed is required to determine if it can support large 
gravity bases or will allow for piles to be drilled into the seabed. The bott om roughness and sediments may 
also aff ect deployment or lead to a turbulent near-bott om fl ow.

PROXIMITY TO SHORE, GRID CONNECTION, PORTS, ETC.: The geographic locati on of a site will oft en deter-
mine its suitability. How close the site is to shore and a suitable grid connecti on or how near it is to ports with 
suitable infrastructure for deployment and maintenance can have an important eff ect on the cost of turbine 
deployment, power producti on, and maintenance.

2.2.4 - TIDAL ARRAYS AND BLOCKAGE RATIO

When a large array of turbines is to be deployed, all the above issues must be considered, not only for the indi-
vidual turbines but for the array as a whole. It is criti cal that there is suffi  cient space to deploy the array so that 
the wakes of the turbines do not interfere with the performance of turbines downstream, since the turbine 
wake is an “energy shadow.” Recent studies suggest a downstream spacing of 10-20 ti mes the diameter of one 
turbine may be required. On the other hand, keeping the turbines as close together as possible may reduce 
costs. The opti mal design of turbine arrays --a design that reduces costs while opti mizing power -- is an acti ve 
area of research. Multi ple turbine farms can be deployed in a single passage. The total power they extract from 
the resource will result in a reducti on in fl ow through the passage that will aff ect all the turbine farms.
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A specifi c issue that needs to be considered when designing a turbine 
array is the blockage rati o – the porti on of the cross-secti onal area of a 
channel that is occupied by turbines. It is known that increasing the block-
age rati o can increase the effi  ciency of turbines substanti ally. But, taking 
advantage of an increased blockage rati o would require that the turbine 
be specifi cally designed for the site. There are many other concerns that 
limit the blockage rati o. First, creati ng a very high blockage rati o requires 
a very high turbine density. For example, consider the case where 20m 
diameter turbines are deployed across an enti re passage that is 30 m 
deep, with a spacing of 20 m between the turbines. The blockage rati o in 
this case is only 26%. Second, the spacing of turbines may be determined 
by their deployment or the need to access them for maintenance. Third, 
other marine acti viti es (fi shing, recreati on, marine traffi  c) may require 
that a porti on of the passage be free of turbines. And, fi nally, if fi sh and 
marine mammals travel through the passage, the blockage rati o may be 
required to be kept small, leaving routes through the passage that are 
free of turbines. It is important to ensure that any tests that examine tur-
bine performance, whether in laboratory tank, numerical simulati on, or 
in an actual ti dal fl ow are conducted with a blockage rati o that is similar 
to the one where the turbine will actually be deployed.

2.2.5 - EFFECTIVE ASSESSMENT METHODOLOGY 

The determinati on of all the factors that make a site suitable for the de-
ployment of turbines is a considerable task. Site assessment for turbine 
arrays remains an acti ve area of research. Over the next few years, con-
siderable knowledge about turbine arrays will be gained as small arrays 
are deployed around the globe. This research will lead to a reevaluati on 
of which site characteristi cs are most important for a successful deploy-
ment. In this secti on, we have focused on the assessment of the physical 
characteristi cs of the site. Social and economic assessment, however, can 
be equally important aspects of choosing a site.

Over the next few 
years, consider-

able knowledge about 
turbine arrays will be 
gained as small arrays 
are deployed around 
the globe. This research 
will lead to a reevalu-
ati on of which site 
characteristi cs are most 
important for a success-
ful deployment.
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   2.3 - DETAILED ANALYSIS OF MINAS CHANNEL 

In this secti on, we give a more detailed analysis completed for Minas Channel by Karsten (2012). The Minas 
Channel connects Minas Basin to the Bay of Fundy. It is some 50 km in length, with a width of 20 km in the 
outer channel that reduces to only 5 km in Minas Passage. The water depths are 50-100 m in the outer chan-
nel, increasing to over 150 m in Minas Passage (see Figure 2-3). It has some of the strongest ti dal currents in 
the Bay of Fundy, parti cularly in Minas Passage where water speeds can reach over 5 m/s. The volume fl ux 
through the passage can reach 1,000,000 m3/s during the largest spring ti des, more than the fl ow of all the 
rivers in the world combined.

Figure 2-3: The Bathymetry of Minas Channel Used in the Numerical Simulati ons. 

(The colours are the mean water depth in metres. The pink line is the locati on of the Minas Channel tur-
bine fence; the white line is the locati on of the Minas Passage turbine fence. These fences are hypotheti cal 
and are used for modeling purposes only.)

In Figure 2-4 and Figure 2-5., the mean speed and mean power density for Minas Channel are plott ed. Through-
out much of Minas Passage, the mean depth-averaged speed exceeds 2 m/s, with maximum depth-averaged 
speeds between 3 and 4 m/s. The power density in Minas Passage oft en exceeds 8 kW/m2. The outer Minas 
Channel has considerably slower fl ow, with mean speeds around 1 m/s and only a small region where the 
mean speed exceeds 1.5 m/s. As such, the power densiti es in the outer channel are much less than the inner 
channel, with most of the area below 4 kW/m2. Therefore, extracti ng signifi cant power from the outer channel 
would require a low-fl ow TEC. 
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Figure 2-4: The Mean Depth-Averaged Speed in m/s

Figure 2-5: Mean Power Density in kW/m2 for Minas Channel
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Possibly, the single most important fact about Minas Channel to keep in mind is that it is a single system. The 
power that drives the fl ow through Minas Channel is the ti dal head across the channel - the diff erence in ti dal 
elevati on between the opening of Minas Channel and Minas Basin. Any turbines placed at any locati on in 
Minas Channel will be extracti ng power from this same source.

In order to calculate the power potenti al of the channel, numerical simulati ons were run with a fence of tur-
bines at two diff erent locati ons as shown in Figure 2-3. The turbine fences extend across the enti re channel at 
each locati on. For each simulati on, the drag coeffi  cient of the fence is altered and the mean power extracted 
by the fence and the mean volume fl ux through the fence are calculated. The extracted power versus reduc-
ti on in volume fl ux can be plott ed, as in Figure 2-6. This curve is for the outer Minas Channel fence shown in 
pink in Figure 2-3. The fi gure shows how the extracted power increases rapidly for a relati vely small reducti on 
in the fl ow through the passages. As the power extracti on increases, the reducti on in fl ow becomes greater 
unti l a maximum power extracti on is reached.

It should be noted that the power curve changes very litt le if the power is extracted from fences at diff erent 
locati ons along the channel. For example, if power is extracted from a fence in Minas Passage, the shape of the 
curve is the same as that shown in Figure 2-6, but the maximum power is only about 6000 MW or roughly 80% 
of the total available at the outer channel locati on, since the turbine fence in Minas Passage cannot extract 
power from the ti des in the outer Minas Channel. If power is extracted from both a fence in the outer channel 
and a fence in Minas Passage, the power curve sti ll remains the same shape, with a maximum power that lies 
between that of Minas Channel and Minas Passage fences alone. While more power can be extracted from the 
outer Minas Channel than Minas Passage, the power densiti es in the outer Minas Channel are signifi cantly less 
than the values in Minas Passage (see Figure 2-1). Extracti ng power from the outer Minas Channel will likely 
require a diff erent technology than extracti ng power from Minas Passage. 

Finally, it should be emphasized that any reducti on in fl ow through Minas Channel will proporti onately reduce 
the ti dal range in Minas Basin. As a result, a 5% reducti on in fl ow through the channel could have signifi cant 
impacts on the interti dal zones of Minas Basin. A 5% change in the ti dal range in Minas Basin could result in 
signifi cant areas along the coast of Minas Basin that no longer fl ood regularly during high ti de or no longer go 
dry at low ti de. Calculati ng these changes requires numerical simulati ons with improved coastal bathymetry 
and much higher resoluti on in the interti dal zones.

Figure 2-6: Extracted Power versus the Reducti on in Flow Through the Channel for Minas Channel. (The blue 
lines highlight the maximum extractable power, the extractable power with a 10% reducti on in fl ow, and the 
extractable power with a 5% reducti on in fl ow.)
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3 - TIDAL POWER EXTRACTION DEVICES 

Authors: Dr. Sue Molloy and James Taylor, P.Eng.

WHAT DOES THIS MODULE COVER? 

This module outlines the basics of the technology and infrastructure for ti dal energy devices. The module 
serves as a very general primer on the three main types of ti dal energy devices and the transmission systems 
needed to get energy generated from ti dal devices to shore. 

The module will cover the following main areas:

 • Types of turbines developed to date,

 • Mooring types,

 • Considerati ons related to the installati on and maintenance of turbines, and

 • Power systems and components including cabling to shore.

3.0 - INTRODUCTION

Tidal turbines are in the early stage of development. Currently, developers are focusing on getti  ng devices 
operati onal and the overall development costs reduced. Opti mizati on of devices is further down the line. As a 
result of this, the confi gurati on of the devices that are currently being tested and demonstrated may look very 
diff erent from the devices we will see being installed fi ve years from now.

This secti on will focus on what can be seen as the primary confi gurati ons currently being considered by devel-
opers and the corresponding structural considerati ons that need to be made to install some of these designs 
(Figure 3-1). The installati on, maintenance, and cabling are also addressed. It is important to note that these 
areas are a large focus of research and development and are the source of the highest costs in the commis-
sioning of ti dal power today.

Figure 3-1: Schemati c of Verti cal Axis Turbine (Khan et al. 2009)
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   3.1 - TURBINES

Tidal turbines are being called by a number of names, including:

 • Tidal power extracti on devices (TPED),

 • Tidal In Stream Energy Converters (TISEC),

 • Marine Energy Converters (MEC), and

 • Marine Hydrokineti c (MHK) turbines.

However, the Internati onal Electrotechnical Commission (2012) has 
chosen TEC – Tidal Energy Converter and turbine as offi  cial terms. In 
Nova Scoti a, ti dal devices are oft en referred to as TISEC. In this module, 
devices will simply be referred to as turbines.

Turbines rotate in ti dal currents of typically 2m/s-- 4m/s (metres/sec-
ond) (4-8 knots). This rotati onal energy turns an axle that creates elec-
trical energy through a generator. That electrical energy is then used to 
provide power for a specifi c user or is added to the central power grid. 
The amount of power generated is directly related to the speed and 
fl ow rate of the current, where speed is how fast the current travels and 
the fl ow is the volume of water that passes a locati on in a given ti me. 
The high current speeds in some regions the Bay of Fundy (more than 
5m/s) present developers with both a unique opportunity and a formi-
dable challenge.

Turbines do not use fossil fuels and few require power to initi ate rota-
ti on; in most cases, the ti dal current is enough to begin the rotati on of 
the turbine. Some verti cal designs require a small amount of power to 
give them an initi al push (Kahn et al., 2009). 

Turbines in development today are being designed in considerati on of 
the environment in which they will operate. Fish guards, protecti on 
screens, speed controls, and more are being used to miti gate the chanc-
es of fi sh strikes, to reduce the impact the turbine has on the environ-
ment, and to reduce the impact the environment has on the turbine.

A general atti  tude in the ti dal industry right now is that turbine designs 
need to be kept simple. Fewer parts in the design mean less mainte-
nance 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.

The high current 
speeds of the Bay of 

Fundy (more than 5m/s) 
off er developers both a 
unique opportunity and 
formidable challenge.
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Some questi ons currently facing designers include:

 • What is the marine environment like at the installati on site? 

 • How will the turbine be installed?

 • How accessible will the turbine be for maintenance?

 • How long will the turbine last before maintenance is required?

 • What kind of maintenance can be expected?

 • How much ti me will there be to access the turbine at slack ti de?

 • Should the turbine be installed on the sea fl oor or fl oated at the surface?

 • How will the geological marine environment aff ect the turbine and vice versa?

As projects progress, these questi ons 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 fi ts all” turbines at the moment. Some soluti ons to these types of questi ons have been successful in 
one locati on and found to be completely inappropriate in others. For example, the Bay of Fundy has approxi-
mately 20 minutes of slack ti de and very high current speeds, which makes drilling to install concrete piles 
unatt racti ve. 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.

3.2 - TYPES OF TIDAL TURBINES

There are three main confi gurati ons or styles of ti dal turbines; within those confi gurati ons, there are many 
designs (Kahn et al., 2009). Horizontal and verti cal axes are the most popular confi gurati ons and right now, 
horizontal axis turbines are the dominant style with developers. Horizontal axis turbines look similar to propel-
lers and wind turbines, but the blades rotate at much slower rates. The confi gurati on of a verti cal axis turbine 
is like an eggbeater. The third main style is the crossfl ow turbine, which has a horizontal axis that is perpen-
dicular to the fl ow; the confi gurati on is like a push-style lawnmower.

VIGNETTE: SEAGEN

The longest commercially operati ng ti dal turbine is the SeaGen tur-
bine located in Strangford Lough in Northern Ireland (htt p://www.
seagenerati on.co.uk). It is a horizontal axis turbine. At maximum ca-
pacity, SeaGen generates 1.2MW of electricity. 
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3.2.1 - HORIZONTAL AXIS TURBINES

When a turbine has a horizontal axis, the axis of rotati on is 
designed to be parallel or slightly off -parallel to the fl ow of 
the water (Figure 3-2). The blades that are used are lift  or drag 
type blades. These are the blades used most oft en in propel-
lers and wind turbines. The profi le or shape of the blade and 
the orientati on of the blade can be manipulated to maximize 
the power from the incoming fl ow. This means the blades 
are turned and shaped to get the most power out of the fl ow 
when it is directed into the turbine. 

Some blades are designed to operate in both the incoming 
(fl ood) and outgoing (ebb) ti dal fl ows and some blades are 
designed to operate in more turbulent fl ows. Most horizontal 
axis turbines work best when fl ow is in one directi on and has 
very litt le turbulence.

Finally, open centre turbines are shaft less and have the blades 
connected to the outer rotati ng rim to allow current fl ow 
through a large, centered “hole.” Open centre turbines are 
considered to be another style of horizontal turbine and there 
is considerable interest in applying this parti cular style of de-
vice in the Bay of Fundy.

VIGNETTE: CLEAN CURRENT

Open centre turbines are being considered for operati on in the Bay of 
Fundy. One design is being developed by Clean Current, a Canadian 
company based in Briti sh Columbia.

3.2.2 - VERTICAL AXIS TURBINES

Verti cal axis turbines have an axis of rotati on that is perpen-
dicular to the fl ow of water. This means the axle around which 
the blades rotate is verti cal at 90° to the water fl ow directi on. 
Again, the blades are lift  or drag type blades and the turbines 
oft en resemble a weather vane or eggbeater. Some of the 
blades used in verti cal axis turbines are designed to catch the 
water as it fl ows through the turbine and use that energy to 
turn the axle. The Savonius design, with the “catch-fl ow” style 
of blade, is ineffi  cient but is valuable in slow fl ows (Figure 3-3). 
The Savonius style has been used in combinati on with other 
styles, such as the Darrieus, in order to get the rotati on of the 
more effi  cient blade styles started. Verti cal axis turbines fre-
quently need to be started by an alternati ve power or blade 
source when the fl ow speed drops below a minimum level 
(Kahn et al., 2009).

Figure 3-2: Horizontal Axis Turbines       
(Kahn et al. 2009)

Figure 3-3: Verti cal Axis Turbines            
(Kahn et al. 2009)
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3.2.3 - CROSS FLOW TURBINES

Cross fl ow turbines have the axis of rotati on across the fl ow of water, parallel to the water surface. Lift  or drag 
type blades are also used in this style of turbine (Figure 3-4). This style of turbine is less commonly seen under 
development, but there are small-scale ti dal power projects where it is being used. Fundy Tidal Inc. is considering 
a cross fl ow turbine for a project in the Bay of Fundy.

 Figure 3-4 Cross Flow Turbine (TidGen)
Source: htt p://www.orpc.co/orpcpowersystem_ti dgenpowersystem.aspx 

3.3 - FLOW

The fl ow of the water into the turbine may need to be directed if the effi  ciency of the blades is signifi cantly im-
pacted by the fl ow directi on or if the turbine is located at a parti cularly turbulent site. The general term for these 
fl ow directors is “duct” or “diff user” (Figure 3-5). At the present ti me, ducts are more commonly seen on verti cal 
axis turbines than horizontal axis turbines. The additi onal maintenance involved with a duct will depend on the 
style of duct chosen. The curvilinear duct, for example, has fewer parts than the multi ple hydrofoil diff user. This 
type of duct is in line with current thinking in turbine design that simple devices are more appropriate for the 
ocean environment (Kahn et al., 2009).

      Figure 3-5: Duct Styles (Kahn et al., 2009)
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3.3.1 - MOORING STYLE

The mooring requirements for the chosen ti dal turbine will depend on the style of turbine. Styles of mooring are 
presented in Figure 3-6. 

 A fl oati ng structure mounti ng (FSM) is usually  
 on a fl oati ng platf orm or set of pontoons.

  A near-surface structure mounti ng (NSM) 
  is oft en a pier mounted structure.

 A bott om structure mounti ng (BSM) is       
 oft en in the style of a gravity base (weighted  
 base) or a pile driven into the sea bed.

In general, verti cal axis turbines have been designed to fl oat at or near the surface to take advantage of the high-
est-speed currents, located approximately 1m below the surface (Karsten, McMillan, Lickley, & Haynes, 2008). 
This type of arrangement means mooring lines and anchors will need to be installed and the speed of the fl ow 
will directly aff ect the security of these lines. 

In rivers, verti cal and horizontal axis turbines have been placed near the surface in an overhang style or off  a pier, 
which signifi cantly reduces anchoring concerns and increases access for inspecti on and maintenance. If a barge 
or large fl oati ng turbine is planned as a semi-permanent structure, then anchor points need to be drilled in the 
bedrock to properly secure the turbine and/or barge (Wessner & Bear, 2009). A barge off ers similar inspecti on 
and maintenance opti ons as a pier, if the barge is designed appropriately.

Currently, most horizontal axis designs are being deployed on the sea bott om and are connected to a pile that is 
driven into the ocean fl oor or connected to a concrete surface that has been installed on the sea fl oor, known as 
a gravity base. The diffi  culti es with this style of mooring include:

 • the limited slack ti de ti me available for easing pile or concrete platf orm installati on,

 • the cost of a drilling vessel,

 • the ti me to install the turbine during slack ti de,

 • the availability and cost of a vessel capable of installing and lowering a very heavy (>1 ton) turbine,

 • the accessibility of the turbine for inspecti on and maintenance, and

 • the removal of turbine for maintenance.

Some of the clear benefi ts of the sea fl oor mounted turbines are:

 • less interference with other marine acti viti es,

 • no line of sight concerns, and

 • no shipping lane concerns.

Figure 3-6: Mooring Styles (Kahn et al., 2009)
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3.4 - INSTALLATION 

A large component of both the capital cost and ongoing operati on and main-
tenance costs is the deployment and recovery of the ti dal turbine. The design 
of the system should be done with a goal to minimize these costs.

Safety: It is important to note that no business goal should take priority over 
the safety of employees or the public. A full risk identi fi cati on, analysis, and 
miti gati on should be undertaken on the system design and all operati onal 
acti viti es. The marine environment is unforgiving and conditi ons can change 
in a very short period of ti me. Training and a high awareness of employee 
safety is absolutely necessary.

To a large degree, the type of ti dal turbine defi nes the type of fi xing (i.e. foun-
dati on or mooring) necessary, which narrows the types of installati on tech-
niques and processes. For example, if the ti dal turbine is supported by a fl oat-
ing platf orm, the installati on consists of fi xing the mooring requirements, 
fl oati ng the platf orm with the ti dal turbine installed to the site, and att aching 
the device to the mooring cables. If the system design calls for a pile-driven 
support into the ocean fl oor, then specialized drilling/piling barges will be re-
quired, along with extensive knowledge of the geology in the area. The pile(s) 
are installed over the course of a few weeks, aft er which the ti dal turbine 
can be fi xed to it/them. In the case of gravity bases, such as the Open Hydro 
demonstrati on turbine that was in the Minas Passage, the system is fl oated 
out to the site and then sunk to its intended positi on. 

The types of fi xing have diff erent requirements. However, in respecti ng that 
marine operati ons are very costly, two common themes emerge: 

 • Carry out as much work as possible on shore, using appropriate  
 lift ing devices, welding machines, etc. and creati ng safe and pre- 
 dictable working conditi ons. 

 • Minimize the ti me on the water and build that considerati on  
 into the design of the system.

3.5 - MAINTENANCE 

Tidal turbines and their associated systems will be designed for a fi nite oper-
ati ng ti me between overhauls and for an overall life. Corrosion and biofouling 
are very common aspects of machinery of any kind operati ng in a marine 
environment. With experience, the ti me to remedy deteriorati on caused by 
corrosion or biofouling can be predicted. Less predictable are unforeseen 
events such as foreign objects striking the turbine or extreme weather events 
causing problems.

If the ti dal turbine is supported from a fl oati ng platf orm, it is possible to build 
into the design, equipment to lift  the device from the water for inspecti on 
and routi ne maintenance. Other designs will require the ti dal turbine be re-
covered and returned to an onshore or near-shore maintenance facility.

Safety: It is impor-
tant to note that no 

business goal should 
take priority over the 
safety of employees or 
the public. A full risk 
identi fi cati on, analysis, 
and miti gati on should 
be undertaken on the 
system design and all 
operati onal acti viti es. 
The marine environ-
ment is unforgiving and 
conditi ons can change 
in a very short period 
of ti me. Training and a 
high awareness of em-
ployee safety is abso-
lutely necessary.
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A system deployed on a gravity base is an example of a device that needs to 
be recovered and returned to shore. Very litt le maintenance can be done 
in the open ocean. Subsurface inspecti ons may be possible with manned 
or unmanned submersibles, though the ti dal currents limit their eff ecti ve-
ness. Diving in the vicinity of an operati ng turbine in ti dal currents requires 
extremely high att enti on to detail to ensure the safety of personnel.

The ti dal turbine technology providers will have developed recommend-
ed maintenance protocols, both routi ne and for overhauls. Those recom-
mendati ons should be followed. Careful and complete records should be 
maintained, either manually or in an automated system. Photographs are 
extremely useful and each should carry a complete descripti on, along with 
ti me stamp. 

3.6 - POWER

3.6.1 - DEMAND AND GRID CONNECTION 

When thinking about the challenges of integrati ng renewable energy into 
the power grid of Nova Scoti a, it helps to understand how the grid works.

Electrical transmission systems bring power across the province through power lines and are referred to as the 
“power grid.” Distributi on systems take power from the grid through substati ons and then distribute it to local cus-
tomers.

The grid is a dynamic system that transmits power across the province; there is no power stored in the grid. This 
means the amount of power that is being made available through coal-fi red plants, wind, hydro, and potenti ally, ti d-
al, must be balanced with the amount of power being used by the populati on that is served (referred to as “load”). 
In electrical terms, the frequency of the power moving through the grid must stay within a restricted range (Figure 

3-7, a graphic from the UK power network). In North 
America, this range is around 60hz. If the load on the 
grid is too high, the frequency will drop. If the power 
is too high, the frequency increases. The power trans-
formers and elements of the electrical transmission 
systems are all designed to move power in a restrict-
ed frequency range; if the power moves out of that 
range, the transformers could become over-heated 
or damaged and the grid may fail.

Demand on the electrical system changes throughout 
the day, peaking in the evening when many people get 
home from school and work (Figure 3-8). The power 
that is generated must conti nually adjust through the 
day to meet the expected demand or load.

 Figure 3-8: Ontario Demand Over 24 Hours                                

 Source: www.ieso.ca

Figure 3-7: Frequency 
Range in hz (Freris & In-
fi eld, 2008)
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Tidal power is produced according to the ti de, so this means traditi onal 
power demand cannot be met solely by ti dal power, unless storage is used. 
Opti ons to address this issue include combining ti dal power with other re-
newable energy sources (wind, solar), fi ll-in power systems, and changing 
the community power use patt ern (e.g. have communiti es use dryers at 
night or only allow electric vehicle charging overnight). 

3.6.2 - CABLES

Many ti dal turbines require electrical power and oft en data interconnec-
ti on to shore. The data cable is necessary to supply important performance 
informati on about the turbine in real ti me. Subsea cables are commonplace 
around the world; however, routi ng of these cables for the purposes of in-
terconnecti ng islands, for example, is oft en designed to avoid high currents 
in order to ease installati on and increase the survivability of the cable. For 
ti dal turbines, high currents are necessary. There are specialized companies 
with experience in subsea cable installati on (see Module 9: Opportuniti es 
and Strategies for Businesses for more detail on subsea cable inputs).

The design of the turbine will establish the magnitude of the voltage (volts) 
and current (amps) at the generator terminals. One way of visualizing cur-
rent is to see it as the speed of water. Voltage can be seen as the height of 
water that is dropping to a lower level. Current and voltage have a relati on-
ship with respect to power: Power = Voltage x Current. Therefore, it can 
be seen that the higher the voltage, the lower the current (amps) for the 
same amount of power. The resistance of the wires transporti ng the power 
through the moving current causes some power to be lost in the form of 
heat.  Copper has low resistance and is used for more effi  cient power trans-
mission. When power is transported over a cable with high voltage and 
low current, there is less of an electrical power loss than when the current 
is high and the voltage is low. If the current is low, then there will be less 
copper needed, which reduces the overall cost of supply and installati on. 
Because of this, there can be considerati on for off shore power conditi oning 
(which regulates voltage) and transformer equipment. Using conditi oning, 
the voltage of the output from the turbine can be increased, the current 
decreased, and then smaller diameter cables (with less expensive copper) 
can be run to shore. However, more commonly, because of the expense to 
deploy and maintain electrical equipment in a marine environment, the 
voltage is usually maintained as generated and a larger diameter cable is 
used to accommodate the larger current. 

Tidal power is pro-
duced according to 

the ti de, so this means 
traditi onal power de-
mand cannot be met 
solely by ti dal power, 
unless storage is used. 
Opti ons to address this 
issue include combin-
ing ti dal power with 
other renewable en-
ergy sources (wind, 
solar), fi ll-in power 
systems, and changing 
the community power 
use patt ern (e.g. have 
communiti es use dryers 
at night or only allow 
electric vehicle charg-
ing overnight). 

NOVA SCOTIA IN CONTEXT: NOVA SCOTIA POWER INCORPORATED’S                                                                      
GENERATION INTERCONNECTION PROCEDURES

In Nova Scoti a, the energy distributi on system is managed by Nova 
Scoti a Power Incorporated. To gain access to the distributi on or trans-
mission system and start selling energy, a standard set of interconnec-
ti on studies and procedures must be followed. To read more, see Nova 
Scoti a Power Incorporated’s  Generati on Interconnecti on Procedures. 
htt p://oasis.nspower.ca/en/home/oasis/generati oninterconnecti onprocedures.aspx 
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The data cable can be included in the overall cable covering. The electrical insulati on must be kept dry so the 
integrity of the covering and the electrical connectors is very high. If the covering and insulati on fails, the system 
fails. In high current environments, an additi onal layering of armour is common. The cable is oft en installed in 
trenches, where possible. Trenching is a common practi ce to increase the survivability of the cable and keep it 
where it was placed. In some cases, naturally occurring trenches along the seabed can serve as a protecti ve route 
for cables. The design can be either alternati ng current or direct current, as required by the generator.

3.6.3 - ONSHORE FACILITIES

Once the cable makes landfall, if it is being conveyed at generator terminal voltage, there should be power con-
diti oning equipment, protecti on, control, and an electrical transformer as close as practi cal. Nova Scoti a Power 
Incorporated will provide engineering assistance in designing these requirements. The developer is responsible 
for the provision of the equipment. This will reduce further losses by increasing the voltage to the level necessary 
for interconnecti on to the grid. The electric uti lity will provide interconnecti on requirements, which will allow the 
power conditi oning equipment and protecti on and control to be designed and provided.

The data coming onshore can easily be accessed over standard telecommunicati ons methods and monitoring can 
be done from anywhere. It is unlikely a dedicated onshore “operati ons center” is necessary. 

For overhauls, a maintenance facility is required. Because of synergies between ship building and ti dal energy, 
existi ng equipment at shipyards is likely adequate. Experienced tradespeople are also a signifi cant asset found at 
existi ng shipyards and other marine-related industries, including off shore oil and gas. The equipment and infra-
structure needed at maintenance faciliti es would include, but not be limited to:

 • dry dock faciliti es; 

 • overhead cranes;

 • laydown space for assembly, as well as welding machines; and

 • metal forming tools and composite forming stati ons. 
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4 - THE REGULATORY REGIME FOR TIDAL ENERGY

Author: Elisa Obermann 

WHAT DOES THIS MODULE COVER?

This module outlines the policy and legal considerati ons of developing a ti dal energy resource. It is intended 
to give you an understanding of what laws apply to ti dal energy, which authoriti es are responsible for regula-
ti on, and how to navigate through the regulatory process. It also provides background on the policies that have 
been developed to support ti dal energy development.

As such, this module outlines the answers to the following questi ons:

 • What permits and approvals are required to develop a ti dal energy project and what is the process  
    to get them?

 • Who are the regulatory authoriti es involved?

 • What laws ensure that ti dal energy is developed in safe and sustainable manner?

 • What are the rules for community engagement?

 • What policies exist to support ti dal energy development?

WHY SHOULD YOU READ THIS MODULE?

This module is for anyone wanti ng to learn more about the legal framework for ti dal energy development in 
Nova Scoti a such as project developers, investors, and communiti es. 

 • Learn about the rules and laws governing ti dal energy development and how they may apply to you. 

 • Find out who the ti dal energy regulatory authoriti es are for each level of government. 

 • Understand the regulatory processes, permits, and approvals required to develop a ti dal energy  
 project. 

 • Find out about new policy and proposed legislati on included in Nova Scoti a’s Marine Renewable  
 Energy Strategy.

4.0 - INTRODUCTION

Tidal energy is a public resource, and like many natural resources, ti dal energy is governed by several pieces 
of legislati on, regulati ons, and overarching policies. These laws and policies are designed to ensure that the 
development of this resource is carried out in the best interest of the public and the environment. As the ma-
rine ecosystem supports multi ple users and uses, legislati on strives to provide suitable licensing processes, en-
vironmental protecti on, worker/public safety, resource conservati on, recogniti on of other users, community 
benefi ts, and economic benefi ts.
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Unlike other natural resources with established market values, there is 
currently no specifi c regulatory scheme for ti dal energy or marine re-
newable energy in Nova Scoti a or anywhere in Canada. Therefore, there 
are multi ple federal, provincial, and potenti ally municipal authoriti es 
involved in the regulati on of ti dal energy. Nova Scoti a’s current regula-
tory framework refl ects the varied and complex public interests associ-
ated with ti dal energy. These public interests include multi ple uses of 
the marine environment; potenti al confl icts among these uses; granti ng 
rights to produce energy from a shared, public resource (oceans); and 
the sale and distributi on of electricity through a regulated, integrated 
uti lity (Nova Scoti a Power Inc.).

4.1 - SNAPSHOT OF PROVINCIAL & FEDERAL SUPPORT IN NOVA 
SCOTIA’S TIDAL ENERGY SECTOR

The following is a list of various studies, reports, and recommendati ons that have received government sup-
port or that have demonstrated provincial and federal support for the ti dal energy sector.

2007
 • Off shore Energy Environmental Research Associati on commissioned to carry out a Strategic Environmental Assessment  
 (SEA), focused on the Bay of Fundy
2008
 • Bay of Fundy SEA recommendati ons released
  o 29 recommendati ons including development of demonstrati on centre/site, legislati on, and research

 • Province selects three developers and commits to support ti dal centre (i.e. FORCE)

2009
 • FORCE Environmental Assessment approved (5 MW, 1.5km2 test area)
 • Nova Scoti a Power deploys OpenHydro device at FORCE (fi rst large-scale device in North America)

 • Environmental monitoring program at FORCE begins

2010
 • Renewable Electricity Plan released 
  o Support for ti dal energy development through feed-in tariff s, enhanced net metering 

 • Renewable Electricity Regulati ons

  o Province puts ti dal feed-in tariff  into regulati on

 • Marine Renewable Energy Legislati on public consultati on

2011
 • Marine Renewable Energy Legislati on public consultati on recommendati ons released (“The Fournier Report”)
2012
 • Community-based feed-in tariff  price for ti dal energy set by Uti lity and Review Board (65.2 cents/kilowatt  hour)
 • Marine Renewable Energy Strategy released and included directi on for the following initi ati ves:

  o Two-track licensing process with aspirati on of 300 MW commercial development in the Bay of Fundy.

  o Enhanced mandate for FORCE to act as the hub of knowledge for applied research, technology, testi ng, and  
  operati on for both small and large scale technologies.

  o Exploring opti ons for incubati on faciliti es to test devices and associated technologies.

  o Development of marine renewable energy legislati on and establishment of ti dal regulatory authority.

 • Development of Statement of Best Practi ces

 • RFP issued for vacant 4th berth at FORCE

 • Cape Breton Strategic Environmental Assessment (SEA) initi ated

 • UARB process for setti  ng Developmental Tidal Array commences

2013 • Cape Breton SEA completed.

Tidal energy is a 
public resource, 

and like many natu-
ral resources, tidal 
energy is governed 
by several pieces of 
legislation, regula-
tions, and overarch-
ing policies. 
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   4.2 - POLICY AND PROGRAMS FOR TIDAL ENERGY 

Nova Scoti a has been working to advance the sustainable development of marine renewable energy, and spe-
cifi cally ti des, due to advantages in resource potenti al and the resources’ potenti al to help meet renewable 
electricity targets and contribute towards economic development. The advancement of ti dal energy has been 
supported through enabling policies, strategies, plans, programs, and regulatory development. This secti on 
will provide a background of key provincial policies, programs, and legislati on addressing ti dal energy develop-
ment that have been established in recent years. Many of them inform the current regulatory requirements 
and processes for ti dal energy.

4.2.1 - THE BAY OF FUNDY STRATEGIC ENVIRONMENTAL ASSESSMENT (SEA)

In 2007, the Government of Nova Scoti a commissioned the Off shore Energy Environmental Research Asso-
ciati on (OEER) (now called the Off shore Energy Research Associati on) to conduct a SEA of the Bay of Fundy. 
This was one of the fi rst steps the province took towards developing marine renewable energy. The SEA was 
intended to provide advice on whether, when, and under what conditi ons ti dal energy demonstrati on and 
commercial projects should be allowed in the Bay of Fundy. 

The SEA process provided an assessment of the social, economic, and environmental eff ects and factors asso-
ciated with potenti al development of renewable energy sources in the Bay of Fundy. It addressed all forms of 
marine renewable energy technology and approaches—off shore wind, wave, and various ti dal methods. The 
main focus, however, was on ti dal in-stream energy conversion (TISEC) devices, as the Bay of Fundy is most 
promising as a source of ti dal energy.

The fi nal SEA report consisted of 83 pages and 29 recommendati ons. Some recommendati ons pointed to im-
mediate acti on, while others pointed to future decision-making and the need to be cauti ous. Recommenda-
ti ons included the following:

• Adopt ten sustainability principles as outlined in the SEA.

• Allow the demonstrati on of TISEC technologies and develop a demonstrati on facility.

• Take a cauti ous approach.

• Develop marine renewable energy legislati on.

• Allow for incremental and removable development.

• Compensate fi shers in the occurrence of negati ve eff ects.

• Engage in consultati on with First Nati ons.

All reports, analysis, and details regarding the Bay of Fundy SEA process can be found here: htt p://www.off -
shoreenergyresearch.ca/OEER/StrategicEnvironmentalAssessment/tabid/117/Default.aspx.

In 2013, the Province of Nova Scoti a completed a SEA in the Cape Breton region. 
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FOUNDATIONAL CONCEPT: WHAT IS A STRATEGIC ENVIRONMENTAL 
ASSESSMENT (SEA)?

SEAs involve the evaluati on of potenti al environmental eff ects of a policy, 
plan, or program. They are normally undertaken by or on behalf of a regula-
tory or government department with jurisdicti on over the region or resources 
that may be aff ected by the policy, plan, or program. Increasingly, SEAs are be-
coming an essenti al aspect of planning as they can identi fy and predict cumu-
lati ve eff ects of broad governmental policies early in the planning and design 
process. Additi onally, SEAs promote public parti cipati on and provide alterna-
ti ve forums for public debate of policy or regional-scale issues associated with 
development that might otherwise surface during project level assessments 
where existi ng processes are ill-equipped to deal with such issues.

4.2.2 - RENEWABLE ELECTRICITY PLAN 

In April 2010, the Government of Nova Scoti a released its Renewable 
Electricity Plan to support and encourage increased development of re-
newable energy resources for electricity generati on. The plan sets out 
a detailed path for the province to gradually move away from predomi-
nately coal-fi red electricity to energy sources that are more local, clean, 
secure, and sustainable. The plan sets the course for achieving a 25% re-
newable electricity supply by 2015 and establishes an ambiti ous goal to 
have 40% of Nova Scoti a’s electricity supply (sales) produced from renew-
able resources by 2020. That 2020 goal is now legislated in Nova Scoti a’s 
Electricity Act. 

To achieve the 2015 target, the plan outlines new mechanisms and pro-
grams to increase renewable energy development that all Nova Scoti ans, 
from Nova Scoti a Power (NSPI) and large independent power producers, 
to community organizati ons and committ ed citi zens, can take part in. The 
following is a descripti on of the legal framework and those programs de-
veloped as a result of the Renewable Electricity Plan that are perti nent to 
ti dal energy development.

4.2.3 - RENEWABLE ELECTRICITY REGULATIONS

The Renewable Electricity Regulati ons were established under Nova Sco-
ti a’s Electricity Act in October 2010 to provide a legal basis for many of 
the acti ons put forward in the Renewable Electricity Plan. The regulati ons 
outline many of the legal criteria and requirements for the Community 
Feed-In Tariff  (COMFIT) program as well as the establishment of a One-
Window Process to review COMFIT applicati ons and details on the devel-
opmental ti dal FIT. 

To view the Renewable Electricity Regulati ons, please visit: 
htt p://www.gov.ns.ca/energy/electricity/regulati ons.asp. 

To learn more about the COMFIT program, see the descripti on below. 
To get more detailed informati on about COMFIT requirements and One-
Window Process, please visit: www.nsrenewables.ca. 

In April 2010, the 
Government of 

Nova Scotia released 
its Renewable Elec-
tricity Plan to sup-
port and encourage 
increased develop-
ment of renewable 
energy resources for 
electricity genera-
tion. The plan sets 
out a detailed path 
for the province to 
gradually move away 
from predominately 
coal-fired electric-
ity to energy sources 
that are more local, 
clean, secure, and 
sustainable. 
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4.2.4 - ENHANCED NET-METERING

Net-metering is a uti lity-led program by Nova Scoti a Power that allows a 
consumer to meet his or her annual electricity needs with a low impact 
renewable electricity generati on facility of up to 1 MW capacity. The facility 
must be connected to the distributi on grid through a meter that measures 
electricity fl ows in two directi ons. Tidal energy is considered a low impact 
renewable resource that qualifi es for this program. 

More informati on about the enhanced net-metering program can be found 
in the following documents and websites:

 • Nova Scoti a Power website: htt p://www.nspower.ca/en/     
 home/environment/renewableenergy/enhanced/default.aspx

 • Bill 64--Amended Electricity Act 

 • Regulati on 3.6 Net Metering Service

 • Interconnecti on Guidelines (Customer Generati on with                  
 Capacity up to 100 kW)

 • Net Metering Interconnecti on Agreement.

4.2.5 - COMMUNITY-BASED FEED-IN TARIFF (COMFIT) PROGRAM

The COMFIT program was created to encourage and support smaller-scale re-
newable energy projects that are developed and owned by community-based 
groups such as municipaliti es, First Nati ons, co-operati ves, and not-for-profi t 
groups. The focus on community-based projects is designed to ensure that 
projects are rooted in the community and investment returns remain there. 

Projects will be connected to the grid at the distributi on level. The province’s 
current distributi on capacity is roughly 200 MW, but changes as new custom-
ers are added or deleted. Some of that capacity is located in areas that are not 
well suited for development. Therefore, the Province is expecti ng roughly half 
that capacity may be used, or about 100 MW. Each distributi on connecti on 
has its own capacity that is set by the size of the electricity demand or load 
that it serves.

Tidal energy is a qualifying renewable resource under the COMFIT program. 
Devices that are 0.5 MW or less and connected at the distributi on level can re-
ceive a small-scale ti dal COMFIT rate of 65.2 cents/kWh. This rate was set dur-
ing a hearing process led by the Nova Scoti a Uti lity and Review Board (UARB), 
as directed by Nova Scoti a’s Renewable Electricity Regulati ons. For more infor-
mati on on the setti  ng of the COMFIT rate and to read the UARB’s formal deci-
sion concerning the fi rst set of COMFIT rates established in July 2011, review 
the fi nal decision document here: htt p://www.nsuarb.ca/images/stories/pdf/
Decisions/11Sep/comfi t%20order%20with%20tariff s.pdf.

FOUNDATIONAL CONCEPTS: 
WHAT IS A FEED-IN TARIFF 
(FIT)?

A “feed-in tariff ” (FIT) is a rate 
per kilowatt  hour that small-scale 
energy producers are guaranteed 
for a fi xed period of ti me. This pro-
vides them with enough economic 
certainty to invest in renewable 
energy projects. “Feed-in” means 
that energy produced by these 
projects will be fed in to the prov-
ince’s electricity grid.

As of early 2012, FITs have been 
implemented in at least 65 juris-
dicti ons and 27 states,* notably 
in Spain, Germany, Vermont, and 
Ontario to accomplish specifi c 
policy objecti ves including renew-
able electricity accelerati on, em-
ployment creati on, and industry 
building.

*“Renewables 2012 Global Status 
Report”, Renewable Energy Policy 
Network for the 21st Century

http://www.ren21.net/Portals/0/
documents/activities/gsr/GSR2012_
low%20res_FINAL.pdf 
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Terms of the agreement to receive the COMFIT rate are included in a power purchase agreement (PPA). The COM-
FIT PPA establishes an agreement between COMFIT proponents and Nova Scoti a Power for the sale of renewable 
electricity for a period of 20 years. In the fall of 2012, a draft  PPA was submitt ed to the UARB for approval through 
a hearing process.

NOVA SCOTIA IN CONTEXT: TIDAL ENERGY COMFIT PROJECTS

Since the COMFIT program was established, fi ve small-scale ti dal energy COMFIT approvals have been awarded 
to Fundy Tidal Inc.—three in Digby County and two in Cape Breton:

 • Grand Passage (500 kW)

 • Peti t Passage (500 kW)

 • Digby Gut (1.95 MW)

 • Great Bras d’Or Channel (500 kW)

 • Barra Strait (100 kW)

For more informati on on these projects, visit Fundy Tidal Inc.’s website: htt p://www.fundyti dal.com/index.php?opti on=com_

content&view=secti on&id=7&Itemid=24. 

In additi on to the requirements set out by the Renewable Electricity Regulati ons for the COM-
FIT program, several directi ves have been developed to guide the program by developing stan-
dards and defi niti ons. Directi ves that may be applicable to ti dal energy projects can be accessed here: 
htt ps://nsrenewables.ca:44309/comfi t-key-documents.

For more informati on about the COMFIT program and the applicati on process for small-scale ti dal energy 
projects, please visit www.nsrenewables.ca.

Please see secti on 4.3 in this module for more informati on on the COMFIT program applicati on process and 
associated permitti  ng process.

4.2.6 - DEVELOPMENTAL TIDAL ARRAY FEED-IN TARIFF (FIT) 

As ti dal energy devices are sti ll in the demonstrati on phase, the Government of Nova Scoti a established a FIT 
specifi c to large-scale ti dal arrays. Developmental in-stream ti dal arrays that are connected at the transmission 
level using devices greater than 0.5 MW may qualify for this tariff . 

The Province directed the UARB to commence the process to set a Developmental Tidal Array FIT for ti dal 
devices and arrays. The UARB is expected to look at a variety of factors when setti  ng the feed-in tariff  rate for 
large-scale ti dal including installati on, interconnecti on and capital costs, operati ons, and maintenance, as well 
as predicti ons around capacity factors, fi nancing, and expected output. 

The number of devices added will be determined by the existi ng environmental and renewable electricity 
regulati ons, the private sector, and the state of technology moving forward. It is anti cipated that the FIT rate 
will be set in early 2013. 

For more informati on about the Developmental Tidal Array FIT, please visit www.nsrenewables.ca.
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4.2.7 - LARGE-SCALE PROJECTS AND THE RENEWABLE ELECTRICITY ADMINISTRATOR

In additi on to the COMFIT program, the Renewable Electricity Plan also established a policy for a minimum 
of 300 GWh to be procured from independent power producers (IPPs). IPP projects are at a larger-scale and 
while they typically have been wind projects in Nova Scoti a, ti dal energy is also under this umbrella. The Re-
newable Electricity Administrator (REA), is an independent body, which was established by the Government 
of Nova Scoti a in 2010. The REA oversees the competi ti ve bidding processes and is intended to promote, fair-
ness, transparency, and effi  ciency. In July 2011, Power Advisory LLC was appointed to serve as the REA aft er 
a competi ti ve applicati on process. 

Requests for Proposals (RFP) are issued for large-scale renewable electricity projects to identi fy IPP projects 
that represent the best value for electricity ratepayers while ensuring a transparent review and decision-mak-
ing process. To date, the RFP process managed by the REA has only included commercially-viable renewable 
energy sources and therefore, ti dal energy has not been part of this process. However, ti dal energy is included 
in the terms of reference for the REA and therefore, it is important to note that this is another mechanism that 
could apply to ti dal energy in the future.

NOVA SCOTIA IN CONTEXT: LARGE-SCALE WIND ENERGY PROJECTS

In order to meet the legislated target of 25% renewable electricity by 2015, most of Nova Scoti a’s renewable 
electricity will come from large and medium-scale projects. A minimum of 600 gigawatt  hours (GWh) of larger-
scale renewable energy projects are required to meet the target. To ensure value for ratepayers, the Govern-
ment of Nova Scoti a decided that there will be an equal split for project development between independent 
power producers (IPPs) and Nova Scoti a Power for access to these transmission connected projects.

In 2011-2012, a large-scale RFP process for IPPs was used for procuring wind energy projects. Nineteen propos-
als were received and evaluated and three contracts were awarded for 355 GWh of wind energy. 

The three projects are scheduled to be in service by January 2015 and will bring local benefi ts to the province’s 
communiti es, including jobs and local investments.  The average purchase price from these three projects is in 
the mid-$70/MWh range, causing them to be the lowest cost renewable energy projects procured in Nova Scoti a 
since renewable energy targets were set in 2007. 

4.2.8 - MARINE RENEWABLE ENERGY LEGISLATION

The Bay of Fundy SEA recommended that legislati on specifi c to marine renewable energy (ti dal, waves, and off -
shore wind) be created to manage the long-term development and use of the resource. The Government of Nova 
Scoti a adopted that recommendati on and made a commitment to develop Marine Renewable Energy Legislati on 
that would provide clear, predictable, and effi  cient processes to support the sustainable growth of the sector 
including ti dal, wave, and off shore wind energy. 

In the fall of 2010, the Province commissioned Dalhousie oceanographer, Dr. Robert Fournier, to lead a public 
consultati on process regarding opti ons for marine renewable energy legislati on. As a result of the consultati on 
process, Dr. Fournier delivered a fi nal report –the “Fournier Report”—to the government that included 27 rec-
ommendati ons for the creati on of future marine renewable energy policy and legislati on. The report included 
specifi c directi on on planning, economic opportuniti es, research, and regulati on.

The Fournier Report can be viewed here: 
htt p://www.gov.ns.ca/energy/resources/spps/public-consultati on/marine-renewable-energy/Fournier-Report-English.pdf.

Background papers on Marine Renewable Energy Legislati on in Nova Scoti a can be viewed here:
htt p://www.gov.ns.ca/energy/resources/spps/public-consultati on/NS-MRE-Policy-Background-Final.pdf
htt p://www.gov.ns.ca/energy/resources/spps/public-consultati on/NS-MRE.pdf. 
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4.2.9 - NOVA SCOTIA MARINE RENEWABLE ENERGY STRATEGY 

In May 2012, the Government of Nova Scoti a released its Marine Renew-
able Energy Strategy. The strategy was a key recommendati on of the 2010 
Marine Renewable Energy Legislati on public consultati on process. The fi nal 
report from this process, the “Fournier Report” included a recommenda-
ti on to develop a strategic plan for marine renewable energy with an im-
mediate emphasis on in-stream ti dal energy.

The Marine Renewable Energy Strategy establishes new policies, tools, and 
legal directi on to support the development of ti dal energy from the dem-
onstrati on phase to commercializati on. The strategy builds on Nova Scoti a’s 
vision to be “a leader in the development of technology and systems that 
produce environmentally sustainable, competi ti vely priced electricity from 
the ocean.” It outlines research, development, and regulatory initi ati ves to 
help achieve an internati onally acti ve industry, while ensuring adapti ve and 
responsible management of the resource to protect the environment and 
other marine users. 

The strategy includes enabling mechanisms and acti viti es to help advance 
ti dal energy in Nova Scoti a, including a feed-in tariff  scheme coupled with a 
licensing process that will be established in legislati on to provide a pathway 
for projects to proceed from the testi ng state to demonstrati on and fi nally, 
to commercial development. (See secti on 4.4 in this module for more infor-
mati on on the future licensing process). 

The Marine Renewable Energy Strategy can be viewed here: htt p://www.
gov.ns.ca/energy/resources/publicati ons/Nova-Scoti a-Marine-Renewable-
Energy-Strategy-May-2012.pdf.

4.2.10 - STATEMENT OF BEST PRACTICES

The Government of Nova Scoti a has been working with the federal Depart-
ment of Fisheries and Oceans (DFO), other federal and provincial partners, 
research organizati ons, and industry to develop a Statement of Best Practi ce 
for the development of in-stream ti dal technologies. In June 2012, the Nova 
Scoti a Government met with stakeholders, experts, industry, and other regu-
lators to seek input on the key elements of the Statement. A draft  Statement 
of Best Practi ce is currently under development. (Please see secti on 4.4 for 
details on how the Statement of Best Practi ces will functi on in current and 
future licensing processes.)

The goal of the Statement is to contribute to improved regulatory review and 
environmental assessment processes for an adapti ve approach to the growth 
of the ti dal energy industry in Canada, leading to improved environmental 
review and management processes. The Statement represents an innovati ve 
tool to harmonize development and environmental interests to ensure the 
industry grows in an environmentally and socially responsible manner.

The Statement embeds standard requirements and practi ces for risk assess-
ment as well as opti ons for precauti onary and adapti ve environmental as-
sessment, licensing and management, site assessment and environmental 
monitoring requirements, modeling and monitoring energy producti on, de-
ployment of devices, stakeholder consultati on and engagement, and trans-
parency in environmental data collecti on and disseminati on. These minimum 
requirements and practi ces will complement existi ng regulatory processes, 

T he Marine Re-
newable Energy 
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new policies, tools, 
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and are intended to formalize and standardize the miti gati on measures in Canada with respect to the development 
and deployment of ti dal energy. The Statement will apply to all ti dal energy acti viti es and come into eff ect through 
existi ng respecti ve regulatory authoriti es and instruments. 

By using the Statement of Best Practi ces, respecti ve governments, regulators, ti dal developers, community, and 
the general public will have the assurance that there will be a safe path ahead of them in the development of a in-
stream ti dal energy industry. 

   4.3 - THE PERMITTING AND LICENSING PROCESS FOR TIDAL ENERGY 

Tidal energy development is subject to a number of provincial and federal laws and regulatory authoriti es as 
both governments have certain jurisdicti onal roles regarding matt ers related to marine resources. There may 
also be municipal laws to consider, depending on the locati on of the project.

Consti tuti onally, the Province’s responsibiliti es arise from its ownership and related jurisdicti on over areas of 
the seabed, while federal responsibility primarily arises based on its consti tuti onal jurisdicti on for fi shing and 
navigati on rights. These consti tuti onal jurisdicti onal boundaries are only the starti ng point of multi faceted 
regulatory frameworks relevant to marine renewable energy at both the provincial and federal levels. 

Given the complexity of the regulatory environment for ti dal energy, this secti on aims to provide clarity for 
developers, communiti es, and individuals interested in developing a project or those having a general interest 
in how industry is facilitated and regulated. This secti on will provide a detailed how-to, step-by-step process 
and supporti ng informati on for how to obtain permits and licenses for small and large-scale ti dal development 
and identi fi cati on of all associated legislati on, regulati ons, and authoriti es. 

Please note: This secti on is subject to change once Nova Scoti a’s Marine Renewable Energy Legislati on is de-
veloped and enacted. Please visit www.gov.ns.ca/energy for the most recent ti dal energy policy and legislati on 
informati on.

4.3.1 - SMALL-SCALE PROJECTS: COMFIT PROGRAM APPLICATION PROCESS

Both small-scale (0.5 MW and below) and large-scale ti dal energy projects (greater than 0.5 MW) are typically 
subject to many of the same provincial and federal regulatory requirements given that many aspects of the 
marine environment such as navigati on, transportati on, and habitat are governed by federal government; 
the smaller size of a project does not necessarily mean it will not require the same permits and oversight as 
a larger project. However, projects under 2 MW will not trigger the provincial environmental assessment. All 
aspects of a project are considered in terms of technology, locati on, size, number of devices, etc. that may 
dictate the regulatory requirements and processes. 

Currently, small-scale ti dal energy projects that are proposed to be 0.5 MW or below, connected at the distri-
buti on system, and owned by an eligible community-based group can apply to the provincial COMFIT program. 
The COMFIT applicati on process is a separate acti vity from the permitti  ng and licensing process that has been 
established for ti dal energy projects. However, many of the steps and acti viti es included in the COMFIT appli-
cati on process overlap with other federal and provincial regulatory requirements.

For more informati on and detail on COMFIT requirements and the applicati on process, please view the COM-
FIT guide here: htt p://nsrenewables.ca/comfi t-key-documents.
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4.3.2 - WHO’S INVOLVED

The framework currently being used for all ti dal energy project development was developed in August 2012 
and based on the 2007-2008 Bay of Fundy SEA. It includes a One-Window Committ ee to coordinate the per-
mits and approvals required by federal and provincial regulatory authoriti es to ensure a ti mely, coordinated, 
and effi  cient regulatory process for prospecti ve ti dal energy developers. The One-Window Standing Commit-
tee includes key federal and provincial regulators and government departments interested in, or with author-
ity for, marine projects. 

Table 4-1: One Window Standing Committ ee for Tidal Energy

*Other federal and/or provincial authoriti es in additi on to this committ ee may be involved in the permitti  ng and approval of ti dal en-

ergy projects depending on details specifi c to individual projects. 

The One-Window Standing Committ ee was used for the permitti  ng and licensing of the Fundy Ocean Research 
Center for Energy (FORCE) and was recognized as being quite eff ecti ve for that project. However, the Govern-
ment of Nova Scoti a has recognized that a more formal, integrated approach will likely be necessary as the 
level of acti vity in the marine renewable energy sector grows. 

ONE WINDOW STANDING COMMITTEE FOR TIDAL ENERGY*

PROVINCIAL AUTHORITIES FEDERAL AUTHORITIES

Department of Energy (lead) Natural Resources Canada

Department of Environment Environment Canada

Department of Labour Fisheries and Oceans Canada

Department of Fisheries and Aquaculture Canadian Environmental Assessment Agency

Department of Natural Resources Transport Canada

Offi  ce of Aboriginal Aff airs
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4.3.3 - THE PERMITTING PROCESS

As depicted in the fl owchart below, a framework and process has been established to guide proponents in-
terested in developing a ti dal energy project in Nova Scoti a. A brief descripti on of the step-by-step process 
depicted by the fl owchart is included aft er the image.

For detailed guidance of this process, please see the Guidelines for Permitti  ng of a Pre-Commercial Demonstrati on Phase for Off shore 
Renewable Energy Devices (Marine Renewables) in Nova Scoti a established by the Nova Scoti a Department of Energy here: htt p://gov.
ns.ca/energy/resources/EM/ti dal/Final-Guidelines-for-Permitti  ng-Demonstrati on-Phase.pdf.
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1.  PROJECT PROPOSAL

A project proposal including the following informati on should be prepared by the proponent:
 • Proposed locati on and size of the project;
 • Descripti on of technology and feasibility;
 • Knowledge and understanding of local environment, sensiti ve areas, and risks;
 • Financial feasibility;
 • Insurability; and
 • Decommissioning plan and fi nancial surety.

Proponents should consult the Statement of Best Practi ce in the early stages and throughout the project plan-
ning process to ensure the safe and responsible development of their project(s). 

2.  PROPOSAL SUBMISSION

Proposals are required to be submitt ed to the Nova Scoti a Department of Energy, who will then distribute the 
proposals to members of the One-Window Committ ee. 

3.  PROPOSAL EVALUATION

An interdepartmental provincial review committ ee (Review Committ ee), comprised of staff  from the Depart-
ments of Energy, Natural Resources, and Environment, as well as technical experts and others as required, will 
evaluate and review the proposal before convening the One-Window Standing Committ ee. 

4. DETERMINATION OF REGULATORY APPROVALS/PERMITS

Depending on the completeness and deemed potenti al of a project, a proponent will be  invited to meet with 
the One-Window Standing Committ ee consisti ng of provincial and federal government departments to deter-
mine required permits and approvals that may be required.

This helps to ensure that the regulatory process is coordinated, effi  cient, and streamlined as much as possible. 

Table 4-2 is a list of legislati on and regulati ons that may be applicable to a ti dal energy project. 
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       Table 4-2: Relevant Legislati on and Regulatory Authoriti es for Tidal Energy

PROVINCIAL

AUTHORITY LEGISLATION DESCRIPTION
APPROVAL REQUIRED & 

CORRESPONDING LEGISLATION
WEBSITE

Special Places Protec-
ti on Act (SPPA)

Provides the Heritage Division 
with a mandate to protect 
important archaeological, 
historical, and paleontological 
sites and remains, including 
those under water.

Resource Impact Assessment 
(needed for development 
that will potenti ally disturb or 
alter the landscape, thereby 
endangering archaeological 
sites):Special Places Protec-
ti on Act, S. 8.

Heritage Research Permit 
(needed for explorati on for, 
or excavati on of, fossils or 
archaeological sites): Special 
Places Protecti on Act, S. 8. 

http://nslegislature.
ca / l e gc /stat u te s /
specplac.htm

Nova Scoti a Environ-
ment Act (NSEA)

States that environmental 
assessments for ti dal energy 
projects over 2MW are manda-
tory.

Environmental assessment: 
Environment Act, S. 49

Environmental Assessment 
Regulati ons, Schedule A http://nslegislature.

ca/legc/statutes/env-
romnt.htm

Concerns projects that alter 
surface watercourse or the 
fl ow of water.

Water approval: Environment 
Act, S. 66

Acti viti es Designati on Regula-
ti ons, S. 5 

Wilderness Areas 
Protecti on Act 
(WAPA) 

Provides the legal framework 
for establishing, managing, 
protecti ng and using Nova 
Scoti a’s designated wilderness 
areas. The Act’s primary objec-
ti ves are to protect natural pro-
cesses, biological diversity, and 
outstanding natural features. 
The secondary objecti ves are 
use-related. Acti viti es such as 
wilderness recreati on, environ-
mental educati on, and scien-
ti fi c research are encouraged.

Authorizati on by the Minis-
ter:

Wilderness Areas Protecti on 
Act, S. 11, 17, & 19

htt p://www.gov.
ns.ca/nse/protecte-
dareas/docs/Wilder-
ness_Act_Sum.pdf

Fisheries and Coastal 
Resources Act (FCRA)

Specifi cally addresses approv-
als for aquaculture acti viti es 
below the coastal low-water 
mark. Potenti al confl icts are 
always possible between a 
licensed aquaculture operati on 
and ti dal in-stream acti viti es, 
although the need for elevated 
ti dal currents in the latt er 
could ulti mately reduce poten-
ti al overlap.

htt p://nslegislature.
ca/legc/statutes/fi s-
hand.htm
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AUTHORITY LEGISLATION DESCRIPTION
APPROVAL REQUIRED & 

CORRESPONDING LEGISLATION
WEBSITE

Endangered Species 
Act (ESA)

Mandates the compilati on of a 
listi ng of endangered or threat-
ened plant and animal species 
out to the coastal low-water 
mark.

Potenti al disturbance of any 
species listed under the Nova 
Scoti a Endangered Species 
Act or designated criti cal 
habitat (Endangered Species 
Act, S 13)

htt p://www.gov.
ns.ca/natr/wildlife/
biodiversity/legisla-
ti on_nsesa.asp

Crown Lands Act 
(CLA)

Submerged land located along 
the coast of Nova Scoti a is con-
sidered to be Provincial Crown 
Land, owned by the province, 
unless it has been sold by way 
of provincial or federal grant 
or it is considered to be a fed-
eral public harbour. Under the 
Crown Lands Act, the Minister 
of Natural Resources is respon-
sible for Crown Lands, includ-
ing submerged lands along the 
coast of the province. 

See Table 4-3  below for 
descripti on of licenses, lease 
opti ons, and approvals.

htt p://www.gov.
ns.ca/natr/land/sub-
merged-land.asp

or 

htt p://nslegislature.
ca/legc/statutes/
crownlan.htm

Beaches Act (BA)

Provides “for the protecti on of 
beaches and associated dune 
systems as signifi cant and 
sensiti ve environmental and 
recreati onal resources; pro-
vides for the regulati on and en-
forcement of the full range of 
land use acti viti es on beaches, 
including aggregate removal, 
so as to leave them unimpaired 
for the benefi t and enjoyment 
of future generati ons; controls 
recreati onal and other uses 
of beaches that may cause 
undesirable impacts on beach 
and associated dune systems.” 
This Act applies to both Crown 
and privately owned protected 
beaches.

Permit (If project requires 
removal or placement of ma-
terial from a beach, operati on 
of vehicle on a beach, or the 
constructi on or placement of 
any structure on a beach):

Beaches Regulati ons, S 5, 7, 9

htt p://nslegislature.
ca/legc/statutes/
beaches.htm

Provincial Parks Act

Authorizati on by the Minister 
(If the project has the poten-
ti al to disturb the fl ora and 
fauna located in a provincial 
park):

Provincial Parks Act, S. 13, 17

htt p://nslegislature.
ca/legc/statutes/
provpark.htm 
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AUTHORITY LEGISLATION DESCRIPTION
APPROVAL REQUIRED & 

CORRESPONDING LEGISLA-
TION

WEBSITE

Municipal Govern-
ment Act (MGA)

Outlines the powers, responsi-
biliti es, administrati ve struc-
ture, and procedural steps that 
municipaliti es are required 
to follow. The Act deals with 
municipal services, methods 
that municipaliti es are allowed 
to use to generate revenue 
(property tax, service fees, 
fi nes), and how they manage 
development processes. The 
MGA incorporates 8 older acts 
into one. 

htt p://www.gov.
ns.ca/snsmr/muns/
manuals/mga.asp

  

  

       Table 4-3: Provincial Land Leasing & Licensing

PROVINCIAL LAND LEASING & LICENSING:

POTENTIAL REQUIREMENTS UNDER NOVA SCOTIA’S CROWN LANDS ACT FOR TIDAL ENERGY

ACTIVITY APPROVAL LEGISLATION

Requires exclusive use of Provincial Crown Land Crown Lands Lease Crown Lands Act, S 16

Requires non-exclusive use of Provincial Crown Land Permit, Lett er of Authority or License Crown Lands Act, S 16

Use of Provincial Crown Land to access project site or 
for transmission lines

A Permit for Access Across Crown Land, A 
Right of Way, or Easement

Crown Lands Act, S 16

Removal of Trees on Crown Land during constructi on A Lett er of Authority or Timber License Crown Lands Act, S 28

Setti  ng up test, experimentati on equipment or instru-
ments on Provincial Crown Lands

Lett er of Authority or License for the short 
term use of Crown Land

Crown Lands Act, S 16

Establishing or re-establishing a legal survey, land 
boundary line, or marker on or adjoining Provincial 
Crown Land

Survey Order Crown Lands Act, S 13

The use or improvement of any road on Provincial 
Crown Land

Permit for Access Across Crown Land, 
Right of Way, or consent of pre-existi ng 
Crown Land Licensee

Crown Lands Act, S 16
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 Table 4-4: Relevant Federal Legislati on

FEDERAL

AUTHORITY LEGISLATION DESCRIPTION WEBSITE

Canadian Environ-
mental Assessment 
Agency

Canadian Environ-
mental Assessment 
Act (CEAA)

Addresses projects that involve federal decision-
makers, fall under federal legislati on, use federal 
funding, contain federal proponents, take place on 
federal lands, or fall under federal jurisdicti on.

htt p://laws-lois.justi ce.gc.ca/eng/
acts/C-15.2/

Environment Canada

Species at Risk Act 
(SARA)

Designed to protect identi fi ed species considered 
to be at risk on federal lands, including territorial 
seas and internal waters. Species are protected 
through a process of general prohibiti ons com-
bined with project permitti  ng requirements to 
avoid certain potenti ally harmful acti viti es.

htt p://www.ec.gc.
ca/alef-ewe/default.
asp?lang=en&n=ED2FFC37-1

Canadian Environ-
mental Protecti on 
Act (CEPA)

Protects the environment and human health, ap-
plies the precauti onary principle that, where there 
are threats of serious or irreversible damage, 
lack of full scienti fi c certainty shall not be used 
as a reason for postponing cost-eff ecti ve mea-
sures to prevent environmental degradati on, and 
promotes and reinforces enforceable polluti on 
preventi on approaches. Outlines public parti cipa-
ti on requirements related to the administrati on of 
the Act.

Migratory Birds 
Conventi on Act

Provides for the protecti on of migratory birds 
through the Migratory Birds Regulati ons.

htt p://www.ec.gc.
ca/nature/default.
asp?lang=En&n=7CEBB77D-1

Department of 
Fisheries & Oceans 
Canada (DFO)

Fisheries Act (FA)

Applies to all fi shing zones, territorial seas, and 
inland waters of Canada and is binding to federal, 
provincial, and territorial governments. As federal 
legislati on, the Fisheries Act supersedes provincial 
legislati on when the two confl ict.

htt p://www.dfo-mpo.gc.ca/habi-
tat/role/141/1415/14151-eng.
htm

Oceans Act
Deals with all internal waters and within the ter-
ritorial zones of Canada.

Transport Canada

Navigable Waters 
Protecti on Act 
(NWPA)

Administered by Transport Canada, applies to the 
Bay of Fundy because it is navigable water and 
a permit is required for any work that is built, 
placed in, on, over, under, though, or across any 
navigable water. 

htt p://www.tc.gc.ca/eng/marine-
safety/debs-arcti c-acts-regula-
ti ons-nwpa-1308.htm

Nati onal Energy 
Board

Nati onal Energy 
Board Act (NEBA)

Applies to all projects that cross provincial bound-
aries, extend beyond the territory of a province, 
or include an inter-provincial or internati onal 
power line; a certi fi cate or permit is required.

htt p://www.neb.gc.ca/clf-nsi/
rpblctn/ctsndrgltn/ct/ntnlnrgy-
brdct-eng.html
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5.  FIRST NATIONS ENGAGEMENT

Proponents are encouraged to engage with the Mi’kmaq of Nova Scoti a early in project development. The 
Province of Nova Scoti a may delegate certain procedural aspects of consultati on with First Nati ons to propo-
nents. In instances where there is no Crown duty to consult, proponents may sti ll wish to engage the Mi’kmaq 
of Nova Scoti a to share informati on about their project. 

For more informati on, see The Proponent’s Guide: Engagement with the Mi’kmaq of Nova Scoti a here: 
htt p://www.gov.ns.ca/abor/docs/Proponants-Guide.pdf.

Mi’kmaq Ecological Knowledge Studies (MEKS) are also a requirement under Nova Scoti a policy. There are 
sites in Nova Scoti a that have parti cular cultural signifi cance for the Mi’kmaq of Nova Scoti a, who may uti lize 
them to support traditi onal or current practi ces for food, social, or ceremonial purposes. A MEKS should be 
conducted to identi fy areas of historical and current use in the project area and help to ensure that traditi onal 
knowledge informs the project design and development.

6. COMMUNITY ENGAGEMENT 

The marine environment is complex and has many uses: tourism, landscapes, seascapes, habitats, fi sheries, 
and ecosystems. It is a public resource and as such, the owners— Nova Scoti ans—must trust how marine 
renewable energy is developed and operated to ensure sustainable and benefi cial growth. Public acceptance 
and trust must be earned and maintained. Regardless of the size of project, it is important for proponents to 
engage with local communiti es that may be aff ected by the project. 

Community and public support are very important to the success of energy projects and it is criti cal to inform 
the surrounding community about project intenti ons and to receive input and questi ons about the projects. 
Further, community engagement can provide vital local knowledge, reduce the risk of challenges and delays, 
and identi fy how a project can bring value to a community.

Proponents who are seeking COMFIT approval are required to have evidence of community support. This can 
be demonstrated by providing a municipal council resoluti on indicati ng support from the municipality within 
which the project is to be located or writt en evidence of support for the project from members of the com-
munity in which the project is to be located.

The COMFIT program has provided some helpful guidance for engaging communiti es and the process for pro-
viding evidence of support, which can be viewed in the COMFIT Guide here: htt p://www.ren21.net/Portals/0/
documents/acti viti es/gsr/GSR2012_low%20res_FINAL.pdf. Module 6 of this toolkit also provides details about en-
gaging communiti es. 

Proponents are also encouraged, through this process and the subsequent environmental assessment process, to en-
gage potenti ally aff ected fi shers. An early, proacti ve approach serves to benefi t from industry knowledge and ensure 
that fi shers are heard and considered. For example, FORCE’s ti dal projects in the Minas Basin involved early dialogue 
between the developers and the fi shing community. This dialogue is encouraged throughout the permitti  ng, develop-
ment, and operati ons phases. 

It is anti cipated that the Government of Nova Scoti a will develop formal rules about engagement and ti dal energy 
interacti on with fi sheries in its Marine Renewable Energy Legislati on. A discussion of fi sheries issues and opti ons re-
lated to ti dal energy can be found in the Marine Renewable Energy Legislati on for Nova Scoti a - Discussion Document.  
htt p://www.gov.ns.ca/energy/resources/spps/public-consultati on/NS-MRE-Policy-Background-Final.pdf 
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7. DETERMINATION OF MUNICIPAL REQUIREMENTS AND IMPACTS

Tidal energy project acti viti es could aff ect local communiti es with respect to land-based associated energy 
faciliti es or transportati on/servicing infrastructure that fall under the jurisdicti on of municipaliti es for appro-
priate zoning and property taxati on. Additi onal permits may be required at the municipal level and therefore, 
it is important that municipaliti es are kept informed regarding new projects or developments. 

More informati on regarding municipaliti es, engagement, and possible planning issues can be obtained from: 

 • Union of Nova Scoti a Municipaliti es (UNSM): www.unsm.ca;

 • Service Nova Scoti a and Municipal Relati ons: www.gov.ns.ca/snsmr.

8. APPLICATION SUBMISSION

Once a proponent has completed the steps above, he or she is ready to submit an applicati on for development 
of the project to each of the regulators identi fi ed in step 4. This applicati on should also include decommis-
sioning plans and fi nancial security arrangements. It is recommended that a project applicati on be submitt ed 
to the Nova Scoti a Department of Energy and the Canadian Environmental Assessment Agency to initi ate the 
process among the provincial and federal governments.

9. DETERMINATION OF ENVIRONMENTAL ASSESSMENT REQUIREMENTS

Proponents will need to determine whether an environmental assessment is required for their project. En-
vironmental assessment ensures that environmental, human health, socio-economic, cultural, historical, ar-
chaeological, and architectural concerns from all stakeholders are identi fi ed and addressed at the earliest 
stage of development planning. Through considerati on of these broad environmental issues and public con-
cerns, federal and/or provincial government decides whether or not the development can proceed in an envi-
ronmentally sustainable manner.

Environmental assessment is used in every province and territory in Canada and in many countries world-
wide. It is a tool that promotes good project planning, thereby avoiding or minimizing environmental eff ects 
caused by a development. It also allows developments to incorporate environmental considerati ons at the 
planning stage, which may avoid expensive changes once the project design has been fi nalized.

If environmental assessment legislati on is triggered by federal and/or provincial legislati on, proponents and 
regulators are required to consider the following factors related to the project:

 • environmental eff ects, including environmental eff ects caused by accidents and malfuncti ons, and   
             cumulati ve environmental eff ects;

 • signifi cance of those environmental eff ects;

 • public comments;

 • miti gati on measures and follow-up program requirements;

 • purpose of the designated project;

 • alternati ve means of carrying out the designated project;



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute 4 - THE REGULATORY REGIME FOR TIDAL ENERGY 70

 • changes to the project caused by the environment;

 • results of any relevant regional study;

 • any other relevant matt er.

There are diff erent types of environmental assessments depending on the scope, size, and details of a project. 
Both provincial and/or federal assessments may be required and the following provides a brief summary of 
legislated environmental assessment triggers and links to further informati on for business and communiti es: 

Provincial: Under Nova Scoti a’s Environment Act, projects that are 2 MW or greater trigger an 
 environmental assessment. For more informati on, see:

The Province of Nova Scoti a’s website regarding environmental assessment 
htt p://www.gov.ns.ca/nse/ea/

The Proponent’s Guide for Environmental Assessment 
htt p://www.gov.ns.ca/nse/ea/docs/EA.Guide-Proponents.pdf

A Citi zen’s Guide to Environmental Assessment
htt p://www.gov.ns.ca/nse/ea/docs/EA.Guide-Citi zens.pdf.

Federal: A federal environmental assessment under the Canadian Environmental Assessment Act  
 could be triggered if other federal legislati on is elicited (regardless of project size or aggregate capac- 
 ity) under the Fisheries Act, or Navigable Waters Protecti on Act. For more informati on, see: 

Basics of Environmental Assessment: 
htt p://www.ceaa.gc.ca/default.asp?lang=En&n=B053F859-1.  

10. LEASE ISSUANCE

The Nova Scoti a Department of Natural Resources may issue a Lett er of Authority containing a conditi on pro-
hibiti ng installati on of devices unti l all copies of writt en approvals and permits are received. The fee for the 
Lett er of Authority will be $200.00.

To learn more about Crown Land in Nova Scoti a, please visit the Department of Natural Resources website 
here: htt p://www.gov.ns.ca/natr/land/.

11. DEVELOP AND IMPLEMENT A MONITORING PROGRAM

Successful proponents will be required to develop a monitoring program for the project. The implementati on 
of a monitoring program is required subsequent to installati on. Precise monitoring conditi ons will vary be-
tween devices, projects, and sites.
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     4.4 - THE FUTURE REGULATORY AND LICENSING SYSTEM FOR TIDAL ENERGY 

Nova Scoti a’s Marine Renewable Energy Strategy includes a plan to develop new legislati on, including a licens-
ing process for ti dal energy projects. This means that some of the directi on and guidance provided in secti on 
4.3 may change in the near future. As the regulatory and licensing system is on the cusp of change, this secti on 
aims to provide some preliminary details regarding the proposed licensing process and future regulati on of 
ti dal energy in Nova Scoti a. 

4.4.1 - THE REGULATORY AND ENVIRONMENTAL PROTECTION SYSTEM

As part of new legislati on, a strong focus will be on the regulatory and environmental protecti on system. This 
system will focus on a staged, progressive, and adapti ve approach to development and deployment of in-
stream ti dal devices. 

Similar to the current system, the regulatory process will begin with a SEA to provide a broad understanding 
of the ecosystem and socioeconomic issues. Potenti al project developers will then be required to follow the 
Statement of Best Practi ce, which is currently under development. More informati on on the Statement can be 
found in secti on 4.2.10. 

4.4.2 - LICENSING SYSTEM

The Province of Nova Scoti a is currently developing a licensing process for ti dal energy development to provide 
a clear, predictable, and effi  cient process. Currently, in order for project developers to proceed with develop-
ing a project on submerged provincial Crown land in the Bay of Fundy, a Lett er of Authority or Crown Land 
Lease is issued by the province, as described in secti on 4.3.3. Once new Marine Renewable Energy Legislati on 
is in place, a license will be the primary tool for defi ning project- or company- specifi c opportuniti es and obli-
gati ons. 

The licensing process will include two licensing streams—one for technology development and the other for 
commercial power development. The following is a descripti on of each license type and criteria. 

4.4.2.1 - TECHNOLOGY DEVELOPMENT LICENSES 

Technology development licenses cover acti viti es where the focus is mainly on technology-specifi c improve-
ments to create reducti ons in electricity producti on costs. This could include medium-scale projects for de-
velopers testi ng prototypes, small-scale devices, and community projects. All such projects would be eligible 
for either the COMFIT or FIT rates. The disti ncti on between technology development licenses issued for the 
testi ng and demonstrati on phases is summarized in Table 4-5.
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      Table 4-5: Technology Development License Details: Testi ng and Demonstrati on Phase

TECHNOLOGY DEVELOPMENT LICENSE

TESTING PHASE DEMONSTRATION PHASE

Defi niti on
Deployment of single device or se-
ries of small devices.

Acknowledged growth of acti vity and experience be-
yond levels permitt ed under the COMFIT program or 
deployment at FORCE.

Producti on Capacity

≤ 500 kW; for small devices connect-
ed to the distributi on system.

> 500 kW up to 5MW; for larger 
devices or arrays connected at the 
transmission level.

Arrays of devices under COMFIT, but > 500 kW (includ-
ing future permits for arrays under COMFIT).

Growth in acti vity for a COMFIT project beyond permit-
ted levels (≈ 3MW).

Requirements

Data for resource and environmen-
tal eff ects must be collected and 
made available to the government 
and the public as informati on to be 
considered in future regulatory fi l-
ings. 

Consultati on regarding the ti meline for technology im-
provements and number of devices needed to demon-
strate signifi cant cost-reducti ons. 

Prospects for development in NS and opportuniti es to 
advance the MRE strategy. 

Minister authority to set targets for the amount of elec-
tricity purchased. 

“Plans, commitments, and requirements …” encom-
passing quantum of energy to be extracted and sold into 
the NS electricity market, proposed R&D plan leading to 
reduced generati ng costs in the future, and anti cipated 
contributi on to the development of the MRE sector. 

Market Support 

COMFIT Testi ng Rate for eligible 
enti ti es for systems ≤ 500 kW con-
nected at the distributi on level. Cur-
rent COMFIT rate as set by the UARB 
= $0.652 per kWh (to be reviewed in 
2014).

New COMFIT Demonstrati on Rate for eligible enti ti es for 
systems ≤ 500 kW connected at the distributi on level. 
Rate to be established by the UARB aft er consultati ons 
with small-scale developers concerning technology im-
provements and cost reducti ons (separately or as part 
of UARB’s 2014 review of COMFIT).

FIT Testi ng Rate for devices > 500 kW 
up to 5MW for larger devices or ar-
rays connected at the transmission 
level. The rate is to be determined 
by the UARB in 2012. 

FIT Demonstrati on Rate for transmission connected de-
vices that are greater than 500 kW up to a set amount. 
Rate for medium-scale projects will be set by the UARB, 
and DOE is working with industry to determine the scale 
of the project(s) needed to advance industry develop-
ment.

Province will provide “regulatory and licensing directi on 
to ensure there is a proper balance” between the eco-
nomic benefi ts of MRE development and the interests 
of ratepayers. 

Possible provincial assistance in the development of tech-
nology companies through investments by Innovacorp.



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute4 - THE REGULATORY REGIME FOR TIDAL ENERGY73

4.4.2.2 - POWER DEVELOPMENT LICENSE

Power development licenses cover large-scale, commercially-viable projects to provide grid-connected in-
steam ti dal power. The emphasis for this type of license is the demonstrated ability and willingness to commit 
“market-ready” technology to the development of a large scale, grid-connected ti dal energy project up to 
300 MW. Once the industry has reached the stage where developers demonstrate they are ready to pursue a 
project of this scale, a call for bids will be issued. The outcome of a successful bid process will be an exclusive 
license and Crown land lease providing rights to produce up to 300 MW of power. Both exclusivity and grant-
ing the right to develop the full capacity at the onset will be necessary for developers to secure the fi nancing 
needed to complete a project of this scale. Similar to the Technology Development License, a phased approach 
will be used for the Power Development License, with three stages—investi gati on, demonstrati on, and com-
mercial deployment. A descripti on of the elements included in each stage of the license is provided in Table 
4-6.

      Table 4-6: Power Development License Details: Testi ng

REQUIREMENTS AT VARIOUS STAGES FOR POWER DEVELOPMENT LICENSES

Investi gati on 
Stage

Proponents are required to fi le a Power of Development Project Plan addressing plans and 
commitments for:

• Level of investment at all stages of the project.

• Incorporati ng best-in-class technology, improving the state of technology and business 
knowledge in the MRE sector in NS, and deploying that knowledge from NS to outside 
markets.

• Developing NS and regional “capaciti es and capabiliti es” for R&D, engineering, design, 
and manufacturing.

• Monitoring and avoiding signifi cant adverse environmental impacts.

• Operati ng safely and adhering to best practi ces developed for the MRE sector.

• Collecti ng and reporti ng of data concerning resource and environmental eff ects.

• Progressing from the investi gati on stage through to a specifi c site for a demonstrati on 
and/or a market-ready commercial project. 

• Identi fying market for energy to be supplied by the project.

• Engaging the Mi’kmaq and the community.

• Analyzing resource and geotechnical features to evaluate the suitability of a specifi c 
project site (within an area that has had a SEA). 

• Deploying devices to measure resources and environmental eff ects, and ensuring this 
data is available to the Government and the public.
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Demonstrati on 
Stage

The Demonstrati on Stage of a Power Development License includes:

• Deployment of an array of devices for the producti on of a set capacity at a site identi -
fi ed at the Investi gati on Stage.

• Eligibility for market support mechanisms that are available under the Technology De-
velopment License.

• Confi rmati on of the plans and commitments made at the Investi gati on Stage subject to 
any amendments permitt ed by the Minister of Energy due to a change in market, envi-
ronmental, or technical conditi ons that take place in the Investi gati on Stage.

Commercial 
Deployment 
Stage

The Commercial Deployment Stage of a Power Development License includes:

• Deployment of arrays at a site identi fi ed at the Investi gati on or Demonstrati on Stage.

• Confi rmati on of the plans and commitments made at the Investi gati on Stage with fur-             
ther detail and experience gained during the Demonstrati on Stage.

• A rate for electricity similar to competi ng renewable electricity sources available to the 
Nova Scoti a market. 

  

4.4.2.3 - TIDAL RANGE TECHNOLOGIES AND THE LICENSING PROCESS

Tidal range technology extracts energy from the rise and fall of the ti de. This approach uses a holding basin 
and a dam, barrage, or lagoon structure. As these technologies may not be adaptable to an incremental ap-
proach and the staged nature of the licenses described above, the Government of Nova Scoti a has provided 
some guidance as to how these projects may be considered in the proposed licensing process under new leg-
islati on (included in the Marine Renewable Energy Strategy, p. 40). Proponents will be required to:

 • Demonstrate the project plans present no expected harm to other marine renewable resource
    opportuniti es. Evidence must be shown through robust and credible numerical and physical monitoring.

 • Demonstrate that there are no expected signifi cant adverse environmental or socioeconomic eff ects  
    or impacts. Evidence must be shown through a robust independent environmental panel review. 

Upon providing positi ve results and successfully completi ng these processes, a proponent would be eligible to 
receive a Power Development License under new Marine Renewable Energy Legislati on.
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   5 - ENVIRONMENTAL RISK ASSESSMENT 

Authors: Lisa Isaacman and Graham Daborn

WHAT DOES THIS MODULE COVER?

The following module is intended to provide guidance for project planners and reviewers in the assessment 
and miti gati on of environmental risk for Tidal Energy Convertors (TEC) development proposals and projects. 
The guidance is based on “A Framework for Environmental Risk Assessment and Decision-Making for Tidal 
Energy Development in Canada” developed for the Department of Fisheries and Oceans (DFO) and the Nova 
Scoti a Department of Energy (DOE) by independent scienti fi c experts. 

This secti on outlines the key steps and considerati ons for identi fying, assessing, and addressing the environ-
mental risk of TEC projects based on the best available scienti fi c knowledge, expert advice, and best practi ces 
for environmental risk and impact assessment. Through this guidance, project planners and reviewers can also 
gain insights as to:

 • site-appropriate project design and size considerati on,

 • the type and scale of informati on that should be included in initi al project descripti ons or 
     registrati on documents,

 • the level and type of environmental review/assessment a project may require,

 • the level and type of baseline studies and monitoring that may be required,

 • methods of miti gati ng or reducing the level of risk of a project, and

 • evaluati ons measures or trigger points for adapti ve management acti ons.

IS THIS MODULE FOR YOU? 

This module is for anyone interested in understanding the potenti al environmental implicati ons of TEC de-
velopment and what can be done to assess and miti gate the environmental risks of a specifi c development 
proposal and project. 

   5.0 - INTRODUCTION: WHAT ARE THE POTENTIAL IMPLICATIONS OF TEC DEVELOPMENT FOR THE 
              ENVIRONMENT?

TEC projects have the potenti al to cause dozens of individual and interconnected eff ects on the environment. 
An environmental eff ect is understood as any response or change that a project may cause in an ecological 
component. The following logic models (Isaacman & Daborn, 2011) were developed for the Department of 
Fisheries and Oceans (DFO) to illustrate the nature and breadth of the potenti al environmental eff ects. This 
type of model is called a Pathways of Eff ects (PoE). The models were developed in consultati on with scienti fi c 
experts from across Canada and the US.
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The PoE models include the predicted stressors associated with in-stream 
ti dal power technologies and the environmental eff ects they may have 
on specifi c ecological components or receptors. The six key stressors and 
some of their potenti al environmental eff ects are: 

1. Changes in current energy: modifi cati on of water movement patt erns 
due to energy extracti on aff ecti ng sediment dynamics (alterati on of 
substrates, sediment erosion, transport, and depositi on patt erns) and 
ti dal dynamics (alterati on of ti dal amplitude and current velocity).

2. Eff ects of arti fi cial structures: change in habitat structure and com-
plexity, att racti on or avoidance of marine life, barrier to migrati on. 

3. Physical interacti ons with infrastructure: physical or physiological in-
jury to marine organisms from passing through TEC devices (e.g. blade 
strikes, entanglement, pressure fl ux, stress, or disorientati on). 

4. Noise, vibrati on, and light emitt ed from devices: behavioural changes 
and physiological responses in marine organisms, including stress, and 
avoidance of habitat sites and migrati on corridors.

5. Emitt ed electro-magneti c fi elds: device generator and power electronics 
and sub-marine power cable emissions causing behavioural changes and 
physiological responses in marine organisms.

6. Release of contaminants: chemical polluti on from paints, anti -fou-
lants, and lubricants aff ecti ng water chemistry and marine organisms’ 
health.

The probability and magnitude of the potenti al eff ects, if any, will vary 
with the specifi c nature of the project and the sensiti vity of the ecosystem 
components at any given locati on. Thus, planners and reviewers should 
take all these potenti al interacti ons into considerati on in the planning and 
implementati on of TEC project proposals. 

For more informati on on the potenti al environmental implicati ons of TEC 
devices, see:

1. Environmental Eff ects of Tidal Energy Development. Proceedings of a Scien-
ti fi c Workshop March 22-25, 2010 
htt p://ir.library.oregonstate.edu/xmlui/handle/1957/21617?show=full

2. Pathways of Eff ects for Off shore Renewable Energy in Canada
htt p://fern.acadiau.ca/document_archive.html?acti on=view&id=178.

DEFINITION: PATHWAYS OF 
EFFECTS 

Conceptual representati ons of 
predicted relati onships between 
the pressures or stressors cre-
ated by human acti viti es and the 
environmental eff ects they may 
have on ecosystem components, 
and in turn, the socio-cultural 
and economic interests and val-
ues (oft en termed valued ecosys-
tem goods & services) that are 
linked to and rely upon them.

DEFINITION: ECOSYSTEM 
COMPONENT 

Fundamental elements of the 
natural environment. Compo-
nents can include wildlife, physi-
cal habitats (sediment, water, 
vegetati on, geology), and ecosys-
tem processes (e.g. biophysical 
dynamics, interacti ons).

To improve clarity of the Path-
ways of Eff ects (PoE) models, 
components have been grouped 
into four broad wildlife-based 
categories. These categories are 
intended to encompass physical 
habitats (sediment, water, veg-
etati on, geology) and ecosystem 
processes (e.g. biophysical dy-
namics, interacti ons).
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Figures 5-1, 5-2, and 5-3 illustrate the complexity and interconnecti vity 
of the potenti al environmental eff ects of the three main phases of a TEC 
development: 

a) 5-1: Site Investi gati ons; 

b) 5-2: Constructi on, Maintenance, and Decommissioning; and 

c) 5-3: Operati ons. 

PLEASE NOTE:

Although they may share some 
similar characteristi cs, the design 
and mode of operati on of TEC 
devices, and the consequent na-
ture of their interacti on with the 
environment, diff er substanti ally 
from the more well-established 
hydroelectric and ti dal barrage 
technologies. Due to these diff er-
ences, TEC devices are expected 
to have less of an environmental 
impact. 

Photo Credit: Greg Trowse
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   5.1 -  UNCERTAIN ENVIRONMENTAL RISKS OF TEC DEVELOPMENTS

TEC technologies are diverse and conti nue to evolve, with most sti ll at the 
testi ng phase. As a result, there is currently a high level of uncertainty re-
garding the potenti al implicati ons of TEC development on the biophysical 
environment, largely because:

• Few full-size devices have been deployed in natural environ-
ments for prolonged periods of ti me. 

• Environmental eff ects are likely to be technology, scale, and 
site-specifi c.

• The most favoured locati ons for deployment exhibit challenging 
physical conditi ons – consequently, eff ecti ve physical and biologi-
cal data collecti on and eff ects monitoring are diffi  cult and some-
ti mes limited by the availability of suitable monitoring technology. 

• There have been insuffi  cient monitoring results to confi rm pre-
dicti ons of environmental assessments. 

• Many of the sites with high potential are insufficiently stud-
ied for the environmental implications to be assessed with 
confidence. 

Both project planners and reviewers currently lack suffi  cient knowledge or 
experience to be able to assert, with an appropriate degree of confi dence, 
whether a project is likely to cause adverse environmental eff ects. Due to 
these varied uncertainti es, development of the ti dal energy sector in Canada 
should proceed using a precauti onary and adapti ve management approach.

To date, no signifi cant impacts have been reported from any TEC develop-
ment site in the world. However, monitoring results from only a few dem-
onstrati on sites in the US and UK are currently available. These monitoring 
programs have been short and sporadic, mainly focusing on the near-fi eld 
potenti al impacts (in the immediate vicinity of the turbine) of a single de-
vice. The challenges of monitoring a high-energy marine environment create 
the need for new technologies and monitoring techniques to be employed; 
many of the new methods applied in studies thus far have yet to be verifi ed 
as eff ecti ve and accurate. While these monitoring programs provide insight 
into potenti al monitoring methodologies and help identi fy ecosystem com-
ponents that may require parti cular att enti on, the results should not be used 
to draw conclusions about the general risks, nature, or magnitude of environ-
mental impacts of TEC.

Findings of environmental monitoring programs are freely available for:

Marine Current Turbine’s SeaGen Demonstrati on Project in Strangford 
Lough, Ireland (Royal Haskonings 2012). 
htt p://seagenerati on.co.uk/fi les/SeaGen-Environmental-Monitoring-Pro-
gramme-Final-Report.pdf

Verdant Powers Roosevelt Island Tidal Energy (RITE) Project in Eastport 
River, New York (Verdant Power 2011)
htt p://www.nyserda.ny.gov/Publicati ons/Research-and-Development-Technical-
Reports/Environmental-Reports/EMEP-Publicati ons/EMEP-Final-Reports.aspx

PLEASE NOTE:

Most of the uncertainty is as-
sociated with the operati onal 
aspects of TEC developments, 
which pose novel and poorly un-
derstood eff ects on the marine 
environment. The potenti al ef-
fects associated with site investi -
gati on and constructi on acti viti es 
are largely comparable to those 
presented by other marine sec-
tors.

To date, no signifi cant 
impacts have been 

reported from any TEC 
development site in the 
world. However, moni-
toring results from only 
a few demonstrati on 
sites in the US and UK 
are currently available.



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute5 - ENVIRONMENTAL RISK ASSESSMENT83

5.1.1 - PRINCIPLES FOR OVERCOMING UNCERTAINTY 

To deal with this uncertainty, the following are guiding principles 
for the eff ecti ve and objecti ve review of environmental risk of a 
TEC project. These principles include:

1. adequate considerati on of ecosystem-scale and cumulati ve ef-
fects (see below);

2. a precauti onary and adapti ve management approach (see below);

3. the need for appropriate and early initi ati on of baseline studies;

4. the need for risk evaluati on criteria and indicators that are rel-
evant and fl exible, and that can be consistently applied to proj-
ects of any type, size, or locati on (see below);

5. considerati on of other human uses of the ecosystem (see be-
low); and

6. early and on-going First Nati ons engagement (for more detail 
see Modules 4 and 6).

A basic prerequisite to making scienti fi cally sound and well-informed 
decisions is the availability of informati on of suffi  cient detail and qual-
ity on the nature of the project proposal and the physical and biologi-
cal environment at the site. Therefore, all project proposals must start 
with a detailed project descripti on and benchmark site assessment / 
characterizati on. Given it is not practi cal to measure and monitor every 
parameter; the challenge is identi fying the appropriate parameters to as-
sess operati on-induced change. The scope of the baseline survey require-
ments should be aligned with the anti cipated scale of the project and 
its associated eff ects. The criterion and indicators identi fi ed below can 
provide a guide to potenti al priority parameters and benchmark surveys. 
Environmental informati on relevant to assessing the risks associated with 
in-stream ti dal energy developments takes a long period of ti me to ac-
quire; therefore, early initi ati on of benchmark studies is crucial. 

It is well known that coastal ecosystems undergo signifi cant changes over 
ti me, some cyclical (e.g. seasonal, annual, or multi -year) and others pro-
gressive (e.g. conti nuing system changes associated with sea level rise, 
shoreline erosion, subsidence, or human modifi cati ons such as cause-
ways). In the face of this variability and changing environments, identi fy-
ing and quanti fying the eff ects of marine energy extracti on or the direct 
eff ects of the devices on organisms is extremely diffi  cult. 

Given these circumstances, the precauti onary approach needs to be ap-
plied to protect the environment against signifi cant and/or irreversible 
damage. This approach entails a risk assessment and decision-making 
process that errs on the side of cauti on in situati ons where there is a lack

Environmental in-
formati on relevant 

to assessing the risks 
associated with in-
stream ti dal energy 
developments takes a 
long period of ti me to 
acquire; therefore, early 
initi ati on of benchmark 
studies is crucial.
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of full scienti fi c certainty. Notwithstanding recogniti on and adopti on of 
the precauti onary approach, inability to provide a complete assessment 
of the project and its environmental eff ects in the preliminary review or 
assessment of the proposal would not necessarily preclude the possibility 
of the project moving forward. Resolving gaps in scienti fi c knowledge will 
require practi cal real-world experience, which cannot be achieved with-
out putti  ng devices in the water at various scales and locati ons. 

Adapti ve management is the preferred approach to dealing with proj-
ects where there is insuffi  cient experience with the technologies, a lack 
of knowledge about the ecosystem for which the development is pro-
posed, or both. In fact, the novelty and conti nued need for refi nement 
of the technology makes in-stream ti dal energy development an ideal 
candidate for a staged and adapti ve development approach. Most large 
scale ti dal developments will consist of arrays of devices that could be 
installed over ti me with some units coming on stream long before the 
full development is completed. The ulti mate scale of a permitt ed proj-
ect may be determined over ti me based on monitoring and interpreta-
ti on of the results, conducted as follow-up to confi rm the predicti ons of 
the environmental assessments. As projects expand to full commercial 
scale potenti al, there will be a need for conti nuing reassessment of the 
implicati ons of the development. 

DEFINITION: PRECAUTIONARY 
APPROACH (ALSO KNOWN AS 
THE PRECAUTIONARY PRIN-
CIPLE)

This term can be defi ned gener-
ally as ‘where there is a lack of 
full scienti fi c certainty, decisions 
or acti ons should err on the con-
servati ve or cauti ous side (i.e., 
assume that an eff ect is more 
rather than less adverse)’. Please 
note there are many similar, but 
diff ering defi niti ons and interpre-
tati ons of this term.

The precauti onary approach is 
a standard guiding principle in 
Canadian environmental policy, 
although its applicati on varies 
among departments and jurisdic-
ti ons. The 1999 Canadian Envi-
ronmental Protecti on Act (CEPA 
1999) defi nes the precauti on-
ary principle in slightly narrower 
terms as “… where there are 
threats of serious or irreversible 
damage, lack of full scienti fi c cer-
tainty shall not be used as a rea-
son for postponing cost-eff ecti ve 
measures to prevent environ-
mental degradati on.” The prin-
ciple is also enshrined, in general 
terms, in the 2012 The Canadian 
Environmental Assessment Act 
and in Fisheries and Oceans Can-
ada operati onal policies.

DEFINITION: ADAPTIVE MANAGEMENT 

A planned and systemati c process for conti nually improving environmental 
management practi ces by learning about their outcomes. Adapti ve manage-
ment provides fl exibility to identi fy and implement new miti gati on measures 
or to modify existi ng ones during the life of a project. Adapti ve management 
requires conti nual oversight and environmental monitoring and the ability to 
make modifi cati ons to projects as new informati on is acquired. An adapti ve 
management plan should be a requirement for project approvals, with pro-
cedures that enable rapid responses when and where an eff ect is detected. 
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Cumulati ve eff ects represent another element that requires adapti ve and conti nual reassessment. Follow-up 
must recognize that small, possibly incremental changes to criti cal ecosystem processes may not be evident 
for a long ti me aft er completi on of the array, although such changes may well aff ect criti cal aspects of the 
environment (e.g. habitat) or progressively interact with other established resource uses. These additi onal el-
ements of uncertainty require that any established commercial-scale development be reassessed at intervals 
of ti me over the life of the project.

ADAPTIVE MANAGEMENT IN PRACTICE 

Author: Monica Reed

Adapti ve management measures are oft en part of the Environmental Assessment (EA) process in Canada. Although the 
2012 Canadian Environmental Assessment Act does not contain specifi c requirements that pertain to adapti ve man-
agement practi ces, follow-up programs oft en incorporate adapti ve management measures. Depending on the nature 
of the project, either the review panel or the responsible authority determines if a follow-up program is mandatory for 
a project. Adapti ve management is implemented in follow-up programs in order to provide fl exibility to identi fy and 
implement new miti gati on measures or to modify existi ng ones in light of real-world experience. Given the conti nually 
changing environmental conditi ons and scienti fi c uncertainti es associated with in-stream ti dal energy development, 
developers require the ability to modify monitoring studies and miti gati on methods as experience is gained. In the US, 
Ocean Renewables Power Company (ORPC) in Maine has developed an adapti ve management plan for their Cobscook 
Bay Tidal Power Project, as required by their U.S. Federal Energy Regulatory Commission (FERC) pilot project license. 
An Adapti ve Management Team has been created to implement the adapti ve management plan, which has been de-
fi ned as “A collaborati ve, consultati ve process among ORPC management, state and federal agencies, and stakehold-
ers that monitors and reviews the results of policies, project acti ons and environmental data, and integrates this new 
learning into policy and management acti ons, adapti ng as necessary”(ORPC, 2012). 

DEFINITION: CUMULATIVE EFFECTS 

Additi ve or multi plicatory eff ects of a project or acti vity on the environment when the eff ects are combined with other 
past, present, or future human acti viti es. These acti viti es may be taking place within the same ecosystem or aff ecti ng 
the same ecosystem component (e.g. migratory species) that may move between ecosystems and be subjected to 
more than one development.
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   5.2 - STEPS TO PLANNING FOR AND ASSESSING THE ENVIRONMENTAL RISKS OF A PROPOSED PROJECT

Project planners and reviewers should follow the steps provided below (Figure 5-4: Framework to Reduce 
Risk): 

1. Defi ne the scope of the review.

2. Evaluate the project site characteristi cs.

3. Evaluate the environmental risk of the project proposal based on a set of standard defi ned criteria 
and indicators. 

4. Identi fy risks of interference with other human uses of the ecosystem (e.g. fi sheries, recreati on). 

5. Categorize the overall risk of the proposed project and make a management decision.

6. Propose supplementary miti gati on measures to reduce the overall risk of the project, when applicable.

7. Prepare the environmental monitoring and follow-up acti viti es, and an adapti ve management pro-
gram for an approved project.

In the Framework to Reduce Risk (Figure 5-4), socio-economic assessment /stakeholder consultati ons 
are shown as a step in the framework. The dashed line indicates that this process is not a strict require-
ment of environmental assessment and is oft en external to the environmental assessment process. It 
is included because it is recognized as an important component of the assessment process; however, 
the focus of this framework is on environmental assessment. 

 

Photo Credit: Greg Trowse
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 Figure 5-4: Framework to Reduce Risk (Isaacman, Daborn & Redden, 2012)
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5.2.1 STEP 1: DEFINE THE SCOPE OF THE REVIEW

5.2.1.1 - WHAT ACTIVITIES SHOULD BE COVERED?

It is important to plan for and miti gate environmental risks occurring 
throughout the life of the project from initi al site investi gati on (baseline 
studies) to constructi on to operati ons to decommissioning. The envi-
ronmental risks associated with site investi gati on, constructi on, mainte-
nance, and decommissioning acti viti es, as well as the potenti al releases 
of chemical contaminants (e.g. anti -foulants, lubricants), should be con-
sistent with those typical of most marine in-water acti viti es. Both the risk 
and miti gati on opti ons are fairly well understood by those experienced 
with marine development. By following the generally-accepted guide-
lines and best practi ces for these types of in-water acti viti es, the environ-
mental eff ects from these acti viti es should be adequately miti gated and 
do not require further review.

However, the risks related to the presence and operati on of a TEC de-
velopment are novel and poorly understood and cannot be adequately 
addressed using current procedures and best practi ces. Thus, a review of 
these risks is necessary prior to the approval and implementati on of any 
project. 

5.2.1.2 - WHAT PROJECTS SHOULD BE REVIEWED?

Scienti sts and regulators have generally considered small-scale, short-
term deployments (e.g. single device prototype or pilot trials) to present 
a fairly low environmental risk that could be addressed by applicati on of 
standard miti gati on measures, especially given the opti on to cease op-
erati ons if a problem becomes detectable. However, at least unti l more 
knowledge and experience are gained on the interacti ons of moderate- 
to large-scale devices or multi -device arrays with the environment, any 
demonstrati on or commercial scale deployments should undergo, at 
minimum, a preliminary review and risk assessment, following the frame-
work prescribed below. 

5.2.1.3 - FOLLOW AN ECOSYSTEM APPROACH 

Developers have a stewardship responsibility to ensure their projects do 
not cause a signifi cant adverse change to the environment. This includes 
both direct eff ects on a populati on, species, and habitat and broader-
scale eff ects on dynamic ecological functi ons and processes that are criti -
cal to the ecosystem’s role in a larger coastal context. 

DEFINITIONS: MARINE LIFE

Planktonic organism - any organ-
isms that live in the water col-
umn and are incapable of swim-
ming against a current.

Benthic – refers to the bott om of 
a body of water (i.e. seabed) and 
to the organisms living in or on it.

Pelagic – refers to the zone above 
the seafl oor, including the water 
column up to the surface.

Developers have a 
stewardship re-

sponsibility to ensure 
their projects do not 
cause a signifi cant 
adverse change to the 
environment. 
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While a thorough examinati on of every ecosystem component may not 
be practi cal or warranted, a proper risk assessment must recognize the 
complexity of the interconnecti ons among and between species and the 
physical environments. Following an ecosystem approach, the review 
should cover the following: 

• fi sh;

• marine mammals;

• marine plants and invertebrates, including shellfi sh, crusta-
ceans, and planktonic organisms; 

• marine birds; and 

• the biophysical habitats and ecosystem processes upon which 
the species depend.

All life stages (e.g. eggs, larvae, juvenile, and adult stages), as well as pop-
ulati ons, should be considered. Habitat is defi ned broadly as the benthic, 
pelagic, shoreline and/or surface areas, and the physical, chemical, and 
biological conditi ons, on which individual species depend, directly or in-
directly, including the following:

• spawning, nursery, rearing, or food supply areas;

• migratory routes;

• refuges from predati on (e.g. seaweed beds, marshes, etc.); and

• biological community and food-web structure and interacti ons. 

5.2.1.4 - SPATIAL SCOPE

A key aspect of the environmental review of a ti dal project is defi ning the 
geographic scope of the aff ected area. Due to the nature of in-stream ti d-
al energy, the scope of the aff ected area may extend well beyond the area 
of direct physical occupati on of infrastructure such as, direct and indirect 
eff ects on fl ow characteristi cs and marine life. Therefore, it is important 
to consider both localized (near-fi eld) and system-wide (far-fi eld) eff ects 
(Table 5-1). While informati on may be insuffi  cient to accurately defi ne the 
enti re extent of aff ected area, a conservati ve and scienti fi cally justi fi able 
approximati on must be considered when assessing each of the criteria. 

While a thorough 
examinati on 

of every ecosystem 
component may not 
be practi cal or war-
ranted, a proper risk 
assessment must rec-
ognize the complexity 
of the interconnecti ons 
among and between 
species and the physi-
cal environments.

DISCUSSION: CONSIDERING 
THE WHOLE ECOSYSTEM.

Please note that while federal 
and provincial regulators may be 
primarily concerned with certain 
species or habitats of social or 
economic importance (such as 
commercially valuable fi sh spe-
cies, marine mammals, or spe-
cies at risk), legislated review and 
permitti  ng processes (e.g. under 
the Fisheries Act, Canadian Envi-
ronmental Assessment Act, and 
provincial environmental assess-
ment acts) recognize the need to 
consider the eff ects on the whole 
biological community, as well as 
the physical habitats on which 
they depend.
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      Table 5-1: Examples of Near Field and System-wide Environmental Eff ects

EXAMPLES OF NEAR FIELD AND SYSTEM-WIDE ENVIRONMENTAL EFFECTS

RISKS POTENTIAL NEAR FIELD EFFECTS POTENTIAL SYSTEM-WIDE EFFECTS

Eff ect on Water Move-
ment and Sediment 
Dynamics

Change in hydrodynamic characteristi cs and 
patt erns in close proximity to TEC device alter-
ing local sediment dynamics (scour, sediment 
depositi on, and erosion). 

Change in regional and/or coastal/shoreline 
habitat due to alterati on of sediment dy-
namics (transport, erosion, and depositi on 
patt ern) and ti dal processes (ti ming, height, 
mixing patt erns, current velocity). 

Extent of Habitat 
Alterati on Due to the 
Presence of Physical 
Infrastructure

Change in benthic habitat compositi on and 
complexity due to scour and presence of de-
vice base and submarine cables. 

Change in biological community structure 
and functi on with trickle down ecosystem 
eff ects. 

Physical Obstacle to 
Marine Organisms

Physical interacti on with device or stress in-
duced by pressure fl ux causing injury or death 
of marine organisms. 

Impact on the stability and dynamics of the 
local populati on, with possible trickle down 
eff ects on local, regional, and potenti ally 
remote populati on and biological commu-
nity structure and functi on.

Noise, Vibrati ons, and 
Turbulence Eff ects on 
Marine Organisms Due 
to Turbine Operati on

Alterati on of marine organism behaviour (e.g. 
habitat avoidance, change in movement pat-
terns, decreased mate and prey detecti on). 

Impact on the stability and dynamics of the 
local populati on, with possible trickle down 
eff ects on local, regional, and potenti ally 
remote populati on and biological commu-
nity structure and functi on.

Eff ects of Other Signals 
Emitt ed by Project 
Infrastructure

Electromagneti c fi eld and arti fi cial light 
resulti ng in stress, physiological damage, and 
behavioural changes (avoidance/att racti on, 
communicati on, movement patt erns). 

Impact on the stability and dynamics of the 
local populati on, with possible trickle down 
eff ects on local, regional, and potenti ally 
remote populati on and biological commu-
nity structure and functi on.

       

5.2.1.5 - CUMULATIVE EFFECTS 

It is highly probable that successful deployment of devices will sti mulate further ti dal developments within 
the same ti dal energy resource area. Cumulati ve eff ects have always been diffi  cult to forecast. Most oceano-
graphic relati onships are non-linear, so that modifi cati on of one parameter (e.g. current velocity) may result in 
a magnifi ed change in related parameters (e.g. turbulence, water column mixing, etc.), producing system-wide 
changes that may seem out of proporti on to the original disturbance. 

All proposals should be evaluated in the context of other established or projected human acti viti es in the af-
fected area. For example, while a given turbine or array may be expected to result in only a minor reducti on 
in ti dal energy or aff ect only a small fracti on of habitat in the system, many acti viti es (ti dal or other) acti ng in 
concert (cumulati vely or synergisti cally) may result in major changes to the ti dal ecosystem. 

Specifi cally, considerati on of cumulati ve eff ects should include the following:

• regional system-wide eff ects (i.e. other than just local, direct eff ects); 

• eff ects during a longer period of ti me into the past and future; and

• eff ects on ecosystem components due to interacti ons with other past, existi ng, and future (e.g., 
reasonably foreseeable) acti viti es, and not just the eff ects of the single project under review.

For more guidance on this topic, see Cumulati ve Eff ects Assessment Practi ti oners Guide. htt p://www.ceaa-
acee.gc.ca/default.asp?lang=En&n=43952694-1
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5.2.1.6 - TIMESCALE

Eff ects may change, intensify, or only become detectable over a period of ti me. Thus, eff ects should be as-
sessed over the enti re predicted life of the project.

5.2.1.7 - STAGED DEVELOPMENTS

Although proposals for single or small-scale devices or demonstrati on projects may not exhibit a high risk or 
trigger environmental assessment requirements, proponents and regulators should keep in mind any inten-
ti ons for expansion (scaling-up) of the project, as larger, longer-term projects will present diff erent environ-
mental risks in a given area. By considering projected scale-ups in the review of early phase proposals, regula-
tors and proponents can be bett er prepared to address potenti al future environmental concerns, including 
preparati on of adapti ve management strategies and initi ati on of data collecti on and monitoring programs. 
This considerati on would permit a streamlined and progressive environmental assessment process in the 
event that an expansion is pursued. 

5.2.2 - STEP 2: EVALUATING THE PROJECT SITE CHARACTERISTICS

5.2.2.1 - SITE SCALE RELATIONSHIPS

Assessing the implicati ons of TEC developments requires recogniti on of the important interrelati onship be-
tween the scale of the development and the size and characteristi cs of the site itself. TEC developments re-
quire high fl ow locati ons. Strong current fl ows, suffi  cient for renewable energy extracti on, are found in three 
diff erent situati ons: through the narrow entrance of a coastal basin, through multi ple passages between land-
forms, and in certain coastal areas off shore (Figure 5-5). 

 

Figure 5-5: Types of Tidal Energy Sites
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The environmental eff ects of energy extracti on in these three situati ons diff er signifi cantly, as discussed below.

A. SINGLE NARROW PASSAGE

The confi ned entrance to a basin or bay represents the only passage through which water and migrati ng ani-
mals can pass. TEC devices will resist and divert fl ow into and out of the basin, resulti ng in increasing elevati on 
diff erences (and hence faster fl ows up to a point – cf. Garrett  & Cummins, 2008) on either side of the passage, 
unti l increasing fricti on begins to limit fl ows and therefore, decrease kineti c energy. As the scale of develop-
ment increases relati ve to the width (scale) of the passage, a TEC array would begin to act more like a barrier, 
aff ecti ng the ti dal resonance and hence, the amplitude as well as the phase of the ti de. In general, a basin 
entrance locati on is more likely to produce system-scale eff ects than either inter-island or coastal locati ons. 
The problems for organisms are varied: decreasing water velocity behind the array would be expected to af-
fect sediment erosion and depositi on, and hence, benthic habitat and biota in the bay; migrati ng fi sh have no 
alternati ve but to pass through the passage, and as the scale of the development increases, this will represent 
an increasing risk of encountering the devices; and noise and turbulence in the passage will change, with con-
sequent eff ects on animal communicati on, prey/predator detecti on, etc. 

B. MULTIPLE PASSAGES BETWEEN LANDFORMS 

Canada’s three ocean coasts exhibit numerous sites with multi ple high fl ow passages between islands and 
other landforms. Because there are alternate pathways that the water can follow, the restricti ve eff ects of TEC 
devices will be diff erent: increasing resistance to fl ow will mean that more water will pass through other open 
passages. Similarly, ti dal amplitudes, fl ow velocity, and resonance relati onships are likely to be less aff ected 
than in a single narrow passage site. Whether any alternate passages can be used by migrati ng animals will 
depend upon local circumstances (e.g. water depth, current velociti es, etc.) and perhaps also on stock geneti c 
characteristi cs that might determine migratory route.

C. OPEN COAST

By comparison, open coast sites with high current speeds exhibit few of the above interrelati onships. Increas-
ing array size will have much less eff ect on fl ow dynamics or ti dal characteristi cs, and animal movements will 
be far less restricted. For the biota, the localized eff ects (e.g. entrainment, benthic and pelagic habitat charac-
teristi cs, noise and turbulence, etc.) are likely to be of greatest importance.

5.2.2.2 - PRESENCE OF SPECIES AND/OR HABITATS OF HIGH CONSERVATION CONCERN

Projects proposed to take place in an area containing one or more ecosystem components (species or habitats) 
of high conservati on concern (HCC) should automati cally be fl agged as potenti ally high risk. 

HCCs are more suscepti ble to being signifi cantly and adversely aff ected by added stressors and less capable 
of recovery (low reversibility). Thus, there would be higher consequences to assuming risks from the project. 
For a project to be approved or permitt ed to conti nue, adequate miti gati on measures must be put in place to 
ensure no adverse impacts to HCC.

DEFINITION: HIGH CONSERVATION CONCERN (HCC)

A habitat or species of HCC are ecosystem components that are considered to be of ecological, economic, or cultural 
concern or are sensiti ve to disturbance. Valued Ecosystem Components is the more commonly used term in environ-
mental assessment to signify this type of habitat or species.
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Table 5-2: Species and Habitats of High Conservati on Concern

SPECIES AND HABITATS OF HIGH CONSERVATION CONCERN

HCC EXPLANATION

Species - 
resident or 
seasonal

Federally or pro-
vincially listed Spe-
cies at Risk, their 
residence and/or 
criti cal habitat.

Species at Risk are protected under federal and/or provincial Species at Risk legislati on. Given 
they are already vulnerable and at low numbers, the loss or disturbance of even one or small 
number of individuals can be signifi cant and thus pose unacceptable consequences to the sur-
vival of the species.

Many Species at Risk require specifi c habitat conditi ons; such species will be more sensiti ve to 
changes caused by TEC developments and thus risks may be higher. 

Non-listed species 
that are at risk or 
regionally rare

Although not listed under legislati on, many species have been identi fi ed as at risk or rare 
through various nati onal or internati onal scienti fi c assessment bodies like Committ ee on the 
Status of Endangered Wildlife in Canada (COSEWIC) or Internati onal Union for Conservati on of 
Nature (IUCN). Given they are already vulnerable and at low numbers, the loss or disturbance of 
even one or a small number of individuals can be signifi cant and thus pose an unacceptable con-
sequence to the survival of the species. Many species at risk require specifi c habitat conditi ons; 
such species will be more sensiti ve to changes caused by TEC developments and thus risks may 
be higher.

Species harvested 
in commercial, 
recreati onal, or 
aboriginal fi sheries

Harvested species may be less able to tolerate the added stressors from ti dal developments. 
Moreover, changes caused by ti dal developments may aff ect the producti vity and sustainability 
of fi sheries and thus will be under a higher level of public scruti ny. It should also be noted that 
commercially important species may be harvested in regions well away from the spawning or 
rearing habitat where the ti dal developments may occur.

Marine mammals, 
sea turtles, and 
other species of 
high public con-
cern

Whether or not considered at risk, many species may be highly valued by the public and the loss 
or disturbance of even one individual may be deemed unacceptable. Where these species are 
present, a proposed project will be under greater public scruti ny.

Migratory species 
(especially those 
that cross interna-
ti onal boundaries)

Species that migrate between habitats may be subject to additi onal stresses. There may also be 
legal implicati ons if a species crosses an internati onal boundary between feeding and spawning 
habitats.

Species known to 
be highly sensiti ve 
to disturbance.

Some species have limited tolerance to changes in environmental parameters (e.g. temperature, 
turbidity, etc.); such species will be more sensiti ve to changes caused by TEC developments and 
thus risks may be higher. 

Habitat

Habitat of listed or 
unlisted, at risk or 
rare species

Areas designated as residences or criti cal habitats for species at risk are protected under provin-
cial or federal legislati on. Whether legally designated or not, risks to the essenti al habitat of an 
at-risk or rare species need to be minimized to ensure the survival of the species. 

Rare or uncommon habitats are oft en important to rare or uncommon species, and therefore, are 
of concern for conservati on of biodiversity.

Ecologically signifi -
cant or rare eco-
systems

Some areas may be regionally, nati onally, or internati onally recognized and thus any acti viti es in 
those areas would be under high public scruti ny (e.g. marine protected areas). By defi niti on, eco-
logically signifi cant areas have a high ecological value, in terms of providing valuable ecological 
services, supporti ng high levels of biodiversity, or containing unique or rare features or species. 
They are oft en also more sensiti ve to perturbati on. Even a small loss or disturbance of an ecologi-
cally signifi cant or rare ecosystem can have signifi cant consequences.

Regionally uncom-
mon habitat that is 
essenti al for one or 
more species

Even where the habitat is not considered rare, it may be regionally uncommon. Local populati ons 
that depend on these habitat conditi ons may be harmed if they do not have access to other areas 
of similar habitat in the region.

Habitats highly 
sensiti ve to per-
turbati on

Habitats characterized by soft  or loose sediments are more prone to sedimentati on and erosion 
as a result of changes to current fl ows, turbulence, or water column mixing, with consequent 
eff ects on the biota. Moreover, some habitats are sensiti ve to changes in ti dal range, such as 
seagrass, macro-algae (seaweed) and salt marshes, which may be present in lower fl ow environ-
ments within the system-scale aff ected area.
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5.2.3 - STEP 3: EVALUATING THE ENVIRONMENTAL RISK 

Planning and regulatory decision-making (e.g. approval or rejecti on, degree of environmental assessment) is 
made easier when the indicator(s) or thresholds of risk can be expressed in quanti tati ve terms. For example, 
the current regulatory thresholds for ti dal energy projects for deciding whether a given proposal requires a 
limited or full environmental assessment are based on total energy producti on capacity (5MW for a Com-
prehensive Study under the CEAA and 2MW for Class 1 environmental assessment in Nova Scoti a). However, 
these values are essenti ally arbitrary and do not necessarily refl ect the potenti al that the project may cause 
signifi cant adverse damage to the environment. For example, thresholds based on energy producti on, or size 
of the project, are what are typically used for other types of energy projects. However, these criteria con-
sidered in isolati on from the physical and biological characteristi cs of the proposed site are inadequate, by 
themselves, to refl ect the environmental risk or impact of a project. For example, the impact of a 2MW array 
in an open high energy site, without sensiti ve habitats or species, may be low, whereas the same 2MW array 
may have a signifi cant impact in a semi-enclosed or lower energy site or area with sensiti ve species or habitats.

Because of the rapid development of this fi eld, the highly variable nature of the environment and technolo-
gies, the limited knowledge of ecosystems, and the complex scale relati onships (e.g. device/array scale vs. site 
scale), it may not be scienti fi cally justi fi able to select any one meaningful and durable universally applicable 
threshold for decision-making. 

5.2.4 - MULTI-CRITERIA APPROACH

To overcome the above menti oned challenges, an approach based on multi ple qualitati ve and numerical sci-
ence-based evaluati on criteria and indicators of risk, which are adjustable to parti cular project designs and 
sites, is recommended. 

The following secti on off ers a set of science-based criteria and indicators that:

• are relevant, fl exible, and can be consistently applied to projects of any type, size, or locati on;

• address directly or indirectly the major environmental concerns related to the operati on of in-stream 
ti dal devices; 

• relate to specifi c and characterizable att ributes of a development project and the environment; and

• are based on best available scienti fi c knowledge. 

In cases of uncertainty, the risk evaluator should err on the side of precauti on, and either request more infor-
mati on from the proponent or rate the criterion as higher risk.

While it may not be possible to make a thorough and individualized risk evaluati on for each species or habitat 
(due to lack of resources or knowledge), a generalized assessment needs to be made based on the best avail-
able informati on on the types of species and habitats present. Given the higher concern and risk, it may be 
reasonable to focus the review on HCC species and habitats. Risk levels associated with each indicator should 
be based on the att ributes of the forecast eff ect listed in Table 5-3.

PLEASE NOTE: 

Whether or not HCC components are likely in the aff ected area, risks to ecosystems and marine organisms are pres-
ent and potenti ally signifi cant. Even where HCC components are present, a project may not be considered a high risk 
if none of the criteria fall outside acceptable parameters. Conversely, a project in which a criterion has been fl agged 
could be considered a high risk even if no HCC components are present.
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      Table 5-3: Att ributes of the Forecast Eff ect upon which to Assess Indicators

ATTRIBUTES OF THE FORECAST EFFECT UPON WHICH TO ASSESS INDICATORS

CHARACTERISTICS NATURE OF THE FORECAST EFFECT

Probability What is the likelihood of the stressor or eff ect occurring?

Detectability

1. Magnitude of the anti cipated impact. Is the eff ect forecast to be within detectable 
levels? 

2. Measurability. Is it directly or indirectly measurable using currently available tools?

Spati al extent (near and/
or system-scale)

Variability in eff ects throughout the enti re aff ected area should be recognized.

Signifi cance
To the species, populati on, habitat, or ecosystem (e.g. how sensiti ve is the receptor to 
changes, are the consequences ecologically acceptable?). 

Durati on
Most operati onal eff ects should be considered long-term (for the durati on of the proj-
ect) or permanent.

Reversibility

This is the ability of the ecosystem component to recover (return to approximate pre-
development conditi ons) once the stressor is removed. It is not a measure of whether 
the stressor itself can be removed. Some eff ects may be reversible if detected and ap-
propriate acti ons (e.g. miti gati on, cessati on of operati ons, and removal of structures) are 
taken in a ti mely manner. Others may be irreversible, such as destructi on or harm to rare 
or at risk species or habitats. Even where direct eff ects are reversible once a stressor is 
removed (e.g. the eff ect on hydrodynamic and sediment processes and patt erns due to 
removal of ti dal energy), it may not be possible for habitats, populati ons, or community 
structure to recover from long-term changes (i.e. to return to previous conditi ons). 

Photo Credit: Greg Trowse
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5.2.4.1 - CRITERION 1: EXTENT OF HABITAT ALTERATION DUE TO THE PRESENCE OF PHYSICAL 
INFRASTRUCTURE

This criterion addresses the physical eff ects of infrastructure on the habitat within the ‘localized’ area of the 
project. This includes the physical space of benthic, pelagic, and coastal habitat occupied, or directly aff ected 
by, the physical infrastructure, including cables and inter-structure gaps. 

      Table 5-4: Criterion 1 - Extent of Habitat Alterati on Due to the Presence of Physical Infrastructure

CRITERION 1 INDICATORS OF RISK

INDICATORS EXPLANATION

Physical presence of 
infrastructure on Benthic 
(seabed) habitat 

Alterati on could include:
• Physical loss of habitat of a parti cular type (e.g. covering, clearing, smothering, or fl at-
tening); 

• Change in the compositi on (e.g. hard versus soft -sediments) and complexity of the 
habitat. This may result in a change in the biological community, especially in areas with 
soft -sediments, vegetati on, and/or homogeneous habitats; and

• Potenti al for erosion and/or sedimentati on. Are structures placed on soft  or loose sed-
iments vulnerable to erosion / scour around the bases of structures? Are any miti gati on 
measures in place to address this issue? Is it possible to forecast the fate of sediments 
mobilized by the infrastructure? Will scouring be conti nuous or progressive during the 
existence of the project?

Physical presence in the 
water column

The structure may:
• Create an obstacle for some organisms; 

• Serve as an arti fi cial reef or aggregati on device for some organisms;

• Provide surfaces for macro-algae (seaweed) and invertebrate colonizati on, especially 
where sheltered from strong currents (These may include alien species); and

• Cause wake / turbulence eff ects.

Physical presence on 
the surface

Some technologies may have components at the water surface. The increase in struc-
ture may:
• Create an obstacle for some marine mammals or seabirds; 

• Act as an aggregati ng device or provide haul-out or roosti ng surfaces;

• Provide surfaces for macro-algae and invertebrate colonizati on; and

• Aff ect light levels penetrati ng through water column.
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5.2.4.2 - CRITERION 2: EFFECT ON WATER MOVEMENT AND SEDIMENT DYNAMICS

      Table 5-5: Criterion 2 – Eff ect on Water Movement and Sediment Dynamics

CRITERION 2 INDICATORS OF RISK

INDICATORS EXPLANATION

Amount of kineti c energy expected to be 
extracted by the project compared to the 
total available kineti c energy in the system 
(percentage).

The intent is to compare the amount of energy being removed from 
the system with that required to maintain natural processes and pat-
terns. The higher the percentage, the greater the likelihood to cause 
noti ceable changes to localized, and/or system-scale water and sedi-
ment dynamics. 

Physical confi gurati on of the site in which 
the development is to be located (site-scale 
relati onship). 

The project might be placed in a single narrow passage (entrance to 
a basin), a multi -passage system, or open coast environment. (See 
5.2.2.1 Site Scale Relati onships). Each type of site may experience dif-
ferent localized and regional system-scale changes due to resonance 
eff ects, turbulence, and proximity to coastlines. The size and confi gu-
rati on of the development needs to be scaled to the type of site.

System characterized by seasonal or spati al 
fl uctuati ons in natural fl ow patt erns that may 
be aff ected by a regulati on or disrupti on of 
current fl ow. 

The intent is to identi fy the degree of dependence of ecosystem pro-
cesses and species on seasonal and spati al fl uctuati ons and variabil-
ity. This acts as a qualitati ve measure of the signifi cance of forecasted 
change in ti dal energy and associated processes. 

Other TEC developments, in operati on or 
planned, in the system (cumulati ve eff ects).

The proposed reducti on in ti dal energy of the present proposal 
should be considered in combinati on with that of the other develop-
ments to address the potenti al for cumulati ve or synergisti c eff ects. 

5.2.4.3 - CRITERION 3: TIMING OF SHORT-TERM PROJECTS

This criterion seeks to account for changes to ti me and season sensiti ve habitats and species.    

   Table 5-6: Criterion 3 -Timing of Short Term Projects

CRITERION 3 INDICATORS OF RISK

INDICATORS EXPLANATION

Timing of project acti viti es in relati on to 
known spawning, nursery, migratory, or other 
criti cal ti me periods.

Where projects will be in place for less than one year, the intent 
is to ensure that the potenti al risks from short-term deployments 
(e.g. demonstrati ons or trials) are not discounted due to their 
temporary nature. While the stressor may be temporary, long-term 
and populati on-scale eff ects may be possible.
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5.2.4.4 - CRITERION 4: PHYSICAL OBSTACLE TO MARINE ORGANISMS

This criterion is intended to serve as a measure of:

A. the potenti al of injury or mortality to organisms from collisions with (e.g. blade strikes or encoun-
ters with cables) or passing through (e.g. entrainment in downstream turbulence or pressure eff ects) 
project infrastructure; and

B. the potenti al of the project to impede natural movement or migrati on patt erns, either through (A) 
or acti ve avoidance. 

      Table 5-7: Criterion 4 –Physical Obstacle to Marine Organisms

CRITERION 4 INDICATORS OF RISK

INDICATORS EXPLANATION

Capability of marine 
organisms to Detect 
and acti vely avoid the 
array

This is intended as a measure of the risk of injury from physical interacti on with project in-
frastructure that is applicable regardless of the characteristi cs of the specifi c type of device 
or array. This measure is based on the assumpti on that passing through the site occupied by 
the turbine (localized) increases the risk of physical or physiological injury. 

Signals produced by the devices, including visual, noise, vibrati ons, electromagneti c fi eld, 
and turbulence may enhance their detectability by marine organisms and thus reduce the 
potenti al for physical encounters. This is only the case for organisms able to take evasive 
acti ons and/or take another route. Some organisms may be stronger or more agile, able to 
overcome currents and swim around multi ple obstacles, while weaker swimmers or non-
moti le organisms (that travel with the currents) may be unable to avoid entrainment or 
navigate through complex obstacles. Given that the ability of many species and life stages to 
detect and avoid these devices is poorly understood, this indicator, should at minimum, be 
based on the general understanding of swimming ability and behaviours, where known.

Please note, the signals emitt ed by the device(s) may be far-reaching and thus aff ect the 
movements and behaviours of organisms well beyond the localized area. Moreover, these 
signals may have negati ve consequences for organisms unable to avoid the aff ected area 
(see Criterion 5 and 6).

Proporti on of the spe-
cifi c pathway occupied 
by the project

This is a measure of whether the project presents a total or parti al obstacle to the use of the 
parti cular route in which the project is located. Given the above, will the species be able to 
follow their natural migrati on route / movement pathway without having to pass through 
the array (i.e. is there available and suitable space to go around it)? 

Both the horizontal (e.g. width of the channel) and verti cal range (depth in the water col-
umn) must be considered. 
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CRITERION 4 INDICATORS OF RISK

INDICATORS EXPLANATION

Presence and suit-
ability of other natural 
pathways available 
to the populati on 
to move between 
habitats

This is a measure of how important the specifi c pathway in which the project is to be lo-
cated is to the populati on and the ability / probability of individuals and/or the enti re popu-
lati on to take an alternate route. An example may be where the project is placed in one of 
multi ple channels in the system (see 5.2.2.1. Site Scale Relati onship). However, in this case, 
it should not be assumed that all the channels may serve as suitable routes. 

Some considerati ons include:

• The frequency of use of the route and its alternati ves by each populati on.
    o     Is the project placed in the primary or a less frequented route? 

• Are individuals strongly predisposed (e.g. geneti cally or behaviourally) to prefer one route 
over another or are they equally likely to take more than one route? 

• Capability of marine organisms to acti vely avoid the array (see above).

• Are the alternate routes capable of supporti ng a higher level of traffi  c and/or could there 
be a cost to concentrati ng movement through fewer routes (e.g. increased competi ti on, risk 
of predati on)? 

Presence of other 
developments in the 
area that may also 
present an obstacle to 
movement of marine 
organisms (cumulati ve 
eff ects)

Either within the parti cular pathway or within alternati ve routes.

5.2.4.5 - CRITERION 5: NOISE, VIBRATIONS, AND TURBULENCE EFFECTS ON MARINE ORGANISMS DUE 
TO TURBINE OPERATION 

The intent of this criterion is to serve as a measure of the likelihood that noise, vibrati ons, and/or turbulence 
produced by the operati on of ti dal turbines will adversely aff ect the behaviour or physiology of marine organ-
isms.

Responses to noise and vibrati ons could include the following: 

• avoidance of aff ected areas (may exclude a species from habitat or be a barrier to movement);

• interference with navigati on or orientati on mechanisms/cues;

• increased stress;

• interference with communicati on, and mate and prey detecti on; and

• physical or physiological damage to auditory systems.

PLEASE NOTE: 

While the intensity may be highest in the immediate vicinity of devices, noise and other disturbances emitt ed by de-
vices may be detectable well beyond the immediate locati on of the project, producing potenti ally adverse behavioural 
and physiological responses to sensiti ve species at some distance from the actual project site. Thus, reviewers should 
consider the detectability and reacti ons of organisms present in both the localized and system-scale area.
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Where solid data are too limited for reliable esti mates to be made, a generalized, qualitati ve comparison 
should be made. 

      Table 5-8: Criterion 5 – Noise, Vibrati ons, and Turbulence Eff ects on Marine Organisms due to Turbine 
        Operati on

CRITERION 5 INDICATORS OF RISK

INDICATORS NOISE AND VIBRATIONS TURBULENCE

Predicted noise and turbu-
lence output generated by 
devices at the specifi ed scale 
of development (i.e. actual 
size of devices, number of 
turbines, and associated infra-
structure) 

A valid esti mate based on the best available data and models should be made, 
where possible. This esti mate can then be compared with ambient conditi ons and 
known response thresholds of organisms, where available. Where solid data are 
too limited for reliable esti mates to be made, a generalized, qualitati ve comparison 
should be made. 

Characteristi cs of ambient 
conditi ons

This is intended as a measure of whether the signals are likely to be detectable by 
marine organisms against pre-existi ng conditi ons. Marine organisms may respond to 
sounds or vibrati ons of a greater intensity or diff erent quality than they are accus-
tomed to. Even in noisy or turbulent environments, the operati on of devices may 
alter the sound or vibrati onal environment for a considerable distance. However, in 
a naturally noisy and/or turbulent environment, the additi onal signals generated by 
the turbines may be masked by (undetectable against) the natural conditi ons. More-
over, marine organisms in the area may be accustomed to that type of an environ-
ment. 

Presence of other anthropo-
genic signals

Pre-existi ng anthropogenic acti viti es, including other ti dal developments, may 
already be producing similar or greater signals, which may mask or off set the risk 
of any additi onal signals produced by the proposed project. However, it is possible 
that the signals from each of the acti viti es may interact to produce an even greater 
response in marine organisms.

Presence of species known to 
be sensiti ve

Given that a full assessment of this cri-
terion is both labour and data intensive, 
focus should be placed on HCC and other 
species known to be parti cularly sensiti ve 
to this stressor (e.g. marine mammals). 
Several syntheses of informati on on 
impacts of ti dal turbine noise on marine 
organisms are available (see References at 
the end of this Module). 

Lower mobility organisms, including 
smaller fi sh, invertebrates, plankton, 
eggs and larvae, may be parti cularly 
vulnerable to entrainment in and distur-
bance by turbulence, rendering them 
more suscepti ble to predati on.

Ability of organisms to evade 
aff ected area

Noise, vibrati ons, and turbulence signals produced by the devices may enhance the 
detectability of the turbines by marine organisms and thus reduce the potenti al 
of physical encounters by organisms able to evade the structures or take another 
route. In fact, the use of noise-making devices (e.g. seal deterrents) may be consid-
ered as a miti gati on measure to reduce the likelihood of strike or entrainment by 
deterring organisms (parti cularly marine mammals) from the site. 

Please note that not all organisms may be able to leave or avoid the aff ected areas, 
especially where the signals extend well beyond the localized area (see Criterion 4).
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5.2.4.6 - CRITERION 6: EFFECTS OF OTHER SIGNALS EMITTED BY PROJECT INFRASTRUCTURE 

The intent of this criterion is to serve as a measure of the likelihood that signals emitt ed by the project in-
frastructure, other than those dealt with in Criterion 5, will adversely aff ect the behaviour or physiology of 
marine organisms.

Signals to consider include the following:

A. electromagneti c fi elds produced by the power cables or turbines,

B. arti fi cial light, and

C. other emissions produced during operati ons, as identi fi ed by proponent or regulator.

These stressors are generally considered to present less of a risk to marine organisms than those in Criterion 5 
at the present ti me. Moreover, there is great uncertainty regarding whether electromagneti c fi elds produced 
by power cables of the type used in ti dal projects are at levels that would be detectable or of concern to ma-
rine organisms, and if so, at what distances and directi ons. Nevertheless, these stressors are of public concern 
and may be determined to present a higher risk as more experience is gained. 

Responses could include the following: 

• avoidance or att racti on to aff ected areas,

• interference with navigati on or orientati on mechanisms/cues,

• increased stress,

• interference with communicati on and mate and prey detecti on, and

• physical or physiological damage.

      

Photo Credit: Greg Trowse
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Table 5-9: Criterion 6 - Eff ects of Other Signals Emitt ed by Project Infrastructure 

CRITERION 6 INDICATORS OF RISK

INDICATORS ELECTROMAGNETIC FIELD ARTIFICIAL LIGHT 

The extent of the 
power cabling and 
lights

If possible, a valid esti mate of electromagneti c fi eld output 
should be made based on the best available data and mod-
els. 

Where solid data are too limited for reliable esti mates of 
electromagneti c fi eld outputs to be made, a generalized, 
qualitati ve comparison should be made based on the as-
sumpti on that the more extensive the cabling and higher the 
transmission capacity, the greater the potenti al intensity and 
spati al infl uence. This should also take into considerati on 
whether the cables are shielded and/or buried. Characteris-
ti cs of the transmission (e.g. Dc vs. AC) are also important.

This would only be a factor associ-
ated with surface structures.

Characteristi cs of 
ambient condi-
ti ons

This is intended as a measure of whether the disturbance is 
likely to be detectable by marine organisms against pre-ex-
isti ng conditi ons. Marine organisms may respond to electro-
magneti c fi elds of a greater intensity or diff erent quality than 
they are accustomed to. While it is possible that fi elds may 
be masked by (undetectable against) the natural conditi ons 
or that marine organisms may be accustomed to such signals, 
this should not be assumed. 

n/a

Presence of other 
anthropogenic 
signals

Pre-existi ng anthropogenic acti viti es, including other ti dal developments, may already be produc-
ing similar or greater signals, which may mask or off set the risk of any additi onal signals produced 
by the proposed project. However, it is possible that the signals from each of the acti viti es may 
interact to produce an even greater response in marine organisms.

Presence of spe-
cies known to be 
sensiti ve

Given that a full assessment of this criterion is both labour 
and data intensive, focus should be placed on HCC and other 
species known to be parti cularly sensiti ve to this stressor. 
Several syntheses of informati on on impacts of electromag-
neti c fi elds on marine organisms are available (see Refer-
ences). 

For example, elasmobranchs (i.e. sharks, rays, and skates) are 
known to be parti cularly sensiti ve to electromagneti c fi elds 
and may exhibit behavioural reacti ons to underwater power 
cables of the type associated with ti dal turbines (including 
avoidance, att racti on, and aggression towards the cables).

Benthic organisms may also be parti cularly vulnerable to 
electromagneti c fi elds given their proximity to the source of 
the emissions.

Arti fi cial lights may att ract certain 
organisms, parti cularly marine 
birds, mammals, and turtles, 
which may increase risk of strikes 
or entrainment.

Ability of organ-
isms to evade the 
aff ected area

Some organisms may be repelled by electromagneti c fi elds. 
This may reduce the potenti al of physical encounters by or-
ganisms able to evade the structures or take another route. 
However, not all organisms may be able to relocate or avoid 
the aff ected areas, especially those that extend across mi-
gratory pathways or if the site has extensive cabling systems 
(see Criterion 4). 

Arti fi cial lights may enhance 
the detectability of the turbines 
by marine organisms and thus 
reduce the potenti al for physical 
encounters by organisms able 
to evade the structures or take 
another route. 
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5.2.5 - STEP 4: IDENTIFYING RISKS OF INTERFERENCE WITH OTHER HUMAN USES 

One non-scienti fi c factor that is appropriate for inclusion as a disti nct criterion in the categorizati on of risk 
level is the potenti al for interference with other human uses of the marine and coastal ecosystem. Examples 
of relevant human uses include the following: 

• commercial, recreati onal, subsistence, and aboriginal fi sheries;

• aquaculture;

• marine transportati on/navigati on;

• tourism and recreati onal uses (e.g. boati ng, surfi ng, diving, whale watching, beaches);

• subsea cabling and pipelines; and

• mining and oil and gas operati ons. 

Some uses may be displaced or disrupted by the presence of a ti dal energy development. Others may be able 
to coexist without signifi cant disrupti on. Both current and probable future uses should be considered. How-
ever, the risk level may be weighted higher for current uses. By incorporati ng implicati ons for the environment 
and other human uses, an integrated management approach can be taken in project planning and decision-
making, including the design of miti gati on and adapti ve management measures. Informati on on the degree 
of risk to various uses may be available through a marine spati al planning, socioeconomic impact assessment, 
and/or consultati ons with stakeholders. 

Given the purpose is to support objecti ve planning and decision-making that prevents development projects 
from causing signifi cant adverse eff ects on the natural environment, other socioeconomic values, such as ef-
fects on the local and regional economy, jobs, business development, and contributi on to meeti ng renewable 
energy targets should not be considered within the environmental risk assessment and decision-making pro-
cess. These may be considered aft er the project is determined to be environmentally acceptable.

5.2.6 - STEP 5: CATEGORIZING RISK 

Once a project proposal is completed, reviewers (e.g. planners or regulators) would assess the available infor-
mati on against each criterion. Each criterion (environmental and other human uses) should be considered of 
equal weight. Therefore, following a precauti onary approach, a high risk score in one criterion could place the 
enti re project in the high risk level. With no high risk criteria, and even one moderate, the overall risk level of 
the project would be moderate. If all criteria are low risk, the project would be classifi ed as low risk. 

Each risk level is associated with an appropriate management decision on whether or not the project is suit-
able to proceed. 
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      Table 5-10: Categories of Risk of a Proposed Project

CATEGORIES OF RISK OF A PROPOSED PROJECT

RISK LEVEL RECOMMENDED MANAGEMENT DECISION

Low Project may proceed without further review.

Moderate
Project as proposed will require a more detailed review and/or environmental studies and/
or monitoring program before receiving approval. 

High
Project as proposed will require an in-depth review with further environmental studies 
and/or monitoring before receiving approval.

Extremely high
Project poses an unacceptable risk and may not proceed as proposed. Major redesign and/
or relocati on are required. Revised proposals will need to be re-submitt ed. 

  

5.2.7 - OTHER CONSIDERATIONS

For large-scale commercial projects, where there may be a greater potenti al for an environmental impact, the 
risk can be miti gated using an adapti ve, staged development approach, where the development is scaled-up, 
in terms of size (number of devices, producti on capacity), in incremental stages over ti me. Proposals for larger-
scale projects that incorporate an incremental growth approach may qualify at a lower risk, requiring a less 
extensive initi al review (than an equivalent project without staged growth) as long as a well-designed monitor-
ing, re-assessment (at each stage) and adapti ve management procedure is put in place. 

By developing commercial-scale projects in a staged, precauti onary and adapti ve manner, regulators, scien-
ti sts and developers will be able to gain valuable knowledge and experience on the baseline environment and 
the eff ects of the technology. Since project proponents cannot be expected to be responsible for research and 
monitoring beyond the scope of their project, credit should be given to projects that include a strong indepen-
dently-run environmental research program. Applied research and monitoring will benefi t both proponents 
and regulatory agencies by facilitati ng effi  cient project planning, environmental assessment, monitoring, and 
miti gati on. 

5.2.8 - STEP 6: SUPPLEMENTARY MITIGATION

Moderate and/or high risk projects face delays and added costs associated with the need for a more in-depth 
review, baseline studies and monitoring program, as well as the conti nued risk that the project could be re-
jected. However, the project may be downgraded to a low risk level by applying appropriate miti gati on mea-
sures that address all the indicated risks (both to the environment and other human uses), thereby allowing 
the project to proceed without the need for further review. Miti gati on may involve relocati on to a site less 
likely to be negati vely aff ected, change in the ti ming of project acti viti es (especially for short-term projects), 
adjustments to the size or confi gurati on of the development, or use of miti gati on devices, such as erosion 
protecti on or fi sh/marine mammal deterrents. Extremely high risk proposals require major revisions and must 
again proceed through all the steps.

5.2.9 - STEP 7: PREPARING A MONITORING AND ADAPTIVE MANAGEMENT PROGRAM

When a project is approved, follow-up acti viti es, including research and monitoring, are key to reducing sci-
enti fi c uncertainty and allow improved decisions to be made in the future. These acti viti es should be incorpo-
rated into the conditi ons for approval of any project. 



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute5 - ENVIRONMENTAL RISK ASSESSMENT105

An iterati ve process of risk assessment and miti gati on is required. At minimum, both proponents and regula-
tors need to work together from the outset to design a long-term adapti ve environmental monitoring and 
management program. Such a program would include the following:

• monitoring requirements,

• ti melines and/or conditi ons for re-assessment, and

• an adapti ve response plan.

While specifi c adapti ve management measures may not be identi fi able at that point, a strategy or plan should 
be developed to provide context on when, how, and where adapti ve management may be used. Decisions to 
adopt specifi c adapti ve management measures can be identi fi ed later during the project life-cycle based on 
the results of the follow-up or monitoring program.

Part of the role of monitoring will be to confi rm the predicti ons of the environmental assessment and demon-
strate that miti gati on is functi oning as intended. If unanti cipated changes are detected, the adapti ve response 
plan will ensure that appropriate and ti mely acti ons are taken to miti gate the cause of the change and mini-
mize the potenti al for a signifi cant adverse ecological eff ect to result. Response(s) could include the following:

• modifi cati on of project design or expansion plans; 

• modifi cati on or additi on of miti gati on measures; or

• if necessary, cessati on of operati ons and/or removal of some or all devices.

Following the adapti ve response plan, reassessments would occur at a predefi ned interval or conditi on and/
or as new or improved informati on is gained on the baseline environment or impacts. Where new risks are 
identi fi ed or previously predicted risks are unsubstanti ated, monitoring and miti gati on requirements can be 
adapted. 

For more informati on on this topic, see: Operati onal Policy Statement: Adapti ve Management Mea-
sures under the Canadian Environmental Assessment Act. htt p://www.ceaa-acee.gc.ca/default.
asp?lang=En&n=43952694-1
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6 - STAKEHOLDER AND COMMUNITY ENGAGEMENT 

Author: Dr. John Colton

WHAT DOES THIS MODULE COVER?

The purpose of this module is to provide informati on on concepts, processes, and tools to support eff ecti ve 
community and stakeholder engagement related to ti dal energy development. Because ti dal energy develop-
ment is in its infancy, lessons learned from other renewable energy sectors provide signifi cant insight into
eff ecti ve community and stakeholder engagement.

IS THIS MODULE FOR YOU?

This module is for anyone who is interested in bett er understanding the range of stakeholder issues and how 
to determine stakeholders associated with ti dal energy development. It also provides informati on on how to 
eff ecti vely plan a stakeholder engagement strategy.

This module outlines a series of steps and methods on how to eff ecti vely commence and manage a stake-
holder engagement process. In doing so, it addresses several key issues:

• setti  ng out principles for engagement,
• identi fying how to defi ne and locate stakeholders,
• identi fying stakeholder concerns and issues,
• engaging First Nati ons,
• setti  ng out an engagement strategy, and
• choosing the right tools and methods for eff ecti ve engagement.

MODULE ORGANIZATION

This module is organized into several themes. The fi rst part of the module focuses on principles of engage-
ment, such as transparency and respect. The module then discusses methods for identi fying stakeholders, 
including First Nati on stakeholders. Methods and strategies for stakeholder engagement are then discussed.

   6.0 - INTRODUCTION

Eff ecti ve community and stakeholder engagement will likely determine the success of a ti dal energy project. 
There is no bett er strategy for miti gati ng the risk associated with developing a ti dal energy project than to 
develop a stakeholder engagement process that is inclusive of all stakeholders.

Given that communiti es represent a diverse range of interests and stakeholder perspecti ves, this module does 
not diff erenti ate between communiti es and other stakeholders.

Many examples used to discuss engagement are drawn from off shore and onshore wind energy projects, as 
development of ti dal energy is in its early stages. Included in this module are principles and strategies for
eff ecti ve community and stakeholder engagement. 
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   6.1 - TIDAL ENERGY DEVELOPMENT AND ENGAGEMENT

Tidal energy projects will require approval from various levels of govern-
ment prior to proceeding (Module 4- The Regulatory Regime for Tidal 
Energy). Because of this, organizati ons, including local government and 
industry, spend a great deal of ti me engaging stakeholders as they move 
through the regulatory process. Successful development of a ti dal energy 
project will also depend on the support of the local community, business-
es, and other organizati ons. Past experience has clearly demonstrated 
that neglecti ng these stakeholders in the early stages of the development 
process imperils the success of the project in both the short and long term.

The purpose of community and stakeholder consultati on is to enable all 
stakeholders to make their views known and to work together to ensure 
they are addressed.

6.1.1 - PUBLIC PERCEPTIONS OF TIDAL ENERGY

Stakeholders form opinions on renewable energy developments based 
on their percepti on of the environmental, socioeconomic, and emo-
ti onal impacts the proposed development has on them and their area. 
Opinion studies conducted in Europe and the US generally indicate the 
public is supporti ve of developing alternati ve energy sources, specifi -
cally onshore and off shore wind energy. Public acceptance of off shore 
wind energy in Denmark and the UK show strong trends in the following 
topics:

 1)  The public is in favour of off shore wind energy, including in  
 the region where they reside.

 2) Visual impacts appear to be the primary issue of public 
 concern. 

 3) NOISE is a concern here; informati on can recti fy/address this
 concern.

 4) Off shore wind park development appears to gain public
 approval as the community is exposed to operati onal projects.

 5) Early local input to the planning process is criti cal to gain pub-
 lic acceptance.

DISCUSSION: WHAT IS COMMUNITY ENGAGEMENT?

Community engagement includes following a process that ensures communiti es 
determine local prioriti es and all stakeholder groups are represented. Citi zens 
need to be at the center of the community engagement process. This process 
ensures communiti es are empowered and have control over their resources and 
the decision-making process. For further informati on, see: Tamarack: An Insti -
tute for Community Engagement. htt p://tamarackcommunity.ca/

TIDAL PROJECTS: HOW TO GET 
A COMMUNITY’S THUMBS UP

In Tidal Today, author Elisabeth 
Jeff ries discusses the importance 
of early community engagement. 
She notes that nearly half of the 
applicati ons for wind farms are 
rejected. While this is most oft en 
due to technical reasons, many 
projects are rejected due to lo-
cal oppositi on. It makes sense to 
engage stakeholders. Arti culati ng 
the benefi ts of ti dal energy proj-
ects and addressing stakeholders’ 
concerns are paramount. Doing 
this in the early stages is criti cal. 
Involving stakeholders in the nam-
ing of the energy project might be 
one useful suggesti on for engag-
ing stakeholders.

For more informati on, see Tidal 
Today, April 2012.

Successful devel-
opment of a tidal 

energy project will 
also depend on the 
support of the local 
community, busi-
nesses, and other 
organizations.



Coastal and off shore regions are used by a multi tude of users, oft en with diff ering interests, which may result 
in space-use confl icts. Potenti al space-use confl icts common to all types of off shore renewable energy projects 
include:

 • commercial fi shers,

 • subsistence fi shing,

 • marine recreati onal acti viti es (boati ng, fi shing, sea kayaking, diving, surfi ng, etc.),

 • sand and gravel extracti on,

 • oil and gas infrastructure,

 • navigati on,

 • ecotourism (whale watching),

 • aquaculture, and

 • proximity of designated conservati on areas and/or other renewable energy projects.

While people are generally supporti ve of renewable energy development, oft en a “Not in My Backyard” 
(NIMBY) eff ect occurs. Therefore, it is important to learn about the stakeholders, in parti cular the community 
stakeholders. Do your homework fi rst and consider the types of eff ects on the following:

 • onshore and coastal use—both locally and regionally;

 • marine ecosystems;

 • possible tax increases;

 • greater tax revenues;

 • employment opportuniti es;

 • landowner opportuniti es;

VIGNETTE: REAL TIME INTERACTIVE MAPPING TO IDENTIFY STAKEHOLDER CONCERNS

Using a real-ti me interacti ve mapping device (touch- table) and stakeholder workshops, researchers 
gathered data and facilitated negoti ati on of spati al trade-off s at a potenti al site for ti dal renewable en-
ergy off  the Mull of Kintyre (Scotland). Confl icts between the interests of ti dal energy developers and 
those of commercial and recreati onal users of the area were identi fi ed, and use preferences and con-
cerns of stakeholders were highlighted. Social, cultural, and spati al issues associated with conversion 
of  a common pool to a private resource were also revealed. The method identi fi ed important gaps in 
existi ng spati al data and helped to fi ll these through interacti ve user inputs. The workshops developed 
a degree of consensus between confl icti ng users on the best areas for potenti al development, suggest-
ing this approach should be adopted during Marine Spati al Planning (MSP).

Source: Alexander, et al. (2012). Interacti ve marine spati al planning: Siti ng ti dal energy arrays around 
the Mull of Kintyre. PLoS ONE 7(1)
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 • tourism development;

 • service industry (accommodati ons and food)opportuniti es;

 • local commercial and recreati onal fi shery;

 • local and regional economic development opportuniti es; and

 • opportuniti es for local businesses/suppliers to transiti on to   
    supplying new economic development opportuniti es.

6.2 - UNDERSTANDING PRINCIPLES OF ENGAGEMENT

Credibility is important to the process of stakeholder engagement. With-
out credibility, the support needed to review ti dal energy projects, ex-
plore site locati ons, administer development agreements, and develop a 
management plan will become increasingly diffi  cult over ti me. Engaging 
stakeholders early and conti nuing engagement throughout the durati on 
of the project can establish credibility. Providing access to research and 
other relevant material for stakeholders is important as well. Examples 
from wind energy development describe the impacts of the develop-
ment process where credibility has been lost among certain stakeholder 
groups. In these cases, development was delayed signifi cantly or stopped 
altogether. Among the most oft en cited issue in these cases is the lack of 
transparency.

Other key principles to guide the stakeholder engagement process in-
clude:

Respect – Acknowledging the inherent worth, dignity, diversity, and the 
abiliti es of individuals, families, community groups and businesses to 
contribute to decision-making processes.

Transparency – Beginning the enti re process by stati ng the specifi c objec-
ti ves and expectati ons of what is possible and what level of commitment 
is sought.

Inclusive Parti cipati on – Recognizing the broader community, and mak-
ing eff orts to reach out to marginalized groups and engage them in an 
appropriate and empowering process.

Coordinati on – Managing and implementi ng engagement initi ati ves to 
minimize duplicati on and the potenti al of ‘consultati on fati gue.’

Informati on for Parti cipati on – Sharing informati on that is objecti ve, 
clear, suffi  cient, ti mely, and in appropriate formats such as Fact Sheets.

Appropriate Timelines – Recognizing that engagement should begin as 
early as possible and should have a defi ned period for each stage.

Responsiveness – Respecti ng that decision-makers must use community 
input as a key source of informati on and experti se.

FOUNDATIONAL CONCEPT: 
TRANSPARENCY IN STAKE-
HOLDER ENGAGEMENT

Transparency is a process in which 
all decision-making is carried out 
publicly. This includes public and 
other stakeholder access to all 
background documents for and 
against a proposed project, and 
all fi nal decisions; additi onally, the 
decision making process itself is 
made public and remains publicly 
archived.

While people are 
generally sup-

portive of renewable 
energy development, 
often a “Not in My 
Backyard” (NIMBY) 
effect occurs.
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Accountability – Demonstrati ng how and where stakeholder input re-
ceived was incorporated into decision-making.

Evaluati on – Ensuring engagement eff orts are meeti ng established objec-
ti ves and sharing best practi ces to improve future engagement acti viti es.

Additi onal principles drawn from the United Kingdom’s experience in 
wind energy development include:

 • Responsibility for the process and the feedback needs
 to be shared - Many consultati on processes fail because needs
 of stake holders are not met or because parti cipants feel they
 have not been kept fully informed of what has been done with
 their ideas and opinions. It is up to those convening the process
 to ensure everyone’s needs are met and to take responsibility for
 disseminati ng the results and informati on about how their input
 is linked to decision-making processes.

 • The use of independent professional facilitators should be con- 
 sidered. Independent facilitators can ensure that meeti ngs are
 conducted imparti ally, and as balanced and even-handed as pos- 
 sible.

Framing the process around these or other agreed-upon principles is im-
portant. Having the conversati on with other stakeholders about these 
principles is even bett er. 

The importance of the process in planning and conducti ng successful 
stakeholder collaborati on cannot be overemphasized. Good-faith eff orts 
are oft en derailed because the parti es are not skilled in the collaborati on 
and facilitati on process, and because insuffi  cient att enti on is given to de-
signing and managing it. Using an inclusive, transparent approach during 
project development and implementati on will help build the necessary 
relati onships. 

   6.3 - IDENTIFYING STAKEHOLDERS 

Identi fying your stakeholders, seeking methods for meaningful engage-
ment, and working to understand their values and perspecti ves is good 
stakeholder engagement. A stakeholder can be defi ned as any person, 
group, or organizati on that has a stake in a ti dal energy development and 
who can aff ect and be aff ected by the acti ons taking place prior, during, 
or aft er the development, and also aff ect or be aff ected by the objec-
ti ves and policies involved (EquiMar, 2011). At the initi al stages of an ar-
ray development, the stakeholder body might typically include owners 
(shareholders), developers, suppliers, employees, the three levels of gov-
ernment, unions, and individuals or whole communiti es located in the vi-
cinity. When the array is fully operati onal, creditors and energy end-users 
could be included as well. 

The importance 
of the process in 

planning and con-
ducting successful 
stakeholder col-
laboration cannot 
be overemphasized. 
Good-faith efforts 
are often derailed 
because the parties 
are not skilled in the 
collaboration and 
facilitation process, 
and because insuf-
ficient attention is 
given to designing 
and managing it. 
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The Briti sh Wind Energy Associati on (BWEA) conducted extensive stakeholder processes with off shore wind 
farm developments in the UK. The BWEA developed a document ti tled “Best Practi ce Guidelines: Consultati on 
for Off shore Wind Development,” which can be of use for ti dal energy stakeholder engagement processes. 

The BWEA breaks down stakeholders into the following groups:

 • Statutory consultees
 Statutory consultees are authoriti es, agencies, groups, or bodies defi ned in local, nati onal, or inter- 
 nati onal legislati on, which the developers are obligated to consult. The developer usually follows a
 pre-defi ned statutory process, but at the same ti me, no restricti ons exist on including this category  
 of stakeholders in non-statutory consultati on as well.

 • Strategic stakeholders 
 This category includes local, regional, nati onal, or internati onal organizati ons (and their representa-      
 ti ves) that have important informati on, experience, and experti se to contribute to the overall prog- 
 ress of the development. If the development refers to an array of onshore or near-shore marine en- 
 ergy converters with onshore support facility requirements, landowners may be part of this category  
 as well. 

 • Community stakeholders
 This category includes any individual, groups of individuals, or organisati ons, whose lives, interests,  
 and welfare can be aff ected by the development.

 • Symbioti c stakeholders
 Symbioti c stakeholders can be owners or organisati ons who may have an interest in or who may   
 have mutual benefi ts from a co-development.

NOVA SCOTIA IN CONTEXT: NOVA SCOTIA’S MRE STRATEGY 

Guiding principles of the Nova Scoti a Marine Renewable Energy Strategy include:

 • Embracing collaborati on and consultati on, and

 • Recognizing and respecti ng other uses and users of the ocean and balancing interests. To support these
 and other values outlined in this strategy, a Tidal Energy Stakeholder Forum has been established and will
 serve as an advisory body to the formati ve stages of ti dal energy development. Access to a range of in-  
 formati on of ti dal development acti viti es will be provided. Members of this committ ee include industry,  
 academia, government, Mi’kmaq, and communiti es. 

For more informati on on this strategy, see the following: Nova Scoti a Marine Renewable Energy Strategy.

http://www.gov.ns.ca/energy/resources/publications/Nova-Scotia-Marine-Renewable-Energy-Strategy-
May-2012.pdf.
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Table 6-1: Examples of Stakeholder Categories

STATUTORY
CONSULTEES

STRATEGIC
STAKEHOLDERS

COMMUNITY
STAKEHOLDERS

SYMBIOTIC
STAKEHOLDERS

First Nati ons

Department for Environ-
ment, Food, and Rural Aff airs

Department of Culture,
Media, and Sport

Department of Trade and
Industry

Department of Transport, 
Local Government, and the 
Regions

Centre for Environment, 
Fisheries, and Aquaculture

Civil Aviati on Authority

Countryside Agency

Local Authoriti es

Nati onal Heritage and Na-
ture

Ministry of Defence

Mariti me and Coast Guard 
Agency

Nati onal Parks

University/R&D Partners
Investors

Marine Archaeological
Interests

Marine Conservati on Society

Nati onal Fishermen’s
Organisati ons

Nati onal Trust

Ramblers Associati on 

Societi es for the Protecti on 
of Birds

Yachti ng Associati on

Fishery Committ ees

WWF

Greenpeace

Surfers Against Sewage

Surfriders Foundati on

The Wildlife Trust

Trade Unions

Land Owners

Project Developers

Resident Associati ons

Individual Residents

Sailing Clubs

Recreati onal Groups

Regional or Local Fisher-
mens’ Associati ons 

Local Companies 

Local Touristi c Agents and / 
or Agent Associati ons

Women’s Insti tutes

Community Councils

Church Groups

Off shore Wind Energy Industry

The Wind Industry Supply Chain

Off shore Oil Industry

Electrical Grid Owners

Source: EquiMar. (2011). Deliverable D5.8 Impacts upon Marine Energy Stakeholders, p. 2-2.

Identi fying stakeholders may be a challenge; however, it is important to include as many stakeholders as possible 
to avoid excluding a stakeholder who may be crucial to the process. Experience from wind energy development 
demonstrates that not addressing local stakeholder issues at the local level can cause delays or cancellati ons in the 
overall development.

NOVA SCOTIA IN CONTEXT: COMMUNITY FEED-IN TARIFF 

The Community Feed-In Tariff  (COMFIT) program is designed to increase local ownership of small-scale renewable energy projects 
throughout the province. Community engagement is a requirement for the COMFIT program and sti pulates that at least two commu-
nity/stakeholder meeti ngs be organized to address community issues. Evidence of community engagement can include a resoluti on 
adopted at a municipal meeti ng and/or minutes of a public forum. Evidence must be provided of this engagement and must be com-
pleted within 12 months of receiving the COMFIT award. For more informati on, see: Community Feed-in-Tariff  Program FAQ -  htt p://
nsrenewables.ca/comfi t-frequently-asked-questi ons.
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The following questi ons aid in identi fying stakeholders:

 • Who is investi ng in the development?

 • Who will the development aff ect, either positi vely or negati vely?

 • What changes will the development bring and who supports or  
 opposes such changes?

 • What are the offi  cial leadership positi ons in the community? 

 • Who is infl uenti al in the local community?

 • Who are the representati ves of local organisati ons with envi- 
 ronmental or social interests?

 • Who are the representati ves of local organisati ons with eco- 
 nomic interests?

 • Who are the representati ves of similar (if any) developments in
 the area, such as existi ng off shore wind farms?

 • Who has been involved in similar issues in the past?

 • Who are the local policy makers?

 • Who are the representati ves of the local / regional research  
 community?

 • Who else should be involved? 

6.3.1 -  ENGAGING FIRST NATION STAKEHOLDERS

First Nati on organizati ons have indicated an interest in ti dal energy de-
velopment. Given that their perspecti ves have largely been marginalized 
over the last several decades, it is reasonable to expect a level of distrust 
towards governments and resource developers. Yet, there are increasing 
examples across Canada where First Nati on communiti es have developed 
strong collaborati ve relati onships with stakeholders and played an equal 
role in decision-making related to renewable energy development. 

In the case of wind energy, First Nati on communiti es have invested heav-
ily in its development. In Nova Scoti a, Canada, for example, signifi cant 
research that explores the potenti al for wind energy development on ab-
original lands and the ensuing socio-economic benefi ts from this type of 
development has been supported by the Atlanti c Chiefs Policy Congress 
(Campbell, 2012). In Nova Scoti a, First Nati ons have submitt ed several 
COMFIT applicati ons for wind projects.

When considering the potenti al for ti dal energy development in an area, 
it is important to identi fy any First Nati on communiti es in the region. Keep 
in mind that these communiti es do not have to be necessarily close to the 
proposed ti dal energy site to be considered an important stakeholder. 
Treaty rights can extend across hundreds and, in some cases, thousands 
of square kilometers, including both terrestrial and marine ecosystems. 

When consider-
ing the poten-

tial for tidal energy 
development in an 
area, it is important 
to identify any First 
Nation communities 
in the region. Keep 
in mind that these 
communities do not 
have to be necessar-
ily close to the pro-
posed tidal energy 
site to be considered 
an important stake-
holder. Treaty rights 
can extend across 
hundreds and, in 
some cases, thou-
sands of square ki-
lometers, including 
both terrestrial and 
marine ecosystems. 
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The Crown or government has the legal authority to consult with First Na-
ti on communiti es, but it is incumbent on ti dal energy developers to play 
a role as well.

Key steps in your planning process should include:

 • Approaching Chief and Council and their economic development 
 offi  cer. Work to understand their points of view and discuss
 ways to develop meaningful stakeholder relati onships.

 • Approaching Elders. Seek their perspecti ves on the project and,
 where appropriate, off er gift s (this is common practi ce for many   
 Aboriginal communiti es and demonstrates respect to the   
 Elders and their knowledge).

 • Being prepared to off er fi nancial assistance to the First Nati on   
 community to parti cipate in the consultati on process.

Be prepared for prolonged engagement; as a result, it is important to 
start early. Learn as much as you can about the community, their history, 
identi fy the informal leaders in the community, and communicate eff ec-
ti vely. It is criti cal that you provide informati on to Chief and Council prior 
to making public announcements. This is true in all cases of community/
municipal engagement.

   6.4 - OUTLINING THE ENGAGEMENT STRATEGY

It is important to outline an engagement strategy and to share this with 
stakeholders. Examples from wind energy development in the United 
Kingdom and Canada provide insight into the development of engage-
ment strategies associated with ti dal energy development.

6.4.1 - STAGE 1: STARTING THE CONSULTATION PROCESS

The fi rst task is to select who will lead the consultati on process (usually 
the developer or government) and maintain contact with stakeholders 
throughout the process. The steps are to:

 • Identi fy the stakeholders and do a preliminary scoping of
 issues.

 • Plan and design the consultati on process, outline objecti ves
 and outputs, techniques, key events, ti ming, resourcing (includ-
 ing budgets), and cooordinate with other statutory and non-stat-
 utory processes.

 • Draft  invitati ons when meeti ngs are required, and indicate with
 whom the stakeholders can liaise. Who sends the invitati ons and
 ‘hosts’ the events may vary (e.g. the developer, local councils,
 coastal partnerships, or an independent body such as a local  
 college). 

 • Prepare presentati ons and documents for distributi on before
 or during meeti ngs in order to ensure effi  cient planning to help
               build confi dence in the process.

IN NOVA SCOTIA: ENGAGING 
THE MI’KMAQ

Aboriginal community engage-
ment is important in Nova Scoti a. 
In the early stages of develop-
ment, it is important to commu-
nicate with local Mi’kmaq com-
muniti es, the Atlanti c Chiefs Policy 
Congress and the Confederati on 
of Mainland Mi’kmaq. It may also 
be important to partner with local 
Mi’kmaq communiti es to conduct 
cultural/archaeological site assess-
ments to determine if potenti al 
sites for ti dal development are lo-
cated adjacent to these signifi cant 
cultural areas. 

For more informati on on protocols 
for engagement with Mi’kmaq, re-
fer to the Proponent’s Guide: En-
gagement with Mi’kmaq of Nova 
Scoti a.

htt p://www.gov.ns.ca/abor/docs/
Proponants-Guide.pdf

IN NOVA SCOTIA: MI’KMAQ 
ECOLOGICAL STUDIES

Mi’kmaq Ecological Study (MEKS): 
The MEKS Protocol was rati fi ed in 
November 2007. The purpose of 
the MEKS is to capture Mi’kmaq 
traditi onal knowledge from el-
ders and other knowledge hold-
ers. When conducti ng a MEKS, 
ecological informati on regarding 
Mi’kmaq/Aboriginal use of specif-
ic lands, waters, and their resourc-
es are identi fi ed and documented 
by the project team. MEKS I was 
for the Bay of Fundy in relati on 
to the development of the FORCE 
project. MEKS II is focused on the 
outer Bay of Fundy, Digby Gut, Pe-
ti t, and Grand Passages.
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This stage may take several meeti ngs or it may be done via phone and email. Invitati ons need to be sent 3-6 
weeks before events; noti ces of public meeti ngs need to be published 3 weeks in advance and again 1-2 days 
before events. 

A consultati on plan will benefi t both stakeholders and the development team by clarifying what the consulta-
ti on process is, and clarifying links to statutory organisati ons, regulators, NGOs, and other relevant bodies. 
Generic elements of the consultati on plan include: 

 • objecti ves and scope of the consultati on process;

 • environmental, economic, and social issues raised by the development;

 • why the development is being proposed;

 • the ti me-frame for consultati on, set out in parallel with the ti ming of related acti viti es;

 • locati ons and logisti cs of consultati on;

 • tools and techniques of consultati on;

 • roles and responsibiliti es of those involved;

 • allocati on of resources for consultati on; and

 • feedback mechanisms.

6.4.2 - STAGE 2: LISTENING AND LEARNING

The main interacti ve work of the stakeholder process starts around the same ti me as work on the Environmen-
tal Impact Assessment is emerging. This stage needs to:

 • clarify issues;

 • expose assumpti ons;

 • identi fy, manage, or reduce uncertainti es;

 • build on common ground;

 • explore ideas to solve problems and resolve diff erences;

 • establish what changes may need to be made;

 • commission independent research and fact-fi nding;

 • establish monitoring and reporti ng procedures, and make arrangements for responding to them;  
 and

 • generally try to improve communicati on and relati onships. 

Working groups can be established if there are other issues that need to be addressed by stakeholders.
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6.4.3 - STAGE 3: MONITORING OF THE CONSULTATION PROCESS, EVALUATING, AND MAINTAINING CONTACT

As the development process conti nues, the consultati on process should conti nue checking the following:

 • whether all appropriate stakeholders have been consulted;

 • whether the stated objecti ves of the Environmental Impact Assessment (EIA) and consultati on pro- 
 cesses have been achieved;

 • what changes to the project have been made as a result of the consultati on process and why;

 • whether the consultati on process has allowed suffi  cient ti me to consider social, economic, and  
 environmental impacts to the depth necessary; and

 • whether stakeholders feel that the consultati on has been conducted in a way that has enabled them
 to contribute fully and freely to the EIA process. 

The consultati on plan needs to identi fy techniques that monitor consultati on objecti ves. An exam-
ple might be a core group of stakeholders who meet periodically during the process or the enti re life-
ti me of the project, so if concerns or opportuniti es arise, there is an immediate forum to discuss them. 

Photo Credit: Leigh Melanson



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute6 - STAKEHOLDER AND COMMUNITY ENGAGEMENT119

6.5 - STAKEHOLDER ENGAGEMENT AND THE EIA PROCESS

A more specifi c process is outlined below that is inclusive of the Environmental Impact Assessment (EIA) pro-
cess, as in many jurisdicti ons, this process runs in parallel with the stakeholder engagement process. Table 6-2 
shows how the EIA process links to the stakeholder consultati on process. Note the stages may not happen 
exactly in parallel, as shown in the table, and stakeholder consultati on processes need to be iterati ve. In other 
words, informati on gained in Stages 2 or 3 may make it essenti al to return to Stage 1.  

 Table 6-2: Summary of Statutory and Stakeholder Processes

STAKEHOLDER CONSULTATION PROCESS ENVIRONMENTAL IMPACT ASSESSMENT AND 
PLANNING PROCESS

Stage 1: Identi fying Stakeholders, Issues, and
Processes

      • Create core team to advise on consultati on
      • Identi fy stakeholders and issues
      • Establish key contacts
      • Draw up detailed consultati on process plan
      • Prepare informati on for disseminati on

Stage 1: Site Selecti on and Scoping

      • Undertake pre-feasibility studies
      • Site selecti on
      • Screening under the habitats directi ve, if 
         appropriate
      • Outline environmental profi le
      • Considerati on of alternati ves
      • Scoping exercise (identi fi cati on of main envir-
         onmental eff ects)
      • Producti on of scoping report

Stage 2: Listening and Learning

      • Clarify issues, expose assumpti ons, reduce un-
         certainti es, build on common ground, and
         explore ideas to resolve diff erences
      • Commission independent research and fact-
         fi nding to avoid the ‘adversarial science’ prob-
         lem
      • Improve communicati on and relati onships
      • Manage ongoing uncertainti es
      • Turn new ideas into soluti ons
      • Agree on changes to existi ng plans where nec
         essary/possible
      • Develop conti nuing commitments
      • Establish monitoring and reporti ng procedures

Stage 2: Commission EIA and Scheme Design

      • Descripti on of the development
      • Descripti on of existi ng environment
      • Descripti on of environmental impacts
      • Identi fy residual eff ects
      • Interpretati on of scale and signifi cance of 
         impacts
      • Identi fi cati on of miti gati on measures
      • Development of management systems and 
        controls to avoid, reduce, and enable miti gati on
      • Propose possible monitoring and reporti ng
         measures
      • Adverti se applicati on and lodge in public do-
         main for review and comment

Stage 3: Monitoring, Evaluati ng and Maintaining Con-
tacts

      • Reporti ng back to stakeholders on results of 
         consultati on
      • Reporti ng back to stakeholders on how results 
         were used as part of decision-making process
         es on the development
      • Evaluati ng the consultati on process
      • Ongoing contact
      • Returning to earlier stages if and when necessary

Stage 3: Post Granti ng of Consents

      • Implementati on of miti gati on or compensati on 
         and control measures
      • Monitor and report
      • Conti nual adjustment where monitoring
         reveals undesirable results

 (Source: BWEA, 2002).
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   6.6 - CHOOSING THE RIGHT TOOLS AND TECHNIQUES FOR STAKEHOLDER ENGAGEMENT

Choosing the most appropriate methods of communicati on and consultati on are criti cal steps in the engage-
ment process. The Canadian Wind Associati on suggests that in developing the engagement process and select-
ing tools of communicati on, three important aspects be considered: Opportunity, Informati on, and Response.

6.6.1 - OPPORTUNITY

Make every eff ort to inform relevant stakeholders. Carefully consider those stakeholders least able to parti ci-
pate and seek to include them in the process. Consider the daily routi nes of stakeholders, responsibiliti es with 
children, the elderly, those with disabiliti es, and seasonal acti viti es that might preclude parti cipati on. This 
could include harvesti ng acti viti es, hunti ng, seasonal vacati ons, and holidays. Ensure all public meeti ngs are 
adverti sed well in advance. 

It is important to remember that engagement goes in both directi ons. Provide accurate contact informati on 
on printed material, websites, and public noti ces in newspapers. Develop consultati on sessions that provide 
opportuniti es for discussion and dialogue with stakeholders. 

6.6.2 - INFORMATION

Developing a consistent message is important when communicati ng with stakeholders. All communicati on 
should deliver the same message. Avoid jargon and use language that is easy to understand. Consider the fol-
lowing means of communicati ng to your stakeholders:

 • Tidal energy project websites;

 • Town hall type meeti ngs;

 • Direct mail (the message could be included with local water bills or other items sent by municipality, 
 if appropriate);

 • Adverti sing in local papers;

 • Community posters;

 • Informati on booths set up at local fairs and/or farmers’ markets;

 • Local websites and/or on-line community forums.

6.6.3 - RESPONSE

Every stakeholder deserves responses to his or her questi ons. Whether you agree or disagree, it is important 
all questi ons and/or queries are responded to within 48 hours. Given that many development projects are 
subject to rumour, especially since a development project will involve new technology in a marine environ-
ment, it is criti cal to respond eff ecti vely to all questi ons raised by stakeholders. The quality and ti meliness of 
your response will set the tone for your interacti ons with stakeholders. While this can be a ti me consuming 
process, engagement should be looked upon as an opportunity to develop meaningful relati onships with all 
stakeholders. 
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   6.7 - COMMUNITY ENGAGEMENT SPECTRUM OF PUBLIC PARTICIPATION

The Internati onal Associati on of Public Parti cipati on developed the Spectrum of Public Parti cipati on, shown 
in Figure 6-1. Inherent in the model is the increasing level of stakeholder engagement that evolves through a 
series of engagement acti viti es to the point where parti cipants in the process are empowered by their involve-
ment. Associated with the diff erent levels of engagement are methods that facilitate stakeholder involvement. 

 Figure 6-1: Spectrum of Public Parti cipati on

Having community and stakeholder parti cipati on in projects is typically seen as a best practi ce. However, some 
academics have pointed out that current permitti  ng and approval processes entail lengthy and at ti mes, ad hoc 
consultati on procedures, which may not yield meaningful or focused results and preclude a larger parti cipa-
tory process.

Some communiti es may be willing to parti cipate in more acti ve and parti cipatory ways than others; for ex-
ample, rural residents may be more likely to get involved in public parti cipatory processes than their urban 
counterparts because the project may represent a signifi cant economic opportunity.
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6.7.1 - INFORMING PHASE

This is an important phase for ti dal energy development. It will set the tone for future engagement and re-
quires transparency and full disclosure of informati on relevant to the project to inform all stakeholders. 

6.7.1.1 - INFORMING METHODS

Methods useful in this phase include:

 A project website: A website will describe the ti dal energy project and provide links to Fact Sheets 
 and commonly asked questi ons about ti dal energy. Full contact informati on should be made available 
 on this website.

Open houses: An open house is an eff ecti ve way to present informati on to the public. Careful consid-
 erati on should be put into promoti ng this event and insuring that it is held at a ti me a day accessible
 to most people and at a ti me that does not confl ict with other major community events. A drawback
 to this method is that it is impossible to predict turnout, which can be low despite the amount of eff ort
 put into promoti on.

 Fact Sheets: Stakeholders will have many questi ons about ti dal energy development. Many of these
 questi ons can be addressed by developing Fact Sheets to address the most common issues raised by 
 stakeholders. 

6.7.2 - CONSULTING PHASE

Tidal energy projects will likely develop signifi cant discussion. Stakeholders will discuss issues and analysis will 
be conducted of site locati ons and environmental impact assessments. Stakeholders will expect to be con-
sulted and have their voices and concerns heard and refl ected back to them. People involved in commercial 
fi sheries, for example, might be concerned about the impacts of ti dal energy projects on the fi sheries and the 
potenti al for exclusion zones. 

VIGNETTE: LESSONS FROM THE UK SUSTAINABLE DEVELOPMENT COMMISSION’S PUBLIC 
AND STAKEHOLDERS ENGAGEMENT PROGRAMME ON TIDAL POWER

The UK Sustainable Development Commission (SDC) launched a research project on ti dal power in 
the UK in 2006, which was followed by a public and stakeholder engagement programme. General 
aspects of what worked best included learning, having a say and being listened to, sharing views 
with others, small group discussions, and making contacts and networking. Parti cipants placed a high 
value on talking with and listening to each other at meeti ngs. General aspects of what was least suc-
cessful included the need for more informati on and reporti ng back to parti cipants.
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6.7.2.1 CONSULTING METHODS

Many methods exist to support the consulti ng phase. These methods re-
quire careful diligence in their development. Experienced facilitators are 
required to lead group discussions and, if surveys are used, specifi c types 
of knowledge are necessary to develop the questi ons so that they are 
unbiased and focus on the type of informati on required.

Specifi c methods include:

Focus groups: These groups provide opportuniti es for dialogue
 among the stakeholders. The opti mal size for a focus group is
 8-12 people. In these organized discussions, it is important the
 trained facilitator encourages parti cipati on from all group mem-  
 bers. 

Surveys: Surveys can be costly but eff ecti ve in gathering infor-  
 mati on from a range of stakeholders. Care must be taken in de-
 veloping surveys and response categories must off er a full range of
 opti ons. Important with this method is the sharing of results 
 through community newslett ers, public presentati on, and the   
 ti dal energy project website.

 Public meeti ngs: This is the method used most frequently. Oft en  
 public meeti ngs become heated and do not lead to meaning-
 ful engagement. It is important to consider that for many people,
 public meeti ngs off er an opportunity to vent their frustrati ons   
 and ti me should be allowed for this process at the beginning of   
 the session. 

6.7.3 - INVOLVE PHASE

Important in the Involve Phase is the direct parti cipati on of stakeholders, 
when their issues, concerns, and perspecti ves are considered and under-
stood.

6.7.3.1 - INVOLVE METHODS

Typical methods used at this phase include:

Workshops: These venues provide important opportuniti es for  
 stakeholder involvement. Facilitators have numerous tools that
  provide opportuniti es for stakeholders to refl ect on the issues at  
 hand and provide meaningful input. Workshops can include com-
 munity mapping, asset mapping of local resources (including   
 people and places), and other engaging techniques.

Deliberati ve Polling: In this method, representati ve stakeholder  
 groups are chosen to deliberate on issues relevant to the topic. It 
 is important to have an unbiased and skilled facilitator. Through a 
 series of smaller group discussions and plenary discussions, con-
 sensus is developed around key issues and then shared with the   
 public.

FOUNDATIONAL CONCEPT: 
FOCUS GROUPS

Focus groups ideally consist of 
8-12 people focusing on one topic 
of discussion. A facilitator will lead 
the group and keep them focused 
on the topic. The purpose is to 
collect in-depth informati on from 
a group of people who represent 
the populati on of interest. The 
main advantage of this method is 
you can collect informati on from 
thorough discussion among a 
group of interacti ng people. This 
interacti on oft en results in new 
ideas and strategies to address lo-
cal issues of concern.

For more informati on, see: Using 
Focus Groups.

htt p://www.thcu.ca/infoan-
dresources/publicati ons/
focus_groups_master_wkbk_
complete_v2_content_06.30.00_
format_aug03.pdf



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute 6 - STAKEHOLDER AND COMMUNITY ENGAGEMENT 124

6.7.4 - COLLABORATIVE PHASE

In this phase, stakeholders work in partnership to develop alternati ve so-
luti ons to problems and work toward preferred opti ons. In the case of 
ti dal energy development, this could imply working with stakeholders to 
choose the most preferred site locati on(s) for that development.

6.7.4.1 - COLLABORATIVE METHODS

A range of methods is used in this phase and most oft en includes the 
development of citi zen advisory committ ees and/or stakeholder adviso-
ry groups. These committ ees must be representati ve of the stakeholder 
groups and chaired by someone considered the least biased among the 
group. These have proven very eff ecti ve. Other methods include:

Consensus building: Consensus building entails a brainstorming session 
where all opti ons are put on the table and parti cipants collecti vely weigh 
the pros and cons of each opti on, fi nally narrowing their choices to a se-
lect few. These choices are then discussed unti l an agreed upon opti on 
(one that everyone can live with, as opposed to individuals’ most pre-
ferred choice) is selected. 

Parti cipatory decision-making: Parti cipatory decision-making is a cre-
ati ve process to give ownership of decisions to the whole group, fi nding 
eff ecti ve opti ons that everyone can live with. 

6.7.5 - EMPOWER PHASE

This phase puts the decisions in the hands of community stakeholders. 
While this may run counter to other ti dal energy stakeholders, a well-
developed process of stakeholder and community engagement can move 
to this point and present development opti ons that are agreeable to all 
stakeholders. This can only be accomplished by adherence to the prin-
ciples of engagement (i.e., transparency, etc.) established at the start of 
the process. 

6.7.5.1 - EMPOWER METHODS

Stakeholder juries and balloti ng are methods used to empower stake-
holders. These methods are used on rare occasions and have not been 
typically used in renewable energy development projects.

TOOL: ASSET MAPPING

Asset mapping is an important 
method for engaging community 
members and other stakeholders. 
This method can oft en reframe 
engagement where people move 
from thinking about the challeng-
es associated with a development 
project to a discussion focused 
on community assets (and op-
portuniti es) that can be enhanced 
through a project. The discussion 
will also consider how community 
assets can support a project.

Various methods support this pro-
cess. For example, in some cases, 
an asset inventory is conducted 
that might list the various skills of 
community members (e.g., trades, 
IT, etc.), and social networks. 
Knowing this informati on will 
foster greater dialogue on com-
munity opportuniti es associated 
with a ti dal energy project. Other 
methods might involve the devel-
opment of a community map that 
highlights its assets that might 
include local fi sheries, tourism 
and recreati on opportuniti es, and 
places of local cultural or historical 
signifi cance. 

See the handbook highlighted be-
low for further informati on. Asset 
Mapping Handbook: htt p://www.
planningtoolexchange.org/sites/
default/fi les/sources/asset_map-
ping_handbook.pdf.
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   6.8 - STAKEHOLDER ENGAGEMENT CHECKLIST 

The following checklist highlights a series of questi ons that will assist in defi ning the scope, scale, and goals for 
a stakeholder engagement strategy. 

 Table 6-3: Stakeholder Engagement Checklist

STAKEHOLDER ENGAGEMENT CHECKLIST

What do you want to engage about?
     
     • Set a clear aim
     • Know what can or cannot be changed
     • Consider the aims of ALL potenti al partners
     • Consider how aims might be compati ble
     • Give potenti al partners the opportunity to be
         involved as soon as possible
     • What can people infl uence?

Why engage?

     • What is the purpose of the acti vity?
     • To share informati on? Why?
     • To fi nd out about needs? Why?
     • To be involved in setti  ng prioriti es? Why?
     • To strengthen a community? Why?
     • To devolve services? Why?

WHY ARE YOU DOING THIS?

What results, benefi ts, or changes are wanted?

     • Are the outcomes clearly defi ned?
     • For each potenti al partner:
           • Identi fy contenti ous issues
           • Agree on compati ble outcomes, targets, and
              milestones
           • Agree on how measurement will take place
     • How will results be used? 

WHAT OUTCOMES ARE WANTED?

Who do you want to engage with?

     • Communiti es of interest?
     • Geographical communiti es?
     • User groups?
     • The general public? Individuals?
     • Other stakeholders
     • Are there others who need to be involved?
     • Are there others who want to be involved?
     • Consider why each partner should be involved
     • What might they contribute?
     • Explain what is expected
     • Listen to what is expected of you

WHO WILL BE INVOLVED?
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STAKEHOLDER ENGAGEMENT CHECKLIST

How will trust be established?

     • Do potenti al partners know each other?
     • Are you learning from history or ignoring local
        knowledge?
     • Is the community being “done to” or are they
        genuinely involved?
     • Is history being repeated (engagement fati gue)?
        Maybe it should be, but can you explain why?
     • What can be done to help build trust?
     • What can be done to remove cynicism?
     • Look out for saboteurs!
     • How will media communicati ons be handled?

TRUST

DELIVERING COMMUNITY ENGAGEMENT: AN EFFECTIVE RELATIONSHIP

What level of community engagement relati onship 
will be eff ecti ve?

     • Is an ongoing day-to-day working relati onship
        helpful to this issue? 
     • What % of costs is being invested in engageme-
        ent? Is it appropriate?
     • Are the selected techniques appropriate to this
        engagement?
     • Have non-traditi onal techniques been consid- 
        ered?
    • Are there examples of best practi ce you could  
       draw on?

LEVEL OF ENGAGEMENT

What informati on is needed for parti cipants?

     • What is already known?
     • What informati on is available to ensure that
        evidence-based decisions are made?
     • Is informati on accessible, trusted, relevant, and
        ‘reality checked’?
     • Is any informati on privileged? Are there con-
        fl icts of interest?
     • Is informati on managed? By whom?
     • What formats and methods are best? 
     • Is writt en informati on concise, understandable, 
        and helpful?
     • Have jargon and technical terms been kept to a 
        minimum?
     • Are local or cultural expressions understood?

INFORMATION
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STAKEHOLDER ENGAGEMENT CHECKLIST

Do key colleagues have eff ecti ve communicati on 
skills in:

     • Listening?
     • Mediati on?
     • Negoti ati on?
     • Is training needed and / or practi cal within 
        required ti mescales? 
     • Could a mediator or facilitator improve the 
        process?
     • How will confl icts be resolved?

SKILLS & QUALITY CONTROL

What are the incenti ves and constraints to parti ci-
pati on?

     • What are the incenti ves to parti cipate?
     • What makes it worthwhile?
     • What are the constraints?
     • Have issues of access, transport, availability, 
         and ‘power balance’ been considered?
     • Are there barriers to personal safety?
     • Have special interest and ‘hard to reach’ groups 
        been eff ecti vely included?

PARTICIPATION

What is the ti mescale to deliver the agreed out-
comes?
 
     • What are the ti me constraints?
     • Is the ti metable realisti c for all partners?

TIMETABLES

What are the available resources? 

     • What types of resources are available (people, 
         logisti cs, etc.)?
      • What are the resources required to achieve the
          outcomes?
     • Are there diff erent ways of using resources to  
        achieve the outcomes?
     • Is any other similar work currently taking place 
        to share resources?
     • Has any similar work been done recently that 
        could be used?

RESOURCES



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute 6 - STAKEHOLDER AND COMMUNITY ENGAGEMENT 128

STAKEHOLDER ENGAGEMENT CHECKLIST

ASSESSING COMMUNITY ENGAGEMENT: A PROVEN RELATIONSHIP

How will you know outcomes are achieved?

     • Has it made a genuine diff erence to local well-
        being?
     • Has something improved?
     • How will you ensure eff ecti ve, ongoing perfor-
        mance management?
     • Who will you feedback to?
     • How will feedback take place?
     • Will feedback work both ways?
     • Who will performance be eff ecti ve for?
     • How will results be used for long term benefi ts 
        and to assist others?
     • Do partners sti ll want to work with each other?
     • How will you celebrate successes?
     • How will you manage setbacks?

PERFORMANCE MANAGEMENT

SUPPORTING PARTNERSHIPS

How might a relati onship become an eff ecti ve 
partnership?

     • What writt en agreement is needed?
     • What governance arrangements will you set in 
         place?
     • What fi nancial ‘regulati ons’ will you need?
     • What codes of conduct are necessary?

PARTNERSHIPS
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   6.9 - ADDITIONAL ON-LINE RESOURCES FOR LEARNING ABOUT STAKEHOLDER AND COMMUNITY  
            ENGAGEMENT

The following on-line resources provide more informati on on engaging stakeholders and other communiti es 
of interest. 

More than Wind: Evaluati ng Renewable Energy Opportuniti es for First Nati ons in Nova Scoti a and New 
Brunswick Summary Guide. Atlanti c Aboriginal Economic Development Integrated Research Program (2012) 
htt p://www.apcfnc.ca/en/economicdevelopment/resources/MORETHANWINDSUMMARYGUIDE.pdf

Best Practi ces for Sustainable Wind Energy Development in the Great Lakes Region: Community Support 
through Public Engagement and Outreach (2011) 
htt p://www.glc.org/energy/wind/pdf/bptoolkit/GLWC-BPToolkit-BP07.pdf

EquiMar Deliverable 5.8: Impacts upon Marine Energy Stakeholders (2011)
htt ps://www.wiki.ed.ac.uk/download/att achments/9142387/WP5_d5.8_fi nal.pdf?version=1 

Best Practi ces Guidelines: Consultati on for Off shore Wind Energy Developments. Briti sh Wind Energy As-
sociati on (2002) 
htt p://www.bwea.com/pdf/bwea-bpg-%20off shore.pdf

Wind Energy Development: Best Practi ces for Community Engagement and Public Consultati on (2011)
htt p://www.saskatoonwindturbine.com/wp-content/uploads/2011/11/canwea-communityengagement-
report-e-fi nal-web.pdf

Guide to Developing a Community Renewable Energy Project in North America
htt p://www.cec.org/Storage/88/8461_Guide_to_a_Developing_a_RE_Project_en.pdf

Community Engagement Handbook: A Model Framework for Leading Practi ce in Local Government in 
South Australia
htt p://www.lga.sa.gov.au/webdata/resources/fi les/Community_Engagement_Handbook_March_2008_-_
PDF.pdf

Towards Whole of Community Engagement: A Practi cal Toolkit (2004)
htt p://adl.brs.gov.au/brsShop/data/PC12804.pdf
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   7 - FINANCIAL EVALUATION AND COST OF ENERGY

Author: Dr. Shelley MacDougall

WHAT DOES THIS MODULE COVER?

Project developers, lenders, and equity investors will require some level of assurance that a ti dal energy proj-
ect is likely to be profi table over ti me. This secti on identi fi es the capital and operati ng costs and methods of 
evaluati ng the fi nancial viability of the capital investment in in-stream ti dal energy and the esti mated cost of 
energy.

This module outlines the following fi nancial considerati ons of developing a ti dal energy resource: 

• The capital, operati ng, and maintenance costs of a ti dal energy project;

• The industry-appropriate methods to evaluate the fi nancial viability of the ti dal energy project;

• Methods for esti mati ng the levelized cost (cost per MWh) of energy.

This module is for anyone interested in the costs of ti dal energy and how such investments are evaluated. 

   7.0 - INTRODUCTION:CAPITAL INVESTMENT EVALUATION

Tidal energy devices are relati vely immature technology. The investment horizons are long and the upfront 
investment is proporti onately high. Much is sti ll unknown about ti dal in-stream energy conversion, but a mod-
est amount of relevant knowledge can be garnered from the experiences with off shore wind energy and wave 
energy. 

Eventually, electricity generated from ti dal energy conversion (TEC) devices will need to be competi ti ve with 
other renewable sources. Costs in the technology development and pre-commercializati on stages are high. 
Engineers and scienti sts are working to lower the costs of the technology so TEC can be fi nancially sustainable, 
which is criti cal for att racti ng the fi nancing to proceed through the stages of commercializati on.

In this secti on, the revenues, capital expenditures, and ongoing costs of ti dal in-stream energy conversion 
will be described as they are understood today. Key cost drivers are also identi fi ed and the cost reducti ons 
expected as experience is gained and competi ti on in the supply chain develops are noted. An example of the 
investment evaluati on for a 1 MW test turbine is provided in Table 7-1 at the end of this module. 

FOUNDATIONAL CONCEPT: CAPITAL INVESTMENT EVALUATION

A comprehensive account of costs to be esti mated in the capital investment evaluati on is included in the EquiMar Protocols. 
For more detailed informati on, refer to Chapter III.A of “Protocols for the Equitable Assessment of Marine Energy Con-
verters,” at htt p://www.see.ed.ac.uk/~shs/Wave%20Energy/Equimar%20protocols.pdf.
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7.0.1 - CAPITAL EXPENDITURE (CAPEX)

The capital expenditures (capital costs) for ti dal energy development begin long before constructi on starts. 
There are six major elements to capital cost: the project itself, the manufacture/supply of turbine(s), its foun-
dati on, electrical components, onshore faciliti es and monitoring equipment, installati on and commissioning 
costs, and decommissioning (Renewable UK, 2011). Each of these elements will be described below.

7.0.1.1 - PROJECT COSTS

Project costs include those incurred during technology development, resource assessment, acquisiti on of per-
mits, project management, and other administrati ve acti viti es. Development costs are expenditures to design 
the technology, build the prototype and conduct trials. Resource assessment includes mapping, current mea-
surements and modelling. 

The permitti  ng process includes the environmental assessment, wildlife surveys, engineering studies, plan-
ning and legal acti viti es (Renewable UK, 2011), First Nati ons consultati on and a Mi’kmaq Ecological Knowledge 
Study (MEKS). The permitti  ng process can take a year or longer, and must be completed before constructi on 
can begin. The ti me it takes to go from applicati on to approval is dependent on the complexity of dealing with 
multi ple planning bodies. For more informati on, refer to Module 4: Regulatory Regime for Tidal Energy.

Project management includes administrati ve acti viti es and professional services such as accounti ng, legal ad-
vice, and insurance (Entec, 2006). It also includes assurances of schedule, quality and cost.

7.0.1.2 - TEC DEVICE (TURBINE)

The cost of the TEC device includes the manufacture or purchase of the device itself and the electrical com-
ponents (electrical systems that connect the device to the array cables) (Carbon Trust, 2005; Renewable UK, 
2011). Included in this are the costs of materials, components and labour in manufacture, fabricati on, and the 
assembly of the turbine components. The costs of transporti ng the components to a constructi on port may 
either be included in the constructi on cost or in the installati on costs. Installati on costs are also a capital cost 
and will be discussed below. 

The turbine itself consists of steel and composite materials and requires fabricati on. To convert the relati vely 
slow moving water to usable electrical energy, blades, control systems, electrical generators, and in some 
designs, hydraulic systems, and a gearbox are needed. The cost will be greatly dependent on the resource 
where the turbine will be located. Considerati ons include water depth, mean water speed, rated power of the 
turbine, and rotor diameter. The locati on will also dictate the electrical cable length and the size and design of 
the foundati on (Renewable UK, 2011), as will be discussed later.

FOUNDATIONAL CONCEPT: CAPITAL COST

Capital cost, for Canadian tax purposes, includes all the costs associated with getti  ng the equipment built, shipped, 
installed, and commissioned. It includes such expenditures as legal fees, permitti  ng costs, shipping charges, interest 
on constructi on loans, and sales tax. The total capital cost is used in the calculati on of investment tax credits and is 
amorti zed (expensed for tax purposes) over the economic life of the asset.
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7.0.1.3 - FOUNDATION AND MOORINGS

The structure needed to fi x the turbine in place depends on its design and locati on: water depth and speed, 
ground conditi ons, and the ti dal range (the amount by which the water depth changes). It needs to be de-
signed for the maximum load the turbine will encounter so it can stay in place in the roughest conditi ons 
(Entec, 2006).

The device may be held in place using a concrete gravity base, with a monopole, or supported from the sur-
face. See Module 3: Tidal Power Extracti on Devices for descripti ons. The foundati on and the cost of its manu-
facture vary greatly with the design of the TEC device. 

7.0.1.4 - ELECTRICAL CABLES AND SWITCHGEAR

The electrical connecti ons are not as new a technology as the TEC devices themselves, owing to the experi-
ence of off shore wind farms. They consist of cables required to interconnect individual devices to a common 
interconnecti on point in the ti dal channel (EPRI, 2006), cables linking to shore, and onshore electrical systems, 
including onshore cables and a substati on at the point of connecti on to the transmission system (Renewable 
UK, 2011), and power quality equipment (inverters, fi lters). Costs will be dependent upon distance to shore, 
ground conditi ons along any cable route (Entec, 2006), and voltage levels.

Whether the costs of the electrical connecti ons are borne by the developer or by the transmission network 
owner depends on the jurisdicti on. Costs will either be capital costs to the developer and associated mainte-
nance costs as part of operati ng expenses, or be in the form of fees paid to the network owner. 

FOUNDATIONAL CONCEPT: RATED POWER & CAPACITY FACTOR

The “rated power” or “nameplate power” of the device is how much power it can generate when running at its full capacity. 
When operati ng, it usually generates less. “Capacity factor” is the device’s average energy output as a percent of its rated 
power (Entec, 2006, p.12):

Capacity factor (%)=
mean power output over a period of ti me ( in MWh)

rated power output over a period of ti me (in MWh)

Once the economical size of device is decided upon, the electrical and mechanical costs (size of generator needed, etc.) can 
be determined (Entec, 2006).

IN NOVA SCOTIA: GRID INTERCONNECTION COSTS.

In Nova Scoti a, grid interconnecti on costs for projects >100kW are borne by the developer. The work is done by Nova Scoti a 
Power Inc. and the cost charged to the developer. The work includes the following:

1. Two studies
 a. Preliminary review
 b. System impact and faciliti es study
2. Generator ti e-in line extension
3. Distributi on/transmission system upgrades, if needed (Includes upgrade of one-phase distributi on service, increasing 
conductor size, system voltage conversion, equipment relocati ons) (InnovaCorp Playbook, 2011, pp. 7-8).
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7.0.1.5 - TIDAL FARM

To be commercially viable, an array of multi ple TEC devices may be needed to obtain suffi  cient economies of 
scale. In the case of arrays, there will be additi onal capital costs (though less per unit) associated with civil en-
gineering infrastructure. The costs will be based on the number of devices installed, their confi gurati on within 
a farm, and inter-device spacing (EquiMar III.A, 2011). As well, in the case of ti dal arrays, there may be one or 
more “redundant” devices, essenti ally excess capacity at the ready, so the downti me for routi ne repair and 
maintenance of individual units does not reduce the farm yield. 

7.0.1.6 - ONSHORE FACILITIES AND EQUIPMENT

Onshore, there will be need for offi  ce and warehouse space. It is likely space can be rented in existi ng build-
ings, such as in a nearby industrial park. If leased, rental fees will be part of operati ng expenses; if built, the 
cost of constructi on will be a capital cost. Deployment, retrieval, and maintenance faciliti es may already exist 
at a nearby port for other mariti me industries. 

7.0.1.7 - INSTALLATION/DEPLOYMENT

Installati on includes the transportati on of the components to a constructi on port, onshore preparati on, and 
setti  ng the equipment in place and commissioning (Renewable UK, 2011). The method of installati on depends 
on device design. Some devices may be towed to the site by tugs and anchored with an anchor handler. Others 
must be carried by a heavy lift  vessel or barge or may require an expensive jack-up barge to install them (Entec, 
2006). Costs of these can be esti mated using vessel charter rates. Timing and availability of some equipment 
will aff ect these costs. Sea conditi ons and the ti dal range also aff ect the choice and cost of vessel. The distance 
from port will have a bearing on the durati on of the vessel charters.

In general, installati on costs will be infl uenced by the water depth, ti dal stream, ti dal range, and distance from 
port (Entec, 2006). Installati on costs will generally increase as the turbines are located further off shore due to 
transporti ng ti me, size and specialty of equipment required to do the work, and weather-related delays.

7.0.1.8 - PERIODIC OVERHAULS AND REFITS

The turbines and their moving parts (gears, bearings, seals), as well as the mooring cables and parts, will need 
to be overhauled during the TEC device’s economic life. When, and how oft en, will depend on their design and 
the environment they operate in. For instance, overhauls may be scheduled in 5-year intervals. Unlike routi ne 
and emergency maintenance, overhauls and refi ts may be considered capital costs and be amorti zed over the 
life of the refi t.

7.0.1.9 - DECOMMISSIONING

The costs of decommissioning include removing the device and cable from the water, and restoring the site to 
its original state. The cost of decommissioning may be defrayed through the reuse, recycle, or sale of the com-
ponents and materials. The decommissioning expenditure is at the end of the device’s economic life, which 
may be 20 years or more, so in present value terms, it is a comparati vely small porti on of total CAPEX. It is, 
however, harder to predict these costs since they occur well into the future. 
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7.0.1.10 - TAX CREDITS AND ACCELERATED AMORTIZATION

The costs of capital investments are defrayed by tax savings on the amorti zati on (CCA tax shield) and invest-
ment tax credits (ITC). Expenditures in Canadian renewable energy are subject to accelerated amorti zati on, 
allowing companies to claim larger amounts of amorti zati on against taxable income in early years. This will 
be of limited value to a small company if it has insuffi  cient income in the early years to take advantage of the 
tax deducti ble expense, but large companies can benefi t immediately. More informati on on tax incenti ves is 
provided in Module 10: Financing, Government Supports and Managing Risk.

7.0.2 - OPERATING COSTS

One of the key advantages of ti dal energy is the absence of primary fuel costs. The energy is renewable and 
provided by the moving water, in contrast to fossil fuels. However, the operati ng costs are signifi cant and ongo-
ing for the economic life of the turbine. The operati ng expenses of the ti dal energy project are for monitoring 
and for routi ne and emergency maintenance acti viti es. 

7.0.2.1 - MONITORING

Monitoring occurs both remotely, onshore and on-site, where the turbines are installed. The devices can be 
equipped with monitoring equipment that can self-test device connecti on and stability. This data is sent via 
data cables and accessed online (Li, Lence, & Calisal, 2011). For some devices, monitoring of vibrati on and seal 
checks, if applicable to the technology being used, are done on-site (Li et al., 2011). The impact of the turbine 
on the local environment must be conti nually monitored.

The costs of monitoring include electrical power, data management, and salaries of skilled employees. There 
would also be costs of tools and devices, and if on-site checks apply, transportati on costs.

7.0.2.2 - ROUTINE MAINTENANCE 

The cost of preventati ve, routi ne maintenance depends on many variables, including the number of ti mes it is 
scheduled, the number of turbines, labour hours per turbine, engineer and technician salaries, distance from 
shore, transportati on costs (vessel charter costs), the need for special vessels, their travelling speed, the cost 
of electrical and mechanical tools, cleaning and protecti ve equipment, and diagnosti c equipment (Li et al., 
2011; Renewable UK, 2011). Costs also include those necessary to protect the health and safety of workers. 

The ti me turbines are shut down for routi ne maintenance results in lost revenue. As much work as possible is 
done during periods of slack ti de; however, slack ti de is a brief window of opportunity. Maintenance costs (and 
availability) will also depend on the maintenance scheme used, such as whether service is completed on-site 
or if the device is returned to shore for maintenance (EquiMar Work Package, 2009).

BEST PRACTICE: COVERING DECOMMISSIONING COSTS

Decommissioning may be paid for through an upfront decommissioning bond or annual payments into an endowment fund 
over the life of the project (EquiMar Work Package 7.2.1, 2009).
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7.0.2.3 - EMERGENCY MAINTENANCE

If a breakdown has occurred or one is eminent, unscheduled maintenance or repair work must be under-
taken. The costs of emergency maintenance include cost of replacement materials, plus many of the costs 
noted in routi ne maintenance (transportati on, labour, etc.). Repair is diffi  cult and expensive when it has to be 
conducted on-site (Li et al., 2011). With some device designs, on-site repair is impossible; the device must be 
taken to shore. The amount of downti me while crews access and repair the turbine also aff ects the output of 
the turbine, hence aff ecti ng the revenues generated from it. 

Esti mati ng emergency maintenance costs is diffi  cult for new technology. Reliability is esti mated during the 
design stage, based on tank tests and sea trials. As the technology matures, the frequency of failure and ti me 
to repair will be reduced and be more predictable (EquiMar Work Package 7, 2009, p. 3-3).

Key cost drivers of emergency maintenance include failure rates, severity of the failure, replacement cost of 
the broken components, turbine downti me, equipment needed (special vessels, cranes), skilled labour costs, 
accessibility of the materials needed for the repair, and accessibility of the turbine (Li et al., 2011). While there 
is an absence of warranti es on these new technologies, these costs will oft en be borne by the project devel-
oper. 

Weather and sea states add a level of uncertainty and variability to operati ng and maintenance (O&M) costs 
(Li et al., 2011). The threshold wind and water speeds for work to be done on site and of suffi  cient durati on to 
complete the work need to be determined. A ti me series analysis of the ti dal site will give informati on regard-
ing the typical frequency and durati on of suitable working conditi ons (EquiMar Protocol III.A, 2011). 

7.0.2.4 - OTHER OPERATING COSTS

Other operati ng costs may include rental (or related ownership costs) of space for the control center, ware-
housing costs of components, port berthing fees, insurance, legal and accounti ng fees, bank charges, amorti -
zati on, audit fees, seabed lease fees charged by the crown (Renewable UK, 2011), and transmission network 
charges, if applicable (UK ERC, 2010).

An example of an investment evaluati on of a 1 MW turbine is in Table 7-1, located at the end of this module. 
An evaluati on of a small-scale turbine (0.5 MW), done by Synapse Consulti ng for the Nova Scoti a Uti lity and 
Review Board, can be found at htt p://www.nsuarb.ca/NSUARB_Exhibits_JOOMLA/get_document.php?doc=B-
1&no=2422.

7.0.3 - COST DRIVERS AND UNCERTAINTIES

Capital, operati ng and maintenance costs are diffi  cult to esti mate for TEC since there is litt le experience world-
wide with installed devices. With ti me, as devices are deployed, learning will be gained and a supply chain 
established, so these costs will diminish.

TOOLBOX: RETSCREEN

RETScreen is developed and distributed by Natural Resources Canada. It is an “Excel-based clean energy project analysis 
soft ware tool that helps decision makers quickly and inexpensively determine the technical and fi nancial viability of poten-
ti al renewable energy, energy effi  ciency and cogenerati on projects.” RETScreen can be downloaded, free of charge, from 
www.retscreen.net .
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7.0.3.1 - HIGH COSTS IN THE BEGINNING

In the early days of the industry, capital and operati ng costs will be high. Being “one-off s,” causes of high costs in 
prototypes and initi al farms include the following (Carbon Trust, 2005):

• In the absence of a supply of materials and parts to build the technology, developers need to use “off  
the shelf” components for some designs or “built from scratch” for others.

• There are few or no economies of scale in the manufacture of the technology and bases.

• There is limited experience with installati on, operati on, and maintenance of the plants. Contractors’ 
percepti ons of risk will be factored into the price of the service. Someti mes, very specifi c and expensive 
deployment vessels are needed.

• Hold-ups can occur in the nascent supply chain.

The supply chain may include the provision of seagoing vessels, gear boxes, blades, bearings, generators, 
cables for inter-array and connecti on to shore, transformers, foundati ons, fi eld instruments, control systems, 
and power quality equipment. As for infrastructure, there needs to be port availability of suffi  cient size and 
capability. Installati on vessels may include heavy-lift  vessels and special vessels for cable laying. Dedicated 
equipment is non-existent in Canada and this will likely be the case unti l there is suffi  cient promise in ti dal 
energy to warrant the investment by supply chain companies. Refer to Module 9: Opportuniti es and Strategies 
for Businesses. 

Delays, both in terms of absolute costs and revenue foregone, signifi cantly aff ect the project’s viability. These 
also serve as a deterrent in the supply chain since lengthy delays can undermine confi dence in the potenti al of 
the ti dal energy industry (UK ERC, 2010, p.xii).

7.0.3.2 - LOWERING OF COSTS 

Over ti me, however, as the technologies and processes improve with experience, costs will decline. As well, 
economies of scale will arise as the size of units and scale of deployment increase. Operati ng and maintenance 
procedures will become more effi  cient through learning and incremental changes.

Competi ti on in the supply chain will aff ect costs. While the industry is small, there will be insuffi  cient suppli-
ers of services, materials, and components. Ineffi  ciencies and bott lenecks in the supply chain or infrastructure 
may occur, driving up costs. However, as the industry gains momentum, companies serving other sectors will 
expand to serve the marine renewable energy industry and new companies will enter, resulti ng in greater sup-
ply, economies of scale, and competi ti on, all of which should reduce prices.

IN NOVA SCOTIA: SUPPLY CHAIN

Presently, in Nova Scoti a, the nascent ti dal energy industry is without its own supply chain. Developers require the services of 
supply chain companies that are now focused on other industries, such as off shore oil and gas, shipbuilding, manufacturing, 
and wind energy. The ti dal energy industry is not a strategic priority for these companies, so it must compete with the much 
larger, more lucrati ve customers. While the ti dal energy industry needs to grow suffi  ciently to incent the supply chain com-
panies to make the needed investments, it has diffi  culty achieving such growth without these very supply chain companies. 
Likewise, the needed skilled workers work in competi ng industries such as off shore oil and gas.
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Other key cost uncertainti es are commodity prices and foreign exchange rates. Over ti me, project cost un-
certainti es due to foreign exchange rates will be lessened as more work is sourced locally. Also, planning and 
consenti ng processes will become more streamlined, reducing costs related to delays (UK ERC, 2010).

7.0.4 - ENERGY PRODUCTION AND REVENUES

The revenues from ti dal energy depend on the output of the turbine(s), availability (up-ti me), energy losses in 
the electrical cable to shore, and the price paid for electricity. Energy yield depends on a number of factors:

• energy available in the resource (ti dal current velocity), 

• design of the mechanical components that extract the energy from the resource,

• the power takeoff  system that converts mechanical energy to electricity (power output),

• the extent to which the device’s capacity for extracti on/conversion is matched to the available en-
ergy resource, 

• the effi  ciency of the system’s energy conversion, and 

• the device’s availability (Carbon Trust, 2005; Entec, 2006).

Availability, or the amount of ti me the device is operati onal, will aff ect energy producti on and revenues. Avail-
ability is generally summarized in a single percentage, such as 90% availability. Failure rates and service ti me 
will aff ect availability. Failure rates can be esti mated only through modeling unti l devices have been in the 
water and observati ons made. Time to repair depends on the parti cular failure, availability of parts and ex-
perti se, and whether the repair can be made remotely or not. Also, there may be “knock-on eff ects of faults” 
that subsequently require repair. With many components, all with diff erent failure rates, predicti ng reliability 
is very diffi  cult (Entec, 2006). 

Annual energy producti on is esti mated from:

• device characteristi cs for a range of sea conditi ons;

• number of ti mes each sea conditi on occurs in an average year, combined with performance charac-
teristi cs to esti mate gross energy output;

• likely losses while transmitti  ng energy to shore; and

• sea conditi ons, system complexity, and repair procedures (Entec, 2006, p.8).

DISCUSSION: LOWERING COSTS – THE US EXPERIENCE WITH ONSHORE WIND

“Considering plausible assumpti ons for not only capital cost and capacity factor, but also O&M, fi nancing & availability, the 
LCOE for 2012-2013 [onshore wind] projects is esti mated to be as much as ~24% and ~39% lower than the previous low in 
2002-2003 in 8 m/s and 6 m/s (at 50 m) resource areas, respecti vely (with the PTC/MACRS); when only considering capital 
cost and capacity factor, the reducti on is ~5% and ~26%” (Weiser et al., 2012, p.116). 

FOUNDATIONAL CONCEPT: ENERGY YIELD

Energy yield is the amount of energy generated by a turbine during a period of ti me, measured in MWh.
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 Foundati onal Concept: Average Annual Energy Producti on and Long Term Capacity Factor

Annual average energy producti on =
Total amount of electricity expected over the service life

Length of service life

Long term capacity factor =
Average annual energy producti on

(Rated capacity × number of hours in a year)

The newer the technology, the more diffi  cult it is to esti mate the energy to be produced. At the earliest stage, 
device performance and its ability to convert the theoreti cally available resource into usable energy will be 
based upon data generated through small-scale tank testi ng, then scale and full-scale prototype devices in sea 
trials, and then deployment in multi -device arrays (EquiMar Work Package D7.2.1, 2009). 

The price paid for electricity is another variable. The price paid for electricity over the life of the project can 
be highly variable and diffi  cult to predict. This makes government support in the form of a feed-in tariff  highly 
benefi cial for developers and investors since it reduces the uncertainty of the project’s cash fl ows.

   7.1 - CALCULATING THE LEVELIZED COST OF ENERGY

In the energy industry, the levelized cost of energy (LCOE), or more simply stated, the cost of energy, is the 
metric used to evaluate a project’s fi nancial feasibility. The cost of energy is calculated using present value 
calculati ons. Typically, all the costs are forecasted and present valued, using the net present value method, 
but not the revenues (See Appendix 7-1: Net Present Value and Internal Rate of Return and Weighted Average 
Cost of Capital).

One method of esti mati ng the cost of electricity is to calculate the present value of all costs (capital costs, op-
erati ons, and maintenance) and then calculate the annuity (annual amount) that would yield the same present 
value. This is called the equivalent annual cost.  

IN NOVA SCOTIA: FEED-IN TARIFFS AND RATE OF RETURN

In Nova Scoti a, community feed-in tariff s have been set. The rate is intended to refl ect the costs of energy plus a return of 
15% to investors of small scale (≤ 0.5 MW) developmental, community-invested ti dal energy projects. For larger develop-
mental projects (>0.5 MW), feed-in tariff s are pending. 

Lower rates will be set later for demonstrati on projects beginning in 2014 or later that will refl ect the learning gained and the 
development of the technologies. Once projects are ready for commercial licences, they will be expected to produce electric-
ity at a cost competi ti ve with other renewable sources.
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Discussion: Calculati on of LCOE by Uti liti es

Uti liti es commonly calculate LCOE using a slightly diff erent approach, in which lifeti me costs are present valued 
and then divided by the present value of the esti mated lifeti me output of energy. 

LCOE =
PV (Capital Costs - ITCs - CCA Tax Shield + ∆Net Working Capital + Annual aft er-tax O&M Costs)

PV Energy produced over life of project in MWh

The denominator is the present value of the expected lifeti me energy to be generated. If the MWh generated 
are expected to be level over the years, the two methods presented in this module will yield the same result.

To calculate the levelized cost of electricity using this method, the equivalent annual cost (EAC) is divided by 
the expected average annual output in MWh.

LCOE =
Equivalent annu\al cost

Esti mated annual energy output in MWh

Where: 

Esti mated Annual Energy output (in MWh) = Rated Power × Capacity Factor × 8760 hours per year

Present valuing the project costs is done by discounti ng at the project developer’s cost of capital (WACC), 
a weighted average of the aft er-tax cost of debt and the required return by equity investors. The resulti ng 
amount is an esti mated cost per MWh. Converted to cost per kWh (divide by 1000), it can be compared to the 
price the market will bear for electricity or the feed-in tariff , if available. If the price paid for electricity will be 
greater than the esti mated cost per kWh, the project is considered fi nancially acceptable to investors. If not, 
the diff erenti al is the amount the government needs to make up in order to encourage development.

Referring to the cost esti mates in Table 7-1, the esti mated cost of energy for the “Median” scenario is as follows: 

LCOE Median  = 
($1,904,628)

=$683/MWh
(1MW×0.4×8760)

This translates into a median esti mated cost, assuming a 40% capacity factor, of $0.683 per kWh. Note: This is 
the esti mate of a one-off  test turbine, so it is comparati vely expensive. 
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   7.2 - COST OF CAPITAL

The discount rate used in the above calculati ons can dramati cally aff ect the Net Present Value (NPV) and the 
levelized cost of energy, so esti mati ng it needs careful considerati on. The discount rate used should be the 
weighted average of the esti mated costs of fi nancing. In some cost of energy calculati ons, a proxy is used that 
is a ballpark esti mate of investors’ required rates of return refl ecti ng their percepti on of the riskiness of the 
project (i.e. 8% for debt, 15% for equity, debt/equity rati o of 50/50). This is proxy only; a bett er discount rate 
to use is the weighted average cost of capital (WACC). Refer to Appendix 7-1 for how to calculate the WACC.

The rates required by lenders and investors will be infl uenced by the proponent’s ability to raise capital and 
perceived ability to manage the project. A uti lity or other large organizati on will be able to raise capital based 
on its general creditworthiness and project management experience at lower rates than a newer, small tech-
nology developer. The cost of capital will also refl ect the technology and other risks. Investors will insist on a 
higher premium for higher risk. 

Capital is raised by the developer in a combinati on of debt and equity; the rates of return required by lenders 
and equity investors will diff er, so the combinati on of debt and equity used to fi nance the project will aff ect the 
overall cost. Debt is less expensive than equity because lenders’ exposure to risk is less and interest expense 
is tax deducti ble. 

Diff erent fi nancing arrangements will dramati cally change the cost of fi nancing, hence the discount rate, and 
by extension, the present value of the cash fl ows and esti mated viability of the project.

Photo Credit: Leigh Melanson
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 Table 7 1: Example of a 1MW Turbine CAPEX, OPEX, LCOE (testi ng stage)
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Appendix 7-1: Net Present Value, Internal Rate of Return, and Weighted Average Cost of Capital 

NET PRESENT VALUE AND INTERNAL RATE OF RETURN 

The typical approach for evaluati ng capital investments is to calculate either the Net Present Value (NPV) or 
the Internal Rate of Return (IRR). To calculate the NPV, all revenues and costs are esti mated for the life of the 
project. These are all present valued to ti me zero (the start date of the project), discounted by the company’s 
cost of capital or required rate of return. The present value of the expected capital costs and operati ng ex-
penses are subtracted from the present value of expected revenues. If the NPV > 0, the project is expected to 
be profi table, based on forecasted numbers and probabiliti es, over and above the fi nancing costs. 

Net Present Value = 

n
CFi∑

i = 0 (1+ WACC)i

The internal rate of return is related to the NPV. Rather than discounti ng the cash fl ows at the weighted aver-
age cost of capital (WACC) to solve for the NPV, the NPV is assumed to be $0 (the breakeven scenario). The 
discount rate that equates the present value of infl ows with outf lows, so that the NPV will be $0, is the internal 
rate of return. If the IRR>WACC, the project is expected to be profi table, again based on forecasted numbers.

WEIGHTED AVERAGE COST OF CAPITAL 

A company’s cost of capital is a functi on of the returns required by lenders and equity investors, the tax de-
ducti bility of interest expense, and the proporti ons of debt and equity in the capital structure.

WACC= wdrd(1-t) + were

Where: wd is the proporti on of the company’s capital structure that comes from debt fi nancing and we is the 
proporti on from equity, rd is the interest on the debt, re is the required rate of return by equity investors. The 
company’s tax rate is represented by t. 
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  8 - OPPORTUNITIES AND STRATEGIES FOR COMMUNITIES

WHAT DOES THIS MODULE COVER?

Tidal energy represents a unique opportunity for communiti es across 
Nova Scoti a. Tidal energy development will create jobs, support research, 
and provide cleaner energy. Understanding the opportuniti es and challeng-
es of ti dal energy can support community buy-in and help communiti es 
make informed choices. This module will provide informati on on:

• community benefi ts and the types of opportuniti es and challenges 
    associated with ti dal energy development,

• strategies for development that harness local assets and sup-
    port capacity building, and 

• ti dal development ownership types and their pros and cons.

The purpose of this module is to outline some of the social, economic, and 
other benefi ts that can come from the development of both small (COMFIT 
eligible) and large scale (FIT eligible) ti dal energy development. Each com-
munity, ti dal energy site, and project is unique and the challenges and po-
tenti al benefi ts will be diff erent in each context. The ti dal energy industry 
is sti ll in its infancy and there are few projects in the water. Therefore, ex-
amples and parallels from other renewable energy industries (onshore and 
off shore wind and other marine renewables) are used to illustrate what 
benefi ts could come from ti dal energy development in Nova Scoti a. 

IS THIS MODULE FOR YOU?

This module is for anyone who is interested in the potenti al benefi ts of 
ti dal energy development. It is also for anyone interested in how to stra-
tegically plan for these types of benefi ts and how to do so with respect to 
local assets and capaciti es. 

This module includes:
• a list of tools and organizati ons that can assist communiti es in   
   researching, planning, and understanding ti dal energy projects; 
• a review of ownership types and their pros and cons; and
• a community Q and A checklist to assist communiti es in exploring 
   ti dal energy development.

MODULE ORGANIZATION

This module is broken into two main secti ons. Secti on 1 of this module dis-
cusses, in general terms, the potenti al benefi ts to communiti es and local 
businesses from small and commercial scale ti dal energy development. 
Secti on 2 discusses community development strategies for harnessing ben-
efi ts associated with ti dal energy development. This discussion highlights the 
shift  toward community/stakeholder engagement and harnessing the collec-
ti ve assets of the stakeholders to engage and support development projects.

A tidal energy 
project can 

create demand for 
labour in multiple 
economic sectors 
and can draw on 
individuals and busi-
nesses from across 
the province. 
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   8.0 - SECTION 1: SOCIAL AND ECONOMIC IMPACTS FROM SUSTAINABLE TIDAL ENERGY DEVELOPMENT 

Author: Alan Howell

A ti dal energy project requires a wide range of inputs. While each project may be diff erent in size, technology, 
and site characteristi cs, each will likely include much of the following stages, infrastructure, vessels, and labour 
(For a more detailed account of development stages, infrastructure, vessels, and labour needs, see Module 9: 
Opportuniti es and Strategies for Businesses). 

Table 8-1: Development Stages, Infrastructure, and Labour Needs for a Tidal Energy Project

STAGES OF DEVELOPMENT
INFRASTRUCTURE AND

VESSELS
LABOUR NEEDS

The primary stages of a ti dal en-
ergy convertor project include:

     • Research and development
     • Site screening and project     
        feasibility
     • Planning
     • Project design and develop-
        ment
     • Project fabricati on
     • Constructi on, installati on, 
        and commissioning
     • Operati ons and maintenance
     • Decommissioning

Infrastructure and vessels can 
include:

     • Wet and dry ports with lay 
        down areas
     • Assembly and maintenance 
        yards
     • Cranes and heavy lift ing          
        equipment
     • Barges and specialized ves-
        sels, such as dynamic   posi -               
        ti oning vessels
     • Underwater Remote Oper-
        ated Vehicles (ROV’s)

Labour needs will include many of 
the following:

     • Project managers
     • Engineers (naval, electrical, 
        mechanical)
     • Biologists, environmental 
        impact assessment profes- 
        sionals, and various other
        specialists in marine and life  
        sciences
     • Vessel operators
     • Marine constructi on workers
     • Safety personnel
     • Core trades – welders, electri-
        cians, metal fabricators, tool 
        and die, etc.
     • Stakeholder engagement 
        facilitators
     • Financing and business devel-
        opment experts

A ti dal energy project can create demand for labour in multi ple economic sectors and can draw on individuals 
and businesses from across the province. The intent of current provincial legislati on and policy, in parti cu-
lar the COMFIT program, is to support ti dal and other renewable energy developments from which benefi ts 
remain in communiti es across Nova Scoti a. See Module 4: The Regulatory Regime for Tidal Energy for more 
informati on on current ti dal energy legislati on and policy. 

Tidal energy is sti ll a developing technology. There remain many unknowns about the environmental and eco-
nomic impacts, therefore, ti dal energy should be pursued in a thoughtf ul and incremental manner. This toolkit 
and this module are a step along the path to a bett er understanding of the positi ve and negati ve impacts of 
ti dal energy development from a community perspecti ve.



  8.1 - COMMUNITY BENEFITS 

In this toolkit, community benefi ts are defi ned as any changes in the sta-
tus quo that result in the positi ve enhancement or capacity for enhance-
ment of the economic, social, or environmental state of a community, 
area, or region.

Oft en in economic analyses, the impact or eff ect of a project is measured 
in terms of how many jobs are created directly (e.g. direct spending on a 
project) and indirectly (e.g. a need for added labour due to demand for 
services and products to support a project).

Benefi ts are diff erent from economic impacts or eff ects in a few funda-
mental ways; however, direct impacts can be considered a benefi t.

 • Benefi ts are typically understood as being direct, i.e. the ben- 
   efi t is received by an identi fi able person, community, or or-
     ganizati on. The one excepti on would be environmental benefi ts, 
       such as reducti ons in GHG emissions, which will support healthier 
    biota, air, water, and soil locally, regionally, and internati onally. 
   Environmental benefi ts in a marine context tend to be more 
    dispersed than social or economic benefi ts, and as such, are not 
    discussed in depth in this module.

 • Benefi ts are usually negoti ated with a project developer or 
    form a part of a development agreement (a legally binding   
    agreement between a developer and an administrati ve author-
    ity). Businesses that support ti dal energy (e.g. fabricators,  
   maintenance faciliti es) may be willing to discuss community 
    benefi ts. 

 • Benefi ts can be in the form of cash, assets (such as buildings, 
   art work, or land), or experiences (educati on, research, or 
     knowledge and skill building acti viti es). 

 • Benefi ts are largely defi ned by the legislati on and develop-
     ment culture of an area. For example, in the United Kingdom, 
    the provision of community benefits (payments, assets, and/
    or experiences) is well developed and has a place in develop-
    ment legislation. In Nova Scotia, community benefits are al-
    lowed to be part of development agreements; however, it is 
    uncommon and often only in situations where a developer is 
    asking for exceptions to regulations and standards.

Table 8-2 outlines a selecti on of community benefi ts that have been iden-
ti fi ed as outcomes of renewable energy projects. The identi fi ed benefi ts 
focus on the social and economic benefi ts associated with projects. 
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FOUNDATIONAL CONCEPT: 
WHAT IS A COMMUNITY?

Communiti es are typically defi ned 
in two main ways: a) a geographi-
cal community defi ned by juris-
dicti onal boundaries, such as a 
municipality, or b) a community of 
interest, such as fi shers, trail users, 
or conservati on advocates (Walker 
& Devine-Wright, 2008).

In the case of ti dal energy devel-
opment, there are many intersect-
ing interests and stakeholders (for 
more detail on stakeholders, see 
Module 6 on Community Engage-
ment). In general, anyone who 
lives in a geographical community 
should be considered a stakehold-
er. Communiti es of interest, on 
the other hand, may not be local 
and it may be diffi  cult to identi fy 
members. Examples of communi-
ti es of interest are:

     • Commercial, subsistence, and 
        sport fi shers
     • First Nati ons members and   
        communiti es
     • Tourism and boati ng
     • Marine transport
     • Environment and conserva-
         ti on advocates
     • Business and business devel-
        opment.
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Table 8-2: Categories of Community Benefi ts

CATEGORIES OF COMMUNITY BENEFITS1

     1) Conventi onal economic benefi ts 

             • The use of local labour, goods, and services
             • Land rents and royalti es
             • Local business taxes

     2) Flows of fi nancial benefi ts

             • Profi t share (for employees of the energy company) or equity investment (for investors in an en-
                ergy company)
             • Community fund contributi ons – annual or lump sum
             • Sponsorship of local events
             • Direct income from sale of power (i.e. a price paid per kWh)

     3) Contributi ons in kind

             • Landscape or ecological enhancements 
             • Facility upgrades or constructi on
             • Infrastructure upgrading or constructi on
             • Sharing data on natural and human environments

     4) Provision of local services

             • Educati onal visits or educati onal programs 
             • Tourism services

     5) Capacity building
 
             • Increased experience in development for local administrati on and elected offi  cials
             • Knowledge gathered from public consultati on/collaborati on process

8.1.1 - WHAT WE KNOW ABOUT COMMUNITY BASED ENERGY

Communiti es need to weigh the pros and cons of ti dal energy development to be sure investi ng in ti dal energy 
is the best course of acti on for them. There is limited understanding of the short- and long-term impacts as-
sociated with ti dal energy projects. While a great deal of research is being conducted on the impact of TECs 
on ecosystems, mammals, and the ti des themselves, few economic and social impact studies exist. However, 
there are insights that can be drawn from other renewable sources such as onshore and off shore wind. 

 • For areas with limited industrial acti vity or those that have seen a downturn in traditi onal indus-
    tries, such as fi shing, forestry, or mining, renewable energy provides an opportunity to capitalize on 
    skills and resources present (marine navigati on and safety, marine equipment repair and fabrica-
    ti on, and use of vessels and port faciliti es in the case of ti dal energy) (Joseph & Gunton, 2008; 
    Boett cher, Nielsen & Petrick, 2008). 

 • Community-based energy can provide a reliable source of revenue based on level of producti on 
    (especially in the case of ti dal energy). The initi al capital outlay may be high, but over ti me, with a 
    secure price for energy, costs can be recovered (TREC, 2012; Joseph & Gunton, 2008).

 1Adapted from (Munday, Bristow and Cowell, 2011).
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 • Energy projects that are supported by the community tend to  
    be the most successful in delivering benefi ts (Munday, Bristow 
    and Cowell, 2011; Brun & Jolley, 2011; Walker & Devine-
    Wright, 2008).

 • Community-based renewable energy projects can raise aware-
    ness about other energy related issues, in parti cular effi  ciency 
    and conservati on. Renewable energy projects can create mo-
    mentum for additi onal energy programs and support a culture 
    of conservati on and energy effi  ciency.

  8.2 - WHAT ARE THE POSSIBLE BENEFITS TO THE COMMUNITY?

The following secti on provides examples of benefi ts and when they 
could occur in the project development cycle. The benefi ts highlighted in 
this secti on are drawn from examples in Nova Scoti a and other jurisdic-

FOUNDATIONAL CONCEPT: DIRECT, INDIRECT, AND INDUCED ECONOMIC 
IMPACTS

Direct economic impacts of renewable energy initi ati ves come from on-site or im-
mediate eff ects created by an investment or change in fi nal demand for aff ected 
sectors. For example, the direct eff ects of a ti dal project can be increases in the:

 • sales of ti dal turbines,
 • income of local turbine manufacturers, and
 • jobs of workers who assemble the ti dal turbines at the manufacturing 
    plant.

Indirect economic impacts result from changing demands for those sectors that 
help produce the technologies. For example, an increase in producti on of turbines 
can expand:

 • sales of steel to supply the turbine manufacturers,
 • income of supplier companies, and
 • jobs of workers in companies that supply materials to the turbine as- 
 semblers.

Induced economic impacts occur when the income generated from the direct and 
indirect eff ects is re-spent in the local economy. 

For example, induced benefi ts could include increases in: 

 • sales of groceries in the towns where turbine assembly workers live,
 • income of local businesses in the towns where turbine assembly 
    workers live and spend their money, and
 • jobs for workers at the local grocery store because employees of  
                   turbine assemblers used their increased wages to buy groceries.

Source: United States Environmental Protecti on Agency, Quanti fying Economic 
Benefi ts, para. 1, htt p://epa.gov/statelocalclimate/state/acti viti es/quanti fying-
econ.html 

There is limited 
understanding of 

the short and long-
term impacts associ-
ated with tidal en-
ergy projects.  
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ti ons. Benefi ts described here represent potenti al rather than guaranteed outcomes. A TEC project will have 
unique impacts and yield diff erent benefi ts, depending on whether the project is a small community-based 
or a large industrial-scale project. (For a more in-depth investi gati on of economic impact by sector, see Mod-
ule 11: Assessing the Potenti al Economic Impacts of a Five Megawatt  Tidal Energy Development in the Digby 
Area of the Bay of Fundy). The benefi ts that accrue through a parti cular project or to a parti cular community 
are largely determined by a variety of internal and external factors. 

Internal factors include:

 • Local availability of skills and workers;

 • Demography;

 • Geography;

 • Resource intensity;

 • Land availability, in parti cular, industrial land;

 • Local commercial and industrial land taxati on rates;

 • Economic mix, in parti cular, the level and type of acti vity related to coastal and marine industries;

 • Availability of manufacturing faciliti es;

 • Port infrastructure and availability of marine vessels;

 • Politi cal and administrati ve capacity; 

 • User confl icts such as subsistence and commercial fi shing, shipping, or ferry services.

External factors include:

 • Politi cal stability and legislati on around marine renewable energy;

 • The established market price for renewable energy; 

 • Stability of energy project developers; 

 • Any new policy or legislati on dealing with the pricing of negati ve externaliti es from energy produc-
    ti on (e.g. a carbon tax). 

8.2.1 - DISCUSSION OF SOCIAL BENEFITS

Knowledge of the social benefi ts of ti dal energy is relati vely limited at this point, compared to the economic 
and environmental benefi ts. This is due in large part to the small number of projects at this ti me. Social 
benefi ts largely stem from the possible increase in energy security and the long term stability of the price of 
energy. There is also the eff ect of reduced emissions and parti culates from fossil fuel based energy, which 
has downstream benefi ts for health and wellbeing.
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 Table 8-3: Potenti al Social Benefi ts of TEC Project Acti viti es

POTENTIAL SOCIAL BENEFITS OF TEC PROJECT ACTIVITIES

OPPORTUNITIES CHALLENGES

Involvement of local offi  cials and citi -
zens in the planning process

The development of a renewable 
energy project provides the opportu-
nity for local offi  cials and citi zens to 
gain valuable experience in project 
planning and stakeholder engage-
ment. Being involved in a project can 
lead to the development of skills like 
facilitati ng community meeti ngs or 
negoti ati ng contracts. It also provides 
an opportunity to collect informati on 
about citi zen atti  tudes on other is-
sues in the community.

Time restricti ons due to work, sea-
sonal labour, and having multi ple re-
sponsibiliti es may limit involvement.

VIGNETTE: FEED IN TARIFF IN ONTARIO

Community-based energy producti on is growing in Canada. Currently, Prince Edward Island, Ontario, 
and Nova Scoti a have Feed-in-Tariff  programs for renewable energy. Ontario established a feed-in 
tariff  program in 2009 to support the development of large and community-based renewable energy 
and to off set the use of coal fi red power plants in the province. Similar to the COMFIT program in 
Nova Scoti a, the FIT program in Ontario off ered premium prices for specifi c types of renewable en-
ergy, with solar receiving the highest price for producti on. Aft er two years, the FIT program in Ontario 
saw positi ve results.

 • The government approved more than 2,500 small and large FIT projects that will produce 
    enough electricity to power 1.2 million homes.

 • The program att racted more than $27 billion in private sector investment.

 • The program att racted more than 30 clean energy companies.

 • The program created more than 20,000 jobs.

Source: Feed-In Tariff  Program Two-Year Review – Government of Ontario htt p://www.energy.gov.
on.ca/en/fi t-and-microfi t-program/2-year-fi t-review/
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POTENTIAL SOCIAL BENEFITS OF TEC PROJECT ACTIVITIES

OPPORTUNITIES CHALLENGES

Local facility or amenity improve-
ments

Many smaller communiti es have 
limited capital to develop new ame-
niti es or improve existi ng ones such 
as recreati on faciliti es. These types 
of ameniti es can serve as gathering 
places and add to the quality of life in 
a community. The cost of these ame-
niti es can be negoti ated with the de-
veloper or through revenue from the 
community-owned project.

The fi rst ti dal energy developments 
will be expensive and project devel-
opers may not have funds to improve 
local faciliti es. Policy changes may re-
duce the tariff  price for ti dal energy.

Development of trails and access 
roads for the development

Depending on the project, access 
roads and similar infrastructure may 
need to be built. This can present 
an opportunity to increase access 
to natural areas or expand an exist-
ing trail network. However, if this is a 
goal, it should be arti culated and in-
corporated into the project planning 
process at the outset.

Access roads may not be required 
for many projects, may be unsuitable 
for recreati onal use, or may not be 
in areas slated for residenti al, com-
mercial, insti tuti onal, recreati onal, or 
industrial development.

Employment opportuniti es for new 
entrants or displaced workers

Projects will support a variety of jobs 
– the amount, type, length, and loca-
ti on of those jobs is defi ned by the 
project specifi cs. Increased employ-
ment opportuniti es can stem out-
migrati on and support a more stable 
community.

Employment opportuniti es are large-
ly conti ngent on the project and the 
local labour market.

Increased community capacity and 
broader discussion of socio-econom-
ic issues

Developing community capacity re-
fers to the ability for communiti es to 
organize and move towards att aining 
desired goals such as increasing eco-
nomic diversity or conservati on of 
habitat. Training and workshops can 
provide skills and increase the human 
resource capacity of communiti es as 
a whole (Pembina Insti tute and Ecol-
ogy Acti on Centre, 2011). Any stake-
holder engagement acti vity has the 
potenti al to spur further discussion 
and strengthen connecti ons within 
a community. However, some issues 
can be divisive, so a careful and well 
planned community engagement 
strategy with well-trained facilitators 
is essenti al.

Time restricti ons due to work, sea-
sonal labour, and having multi ple 
responsibiliti es (work/home/volun-
teering) may limit citi zen involve-
ment.
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8.2.2 - DISCUSSION OF ECONOMIC BENEFITS

Table 8-4 describes a variety of potenti al economic benefi ts from the development of ti dal energy. As an in-
dustry sti ll in development, ti dal energy is not currently ready to support a robust supply chain. The ability of 
a community to garner economic benefi ts will depend on whether it has the necessary infrastructure, work-
force, contractors, and experience for managing a ti dal energy development project or power plant (Dalton & 
Ó Gallachóir, 2010). Many rural areas may not have the mix or scale of economic acti vity to provide 100% local 
content for a project. Generic services such as surveying or tradespeople (e.g. electricians), could meet some 
short and long term demand locally, such as project monitoring and minor maintenance. The benefi t of not 
having all needed skills in one place means adjoining communiti es could fi ll in gaps. Consequently, ti dal energy 
project spending becomes regional, rather than just local, thus spreading the economic benefi ts widely.

 Table 8-4: Potenti al Economic Benefi ts of TEC Development

POTENTIAL ECONOMIC BENEFITS OF TEC DEVELOPMENT

OPPORTUNITIES CHALLENGES

Direct employment; use of local con-
tent and contractors

The hiring of local residents or pur-
chasing of locally produced goods 
for a ti dal energy project is a signifi -
cant opportunity. The inputs for a 
project will require highly technical 
to low-skilled labour. This provides 
opportunity for a broad range of 
employment opportuniti es.

The amount of labour and inputs 
sourced locally will depend upon 
the industrial and labour market 
characteristi cs of the area and 
the project itself. In some cases, a 
project will only require a limited 
amount of local goods or services. 
There are currently no local content 
rules for ti dal energy development 
in Nova Scoti a.

Land rental or lease fees The rental or lease of land or of-
fi ce space may be required during 
the project planning, constructi on, 
operati ons, and decommissioning 
phases of a TEC project.

Rentals and/or leases may be con-
ti ngent on the context and type of 
project.

Indirect employment opportuniti es An infl ux of workers into a commu-
nity will create demand for services 
indirectly related to the project such 
as lodgings, food, and other services.

This impact will likely only be sig-
nifi cant during the constructi on and 
decommissioning phases of a proj-
ect as this is when the most labour 
is required on site.
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POTENTIAL ECONOMIC BENEFITS OF TEC DEVELOPMENT

OPPORTUNITIES CHALLENGES

Potenti al for off season employment 
for seasonal workers, including skills 
to assist in transiti oning from tradi-
ti onal to newer marine industries

TEC site evaluati ons, data col-
lecti on, deployment, safety, and 
monitoring acti viti es can support 
additi onal employment for fi shers, 
hunters, and other seasonal work-
ers or income through the rental of 
vessels or other marine and coastal 
equipment and sites. Additi on-
ally, involvement in these acti viti es 
can support the development of 
a broader skills base in rural and 
coastal communiti es; for example, 
data collecti on and monitoring.

The size and scale of a project will 
defi ne the needs for additi onal staff . 
Smaller scale projects will likely have 
fewer requirements for acti viti es 
like monitoring. Those hired to as-
sist with project acti viti es may only 
be required to be on hand in case of 
emergency and, consequently, will 
have limited opportunity to develop 
new skills.

Development of educati on and train-
ing programs

As the ti dal energy industry grows, 
it will require a variety of skills and 
competencies at all levels. This can 
support the expansion of current 
programs or the creati on of new 
ones in universiti es and community 
colleges to support the demand of 
the industry.

It is diffi  cult to ensure that training is 
available ahead of labour demand, 
at a level that meets the indus-
try’s skills needs, and that supplies 
enough graduates. Industry and de-
velopers will need to work closely 
with training insti tuti ons.

Additi onal revenue or payment to 
the community

Community-owned projects can 
provide-- given limited downti me of 
TEC devices-- a consistent stream of 
revenue from the sale of energy.

High project costs, debt payments, 
and unforeseen technology fail-
ures or damages may a) increase 
the ti me before a project generates 
profi t or b) limit the amount of en-
ergy sold.

Tourism opportuniti es The ti dal barrage interpreti ve cen-
tre in Annapolis Royal, Nova Scoti a 
is a tourist att racti on. Wind energy 
projects elsewhere have also been 
shown to draw tourists to an area.

TEC projects are, for the most part, 
enti rely underwater and out of 
view. Consequently, they provide 
litt le in the way of an att racti on. The 
building of an interpretati on centre 
around TEC projects may not be af-
fordable for some projects.

Long term stability of energy prices Investment in renewable energies 
is costly. However, because the fuel 
for renewable energy such as ti dal 
is free, it may be less costly than 
relying on fossil fuels over the long 
term.

Stability is conti ngent on conti nued 
politi cal will to provide renewable 
energy projects access to markets.
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POTENTIAL ECONOMIC BENEFITS OF TEC DEVELOPMENT

OPPORTUNITIES CHALLENGES

Research and Development opportu-
niti es

The processes and technology 
needed for all stages of TEC proj-
ects sti ll require extensive research. 
There is a need for research facili-
ti es and marine areas to test out 
new processes and technologies. 
This presents an opportunity for 
communiti es to capture some of 
the research and development 
funds associated with the industry 
either directly through employment 
opportuniti es or through providing 
services to researchers such as of-
fi ce space, accommodati ons, and 
food.

Companies and university research-
ers may opt to not take research out 
into communiti es and instead, do 
all, or most, of the work in-house. 
The most expensive research oc-
curs around device testi ng and the 
Fundy Ocean Research Centre for 
Energy is expected to be the only 
large-scale testi ng site for TEC de-
vices in Nova Scoti a. A site for small 
scale testi ng is yet to be established; 
however, the area of Brier Island 
has been proposed. This limits the 
opportunity for TEC technology 
testi ng; however, other types of re-
search opportuniti es may be avail-
able.

8.2.3 - DISCUSSION OF ENVIRONMENTAL BENEFITS

The environmental benefi ts of ti dal energy development are not oft en discussed at the project level because 
the focus in the environmental literature has been on miti gati ng negati ve impacts. Projects are oft en present-
ed in terms of how they will miti gate negati ve outcomes, if any, rather than in terms of their environmental 
benefi ts. The near and far fi eld eff ects of TEC on the marine and coastal environment are largely unknown; 
therefore, benefi ts must be weighed against any negati ve impacts on the natural environment caused by TEC 
development. 

There are some well accepted environmental benefi ts of renewable energy. The reducti on of emissions from 
fossil fuel combusti on supports cleaner air, water, and soil. Renewables also support reduced use of fresh wa-
ter used in electricity producti on. 1

1  Water is used in conventi onal and renewable energy producti on systems. Per kWh, 0.2 – 0.6 gallons of water are used depend-
ing on the technology employed. Between 3.5 – 61 gallons are used to create one litre of ethanol (Synder & Kaiser, 2009). Oil sands 
extracti on uses between 2 to 4 barrels of fresh water for one barrel of bitumen (Pembina Insti tute, Oils Sands Watch, Water Impacts, 
para. 2).
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Table 8-5: Potenti al Environmental Benefi ts of TEC Development

POTENTIAL ENVIRONMENTAL BENEFITS OF TEC DEVELOPMENT

OPPORTUNITIES CHALLENGES

Detailed informati on on local bioti c 
and abioti c marine and coastal 
systems

All projects will require some 
documentati on of the physical and 
ecological systems in the project 
area. The larger the project and the 
expected impact, the more detailed 
the informati on. This informati on, 
if made available to the public, can 
provide invaluable informati on for 
communiti es to support conser-
vati on, educati on, tourism, and 
research opportuniti es.

The level of informati on collected is 
conti ngent on the project and the 
ability of the team collecti ng it. 
Access to summary informati on 
versus raw data may vary. 

Hiding and resti ng space for marine 
life

Establishing fi shing exclusion 
zones around converters may help 
increase the amount of shelter 
for marine life. Such zones could 
possibly increase habitat for certain 
benthic species.

Creati ng exclusion zones may be 
more applicable to off shore wind, 
but ti dal arrays may off er this op-
portunity.

Increased stewardship of coastal 
and marine areas

The att enti on drawn to coastal and 
marine areas by ti dal energy may 
encourage greater appreciati on and 
interest in these environments and 
associated biota.

Att enti on may create backlash to 
development.

Potenti al for coastal defence Taking some energy or slowing the 
velocity of water as it reaches shore 
may provide erosion protecti on to 
some coastal areas.

This is speculati ve and is very con-
ti ngent on the site and project.

8.2.4 - RESOURCES FOR UNDERSTANDING AND ESTIMATING ECONOMIC AND SOCIAL IMPACTS OF 
TIDAL ENERGY DEVELOPMENT

The following is a selecti on of tools and informati on to bett er understand the economic and social impacts of 
ti dal energy. 

Nova Scoti a Department of Energy - COMFIT Tool Kit
The COMFIT Tool Kit consists of materials designed for eligible enti ti es to educate individuals, groups, and 
communiti es about the Nova Scoti a Community Feed-In Tariff  (COMFIT) Program. It also contains a high level 
discussion of what community benefi ts could come from renewable energy development. 
htt p://nsrenewables.ca/comfi t-tool-kit
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Department of Natural Resources – RETScreen Internati onal 
RETScreen is Excel-based clean energy project analysis soft ware tools, that helps decision makers quickly and 
inexpensively determine the technical and fi nancial viability of potenti al renewable energy, energy effi  ciency, 
and cogenerati on projects. The Department of Natural Resources also provides a suite of training materials 
to help new users learn how to use RETScreen eff ecti vely and has recently developed a policy development 
toolkit to compliment the RETScreen applicati on. 
htt p://www.retscreen.net/ang/home.php

TREC Renewable Energy Co-operati ve – Community Power Toolkit
TREC is creati ng a series of free tools that address various aspects of project development. Each tool contains 
key informati on about topics like Member Management in a Renewable Energy Co-op and Community-Cor-
porate Partnerships. The toolkit is based on Ontario legislati on, but much of the key informati on is transfer-
able to Nova Scoti a. 
htt p://www.trec.on.ca/services-resources/toolkit 

United States Environmental Protecti on Agency – Quanti fying Economic Benefi ts 
This page provides links to a variety of free and fee-for-service models that esti mate the cost, return on 
investment, job creati on potenti al, and overall economic impact of renewable energy projects and invest-
ments.
 htt p://epa.gov/statelocalclimate/state/acti viti es/quanti fying-econ.html#a04

Fundy Energy Research Network - Scoping Study on Socio-Economic Impacts of Tidal Energy Development 
in Nova Scoti a: A Research Synthesis & Prioriti es for Future Acti on
The scoping study highlights many of the socio-economic issues related to ti dal energy development and 
discusses best practi ces, case studies, and tools that have been developed to facilitate positi ve socio-eco-
nomic benefi ts and community development. The report provides an overview of research and best prac-
ti ces developed in Canada and abroad in relati on to ti dal energy developments and other renewable energy 
technologies.
htt p://fern.acadiau.ca/custom/fern/document_archive/repository/documents/139.pdf

Chris Joseph & Dr. Thomas Gunton. Overview of the Socio-economic Impacts of Renewable Ocean Energy 
Development on the BC Coast. (2008) Prepared for the Department of Fisheries and Oceans. 
Details available at: htt p://waves-vagues.dfo-mpo.gc.ca/waves-vagues/search-recherche/display-affi  ch-
er/332868

The Department of Fisheries and Oceans has commissioned this report to:

 • review the socio-economic impacts of renewable ocean energy development and the miti gati on  
 measures that can be used to address these impacts;

 • identi fy key knowledge gaps;

 • describe the scale of ROE resources of the BC coast;

 • describe the extent of planned ROE development on the BC coast;

 • scope potenti al socio-economic impacts of ROE development on the coastal communiti es and First 
 Nati ons of the BC coast;

 • identi fy ROE industry best practi ces; and

 • describe the insti tuti onal structure and approvals process for ROE on the BC coast.
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  8.3 - SECTION 2: STRATEGIES FOR COMMUNITIES AND BUSINESS-
  ES TO GARNER SOCIO-ECONOMIC BENEFITS

Author: Dr. John Colton

Nova Scoti a and other Atlanti c provinces have a pool of knowledge, in-
frastructure, and services related to ocean and marine technology and 
industry. Collecti vely, this combinati on of knowledge, infrastructure, and 
services have been used to develop a state-of-the-art commercial fi shery, 
ship building enterprises, oil and gas development, and barge hauling ser-
vices. Local, regional, provincial, and federal governments have invested 
signifi cant resources into exploring how the skills associated with these 
types of industries can be used in other industrial sectors. This is impor-
tant, as communiti es 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 citi -
zens, and its services and ameniti es and understanding how these can 
collecti vely contribute to and support ti dal energy development may pro-
vide for greater community resiliency. 

This secti on provides strategies and informati on for communiti es, along 
with their local governments, to take up the potenti al opportuniti es pro-
vided by ti dal energy. It also profi les various ownership models, each of 
which provides diff erent benefi ts to the community. 

8.3.1 - COMMUNITY STRATEGIES

 Strategies for community development have evolved from a traditi onal 
top-down approach to a grass-roots approach. Inherent in this shift  has 
been the role of the citi zen and the focus of development. Rather than 
development driven primarily by economic considerati ons, development 
is focussed on supporti ng people and building communiti es (that can sti ll 
include economic development). Citi zens and other stakeholders in this 
new model of development become acti ve agents in shaping their com-
muniti es through harnessing local assets found in community capital.

Traditi onal economic development models have focussed on job creati on 
and creati ng greater economic diversity to sti mulate economic growth 
in regions. Increasingly, this development approach is being replaced by 
a more holisti c approach that focuses on socio-economic growth. This 
approach to development moves beyond job creati on by broadening its 
focus to community development. With this approach, the community is 
examined through another lens: that of community capital. Researchers 
have identi fi ed a variety of types of community capital: natural capital, 
physical capital, economic capital, human capital, social capital, and cul-
tural capital. Examples of these capitals are noted in Table 8-6.

Exploring a com-
munity’s infra-

structure, skills and 
knowledge of its 
citizens, and its ser-
vices and amenities 
and understanding 
how these can col-
lectively contribute 
to and support tidal 
energy development 
may provide for 
greater community 
resiliency. 

FOUNDATIONAL CONCEPT: 
RESILIENCY

Resiliency is “the capacity for hu-
mans to change their behaviours, 
economic relati onships, and social 
insti tuti ons such that economic 
vitality is maintained and social 
stresses are minimized” (Quigley
et al., 1996:35).



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute 8 - OPPORTUNITIES AND STRATEGIES FOR COMMUNITIES 162

 Table 8-6: Types of Capital

Natural capital Physical capital Economic capital

     • Land
     • Soil
     • Groundwater
     • Surface water
     • Air
     • Minerals and Non-renewable Re-
        sources

     • Infrastructure
     • Land
     • Transportati on
     • Housing and Living Conditi ons
     • Public Faciliti es

     • Labour
     • Job Creati on
     • Financial Resources
     • Economic Structure
     • Economic Diversity

Human capital Social capital Cultural capital

     • Educati on
     • Health and Well-being

     • Citi zenship
     • Safety
     • Social Networks

     • Cultural Heritage
     • Identi ty and Diversity
     • Community Pride

 Source: Based on Centre for Sustainable Community Development (2012) htt p://www.ccscan-ca.cscd.sfu.ca/stocks/

8.3.2 - SOCIAL CAPITAL 

Social capital has received the most att enti on, as it is the social networks, relati onships among stakeholders 
(i.e. trust, norms, shared values), and the level of citi zenship that support the other types of community capi-
tal. Unlike the other forms of community capital, social capital cannot be observed on its own, but only in the 
interacti ons between individuals and among groups. As such, social capital does not simply exist, as a building 
or lake does, but requires acti on to establish and maintain it. The social networks that comprise social capital 
allow for groups to access resources and support, and to problem-solve. Acti viti es within a community that 
help create feelings of tolerance, altruism, trust, and security can help to build social capital within a commu-
nity. Conversely, situati ons that promote intolerance, greed, distrust, and fear will degrade social relati ons that 
promote community capital (Callaghan & Colton, 2008).

TOOL: COMMUNITY CAPITAL SCAN

The Community Capital Scan (CCS) is an Internet-based instrument developed by the Center for Sustainable Com-
munity Development of Simon Fraser University (Vancouver, Canada) and Telos, the Brabant Center for Sustain-
able Development of Tilburg University (Netherlands). The CCS off ers the opportunity to gain advance insight into 
how projects or programmes are expected to contribute to the sustainable development of a community. This 
insight is obtained by asking all the relevant stakeholders involved in a project or programme to give their opinion 
of it by means of a structured questi onnaire. The questi ons relate to the six capitals of sustainable community 
development: natural capital, physical capital, economic capital, social capital, human capital, and cultural capital. 
To facilitate interpretati on, the outcomes are presented graphically. In additi on, the scan off ers an opportunity to 
make a wide range of suggesti ons for improvements to the project. There is also the opti on to fi ll in the CCS scan 
individually.

See: Community Capital Scan htt p://www.ccscan-ca.cscd.sfu.ca/ccs/
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Tidal energy projects can support community capital by considering how the project can support and enhance other 
types of capital in the community, in additi on to economic capital. Questi ons that can be considered include:

 • In what ways can the community engagement process be leveraged to create ongoing community dia- 
 logue around other important community development issues?

 • How can ti dal energy development be approached in a way that enhances pride in community?

 • How can ti dal energy development support community health and wellness?

 • How can ti dal energy development enhance community capacity?

 • How can ti dal energy development be leveaged into other socioeconomic development opportuniti es?

 • How can ti dal energy development support/contribute to other community infrastructure?

Being thoughtf ul and deliberate is essenti al in contributi ng to community capital in the development approach. In 
planning a ti dal energy project, these and other questi ons should be raised. There should be deliberate att empts to 
enhance community capital, as opposed to it being an unplanned by-product of a development process.

A criti cal component of working to increase community capital is by building community capacity. Asset-Based Com-
munity Development (ABCD) is a model for strengthening community capacity by focussing on the powers of local 
organizati ons and associati ons, the supporti ve functi ons of local government and non-government insti tuti ons, and 
the skills and knowledge of local residents and other stakeholders. ABCD has become a popular approach to develop-
ment as it has reshaped how development occurs. Rather than approaching development based on the end goals of 
the community (e.g., jobs), it focuses on community/individual assets within a community (what currently exists) and 
how these might be used and simultaneously strengthened through an asset-based approach to development.

There are six important categories of assets within any community: 

 1. Assets of individuals, 

 2. Assets of associati ons, 

 3. Assets of insti tuti ons,

 4. Economic linkages and business assets,

 5. Natural resource assets,  

 6. Previous processes and plans for community and economic development.

For more informati on see: The Asset-Based Community Development Insti tute  htt p://www.abcdinsti tute.org/.

Tidal energy developers can benefi t from using an ABCD approach by bett er understanding other assets in 
the community other than ti dal assets (i.e., natural assets). For example, local people involved in commercial 
fi sheries will have local knowledge of ti des, fi sh, and marine mammals. They may have boats that may be able 
to service aspects of the ti dal energy development acti viti es. 



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute 8 - OPPORTUNITIES AND STRATEGIES FOR COMMUNITIES 164

8.3.3 - COMMUNITY ASSET-MAPPING 

Asset mapping has grown in popularity and is now seen as a criti cal tool in community and regional economic 
development. Used as a tool, it can provide the foundati on for community development and strategic plan-
ning. 

Asset mapping can involve: 

 • an inventory of community assets,

 • a ranking of the most valued assets,

 • an understanding of the connecti ons among and between these assets, 

 • an understanding of why these assets are valued, and

 • an understanding of the community’s vision for the future.

Asset mapping is intended to promote connecti ons and/or relati onships among people, between people and 
organizati ons, and between organizati ons. Collecti vely, this knowledge can support development by building 
on the strengths inherent in the community. Asset mapping also identi fi es gaps and where they exist; plan-
ners, developers, and community leaders can coordinate initi ati ves to fi ll these gaps. 

Methods used for asset mapping vary, but generally include parti cipatory approaches that engage citi zens and 
other local stakeholders. The Asset Mapping Handbook  (htt p://www.rwmc.uoguelph.ca/cms/documents/11/
Asset_Mapping1.pdf) provides examples of the methods that can be used in asset mapping.

VIGNETTE: TEAM TIDAL DIGBY 

The Municipality of the District of Digby, in partnership with the Town of Digby and the Annapolis-
Digby Economic Development Agency, have developed an economic development team called Team 
Tidal Digby. Team Tidal Digby is focussed on bringing ti dal energy-related development to the Port of 
Digby and the local area. Team Tidal Digby is working to make the Town of Digby the port of choice 
for ti dal energy developers in the Bay of Fundy. Recent promoti onal acti viti es have had a high impact 
in terms of media coverage and in raising awareness of the Port of Digby’s infrastructure and related 
ameniti es. Att endance at key ti dal energy stakeholder symposiums, road shows to promote the Port 
of Digby, and well developed promoti onal material, including a brochure, have positi oned the Town of 
Digby and the Port of Digby as a place to do business. 

Underlying this strategy is an understanding of the needs of the ti dal energy industry. Also, there is 
recogniti on the Port of Digby is well positi oned geographically to deliver services to the ti dal energy 
industry. Key capabiliti es at the Port of Digby that Team Tidal Digby promotes are fabricati on, mainte-
nance, repair and overhaul, testi ng, and deployment.
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8.4 - NICHE COMMUNITY-BUSINESS OPPORTUNITIES

Further, socio-economic benefi ts can be garnered by developing niche business opportuniti es that comple-
ment ti dal energy development. Niche businesses oft en correspond directly to local community assets and 
community capital. Community-based business and entrepreneurial acti viti es could include:

 • Tourism: Tourists are increasingly interested in learning through experienti al acti viti es during their 
    travel. Interpreti ve centres that provide hands-on learning, meaningful engagement opportuniti es 
    with local people, and a chance to purchase a unique item/gift  from the community or interpreti ve 
    centre are important. Tourism development may complement a ti dal energy development project 
    as it presents an opportunity to teach people about the ecology (including human ecology) of the 
    marine environment, the nature of the ti dal cycle, the process of energy extracti on from the ti des, 
    and the types of research undertaken that provides signifi cant insight into the types of impacts of 
      this type of energy extracti on. The Tourism Industry Associati on of Nova Scoti a’s (TIANS) Best Practi ces 

 (htt p://www.ti ans.org/programs/best-practi ce-resources) provides informati on on tourist markets, 
    marketi ng, and product development.

 • Greenhouses: For communiti es producing energy for locally-distributed grids (e.g. COMFITS), invest-
      ing in greenhouses for growing fruits and vegetables presents both an opportunity and fi lls a need for 
   locally produced goods. This opportunity might be especially important for remote communi-
          ti es. Specialty products, such as some herbs, can be grown and made available off -season to local and re-
     gional restaurants and specialty stores. Iceland has been using its geothermal energy resources since 
   1924 to heat greenhouses to grow various vegetables (See: Iceland Nati onal Energy Authority -

htt p://www.nea.is/geothermal/direct-uti lizati on/greenhouses/). 

 • Business/Start-Ups: Rural and remote communiti es may develop fi nancial tax-based incenti ves to en-
    courage and support the development of local businesses aligned with community assets and capi-
   tal. Locally produced energy and agreements between power developers and local governments 
    might provide opportuniti es for lower energy costs to support business development.

VIGNETTE: ANNAPOLIS TIDAL STATION

The Annapolis Tidal Stati on came online in 1984. This ti dal energy generati ng stati on is based on a 
barrage model. In this model, the ti dal Annapolis River is dammed and water is funneled through a 
ti dal generati ng plant. The ti dal stati on doubles as an interpreti ve centre and is a noted tourism att rac-
ti on in the region. Visitati on numbers suggest that people are interested in learning about innovati ve 
renewable energy opportuniti es like ti dal energy. 
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  8.5 - OWNERSHIP MODELS

The level, type, and disbursement of benefi ts from a renewable energy project are largely conti ngent on the 
project’s ownership model. Table 8-7 presents three types of ownership models: local, shared/partnership, 
and developer ownership. Each ownership model is unique and will have its own benefi ts, costs, strategies, 
and governance models. 

Tidal energy development may provide rural, island, and other remote communiti es with energy that may al-
low for development of local small-scale industries such as greenhouses, tourism-related acti viti es/faciliti es, 
or small-scale manufacturing. Any ownership model can produce these types of opportuniti es. Choosing the 
model will depend on resources available, the mix of stakeholders, and the willingness to take on the risks as-
sociated with ownership.

Photo Credit: Leigh Melanson
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 Table 8-7: Pros and Cons of Diff erent Ownership Models

MODEL PROS CONS
STRATEGIES FOR 
DEVELOPMENT

GOVERNANCE

   
   

   
   

   
   

 L
oc

al
 O

w
ne

rs
hi

p

Lower energy costs 
and reliable supply 
either directly or 
indirectly

Use of local busi-
ness/services

Local income gen-
erati on

Greater local/com-
munity acceptance 
of renewable energy 
project

Greater local control 
of siti ng and overall 
project manage-
ment

Opportuniti es for 
empowerment

Encourages socially 
responsible invest-
ing

Risk is solely with 
the community

Experience may be 
limited

Competi ti on for 
funding can be high

Community may 
be responsible for 
decommissioning 
costs

Community mem-
bers may experi-
ence “burnout”

CEDIFs:
A Community Economic Develop-
ment Investment Fund (CEDIF) 
can be created to support local 
ownership. The CEDIF commit-
tee must have at least six elected 
directors. Their role is to manage 
the CEDIF fund, which is created 
by a pool of capital raised through 
the selling of shares to members 
in a defi ned community. 

Municipal Investment:
Municipaliti es may be able to 
invest directly in a renewable 
energy project like ti dal energy. 
However, limits to direct munici-
pal investment will be limited and 
based on legislated bylaws.

Bylaws/MPS:
It is necessary to develop the ap-
propriate bylaws within a Munici-
pal Planning Strategy (MPS) that 
support ti dal energy develop-
ment. Integrated Community Sus-
tainability Plans (ICSP) may also 
provide an opportunity to de-
velop strategies that enable ti dal 
energy development. 

The measures outlined below 
will support governance in locally 
owned energy projects.

Terms of Reference (TOR): This 
document should outline a com-
municati on strategy, identi fy how 
benefi ts/costs will be shared, 
address how confl icts of interest 
might be managed, and outline 
other key management issues. 
The TOR must also include infor-
mati on regarding the electi on of 
offi  cers/members of management 
committ ee.

Project 0 & M: Key factors in 
Operati ons and Maintenance 
include administrati on, conduct 
of operati ons, equipment status, 
operator knowledge and perfor-
mance, conduct of maintenance, 
and preventati ve maintenance.

Community updates: How the 
community will be kept informed 
of the project, its status, and 
rates of return is another con-
siderati on. On-going community 
updates will be important and be 
accomplished through municipal 
website, fl yer in the mail or with a 
local bill such as water, and public 
meeti ngs.

Distributi on of funds: Terms of 
reference for the distributi on of 
funds at the outset of the project 
is important and must be trans-
parent. Rules and procedures for a 
periodic review and modifi cati on 
of distributi on of funds to deal 
with arising community needs will 
be necessary.
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MODEL PROS CONS
STRATEGIES FOR 
DEVELOPMENT

GOVERNANCE

Sh
ar

ed
 / 

Pa
rt

ne
rs

hi
ps

O
w

ne
rs

hi
p

Use of local busi-
ness/services

Financial strength 
and credit capacity

Technical experti se

Local recogniti on 
and acceptance

Project develop-
ment and technical 
experience

Community sweat 
and fi nancial equity

Investment risk to 
all partners

Values may not be 
consistent among 
partners

Reputati on of 
partners is at risk if 
project fails

Equitable decision-
making among 
partners is chal-
lenging

The COMFIT program provides 
partnership opportuniti es if the 
community has a major share of 
ownership (> 50%). Other consid-
erati ons include the need to:

     • Develop partnerships based        
        on shared values
     • Determine the contributi on 
         of each partner 
     • Determine majority and mi-
         nority rights 
     • Determine fi nancing arran-
        gements 
     • Determine operati onal 
        decision-making
     • Determine exit mechanism

Governance will require the 
development of a coordinati ng 
body. Coordinati ng structures 
could include:
     • Steering Committ ee
     • Task Force
     • Ad Hoc Committ ee
     • Standing Committ ee

The coordinati ng body will be 
responsible for determining how:
     • decisions are made and by 
        whom;
     • leaders are chosen;
     • members are chosen;
     • informati on is shared;
     • confl ict is managed;
     • risk is managed;
     • day to day acti viti es are car- 
        ried out by the organizati on; 
        and 
     • staff  are managed.

D
ev

el
op

er
 O

w
ne

rs
hi

p

Use of local busi-
ness/services

Local share-holding 
opportuniti es

Sharing of data on 
marine environment 
and other areas

Developer spon-
sored community 
initi ati ves

Lack of local control 
over local marine 
resources

Decommission risks

Foreign ownership 
and/or rights to 
natural resources

Nova Scoti a’s Tidal Array Feed-in-
Tariff  (FIT) (htt p://nsrenew
ables.ca/ti dal-array-feed-tariff )
program for Independent Power 
Producers provides opportuniti es 
for developer ownership. The FIT 
applies to ti dal devices in units 
greater than 0.5MW or set up 
in arrays. There are no limits on 
ownership.

Developer-owned projects will 
likely require:
     • Development agreements 
        between project partners
     • MOUs (Memorandum of Un-
        derstanding) between region-
        al/provincial government and, 
        in some cases, local govern -
        ment
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  8.6 - MOVING TOWARD ACHIEVING SOCIO-ECONOMIC BENEFITS

In order to bett er realize the socio-economic benefi ts related to ti dal energy development, it is useful to incor-
porate the following elements into the planning of ti dal energy projects.

BEING PROACTIVE - Local and regional governments must be proacti ve in order to maximize benefi ts and min-
imize costs associated with ti dal energy development. Being proacti ve will involve becoming knowledgeable 
about renewable energy development. Parti cipati ng in local, regional, and/or provincial renewable energy-
related forums will provide this type of knowledge.

EDUCATION - Developing community buy-in across the stakeholder spectrum is essenti al in achieving socio-
economic benefi ts. Opportuniti es for educati on should be developed and can include public open houses, 
newslett ers, and school-based educati on initi ati ves. 

PARTNERSHIPS/NETWORKING - Developing strategic partnerships and strong networks with government, lo-
cal community organizati ons, and energy producers can support local and regional economic development. 

VISIONING - Local/regional government and regional economic development authoriti es (RDAs) should es-
tablish a vision for their energy future supported by strategic planning. Many municipaliti es have already ad-
dressed this with Integrated Community Sustainability Plans (ICSP’s).

 
  8.7 - CHECKLIST FOR COMMUNITIES

The following is a checklist that will help a community consider whether it has skills, experti se, or services that 
could supply ti dal energy projects. Ulti mately, the checklist serves to help identi fy what type of strategy could 
be developed to parti cipate in the ti dal energy supply chain.

Checklist for Communiti es

 1  Is there a task force, committ ee, or other network acti vely looking at ti dal energy opportuniti es in  
     your community?

 2  Do you have a complete and up-to-date labour force profi le (wages and benefi ts, supply and  occu-
     pati onal categories, skills, latest employment data, employment forecasts)?

 3  Do you have a complete and up-to-date list of educati on insti tuti ons (local or area) or others who 
      are able to supply training relevant to ti dal energy development?

 4  Are necessary business support programs in place to assist new ti dal energy companies to establish 
     and to assist existi ng businesses to take full advantage of supply chain opportuniti es presented?

 5  Are economic development and local offi  cials joining networks and att ending seminars and work-
      shops to learn about current and future ti dal energy development in your region?

 6  What experti se could be brought into the community or att racted by nearby ti dal energy develop-
      ment? 

 7  Does the Economic Development Coordinator/local RDA have a working knowledge of renewable 
      energy and know where to get further informati on?

 8  Does the community have an up-to-date community development strategy, an Integrated Commu-
      nity Sustainability Plan (ICSP), a strategic plan, or something similar?
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   9 - OPPORTUNITIES AND STRATEGIES FOR BUSINESSES 

WHAT DOES THIS MODULE COVER?

The natural resources available in Nova Scoti a’s ti des provide an oppor-
tunity for businesses to start-up or expand service off erings to a new in-
dustry and perhaps relocate near the resource. This module describes the 
potenti al commercial opportuniti es in a new ti dal energy industry and 
what businesses can do to take them up.

This module outlines the opportuniti es for businesses and strategies for 
taking advantage of them. Specifi cally, it covers the following:

• Acti viti es that will be undertaken at each stage of ti dal energy project 
development; 

• Product and service suppliers, and the skilled and knowledge workers 
needed at each stage;

• Business development strategies for harnessing the benefi ts of ti dal en-
ergy development; and 

• Government and non-government organizati ons that play an important 
role in the development of the ti dal energy.

This module is for anyone interested in how businesses can get involved 
in the ti dal energy industry as it develops.

   9.0 - SECTION 1: SUPPLY CHAIN DEVELOPMENT AND OPPORTUNITIES

Author: Elisa Obermann

Multi ple services, supplies, and experti se are required to support ti dal 
energy projects through each project stage throughout its lifespan. This 
supply chain includes many diff erent skillsets, tools, and service provid-
ers, including marine scienti sts and engineers, mechanical and electrical 
technicians, vessels, sensory instruments, divers, steel fabricati on, manu-
facturing, and supporti ng experti se such as insurance, legal, transporta-
ti on, and fi nancial services.

The development of a supply chain for the ti dal energy industry is impor-
tant for a number of reasons. First, a robust supply chain will be integral 
to the growth and success of Nova Scoti a’s ti dal energy industry. Without 
the experti se and supplies needed to service projects, ti dal energy will 
not be able to progress effi  ciently. Second, the building of a supply chain 
presents a new economic opportunity for businesses, communiti es, and 

Businesses that get 
involved in tidal 

energy development 
now will gain experi-
ence and skills needed 
to serve the industry 
as it grows.
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Nova Scoti ans. Businesses that get involved in ti dal energy development now will gain experience and skills 
needed to serve the industry as it grows. Lastly, growing a local supply chain for ti dal energy in Nova Scoti a 
and the region is important for ensuring that benefi ts from ti dal energy development are experienced by local 
communiti es and businesses. Given that the sector is at an early stage throughout the world, there is also a 
potenti al opportunity for enti ti es that get involved in ti dal energy projects now to service the global market.

 

   9.1 - TIDAL ENERGY SUPPLY CHAIN DEVELOPMENT

The ti dal energy supply chain is at a very early stage of development in Nova Scoti a and globally, which is 
refl ecti ve of the current state of the industry as a whole. To date, ti dal energy deployments have consisted 
primarily of one-off  prototype devices that have been experimental in nature, and therefore, a supply chain 
capable of providing tens or hundreds of devices per year for commercial deployment has yet to be estab-
lished. While this gap is a challenge to early projects, it can also be recognized as a window of opportunity for 
businesses that provide skills or services that can contribute to ti dal project and industry development. 

9.1.1 - CURRENT STATUS AND PROJECTED GROWTH

Tidal energy development in the near-term will be for the advancement of both small-scale (defi ned as less 
than 0.5 MW nameplate capacity) and large-scale in-stream ti dal devices. In the mid-term, demand for in-
stream ti dal, as well as off shore wind components and service is projected to increase. Eventually, industrial 
approaches to support project development will be needed. There are presently gaps in capability and capac-
ity regionally, as well as internati onally. 

There are few dedicated suppliers worldwide due to the relati vely small scale of the industry, but suppliers in 
related applicati ons may be able to contribute or modify existi ng products/services to supply the ti dal energy 
sector. Currently, major components such as gearboxes, blades, and hydraulic generators are being manufac-
tured as custom (one-off ) units. This increases the cost of the project and expands lead ti mes for prototypes 
since full design, development, and custom tooling/fabricati on is oft en required. However, it is likely that as 
projects move into an array stage of development, using multi ple devices, costs and ti me should both be re-
duced as supply chain capacity and capabiliti es grow. 

FOUNDATIONAL CONCEPT: WHAT IS A SUPPLY CHAIN? 

A supply chain encompasses all aspects of how a product is delivered to an end user. It is a network of retailers, distrib-
utors, transporters, storage faciliti es, and suppliers that parti cipate in the producti on, delivery, and sale of a product to 
the consumer. The supply chain is typically made up of multi ple companies who coordinate acti viti es to set themselves 
apart from the competi ti on.

A supply chain has three key parts:

 •Supply focuses on the raw materials supplied to manufacturing, including how, when, and from what locati on;

 •Manufacturing focuses on converti ng these raw materials into fi nished products; and

 •Distributi on focuses on ensuring these products reach the consumers through an organized network of distributors,      
   warehouses, and retailers.
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As more ti dal energy projects are developed and the industry matures, it is likely that volume can be expected 
to increase, att racti ng more suppliers, competi ti on, and security of supply.  Figure 9 1: Evoluti on of the Tidal 
Energy Supply Chain below illustrates an appropriate scenario for the conti nual development of the ti dal en-
ergy supply chain.

  
 Figure 9-1: Evoluti on of the Tidal Energy Supply Chain

 Source: (EquiMar, 2011)

9.1.2 - GAPS & CHALLENGES

Canada has several key areas where supply chain gaps and challenges have been identi fi ed. A 2011 study and 
report conducted by Natural Resources Canada engaged individuals representi ng various areas of the industry 
to provide insight on the status of the marine renewable energy industry and supply chain. The survey identi -
fi ed areas of strengths and perceived weaknesses of the current supply chain. 

 Table 9-1: MRE Supply Chain Strengths and Weaknesses

STRENGTHS WEAKNESSES

Deep sea ports Device manufacturing

Marine constructi on Engineering constructi on

Resource monitoring and analysis Foundati ons/anchoring

Environmental assessment

Marine supplies 

Commercial diving

Transport

Source: Marine renewable energy supply chain strength/weaknesses (adapted from Natural Resources Canada, Canmet Energy Report, 
“The Marine Renewable Energy Sector Early-Stage Supply Chain”, 2011)
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A Nova Scoti a-specifi c report commissioned by the Nova Scoti a Department of Energy in 2011, The Marine 
Renewable Energy Infrastructure Assessment, identi fi ed the availability of appropriate infrastructure in a deep 
water port with close proximity to the resource, as well as the need for adapti ve methods to service and/or 
deploy devices from shallow dry ports is as gaps that will need to be addressed to enable future development. 

9.1.3 - PARTICIPATING IN NOVA SCOTIA’S TIDAL ENERGY SUPPLY CHAIN

The ti dal energy supply chain consists of ten key segments. Various companies in Canada are providing ser-
vices or products in each of these segments.

 Table 9-2: Tidal Energy Supply Chain Segments

SUPPLY CHAIN SEGMENT DESCRIPTION

Technology developers Marine energy conversion device innovators, designers, and developers.

Manufacturers and suppliers Manufacturers and component suppliers.

Project developers Uti liti es and independent power producers.

Development services Resource assessment/modelling, mapping, environmental impact assessment, 
sea fl oor environmental assessment and related marine safety supply consults, 
permitti  ng, approvals planning, marine corrosion consulti ng.

Supporti ng technology providers Tidal current resource measurement devices, environmental monitoring de-
vices, buoys, underwater remote vehicle operators/owners, technical resource 
monitoring, and data collecti on.

Engineering and constructi on Safety management, work platf orms, underwater operators, cabling and electri-
cal interconnect for marine operati ons/faciliti es, anchoring systems, engineer-
ing fi rms (electrical, civil, mechanical), on-site supervision, and management.

Operati ons and maintenance Operati onal monitoring, transportati on, port faciliti es and marine operators 
with related experience (including transport vessels and operators and certi -
fi ed diving teams) with the ability to do deployment/removal, emergency repair, 
miti gati on strategies, and asset management.

Research and development Academia, private, and public research centres and bodies.

Policy and industry support Government policy development, industry associati ons, and non-governmental 
organizati ons.

Business services Legal, fi nancial, insurance, business communicati ons, market research, and 
training acti viti es.

Source: adapted from Natural Resources Canada, CanmetEnergy report, “The Marine Renewable Energy Sector Early-Stage Supply Chain”, 2011

Many existi ng Nova Scoti a and regional businesses are part of these segments and will have opportuniti es to 
parti cipate in the ti dal energy supply chain. Essenti ally, the gaps and challenges presented are opportuniti es 
for businesses to get involved early in project and industry development. Although Nova Scoti a does not yet 
have a mature ti dal energy supply chain, the province is well suited to engage in ti dal energy development, giv-
en its long marine industry traditi on—with signifi cant experience in fi shing, shipbuilding, and off shore oil and 
gas industries. Nova Scoti a has the highest concentrati on of ocean technology companies in North America, 
with more than 200 businesses in operati on. These companies have developed specialized experti se in marine 
environments all over the world and could service the ti dal energy industry. 

See Secti on 9.2 Project Stages for a detailed overview of ti dal energy project requirements and Nova Scoti a 
sectors with transferrable skills, experti se, and supplies. 
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9.1.4 - TIDAL ENERGY SUPPLY CHAIN REQUIREMENTS

In order to learn how businesses, communiti es, and individuals can become involved in ti dal energy devel-
opment, it is important to fi rst get an understanding of the supplies, services, and skills required for a ti dal 
energy project. As noted earlier, at this stage in the ti dal energy industry, there have only been a handful of 
one-off  projects consisti ng of prototype devices. However, from these projects, it is possible to provide a gen-
eral example and discussion of what service and supply provider requirements are likely to be involved with a 
single-device project. 

This secti on will provide an overview of an in-stream ti dal energy project, including a descripti on of project 
stages, project acti viti es, and potenti al supplies and services required. 

9.1.4.1 - OVERVIEW OF AN IN-STREAM TIDAL ENERGY PROJECT

An in-stream ti dal energy project will progress through a number of stages, each requiring an array of technical 
as well as supporti ng and enabling services. Service and supply provider requirements may diff er from project 
to project due to the size of the device, locati on, and project scope. Device design, number of devices, and site 
locati on are some of the factors that may dictate requirements. 

The following is a general descripti on of each project stage, sub-stages, associated acti viti es, and correspond-
ing services and supplies required. Some acti viti es and supplies/services required could be addressed by the 
project developer depending on in-house capability and capacity.

Gathering of data and analysis to inform this secti on is limited by the fact that all project deployments to date 
have been experimental in nature and there are few examples of service and supply delivery at each project 
stage. The following project life cycle inputs descripti on is a compilati on of data and analysis from case studies 
and reports focused on future industry projecti ons, and is not representati ve of any one parti cular existi ng or 
past project. (NOTE: The identi fi ed project acti viti es and inputs may not be exhausti ve.)

DISCUSSION: STRATEGIES FOR SUPPLY CHAIN INVOLVEMENT

There are two potenti al strategies companies must consider when getti  ng involved in the ti dal energy supply chain:

1. Early-mover: Suppliers can put themselves in a positi on to supply goods and services in advance of demand. If a 
supplier already has a producti on capability for the required components, there is likely to be minimal risk or delay in 
supplying volume.

2. Late-mover: Suppliers can wait for when demand for goods and services are strong enough and move then to supply 
the industry. 

Both routes involve an element of risk for both developers and suppliers. The early-mover can learn from mistakes, 
have ideas for improvement, and will have built relati onships with developers/clients. The late-mover can learn from 
negati ve experiences of the early-mover and build their business model and strategies around that (if possible).
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   9.2 - PROJECT STAGES

Similar to other renewable energy resources, like wind and solar, there are several project stages of ti dal 
energy development. This secti on will provide an overview of each stage to provide an understanding of the 
development process, associated acti viti es, and supply chain opportuniti es. 

   1. RESEARCH AND DEVELOPMENT

The research and development stage (R&D) includes research and testi ng of ti dal energy technologies to test 
and refi ne a prototype design that can be developed into a commercial-scale device. Typically, R&D acti viti es 
are conducted by specialized centers belonging to companies, universiti es, or government enti ti es. 

RESEARCH AND DEVELOPMENT

ACTIVITIES SUPPLIERS
EQUIPMENT &
INSTRUMENTS

SKILLED WORKERS & 
KNOWLEDGE WORKERS

• Energy conversion technology

• Energy storage/usage

• Prototype testi ng

• Investment

• Universiti es

• Government and industrial labs

• Research granti ng agencies

• Tidal/wave tanks

• Technical experti se (tech-
nology choice assessment)

• Electrical engineer

• Research support

• Financial services

Photo Credit: Leigh Melanson
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   2. SITE SCREENING AND PROJECT FEASIBILITY

The fi rst stage of project development is aimed at identi fying potenti al sites, learning characteristi cs of the 
sites, and determining feasibility of a project at those sites. Aft er a potenti al site has been identi fi ed through 
a site screening, a site resource assessment is completed. The next step is to conduct various feasibility stud-
ies that consider the resource identi fi ed, resulti ng in detailed modeling of potenti al constraints to the project. 
If a ti dal technology has already been selected, potenti al technical, physical, and environmental constraints 
infl uencing the site are assessed in relati on to the technology’s performance characteristi cs. 

SITE SCREENING AND PROJECT FEASIBILITY

ACTIVITIES SUPPLIERS
EQUIPMENT &
NSTRUMENTS

SKILLED WORKERS & 
KNOWLEDGE WORKERS

• Desktop screening exercise based on avail-
able data to identi fy sites

• Early stage resource assessment 

• Constraints analysis including preliminary 
identi fi cati on of First Nati ons interests, conser-
vati on areas, archaeological sites, infrastruc-
ture, and other marine environment users 
such as fi shing, commercial transportati on, 
recreati onal transportati on, defence

• Analysis of fi nancial feasibility

• Identi fi cati on of high-level site-related 
health and safety hazards for future assess-
ment and to inform design of Safety Plan

• Identi fi cati on of a suitable grid connecti on 
point and determinati on of availability

• Logisti cs analysis – identi fi cati on of suitable 
harbours, associated services, and infrastruc-
ture

• Identi fi cati on of marine renewable energy 
technology that will best fi t the project objec-
ti ves and identi fi ed sites

• Engineering and 
environmental 
consulti ng

• Financial services

• Universiti es

• Government 

• Desktop model-
ing tools

• Acousti c Dop-
pler Current 
Profi ler (ADCP)

• Technical experti se (tech-
nology choice assessment)

• Electrical engineer

• Research support

• Health & safety experti se

• Financial services
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   3. PLANNING

During the planning stage, ti dal energy developers engage in environmental and technical studies and acti viti es to help 
inform project design and provide details necessary for determining what types of permits, licenses, and authorizati ons 
will be required to move forward with the project.

PLANNING

ACTIVITIES SUPPLIERS
EQUIPMENT &
INSTRUMENTS

SKILLED WORKERS & 
KNOWLEDGE WORKERS

Environmental Scoping and Surveys

Environmental surveys are used to assess whether a 
project could have an impact on a species that live 
in, use, or frequent the marine environment, both in 
the sea and air. Surveys address benthic species, fi sh, 
marine mammals, birds, and onshore species. 

• Planning for multi ple surveys 

• Operati on of vessels for use and management of 
survey equipment

• Aerial surveying where coverage of larger area is 
required

• Collecti on and evaluati on of data to provide informa-
ti on on project development issues

• Analysis and interpretati on of survey data

• Technical/research 
consultancy

• Universiti es/re-
searchers

• Off shore/marine sur-
vey vessel business

• Vessel (range of 
vessels can be used 
including local fi shing 
crane, 30m long ves-
sels, and specialist 
physical surveying 
vessels for environ-
mental surveying)

• Surveying, trawl-
ing, and imaging 
equipment

• Aircraft  (helicopter) 
for aerial survey

• Vessel operator 

•Helicopter/ aircraft  
operator

• Marine biologist, 
ecologist, environmental 
scienti st, and/or local 
knowledge from fi shers, 
etc. (should have knowl-
edge of local species)

Physical Surveys

Coastal process surveys and seabed surveys are used 
to examine the subsea environment and poten-
ti al impact of ti dal energy projects, parti cularly on 
sedimentati on and erosion. Existi ng bathymetry and 
seabed geomorphology (geophysical and geotechni-
cal conditi ons) are investi gated to further refi ne the 
locati on and extent of the deployment area, assess 
the fi xing and mooring requirements, and outline a 
corridor for the cable route. The geomorphology of 
the seabed can also provide an indicati on of the likely 
benthic habitats in the area.

Onshore geotechnical conditi ons should also be as-
sessed in order to identi fy technical requirements for 
onshore works and cable installati on. These use a mix 
of desktop studies and on-site investi gati ons.

• Planning for multi ple surveys 

• Operati on of vessels for installati on and manage-
ment of survey equipment

• Collecti on and evaluati on of data to provide informa-
ti on on project development issues

• Off shore/ marine 
survey vessel business

• Technical/ research 
consultancy 

•Universiti es/ re-
searchers 

• Specialized vessel

• Surveying, trawl-
ing, sonar and imag-
ing equipment

• Vessel operator

• Knowledge of sedi-
ment transfer

• Geotechnical engineer
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PLANNING

ACTIVITIES SUPPLIERS
EQUIPMENT &
INSTRUMENTS

SKILLED WORKERS & 
KNOWLEDGE WORKERS

Meteorological and Resource Assessment/Monitoring

Measurement of meteorological and metocean 
conditi ons are necessary to enable detailed model of 
resource characteristi cs (wave heights, wave peri-
ods, ti dal speeds, and directi on of both waves and 
ti des). Data collected is used alongside historical and 
modeled outputs to inform project design. The fi nal 
resource assessment stage is completed once the 
technology is chosen and serves to determine the 
exact locati on of each device.

• Planning for the deployment of instruments 

• Operati on of vessels for installati on and manage-
ment of subsea deployment of acousti c profi lers 
(ADCP)

• Deployment and collecti on of ADCP measurements

• Collecti on and analysis of weather patt erns in the area

• Collecti on and evaluati on of acousti c data to provide 
informati on on project development issues

• Technical and re-
search consultancy ser-
vices to interpret and 
advise on modeling 
data (data analysis and 
resource modeling, site 
conditi ons and device 
suitability analysis)—
metocean

• Ocean technology 
supplier (instruments, 
ADCPs, etc.)

• Off shore/ marine 
survey vessel business

• Universiti es/ re-
searchers

• Meteorological 
instruments and 
packaged instru-
ments (ADCPs) 

• Dynamic positi on-
ing vessel 

• Remotely operated 
vehicles (ROV)

• Meteorology experti se

• Vessel operator

• ROV operator

• Diver

Electrical Connecti on

The availability of a suitable grid connecti on with suf-
fi cient capacity for the proposed project is integral for 
moving forward with the project. Aft er identi fying suit-
able grid connecti on points, a developer must begin 
discussions with the operator of the electrical grid.

• Discussion with System Operator of the electrical grid

• Identi fi cati on of technical and contractual agree-
ments for connecti on and associated costs

• Technical/ engineer-
ing consultancy

• Legal services 

• Electrical engineer

• Technical experti se

• Lawyer
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4. PROJECT DESIGN & DEVELOPMENT

Tidal energy developers typically progress to the project design and development stage if the outcome of feasibility as-
sessments meets the project objecti ves. During this stage, a developer typically performs acti viti es necessary for gaining 
project approvals and permits, and as design progresses, technical informati on feeds into the regulatory process. 

PROJECT DESIGN & DEVELOPMENT

ACTIVITIES SUPPLIERS
EQUIPMENT & 
INSTRUMENTS

SKILLED WORKERS 
&  KNOWLEDGE 

WORKERS

Public and Stakeholder Consultati on

Developers will engage with the local community 
throughout the life of the project. Extensive consulta-
ti on with stakeholders, especially those more likely to be 
aff ected by the project, is typically undertaken during the 
preparati on of an Environmental Assessment (EA). 

• Design of a consultati on strategy and plan

• Identi fi cati on of potenti al stakeholders

• Ongoing and formal engagement with First Nati ons

• Producti on of materials for public consumpti on that 
provide project details and future development plans 

• Arrangements for public event/meeti ngs

• Collecti on of stakeholder input and analysis to inform 
project design, preparati on of permit/approval applica-
ti ons, and EA

• Public relati ons 
fi rm/consultant

• Consultants with 
existi ng EA exper-
ti se

• Meeti ng/confer-
ence space (local 
community centre 
or hotel)

• Consultant with 
knowledge of key 
local stakeholders 
and their relevant 
interests in a project 
may be required 

• Public Relati ons 
experti se

Mi’kmaq Ecological Knowledge Study (MEKS)

There are sites in Nova Scoti a that have parti cular cultural 
signifi cance for the Mi’kmaq of Nova Scoti a, who may 
use them to support traditi onal or current practi ces for 
food, social, or ceremonial purposes. A MEKS should be 
conducted to identi fy areas of historical and current use 
in the project area and to help to ensure that traditi onal 
knowledge informs project design and development.

• Determine MEKS scope in considerati on of project 
requirements and proposed site

• MEKS services • Geographic In-
formati on Systems 
(GIS) technology 

• Geographical 
Positi oning Systems 
technology. 

• Mi’kmaq traditi onal 
knowledge experts
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PROJECT DESIGN & DEVELOPMENT

ACTIVITIES SUPPLIERS
EQUIPMENT & 
INSTRUMENTS

SKILLED WORKERS 
&  KNOWLEDGE 

WORKERS

Environmental Assessment (EA) 

Although EAs have basic requirements and common ele-
ments, they should be project and site specifi c. They are 
informed by scoping and surveying conducted during the 
feasibility stage of project development. The EA considers 
the impacts of the project through the installati on, opera-
ti on, and decommissioning phases. Parameters assessed 
include: coastal and sedimentary processes, marine ecol-
ogy (including benthic ecology and marine mammals), 
fi sh resources and commercial fi sheries, marine naviga-
ti on, cultural heritage and archaeology, ornithology, ter-
restrial ecology, landscape and visual impact, road traffi  c 
and access, tourism and recreati on, water/sediment/soil 
quality, noise and air quality, and socio-economics.

• Surveys and specialist investi gati ons to provide a de-
scripti on of current environmental features (baselines)

• Data gathering according to criteria defi ned by the pre-
vious surveying and scoping

• Modeling and specialist studies to predict potenti al en-
vironmental impacts and evaluati on, identi fi cati on miti ga-
ti on measures, identi fi cati on of uncertainti es, assessment 
of cumulati ve eff ects, and identi fi cati on of monitoring 
requirements/plans

• Input from stakeholders/consultees from conti nued 
dialogue on scope of surveys and studies, likely impacts, 
and miti gati on measures

• Design of potenti al monitoring program

• Consultants with 
existi ng EA and 
related specialist 
experience

• Physical and 
biological environ-
mental monitoring 
and data processing 
equipment (e.g. AD-
CPs, hydrophones)

• Environmental/ 
resource manage-
ment experti se (back-
ground in planning, 
environmental stud-
ies, biology, ecology, 
etc.)
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PROJECT DESIGN & DEVELOPMENT

ACTIVITIES SUPPLIERS
EQUIPMENT & 
INSTRUMENTS

SKILLED WORKERS 
&  KNOWLEDGE 

WORKERS

Other Legal, Permitti  ng, and Approval Requirements

Project developers will need to prepare applicati ons and 
documentati on for all legal and permitti  ng requirements 
including: land lease, power purchase agreement, regula-
tory approvals, fi nancial agreements, and insurance.

• Preparati on of land lease document, permits/approvals 
applicati ons

• Preparati on of applicati on for negoti ati on of electrical 
grid connecti on conditi ons including modeling of device 
and array power quality output (if applicable), power 
project interconnecti on studies

• Design of Safety Plan (addressing operati onal and oc-
cupati onal health and safety issues)

• Determinati on of fi nancing opti ons and building of a 
fi nancial team 

• Clarifi cati on of required insurance during the construc-
ti on and operati ng phases covered by plant suppliers, 
constructi on, and installati on contractors

• Detailed experi-
ence in the permit-
ti ng and approval 
of projects within 
the marine environ-
ment 

• Legal services

• Financial services

• Insurance supplier

• Health & safety 
consultant

• Legal experti se

• Consulti ng services 
(health & safety ex-
perti se)

• Electrical engineer

• Technical experti se

• Health & safety 
experti se

• Legal experti se

• Financial experti se

Project Design

The project design is developed and refi ned in parallel 
to the EA. Findings from the environmental surveys and 
studies should feed back into the design and technical 
specifi cati on. This process should also set the basis for 
the preparati on of suitable procurement and contract 
strategies. Technical specifi cati ons and drawings will as-
sist in the draft ing of the contract documents.

• Evaluati on of design opti ons and outline of selected 
design using the following pre-set criteria: functi onality, 
fl exibility, operability, costs, proven performance, safety 
issues, environmental and socio-economic impacts, ease 
of installati on, project risks, reliability, maintainability, 
and survivability. 

• Techno-economic analysis to determine the expected 
costs and revenues arising from the project to facilitate 
eventual fi nancial investment decisions.

• Engineering con-
sultant

• Logisti cal support 
– marine archi-
tect 

• Marine architect

• Engineer
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PROJECT DESIGN & DEVELOPMENT

ACTIVITIES SUPPLIERS
EQUIPMENT & 
INSTRUMENTS

SKILLED WORKERS 
&  KNOWLEDGE 

WORKERS

Development of a Procurement Strategy

A strategy for the procurement of services and materials 
to serve project lifecycle needs will be developed. Strate-
gies are designed to select suppliers that provide value 
for money over the expected life of the project while 
ensuring supplier competence and quality of service. 
Design of a strategy typically takes the following factors 
into considerati on:

• Analysis of current market status and projected market 
trends

• Research and considerati on of rules and procedures for 
procurement applicable to project development

• Analysis of risk between parti es involved and develop-
ment of management techniques for uncertainty 

• Development of procurement process ti mescales and 
integrati on with overall project program

• Consultant 
may be required 
depending on the 
project developer’s 
procurement and 
contract manage-
ment experience. 

• Financial, busi-
ness administrati on 
experti se
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PROJECT DESIGN & DEVELOPMENT

ACTIVITIES SUPPLIERS
EQUIPMENT & 
INSTRUMENTS

SKILLED WORKERS 
&  KNOWLEDGE 

WORKERS

Detailed Design

A detailed design of the project will commence once a 
project receives the necessary approval from regulatory 
authoriti es and the predicted technical and commercial 
performance of the project remains feasible and in line 
with project objecti ves. Technical studies will be under-
taken to refi ne project design.

• Assessment and detailed design of electrical equipment 
and cables (subsea and onshore)

• Detailed design of Supervisory Control and Data Ac-
quisiti on (SCADA) System, communicati ons, and control 
equipment

• Detailed design of onshore faciliti es and auxiliary equip-
ment

• Development of generati on profi les and quality of 
generati on based on selected technology to inform grid 
connecti on studies

• Grid connecti on feasibility study and integrati on with 
network

• Specifi cati on of safety features, navigati onal marking, 
and lighti ng

• Detailed review of the selected technology 

• Marine logisti cs studies to opti mize installati on meth-
ods, vessel, and port requirements

• Failure Modes, Eff ects, and Criti cality Analysis (FMECA) 
to ensure the integrity and survivability of the project 
infrastructure and to opti mize its reliability, availability, 
and maintainability.

• Review and refi nement of cost esti mates and program

• Update of the design risk register

• Preparati on of a Quality Plan

• Logisti cal sup-
port (inform on 
marine safety and 
standards require-
ments) 

• Consultants –Engi-
neering, techni-
cal, OHS, planning 
(deployment)

• Financial services

• Universiti es/ 
researchers

• Marine architect

• Marine engineer

• Subsea electrical 
experti se

• Health & safety 
experti se

• Technical knowl-
edge in marine 
renewable energy 
or parallel sectors 
including pressur-
ized vessels, marine 
equipment, and 
aquaculture.

• Electrical engineer

• Financial experti se
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   5. PROJECT FABRICATION

This stage focuses on the implementati on of the selected procurement strategy for elements of the project 
that are to be contracted out. Device, project components, and infrastructure begin to be manufactured ac-
cording to standards, ti mescales, and costs agreed to in the contract.

Main structural components 

The development of most components needed for the core generati ng technology will be developed and/or 
used by the original equipment manufacturer (OEM) and would likely be outside of the local supply chain in 
Atlanti c Canada unless there are developers or manufacturers acti ve in the region. Depending on the rate and 
scale of development, there may be potenti al to att ract the assembly or some manufacturing. Servicing and 
maintenance of these components is more likely to be sourced locally.

PROJECT FABRICATION

ACTIVITIES SUPPLIERS
EQUIPMENT & 
INSTRUMENTS

SKILLED WORKERS & 
KNOWLEDGE WORKERS

Hydrodynamic System

The hydrodynamic system is composed of the blades 
or hydrofoils and moves directly under the infl uence of 
forces applied by water.

Acti viti es:

• Precision fabricati on of blades and hydrofoils

• Moulding and fi nishing of composite materials

• Casti ng of metal structures used in providing buoyancy

• Assembly of components with fasteners, welding, or 
other means

• Design and producti on of pressure vessels for marine 
environment

• Provision of coati ngs and treatments to control corro-
sion and marine growth

• Workshop testi ng and verifi cati on

• Steel fabricati on

• Composites manu-
facturing

• Raw materials 
and parts: steel, 
composites

• Welders

• Engineers
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PROJECT FABRICATION

ACTIVITIES SUPPLIERS
EQUIPMENT & 
INSTRUMENTS

SKILLED WORKERS & 
KNOWLEDGE WORKERS

Reacti on System

The reacti on system keeps the device in positi on and pro-
vides a stati c reference point for oscillati ng devices (moor-
ing arrangement, gravity base, foundati on, or foundati on 
fi xed to sea bed via piles).

Acti viti es:

• Design of dynamic structure in the marine environment 
under frequent waves

• Procurement, fabricati on, and handling of large scale 
steel and concrete structure of up to over 1000 tonnes

• Design, manufacturing, and installati on of wire ropes, 
chains, and anchors

• Steel fabricati on

• Manufacturer

• Concrete supplier

• Raw materials: 
steel, concrete

• Engineers

• Procurement specialist 

• Experti se in corrosion 
and marine growth pre-
venti on

• Local knowledge of ma-
rine conditi ons

Power Take-Off  System

The power take-off  system converts the moti ons of a de-
vice’s hydrodynamic system into electrical energy. This can 
be done in two ways – 1) with hydraulic actuators or a lin-
ear electrical generator, or 2) constraining movement with 
speed-up gearboxes or direct drive electric generators.

• Producti on of gearboxes, bearings, and power transmis-
sion components

• Engineering/ tech-
nical consultancy

• Subsea connec-
tors from device 
to inter-array ca-
bling with voltage 
rati ng of 11kV 
and above.

• Electrical engineer

• Mechanical engineer

• Technical experti se

Control System

The control system provides both supervisory and closed-
loop control. It also includes auxiliary systems. 

• Design and producti on for high reliability applicati ons

• Engineering/ tech-
nical consultancy

• Specialist sen-
sors and data col-
lecti on systems 
related to the 
marine environ-
ment to indicate 
pressure, move-
ment, electrical 
characteristi cs, 
or environmental 
conditi ons. 

• Hydraulic ac-
tuators, valves, or 
other equipment.

• Bearings 
and actuati on 
components for 
use in yawing or 
pitching

• Experience in design and 
use of supervisory control 
and data acquisiti on 
(SCADA) systems

• Engineers
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PROJECT FABRICATION

ACTIVITIES SUPPLIERS
EQUIPMENT & 
INSTRUMENTS

SKILLED WORKERS & 
KNOWLEDGE WORKERS

Subsea Cabling and Connectors 

An electrical collector system is needed to connect 
individual devices to a common device interconnecti on 
point. There are two types of cables that are necessary 
for the operati on of an in-stream ti dal energy project. 
Array cables are required to connect strings of devices (if 
the project consists of an array) to an off shore substati on 
and higher voltage cables are necessary to connect the 
substati on to the onshore grid connecti on point. There is 
already very high demand for these types of cables from 
other industries and if manufacturing capacity does not 
increase, bott lenecks will likely occur. 

• Advise on selecti on of cable

• Specify protecti on requirements

• Subsea cable sup-
plier

• Cable installer

• Large-scale and 
high precision 
cabling extrusion 
and assembly 
equipment

• Cable armour-
ing products to 
protect against 
extreme forces 
and ensure life of 
the conductor

• Electrical design knowl-
edge 

• Mechanical engineer

• Experti se in the pro-
ducti on of insulati on for 
cables to provide thermal 
and electrical protecti on

Electrical Equipment

Transformers, switchgear, and other electrical equipment 
are likely to be based on conventi onal electrical power 
engineering products, but adapted to meet the needs of 
specifi c applicati ons. 

• Off shore electrical 
manufacturing 

• Knowledge and under-
standing of design require-
ments of distributed 
generati on and impacts 
of wave and ti dal supply 
characteristi cs.

• Electrical engineer

Foundati ons, Anchoring Systems, and Moorings

In-stream ti dal devices are anchored to the seabed. There 
are diff erent types of systems for anchoring depending on 
device design. The following is a generalizati on of acti viti es 
and supplies required to design and produce a foundati on 
and anchoring system. 

• Producti on of large scale concrete structure 

• Fabricati on of steel frame structure weighing up to over 
500 tonnes

• Assembly of various components

• Concrete supplier

• Steel fabricati on

• Corrosion and ma-
rine growth preven-
ti on products

• Concrete 

• Cranes: lift -
ing of various 
components into 
place for assem-
bly and lift ing as-
sembly into barge 
for testi ng and 
deployment

• Marine engineer

• Experti se in the design of 
dynamic structures for the 
marine environment

• Technical experti se

• Welders

• Marine architect

Other Project Stage Service and Supply Require-
ments:

• Insurance: protecti on of owner from accidental damage 
to the components during fabricati on and assembly

• Transportati on of component parts to site for fi nal as-
sembly

• Insurance supplier

• Transport company

• Trucks • Truck drivers and ma-
chinery operators
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   6. CONSTRUCTION, INSTALLATION, AND COMMISSIONING

The constructi on, installati on, and commissioning stage starts once all permits and approvals have been received and the 
device and other components are complete and ready for fi nal assembly. This includes onshore assembly, off shore installa-
ti on acti viti es, and on-site commissioning. A range of vessels are typically required including specialist, modifi ed, standard, 
and jack-up vessels. A number of suppliers are required to manage and deliver the safe, ti mely installati on of expensive 
and relati vely delicate technology in tough environmental conditi ons. 

This stage presents an array of opportuniti es for local suppliers and smaller companies as they have the advantage of local 
knowledge, understanding of the site conditi ons, and access to local labour. 

CONSTRUCTION, INSTALLATION, AND COMMISSIONING

ACTIVITIES SUPPLIERS
EQUIPMENT & 
INSTRUMENTS

SKILLED WORKERS 
&  KNOWLEDGE 

WORKERS

Procurement and Assembly Logisti cs

• Identi fi cati on of permitti  ng requirements

• Movement of materials procured from other jurisdicti ons

• Marine consultant 

• Customs broker for 
importi ng materi-
als and guidance in 
obtaining proper 
permits for tempo-
rary use of barge

Barge Requirements

Supply vessels such as jack-up barges and crane barges will 
be required for lift ing heavy loads. 

• Inspecti on of barge and associated equipment for com-
pliance with regulati ons

• Towing of barge through test program prior to deploy-
ment acti viti es

• Marine consultant

• Customs broker
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CONSTRUCTION, INSTALLATION, AND COMMISSIONING

ACTIVITIES SUPPLIERS
EQUIPMENT & 
INSTRUMENTS

SKILLED WORKERS 
&  KNOWLEDGE 

WORKERS

Deployment and Installati on of Device

• Preparati on of device at port and fl oat-out and install 
devices using general purpose vessels where possible

• Marine logisti cs planning 

• Towing of barge and ti dal assembly into place for deploy-
ment (and recovery)

• Monitoring movement of marine life (lobster, fi sh, mam-
mals, birds) during deployment for indicati on of change 
from normal behavior

• Explore fi sh monitoring technologies at the turbine site 
(2-D and 3-D sonar) and follow fi sh patt erns

• Identi fi cati on of acousti c signatures 

• Passive monitoring of acousti c noise from marine mam-
mals to determine any eff ect or risk

• View turbine in operati on using side scan SONAR and 
camera on tether

• Monitoring and analysis of anti cipated wind and sea state 
during expected deployment/recovery window

• Engineering and 
environmental con-
sultancy

• Universiti es/ re-
searchers

• Diving services

• Fishing boats for 
transporti ng addi-
ti onal personnel and 
emergency response

• Personal protecti ve 
and safety equip-
ment

• Radios for com-
municati on between 
all parti es involved in 
deployment

• Instrumentati on 
for communicati on 
with the assembly 
during deployment 
and recording of 
forces experienced 
on the assembly and 
other data to further 
understand environ-
mental conditi ons 
and opti mize design

• Specialist tooling 
and ROVs

• Marker buoys and 
navigati onal lighti ng

• Marine consultant 
for review and inspec-
ti on and knowledge of 
local conditi ons and 
constraints

• Electrical Engineer

• Mechanical Engineer

• System Engineers

• Power Engineers

• Certi fi ed welders 
(CWB Class 47.1)

• Journeyman ma-
chinists 

• Customs broker 
to provide guidance 
in obtaining proper 
permits for temporary 
use of barge

• Tugboat operator 

• Health and Safety/
Emergency Response 
preparedness

• Marine biologist, 
ecologist

• Divers

Installati on of Foundati ons and Moorings

In-stream ti dal devices are anchored to the seabed. The 
method by which it is anchored depends on device design 
(pin-piled, concrete gravity, multi point mooring). 

• Off shore installati on and assembly of various components

• Diving services • Cranes

• Specialist tooling

• ROV

• Support vessels 

• Specialist vessels 
(installati on)

• Drilling and piling 
operati ons

• Vessel operators

• Divers

• Marine drilling

• Marine constructi on

• Environmental 
monitoring

• Constructi on super-
vision

• ROV and tooling 
operator
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CONSTRUCTION, INSTALLATION, AND COMMISSIONING

ACTIVITIES SUPPLIERS
EQUIPMENT & 
INSTRUMENTS

SKILLED WORKERS 
&  KNOWLEDGE 

WORKERS

Installati on of Off shore Electrical Systems (including 
Cable Installati on) 

• Grid connecti on upgrades

• Procurement of cabling/electrical contractors and stor-
age/testi ng of cables

• Procurement of bespoke winches and drums for cable

• Draw-through and installati on of several kilometers of 
subsea cabling to avoid geohazards

• Cable protecti on and securing using rock dumping (and 
potenti ally ROVs for pinning and acti ve positi oning around 
seabed features)

• Directi onally drilled pipelines from shore out to the loca-
ti on of devices

• Installati on and connecti on of the off shore substati on 
and array cabling between devices (if applicable)

• Cabling/electrical 
contractors

• Drilling contractor

• Power conditi oning 
equipment (convert-
ers, generators)

• Underwater sub-
stati on pod—(trans-
formers, switchgear)

• Bespoke winches 
and drums for cable

• Cable laying vessel

• Special drilling 
equipment (car-
bon steel pipeline, 
fabricated-coated-
assembled-welded)

• ROV (opti onal)

• Electrical engineer

• Technical experti se

• LV Dynamic cable 
and MV Stati c Cable 
(with fi bre opti cs)

• Geotechnical 
knowledge

• ROV operator

• • Subsea cable 
armouring/burial ves-
sels and skills

Onshore Structures (if needed)

Projects will likely include an onshore substati on and 
control building. This could also be built to house some es-
senti al operati ons and maintenance staff . Given the remote 
locati on of some of these projects, it is also possible that a 
road may need to be built to provide for site accessibility. 

• Constructi on of building

• Preparati on of applicati ons for any planning permits or 
approvals required by regulatory authoriti es

• Building contractor

• Concrete supplier

• Electrical contrac-
tor

• Window installa-
ti on

• Telecommunica-
ti ons

• Metalworks

• Plumber

• Concrete

• Building supplies

• Windows

• Plumbing supplies

• Electrical equip-
ment

• Carpentry

• Building design and 
constructi on

• Electrician

• Metal works

• Plumbing

• Telecommunicati ons

Other Project Stage Service and Supply Requirements:

• Insurance: protecti on of owner from accidental damage 
to the components during fabricati on and assembly

• Project certi fi cati on

• Insurance sup-
plier 

• Certi fi cati on – per-
mitti  ng requirements 
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   7. OPERATIONS AND MAINTENANCE

The project development process will be designed to ensure cost-eff ecti ve and safe operati on throughout the 
life of the project. Maintenance will be scheduled to enable effi  cient performance and miti gate environmental 
impact. This stage will likely require technical support from the installati on contractor, equipment supplier, 
and technology developer at early stages of operati on. Some technical developers are anti cipati ng signifi cant 
service interventi ons every fi ve years and expect a major overhaul or equipment replacement every 25 years. 
Since properly chosen marine renewable energy sites are expected to remain in perpetuity, ongoing support 
of them can be a sustainable business opportunity and source of career employment.

When possible, developers will likely want to carry out operati ons and maintenance tasks local to each project 
using port faciliti es to reduce logisti cs costs and response ti mes. If port faciliti es are shared between projects 
and able to accept complete devices for repair or refurbishment, then the scale of acti vity could att ract a sup-
porti ng supply chain with a clustering eff ect.

OPERATIONS & MAINTENANCE (O&M)

ACTIVITIES SUPPLIERS
EQUIPMENT &          
INSTRUMENTS

SKILLED WORKERS &  KNOWLEDGE 
WORKERS

Operati ons

• Review, monitoring, auditi ng, and manag-
ing environmental performance to ensure 
compliance with permit/approval conditi ons

• Provision of informati on on environmen-
tal impact to stakeholders and regulatory 
authoriti es 

• Monitoring performance 

• Inspecti on of operati ons and acti viti es

• Planning and management of maintenance 
acti viti es

• Administrati ve acti viti es related to cus-
tomer, regulatory, and legal requirements

• Diving services

• Consultants—en-
gineering, technical, 
environmental 

• Administrati ve 
services

• Port services and 
facility

• Computi ng 
systems

• Navigati on sys-
tems and data

• Dedicated operati ons staff  and control 
centre

• Marine engineer (class 4 or higher) for 
off shore and onshore maintenance work

• Power Engineer (Class 1 and Class 4)

• GIS services 

• Subcontractor support services

• Vessels for ongoing environmental 
monitoring acti viti es and inspecti on 

• Ecologists and marine biologists

• Mechanical technicians

• Electrical technicians 

• Health & Safety/Emergency Response

• Business administrati on
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OPERATIONS & MAINTENANCE (O&M)

ACTIVITIES SUPPLIERS
EQUIPMENT &          
INSTRUMENTS

SKILLED WORKERS &  KNOWLEDGE 
WORKERS

Maintenance

• Planned maintenance including retrievals 
using tugs and workboats

• • Management of unplanned maintenance

• Port facility

• Consultants – engi-
neering, technical

• Support vessels 
including tug boats 
and workboats

• Portside lift ing 
capability to lift  
the device to 
shore if needed 
(crane)

• Local workshop 
faciliti es to allow 
for strip-down, 
refurbishment, 
re-assembly, and 
testi ng of devices.

• Storage for re-
placement parts/
PTO systems

• Dedicated maintenance staff  and con-
trol centre

• Mechanical technicians

• Electrical technicians 

• Marine engineer (class 4 or higher) for 
off shore and onshore maintenance work

• Welding and machining

• Health & Safety/Emergency Response

   8. DECOMMISSIONING

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

Many of the physical acti viti es and supply requirements under decommissioning will be similar to the installati on and O&M 
stages and therefore several steps have not been repeated in this secti on. Please see stages 6 and 7 for a list of those acti vi-
ti es and requirements. 

DECOMMISSIONING

ACTIVITIES SUPPLIERS
EQUIPMENT & 
INSTRUMENTS

SKILLED WORKERS &  
KNOWLEDGE WORKERS

Decommissioning Plan

• Prepared as part of the permitti  ng conditi ons and revised 
over the life of the project

• Consultati on with regulatory authoriti es and stakeholders 
to determine decommissioning methodology and potenti al 
miti gati on needs

• Considerati on of potenti al environmental impacts

• Contains provisions for safe removal of the project infra-
structure and disposal of removed equipment

• Preparati on of a suitable procurement strategy for the 
elements of the decommissioning work to be outsourced

• Site surveys pre- and post-decommissioning  

• Engineering and 
environmental con-
sulti ng

• Government

• Technical experti se 

• Engineers

• Research support

• Health & Safety 
experti se

• Financial services

Decommissioning Fund

• Fund set aside over life of the project to ensure that de-
commissioning and other costs will be covered 

• Financial services
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   CASE STUDY: NOVA SCOTIA POWER AND OPEN HYDRO AT FORCE*

In 2009, Nova Scoti a Power and Open Hydro deployed a 1 MW Open Hydro device at FORCE. The following 
is an account of services, supplies, and acti viti es involved in the project provided by Nova Scoti a Power Inc. 
(NSPI). It is the only informati on available based upon actual experience of deploying a turbine in the Bay of 
Fundy. 

The types of services, materials and skill sets that were solicited outside of the berth holder (NSPI) and tech-
nology developer’s (OpenHydro’s) organizati on during the fabricati on, deployment, and recovery of the Open-
Hydro In-Stream Tidal Turbine in the FORCE site in the Bay of Fundy are identi fi ed below. The informati on is 
divided into three secti ons: Design, Fabricati on, and Deployment and Recovery.

DESIGN 

Research Support

• Collecti on of bathymetry data to aid in selecti ng the most ideal locati on for deployment of the device 

Deployment

• Collecti on of Acousti c Doppler Current Profi ler (ADCP) measurements at the deployment locati on so 
that design of the assembly could be opti mized

• Analysis of the weather patt erns in the area and the ti dal profi le so that the design could be opti mized

• Collecti on and evaluati on of acousti c data to quanti fy the acousti c signature of the area before and 
aft er deployment

Engineering Consultants 

• Assistance in the preparati on of applicati ons for funding support

• Assistance in evaluati on of possible technologies for deployment 

Marine Architect

• Evaluated the subsea base design

• Provided logisti cal support during fi nal design, testi ng, and deployment

• Informed on Nova Scoti a marine safety and standards requirements

FABRICATION             

Steel Fabricati on

• Fabricati on of the subsea base in Nova Scoti a (closer to the deployment locati on than the technology 
developer’s shop in Ireland)

• Inspecti on of the subsea base during fabricati on 
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Concrete Supplier

• Ballasti ng the subsea base for stable deployment in the Bay of Fundy 

Cranes

• Lift ing the various components into place and allowing for assembly

• Lift ing the assembly into the OpenHydro Installer barge (the “barge”) for testi ng and deployment

Diving Services 

• Assistance with removal of subsea base ballast fi ll pipes

Insurance

• Protecti on of the owner from accidental damage to the components during fabricati on and assembly

Instrumentati on 

• Provision of communicati on with the assembly during deployment

• Recording of forces experienced on the assembly and other data to further understand conditi ons in 
the Bay of Fundy and opti mize the design

Marine Consultant 

• Inspecti on of the barge and associated equipment for compliance with regulati ons

• Provision of warranty surveyor services and preparati on of tow certi fi cate

• Evaluati on and summary of available underwater electronic data collecti on and communicati on tech-
nologies

Research Support 

• Assessment of seabed conditi ons to aid in design of sea trials / testi ng of assembly

DEPLOYMENT AND RECOVERY         

Marine Consultants 

• Review and evaluate the OpenHydro Installer barge (the “barge”)

• Assist in identi fi cati on of permitti  ng requirements 

Customs Broker

• Assistance in movement of materials from the UK to Nova Scoti a as required

• Guidance in obtaining proper permits for temporary use of the OpenHydro Installer barge
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Personal Protecti ve Equipment 

• Ensuring personnel involved with deployment and recovery operati ons had all available precauti ons in 
place to ensure their safety 

Radios

• Ensuring effi  cient and eff ecti ve communicati on between all parti es involved in deployment and re-
covery operati ons

Fishing boats 

• Accompaniment for the barge and tugboats during deployment and recovery operati ons to carry 
additi onal personnel that could not be on the tugboats 

• Providing quick response in case of emergency.

Tugboats 

• Towing the OpenHydro Installer barge (the “barge”) through a test program prior to initi ati ng de-
ployment acti viti es in the Bay of Fundy 

• Towing the barge and ti dal assembly into place for deployment, and towing the barge into place for 
recovery of the assembly. 

Research Support

• Monitoring the movement of lobster during deployment for indicati on of change from normal be-
haviour

• Viewing the turbine in operati on using side scan SONAR

• Viewing the turbine in operati on using a camera on a tether

• Studying the anti cipated wind and sea state during expected recovery window

• Monitoring biomass (schools of fi sh) and their movements in the upper Bay of Fundy through echo 
sounding and netti  ng 

• Monitoring bird and mammal behaviour in the area of the turbine for changes

• Passive monitoring of acousti c noise from marine mammals and determining if they are aff ected or 
at risk from the turbine.

• Exploring fi sh monitoring technologies at the turbine site (e.g. 2-D and 3-D sonar), and following 
fi shing patt erns at shoreline herring weirs in the area.

• Identi fying acousti c signatures to the turbine and determining the eff ects locally

• Determining deployment eff ects scour on benthic habitat

Insurance 

• Protecti on of the owner from accidental damage to the components during deployment and recov-
ery operati ons 
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Public Relati ons

• Provision of professional media coverage of milestone events such as assembly and deployment

Cranes 

• Lift ing for dismantling of the assembly to allow for evaluati on of performance

Diving Services 

• Observati on of the subsea base to evaluate biological growth and overall conditi on

Looking forward, there are a number of services and technologies that may be valuable for further deploy-
ments of in-stream ti dal turbines in the Bay of Fundy.

• Dynamic Positi oning (DP) Vessel – This type of vessel was not required for the deployment or recov-
ery of the OpenHydro turbine. However, this type of vessel may be valuable for the deployment of 
other technologies or larger turbines as they approach commercializati on. In additi on, cable repairs 
or cable splicing for any reason “on sea” may require a constant positi on, which may be facilitated by 
this type of vessel. 

• Remote-Operated Vehicle (ROV) – ROVs were not used in the deployment or monitoring of the 
OpenHydro turbine. However, all technology developers recognize the benefi t of using an ROV to 
monitor deployment, perform visual surveys of the cable or turbine, and complete work under water. 
It is unknown if ROVs that can be manipulated accurately in the Bay of Fundy are available. 

• Core sampling – Core sampling was not performed when evaluati ng the deployment site for the 
OpenHydro turbine. Accurate characterizati on of the fl oor of the Bay of Fundy, parti cularly at the de-
ployment site, may be valuable informati on for technology developers. The ability to do this type of 
work in a cost eff ecti ve manner in the Bay of Fundy is unknown.

• Piling etc. – Some technology developers may be planning to anchor their turbines directly to the 
fl oor of the Bay of Fundy (vs. the subsea gravity base used by OpenHydro). This may also prove to be 
a challenge in the Bay of Fundy. 

* Please note that informati on in this case study was solicited by Mariti me Tidal Energy Corporati on in its 
preparati on of the “Marine Renewable Energy Infrastructure Assessment” and was originally published as part 
of that assessment. 
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   9.3 - BUILDING THE TIDAL ENERGY SUPPLY CHAIN

Growth of the ti dal energy sector in Nova Scoti a and elsewhere will be 
highly dependent on having a supply chain with the right businesses, 
skills, and experti se to support project and industry development. Nova 
Scoti a and the Atlanti c region have a unique opportunity to capture the 
benefi ts of this new sector through the enti re supply chain—from re-
search and development through to engineering, manufacturing, instal-
lati on, operati on and maintenance. This would build on Nova Scoti a’s 
mariti me traditi on of the fi sheries, shipbuilding, off shore oil and gas, and 
aquaculture. If Canada and Nova Scoti a conti nue to take a lead in marine 
renewable energy development, a large part of that supply chain could 
be based in Canada.

9.3.1 - RELATED SECTORS WITH SUPPLY CHAIN POTENTIAL 

Businesses and organizati ons with a track record in working in the marine 
environment, perhaps gained from industries such as off shore oil and gas, 
ocean technology, fi shing, or marine aggregates extracti on, may be well 
suited to undertake this work. This embedded workforce can serve to 
transfer skills across to the developing ti dal energy sector, creati ng a new 
supply chain. 

This secti on aims to provide an overview of the major ocean-industry re-
lated sectors that could feed into the ti dal energy supply chain to develop 
some of the major components needed to support the industry and de-
crease the costs of project development. It also provides some strategies 
for supply chain development. 

9.3.1.1 - OFFSHORE PETROLEUM

Canada has internati onally recognized experti se in extracti on equipment, 
drilling technologies, and maintenance systems for the off shore oil and 
gas industry—experti se that has already been engaged in some aspect of 
early ti dal energy prototyping. Businesses, technical skills, and resources 
that are already involved in the off shore petroleum sector can be aligned 
with ti dal energy projects to support the installati on, operati on, and 
maintenance of devices. 

9.3.1.2 - WIND ENERGY

Similar to off shore oil and gas, the wind energy sector includes some skill 
sets and experti se that could be transferrable to the ti dal energy sector. 
However, some experts have noted that the transfer of skills between 
industrial sectors is not seamless and careful planning and eff ort need to 
be made to develop knowledge transfer strategies. 

Nova Scotia and 
the Atlantic re-

gion have a unique 
opportunity to capture 
the benefits of this 
new sector through 
the entire supply 
chain—from research 
and development 
through to engineer-
ing, manufacturing, 
installation, operation 
and maintenance.
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9.3.1.3 - OCEAN TECHNOLOGY

Ocean technology is a growing sector in Nova Scoti a, generati ng $5 bil-
lion in revenue and employing 14% of the province’s workforce. The sec-
tor is a mix of primarily small and medium-sized enterprises with a few 
large multi -nati onal corporati ons (Government of Nova Scoti a, 2011). Lo-
cal companies have been pioneers in underwater acousti cs and imaging, 
marine communicati ons, navigati on, ocean monitoring, a wide variety of 
enhanced engineering and environmental services, and the producti on 
of innovati ve equipment to operate in harsh marine environments. Many 
ocean technology fi rms also have a breadth of experience in the off shore 
oil and gas industry, having provided much of the engineering, seismic 
survey, modeling, forecasti ng, producti on, and processing underwater 
interventi on support during the Sable Off shore Energy project and Deep 
Panuke Project. 

Key sub-sectors existi ng in Nova Scoti a’s ocean technology sector that 
could become involved with marine renewable energy development in-
clude:

• acousti cs, sensors, and instrumentati on;

• data, informati on, and communicati ons systems;

• marine geomati cs;

• unmanned surface and underwater vehicles; and

• naval architecture.

In close proximity, Newfoundland and Labrador also has more than 50 
knowledge-intensive enterprises that develop innovati ve ocean tech-
nology products and services for niche markets in Canada, the United 
States, Central and South America, Europe, and Asia. A key element of 
Newfoundland’s ocean technology sector is a multi -stakeholder cluster 
initi ati ve—OceansAdvance—joining companies, insti tuti ons, and govern-
ment agencies to facilitate world-class capability. 

9.3.2 - RESEARCH AND ACADEMIC INSTITUTIONS 

Tidal energy project development will require access to R&D faciliti es, 
skilled workers, and research experti se in a number of disciplines. With 450 
PhDs in ocean-related disciplines and the world’s highest concentrati on of 
researchers in the sector, Nova Scoti a has many knowledge workers that 
can access opportuniti es presented by ti dal energy development. Nova 
Scoti a is home to eleven universiti es and a community college system, 
which together have marine, science, engineering, marine geomati cs, geo-
logical oceanographic studies, technology programs, courses, and potenti al 
research acti viti es that have and/or will likely contribute to support ti dal 
energy development. Strategic research initi ati ves among key organiza-
ti ons can help answer key research questi ons and gather supporti ng data.

With 450 PhDs 
in ocean-re-

lated disciplines and 
the world’s highest 
concentration of re-
searchers in the sec-
tor, Nova Scotia has 
many knowledge 
workers that can ac-
cess opportunities pre-
sented by tidal energy 
development. 
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Research and academic insti tuti ons in Nova Scoti a include (this list is not exhausti ve):

• Acadia University (Acadia Tidal Energy Insti tute, Acadia Centre of Estuarine Research),

• Fundy Energy Research Network (FERN),

• Bedford insti tute of Oceanography,

• Geological Survey of Canada,

• Nati onal Research Council,

• Defense Research Development Canada,

• Off shore Energy Research Associati on (formerly OEER/OETR Associati ons),

• Fundy Ocean Research Center for Energy (FORCE),

• Halifax Marine Research Insti tute,

• Dalhousie University,

• Saint Mary’s University,

• St. Francis Xavier,

• Cape Breton University, and

• Nova Scoti a Community College.

Academic insti tuti ons could serve to support future training and skills in marine renewable energy development 
by establishing programs and courses that cater to the needs of the sector. They also may have research faciliti es, 
resources, and experti se that could be applied to future project development. Collaborati ve acti viti es and projects 
among local research insti tuti ons and industry could serve to accelerate marine renewable energy industry devel-
opment through applied research projects, business incubati on, and university placements.

9.3.3 - MARINE STRUCTURE FABRICATION AND MARINE TRANSPORTATION 

Nova Scoti a and the Atlanti c region have experti se in marine structure fabricati on for the shipbuilding and off shore 
oil and gas sectors. This is a growing sector, evidenced by the additi on of new players such as Korean company, Dae-
woo Shipbuilding and Marine Engineering, and the recently announced $33-billion federal shipbuilding contract to 
Irving Shipbuilding. Many of the companies and skilled workers involved in this sector are also well suited to play 
a role in ti dal energy development. Opportuniti es include potenti al manufacturing of some system components, 
fl otati on equipment, mooring experti se, marine towing and navigati on, and supply and maintenance.

9.3.4 - PORT FACILITIES 

Nova Scoti a has port faciliti es and associated infrastructure available to support deployment, operati ons, main-
tenance, and recovery acti viti es for marine renewable energy projects. Ports and nearby businesses will have op-
portuniti es to support emerging industry needs, from the housing of large vessels to assembly of device structures. 

Infrastructure requirements vary according to the type and size of technology used and life cycle stage. The 
Marine Renewable Energy Infrastructure Assessment (2011) identi fi ed that multi ple ports in Nova Scoti a could 
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support aspects of project development given the broad requirements of developers at this early stage. The 
assessment concluded that current infrastructure was suffi  cient in these early stages, but major infrastructure 
would be required to support the ti dal energy industry beyond the capacity of 64 MW at FORCE.

Ports within the region that have been used or have been identi fi ed  as having future potenti al and their re-
specti ve assets are shown in Table 9-3.

 Table 9-3: Assets of Nova Scoti a Ports Identi fi ed for Tidal Energy

ASSETS/DETAILS PORT

Proximity to the Bay of Fundy (within 150 km of the 
Minas Passage site)

Digby, Parrsboro, Hantsport, Saint John

Large, deep-water shipping faciliti es, heavy lift  capacity, 
manufacturing, and access to service providers

Halifax Regional Municipality

Deep ports with heavy lift  capacity Shelburne and Mulgrave/Strait of Canso

Small-scale ti dal support
Meteghan, Saulnierville, Weymouth, Freeport, Westport, 
Tiverton, East Sandy Cove

Source: Marine Renewable Energy Infrastructure Assessment, 2011

9.3.5 - PROFESSIONAL AND SUPPORTING SERVICES

Various support services will also be required by ti dal energy projects, including legal, fi nancial, insurance, 
logisti cs and management support, consultants (environmental, engineering, technical), planning, transporta-
ti on, constructi on (onshore), and communicati ons. These services are readily available in Nova Scoti a and the 
region and as the industry advances, it is likely that there will be greater opportuniti es for these businesses 
to parti cipate. It is also likely that many new opportuniti es could also emerge. For example, the creati on of 
innovati ve businesses such as a turn-key management service, providing planning and implementati on of the 
installati on process, could be att racti ve to project developers.

CASE STUDY: NEW COMPANIES EMERGING TO SERVICE WAVE AND TIDAL ENERGY

There are several examples of innovati ve companies and partnerships being established to service marine 
renewable energy projects—with companies from diff erent sectors bringing experti se to the ti dal energy industry. 

Recently, Swedish uti lity, Vatt enfall joined forces with the UK’s Babcock and Spanish renewables specialist 
Abengoa, to launch a new engineering services company, Nauti mus, which will focus on wave and ti dal en-
ergy. Nauti mus will provide technology-neutral engineering, procurement, and constructi on (EPC) services 
for project developers. The partnership was established to address the absence of EPC services players in the 
marine renewable energy sector capable of handling the wide ranging challenges associated with constructi ng 
projects with new technology in the marine environment. If unfi lled, this gap would pose a signifi cant problem 
for the sector in the UK if industrial development proceeds as it is projected. 

Nauti mus is the world’s fi rst engineering fi rm dedicated to marine renewable energy and signals the momen-
tum and opportunity presented by the sector as it grows towards larger projects and increased industrial 
acti vity. 

For more informati on on Nauti mus, please visit: htt p://www.abengoa.es/corp/web/en/noti cias_y_publicacio-
nes/noti cias/historico/2012/05_mayo/abg_20120507.html for the news release or www.vatt enfall.com.
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KEY DOCUMENTS

The following documents and links provide further informati on on ti dal energy supply chain development, 
opportuniti es in Nova Scoti a, and the global status of the ti dal energy industry. Data to inform project supply 
chain requirements at each ti dal energy project stage was gathered from the following documents:

• Wave and ti dal energy in the Pentland Firth and Orkney waters: How the projects could be built, 
BVG Associates for The Crown Estate, 2011 htt p://www.thecrownestate.co.uk/media/71431/pent-
land_fi rth_how_the_projects_could_be_built.pdf 

• Nova Scoti a Tidal Symposium Supply Chain Presentati ons, July 2011. Government of Nova Scoti a 
www.nsrenewables.ca 

• Marine Renewable Energy Infrastructure Assessment Report, Nova Scoti a Department of Energy, 
2011http://www.gov.ns.ca/energy/resources/EM/renewable/Marine-Renewable-Energy-Infra-
structure-Assessment.pdf 

• The Marine Renewable Energy Sector Early-Stage Supply Chain, Natural Resources Canada, Can-
met Energy, 2011 htt p://www.oreg.ca/web_documents/marine_renewable_energy_supply_chain_
en.pdf 

• Guidelines for Project Development in the Marine Energy Industry www.emec.org.uk.

ORGANIZATIONS

SUPPLY CHAIN-SPECIFIC LINKS

• Off shore Renewables Supply Chain Directory (Scotland) htt p://www.scotti  sh-enterprise.com/
your-sector/energy/off shore-wind/CompanySearch.aspx 

OTHER ASSOCIATIONS AND ORGANIZATIONS

Nova Scoti a

• Ocean Technology Council of Nova Scoti a htt p://otcns.ca/

Internati onal

• Scotti  sh Development Internati onal htt p://www.sdi.co.uk

• Marine Renewables Industry Associati on (Ireland) htt p://www.mria.ie/links.php 

• Aotearoa Wave and Tidal Associati on (AWATEA) -- established in 2006 to promote the uptake of 
marine energy in New Zealand www.awatea.org.nz 

• RenewableUK -- the trade and professional body for the UK wind and marine renewables industries 
www.bwea.com

• Scotti  sh Renewables -- Scotland’s trade associati on for renewable energy, including wave and ti dal 
www.scotti  shrenewables.com/ 

• European Ocean Energy Associati on (EU-OEA) -- unites the broad interests of the European ocean 
energy industry into a single, focused and independent voice www.eu-oea.com
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   9.4 - SECTION 2: STRATEGIES FOR BUSINESSES 

Author: Dr. Shelley MacDougall

There is much work to be done. The challenges and opportuniti es of sustainably developing ti dal energy call 
for the parti cipati on of a wide array of businesses. This secti on describes the concept of industry clusters and 
the idea of “cluster thinking” to propel the region to the forefront of technology and process experti se. Advice 
is given on how businesses can get involved, and the government departments and non-governmental organi-
zati ons in Nova Scoti a that play a role in the development of the industry are identi fi ed.

9.4.1 - INDUSTRY CLUSTERS 

An industry cluster is a geographic concentrati on of companies (suppliers of goods and services, their custom-
ers, and related companies) and organizati ons (research labs, universiti es, industry associati ons, standards 
associati ons) in the same industry. Companies in the cluster share common needs, opportuniti es, constraints, 
and obstacles to producti vity (Porter, 2000, p. 18). They both compete with one another and cooperate. One 
of the most famous of industry clusters is Silicon Valley in California. There are many others: the Italian shoe in-
dustry, New York City’s garment district, banking and theatre industries, the US auto industry, California’s fi lm-
making and wine industries, the Alberta oil industry, and Boston’s Route 128 biotech industry, to name a few. 

9.4.1.1 - HOW DOES A CLUSTER FORM?

Researchers have studied many clusters over the years, but it is diffi  cult to generalize about how they form. 
However, clusters have oft en formed near a parti cular resource, such as a natural resource, or skilled or in-
expensive labour; near a market, for easier access to customers; near customers and suppliers, for reduced 
costs of doing business; or near a strategic asset (Seeley, 2007). In the case of Nova Scoti a, ti dal resources are 
a draw for businesses, but so too is the developing knowledge of TEC devices, monitoring and communicati ons 
technologies, processes, practi ces, and standards. These consti tute strategic assets. Clusters also form around 
a university with breakthrough technologies (such as in Kitchener-Waterloo), and government contracts (such 
as the Canadian Government’s shipbuilding contract, awarded to Irving Shipbuilding). In Nova Scoti a, NSPI’s 
renewable energy requirements and the Clean Energy Act lend support to the development of a ti dal energy 
industry.

As an industry develops in an area, other companies are att racted to it to supply products and services, so they 
locate or start up nearby. This is especially the case in an industry that is new and the products and services are 
sti ll undefi ned. Being close to customers and suppliers allows for ease of communicati on, collaborati on, and 
sharing of tacit knowledge (Seeley, 2007). 
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9.4.1.2 - HOW BIG IS THE GEOGRAPHIC REGION OF A CLUSTER?

The geographic region ranges from a few city blocks to multi ple provinces (Alberta, Saskatchewan oil industry) 
or states (US auto industry). Medicon Valley, a biotech and pharmaceuti cals cluster, spans the water between 
Denmark and Sweden (Lundquist & Power, 2002). Clusters have been described in various confi gurati ons, 
such as district, valley, triangle, route, and region. In Nova Scoti a, the ti dal energy region is yet to be defi ned; 
it could be in one municipality, a county, the province, or a multi -provincial, even internati onal region, such as 
the Fundy region.

9.4.1.3 - WHAT ARE KEY ELEMENTS IN A CLUSTER?

Key elements in an industry cluster include availability of skilled and knowledge workers, access and engage-
ment of researchers and university labs, support for research and development, and startup fi nancing for 
developers of technologies. 

An industry associati on is integral to an industry cluster. The industry can be a forum in which otherwise 
competi ng companies can collaborate to share non-proprietary knowledge; engage in public educati on; com-
municate needs to government (such as what infrastructure is needed); share costs of specialized equipment; 
promote the industry brand (e.g. Nova Scoti a Wines); advise schools, colleges, and universiti es of the skills and 
experti se needed by the industry to develop the competence base; host networking events, workshops, and 
seminars; and collaborate on standards setti  ng. 

The Fundy Ocean Research Centre for Energy (FORCE) is an example of the collaborati ve eff orts of companies 
in the ti dal energy industry, regulators, and researchers who have joined together to share costs and knowl-
edge for the advancement of the industry. This test facility for large-scale ti dal energy devices is important to 
the development of an industry cluster. Also important in the development is the existence of business incu-
bators, such as the Acadia Centre for Rural Innovati on and research insti tutes, such as the Acadia Tidal Energy 
Insti tute. 

FOUNDATIONAL CONCEPT: TACIT AND EXPLICIT KNOWLEDGE

“Knowledge is defi ned as a fl uid mix of experience, values, contextual informati on, and expert insight that 
provides a framework for evaluati ng and incorporati ng new experiences and informati on. Human knowl-
edge exists in diff erent forms that can be arti culated explicitly (explicit knowledge) or manifested implicitly 
(tacit knowledge). 

Individuals bring specialized knowledge and experti se into an organizati on. Once shared or learned, knowl-
edge can be held collecti vely. The building of collecti ve knowledge eventually contributes to the organiza-
ti on’s intellectual capital. 

Collecti ve knowledge can be either explicit or tacit. Explicit collecti ve knowledge is present in organizati onal 
operati ng procedures, documentati on, informati on systems, and rules. Some of this knowledge is public 
domain knowledge shared by many professionals and organizati ons. Collecti ve tacit knowledge is manifest 
in such things as habits, skills, and abstract understanding among organizati on members. It is an overarch-
ing and collecti ve form of shared knowledge that is neither readily observed nor easily and quickly learned. 
Those who gain access to and acquire collecti ve tacit knowledge can leave with it, but it simultaneously 
remains in the organizati on” (MacDougall & Hurst, 2007, p. 185).
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9.4.1.4 - WHAT ARE THE ADVANTAGES?

One of the advantages of an industry cluster is strength in numbers. Re-
gional wine industries are a good example: wineries and grape growers 
are generally small organizati ons. Individually, they do not have suffi  cient 
clout to infl uence public policy or have commercial bargaining power. Col-
lecti vely, though, through the formati on of a wine and grape growers as-
sociati on, they are able to lobby government; promote the wine region 
and its wines; share costs of equipment, supplies, and consultancy ser-
vices; engage with university and government researchers on common 
problems; and raise money for local initi ati ves.

Another advantage is the proximity to suppliers and customers, which fa-
cilitates the development of new technologies and processes by virtue of 
the ability to meet regularly, face-to-face. The rate of innovati on in clus-
ters tends to be greater than outside clusters, at least during the growth 
stage. As they mature, this can change. Clusters may become too inward 
looking and, over ti me, fi nd themselves no longer competi ti ve globally 
(Seeley, 2007). 

9.4.1.5 - HOW CAN THIS WORK FOR NOVA SCOTIA TIDAL ENERGY IN-
DUSTRY?

First of all, “cluster thinking” is needed: an orientati on toward groups of 
organizati ons, rather than individual fi rms (Courtright, 2006). Many of the 
pieces are in place for the Nova Scoti a ti dal energy industry to develop 
as a cluster. Table 9.5: Key Organizati ons Supporti ng Tidal Energy Devel-
opment for Nova Scoti a identi fi es many of key organizati ons that are in 
place. While the constructi on and deployment of the ti dal energy devices 
in local waters themselves may not become a large economic driver in 
Nova Scoti a, the development of technologies and experti se associated 
with them will be in demand worldwide. Developing and exporti ng in-
novati ve products and process experti se will generate local economic 
benefi ts.

As noted above (Related Sectors with Supply Chain Potenti al), much of 
the skill and experti se needed to serve the nascent ti dal energy industry 
is available in Nova Scoti a in other mariti me industries. As the prospects 
for ti dal energy develop, many of these organizati ons can make the in-
vestment necessary to also serve the ti dal energy industry. This will help 
build an industry cluster.

While the construc-
ti on and deploy-

ment of the ti dal energy 
devices in local waters 
themselves may not be-
come a large economic 
driver in Nova Scoti a, the 
development of tech-
nologies and experti se 
associated with them will 
be in demand worldwide.
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9.4.1.6 - CAN GOVERNMENT POLICY ENCOURAGE THE DEVELOPMENT OF A TIDAL ENERGY INDUSTRY CLUSTER?

“Most clusters arise without the help of governments and many die despite it” (Seeley, 2007, p. 64). Sti ll, gov-
ernments can play a role. They can help though promoti on of the region as being an area where world-class 
experti se and ti dal resources exist (i.e. The Fundy Standard), maintaining favorable policies toward innovati on 
(i.e. COMFIT and FIT), encouraging entrepreneurship, supporti ng research and development through fund-
ing university, government and private research and laboratories, and a supporti ng a good educati on system 
(Seeley, 2007). It is important for government to not “pick winners” or prop up a failing business; rather, gov-
ernment should let market forces sti mulate the drive toward innovati on (Craig, 2000). The government can 
also keep the industry informed, convening cluster members to share informati on, working with the industry 
associati on, and supporti ng access to capital.

VIGNETTE: MAINE TIDAL ENERGY AS AN INDUSTRY CLUSTER

“Maine has the unique opportunity to create a world-class marine ti dal energy cluster that encompasses 
multi ple industries and organizati ons. This cluster would feature research and development (R&D) excel-
lence at both the University of Maine and Maine Mariti me Academy, fostering high-tech manufacturing 
faciliti es for marine composite structures, a resurgence of marine services acti vity at working waterfronts, 
and enhanced understanding of the Gulf of Maine ecosystem. 

This collecti ve approach to sensible development of Maine’s ti dal energy resource will have signifi cant eco-
nomic, educati onal, and social impacts. Tidal energy development will be as defi ning to the Maine coast in 
the 21st century as forest harvesti ng, fi shing, boat building and tourism have been. It has the potenti al to 
provide long-term benefi ts that could positi vely aff ect future generati ons” (Ferland, 2008, p. 111). 

VIGNETTE: ORKNEY RENEWABLE ENERGY CLUSTER

“Given that Orkney is rich in renewable energy sources of wind, wave and ti de, there is clearly scope for Or-
kney to be a major renewable energy producer in the future. Developing local natural resources has always 
been the key pathway to economic development in the islands, enabling the development of industries 
which export to markets outside the islands, so earning revenues to pay for goods and services imported 
to the County. Rather than self-suffi  ciency, the traditi onal goal has been to maximise producti on and profi t, 
selling into export markets in the UK and beyond. 

Developing Orkney’s renewable energy resources will benefi t the islands economically, and indeed the de-
velopment that has already taken place has brought jobs (OREF calculate of the order of 150), skills and 
experti se that can be used locally and exported, and income for landowners and for community groups that 
have an involvement. The European Marine Energy Centre, which tests marine energy devices, and the In-
ternati onal Centre for Island Technology (Heriot Watt ’s Orkney campus and the base for its postgraduate re-
newable energy courses), are part of a marine renewables cluster. This cluster also encompasses a number 
of private sector fi rms which have developed considerable renewables experti se, and which are att racti ng 
funds to Orkney and selling their experti se abroad” (Orkney Islands Council, 2009, p. 4).
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   9.5 - CHECKLIST FOR BUSINESSES 

Author: Elisa Obermann

The following is a checklist that will help companies and business owners determine whether they have skills 
and experti se to service ti dal energy projects and identi fy the appropriate strategy for engaging in the ti dal 
energy industry.

 Table 9-4: Checklist for Businesses Interested in Tidal Energy

CHECKLIST FOR BUSINESSES

What skills, services, and/or supplies do you currently off er that could be applied to a ti dal energy project? 
What needs to be brought in?

What is your capacity to serve ti dal energy projects (1, 2, or multi ple projects and at what acti vity level)?

Are resources available to make ti dal energy a priority and work to be an early-mover?

Have you made connecti ons with any potenti al business partners or project developers?

Have you considered potenti al risks involved with working in an emerging sector like ti dal energy?

FOUNDATIONAL CONCEPT: SEVEN SECRETS OF FAILURE

John Craig summarized the “Seven Secrets of Failure” in developing an industry cluster and provides alterna-
ti ve approaches. Paraphrasing Craig, the alternati ve approaches are as follows:

1. Rather than focusing on real estate (providing industrial land and enti cing companies to locate there), 
focus on where the organizati ons with knowledge and skills relevant to the cluster are located.

2. Rather than concentrati ng on att racti ng outside investment, build on the “embryo of the industry cluster 
that already exists. Gather and digest informati on about the world-wide market and technological opportu-
niti es relevant to the cluster. Development of a learning cluster starts as a learning process, rather than an 
investment process.”

3. Rather than politi cally push for the creati on of businesses in the cluster, allow the cluster to grow in re-
sponse to the pull of the market.

4. Rather than providing strong politi cal leadership, allow companies to respond what customers want. Also, 
do not allow those with the strongest established positi ons to control the cluster’s development.

5. Do not pick winners – do not provide government assistance where market failures are identi fi ed.

6. Do not plan the development of the cluster or provide special government supports. Rather, help make 
informati on about opportuniti es more readily available.

7. Do not be secreti ve, rather, make informati on widely available.

Craig, J. (2000) The Seven Secrets of Failure. Centre for Policy and Development Systems, Queensland, Aus-
tralia. Accessed July 2012 at: htt p://cpds.apana.org.au/Documents/Cluster/developing_industry_cluster.
htm# .
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9.5.1 - KEEPING INFORMED OF OPPORTUNITIES

There are several ways for businesses and communiti es to learn more about ti dal energy development and keep 
informed of associated supply chain opportuniti es. Many organizati ons provide informati on about the industry and 
projects through websites, organizing and hosti ng networking events (conferences, workshops, trade missions), and 
posti ng supply chain specifi c opportuniti es. Networking events and conferences are valuable opportuniti es to meet 
project developers and other industry players. Table 9-5 lists links to organizati ons, key documents, and literature that 
provide background and up-to-date informati on on supply chain opportuniti es. 

Marine Renewables Canada (formerly the Ocean Renewable Energy Group (OREG)) provides a list of worldwide 
events, conferences, and workshops of interest to the marine renewable energy industry: htt p://www.oreg.ca/index.
php?p=1_6_Events. 

   9.6 - KEY ORGANIZATIONS

There are several organizati ons in Nova Scoti a, regionally and at the nati onal level, that are very involved in ti dal energy 
development and serve as valuable resources for informati on on current industry progress, new project initi ati ves, and 
supply and service opportuniti es. These are identi fi ed in Table 9-5.

 Table 9-5: Key Organizati ons Supporti ng Tidal Energy Development for Nova Scoti a

KEY ORGANIZATIONS

ORGANIZATION ABOUT LINK SUPPLY CHAIN ACTIVITIES/ SUPPORT

Nova Scoti a Department 
of Energy

Provincial government 
department leading ti dal 
energy policy and regulatory 
development.

www.gov.ns.ca/energy

• Noti ce of new industry develop-
ment initi ati ves, projects, and sup-
porti ve policy/regulati ons

• Hosts workshops and stakeholder 
consultati ons

Nova Scoti a Department 
of Economic, Rural De-
velopment, & Tourism

Provincial government 
department leading commu-
nity and rural development 
initi ati ves.

www.novascoti a.ca/
econ/ 

• Implementati on of the JobsHere 
plan: htt p://novascoti a.ca/jobshere/ 

Atlanti c Canada Oppor-
tuniti es Agency

Federal department working 
to create opportuniti es for 
economic growth in Atlanti c 
Canada by helping businesses 
become more competi ti ve, 
innovati ve, and producti ve. 

htt p://www.acoa-
apeca.gc.ca/Eng/Pages/
Home.aspx 

• Oversees and administers business 
development programs

Fundy Ocean Research 
Center for Energy

Canada’s leading research 
centre for in-stream ti dal 
energy, located in the Bay of 
Fundy, Nova Scoti a.

www.fundyforce.ca

• Currently has 4 berths for ti dal 
technology project development, 
with diff erent technologies/project 
developers

• Posts opportuniti es for contractors, 
subcontractors, etc. here: htt p://
fundyforce.ca/media-center/oppor-
tuniti es/ 
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KEY ORGANIZATIONS

ORGANIZATION ABOUT LINK SUPPLY CHAIN ACTIVITIES/ SUPPORT

Off shore Energy Re-
search Associati on

Funds off shore energy envi-
ronmental and geoscience 
research and development.

www.off shoreenergyre-
search.ca 

• Issues requests for proposals for 
R&D work

• Hosts bi-annual R&D conference 
and research events/workshops

Marine Renewables 
Canada 
(formerly Ocean Renew-
able Energy Group – 
OREG)

Nati onal marine renewable 
energy (ti dal, wave, in-stream 
river) industry associati on 
supporti ng the development 
of the sector

www.marinerenew-
ables.ca 

• Hosts networking events, an annual 
conference, and trade missions

• Conferences provide opportuniti es 
to learn about industry progress and 
players involved

• Posts opportuniti es specifi c to ti dal 
energy development 

The Mariti mes Energy 
Associati on

Industry organizati on for 
Eastern Canada’s energy in-
dustry focused on supporti ng 
the maximizati on of Atlanti c 
Canadian parti cipati on in the 
supply of both goods and 
services to meet the needs of 
the energy industry.

htt p://www.mari-
ti mesenergy.com/ 

• Hosts networking events, an annual 
conference, and trade missions

• Posts opportuniti es for energy and 
marine supplies and services 

Acadia Tidal Energy 
Insti tute

Focused on assessing ti dal 
energy resources and the as-
sociated environmental chal-
lenges and socio-economic 
opportuniti es.

htt p://ti dalenergy.
acadiau.ca/

• Conducts multi disciplinary research 
projects on ti dal energy resource as-
sessment, environmental monitoring 
and impacts, socioeconomic growth, 
and sustainable communiti es

• Leads development and delivery 
of ti dal energy educati onal programs 
and other support materials

• Facilitates capacity building and un-
derstanding of available ti dal energy 
resources, environmental eff ects, and 
socioeconomic opportuniti es, par-
ti cularly in local rural communiti es

Fundy Energy Research 
Network

Coordinates and fosters 
research collaborati ons, ca-
pacity-building, and informa-
ti on exchange to understand 
the environmental, engineer-
ing, & socio-economic factors 
associated with ti dal energy 
development in the Bay of 
Fundy.

www.fern.acadiau.ca

• Core focus is socio-economic issues 
(including supply chain development)

• Coordinates and supports ti dal 
energy research projects, acti viti es, 
and events
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  10 - FINANCING, GOVERNMENT SUPPORTS, AND MANAGING RISK

Author: Dr. Shelley MacDougall

WHAT DOES THIS MODULE COVER?

Developers, lenders, and investors will require some level of assurance the ti dal energy project is likely to be 
profi table over ti me. This secti on identi fi es sources of fi nancing, government supports, risks, and methods of 
reducing or spreading the risks of in-stream ti dal energy project development.

This module outlines the fi nancial considerati ons of developing a ti dal energy resource: 

 • What fi nancing can be accessed at various stages of the project?  
 • What are the risks at the various stages of development, such as technological, delivery, labour, 
    policy, price volati lity (materials, producti on costs), and weather? 
 • By what means can these risks be miti gated or shared to reduce the exposure of any one party to the 
    risks that would otherwise deter investment?

IS THIS MODULE FOR YOU?

This module is for anyone concerned with the fi nancial viability and risks of ti dal energy projects, such as de-
velopers, policy makers, insurers, equity investors, and lenders.

10.0 - FINANCING IN THE STAGES OF TECHNOLOGY AND PROJECT DEVELOPMENT

Beyond the engineering challenges and environmental and societal hurdles, a signifi cant barrier to commer-
cializing ti dal energy is fi nancing. Through the stages of development of new technology, there are ti mes when 
fi nancing is scarce. Exacerbati ng this is competi ti on for funding from other renewable technologies as well as 
mature technologies that generate electricity from fossil fuels and the absence of a price on carbon dioxide 
emissions. This secti on briefl y describes the fi nancing typically found at the various stages of development as 
they apply to ti dal energy.

10.0.1 - STAGES OF TECHNOLOGY DEVELOPMENT, PROJECT DEVELOPMENT, AND COMMERCIALIZA-
TION

The stages of technology and project development are defi ned diff erently in various reports, studies, and arti -
cles. In an att empt to reconcile some of the categorizati ons and familiarize the reader with various terms used 
in the industry, Table 10-1 lists the acti viti es undertaken to develop and commercialize new technology and 
includes two common groupings of the acti viti es. The table also includes types of fi nancing commonly used 
for these stages of technology development, as well as suitable government supports that provide incenti ves 
or assistance to developers or assurances to lenders and equity investors. These sources and supports will be 
discussed further in subsequent secti ons. 

The process begins with research and development of the technology. The stages of technology development 
and “Technology Readiness Levels” will be described in a later secti on. 

Following the technology development stage are pre-commercializati on acti viti es: feasibility assessments, 
planning, permitti  ng, community consultati on, and project design. All of these acti viti es require fi nancing, 
which generally comes from the developer’s own resources, venture capital, and government supports in the 
form of loan guarantees, incubators, and tax incenti ves. 
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 Table 10-1: Stages of Technology and Project Development, Sources of Financing, Government Sup- 
 ports and Incenti ves

STAGE ACTIVITIES
ORECCA* 
STAGES

ECOFYS** 
STAGES

SUITABLE SOURCES 
OF FINANCING

SUITABLE GOV 
SUPPORTS & IN-

CENTIVES

Research & Devel-
opment (technol-
ogy)

Energy Conversion 
technology
Energy Storage/ Us-
age
Prototype testi ng
Investment 

Pr
e-

fe
as

ib
ili

ty

R&
D Balance sheet 

fi nancing, angel 
investment

R&D grants, uni-
versity funding, 
government labs, 
incubators, R&D tax 
incenti ves

Feasibility Assess-
ment (project)

Geophysical
Oceanographic
Heritage
Environmental
Competi ng use
Financial Feasibility
Community consulta-
ti on

Pr
e-

co
m

m
er

ci
al

iza
ti o

n

Balance sheet 
fi nancing, venture 
capital, private 
equity

Guarantees, public-
private venture capi-
tal, soft  and convert-
ible loans

Planning

Project planning
Permits
Insurance
Finance
Legal
Power purchase 
agreement
Community consulta-
ti on

D
es

ig
n 

an
d 

D
ev

el
op

m
en

t

Design

Project design
Off shore design
Mechanical design
Hydrodynamic design
Electrical system 
design
Civil (onshore design)
Control system 
design
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STAGE ACTIVITIES
ORECCA* 
STAGES

ECOFYS** 
STAGES

SUITABLE SOURCES 
OF FINANCING

SUITABLE GOV 
SUPPORTS & IN-

CENTIVES

Manufacture

Moorings
Off shore fl oati ng 
structure
Energy coupling 
system
Power generati on 
equipment
Power transmission 
equipment
Navigati on/Common 
equipment
Control equipment
Energy storage sys-
tems
Onshore structures 
constructi on
Resource assessment 
equipment
Component testi ng
Component verifi ca-
ti on

Co
ns

tr
uc

ti o
n

Co
m

m
er

ci
al

iza
ti o

n

Private equity, bank 
senior debt, mez-
zanine (subordinate) 
debt, project fi nanc-
ing

Loan guarantees, 
conti ngent grants, 
stable/long term 
government policies

Installati on

Onshore assembly
Cable laying
Transportati on
Off shore constructi on
Civil (onshore engi-
neering)
Environmental moni-
toring

Operati on & Main-
tenance

Integrity manage-
ment
Performance evalu-
ati on
Recovery and repair
Reliability manage-
ment
Structural monitoring
Environmental moni-
toring

O
pe

ra
ti o

n Feed-in tariff s, 
renewable energy 
credits, power pur-
chase agreements
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STAGE ACTIVITIES
ORECCA* 
STAGES

ECOFYS** 
STAGES

SUITABLE SOURCES 
OF FINANCING

SUITABLE GOV 
SUPPORTS & IN-

CENTIVES

Decommissioning

Off shore disassembly
Transportati on
Recycling/ waste 
disposal
Refurbishment
Environmental com-
pliance D

ec
om

m
iss

io
ni

ng

D
ec

om
m

iss
io

ni
ng

 *Off shore Renewable Energy Conversion Platf orm Coordinati on Acti on
 **Ecofys Investments B.V., headquartered in the Netherlands.

Sources: ORECCA 2011, p51-54; EcoFYS 2011, p.100.

Once the pre-commercializati on acti viti es are complete, the go/no go decision is made. Large amounts of 
capital are required with the decision to proceed. For some projects to be fi nancially feasible, they need to 
be built in arrays (multi ple TEC devices) to benefi t from economies of scale. The large amounts of capital and 
durati on of the project put the project beyond the capability of venture capitalists and usually beyond the 
capability of the developer to go it alone. Equity investors and bank fi nancing are needed. If the project goes 
ahead (commercializati on), the cable is laid, and devices are manufactured and installed. Operati ons and 
maintenance are then ongoing for the life of the project, aft er which ti me, the equipment is decommissioned 
(or repowered).

  10.1 - METHODS OF FINANCING

This secti on describes methods of fi nancing that are suitable at the various stages of development and com-
mercializati on. In subsequent secti ons, methods of fi nancing and government supports available in Nova 
Scoti a will be described.

10.1.1 - BALANCE SHEET FINANCING

Balance sheet fi nancing, also known as corporate fi nancing, is simply the project developer investi ng in the 
renewable energy project from its own cash, fi nanced either from existi ng or new equity and debt. The loans 
are secured by the developer’s general assets. This is oft en the only fi nancing opti on for technologies without 
a track record in the R&D and pre-commercializati on stages. 

Advantages of balance sheet fi nancing include:

 • The interest rate on the corporate debt raised is cheaper than it would be on debt raised specifi -
 cally for the new technology project since it refl ects the general credit risk of the developer and its 
 own debt/equity rati o, rather than the risk of the stand-alone project.

 • Without involving other investors, balance sheet fi nancing involves fewer parti es, so the devel-
 oper has more control over the project.

 • There are no additi onal loan covenants, only the ones the company must usually adhere to. 
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Disadvantages include:

 • The developer has full exposure to the project risk.

 • Many developers do not have suffi  cient capital to go it alone 
 on the project.

 • Many developers do not have a strong track record for large 
 projects (Weiser & Pickle, 1998).

While balance sheet fi nancing is the most common form of fi nancing the 
early stages of new technology, many developers are simply not large 
enough nor have suffi  cient cash fl ow to carry out all the steps to comple-
ti on.

10.1.2 - VENTURE CAPITAL

Venture capital organizati ons (VCs) raise capital from a variety of inves-
tors, all of whom have a high risk tolerance, and include insurance compa-
nies, pension funds, mutual funds, and high net worth individuals (Ecofys, 
2011, p. 231). There are also examples of government-funded venture 
capital and public-private venture capital. 

VCs invest in new technologies or new markets in the early stages. In the 
case of new technologies, venture capital comes into play at the R&D 
or pre-commercializati on stages (Ecofys, 2011). However, commercial-
izing ti dal energy is very capital intensive and involves long investment 
horizons; most developers and venture capitalists do not have suffi  cient 
resources to fi nance that stage of the project. This is a signifi cant barrier 
to advancing the development of new technologies such as TEC. For more 
mature technologies, project fi nancing is an opti on, but for nascent tech-
nologies, it remains hard to get.

10.1.3 - PROJECT FINANCING

For mature technologies, such as wind power, project fi nancing is avail-
able. Building a commercial-scale wind energy farm requires very large 
amounts of capital, well beyond what the developers can fi nance. Bank 
loans are needed and project fi nancing is a common arrangement for ac-
quiring debt fi nancing. 

Project fi nance is typically a late-stage means of fi nancing. Banks have 
litt le-to-no tolerance for technology risk, so project fi nancing is generally 
not available for projects unti l the technology is proven. As well, power 
purchase agreements, feed-in tariff s and renewable obligati on standards 
usually need to be in place since repayment of the loans depends on the 
cash fl ows of the project. 

FOUNDATIONAL CONCEPT: 
STAGES OF DEVELOPMENT

For more informati on on fi nanc-
ing at the various stages of devel-
opment, refer to Weiser & Pickle 
(1998); Ecofys (2011); ORRECA 
(2011), www.renewableenergy-
world.com, www.windenergythe-
facts.com.

FOUNDATIONAL CONCEPT: 
WHAT IS VENTURE CAPITAL? 

Venture capital is a subset of 
private equity capital. Venture 
capital is provided by a company 
that acts as a fi nancial intermedi-
ary, pooling investors’ capital and 
investi ng in a portf olio of private 
companies (i.e. companies whose 
shares are not traded in the public 
equity markets). The venture 
capital organizati on, or “VC,” 
takes an acti ve role in monitor-
ing and overseeing management 
acti viti es. The VC takes an equity 
stake in high-growth potenti al 
companies with the expectati on 
of cashing out through either a 
buyout or initi al public off ering 
(IPO) in the public equity market 
within 4 to 7 years.
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The project developer and equity investors will be looking for as high a debt/equity rati o as possible since 
the cost of debt is cheaper than equity and is tax deducti ble. The amount of the loan provided will depend 
on the esti mated energy producti on and banks will be conservati ve about the assumed energy projecti ons. 

Project fi nancing is generally negoti ated as two loans. First is a constructi on loan. Once constructi on is 
completed, the constructi on loan and interest owing on it is converted to a mortgage-style term loan. 
There are many more risks during the constructi on phase (constructi on risks, supply chain constraints, 
weather risk, and coordinati on issues inherent in working with multi ple contractors, etc.), so the rate of 
interest is higher than for the subsequent term loan. It is disbursed in installments as project milestones 
are met.

VIGNETTE: ALSTOM HYDRO AND BALANCE SHEET FINANCING 

Author: Brandon Greer

In 2009, worldwide hydro power leader, Alstom Hydro, signed a deal with the Briti sh Colum-
bia-based Clean Current Energy, a private company specializing in the design and testi ng of 
ti dal energy technology. The deal gave Alstom an internati onal license for ocean and ti dal 
stream applicati ons for one of Clean Current’s patented technologies. The technology is a 
horizontal-axis ducted turbine with a direct-drive, variable-speed permanent magnet gen-
erator, designed to be equally eff ecti ve in both directi ons, so as to fully uti lize two-way ti dal 
currents. In December 2010, Alstom revealed the characteristi cs of BELUGA-9, its fi rst ti dal 
energy-generati ng turbine, to be tested at the FORCE site in the Bay of Fundy. 

As a larger company with more resources and access to capital markets, Alstom’s support al-
lowed Clean Current, the smaller technology organizati on, to further develop its technology. 
While the project received some fi nancial support from Sustainable Technology Develop-
ment Canada, the majority of the project has been funded from Alstom’s balance sheet.

Sources:

Alstom Press Release, 2009. “Alstom enters the Ocean Energy market, reinforcing its renew-
able energy portf olio,” (htt p://www.cleancurrent.com/media/pressreleasealstom.htm )

Alstom Press Release, 2010. (htt p://www.cleancurrent.com/media/Alstom%20announce-
ment/Alstom%20Press%20Release%20Dec%203%202010.pdf )

NOVA SCOTIA IN CONTEXT: INNOVACORP

Innovacorp is Nova Scoti a’s early-stage venture capital organizati on. Its goal is to help emerging Nova Scoti a 
knowledge-based companies commercialize their technologies and succeed in the global marketplace. They are 
especially interested in the informati on technology, life sciences, and clean technology industries. Early-stage 
investment is at the core of their business model, but their team is about more than just money. They provide 
hands-on business advisory services, tailored to meet the unique – and evolving – needs of each of the promis-
ing technology companies in their portf olio. They also give entrepreneurs access to world-class incubati on facili-
ti es and an internati onal network of expert advisors (Dawn House, Innovacorp).
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The advantages of project fi nancing include:

 • The amount of equity capital needed from the project devel-
    oper/sponsor is less than with balance sheet fi nancing.

 • The loan is non-recourse, thereby limiti ng the losses the devel-
    oper/project sponsor must absorb if the project fails.

 • Though it is usually more expensive than balance sheet fi nanc-
    ing, developers consider the reduced risk exposure worth the 
    extra cost.

 • The project does not have a substanti al impact on the devel-
    oper’s balance sheet or credit worthiness.

 • Small- to medium-sized developers can pursue several projects 
    simultaneously.

 • Higher debt/equity rati os are possible, allowing for more use 
    of cheaper, tax-deducti ble debt.

The disadvantages include:

 • The interest rates on project fi nance debt are higher than for 
    balance sheet fi nancing, due to the risk of the project versus 
    the general credit risk of the sponsor.

 • Project fi nancing is diffi  cult to arrange due to the number of 
    parti es involved and due diligence required. There are large 
    transacti on costs of arranging various contracts, such as legal 
    fees (Weiser & Pickle, 1998).

 • Availability of project fi nancing has been less in recent years, 
    due to the global credit crisis. 

Tidal energy is sti ll at the pre-commercial stage and sti ll has signifi cant 
technology risk, forcing balance sheet fi nancing by project developers. 
This is the point at which there is a fi nancing gap, oft en called the “tech-
nology valley of death.” Venture capitalists are willing to take on the risk 
at this stage of technology commercializati on, but they usually do not 
have suffi  cient funds to undertake such a large project. They also require 
a quicker return of their capital than the typical renewable energy power 
project (Bloomberg, 2010). Banks are not willing to take on technology 
risk, so pre-commercial technologies are not able to obtain project fi -
nancing unti l the technology has an established track record. Wave en-
ergy is also facing this fi nancing gap, whereas onshore and off shore wind 
energy have suffi  cient track records to be able to get project fi nancing.

FOUNDATIONAL CONCEPT: 
WHAT IS PROJECT FINANCING?

Project Financing is a method 
by which the renewable energy 
project is legally set up as sepa-
rate, stand-alone company. Equity 
investors and lenders fi nance 
the project company. The equity 
investors, also known as sponsors, 
include the developer and other 
investors taking an ownership 
stake. The lender(s) is a bank or 
syndicate (group) of banks that 
provide approximately 60-80% of 
the fi nancing through a loan. The 
loan is considered non-recourse: 
it is secured by the project assets 
and the interest and principal 
is paid from the project’s cash 
fl ows. The lender does not have 
recourse to the equity investors/
developer if the project fails. If 
the project is unable to service 
the debt, the lender can seize 
the assets and either operate 
the project or sell it to repay the 
debt. For large projects, the debt 
can be raised by issuing bonds to 
insti tuti onal investors. The bonds, 
however, must be rated as invest-
ment grade (Baa3/BBB- or bet-
ter*). The project company can 
be structured as a corporati on, 
general partnership, or limited 
partnership, with the sponsors 
investi ng and receiving benefi ts 
accordingly (dividends, tax credits, 
cash fl ow). 

*For a descripti on of bond rati ngs, 
go to: htt p://www.bondsonline.
com/Bond_Rati ngs_Defi niti ons.
php).
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  10.2 - GOVERNMENT FINANCING AND SUPPORTS IN NOVA SCOTIA1  

In the province of Nova Scoti a, there are a number of programs that will support the development of TEC 
technology and ti dal energy projects. They include research and development grants, post-doctoral fellow-
ships, feed-in tariff s, a public-private venture capital fund and investment tax credits. Some are provided by 
the Government of Canada, and some by the Government of Nova Scoti a. Creati ng the impetus for companies 
and universiti es to embrace these, however, was the Environmental Goals and Sustainability Act, which set 
aggressive targets in Nova Scoti a for generati ng electricity from renewable sources. 

The Province of Nova Scoti a, through its 2007 Environmental Goals and Sustainability Act and its 2010 Renew-
able Energy Plan, has committ ed to deriving more electricity from renewable sources. This renewables obliga-
ti on is to derive 25% of its electricity from renewable sources by 2015 and 40% by 2020. This legislati on obliges 
Nova Scoti a Power, Inc. to both invest in renewable energy producti on and purchase energy from independent 
producers to achieve these targets. The renewables obligati on provides an important backdrop for other initi a-
ti ves and incenti ves and resolves some amount of uncertainty for investors. Government supports available in 
Nova Scoti a from the governments of Canada and Nova Scoti a are summarized below. 

10.2.1 - COMMUNITY ECONOMIC DEVELOPMENT INVESTMENT FUNDS (CEDIF) – PROVINCE OF NOVA 
SCOTIA

Community Economic Development Investment Funds (CEDIFs) support economic development in Nova Scoti a 
by retaining investment capital in the region and returning fi nancial benefi ts to the local community. Though 
not designed for renewable energy specifi cally, CEDIFs have been used to develop community-owned wind 
energy projects in Nova Scoti a and are applicable to small-scale ti dal energy projects. 

A CEDIF is an investment fund, created by selling units to members of a defi ned community for the purpose 
of developing local, for-profi t corporati ons or co-operati ves. Investors receive a 30% tax credit from the Nova 
Scoti a government in the tax year the investment is made. The investments are also RRSP-eligible. Investors 
are required to hold their shares for fi ve years (an earlier dispositi on of the units would require the investor 
to pay some of the tax credit back to the province). Eligible CEDIFs may generate subsequent tax credits for in-
vestors who hold their shares for longer than fi ve years. As shareholders, investors may also receive dividends 
and capital gains.

CEDIFs play a parti cularly important role in ti dal energy development with the introducti on of 
the Community Feed-in Tariff  (COMFIT), announced by the Government of Nova Scoti a in 2010.

10.2.2 - FLOW-THROUGH SHARES

Flow-through shares, which have similar att ributes to common shares, can help a developer fi nance a ti dal 
energy project by providing tax savings to fl ow-through share owners. 

Flow-through shares are newly issued shares of an incorporated company whose principal business is, in this 
case, developing renewable energy. The company is called a principal-business corporati on (PBC). A fl ow-
through share is a share of capital stock of the principal business corporati on, issued under a fl ow-through 
share agreement. Flow-through share owners can be individuals or corporati ons.

 1 Note: Supports listed here are largely dependent on government policy and as such are subject to change. The informati on here
refl ects informati on available as of January, 2013.
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In a fl ow-through share agreement, the PBC agrees to pass on, or “renounce,” its eligible expenses, along with 
their associated tax deducti ons, directly to the investors. Of parti cular interest are the Canadian Renewable 
and Conservati on Expenses (CRCE). These capital expenditures (Capital Cost Allowance Class 43.1 or 43.2) are 
subject to accelerated depreciati on for tax purposes, as will be discussed later. Whereas the PBC may not have 
income against which to deduct these expenses, the fl ow-through share owner can then claim the expenses 
against his/her/its own income and reduce taxes payable. 

For more informati on on fl ow-through shares, go to htt p://www.cra-arc.gc.ca/tx/bsnss/tpcs/ft s-paa/menu-
eng.html.

10.2.3 - FEED-IN TARIFFS – PROVINCE OF NOVA SCOTIA

A feed-in tariff  is a guaranteed rate paid per kilowatt  hour for energy to producers whose energy is delivered to 
the provincial electricity grid. The tariff s are guaranteed for a fi xed period of ti me, thereby reducing price un-
certainty for energy project developers and their investors. In 2011, the Nova Scoti a government announced 
the feed-in tariff s for community-owned renewable energy projects. Feed-in tariff s for larger, commercial-
scale ti dal projects are to be announced in 2013. 

The community feed-in tariff  (COMFIT) applies to projects being developed by municipaliti es, First Nati ons, 
co-operati ves, universiti es, CEDIFs, and not-for-profi t groups. The rates to be paid (tariff s), announced by the 
Nova Scoti a Uti lity and Review Board in 2011, were established based on esti mates of the cost of producing 
the renewable energy, plus a 15% rate return on investment to compensate investors for the risk. For the de-
velopment stage of small-scale, in-stream ti dal energy projects (generati ng up to 0.5MW), the COMFIT rate is 
65.2 cents per kWh (htt p://ns.renewables.ca/comfi t-communiti es). This rate will be revisited by the Uti lity and 
Review Board in 2014. 

The COMFIT program began accepti ng applicati ons in September 2011 and the fi rst round of project approvals 
was announced in December 2011. Once a community project is approved for a community feed-in-tariff , the 
proponents have to complete various feasibility assessments and planning and design acti viti es, engage with 
aff ected communiti es, and arrange fi nancing. To take up the COMFIT, the proponents of small-scale in-stream 
ti dal projects must be delivering electricity to the grid within fi ve years of COMFIT approval. 

Informati on about Nova Scoti a Feed-in Tariff s can be found at htt p://ns.rewnewables.ca . A comprehensive 
COMFIT guide is available at: htt p://nsrenewables.ca/sites/default/fi les/ns_comfi t_guide_sept_19_2.pdf.

10.2.4 - MI’KMAQ PARTNERSHIPS AND ACCESS TO CAPITAL 

(Co-authored with Eric Christmas, Mi’kmaq Energy Advisor)

The Mi’kmaq of Nova Scoti a have been acti ve parti cipants in the renewable energy sector on many fronts. 
Most signifi cant are the development of policies regarding the creati on of Mi’kmaq partnerships and the avail-
ability of Mi’kmaq lands that would qualify under the COMFIT program.

The Mi’kmaq Renewable Energy Strategy was developed in 2011 to complement the provincial strategy. It was 
writt en to not only enlighten the communiti es and leadership of the potenti al renewable energy technologies 
available (including ti dal), but also identi fy the potenti al for long-term fi nancial benefi ts arising from project 
developments, both on and off  Mi’kmaq lands.

The Assembly of Mi’kmaq Chiefs’ work with various levels of government and the corporate sector has se-
cured access to investment capital. Planning is underway for The Mi’kmaq Renewable Energy Development 
(MRED) fund. The Assembly is also negoti ati ng with government for access to aff ordable, below-market rate, 
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long-term fi nancing. Informati on about the Mi’kmaq Renewable Energy Strategy can found at www.mik
maqrights.com.

10.2.5 - CLEAN TECHNOLOGY FUND (VENTURE CAPITAL) – PROVINCE OF NOVA SCOTIA

In 2011, the Nova Scoti a government announced a new $24 million Clean Technology Fund for early stage 
companies developing a “diverse range of products and services intended to provide superior performance at 
lower costs, while minimizing negati ve ecological impact and using natural resources responsibly” (Premier 
D. Dexter, September 2011). The fund is managed by Innovacorp and is targeted at companies that focus 
on alternati ve and renewable energy, energy savings, greenhouse gas reducti on, capture and storage, envi-
ronmental remediati on, and air quality and emissions management (htt p://innovacorp.ca/news/news/nova-
scoti a-clean-technology-start-wins-internati onal-competi ti on,  accessed May 22, 2012). 

As noted earlier, the fi nancing needed by project developers of ti dal energy generally does not fi t with the 
scope and scale of venture capital, due to the large dollar amount needed and the investment horizon. 

10.2.6 - SD TECH FUND - SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA

Sustainable Development Technology Canada (SDTC) recognized the funding gap in the innovati on cycle and 
developed a fund to bridge the gap. The SD Tech Fund contributes to late-stage technology development and 
pre-commercial demonstrati on of clean technology. SDTC’s aim is to reduce the risk of investi ng in clean tech-
nologies by providing funding and assistance to the point in the innovati on process when venture capital or 
industry will invest. SDTC does not take an equity stake, hold the intellectual property, or require repayment 
(for more informati on, please go to: www.SDTC.ca).

10.2.7 - NATURAL SCIENCES AND ENGINEERING RESEARCH COUNCIL OF CANADA 

The Natural Sciences and Engineering Research Council of Canada provides technology R&D support through 
partnership grants and student funding programs. These are described briefl y below.

10.2.7.1 - PARTNERSHIP GRANTS

NSERC Partnership Grants fund collaborati ons between companies and university researchers to conduct 
technology research and development acti viti es. The various grants under this category are:

Interacti on Grants – The maximum Interacti on Grant is $5,000 for researchers’ travel to meet with Canadian-
based companies to identi fy a company-specifi c problem solvable through collaborati ve research.

Engage Grants - NSERC contributes up to $25,000 for 6 months to fund direct research costs for specifi c, short-
term industrial R&D challenges.

Collaborati ve Research & Development Grants – This grant covers up to half the costs of R&D projects that 
provide the company access to specialized faciliti es, knowledge, and students. The company contributes the 
remaining funds.
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Strategic Project Grants – This program pertains to areas of strategic importance to the country. NSERC con-
tributes a substanti al porti on of direct costs for the development of strategic knowledge. At the ti me of writ-
ing, areas of strategic interest are: Environmental Science and Technologies, Informati on and Communicati ons 
Technologies, Manufacturing, and Natural Resources and Energy (htt p://www.nserc-crsng.gc.ca/Professors-
Professeurs/RPP-PP/SPG-SPS_eng.asp, accessed May 22, 2012).

10.2.7.2 - NSERC STUDENT FUNDING PROGRAMS

NSERC provides funds to hire students and post-doctoral fellows. 

Industrial R&D Fellowships Program – NSERC contributes up to $30,000 per year for up to two years to hire 
doctoral graduates to conduct a research project at the host company’s faciliti es. The host company must con-
tribute at least $10,000 per year.

Industrial Post-Graduate Scholarship Program – NSERC contributes up to $15,000 per year so a company can 
hire a masters- or doctoral-level science and/or engineering student to conduct research at the company’s 
research faciliti es. The host company must contribute at least $6,000 and supervise the student’s research for 
at least one day per week. 

Industrial Undergraduate Student Research Awards Program – NSERC contributes $4,500 for a 16-week term 
so a company can hire an undergraduate student to assist with a research and development project.

For more informati on on NSERC partnership grants, go to www.nsercpartnerships.ca.

10.2.8 - NATURAL RESOURCES CANADA ECOENERGY INNOVATION INITIATIVE (ECOEII)

The ecoENERGY Innovati on Initi ati ve program is focused on research projects for government, academic, and 
private sector projects with external public and private stakeholders. There are fi ve strategic priority areas: 
Energy Effi  ciency, Clean Electricity and Renewables, Bioenergy, Electrifi cati on of Transportati on, and Uncon-
venti onal Oil and Gas. Both research and development and demonstrati on projects are funded. Two calls for 
proposals were made, in 2011 and 2012, with no others announced at the ti me of this writi ng (htt p://www.
nrcan.gc.ca/energy/science/2003, accessed June 3, 2012). 

10.2.8.1 - PRODUCTIVITY AND INNOVATION VOUCHER PROGRAM (P&I) – NOVA SCOTIA DEPARTMENT 
OF ECONOMIC AND RURAL DEVELOPMENT AND TOURISM

The Producti vity and Innovati on Voucher Program (P&I), off ered by the Nova Scoti a Department for Econom-
ic and Rural Development and Tourism, provides small- and medium-sized businesses with “credits” to pay 
university researchers for their experti se. There are two types of P&I vouchers: Tier 1 vouchers (maximum 
$15,000); and for previous voucher recipients, Accelerated Program vouchers (maximum $25,000). Recent P&I 
vouchers have been used for feasibility studies, industrial/process engineering services, applied research, pro-
totyping, product design, eco-effi  ciency audits, and scienti fi c/technology-related advice and support (htt p://
www.gov.ns.ca/econ/pnivouchers/, accessed Jan. 18, 2013). 

Eligible businesses are those registered and operati ng in Nova Scoti a with fewer than 100 employees, part 
or all of whom reside in the province. Proposals are accepted for review by the Department of Economic and 
Rural Development and Tourism each September. 
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10.2.9 - MITACS

Mitacs off ers programs that give Canadian companies access to research experti se. The Mitacs-Accelerate pro-
gram contributes $7,500 toward the cost of hiring a graduate student or postdoctoral fellow for four months 
to work on a business research project. The Mitacs-Elevate program, presently being piloted in Ontario and 
Briti sh Columbia, co-funds post-doctoral fellowships for work on major industrial research projects. For more 
informati on, go to www.mitacs.ca/resources-companies. 

10.2.10 - INDUSTRIAL RESEARCH ASSISTANCE PROGRAM - NATIONAL RESEARCH COUNCIL OF CANADA 
(NRC-IRAP)

The NRC-IRAP provides technical and fi nancial assistance to small- and medium-sized businesses to develop 
and commercialize technologies. Their services include technical and business advisory services, fi nancial as-
sistance, and networking with industry experts and potenti al business partners. The IRAP cost-shares salary 
and contractor costs for an eligible/approved research and development project. For more informati on on 
NRC-IRAP, go to htt p://www.nrc-cnrc.gc.ca/eng/ibp/irap.html.

10.2.11 - PRODUCTIVITY INVESTMENT PROGRAM (PIP) – NOVA SCOTIA DEPARTMENT OF ECONOMIC 
AND RURAL DEVELOPMENT AND TOURISM

The Producti vity and Investment Program (PIP) is designed to help Nova Scoti a businesses and workers be-
come more producti ve and innovati ve, with the goal of improving global competi ti veness. The PIP has two 
incenti ves suitable for ti dal energy development projects: the Capital Investment Incenti ve (CII) and the Work-
place Innovati on and Producti vity Skills Incenti ve (WIPSI). Each of these is described below. More informati on 
on these incenti ves can be found at htt p://www.gov.ns.ca/econ/pip/.

10.2.11.1 - CAPITAL INVESTMENT INCENTIVE (CII)

The Capital Investment Incenti ve is designed to assist with the cost of “technologically-advanced machinery, 
clean technology, equipment, soft ware and hardware” and will contribute 20% toward the cost. “Preference is 
given to corporati ons that export out of Nova Scoti a, but considerati on will be given to non-exporti ng corpora-
ti ons if a compelling case can be presented.” Eligible industries include those undertaking the development of 
non-traditi onal sources of energy. htt p://www.gov.ns.ca/econ/pip/cii/ 

10.2.11.2 - WORKPLACE INNOVATION AND PRODUCTIVITY SKILLS INCENTIVE (WIPSI)

The Workplace Innovati on and Producti vity Skills Incenti ve can be used by businesses and industry associa-
ti ons to support the costs of training employees for new technology and innovati ve processes. It is cost-
shared (50%) for industry associati ons and larger businesses, and fully funded for small businesses for the fi rst 
$10,000, and cost-shared beyond that amount. htt p://www.gov.ns.ca/econ/pip/wipsi/ 
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10.2.12 - TAX INCENTIVES – CANADA REVENUE AGENCY, PROVINCE OF NOVA SCOTIA

Several tax incenti ves are in place to support scienti fi c research and development and for clean technology 
investment. These include investment tax credits and accelerated depreciati on for tax purposes. These are 
each discussed below.

10.2.12.1 - SCIENTIFIC RESEARCH AND EXPERIMENTAL DEVELOPMENT (SR&ED) INCENTIVE

The SR&ED is a federal tax incenti ve program to support acti viti es to achieve technological advancement or to 
advance scienti fi c knowledge. It is an investment tax credit, made available to businesses doing research and 
development in Canada, whether basic or applied, for new or improved materials, devices, products, or pro-
cesses. The incenti ve can be in the form of a refundable investment tax credit, which reduces taxes payable. 
It can reduce the company’s current year tax liability, be carried back three years, or carried forward 20 years.

The SR&ED is available to Canadian controlled private corporati ons, non-Canadian controlled corporati ons and 
proprietorships, partnerships, and trusts. The ITC rate for the latt er two is 20% of qualifi ed SR&ED expendi-
tures. For Canadian controlled private corporati ons, the ITC rate is 35% of the company’s “calculated expendi-
ture limit” and 20% of expenditures beyond the calculated expenditure limit. The expenditure limit is based 
on the fi rm’s previous year taxable income and taxable capital. See www.cra.gc.ca/sred for this calculati on. 

Qualifying SR&ED expenditures are costs of experimental development, applied and basic research and can 
include salaries and wages, materials, SR&ED contracts, lease costs of equipment, overhead, third party pay-
ments, and capital expenditures. Also eligible are the costs of work directly in support of these acti viti es such 
as engineering, design operati ons research, mathemati cal analysis, computer programming, data collecti on, 
testi ng, and psychological research. 

To make a SR&ED claim, forms T661 Scienti fi c Research and Experimental Development Expenditures Claim 
and T2SCH31 (Investment Tax Credit-Corporati ons) or T2038 (IND) (Investment Tax Credit – Individuals) must 
be submitt ed with the year’s federal income tax return. See www.cra.gc.ca/sred for these forms. These claims 
are subject to a technical and fi nancial review by the CRA, conducted by CRA staff . Technical review evaluates 
the work to ensure it meets the SR&ED eligibility criteria. A fi nancial review looks at the costs to make sure 
they are eligible expenditures. These reviews may require site visits (Overview of the Scienti fi c Research and 
Experimental Development (SR&ED) Tax Incenti ve Program, Canada Revenue Agency, www.cra.gc.ca/sred, ac-
cessed May 18, 2012).

10.2.12.2 - NOVA SCOTIA RESEARCH AND DEVELOPMENT TAX CREDIT

The Nova Scoti a R&D tax credit is applicable to SR&ED-eligible expenditures. The rate is 15% and is refundable 
if the amount of the credit exceeds the Nova Scoti a taxes payable. The credit is claimed on Schedule 340 of 
the NS T2 form and is administered by the Canada Revenue Agency. (htt p://www.novascoti a.ca/fi nance/en/
home/taxati on/businesstax/corporateincometax/researchanddevelopmentt ax.print.aspx, accessed May 18, 
2012).
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10.2.12.3 - ACCELERATED CAPITAL COST ALLOWANCE FOR CLEAN ENERGY GENERATION

Capital investment expenditures made in ti dal power equipment are eligible for accelerated capital cost allow-
ance, or amorti zati on for tax purposes. The CCA rate for this class of equipment (Class 43.2) is 50% per year, on 
a declining balance basis. This has the eff ect of deferring some taxes to later in the project’s life. 

In additi on, “certain intangible project start-up expenses (for example, engineering and design work and feasi-
bility studies) are treated as Canadian Renewable and Conservati on Expenses. These expenses may be deduct-
ed in full in the year incurred, carried forward indefi nitely for use in future years, or transferred to investors 
using fl ow-through shares” htt p://www.budget.gc.ca/2010/plan/anx5-eng.html#a27. 

  10.3 - RISK AND RISK MITIGATION 

Authors: Melissa Beatti  e and Dr. Shelley MacDougall

There are numerous risks associated with ti dal energy projects. The risks vary by the stage of the project and 
aff ect its fi nancial viability. Although complete removal of all of the risks is unachievable, miti gati on measures 
can be taken to reduce exposure to the risks to an acceptable level. The appropriate miti gati on methods will 
vary according to the stage of the project and type of risk. 

Throughout a ti dal energy project, decisions are made that expose the project developer and its investors to 
risk. The higher the risk associated with a project, the more hesitant investors are about fi nancing it. Since ti dal 
energy is at an early stage of development, the level of risk is a considerable barrier to obtaining fi nancing. 
Financers want to have answers to questi ons such as: what can go wrong, what kind of additi onal costs and 
delays would result, and who takes the risk (Hamilton, 2006)? To increase investors’ confi dence, it is important 
to identi fy risks and att empt to miti gate and reduce them as much as possible (Drake & Howell, 2011). This 
secti on will describe the risks inherent in building, installing, and operati ng ti dal energy devices and ways to 
miti gate or manage these risks. 

10.4 - TYPES OF RISKS

To analyze and miti gate the risks inherent in ti dal energy, they must fi rst be identi fi ed. Some are related to the 
technology itself (design), others depend on the maturity of the supply chain (equipment accessibility, cost 
overruns, damage to property, availability of a capable operator), while sti ll other external risks are beyond the 
control of the project developer (weather, market risk, politi cal/regulatory risk). Furthermore, there is risk of 
damage to the environment and risk of damage to the equipment by the elements in the environment. 

The various types of risks noted are discussed in this secti on. Once the specifi c risks of the project are identi -
fi ed, the appropriate risk miti gati on methods can be explored to manage and minimize negati ve outcomes. 



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute10 - FINANCING, GOVERNMENT SUPPORTS, AND MANAGING RISK229

DISCUSSION: RISK MITIGATION

The four methods for miti gati ng or managing risks are as follows: 

 • Risk transference,
 • Risk minimizati on,
 • Risk avoidance, and
 • Risk acceptance.

Risk Transference -- Risk transference is the spreading or sharing of risk. This transference involves passing some or all of the risk 
to another party to reduce the exposure to an acceptable level. 

One way to transfer risk is through insurance. Insurance can give fi nancial protecti on from damage or delays during the fabrica-
ti on, transport, constructi on, and operati onal stages of the ti dal energy project. Insurance can lower the cost of capital by reduc-
ing the fi nancial impact of potenti al setbacks. The damage or delays can be caused by human error, technological reasons, or 
from the environment. The traditi onal products insurers cover are contractors’ risks, property damage, machinery breakdown, 
delays in start-up, business interrupti on, errors and omissions, legal liability, politi cal risks, and some fi nancial risks such as de-
fault or currency converti bility (United Nati ons Environment Programme, 2004). 

For an insurance company to take on risk, it must be provided with enough informati on to predict the likelihood and severity of 
the losses so it can set a premium (United Nati ons Environment Programme, 2004). The main criteria for the insurability of risk 
are: probability of an event occurring, its potenti al maximum total loss, average total loss, the average ti me span between two 
events, the level of insurance premium required, the degree to which the insured can manipulate the risk, legal limitati ons, and 
insurance coverage limitati ons such as deducti bles and liability limits. Depending on frequency and severity, the risks may not 
be insurable. Insurance is determined on a case-by-case basis and usually has a higher price and more terms and conditi ons for 
renewable energy projects than conventi onal energy projects (Marsh & MacLennan Companies, 2004).

There have been challenges with underwriti ng renewable energy projects. These challenges stem from the newness of the 
technologies, limited underwriti ng experti se, lack of actuarial informati on, lack of suitable risk transfer mechanisms, low trans-
acti on sizes, poor loss histories, and locati on in harsh conditi ons. Underwriters oft en see diff erent hazards in diff erent stages 
and, as a result, ti dal energy will demand a stage-by-stage rati ng approach (Marsh & MacLennan Companies, 2004). Based on a 
report published in February 2011, there were no insurers at that ti me who were prepared to underwrite such risks (IEA-RETD, 
2011). As ti dal energy becomes more established, energy executi ves are expecti ng wider availability of more-standardised 
products, notably insurance and hedging contracts (Economist Intelligence Unit, 2011).

In additi on to insurance, there are other methods available to transfer the risk. The risk transference methods include requiring 
some risks be borne by the relevant sub-contractors, joint venturing, and market hedges (Rodenhuis, 2008). 

Sub-contracti ng is a process whereby the project developer employs a business or person outside of the company to complete 
work for a larger project. Sub-contracti ng transfers risk as these business functi ons are not retained within the company. The 
sub-contractor may be bett er able to miti gate the risk or be willing to take on some of the risk in exchange for a higher contract 
price. For instance, a technology developer can provide a warranty on the technology, or the constructi on company can provide 
guarantees the work will be done on ti me and according to specifi cati ons.

A joint venture is a new enti ty created by two or more parti es (usually companies) who have a contractual agreement to achieve 
specifi c objecti ves. They contribute their equity for a certain amount of ti me, creati ng a temporary partnership. This helps share 
the risk between the companies as they will be sharing all revenues, expenses, assets, and risks. 

A hedge is an off setti  ng investment made to neutralize the risk of adverse price movements. Hedging can be used to protect 
against the uncertainty of currency exchange rates and commodity prices.

Risk Minimizati on (Reducti on) -- The second method of managing risk is minimizati on. Minimizati on is reducing or controlling 
the risk by changing or implementi ng procedures or changing characteristi cs of a project to reduce the likelihood of unforeseen 
events occurring. The risk minimizati on process typically incurs additi onal costs. 
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Methods of risk minimizati on include pre-feasibility studies and applying research fi ndings and lessons learned from other 
industries to the ti dal energy industry. Such measures can help reduce the risk to an acceptable level to att ract investors 
(Ercoli, Julien, Kristi ne & Salvtore, 2011).

Deepening industry collaborati on is another way to reduce the risk; pooling maintenance equipment and spare parts can 
help minimize the risk inherent in ti dal energy projects. As projects get more complex, such industry partnerships may be-
come essenti al (Economist Intelligence Unit, 2011). 

Risk Avoidance -- The third opti on for managing risks involves risk avoidance. Avoidance is done by designing risk out of the 
equipment and processes, or choosing not to accept the risk. Designing the risk out can be achieved by studying and applying 
lessons from other industries with similar experiences. It may include avoiding a parti cular acti vity that carries the risk. The 
company needs to conduct a cost-benefi t analysis to ensure that avoiding the risk is worth the cost.

Risk Acceptance -- The fourth method of managing risk is risk acceptance. Acceptance occurs when it is decided the risk to 
the organizati on is within acceptable limits. If the risk is accepted, it is very important to monitor it. Monitoring can be done 
by setti  ng performance indicators and watching trends that could indicate variances from what was expected.

One reason for accepti ng risk is informati on asymmetry. When the insurer perceives the risk of a parti cular project to be 
higher than the developer does, risk acceptance becomes more cost-eff ecti ve than insurance (Economist Intelligence Unit, 
2011).

Politi cal and regulatory risks, for example, are generally accepted by developers since limited opti ons are available for trans-
ferring them (Economist Intelligence Unit, 2011). A company’s risk acceptance decision is the part of the risk management 
process that establishes what the risks are and to what extent the company should tolerate them as a part of its normal busi-
ness. The standard approach is to control all the risks management believes it can control within its available resources and 
accept the remainder (Marsh & McLennan Companies, 2004).

10.4.1 - TECHNOLOGY RISK

Technology risk essenti ally revolves around two questi ons: will the device work and will it conti nue to work? 
The preferred miti gant to these risks is operati onal experience. With ti dal energy being an emerging sector 
and owners wanti ng to benefi t from the latest technologies, this may not be possible for some ti me (IEA-RETD, 
2011). 

Technology risk is one of the highest risks for ti dal energy at present. Various technologies have been tested in 
tanks, and prototype and full-scale devices have been deployed in the EMEC test facility in Orkney, Scotland. 
Testi ng in a range of resource setti  ngs helps to determine device reliability and suscepti bility to accidents and 
damage (Resolve Inc. & Schwartz, 2006, p. 17). As more is learned about the technology, the more likely the 
owner will be able to transfer the risk to an insurer.

Both insurers and fi nancers penalize new or poorly understood technologies and processes with prohibiti ve 
premiums and terms (United Nati ons Environment Programme, 2004). As it is unknown how well the ti dal 
energy technology will endure the natural elements over ti me, it will take insurers a while to increase their 
confi dence to the level they have with tested and known technologies. Unti l there is an operati ng history for 
ti dal turbines, insurers will likely only cover damage that could result from the workers or from defecti ve parts 
(Marsh & McLennan Companies, 2004, p. 73). 
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VIGNETTE: TECHNOLOGY RISK IN TIDAL ENERGY – INVESTOR PERSPECTIVES 

When asked about investi ng in ti dal energy in the DECC Wave & Tidal Investor survey (2010), a spokes-
person at a bank responded, “Technology is probably the biggest issue and funding hot on its heels. 
Can you prove it will work, and how reliable will it be, that’s clearly the biggest issue for any fi nancier” 
(DECC, 2010).

As an angel investor stated in the DECC Wave & Tidal investor survey, “We need to build machines that 
will demonstrate adequately that reliable and consistent electricity can be produced” (DECC, 2010).

10.4.2 - SUPPLY CHAIN RISKS

Beyond the uncertainty associated with new technology is that of the supply chain to manufacture, assemble, 
deliver, install, and operate the equipment on ti me and on budget. A nascent supply chain adds a signifi cant 
amount of risk during the constructi on stage of a project. 

10.4.2.1 - EQUIPMENT AND MANUFACTURING ACCESSIBILITY

The large turbines, bases, and cables will require large and costly constructi on faciliti es and installati on equip-
ment. Before the supply chain is established, there will be a small quanti ty available. Key equipment includes 
lift ing equipment, piling hammers, and sea-going vessels. If a key piece of equipment breaks prior to, or dur-
ing, project implementati on, the project may be delayed (IEA-RETD, 2011). Even if there are units nearby, 
those could be committ ed to other projects for a signifi cant amount of ti me. In the early days of the ti dal 
energy industry, key equipment may be largely committ ed to other industries such as off shore oil and gas. 
These problems can not only result in long delays for building new capacity, they can also cause developers to 
withdraw from projects enti rely (Greenacre, Gross, & Heptonstall, 2010).

The developer can transfer some of this risk by having the risk of constructi on delays remain with the contrac-
tor. A provision for a conti ngency allowance should also be part of the contract (IEA-RETD, 2011). To minimize 
the risk, engineers should validate the requirements for spare parts, vessels, and cranes. These requirements 
should also be a part of defi ned, long-term operati onal procedures (Guillet, 2007).

Since ti dal energy is a new and developing industry, it cannot be guaranteed the ti dal turbine manufacturers 
will be around in years to come. The turbines may become obsolete. There is also the risk that some designs of 
ti dal turbines could be withdrawn. As a miti gant to these risks, the owners should ensure they will always have 
access to the components’ designs. This way, if the ti dal turbine manufacturer is no longer available, it may be 
possible to have the components manufactured by another company (IEA-RETD, 2011). 

BEST PRACTICES: TECHNOLOGY READINESS LEVELS (TRL)

The Nati onal Aeronauti cs and Space Administrati on (NASA) developed a scale for technology development that has been 
adopted by many government departments and businesses. Ranging on a scale from 1 to 9, the technology readiness 
level indicates the stages of development and testi ng a new technology has passed through. Originally developed in the 
1980s, it is now a fairly standardized system that communicates the technology risk sti ll latent in the project. A version of 
the TRL levels is provided in the Table 10-2. For more informati on, go to: htt p://www.em.doe.gov/pdfs/TRA%20Guide%20
Draft %20w%20EM-60%20Comment2.pdf.
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10.4.2.2 - COST OVERRUNS

Oft en, projects fail to be completed on ti me and on budget. It is impor-
tant for the ti dal energy companies to analyze the factors that may cause 
ti me and cost over-runs and fi nd measures to miti gate these risks.

Cost overruns occur in many projects. However, the more contractors 
there are involved in the constructi on and supply, the more potenti al 
there is for cost overruns, due to the greater number of interfaces (IED-
RETD, 2011). As ti dal energy is an off shore project, it is especially complex 
and will require more coordinati on and management than onshore proj-
ects (Guillet, 2007). Delays or defi ciencies by one contractor can aff ect 
the enti re project’s schedule. 

The impact of these setbacks on the budget and schedule of the enti re 
project should be assessed by the project developer. A conti ngency analy-
sis includes identi fying what would occur if a parti cular contractor’s work 
is delayed or not performed. A risk minimizati on measure for the project 
developer is to employ an independent expert to evaluate these situa-
ti ons and determine the costs associated with the downside scenarios. 
In order to properly transfer risk to the appropriate contractors and sup-
pliers, thoroughness must be maintained when negoti ati ng and writi ng 
contracts. It is also important to have strong project management, in par-
ti cular at the interfaces, and to set a conti ngency budget to provide a 
buff er for delays and cost overruns (IEA-RETD, 2011).

A turnkey contract can be used to miti gate the risk of cost overruns 
(Rodenhuis, 2008). Cost savings and quicker delivery ti mes may be 
achieved, but there is a loss of control over decisions throughout the con-
structi on process.

Including performance incenti ves for contractors is an additi onal way to 
miti gate the risk of ti me and cost overruns. An example of a performance 
incenti ve is an additi onal payment if work is fi nished before the deadline. 
Alternati vely, penalti es for missed deadlines could be used as a deterrent 
(Rodenhuis, 2008).

Certain delay risks may have insurance available (Rodenhuis, 2008). For 
fi nancing, banks will require responsibility for the risks to be clearly al-
located. This includes clearly defi ning the hand-over procedure between 
the contractors at each interface. The procedure should be clearly stated 
in the contract for every contractor (Guillet, 2007). 

The greater the distance the installati on is from shore, the further the 
sea-going vessels have to travel during the trips to install equipment, 
the more complex the foundati ons, and the longer the cabling required. 
These increase the potenti al for cost overruns. A harsher environment 
and rough water will also complicate the process (Greenacre et al., 2010; 
IEA-RETD, 2011). As the distance and depth increase, so too do the risks 
associated with project development, installati on, and maintenance. As 
a result, a higher conti ngency budget will be needed (IEA-RETD, 2011). 

FOUNDATIONAL CONCEPT: 
TURNKEY CONTRACT

A turnkey contract is an agree-
ment in which the contractor 
fi nishes the enti re project and de-
livers the product in a completed 
state, rather than in stages. With 
this contract, the contractor owns 
the project unti l it is fi nished. This 
provides the contractor with the 
incenti ve to fi nish the project on 
ti me and on budget.
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10.4.3- DAMAGE TO PROPERTY AND EQUIPMENT

Constructi on can cause damage to private property, to public wharves, and to underwater transmission ca-
bling. Beneath the water, the interconnecti on cable may cross other cables and pipes in the water. It is essen-
ti al to get the details on existi ng cables and pipes through investi gati ons and discussions with other service 
owners and the authoriti es. During the project planning stage, the constructi on contractor should be held 
responsible for completi ng a fi nal survey of the area before starti ng to dredge and install the cables. If possible, 
an agreement should be made that if any damages occur to the existi ng property, remediati on is the contrac-
tor’s responsibility (IEA-RETD, 2011).

10.4.4 - LACK OF CAPABLE OPERATOR

The capability of the power plant operator is important and needs to be att ended to during the planning pro-
cess. As ti dal energy is a new energy sector, there will be few companies, if any, with a track record. As the 
personnel will not have experience working directly in ti dal energy, the developer should determine the suit-
ability of the personnel and operati onal plans (IEA-RETD, 2011). There will likely be a shortage of skills, as there 
will be a worldwide competi ti on for service crews from the oil and gas industries and other off shore acti viti es 
(Greenacre et al., 2010). 

Means of miti gati ng this include performance incenti ves such as bonuses or equity parti cipati on. Alternati vely, 
there can be penalti es in the event of poor performance (IEA-RETD, 2011). 

10.4.5 - EXTERNAL RISKS

External risks are largely out of the control of the project developer, though there are techniques for miti gati ng 
the impact of some. External risks include politi cal and regulatory uncertainty, uncertainty over costs of vari-
ous factors of producti on, foreign exchange rates, and weather risks. Each of these is discussed below. 

10.4.5.1 - POLITICAL/REGULATORY RISK

Long-term government support mechanisms are generally needed to sustain renewable energy projects. This 
is a very important way to miti gate real and perceived risks that concern investors in ti dal energy. Due to fre-
quently changing nati onal and internati onal policies, investors lack confi dence in regulatory policies (United 
Nati ons Environment Programme, 2004). New policies and budget changes can arise when a new party is 
elected to government. While ti dal energy is in the early stages and dependent on government support, this 
adds a great deal of uncertainty. 

VIGNETTE: INCENTIVES TO DEVELOP FURTHER OFFSHORE

In some countries, a higher remunerati on is established for contract work that is further off shore, 
which provides an incenti ve to develop these projects. For an example, refer to ‘Case Study: Water 
Depth and Impact on Overall Cost Structure and Revenues’ on page 63 in IEA-RETD, 2011 (noted in the 
references at the end of this module). This case study specifi cally looks at the tariff  structure used in 
Germany as a remunerati on technique. 
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Regulatory changes, such as to environmental regulati ons, also present 
a risk for ti dal energy projects. The ti dal turbines are sited in public envi-
ronments and are tapping energy from a natural resource. Consequently, 
developers face uncertainty about siti ng and environmental permitti  ng 
(Milford, Morey, & Tyler, 2011). 

Banks accept some amount of regulatory change risk, although to fi nance 
a project, the regulatory structure must be completely understood. The 
banks will require a regulatory framework that makes the projects feasi-
ble at the outset (Guillet, 2007). The willingness and capability of provin-
cial and federal authoriti es to handle the permits and licences will aff ect 
the perceived regulatory risks.

Many renewable energy executi ves say they retain, and thus accept, reg-
ulatory risk because they are unable to see any worthwhile alternati ves 
(Economist Intelligence Unit, 2011). Though the executi ves are retaining 
the risks, they also want to fi nd ways to minimize them. One way devel-
opers can miti gate politi cal and regulatory risk is to strengthen commu-
nicati ons with regulators and policymakers (Economist Intelligence Unit, 
2011). Strengthening communicati ons can be viewed as risk minimizati on 
through increased industry collaborati on. Proper confi rmati on by legal 
advisors that all permits, licenses, etc. are in place is also important. 

10.4.5.2 - WEATHER RISKS

The weather, storm surges, and strong ti dal currents add uncertainty for 
the installati on and maintenance of the TEC devices. The ti des themselves 
limit the ti mes when work can be done on site. The weather and water 
conditi ons can cause expensive delays, so installati on and operati ng costs 
will be uncertain, parti cularly when there is a need for specialized vessels. 
Choppy waters further increase risk when installing the turbines and pose 
a threat to the safety of the workers. 

To miti gate weather risks, the contract between the developer and con-
tractors should state the agreements regarding weather risks. Sharing 
weather risk is typical for these two parti es. A usual agreement may have 
the contractor responsible for “average” weather. It must be defi ned ex-
actly what falls under “average” weather. Typically, the contractor would 
get relief from the planned schedule, but would not add the cost of 
weather days (IEA-RETD, 2011).

 In additi on, bad weather causing extremely rough waters and storm 
surges may harm installed turbines. To miti gate these risks, the turbines 
should be tested in extreme conditi ons to determine whether they will 
survive or break apart and become a hazard themselves (Ingram, 2011).

DISCUSSION: POLITICAL RISK

All over the world, government 
support has been crucial to the 
development of new renew-
able energy industries (Esteban 
& Leary, 2009). In 2010, it was 
observed that as worldwide 
support in renewable technolo-
gies grew, investment decreased 
signifi cantly in the countries 
where the government support 
declined (Economist Intelligence 
Unit, 2011). 

Government policy can help the 
ti dal energy industry achieve 
returns and reduce risks through 
incenti ve mechanisms such as 
feed-in tariff s and green certi fi -
cates (Guillet, 2007). To miti gate 
the risk of funding being re-
moved when the government 
changes, the support for ti dal 
energy should be designed to be 
long term, regardless of politi cal 
changes.



© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute© Acadia Tidal Energy Insti tute10 - FINANCING, GOVERNMENT SUPPORTS, AND MANAGING RISK235

BEST PRACTICES: HEALTH AND SAFETY

When miti gati ng the risk, it is important to exert additi onal eff ort above simply sati sfying the local legislati on regarding 
the health and safety of all parti es involved. Parti cular eff ort should be applied in planning health and safety by ensuring 
detailed policies and plans for all stages of the project from constructi on to operati on. It is important to regularly audit and 
provide feedback on these safety procedures and acti ons (IEA-RETD, 2011).

10.4.5.3 - DAMAGE TO EQUIPMENT BY THE ENVIRONMENT AND OTHER USERS OF THE WATER

Damage to property could occur due to various hazards: biofouling, third party interference, larger than ex-
pected currents, or damage due to logs and submerged ice, etc. The damage could occur on the new ti dal en-
ergy equipment or existi ng sub-sea equipment. Managing off shore acti viti es is the starti ng point in miti gati ng 
this risk, although insurance is apt to be the key miti gant (IEA-RETD, 2011).

The accumulati on of microorganisms, plants, algae, or animals on wett ed structures is known as biofouling. 
As the turbines and transmission cables are in the water, biofouling could damage the equipment. There are 
many diff erent organisms that can cause biofouling, many surfaces aff ected by it, and many diff erent soluti ons 
to the problem. Anti -fouling is the method of either removing or preventi ng this accumulati on, and can include 
the use of biocides or non-toxic coati ngs. To miti gate the risk posed by biofouling, research needs to be done 
into the best soluti on, or anti -fouling process, for ti dal energy before installati on of the turbines (Stanczak, 
2004). This research would include examining the toxicity of the paints, hydraulic fl uids, and chemicals used to 
control biofouling (Resolve, Inc. & Schwartz, 2006).

Damage could likewise be caused by a third party, for example, by anchoring in a prohibited area and damag-
ing subsea cables. Again, the miti gant most appropriate for this situati on would be insurance (IEA-RETD, 2011).

Damage due to submerged, sediment-laden ice has been a concern but is currently considered a low risk for ti dal 
energy developments in the Upper Bay of Fundy (Sanderson, Redden, & Broome, 2012).  Direct observati ons of ice 
movements near turbines in Minas Passage would help to determine the likelihood of interacti on between submerged 
ice and bott om mounted turbines.  Any collision involving a turbine and submerged debris (e.g. logs, fi shing gear) or 
a large marine vertebrate (e.g. whale) could damage the ti dal device. To miti gate such risks, there should be monitor-
ing for large submarine hazards at all ti dal device deployment sites. For the long-term, risk miti gati on would include 
engineering the ti dal devices to withstand contact with those hazards that would be diffi  cult to completely prevent 
(Baddour, Byers, & Saun ders, 2008).

10.4.5.4 - MARKET RISK

The market creates uncertainty in the cost and price of the inputs for ti dal energy and the ti dal energy output. 
There is uncertainty in the costs of commoditi es and other inputs, as well as in the price paid for electricity 
(Economist Intelligence Unit, 2011).

The cost of ti dal energy is sensiti ve to currency exchange, commodity, equipment, and labour price changes. 
The cost of raw materials for ti dal energy projects are directly aff ected by commodity prices. Steel is a major 
component of the ti dal turbines, so steel price volati lity makes esti mati ng the costs of the turbines and bases 
challenging. Accordingly, it is too risky for steel buyers or sellers to lock themselves into fi xed price contracts. It 
is valuable to monitor the price of these inputs to help miti gate the risk of the price changes and hedge when 
possible (Greenacre et al., 2010). 
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10.4.5.5 - ENVIRONMENTAL RISK

With the installati on of devices in the water, there is potenti al for damage to the environment. It is important 
to look at these risks as well as the liability that could result (Economist Intelligence Unit, 2011). 

Environmental damage has the potenti al to occur in a variety of areas. The damage could occur from the tur-
bines in the water or from acti viti es onshore. It is important to study these risks and have appropriate proce-
dures to monitor the environmental conditi ons. If environmental damage does occur, the project owner could 
be liable and thus it is imperati ve to have planned miti gati on procedures already in place (IEA-RETD, 2011).

There are several measures companies are currently taking to miti gate environmental risks with renewable 
energy projects. The most prevalent measure is improving environmental audits. Another measure frequently 
used is implementi ng strict environmental standards. Other planned miti gati on procedures include staged de-
velopment, more frequent communicati on with consumers and environmental groups, and closely monitoring 
subcontractors’ environmental practi ces (Economist Intelligence Unit, 2011).

Two risk transference methods currently used for environmental risks include insurance and catastrophe 
bonds. Catastrophe bonds transfer certain risks (usually from an insurer) to investors. Investors will buy these 
bonds because they generally pay higher interest rates. A smaller group of companies also use self-insurance 
pools (Economist Intelligence Unit, 2011). This is a method where a calculated amount of money is set aside 
by the company to compensate for the loss, if incurred. 

  10.6  - SUMMARY

Much work has been done on the development and testi ng of prototypes and and full-scale devices in tanks 
and test sites, such as at European Marine Energy Centre (EMEC) in Orkney, Scotland. However, there is not a 
lot of experience with the commercializati on of in-stream ti dal energy as yet. Ocean Renewable Power Com-
pany (ORPC) in Maine, USA installed turbines and cables in Cobscook Bay in 2012 and is currently delivering 
electricity to the grid. This was the fi rst commercial in-stream ti dal energy project in North America. 

Arrays of turbines are needed to achieve suffi  cient economies of scale to make commercializing ti dal en-
ergy technologies feasible. However, arrays require very large amounts of capital and very long investment 
horizons. Device and project developers and government departments are discussing ideas on the needed 
supports and risk miti gati on measures to move the technology beyond the “technology valley of death.” The 
absence of fi nancing, due largely to the inherent risks, size of investment and investment horizons, is a signifi -
cant obstacle to the progress of the industry around the world.

IN NOVA SCOTIA: REDUCING MARKET RISK FOR TIDAL ENERGY

Legislati on in Nova Scoti a has helped to reduce market risk for selling electricity generated from the ti des. The commit-
ment to generati ng electricity from renewables (25% by 2015; 40% by 2020) assures demand. Feed-in tariff s for ti dal 
energy provide greater certainty of price for producers. Both are subject to power purchase agreements.
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 Tabel 10-2: Technology Readiness Levels (U.S. Department of Energy)

RELATIVE LEVEL 
OF TECHNOLOGY 
DEVELOPMENT LEVEL TRL DEFINITION DESCRIPTION

System 
Operati ons TRL 9

Actual system operated over 
the full range of expected 
conditi ons.

The technology is in its fi nal form and operated 
under the full range of operati ng conditi ons. 
Examples include using the actual system with the 
full range of wastes in hot operati ons.

System
Commissioning

TRL 8

Actual system completed and 
qualifi ed through test and 
demonstrati on.

The technology has been proven to work in its fi nal 
form and under expected conditi ons. In almost all 
cases, this TRL represents the end of true system 
development. Examples include developmental 
testi ng and evaluati on of the system with actual 
waste in hot commissioning. Supporti ng informa-
ti on includes operati onal procedures that are 
virtually complete. An ORR has been successfully 
completed prior to the start of hot testi ng.

TRL 7

Full-scale, similar (prototypi-
cal) system demonstrated in 
relevant environment.

This represents a major step up from TRL 6, requir-
ing demonstrati on of an actual system prototype 
in a relevant environment. Examples include test-
ing full-scale prototype in the fi eld with a range 
of simulants in cold commissioning. Supporti ng 
informati on includes results from the full-scale 
testi ng and analysis of the diff erences between 
the test environments, and analysis of what the 
experimental results mean for the eventual operat-
ing system/environment. Final design is virtually 
complete.

Technology 
Demonstrati on TRL 6

Engineering/pilot-scale, 
similar (prototypical) system 
validati on in relevant environ-
ment.

Engineering-scale models or prototypes are tested 
in a relevant environment. This represents a major 
step up in a technology’s demonstrated readiness. 
Examples include testi ng an engineering scale 
prototypical system with a range of simulants. 
Supporti ng informati on includes results from the 
engineering scale testi ng and analysis of the dif-
ferences between the engineering scale, proto-
typical system/environment, and analysis of what 
the experimental results mean for the eventual 
operati ng system/environment. TRL 6 begins true 
engineering development of the technology as an 
operati onal system. The major diff erence between 
TRL 5 and 6 is the step up from laboratory scale to 
engineering scale and the determinati on of scaling 
factors that will enable design of the operati ng sys-
tem. The prototype should be capable of perform-
ing all the functi ons that will be required of the 
operati onal system. The operati ng environment 
for the testi ng should closely represent the actual 
operati ng environment.
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RELATIVE LEVEL 
OF TECHNOLOGY 
DEVELOPMENT LEVEL TRL DEFINITION DESCRIPTION

Technology 
Development TRL 5

Laboratory scale, similar 
system validati on in relevant 
environment.

The basic technological components are inte-
grated so that the system confi gurati on is similar 
to (matches) the fi nal applicati on in almost all 
respects. Examples include testi ng a high-fi delity, 
laboratory scale system in a simulated environ-
ment with a range of simulants1 and actual waste. 
Supporti ng informati on includes results from the 
laboratory scale testi ng, analysis of the diff erences 
between the laboratory and eventual operati ng 
system/environment, and analysis of what the 
experimental results mean for the eventual operat-
ing system/environment. The major diff erence 
between TRL 4 and 5 is the increase in the fi delity 
of the system and environment to the actual ap-
plicati on. The system tested is almost prototypical.

Technology 
Development TRL 4

Component and/or system 
validati on in laboratory envi-
ronment.

The basic technological components are integrated 
to establish that the pieces will work together. 
This is relati vely “low fi delity” compared with the 
eventual system. Examples include integrati on of 
ad hoc hardware in a laboratory and testi ng with a 
range of simulants and small scale tests on actual 
waste. Supporti ng informati on includes the results 
of the integrated experiments and esti mates of 
how the experimental components and experi-
mental test results diff er from the expected system 
performance goals. TRL 4-6 represent the bridge 
from scienti fi c research to engineering. TRL 4 is the 
fi rst step in determining whether the individual 
components will work together as a system. The 
laboratory system will probably be a mix of on 
hand equipment and a few special purpose com-
ponents that may require special handling, calibra-
ti on, or alignment to get them to functi on.
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RELATIVE LEVEL 
OF TECHNOLOGY 
DEVELOPMENT LEVEL TRL DEFINITION DESCRIPTION

Research to Prove 
Feasibility TRL 3

Analyti cal and experimental 
criti cal functi on and/or char-
acteristi c proof of concept.

Acti ve research and development (R&D) is initi at-
ed. This includes analyti cal studies and laboratory-
scale studies to physically validate the analyti cal 
predicti ons of separate elements of the technol-
ogy. Examples include components that are not yet 
integrated or representati ve tested with simulants. 
Supporti ng informati on includes results of labora-
tory tests performed to measure parameters of in-
terest and comparison to analyti cal predicti ons for 
criti cal subsystems. At TRL 3, the work has moved 
beyond the paper phase to experimental work 
that verifi es that the concept works as expected 
on simulants. Components of the technology are 
validated, but there is no att empt to integrate the 
components into a complete system. Modeling 
and simulati on may be used to complement physi-
cal experiments.

Research to Prove 
Feasibility TRL 2

Technology concept and/or 
applicati on formulated.

Once basic principles are observed, practi cal 
applicati ons can be invented. Applicati ons are 
speculati ve, and there may be no proof or detailed 
analysis to support the assumpti ons. Examples are 
sti ll limited to analyti c studies. Supporti ng infor-
mati on includes publicati ons or other references 
that outline the applicati on being considered and 
that provide analysis to support the concept. The 
step up from TRL 1 to TRL 2 moves the ideas from 
pure to applied research. Most of the work is 
analyti cal or paper studies with the emphasis on 
understanding the science bett er. Experimental 
work is designed to corroborate the basic scienti fi c 
observati ons made during TRL 1 work.

Basic Technology 
Research TRL 1

Basic principles observed and 
reported.

This is the lowest level of technology readiness. 
Scienti fi c research begins to be translated into ap-
plied R&D. Examples might include paper studies 
of a technology’s basic properti es or experimental 
work that consists mainly of observati ons of the 
physical world. Supporti ng Informati on includes 
published research or other references that iden-
ti fy the principles that underlie the technology.

Source: Technology Readiness Assessment (TRA) / Technology Maturati on Plan (TMP) Process Guide, Offi  ce 
of Environmental Management, U.S. Department of Energy, March 2008, p. 6. Available at: htt p://energy.
gov/sites/prod/fi les/em/TRAGuideDraft wEM-60Comment2.pdf.
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WHAT DOES THIS MODULE COVER?

The economic impacts from ti dal energy development are largely unknown 
due to two primary factors: a) a very small number of deployments, with 
only a handful at the commercial stage, and b) limited analysis using econo-
metric modeling. This secti on seeks to narrow this gap in knowledge by 
providing an input-output analysis of the economic impacts of a 5MW ti dal 
facility in the Digby area of Nova Scoti a.

This module provides an esti mate of the inter-industry impacts of a 5MW 
ti dal facility in the Digby area of Nova Scoti a. The module provides sum-
mary tables on the following:

 • Table 11-1: Capital Cost for a 5MW ti dal facility,

 • Table 11-2: Total Costs (inputs & outputs) by Economic Sector   
 for Constructi ng a Commercial Facility,

 • Table 11-3: : Annualized Cost Inputs and Outputs by Economic   
 Sector for Constructi ng a Commercial Facility,

 • Table 11-4: Costs by Category of Operati ng a Commercial   
 Facility, and

 • Table 11-5 : Cost Inputs and Outputs by Economic Sector for   
 Operati ng a 5MW Facility.

KEY IMPACT ESTIMATES INCLUDE:

 • Total (multi plied) spending from the development/constructi on   
 phase of $46 million, with total income creati on of $14.3 million.

 • 240 person years of employment, or 48 jobs per year over each   
 of the fi ve years of the development/constructi on phase.

 • Annual operati onal total spending generati on of $344,000;   
 annual income creati on of $124,000. 

 • Annual operati on creates two full-ti me job equivalents.

WHO SHOULD READ THIS MODULE?

This module is for anyone interested in the potenti al economic impact of 
developing a 5MW ti dal energy project in the Digby area, including po-
tenti al spending across industries in Digby and esti mated number of jobs. 
These esti mates are based on a hypotheti cal case; actual spending and 
economic impacts would diff er from project to project.

CONCEPT: 
PRINCIPLES OF INPUT OUTPUT 
ANALYSIS

An input-output (I/O) model is a 
mechanism that allows analysis of 
inter-industry relati onships of an 
economy.  

An I/O model att empts to quanti fy, at 
a point in ti me, the economic inter-
dependencies of an economy. I/O ac-
counti ng is a framework that explicitly 
recognizes interdependencies among 
producti ve industries of the economy 
and the elements of fi nal demand. Fi-
nal demand is the demand for goods 
and services consumed directly by 
ulti mate consumers. Final goods and 
services are referred to as fi nal be-
cause they are not put back into the 
producti on process to make some 
other good. The interdependencies 
are characterized by the inter-indus-
try structure, which shows the inputs 
that are combined to produce output. 
The I/O analysis framework is similar 
to a fi nancial accounti ng framework 
that tracks purchases and expendi-
tures on goods and services in dollars. 
The I/O framework traces the dollar 
fl ows between businesses, as well 
as between businesses and consum-
ers in an economy.  The input-output 
model is summarized below in matrix 
form. Details of the model used here 
follow.

X* = (1-A*)-1  F* 

Where: X* = the vector of total output

(1-A*)-1 = the closed model total re-
quirements matrix (Leonti ef inverse)

F* = vector of fi nal demand changes 
associated with ti dal power develop-
ment

The Nova Scoti a input-output (I/O) 
model forms the basis of the Digby 
County I/O model. The provincial I/0 
model for Nova Scoti a is based on Sta-
ti sti cs Canada data. The provincial I/O 
direct requirements matrix is adjusted 
Conti nued on next page ...
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   11.0 - INTRODUCTION 

This secti on esti mates the potenti al economic impacts emanati ng from a 
5MW ti dal development (generati on device and land-based components), as 
described in Nova Scoti a Uti lity and Review Board in the matt er of a hearing 
to determine Renewable Energy Community Tariff s, March 2, 2011 [Synapse 
Exhibit M]. The purpose is to quanti fy the economic signifi cance of ti dal en-
ergy development. More specifi cally, this secti on will examine a hypotheti cal 
case study of a 5 MW community-based ti dal project in the Digby area of the 
Bay of Fundy. Digby was chosen for analysis based on a number of potenti al 
sites being identi fi ed in that area. Fundy Tidal Inc. has received regulatory 
approval for a 1.95 megawatt  ti dal power project in Digby County. Small scale 
ti dal developments will be the focus for the case study since the applicable 
technology/costs/degree of local inputs, etc. for larger (150 MW range) de-
velopments are signifi cantly less precise at this point in ti me. 

The study area for the case study is Digby County. In order to esti mate the 
potenti al economic impacts, an input-output (I/O) model for Digby County 
was developed. The box to the right of the page contains an overview of I/O 
analysis.

A key goal of the analysis is to measure the degree to which the expenditures 
related to ti dal energy producti on generate economic acti vity in the local 
economy. The study area input-output model captures both the direct and 
spin-off  (indirect and induced) eff ects of these expenditures. 

The expenditure (cost) inputs that generate the economic impacts are based 
on cost fi gures appearing in the publicati on enti tled, In the Matt er of the 
Electricity Act and In the Matt er of a Hearing to Determine the Renewable 
Energy Community Feed-On Tariff s, by Nova Scoti a Uti lity and Review Board, 
published in March 2, 2011. The outputs (impacts) are measured in terms of 
total sales and income generated locally from initi al expenditures related to 
ti dal energy development. The degree to which the expenditure (cost) inputs 
and the economic impacts (outputs) will be generated/captured locally is un-
known at this point in ti me. The analysis conducted here should be consid-
ered a simulati on in that the I/O model is based on the structure of the local 
economy as of the 2006 census, and more importantly, the resulti ng impacts 
(outputs) will change in proporti on to which the actual expenditures (cost) 
diff er from the current esti mates. 

It is assumed that 70 percent of the capital costs will be services provided by 
local fi rms (Final Report Renewable Energy Opportuniti es and Competi ti ve-
ness Assessment Study, Nova Scoti a Department of Energy, SLR Consulti ng 
Ltd., SLR Project No. 210.05753.00, September 23, 2010, p. 40). This assump-
ti on is criti cal to the analysis, in that ti dal power development expenditures 
going to non-local fi rms “leak out of the local economy” and hence reduce 
the direct/indirect/induced impacts. It is further assumed that all develop-
mental expenditures related to ti dal energy are incremental to the study re-
gion. In other words, the ti dal energy-related spending, outlined in this analy-
sis, occurs in additi on to existi ng levels of economic acti vity. It is also assumed 
that the resulti ng spin-off  benefi ts (for example, additi onal spending, jobs, 
and income) are captured in the Digby area economy.

Conti nued from previous page ...      
via employment based locati on quo-
ti ents (LQs) to approximate the Digby 
economy. The locati on quoti ent, in 
this case, is a measure comparing the 
concentrati on of an industry in Digby 
County and its concentrati on in the 
province of Nova Scoti a, as a whole. 

The closed model allows the direct, in-
direct and induced eff ects of an exog-
enous change to be captured. Direct 
eff ects occur when fi rms involved in 
ti dal power development buy goods/
services from local fi rms. Indirect ef-
fects occur when local fi rms buy local 
inputs (goods/services) as a result of 
the direct impact. The economic ac-
ti vity resulti ng from the re-spending 
of income generated by the direct 
and indirect eff ects is known as the 
induced eff ect. The induced impacts 
are additi onal expenditures resulti ng 
from increased income brought about 
by increases in fi nal demand.

There are a few key assumpti ons re-
lated to I/O analysis that should be 
noted. Firstly, the level of input pur-
chased by an industry is exclusively 
determined by the level of this in-
dustry’s output and that there exists 
no input substi tuti on or economies 
of scale in the producti on. Secondly, 
there are no constraints on industry 
capacity. Whatever is demanded by 
industries as inputs can be supplied at 
current prices. Thirdly, inherent in the 
induced eff ects, is that household in-
come fl ows to residents and residents 
spend their new income following the 
existi ng patt ern of expenditures. 

Given the assumed leakages from the 
local economy (related to produc-
ti on of goods/industry profi ts), the 
closed model is most applicable due 
to its ability to capture the induced 
eff ects associated with re-spending 
of income created via the direct and 
indirect eff ects. An I/O model frame-
work therefore, provides the ability 
to answer “what if” questi ons. For 
example, what will happen in the 
economy if fi nal demand due to ti dal 
energy development was to increase 
by 50 million dollars?
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  11.1 - DEVELOPMENT PHASE

The case study refl ects the economic acti vity generated from creati ng a 
5 MW facility near Digby. The analysis is based on the constructi on and 
operati on of the 5 MW facility. Total capital costs are esti mated at $10 
million per MW (Nova Scoti a Uti lity and Review Board, 2011). The costs 
for constructi on of a 5 MW facility are esti mated in Table 11-1.  

Table 11-1: Capital Cost for a 5MW Tidal Facility

COST CATEGORY COST FOR 5 MW FACILITY

Development $9,500,000

Equipment & Installati on $33,350,000

Interconnecti on $2,600,000

Reserves (upfront maintenance/working capital) $1,130,180

Financing (closing costs/interest) $3,813,500

Total $50,393,680

Source: Nova Scoti a Uti lity and Review Board in the matt er of a hearing to determine 
Renewable Energy Community Tariff s, March 2, 2011 (Synapse Exhibit M). htt p://www.
nsuarb.ca/images/stories/pdf/electricity/july2011/comfi t.pdf

In order to assess the total direct/indirect/induced eff ects (multi plied) of the 
capital spending on the Digby County economy,  the expenditures in Table 
11-1 are reduced by 30% (as noted, 70% of inputs are assumed to be sup-
plied locally) and delineated into North American Industrial Classifi cati on 
(NAIC) input categories, as shown in Table 11-2. Development costs were ap-
porti oned to Business Services, and equipment/installati on costs split on a 
50/50 basis with the Manufacturing and Constructi on sectors. Interconnec-
ti on costs were considered to be in the Constructi on industry and Financing 
and Reserves costs allocated to the Finance Insurance and Real Estate (FIRE) 
sector. Given that all expenditures took place in a single year, the total expen-
diture and income eff ects of the capital expenditures (as derived from the 
Digby County input-output model), are also shown in Table 11-2.  The total 
economic impact (direct/indirect /induced) on spending across all industries 
in the Digby County economy from the constructi on phase is esti mated to be 
$46 million, with total income creati on of $14.3 million. As would be expect-
ed, the total expenditure impacts are concentrated in the Constructi on and 
Manufacturing industries, with (direct/indirect /induced ) spending of $13.7 
million and $13.1 million, respecti vely. Other industries generati ng signifi cant 
spending eff ects are Business Services ($7.3million), Finance, Insurance and 
Real Estate (FIRE), with $7.1 million, and Retail Trade ($1.4 million). 

The combined development/commercial installati on ti me frame for ti dal 
power, however, has been shown to be considerably longer than one year. 
In absence of a defi niti ve ti me frame for which the development and con-
structi on expenditures shown in Table 11-2 will actually occur, it is assumed 
that they will take place proporti onately in each year, over a fi ve year period. 
(Please note, no discounti ng refl ecti ng the ti me value of money has been ap-
plied). The annualized costs would therefore represent one fi ft h of the total, 
with annual total direct expenditures of approximately $10 million per year, 

T he total economic 
impact (direct/

indirect /induced) on 
spending across all 
industries in the Dig-
by County economy 
from the construction 
phase is estimated to 
be $46 million, with 
total income creation 
of $14.3 million.
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$7.0 million occurring locally. The resulti ng impacts are shown in Table 11-3. On an annualized basis (over a fi ve 
year ti me frame, with no discounti ng), total expenditures across all industries are $9.2 million. Constructi on and 
Manufacturing industries see expenditures of $2.8 million and $2.6 million, respecti vely, followed by Business Ser-
vices ($1.5 million), Finance, Insurance and Real Estate (FIRE), with $1.4 million, and Retail Trade ($282 thousand).  
Annualized total income creati on across all industries is esti mated to be $2.9 million. Using the Oregon Wave En-
ergy Trust, Economic Impacts of Wave Energy to Oregon’s Economy, OWET (2009) income-to-employment rati o of 
$60,000 per year, the constructi on phase would be expected to generate 240 person years of employment, or 48 
jobs per year over each of the fi ve years of the development/constructi on phase.

  Table 11-2: Total Costs (inputs & outputs)  by Economic Sector for Constructi ng a Commercial Facility  
 (Assumes 70% accrues to local fi rms.)

 ECONOMIC SECTOR TOTAL INPUTS TOTAL OUTPUTS

Agriculture $0 $122,791

Forestry and Logging $0 $60,971

Fishing, Hunti ng, and Trapping $0 $9,305

Support Acti viti es for Agriculture and Forestry $0 $18,398

Mining $0 $95,005

Uti liti es $0 $383,309

Constructi on $13,492,500 $13,873,692

Food Manufacturing $0 $306,593

Other Manufacturing $11,672,500 $13,136,669

Wholesale Trade $0 $775,736

Retail Trade $0 $1,408,566

Transportati on $0 $69,744

Finance, Insurance, Real Estate $3,460,576 $7,109,756

Business Services $6,650,000 $7,305,038

Accommodati on and Food Services $0 $451,167

Other Services $0 $341,087

Hospitals/Health Care $0 $196,700
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 ECONOMIC SECTOR TOTAL INPUTS TOTAL OUTPUTS

Educati on $0 $197,312

Government (Federal/Provincial/Municipal) $0 $65,869

Households (income from wages and profi ts) $0 $14,311,918

Total Output (excludes Households Income) $35,275,576 $45,927,709

 

 Table 11-3: Annualized Cost Inputs and Outputs by Economic Sector for Constructi ng a Commercial  
 Facility (Assumes a fi ve-year ti me frame.)

 ECONOMIC SECTOR TOTAL INPUTS TOTAL OUTPUTS

Agriculture $0 $24,558

Forestry and Logging $0 $21,194

Fishing, Hunti ng, and Trapping $0 $1,861

Support Acti viti es for Agriculture and Forestry $0 $3,680

Mining $0 $19,001

Uti liti es $0 $76,662

Constructi on $2,698,500 $2,774,738

Food Manufacturing $0 $61,319

Other Manufacturing $2,334,500 $2,627,334

Wholesale Trade $0 $155,147

Retail Trade $0 $281,713

Transportati on $0 $13,949

Finance, Insurance, Real Estate $692,115 $1,421,951

Business Services $1,330,000 $1,461,008
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 ECONOMIC SECTOR TOTAL INPUTS TOTAL OUTPUTS

Accommodati on and Food Services $0 $90,233

Other Services $0 $68,217

Hospitals Health Care $0 $39,340

Education $0 $39,462

Government (Federal/Provincial/Municipal) $0 $13,174

Households (income from wages and profi ts) $0 $2,862,384

Total Output (excludes Households Income) $7,055,115 $9,185,542

   11.2 - OPERATIONAL PHASE

The costs for the annual operati on of the 5 MW facility are categorized in Table 11-4. The fi gures in Table 11- 4 are 
based on those outlined in Nova Scoti a Uti lity and Review Board, In the Matt er of the Electricity Act and In the 
Matt er of a Hearing to Determine the Renewable Energy Community Feed-On Tariff , March 2, 2011. Overhaul costs 
are annualized based on a major overhaul every six years. Total annual operati ng expenditures are esti mated at 
$255,000, all accruing locally.  

  Table 11-4: Costs by Category of Operati ng a Commercial Facility

COST CATEGORY COST FOR 5 MW FACILITY

Annualized portion of overhaul (one-sixth of six-year overhaul) $100,000

Annual Operations and Maintenance Labour $75,000 

Annual Other (Administrative, Insurance/Land Lease) $80,000

Annual Total $255,000

Source: Nova Scoti a Uti lity and Review Board in the Matt er of a Hearing to Determine the Renewable Energy Community Tariff s, March 
2, 2011 (Synapse Exhibit M) http://www.nsuarb.ca/images/stories/pdf/electricity/july2011/comfit.pdf

The costs from Table 11-4 are divided into economic sectors and inserted in the Digby County I/O model to esti mate 
the total (direct/indirectly/induced) annualized expenditure impacts of the spending att ributable to operati on of a 
5 MW ti dal turbine. This is shown in Table 11-5. Finance, Insurance and Real Estate sector will see annual spending 
impacts of $113,000, Constructi on ($105,000), Business Services ($80,000), Retail Trade ($12,000), and Manufac-
turing ($9,000). The annual total spending impact across all industries generated is esti mated to be approximately 
$344,000 per year, with total income creati on of $124,000. The income creati on approximates two full ti me job 
equivalents.



© Acadia Tidal Energy Insti tute11 -  ASSESSING THE POTENTIAL ECONOMIC IMPACTS OF A FIVE 
MEGAWATT TIDAL ENERGY DEVELOPMENT IN THE DIGBY AREA OF 
THE BAY OF FUNDY

249

 Table 11-5: Cost Inputs and Outputs by Economic Sector for Operati ng a 5MW Facility

 ECONOMIC SECTOR TOTAL INPUTS TOTAL OUTPUTS

Agriculture $0 $975

Forestry and Logging $0 $478

Fishing, Hunti ng, and Trapping $0 $80

Support Acti viti es for Agriculture and Forestry $0 $147

Mining $0 $415

Uti liti es $0 $2,879

Constructi on $100,000 $105,313

Food Manufacturing $0 $2,506

Other Manufacturing $0 $9,524

Wholesale Trade $0 $5,354

Retail Trade $0 $12,006

Transportati on $0 $595

Finance, Insurance, Real Estate $80,000 $113,252

Business Services $75,000 $80,103

Accommodati on and Food Services $0 $3,919

Other Services $0 $2,668

Hospitals/Health Care $0 $1,706

Educati on $0 $1,737

Government (Federal/Provincial/Municipal) $0 $562

Households (income from wages and profi ts) $0 $124,174

Total Output (excludes Households Income) $255,000 $344,219
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   11.3 - SUMMARY 

This secti on esti mated the potenti al economic impacts emanati ng from a 5MW ti dal facility in the Digby area 
of the Bay of Fundy. In order to esti mate the potenti al economic impacts, an input-output (I/O) model for 
Digby County was developed. Project costs are based on The Renewable Energy Community Feed-In Tariff s 
(Nova Scoti a Uti lity and Review Board, 2011). It is assumed that 70% of the capital and all service costs will go  
to local fi rms (SLR Consulti ng Ltd., SLR Project No. 210.05753.00, 2010). 

The development costs are projected at approximately $10 million per megawatt , meaning $50 million for 
the 5MW hypotheti cal case study. The total economic impact (direct/indirect/induced ) on spending across 
all industries in the Digby County economy from the development/constructi on phase is esti mated to be $46 
million, with total income creati on of $14.3 million. The total expenditure impacts are concentrated in the 
Constructi on and Manufacturing industries, with spending of $13.7 million and $13.1 million, respecti vely. 

On an annualized basis, over a fi ve-year ti me frame, the resulti ng development phase impact of expenditures, 
across all industries, is $9.2 million, with Constructi on and Manufacturing industries seeing expenditures of 
$2.8 million and $2.6 million respecti vely, followed by Business Services ($1.5 million), Finance, Insurance 
and Real Estate (FIRE), with $1.4 million and Retail Trade ($282 thousand). Annualized total income creati on 
across all industries is esti mated at $2.9 million. The development/constructi on phase would be expected to 
generate 240 person years of employment or 48 jobs per year over each of fi ve years. Employment creati on 
of forty-eight jobs per year is equivalent to approximately one percent (0.7%) of Digby County’s total employ-
ment of 7,215 (Services Canada, 2002 ). A criti cal element in the economic impact of this phase is dependent 
upon whether the ti dal power generati on devices are manufactured locally or imported. Furthermore, if the 
development phase were to generate a successful exporti ng industry, the economic impacts could be signifi -
cantly larger than the case study esti mates and for an indefi nitely longer period of ti me.  

The annual operati onal phase expenditures are much smaller than the development phase but are ongoing. 
The yearly total spending impact (direct/indirect/induced) across all industries generated by the operati on of 
the 5 MW ti dal device is esti mated to be approximate $344,000 per year, concentrated in Finance, Insurance 
and Real Estate ($113,000), Constructi on ($105,000), and Business Services ($80,000). Annual income creati on 
is esti mated at $124,000. The income creati on approximates two full-ti me job equivalents. 
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APPENDIX A: EUROPEAN MARINE ENERGY CENTRE: CASE STUDY 

 

CASE STUDY: PENTLAND FIRTH AND ORKNEY WATERS MARINE RENEWABLE ENERGY

Author: Dr. John Colton

Introducti on

The Orkney Islands, situated off  the north east coast of mainland Scotland, have become an internati onal cen-
tre for marine renewable energy research and development in wave and ti dal energy. Given that the Orkney 
waters boast 50% of the UK’s and 25% of Europe’s ti dal resources, it was ideally situated to host the European 
Marine Energy Centre (EMEC). This case study provides a snapshot and high-level overview of the develop-
ment of Orkney as a centre for marine renewable energy research and development.

The Orkney Islands

The history of Orkney is rich and varied and spans almost 9,000 years. In the 1850s, the retreati ng seas uncov-
ered Skara Brae (a UNESCO World Heritage site), an early Neolithic community. Vikings based their raids from 
the Orkney Islands against Scotti  sh and Norwegian sett lements, ending in 875 with formal Norwegian rule. 
Scotti  sh rule of the Orkney Islands emerged in 1468 as a dowry from the King of Norway. The Orkney Islands 
came under Briti sh rule soon aft er and is now part of the United Kingdom. During the Word War I and World 
War II, the Orkney Islands, in parti cular Scappa Flow, served as an important naval centre. 

The people of the Orkney Islands have been opportunisti c, basing their lives on a close relati onship to the sea 
and its resources. Shipbuilding and fi shing historically supported local economies and more recently farming, 
off shore oil and gas, and tourism. With the advent of marine renewable energy research and development, 
the Orkney Islands were a likely choice for this type of development. Covering an area of 975 km2 comprised 
of 70 islands, the populati on is approximately 20,000 inhabitants, situated on 17 of the Orkney Islands. This 
number swells to 127,000 as visitors travel to these islands seasonally.

Marine Resources and EMEC

The Orkney Islands have some 
of the best-known marine re-
sources in Europe and it’s esti -
mated that up to 18,000 GWh 
of renewable energy could be 
generated annually. Renewable 
energy resources, if fully de-
veloped on the Orkney Islands, 
could contribute more than the 
40% that is required for the Scot-
ti sh government to meet its re-
newable energy targets by 2020.
Given the Orkney Islands abun-
dant marine energy resources, 
it was the ideal locati on for the 
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European Marine Energy Centre (EMEC). Established in 2003 in Stromness, EMEC provides both research and 
testi ng of wave and ti dal energy converters, including deployment methodologies and procedures. Heriot Watt  
Internati onal Centre for Islands and Technology (ICIT), also located in Stromness, provides research and techni-
cal experti se to the growing marine renewable energy sector. Collecti vely, both EMEC and ICIT have positi oned 
the Orkney Islands as a centre of excellence in technical experti se and knowledge related to marine renewable 
energy. In additi on to the 14 full-scale berth sites for ti dal and wave-testi ng devices, there are two scale test 
sites where ti dal and wave energy converters in early stages of design can be tested. EMEC also provides other 
services that include independently verifi ed performance assessments as well as research and consultancy. 

The straits separati ng the Orkney Islands from mainland Scotland are known as the Pentland Firth. It is here 
that EMEC has the majority of its ti dal berth sites, where ti dal currents can range up to 4.5 m/s. Tidal clients in-
clude, for example, Open Hydro, Atlanti s Resources Corporati on, Bluewater Energy Services, Scotrenewables, 
and Voith Hydro. Currently, EMEC has eight grid-connected ti dal berth sites, with plans for expansion.

Economic Development 

• Marine renewable energy has sti mulated economic growth in the Orkney Islands parti cularly in the 
communiti es of Stromness and Kirkwall. Approximately 250 jobs have been created as a direct result 
of marine renewable energy development since the creati on of EMEC ten years ago. These jobs span 
the supply chain and include, for example, engineers, metal fabricators, ti dal device developers, and 
shipyard and quay services. The net economic impact has been signifi cant supporti ng local economies 
signifi cantly.

• Key to the development of the marine renewable energy sector was consultati on and collaborati on 
with ocean energy device manufacturers to determine the needs of industry. Needs included 24-hour 
access to ports for constructi on purposes, long quays, skilled labour, and a small area of land with 
long-term availability in the port facility. Given the momentum in marine renewable energy develop-
ment, EMEC’s and ICIT’s positi oning of Orkney as a place to do research and business, and signifi cant 
investment by the Orkney Islands Council and Scotti  sh Government, the Pentland Firth and Orkney 
Waters Marine Energy Park was recently established. Scotland’s Energy and Climate Minister noted 
“the designati on as a marine energy park further promotes the Highlands and Islands of Scotland as a 
marine energy hub, and will accelerate investment and the industry’s ambiti on for commercializati on 
of the technologies being tested here.”

• Supply chain development, especially technical experti se, has been fuelled by the growth of the marine 
energy sector. Energy North, a trade associati on, has developed a supply chain matrix in consultati on 
with its members in order to demonstrate its reach and capabiliti es in the marine renewables sector. 

Planning

The Crown Estate manages Crown properti es throughout the United Kingdom and is responsible for develop-
ing leases with developers for ti dal and wave devices. Recent leases in the Pentland Firth and Orkney waters 
to ti dal and wave device developers have the potenti al capacity of up to 1,600 MW. Collecti vely, the projects 
are thought to be the largest development of its kind worldwide. Gaining community support for this type of 
development consisted of one-week of events called Informati on Days. Att racti ng over 700 people to these 
events, 90% of the feedback indicated support for marine renewable energy development.

In order to accelerate and de-risk project development, the Crown Estate invested approximately $9 million in 
enabling acti ons. A developer’s forum, comprised of the developers in the Pentland Firth and Orkney waters 
and the Crown Estate, determined these acti ons. Regulatory bodies and interacti ons with other stakeholders 
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provide the Crown Estate with guidance in the applicati on of these enabling acti ons.

Marine spati al planning (MSP) of the Pentland Firth and Orkney waters began in 2012 and an advisory group 
was established in 2013. A working group, developed by Marine Scotland, the Highland Council, and the Or-
kney Islands Council, is tasked with the development of the pilot non-statutory Pentland Firth and Orkney Wa-
ters Marine Spati al Plan. The aim of this strategic plan is to develop a decision-making framework for licensing 
and other consent applicati ons in the marine area. To achieve this goal, it will be necessary to consult with 
stakeholders and “reconcile the aspirati ons” of the multi ple users of the marine environment that includes in-
shore fi sheries, shipping and navigati on, aquaculture, oil and gas, recreati on, tourism, and the marine renew-
able sector. The ulti mate purpose of the plan is to support sustainable economic growth and management of 
the Pentland Firth and Orkney waters.

The Local Development Plan for Orkney addresses a broad range of community planning issues that include 
policies on coastal development. Current designati ons for coastal areas are: developed, undeveloped and 
isolated coast. Development will not be allowed in areas at risk such as those with coastal erosion. The plan 
notes that partnerships are required to implement many of the acti ons. The Orkney Renewable Energy Forum, 
working in partnership with the Orkney Islands Council, has provided leadership in the ongoing discussion and 
debate regarding Orkney’s future with renewable energy and its role in marine renewable energy.

Sources 

Crown Estate: Wave and Tidal
htt p://www.thecrownestate.co.uk/energy/wave-and-ti dal/

Embracing Renewable Energy: The Orkney Islands
htt p://ec.europa.eu/ourcoast/index.cfm?menuID=8&arti cleID=91

European Marine Energy Centre
htt p://www.emec.org.uk/

Green light for £9.2m harbour pier plan
htt p://www.scotland.gov.uk/News/Releases/2012/08/coplands-dock28082012

Orkney Renewable Energy Forum
htt p://www.oref.co.uk/

Resource Analysis of the Pentland Firth
http://www.see.ed.ac.uk/~shs/Tidal%20Stream/Draft%20Pentland%20Firth%20Resource%20Assess-
ment%20Paper.pdf
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APPENDIX B: OCEAN RENEWABLE POWER COMPANY (ORPC): CASE STUDY

CASE STUDY: OCEAN RENEWABLE POWER COMPANY

Author: Dr. John Colton

Company Profi le and Values

Strong environmental and community values have fueled ORPC’s vision of developing environmentally friend-
ly projects that harness the power of the ti des and currents of North America’s coasts and rivers. ORPC has 
quickly emerged as a leader in marine renewable energy development and is one of the few companies in the 
world to have harnessed power from the water without a dam or impoundment. While the primary focus of 
ORPC has been on its Cobscook Bay Tidal Energy Project adjacent to the City of Eastport and Town of Lubec, 
Maine, it is also developing projects in Cook Inlet, Alaska and Brier Island, Nova Scoti a.

Taking advantage of the 100 billion tons of water fl owing in and out of the Bay of Fundy and ti dal ranges reach-
ing up to 55 feet, the City of Eastport and Town of Lubec, Maine at the mouth of the Bay of Fundy, were likely 
choices for ti dal energy research and development by ORPC. In 2012, ORPC’s ti dal energy converter, called 
TidGen delivered power to the Bangor Hydro Electric power grid from ORPC’s Cobscook Bay Tidal Energy Proj-
ect. This made ORPC the fi rst marine renewable energy company to deliver ti dal energy to the grid in North 
America. The innovati ve design of TidGen, coupled with ORPC’s reputati on as a strong community partner, has 
demonstrated that marine renewable energy is not only feasible but can be done with a meaningful founda-
ti on of community engagement and a strong network of partners. 

Engaging Community and Partners

Founder and CEO of ORPC, Christopher Sauer, started his company in Florida with designs to develop marine 
renewable energy off  Florida’s eastern coast. Given the distance to the resource and the high costs associated 
with development, Chris moved his company to Portland, Maine, where he explored other areas for ti dal en-
ergy development. He was familiar with Maine, as he had a cabin he had been visiti ng for years. With ORPC 
established in Maine, the company focused its research and development on the resources in Cobscook Bay, 
adjacent to the City of Eastport and Town of Lubec.

ORPC takes an incremental approach to growth and this philosophy was put into practi ce with the Cobscook 
Bay Tidal Energy Project. At the outset, ORPC implanted themselves in the community by opening a local of-
fi ce. Engaging the community early was crucial to help overcome local skepti cism. People in the City of East-
port and Town of Lubec had heard before from other developers of projects that never materialized, such as 
oil refi neries, ti dal dams, and fi sh farms. ORPC overcame the skepti cism by working hard to become part of 
the community. 

It was important for ORPC to do it right, get the lay of the land, and establish a good track record with the 
communiti es and other stakeholders of interest as it moved toward establishing its fi rst project. Rather than 
approaching the communiti es and detailing its needs, ORPC noted the available opportuniti es with respect to 
ti dal energy and asked how they could work together as partners in pursuing this type of development. Part 
of this involved developing an informal MOU with the City of Eastport. The MOU outlined how data collected 
by ORPC and its partners would be shared. Some of this data included informati on related to environmental 
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monitoring of benthic habitats. 

Key to community engagement for ORPC is thinking long-term engagement. The company has 5 fi ve full-ti me 
staff  in the City of Eastport. These people are well connected and have networked with the Cobscook Bay Re-
source Center, the Eastport Port Authority, Sunrise County Economic Council, the Cobscook Bay Fisherman’s 
Associati on and area fi shermen, local harbor pilots, The Boat School, and public and other local organizati ons. 
While ORPC has conducted open houses and hosted other public forums on ti dal energy development, what 
has been most successful has been the ti me it has taken to develop one-on-one relati onships with its stake-
holders.

Coupled with its community eff orts has been its relati onship with Calypso, an innovati ve marketi ng fi rm that 
has helped ORPC craft  its message. “The messaging equipped ORPC with consistent language that eff ecti vely 
supported and exemplifi ed the company’s leadership positi on” nati onally and internati onally. Positi ve press 
in targeted trade and professional publicati ons as well as the popular press has positi oned ORPC as a world 
leader in marine renewable energy technology. This type of att enti on is important in att racti ng future invest-
ment. ORPC’s deep community engagement and its innovati ve technologies provided Calypso with a good 
story to tell. 

Economic and Environmental Impacts

To date, the Cobscook Bay Tidal Energy Project has injected $14 million into the local economy, $4.7 million in 
the local community since 2007. ORPC, as well as having engaged 40 local contractors, have created fi ve full-
ti me local jobs and supported 100 supply chain jobs. This level of investment is signifi cant and was leveraged 
largely through a $10 million investment by the U.S. Department of Energy to bring ORPC TidGen from  the 
laboratory to commercial deployment. Power generated from the Cobscook Bay Tidal Energy Project will be 
enough to power 75 to 100 homes. Future expansion plans will provide 5 megawatt s of power, enough energy 
to supply power to over 1,200 homes and businesses in Maine. 

ORPC is diligent in their approach to evaluati ng the eff ects of their devices on marine life. Tidal turbine de-
vices have been monitored with cameras and other equipment to bett er understand the impacts on fi sh and 
sea mammals. This has been done in collaborati on with universiti es and environmental groups. Research has 
shown minimal negati ve impacts to marine life, as it is believed fi sh and sea mammals tend to avoid the slow-
moving turbine foils of the TidGen device. With a $600,000 grant from the U.S. Department of Energy in 2009, 
ORPC has been able to monitor beluga whales in its Cook Inlet site in Alaska in order to track the consequences 
of the deployment of its devices.

ORPC Technology

The TidGen is developed to operate in depths of 
water from 15-30 metres, allowing it to be used in 
shallow ti dal sites. TidGen was engineered based on 
principles of modularity, the use of strong materials 
suited for marine environments, minimal benthic 
impact, and low revoluti ons per minute (RPM). The 
TidGen power system “produces electricity from 
water currents using dual advanced design cross 
fl ow (ADCF) turbines that drive an underwater per-
manent magneti c generator mounted between the 
turbines on a common shaft . The technology fea-
tures a limited number of moving parts that do not 
use gears or petroleum-based lubricati ng fl uids.”
The TidGen, deployed at Cobscook Bay, Maine, 

Computer image of TidGen
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has a maximum capacity of 180 kW but will operate at 60 kW as ti dal currents reach a maximum of 2.65 m/s. 
Electrical components will vary at other sites based on site characteristi cs. Once deployed, the device is fully 
submerged with no visual impact and only limited eff ect on local marine traffi  c. The TidGen is approximately 
27 m long by 3 m wide by 3 m high, and the bott om support frame is approximately 20 m long by 14 m wide 
by 6 m high. It is connected to shore using underwater power and data cables.

Strategic Partnerships

In additi on to the Cobscook Bay Tidal Energy Project, ORPC has research and development projects underway 
in Cook Inlet, Alaska and Brier Island, Nova Scoti a. In Nova Scoti a, ORPC has formed a partnership with Fundy 
Tidal Inc., a community-based and community-shareholder owned Canadian power company. Like the project 
across the Bay of Fundy in Maine, FTI and ORPC have plans to do something in the Digby Gut. As these projects 
come online, they will have the combined potenti al to generate more than 300 megawatt s of electricity. 

Sources

Ocean Renewable Power Company
htt p://www.orpc.co/

Business Green: US takes the plunge with fi rst ti dal energy array
htt p://www.businessgreen.com/bg/news/2194474/us-takes-the-plunge-with-fi rst-ti dal-energy-array

Can Tidal Power Create Enough Jobs To Save A Dying Town?
htt p://www.forbes.com/sites/davidferris/2012/07/31/can-ti dal-power-create-enough-jobs-to-save-a-dying-
town/

History of Tidal Power
htt p://www.maineti dalpower.com/

Fundy Tidal Inc.
htt p://www.fundyti dal.com/

Personal Communicati on December 6, 2012:
Susy Kist, Marketi ng and Communicati ons Manager, ORPC
Tuck O’Brien, Project Development Manager, ORPC
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• Acousti c Doppler Current Profi ler (ADCP) - The Acousti c Doppler Current Profi ler (ADCP) measures 
the speed and directi on of ocean currents using the Doppler eff ect of sound waves scatt ered back 
from parti cles within the water column.

• Annual Energy Producti on - The total power produced in a year, usually measured in TWh. It can be 
calculated by multi plying the mean power by the number of hours in a year.

• Array – A ti dal array refers to a series of ti dal energy convertors deployed in a single locati on to cap-
ture energy. Arrays can appear as a single line or staggered rows; orientati on and placement depends 
on the local conditi ons. 

• Asset Mapping – An approach used in community development for multi ple purposes (economic, 
social, environment, health). The process usually entails collecti ng informati on about positi ve aspects 
of a community into an inventory. This informati on is then used to strategically think about how to 
build on these assets to achieve a desired goal.

• Balance Sheet Financing - Also known as corporate fi nancing, is simply the project developer invest-
ing in a project from its own cash, fi nanced either from existi ng or new equity and debt.

• Biofouling – The accumulati on of microorganisms, plants, algae, or animals on wett ed surfaces, 
which may or may not interfere with the normal operati ng of a device placed underwater.

• CAPEX- Capital Expenditure refers to the costs incurred when a company spends money on acquir-
ing/building a fi xed asset.  Typically, this involves acquiring or upgrading physical assets such as equip-
ment, property, or industrial buildings.

• Community Economic Development Investment Fund (CEDIF) - A CEDIF is a pool of capital, formed 
through the sale of shares (or units), to persons within a defi ned community, created to operate or in-
vest in local business. It cannot be charitable, non-taxable, or not-for-profi t, and must have at least six 
directors elected from their defi ned community. (For more informati on see: htt p://www.gov.ns.ca/
econ/cedif/).

• Community Feed-in Tariff  (COMFIT)– Developed by the Government of Nova Scoti a, this program 
provides an opportunity for communiti es and other organizati ons to be paid a guaranteed price for 
renewable energy to support economic and sustainable development. (See Feed-in Tariff .)

• Decommissioning – This refers to the process of taking a device (e.g. ti dal turbine) offl  ine (i.e. no 
longer producing energy) and likely removing it from the water.

• Dynamic Positi oning vessels – This refers to vessels that can maintain a constant positi on in the 
water. 

• Economic Impacts (Direct, Indirect, Induced) – The economic benefi ts of a project are oft en mea-

GLOSSARY
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sured in terms of their direct, indirect and induced economic impacts. Direct impacts refer to the 
employment and revenues att ributable to a project. Indirect impacts refer to the purchase of goods 
and services to support a project from other fi rms, in terms of the employment and revenues related 
to the incremental business acti viti es resulti ng from their operati ons. Induced impacts refer to house-
hold spending due to the increase in income due to the direct and indirect impacts of a project. 

• Electromagneti c fi elds - Electric fi elds are created by diff erences in voltage: the higher the voltage, 
the stronger will be the resultant fi eld. Magneti c fi elds are created when electric current fl ows: the 
greater the current, the stronger the magneti c fi eld. An electric fi eld will exist even when there is no 
current fl owing. If current does fl ow, the strength of the magneti c fi eld will vary with power consump-
ti on but the electric fi eld strength will be constant. 

• Energy Resource: Theoreti cal -This refers to the power contained in the enti re resource.

• Energy Resource: Technical -  This is the proporti on of the theoreti cal resource that can be captured 
using existi ng technology.

• Energy Resource: Practi cal - This is the proporti on of the technical resource that is available aft er 
considerati on of external constraints – for example, environmental impacts.

• Energy Resource: Economic - This is the proporti on of the practi cal resource that can be economi-
cally captured.

• Energy security – refers to the ideal state of having long term certainty on the cost and availability of 
energy for the individual consumer and energy inputs (fuels) for energy producers or uti liti es. 

• Exclusion zones – Refer to zones where development and certain types of acti vity may be limited or 
prohibited in order to reduce confl ict between marine area users. 

• Feed-in Tariff  (FIT)- This is a policy mechanism designed to accelerate investment in renewable 
energy technologies. It achieves this by off ering long-term contracts to renewable energy producers, 
typically based on the cost of generati on of each technology.

• Generator – The  generator is the porti on of a turbine in which electricity is generated. In many hori-
zontal axis turbines the generator is housed in the central part of the device (the ‘bulb’), surrounded 
by the moving blades; in some horizontal axis designs, the generator has been moved outside the 
blades in the surrounding frame; these are someti mes called ‘rim generators’. In many verti cal axis 
designs, the generator may be connected to the spinning blades by a long shaft , enabling the genera-
tor to sit above the water level.

• Gravity base – A mooring system that keeps a ti dal device on the seafl oor using gravity by att aching 
the device to a heavy base.

• High Conservati on Concern (HCC)- A habitat or species of HCC are ecosystem components that are 
considered to be of ecological, economic, or cultural concern or are sensiti ve to disturbance. Valued 
Ecosystem Components (VEC) is the more commonly used term in environmental assessment to sig-
nify this type of habitat or species.

• Installed capacity - This is the maximum power generati on capacity of a given turbine array. For 
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example, an array of 10 turbines rated to produce 1.2 MW would have an installed capacity of 12 MW.

• Interti dal zone - This is the area that is above water at low ti de and under water at high ti de. 

• Levelized Cost of Energy - This is the metric used to evaluate a project’s fi nancial feasibility. The 
cost of energy evaluati on includes both physical (electrical infrastructure and devices) and knowledge 
inputs (assessments, legal fees, etc.). 

• Maximum extractable power - It is the maximum in-stream power that can be extracted from a 
given ti dal resource while accounti ng for the resulti ng reducti on in the fl ow speed.

• Mean Power - The average power produced, usually measured in Megawatt s (MW).

• Near- and far-fi eld eff ects – This refers to the spati al and temporal eff ects of changes in the marine 
environment. Some eff ects will occur close to the locati on of ti dal devices, while other may occur 
kilometers away. 

• NIMBY – Not In My Back Yard – Refers to atti  tudes around decisions to build or locate diff erent types 
of structures or industries – such as wind turbines – where in principle there is support. However, the 
same supporters object to the development near where they live, go to school, or work. 

• OPEX – Operati ng Expenditure - Refers to an ongoing cost for running a product, business, or sys-
tem. Examples include wages, maintenance and repair of machinery, uti liti es and rent expenses.

• Power conditi oning equipment – Equipment that assists in the regulati on of voltage. 

• Power Density – This is the power of the fl ow of water – the power per unit of cross-secti onal area.

• Project Financing – Refers to a fi nancing method where a project is legally set up as a separate, 
stand-alone company. Equity investors and lenders fi nance the project company. The equity investors, 
also known as sponsors, include the developer and other investors taking an ownership stake. The 
lender(s) is a bank or syndicate (group) of banks that provide approximately 60-80% of the fi nancing 
through a loan. The loan is considered non-recourse: it is secured by the project assets and the inter-
est and principal is paid from the project’s own cash fl ows.

• Rated Power/Nameplate Capacity - The “rated power” or “nameplate power” of the device is how 
much power it can generate when running at its full capacity. 

• Spring/Neap/Slack Tides – Refers to the diff erent aspects of the ti dal cycle. Spring ti des are when 
ti des are higher than average, neap ti des are lower than average and slack ti des refer to the point at 
which the water is neither ebbing (out to the ocean) nor fl owing (towards shore) and the directi on of 
the ti de is about to change.

• Stakeholder- Refers to individuals or groups that have an interest in or may be impacted by a project, 
plan, or policy decision. 

• Strategic Environmental Assessment - A Strategic Environmental Assessment is a systemati c process 
for evaluati ng the environmental consequences of a proposed policy, programme or development so 
that environmental implicati ons can be incorporated into strategic planning and decision-making.
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• Supervisory Control And Data Acquisiti on (SCADA) - Refers to computer controlled systems that 
monitor and control industrial processes that exist in the physical world, typically over long distances 
with multi ple sites, a key example being energy producti on. 

• Supply Chain – A supply chain consists of all the steps and stages and processes needed to develop 
a product and get it to its point of fi nal sale (i.e. the consumer). The supply chain includes the extrac-
ti on of raw materials, (e.g. iron ore, ti mber) to manufacturing (e.g. welding) to distributi on (e.g. freight 
carriers) to sales and fi nal disposal. 

• Tidal Energy Convertor (TEC) – Refers to a generic term to describe devices that convert energy from 
the ti des into electrical energy.  Also referred to as TISEC.

• Tidal Head - Refers to the verti cal diff erence in water levels in two parts of the same system, such as 
on either side of a barrage or from one end of a channel to another. It is the diff erence in height that 
causes the water to fl ow, and thus give the power.

• Turbine – A generati ng device with moving blades that converts the energy of moving air or water 
into electricity.

• Watt : Unit of Energy - Kilowatt , Megawatt , Gigawatt , Terawatt  

o The watt  is a derived unit of power in the Internati onal System of Units (SI). The unit is de-
fi ned as one joule per second and measures the rate of energy conversion or transfer.

o The kilowatt  is equal to one thousand (103) watt s. This unit is typically used to measure 
household appliances and the output of engines. 

o The megawatt  is equal to one million (106) watt s. Usually used in reference to measure larger 
consumers and producers of energy such as data centres or windmills. 

o The gigawatt  is equal to one billion (109) watt s. Typically used in reference to large power 
producers or in reference to usage within an electrical grid. 

o The terawatt  is equal to one trillion (1012) watt s. The total energy usage on Earth is measured 
in terawatt s. 


