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Abstract 

This thesis examines in-stream tidal energy (ISTE) generation technology and its potential for 

development, underwater within Discovery Passage, a narrow channel ocean environment near 

Campbell River, British Columbia, Canada. The study took place in the summer of 2014 and 

measured levels of support and opposition towards two separate investigative license (IL) ocean 

energy sites held by a BC developer. The primary approach was to interview expert marine 

stakeholders and First Nations persons based on their commercial, recreational and cultural 

usage of the Discovery Passage waterway and its foreshores near the ILs. The study measured 

subjectsô risk and benefit perceptions of the technology and the projects, levels of support for its 

development, willingness to pay for it, and any specific conflicts with the developments, both on 

and under the water. Interactive marine spatial planning (IMSP) and geographic information 

systems (GIS) were used to elicit respondentsô principle areas of marine usage within the study 

area, levels of value associated with these areas and seasons of usage. In addition, at the end 

of the interview, subjects were shown the IL sites on a map and were given the opportunity to 

indicate areas of perceived conflict between their organizationsô operations and the sites.  

Results found respondents to be initially strongly in favour of developing tidal energy in BC, with 

88% indicating a high levels of support for its development and willingness to pay small 

amounts for it as part of BC Hydroôs rate increases. However, once the IL sites were shown to 

the interviewees specifically on a map, levels of support declined and specific opposition to the 

sites was identified amongst 72% of respondents, indicating highly localized risk perceptions 

towards the projects. Perceived risks identified by stakeholders included marine traffic 

interference stemming from installation operations, high costs, cumulative impacts of many 

turbine installations and tugboat towlines and fishing gear potentially snagging underwater 

turbines. Identified benefits of tidal energy included local reservoir water conservation from tidal 

energy generation displacing hydropower water use, local economic development, displacing 

regional area off-grid diesel generation and achieving more localized electrical generation on 

Vancouver Island.  
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Chapter 1: Introduction    

British Columbia and Canada have long been touted as having an environmentally friendly and 

reliable electricity grid, an example for the world to follow. However, with BC possessing up to 

70 MW of diesel-fueled electricity generation (both as primary and backup generation) in some 

80 remote communities alone, and becoming almost entirely reliant on increasingly expensive 

and environmentally damaging large hydropower, this claim clearly has its flaws  (Aboriginal 

Affairs and Northern Development Canada; Natural Resources Canada, 2011). While dams 

provide clean, reliable and economical baseload power, they are also known to have large scale 

ecosystem impacts on various fish species, as well as flooding important agricultural or 

traditional First Nations lands. The ongoing debate, and First Nationsô court challenges against 

BC Hydroôs controversial Site C dam construction project, highlight these and other concerns. 

Meanwhile, BC is neglecting various more renewable energy sources, including ocean 

renewable energy which offers a considerable resource much closer to BCôs main population 

centres.  

 

Controversy over the viability of large storage hydroelectric in the face of rising costs of 

construction, long distance transmission lines and reliability in the face of increasing competition 

over water flows due to global warming, all contribute to the ongoing debate over where BC 

should get its energy from. Over 80% of BC Hydroôs total generation capacity of 12,048.9 MW 

lies in the Peace River and Columbia Kootenay watersheds, 400-800 km away from the 3.6 

million people living in the lower mainland and Vancouver Island (BC Hydro, 2015; BC Stats, 

2011). Localized generation assets in the lower mainland and Vancouver Island region make up 

only about 14% of BCôs average annual energy generation, yet the region is home to 78% of 

BCôs population (BC Hydro, 2015; BC Stats, 2011). Increasing presence of forest fires, extreme 

precipitation events and possible subsequent landslides, as well as the ongoing risk of 

earthquakes, could possibly place electrical transmission infrastructure in BC at risk due to the 

requirement for long supply lines and limited power generation on Vancouver Island, making the 

notion of achieving more coastal based generation appealing. One alternative is Independent 

Power Producers (IPPs). In British Columbia, IPPs have been small-scale renewable energy 

generating facilities with contracts to sell power to BC Hydro. However, IPPs accounted for 

roughly 20% of BC Hydroôs generation supply in 2014 with roughly 60% of these providers 

being run-of-river (RoR) hydroelectric (BC Hydro, 2014). Cumulative impacts of multiple RoR 

projects within a region, high water diversion rates and semi-impoundment practices present at 
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some project sites (smaller scale dams, weirs or head ponds), have resulted in some 

controversy over the technologyôs widespread use and associated ecological impacts 

(Anderson, Moggridge, Warren, & Shucksmith, 2015; Jager & Bevelhimer, 2007; Kumar & 

Katoch, 2016). Further, levels of ecological impacts stemming from RoR projects, per unit of 

energy generated, have been found on large scales to be equivalent to large hydropower or 

other conventional energy projects, raising speculation over their widespread development 

(Abbasi & Abbasi, 2011). In addition, all hydropower projects in the Pacific Northwest region are 

becoming increasingly vulnerable to low summer season flows due to declining snow packs and 

earlier freshets (Jost & Weber, 2013; Merritt et al., 2006; Payne et al., 2004). Often, BC will 

have ample surplus hydroelectric supply from all the RoR facilities at the same time as it main 

heritage hydroelectric assets causing a glut of electricity supply and the need to sell power on 

inter-provincial or international markets at reduced rates, or simply pay IPP facilities to not 

generate, as was recently reported by the media (Lavoie, 2016). Meanwhile, other RE 

technologies such as geothermal or land based wind, have encountered problems of high 

exploratory costs or limited levels of available grid penetration on constrained grids, such as 

experienced on Vancouver Island or Haida Gwaii (BC Hydro, 2013a; Boronowski, 2009).  

 

An alternative to both large hydro and existing land-based or river based renewable energy 

sources can be found in the extensive coastline of British Columbia. On the Southern BC coast, 

there exists considerable potential for wave and tidal energy generation, especially on 

Vancouver Island. In-stream tidal energy in particular is estimated to have a theoretical potential 

of about 3,500 MW on the south coast alone (Tarbotton & Larson, 2006), nearly one-quarter of 

BCôs current installed generating capacity, however, this number must be tempered for various 

reasons. Ecological concerns around allowable channel tidal turbine blockage ratios by installed 

turbines, as well as interference with other marine uses such as shipping and fishing, limit the 

percentage of sustainably extractable inïstream tidal energy (ISTE) to roughly 15% of this 

number, if not less (Hagerman & Polagye, 2006). However, more recent work from Nova Scotia, 

discussed in Chapter 2 of this Thesis, suggests that actual energy levels present may be 

substantially higher than initially, thus possibly raising the amount of safely extractable energy in 

British Columbia (Karsten, Greenberg, & Tarbotton, 2011).  

 

BCôs largest ISTE resource lies on the shores of Discovery Passage, near the City of Campbell 

River, BC. Between Seymour Narrows and South Discovery Passage alone, there exists an 

estimated 1113 MW of energy based on kinetic energy flux methods (Tarbotton & Larson, 
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2006a). Vancouver Islandôs grid is reliant on limited local hydroelectric generation, a 200 MW 

gas fired plant in Campbell River and a 99 MW wind farm at Cape Scott with the remainder of its 

energy being transmitted from the mainland via two large undersea cables. Thus, the tidal 

energy resource at Campbell River (as well as other resources on the Island), represent a 

considerable potential generation asset, and is identified as such in BC Hydroôs last future 

generation prospectus conducted in 2009 (BC Hydro, 2009). However, Campbell River's tidal 

power must also compete against other local resource users within a very busy waterway.  

 

This Thesis examines potential in-stream tidal energy (ISTE) installations within a narrow 

channel and the perceived and actual barriers to its development. Research findings are based 

on a case study of tidal energy investigative license (IL) sites in Discovery Passage at Campbell 

River British Columbia, Canada. The study hypothesized that certain marine resource use 

conflicts, both perceived and actual, would exist in relation to these proposed tidal energy 

investigative license (IL) sites, given the busy nature of the coastal passage and the variety of 

First Nations and stakeholders present there. It was also hypothesized that there would be a 

level of support for tidal energy development given its apparent low impacts and potential 

economic benefits to the local community if it were to be developed. Therefore methodologies 

were derived to measure overall concerns around tidal energy, potential benefits stemming from 

it, as well as spatially elicit areas where there were high levels of use or high levels of perceived 

conflict with the proposed ISTE sites.  

 

The study involved an interactive marine spatial planning (IMSP) and a semi-structured 

interview process which aimed to measure risk, benefit and general perceptions surrounding 

tidal energy amongst key stakeholders and First Nations peoples within the local City of 

Campbell River. The IMSP methods used were based on studies designed to map and quantify 

ecosystem services for coastal marine environments (Klain & Chan, 2012). Interactive GIS 

mapping techniques were used to identify different stakeholdersô and First Nations peoplesô 

areas, as well as seasonality of marine usage and self-perceived levels of value associated with 

those areas. These GIS techniques also sought to identify stakeholdersô and First Nations 

peoplesô potential areas of conflict given the proposed tidal energy site locations which were 

depicted on a map along with some information on their design characteristics.  

 

Chapter 2 of this Thesis begins with stating the need for renewable energy generation 

worldwide as a means of lowering greenhouse gas emissions from fossil fuel energy sources, 
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and some of the challenges to its implementation. Concepts of regional advantages of different 

renewable energy technologies, distributed and centralized electrical grid networks, and the 

challenges which other renewables face in BC are all discussed. Ocean renewable energy 

technologies (ORE, includes wave, tidal and offshore wind) are then introduced with a brief 

state of the sector analysis and a subsequent focus on ISTE in particular, including some 

technical theory around tidal energy resource assessment and some of the oceanographic 

theory around tides in BC. Incentive for tidal energy generation in BC is also introduced 

including the potential vulnerabilities of large scale hydroelectric energy to climate change and 

the many off-grid communities in BC reliant on fossil fuel based generation. Some marine 

spatial planning (MSP) guidelines around ISTE implementation are subsequently introduced 

based on existing literature which largely stems from European ocean renewable energy 

projects. Finally, some broader potential MSP related concerns surrounding BC are discussed 

based on its geographic and socio-ecological makeup. Chapter 2 concludes with a discussion of 

the slow development rates of tidal energy worldwide and a particular focus is placed on the 

recent integrated resource plan document from BC Hydro in 2013 which placed little emphasis 

on small scale renewables, and ocean energy in particular, as a possible indicator why the 

sector is so slow to develop in BC. 

 

Chapter 3 provides in-depth analysis of a case study of Campbell River looking specifically at 

risk perceptions surrounding the proposed tidal energy facilities. Thirty-nine subjects were 

interviewed in total, the majority from the shipping or boating sectors, with others comprised of 

eco-tourism operators, marina and harbor authorities, the Canadian Coast Guard, Department 

of Fisheries and Oceans, First Nations, sport fishers, aquaculture companies and City 

managers. Interviewees were selected based on their commercial, recreational or cultural usage 

of, or jurisdiction over, the Discovery Passage waterway. The five part interview script included 

an information briefing on energy in BC and tidal energy specifically. Parts 1 and 5 of the 

interview incorporated the IMSP questions, with part 1 analyzing subjectsô usage characteristics 

and part 5 introducing the IL sites and measuring levels of perceived spatial conflict. The 

remainder of the interview protocol measured general perceptions around energy systems and 

tidal energy in particular. In part 2, concepts of reliability of local power systems were surveyed, 

along with choice prioritization questions on what subjects found most valuable when 

considering where their energy came from in BC. Following the information briefing (part 3), 

subjects were again given choice prioritization questions on the possible risks and benefits of 

tidal energy in part 4. Subsequently, they were asked to rank tidal energy in relation to 10 other 
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energy generation technologies in accordance with 5 different criteria. Then, subjects were 

asked to state their levels of support for tidal energy development, willingness to pay for it, 

perceptions of its impact on marine life, its affordability and the possibility of it acting as a 

tourism draw for the region. Responses, particularly the risks and benefits questions, were 

classed by stakeholder group, producing a wide variety of differing responses. In addition, some 

of the dominant perceived risks and benefits were quite significant and real in their applicability 

to the proposed tidal energy projects and the surrounding area and were therefore analyzed in 

more detail. These risks and benefits predominantly pertained to shipping, sport fishing and 

hydropower in the area.  

 

Chapter 4 reports on the IMSP methodology used and some of the spatial and temporal results. 

The general premise of the methodology was to elicit valued usage areas (or route lines in the 

case of shippers) and perceived areas of conflict with the tidal energy sites amongst classes of 

stakeholders and First Nations. At the beginning of the interview respondents were asked to 

define their usage areas. Then, information on tidal energy was introduced to the subject, and 

finally, the IL sites where the tidal energy was proposed were shown to respondents at the end 

of the interview and they were asked to delineate any particular conflict areas they had with 

those sites and give their reasons why. General analysis of the nature and location of the usage 

and conflict areas is discussed as well as how the geography of the sites and nature of the 

interviewed stakeholders present may have contributed to these perceptions. Some comparison 

is also drawn to other ISTE sites in Europe for contextual purposes. Temporal data showing 

seasonality of shipping use in the area are also presented along with some trends noticed on 

the specificity of conflict perceptions and some analysis of the methods used. 

 

Finally, this thesis concludes by proposing a general stakeholder engagement framework for 

assessing the viability and possible conflicts deriving from ISTE and other ORE sites. A brief 

case study looking at BCôs own Ministry of Forests Lands and Natural Resource Operations 

(FLNRO) Crown Land Use Operational Policy for Ocean Energy is used to contrast with this 

study. As well, further analysis of regional MSP and shipping routing density maps is 

undertaken. Some mitigation measures highlighting some of the issues uncovered in this study 

are also introduced. Finally, a prescriptive model for ORE and ISTE site assessment and 

stakeholder engagement is presented and the Thesis is summarized. 
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Chapter 2: Types of Renewable Energy Generation and an 

Introduction to Tidal Energy  

2.1: Introduction, Incentive for Renewable Energy Generation 

Global climate change is now driving the development of renewable energy technologies, and 

the challenges humanity faces in terms of reducing carbon emissions from energy sources are 

immense. The worldôs primary energy production, which drives our economies for a broad range 

of activities from electricity and heating to industrial processes, is about 82% derived from the 

combustion of fossil fuels. This energy use is in turn responsible for approximately 56.6% of all 

the worldôs GHG emissions (Yamba et al., 2011).  The proportion of the worldôs primary and 

electricity energy supplies are shown below in figures 2-1 and 2-2. In figure 2-2, it can be seen 

that renewable energies (RE), only account for 22% of global electricity generation, including 

hydropower. However, there is growing opposition to large hydropower projects and how 

ñrenewableò they actually are, due to their destruction of river ecosystems and flooding of 

valuable agricultural, community and aboriginal lands, as well as producing significant amounts 

of methane from decomposition processes in reservoirs (Booth, 1989; Kemenes, Forsberg, & 

Melack, 2007; Wilson, 2012; Yang, Xu, Milliman, Yang, & Wu, 2015). Without hydropower, RE 

(incorporating wind, solar, geothermal, etc.) accounts for only 4.5% of global electricity 

generation in 2011; however this number has increased to 5.7% in 2013, an increase of some 

279.8 TWh of energy generated per year globally (IEA, 2011, 2013). RE is generally defined as 

any energy supply that is produced from solar, geophysical, or biological sources which are 

naturally replenished at a rate which meets or exceeds their rate of use (Yamba et al., 2011). As 

well, most forms of RE produce little or no GHGs, unlike burning of fossil fuels, and thus 

represent key policy targets for governments around the world in the fight to reduce carbon 

emissions and combat global warming.   
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Fig. 2-1: The Worldôs total primary energy supply in 1973 and 2013; total energy used is expressed in Mtoe or 
megatons of oil equivalent. Reprinted with permission of © OECD/IEA 2015 World Energy Outlook, IEA Publishing. 
Licence: www.iea.org/t&c 

http://www.iea.org/t&c


8 
 

 

Fig. 2-2: Shares of electricity generation capacity in the world in 1973 and 2013 (TWh is terawatt hours, 1 TWh = 1012 

watt hours). Reprinted with permission of © OECD/IEA 2015 World Energy Outlook, IEA Publishing. Licence: 

www.iea.org/t&c 

 

2.1.1: Energy Access and Energy Distribution Systems 

On top of reducing GHG emissions, access to energy is another significant problem for human 

development, and incentive for distributed RE generation, particularly in the developing parts of 

the world. Nearly 1.2 billion people in the world have no access to electricity, while another 1 

billion has intermittent or unreliable access; on top of this, some 3 billion people still combust 

some type of solid fuel (mostly wood, coal, charcoal or dung) in order to provide heat for comfort 

or cooking (Zerriffi, 2011). Numerous environmental and health implications stem from this 

problem including GHG emissions, deforestation, erosion and loss of habitats due to fuel wood 

gathering, as well as indoor air pollution from burning solid fuels indoors in open fires. Human 

development indicators have linked energy access, particularly in rural developing areas, to 

fostering income generation, health benefits, preservation of biodiversity, education, gender 

equality (women often spend much of their day gathering fuel wood, for example), and food 

production (Yamba et al., 2011). Yet, the question remains: how best to electrify 1.2 billion 

http://www.iea.org/t&c
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people?  In many developing areas of the world (and also some developed areas of the world), 

electricity grid infrastructure is very poor.  As one example, an estimated 35% of India doesnôt 

have reliable access to energy (Chaurey, Ranganathan, & Mohanty, 2004; Zerriffi, 2011).  Even 

in Canada, a recent government of Canada study quantified some 200,000 people living in 292 

remote communities across the country. An energy survey of these communities showed that 

some 71% of them used fossil fuel generation (predominantly diesel fuel as well as various 

other fossil fuels for heat and cooking) for their electricity needs (Aboriginal Affairs and Northern 

Development Canada; Natural Resources Canada, 2011).   

 

When considering how best to electrify a population one important factor to consider is electrical 

grids. An electrical grid is an interconnected network for delivering electricity from suppliers to 

consumers. It consists of generating stations that produce electrical power, high-voltage 

transmission lines that carry power from distant sources to demand centers, and smaller, lower 

voltage distribution lines that connect the power source to individual customers. Electrical 

generation systems are generally lumped into two broad categories: centralized and distributed 

generation (CG and DG respectively) and typically today centralized systems are featuring more 

elements of distributed generation with much of this DG also being from renewable sources 

(Pepermans, Driesen, Haeseldonckx, Belmans, & Dôhaeseleer, 2005). This model is of course 

overly simplistic, given that many countries such as China, India and even Canada also possess 

what are known as remote grids, essentially a smaller, often remote electricity networks which 

serve several communities, complete with their own generation, transmission and distribution 

assets (Boronowski, 2009; Li, Li, & Zheng, 2014). At an even smaller scale are off-grid 

communities which will be discussed in section 2.1.3.  

 

Classic models of centralized generation features large, megawatt (MW) - scale power plants, 

such as large hydro dams nuclear plants or coal plants, often far away from population centers, 

which transmit their energy at high voltages over long distances to the consumer. Electrical grid 

systems evolved into these centralized structures over decades as economies of scale dictated 

the efficiency of large scale plants and transmission lines. Conversely, however, distributed 

power systems bring the generation capability closer to the consumer, with smaller generation 

plants generally being situated on distribution lines at lower voltages1, or even behind the meter, 

providing power closer to the point of use in the form of residential roof top solar plants or other 

                                            
1 There are varying definitions as to the voltage of a distribution versus a transmission line, but some areas of 

Canada use 50kv, being that any line operating below 50kv is a distribution line. 
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municipal scale green generation assets. There are various advantages and disadvantages of 

DG versus CG and numerous technical, economic, environmental and even social issues 

surrounding its reasons for integration into existing CG networks.  

 

In a technical sense, DG provides voltage support to a grid, reducing the risk of low voltage or 

zero voltage events commonly known as brownouts or blackouts. ñIslandingò is a term which 

refers to a DG system offering power to an isolated area or community while the remainder of 

the main grid may be blacked out. However, challenges arise in reconciling DG and CG 

systems, particularly in a blackout event such as this, as the grids and associated generators 

will have to be synchronized before being reconnected. Power grids typically operate at around 

50Hz frequency but imbalances occur with differences between supply and demand within the 

system. Thus, power quality can be a significant concern. As an example, some large industrial 

consumers require high quality and reliable power (such as 3 phase versus single phase) for 

large, electrically driven equipment such as municipal water or sewage pumps (Pepermans et 

al., 2005). Interruption, re-routing or disturbance of a CG system via any number of natural or 

man-made disasters such as forest fires, landslides or avalanches, while not entirely blacking 

out a CG grid, may have other unintended consequences on power quality, frequency and 

phasing, which for certain applications as mentioned above could be considered a failure of 

power reliability. In addition, while most large generation assets are synchronous, reactive and 

able to adjust their generation characteristics in response to alterations in demand, some DG 

assets are not sufficiently equipped with power conditioning equipment or are asynchronous to 

the grid, thereby possibly placing heavier synchronizing loads onto the larger CG plants. Finally, 

an increased share of DG units on low voltage distribution lines could cause power to flow bi-

directionally back into medium voltage grids, thereby necessitating power protection systems be 

installed between the grids presenting additional technical challenges to the integration of DG 

(Dondi et al., 2002). 

 

Economically, DG has been argued to be 30% more economical than building additional 

transmission and distribution lines by the IEA (2002). In addition, Dondi et al. (2002) reported 

average large grid transmission efficiency losses of 6.8% within OECD countries and that well 

positioned DG assets can introduce economic savings of 10-15% in this regard. These 

statements should be tempered, however, with the fact that renewable energy generation 

assets can often be more expensive than large CG assets, thus casting notions of cost savings 

from DG RE assets into doubt. Yet, DG is also argued to be more environmentally friendly in 
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that it allows penetration of more new renewable (not including large storage hydroelectric) 

generation technologies in areas which are well suited to them (Pepermans et al., 2005). For 

example, methane capture and combustion at a landfill, woody biomass combustion in active 

forestry zones, or-in particular relevance to this Thesis-ocean energy plants near high wave or 

tidal energy areas, all represent examples of potential DG plants which would allow for the 

harnessing of various environmentally friendly, low GHG energy technologies pertinent to their 

geographic areas. Economic challenges of environmentally friendly, renewable DG generation 

are that the technologies are often new and consequently expensive, sometimes technically 

unreliable and unpredictable in their generation parameters (such as wind and solar which rely 

on variable environmental conditions), even simply unsightly (described further in section 2.1.2). 

Of course, for DG, grid-connected renewables generation to be facilitated, particularly for newer, 

more expensive RE such as ocean energy, the utility provider must often subsidize its 

implementation, often through use of feed-in tariffs (FITs), or elevated prices paid for power 

from renewable sources as seen in Nova Scotiaôs Marine Renewable Energy Strategy (Dalton 

et al., 2015; Nova Scotia Department of Energy, 2012). In cases where a utility provider holds a 

monopoly over the market, such as in British Columbia with BC Hydro, decisions to develop 

large CG assets such as the Site C dam, while not providing FITs or subsidies for smaller scale 

renewables, arguably favours a CG type system and generally prohibits development of many 

new DG renewable assets. While BC Hydroôs net-metering DG program allows for up to 100kw 

of household scale clean energy generation projects, their prescribed remuneration rate of 

$0.10/KWh yields very marginal profits for a household developer and longer return on 

investment time frames, making private investment in such projects arguably less appealing, 

particularly for rooftop PV solar for which a case study example is provided in section 2.1.3. 

2.1.2: Off-Grid and Remote Grid Electrification  

In an off-grid context, idealized conceptions of power systems seldom meet reality. The cost of 

electrifying rural areas is often a major inhibitor from a from a power utilityôs perspective, as 

running and maintaining transmission and distribution lines into remote communities can often 

cost more than it is worth in terms of number of paying customers in the community versus the 

cost of building the power connection (Chaurey et al., 2004; Zerriffi, 2011).  Even in developed 

countries this can be the case. As an example, in British Columbia, rugged, mountainous terrain 

creates high construction and power transmission costs. BC Hydro recently cut 11 of its rural 

community electrification program (RCEPs) in early 2014 citing cost saving measures due to the 

difficulty of bringing transmission lines to some of these very remote, rugged regions (Mast, 

2015).  Not only must the lines be installed, but they also must be maintained and repaired, a 
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likely occurrence given BCôs high slope terrain with frequent risks of avalanches, landslides and 

possible seismic events, and also the need for routine vegetation clearing within rights-of-way.   

 

The converse option of using distributed generation or off-grid generation to electrify remote 

communities also presents challenges. Often, affected communities are small in population and 

lack sufficient financial, social, and technical resources to buy, operate and maintain an off-grid 

energy system (Chaurey et al., 2004; Wilson, 2012).  Further, the remoteness of the location 

can lead to significant logistical challenges in installation, maintenance and spare part 

acquisition. The notion of training local residents to conduct first line maintenance on an energy 

system is also ideal but not always guaranteed success. A well-known technology theorist, 

Arnulf Gruebler (2011) cites broad trends around the hardware and software sides of technology 

(in this case energy) adoption. ñHardwareò refers to the physical infrastructure side of an energy 

system in this case, the generator, transmission lines and connections which all need to be 

maintained, but ñsoftwareò deals with the social and economic aspects of new technologies. 

How will people feel about the new energy systems: will they support them, take the financial 

risk in buying them, and do they possess the adequate social and technical capacity to operate 

and maintain the technology?      

 

Yet, the current incumbent off-grid energy system of choice, diesel power, presents many 

challenges which make the case for renewables more appealing. Diesel fuel must be 

transported often long distances via land, water or even air into remote communities at very 

high cost. Typical off-grid communities will pay from $0.25-1.00/KWh for diesel energy, 

dependent on fuel costs and transportation (International Energy Agency, 2008; Wilson, 2012).  

Wilson (2012) in particular conducted research in a remote aboriginal community on Williston 

reservoir in British Columbia. The community relies on diesel power generation and experiences 

problems with spilled fuel with subsequent soil contamination, poor air quality and associated 

health effects, in addition to high energy costs and total reliance on BC Hydro for their power 

supply and maintenance problems. Wilson (2012) also outlines the regulatory difficulty in 

dealing with utility providers and financial risk faced by communities trying to buy and transition 

to renewable energy systems as was seen in the communityô struggle to adopt a combined heat 

and power woody biomass plant. Boronowski (2009) also examines the potential for wave and 

tidal energy to penetrate into the Queen Charlotte Islandsô (also known as Haida Gwaii) grid, 

which is isolated from the mainland and heavily reliant on diesel generation with some storage 

hydroelectric. Energy costs for the islands were consequently calculated to be $0.26/KWh in 
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2006, with the islandsô grid being separated between the north and south islands and 

completely isolated from the mainland. Fuel for several MWs of diesel generation must be 

routinely shipped to the islands simply in order to ensure the supply of reliable electricity. The 

results of Boronoskiôs (2009) study of the integration of ocean energy into Haida Gwaiiôs local 

grids are discussed further in section 2.2.1. 

2.1.3: Barriers to Renewable Energy Diffusion 

Typically, issues such as cost, generation intermittency, technical reliability, high land use, and 

lack of viable energy storage systems can inhibit development of renewable energy 

technologies (Yamba et al., 2011).  Furthermore, opposition by some members of society to 

resource development projects and non-acceptance of ñunsightlyò technologies such as wind 

farms indicate that some populations are opposed to having to see their energy devices in 

operation (Wüstenhagen, Wolsink, & Bürer, 2007).  Inhibitors to renewable energy development 

can often be largely policy influenced with issues such as carbon pricing and subsidies of oil 

and gas industries, while subsidies of renewables receive far less in most parts of the world 

(Yamba et al., 2011). In addition, studies have shown that many utility regulatory regimes 

around micro-grid and community power schemes where a grid-connected community can 

generate, sell and buy from the larger grid, are restrictive of any such developments (Granger 

Morgan & Zerriffi, 2002).   

 

From a technical standpoint, intermittency (inability to provide a sustained power supply) affects 

almost all renewable energy technologies with the potential exception of biomass and 

geothermal. Wind and solar output are dependent on the wind blowing and sun shining, 

respectively, representing short time scale intermittency on a daily basis. Meanwhile, run-of-

river, or small scale hydrokinetic generation facilities, which normally depend on limited water 

storage capacity in head ponds (or no head ponds at all) are subject to seasonal and annual 

fluctuations in hydrological conditions with resulting variable river flows, particularly in drought 

conditions as seen in BC in the summer of 2015, demonstrating longer time scale intermittency 

(Jost & Weber, 2012; Yamba et al., 2011). Consequently, hydroelectric RE projects that are not 

able to make use of large reservoirs may not be able to guarantee the ability to meet base load, 

which is the minimum level of demand on an electrical supply system over 24 hours (Jager & 

Bevelhimer, 2007). Thus, renewable energy systems currently need to be operated in concert 

with reliable generation systems that are able to run nearly constantly or can be dispatched 

(brought on or off load according to demand), such as coal, nuclear, oil, natural gas, large 

hydroelectric and geothermal (Yamba et al., 2011).   
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Another viable set of options being explored is energy storage. Renewable energy systems can 

incorporate various forms of storage such as batteries, pumped hydro storage, compressed air 

storage, and synthetic fuel or hydrogen fuel conversion, all in an effort to store their energy if the 

established grid cannot immediately accommodate it, or there is an excess of energy being 

generated and it is more economical for the utility provider to store the energy rather than sell it. 

For example, this trend is often the case when high levels of wind power are being generated, 

and there is not enough demand for the energy and therefore it must be sold at a negative price 

simply to dispose of it. Energy storage options all currently face challenges of scale, cost and 

technical feasibility. New and novel technologies such as the high-efficiency hydrogen 

electrolization (utilizing electricity to run current through water and produce hydrogen), are 

potentially groundbreaking, yet are only being achieved at a laboratory scale and likely face a 

variety of challenges before ever achieving commercialization. While not the focus of this paper, 

energy storage systems provide very viable means of incorporating more renewable energy into 

our worldôs energy systems, storing it when it is not needed, and then using it when it is. The 

pace of innovation in this sector is rapid as Teslaôs home battery system, enabling household 

level energy generation and storage, and the coupling of a hydrogen production facility with 

experimental tidal energy arrays at the European Marine Energy Centre (EMEC) have recently 

been announced (EMEC, 2015; Tesla, 2016). Household level energy storage may be more 

feasible than large scale energy storage projects as it would avoid massive scale grid batteries 

or pumped storage facilities.  

2.2: Types of Renewable Power Systems 
As a general rule, different parts of the world are also better suited to different renewable energy 

sources due to energy availability and predictability. The equatorial regions for example are 

known as ñsunbeltsò holding high levels of normal direct solar radiation and being excellent 

regions for solar thermal or photovoltaic (PV) installations, especially given that many desert 

land areas are not used for any other purpose and thus would be ideal for solar energy 

emplacements. Fault lines in the Earthôs crust, or areas of known close proximity of high 

temperature rock to the Earthôs surface are strong potential areas for geothermal power, while 

temperate regions with mountains and higher levels of precipitation are ideal for hydropower.  

However, challenges face all of these technologies, particularly in a BC context.  

 

Solar PV, while quickly dropping in price, requires relatively south facing land in BC with 

unobstructed sunlight in order to generate significant amounts of power. Finding large amounts 

of this kind of land is difficult in BCôs very mountainous geography. In addition, cloudy coastal 
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regions and dark winters can offer little solar power during these times. While rooftop solar 

developments help a home achieve some degree of self-sufficient generation, substantial 

amounts of panels and excellent sun exposure and predominantly clear weather conditions are 

required to power a house in BC year round and make financial sense. As a case study 

GabEnergy, a community based not-for profit energy company based on Gabriola Island, 

helped install 9.75 KW (39 x 250W panels) of solar PV panels on a large south facing roof of a 

community recycling building on Pender Island, located in the southern Gulf Islands of BC. 

Based on an online solar power prediction system, SolaRating.ca, the system was estimated to 

generate only 9300 KWh per year, enough to likely power the building say the proprietors 

(ñPender Island Recycling Depot,ò n.d.).2 However based on this amount of energy generated, 

the system would only be running at a mere 10.8% capacity factor, or full power potential. 3  

 

In addition, the system cost $20,000 in materials to construct plus an estimated $5,000-10,000 

worth of labour, which was provided on a volunteer basis for this project. On a typical 

commercial or residential solar PV system additional installation, site preparation and labour 

costs constitute 1.65 to 1.80 times the capital cost of the panels, representing a significant cost 

increase (IRENA, 2012). With a project lifespan estimated at 25 years, and an assumed total 

installation cost of $25,000 (only $5,000 for labour on the Pender Island project), an annual 

operating and maintenance cost of 2.5% of the capital cost of the panels ($500 per year) and a 

discount rate of 10%, assuming private capital is used, a simple levelized cost of energy 

calculation yields a unit cost of $0.20/KWh.4 Included in the cost of capital is the cost of 

borrowing the capital. Assuming the $25,000 capital cost is acquired by the developer at an 

annual interest rate of 10% from a commercial bank, and is paid back over a 7 year term, the 

total cost of borrowing is $9871.76.5 However, the capital funding for the Pender Island project 

was largely acquired through grants, thus improving the economic viability of the project 

somewhat and decreasing the LCOE to $0.161/KWh. 6 Nevertheless, based on BC Hydroôs net 

metering payment rate of $0.10/KWh, this project would very likely lose money. The only 

                                            
2 Recent data on the systemôs website indicate that generation levels are higher than predicted; this will 
likely improve the economics of the project. 
3 Solar project capacity 9.75 KW  8760  = 85,410 KWh per year. Expected generation = 9300 KWh 

per year. Capcacity factor = 
 

 
 = 10.8%  

4 LCOE (with cost of borrowing)= 
ᶻ

    
 = 

Α ȟ Αȟ Ȣ Αz

 Ⱦ    
 = $0.203/KWh 

5 Based on TD bankôs online personal loan calculator. Source: 
https://www.tdcanadatrust.com/loanpaymentcalc.form 
6 LCOE (no cost of borrowing)= 

ᶻ

    
 = 

Α ȟ Αz

 Ⱦ    
 = $0.161/KWh 
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exception perhaps is if the project generated more energy than planned or if maintenance costs 

were much lower than expected.  

 

Geothermal power has the advantage of generating heat and therefore power consistently with 

no interruptions or ñdark periodsò (except for equipment maintenance windows) because the 

Earthôs core is constantly radiating heat energy, right through to very near the Earthôs surface in 

some cases. The challenge with geothermal, however, is finding these places with sufficient 

heat, rock porosity and proximity to the surface. Therefore, geothermal can have very high 

upfront exploratory drilling costs with no guarantee of finding a suitable site. For example, a 

recent project at Meagre Creek, BC was abandoned after spending $30 million to drill several 

wells, only to determine that the sites were not commercially viable (Bennett, 2014). Geothermal 

developers are based in BC but conduct their business internationally as the technology is 

generally deemed unable compete with heavy hydroelectric on an economic basis as BC 

Hydroôs planned Site C dam is reported to have a 100 year lifespan and a levelized cost of only 

$0.08/KWh (BC Hydro, 2013b; Bennett, 2014). However, aside from the very high exploratory 

costs, if a suitable geothermal site is found, its very high capacity factor and low operation and 

maintenance costs dictate that a project would likely have low levelized costs and be able to 

provide consistent, perhaps even baseload power. 

 

Hydropower in BC now also faces its own challenges. Aging existing dams and infrastructure 

are facing expensive upgrade costs, while increasing demand for electricity is necessitating 

numerous new generation and transmission projects. These costs are not small, as evidenced 

by BC Hydroôs ongoing $17 billion, 10 year capital infrastructure upgrade program (BC Hydro, 

2015). Ongoing rate increase programs to finance these upgrades in BC are not small either 

amounting to a 28% rate hike over 5 years from 2014-2019, with further, smaller rate increase 

options thereafter (BC Hydro, 2013a). By the end of the 5 year rate increase in 2019, a 

consumer will be expected to pay on average $0.114/KWh in BC, a comparable rate to most 

major North American cities (Hydro-Québec, 2014).7 Hydro dams also accumulate large 

amounts of silt from erosion causing reduced reservoir storage capacity, and are experiencing 

reduced summer water inflows due to loss of snow and glacial melt stemming from global 

warming (discussed further in section 1.2).  

                                            
7 Based on a 1,000 KWh monthly energy consumption rate. 
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2.2.1: Non-Tidal Ocean Energy Potential  

The ocean covers 71% of the Earthôs surface and has a tremendous energy potential.  As well, 

most of the worldôs population lives close to the ocean. Some 41% of the global population is 

located within 100km of the coast; more than 50% of coastal countries have 80-100% of their 

population within 100km of the ocean and 21 of the worldôs 33 megacities living are located 

within the same area (Martínez et al., 2007). Ocean energy technologies encompass a wide 

variety of systems from waves, ocean thermal energy conversion (OTEC), salinity gradients, 

deep ocean currents, coastal currents and in-stream tidal energy (ISTE). Tidal energy in itself 

can take several forms from impounding water through use of barrages such as are seen in 

Annapolis, Nova Scotia, Canada and La Rance, France, or lagoons such as are being 

constructed now in the UK. Total global ocean energy potential far exceeds total current and 

future human energy consumption; estimates range from 7 to 7400 exajoules (EJ, 1x1018 J) per 

year for all sources of ocean energy combined and clearly represent a large resource (A. Lewis 

et al., 2011). 

 

Accessibility of this energy, however, presents a substantial barrier to its use. For example, 

while the heat capacity of sea water is large and thus the theoretical heat energy available in the 

ocean, accessible by OTEC, should be immense, it is of low quality due to the heat and energy 

exchange parameters defined by the laws of thermodynamics. These laws, particularly the 

Carnot theorem, render most OTEC plantsô efficiencies in the order of roughly 3-4%, at most, 

rendering most plants inefficient and therefore uneconomical (Tester, Jefferson W., Drake, 

Elisabeth M., and Driscoll, 2012).  Salinity gradient technology, harnessing the energy potential 

of different salinity levels (generally at locations where fresh water and salt water mix, such as 

at river deltas) has but a few prototype designs with capacities of less than 50kw. The most 

recent project, a 50 KW plant, began construction in 2013 and utilizes the technology of reverse 

electro-dialysis (RED). Salinity technologies are typically constrained by expensive membrane 

materials and high levelized costs as well as unknown environmental impacts (Kempener, R. 

and Neumann, F., 2013). Deep-ocean and coastal current technologies, including massive 

schemes at harnessing such continuous currents such as the Gulf Stream are similarly merely 

conceptual at present, but offer tremendous energy sources. Project Coriolis, designed to the 

capture the continual flow of the Gulf Stream current off of the Florida coastline envisioned very 

large scale, neutrally buoyant, deep water turbines producing up to 4,000 MW of power 

(Charlier & Justus, 1993). While many of these style of projects were conceptualized, up until 

present they were shelved due to high costs and more economical energy alternatives onshore. 
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However, with the appeal of renewable energy increasing, it may only be a matter of time until 

these project files are reconsidered.  Already, research at Florida Atlantic University and the 

Southeast National Marine Renewable Energy Center is exploring the large amounts of energy 

in the Gulf Stream current, with energy flux estimates for Florida alone being 10 GW (Driscoll, 

Skemp, Alsenas, Coley, & Leland, 2008). Greater understanding of deep water oceanographic 

trends such as the Gulf Stream as well as internal gravity waves are also adding to our 

understanding of ocean energy possibilities. Internal gravity waves are very long period (in the 

order of hours rather than seconds), high amplitude (hundreds rather than several metres) 

waves which travel deep beneath the ocean surface and are now beginning to be understood as 

significant drivers in ocean processes and energy transfer (Alford et al., 2015). However, when 

considering ocean energy technologies, really only tidal and wave are achieving significant 

levels of development. 

Figure 2-3: Global mean wave energy density in KW/m.  Reprinted with permission from the Intergovernmental Panel 
on Climate Change (IPCC) source: (A. Lewis et al., 2011) 

 
In general, wave power has a theoretical annual energy output of 29,500 TWh with the bulk of the 

energy in the high northern and low southern latitudes where wave energy density is higher, on 

the order of 30 kilowatts per metre section of wave (KW/m) on average (Lewis et al., 2011; see 

fig. 2-3). To date, wave energy development has lagged behind tidal energy; while its theoretical 

potential is massive, technical reliability and low survivability of physical infrastructure have been 

major issues with wave energy levels reaching upwards of 200 KW/m during storms (Tester, 
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Jefferson W., Drake, Elisabeth M., and Driscoll, 2012). Extreme wave heights can damage wave 

energy devices; coupled with this, periods of low wave height offer little energy conversion, 

meaning the technology is currently both unpredictable and potentially unreliable, posing 

challenges to its diffusion. Innovation continues to forge ahead, however, with recent project 

successes being achieved through research on deeper water wave energy capture. That research 

is being conducted off the shores of Perth, Australia by Carnegie Wave Energy (Carnegie) in 

collaboration with a Royal Australian Navy (RAN) desalinization plant (see fig. 2-4). The design 

concept of Carnegie is to locate the floats, which move vertically with wave action, at depths or 

1-2m below the surface (Carnegie Wave Energy, 2015). Circular wave particle motion decreases 

with depth from the surface, hence reducing the available energy. However, large enough 

submerged floats, as used in the Carnegie project, can still harness the vertical component of the 

wave particle motion to produce economical amounts of energy, while remaining clear of the 

largest breaking waves at the surface. As the float travels up and down with the wave motion, 

they pull on their tether to a pump on the sea floor (or on the tether in the later design), whereby 

they either produce high pressure seawater which travels ashore to a generator station or reverse 

osmosis freshwater plant, or drive a generator on the seafloor itself and transmit electrical power 

ashore (Carnegie Wave Energy, 2015). The adaptability of these systems to either pump high 

pressure seawater ashore to make fresh water, or to generate electricity makes them ideal for 

tropical regions throughout the world.  



20 
 

Figure 2-4: Designs for Carnegie Wave Energy deep water wave energy converters. Reprinted with permission from 
ñRenew economyò source:  http://reneweconomy.com.au/2014/carnegie-signs-wave-energy-research-deal-european-
firms-96391 
 

2.2.2: Tidal Energy Technologies 

Tidal energy is leading the development of ocean energy systems. Amongst the technologies, 

tidal barrage stations, which harness the vertical rise and fall of the tides and the associated 

accumulation of gravitational potential energy behind dams, which extend across tidal estuaries, 

have been in operation longest. La Rance barrage in northwest France was commissioned in 

1966 while the South Korean Sihwa plant, commissioned in 2011, has a generation capacity of 

254 MW with further plans to expand to 2680 MW (Magagna & Uihlein, 2015). Barrages face 

environmental challenges, however, as they block a tidal estuary completely and change the 

estuaryôs marine ecology; in addition, similar to dams, barrages have siltation problems with 

constant flooding and draining of the estuary and need to be regularly stopped for maintenance.   

 

Tidal lagoons are new, modernized versions of barrages which result in fewer adverse 

environmental effects and are quickly nearing commercialization.  Tidal lagoons do not block off 

http://reneweconomy.com.au/2014/carnegie-signs-wave-energy-research-deal-european-firms-96391
http://reneweconomy.com.au/2014/carnegie-signs-wave-energy-research-deal-european-firms-96391
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an estuary and instead create a man-made lagoon, often tens of square kilometres in size, and 

are situated in areas with high vertical tidal ranges (vertical height difference between high tide 

and low tide).  The lagoons have a series of gates with turbines installed in them and harness the 

energy created through the water height differential between the inside and outside of the lagoon.  

The lagoon which is nearest to commercialization is called Swansea in England at 240 MW 

capacity (see figure 2-5). 

 

Figure 2-5: Swansea Tidal lagoon, Swansea, England.  Reprinted with permission from ñCarbon Briefò Source: 
http://www.carbonbrief.org/blog/2014/02/tidal-lagoons-a-guide-for-the-confused/ 
 

Lagoons also have advantages over barrages in that they are less expensive and are more 

accessible for recreation as the lagoon offers a natural harbour, and sheltered water for boating.  

The general premise of operation for tidal lagoons is to hold the turbine gates shut until 

maximum tidal height or head height between the inside and outside of the lagoon is achieved. 

Then, the gates are opened, releasing water and generating power until the lagoon is either 

filled or emptied and equilibrium is achieved between in the inside and outside of the lagoon.  At 

this point, the gates are shut and potential is recreated by the falling or rising tide outside the 

lagoon (see fig. 2-6).   

http://www.carbonbrief.org/blog/2014/02/tidal-lagoons-a-guide-for-the-confused/
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Figure 2-6: Tidal lagoon operating principles. Reprinted with permission from ñCarbon Briefò source: 
http://www.carbonbrief.org/blog/2014/02/tidal-lagoons-a-guide-for-the-confused/ 

 

Other non-lagoon tidal energy systems are designed to harness the kinetic energy of tidal 

waters rushing along coastlines and through narrow channels.  The technology is known 

broadly as hydrokinetic as it can also be employed in rivers, or more specifically in-stream tidal 

energy (ISTE) or simply tidal energy conversion (TEC). TECs, unlike barrages or lagoons have 

no storage potential and generate power solely from the moving tide. TEC installation is 

continuing to progress slowly around the UK and now France. Prototype testing of 0.1-2.2 MW 

tidal generators has been taking place since 2002 when Norway installed the first device and 

has since centered at the European Marine Energy Centre (EMEC) in the Orkney Islands, 

Scotland. The first commercial scale turbine, Seagen was installed in Northern Ireland in 2008 
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(see. Fig. 2-7) and has been in operation since. The large, horizontal axis, twin rotor, piling 

mounted turbine is rated for 1.2 MW. The company website states that the turbine is capable of 

generating 6,000 MWh per year given the flow characteristics at the site and the turbinesô 

generating parameters. This would equate 32,000 MWh over a 7 year period from the August 

2008 commissioning date to August 2015, yet it has only generated 9,000 MWh of energy over 

this period (ñPerformance | Marine Current Turbines,ò n.d.). If the turbine were functioning 

optimally, generating 6,000 MWh per year, it would be achieving an impressive 43% capacity 

factor given its rated capacity over this timeframe; however, at its current rate of generation it is 

achieving only 28% of this supposed potential generation.8 The turbine was only intended as a 

prototype demonstration project with a 5 year lifespan and has been regarded by many in the 

industry to have exceeded expectations by providing the industry with many learning points. 

Industry sources indicate that many of these improvements have already been undertaken are 

implemented in Marine Current Turbinesô most recent Seagen ñUò turbine designs. 

 
Figure 2-7: Seagen ñSò, 1.2 MW turbine in generation mode. The turbines are positioned below the water but can be 
raised above it for maintenance. The piling structure is ñpinnedò into the seafloor. The structure also has an active 
sonar type marine animal avoidance device which will stop the turbine blades if a signal return is detected with a 
certain proximity to the device. Reprinted with permission of Atlantic Resources Limited, source: 
www.marineturbines.com. 
 

                                            
8 Capacity factor = 

   

    
 = 

ȟ  

ȟ   ȟ
 = 0.28 

http://www.marineturbines.com/
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According to recent state of the industry reports, the technology is slated to move from 

prototype, single turbine emplacements to array scale installations expanding into the 

production of tens to hundreds of MWs, with smaller scale projects set for installation by the end 

of 2016 (Magagna & Uihlein, 2015) (see table 2-1). Cape Sharp Tidal (a partnership between 

Openhydro and Nova Scotiaôs utility provider, Emera) expect to have their two device array 

installed in 2016 at FORCE. The turbines will each be 2 MW rated capacity and will weigh 1000 

tons each. Meygen is the largest funded project with eventual plans for 398 MW worth of tidal 

energy turbines (roughly 275 turbines) to be installed in Pentland Firth, Scotland by the early 

2020s. Initial turbine installs are slated for 2016. 
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Table 2-1: Leased tidal energy projects in Europe to 2014. Reprinted with permission of Joint Research Centre, 
source: (Magagna & Uihlein, 2015). 
 

In Canada, the province of Nova Scotia introduced FITs for tidal energy at both commercial and 

community grid scales and has a concerted ocean energy strategy in place and bound by law 

(Nova Scotia Department of Energy, 2012). In 2013 the Province announced both community 

and commercial feed-in tariffs (COMFITS and FITS respectively), guaranteeing the rate at which 

the utility provider will purchase power from the tidal energy developer. The FIT was simply for 

tidal energy while the COMFIT was for a variety of renewable energy projects including tidal. 

The COMFIT for Nova Scotia was $0.652/KWh and the FIT is $0.532/KWh (this rate is variable 
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dependent on the development path taken by the developer); these rates were specifically 

designed to facilitate industry growth in accordance with the provinceôs aim of having its energy 

grid 50% reliant on renewable energy sources by 2020 (Nova Scotia Department of Energy, 

2012). Recently, however, Nova Scotia announced the closure of the COMFIT program to new 

applicants as the program had been deemed to have achieved its goals. The program facilitated 

development of 125 MW of community-owned, distributed power generation (80 MW already 

installed,125 MW installed by the end of 2015) at a cost to Nova Scotians of only $35 million, or 

$2.6 million per megawatt of installed capacity (Nova Scotia Ministry of Energy, 2015). The 

provinceôs Ministry of Energy further stated that no new energy generation was needed in the 

province and that further development would negatively impact electricity rates in the province.   

 

Meanwhile, in British Columbia (BC) there are no currently no TEC devices in the water and 

there is no subsidy for tidal or wave energy development, even though resource assessments 

pin BCôs tidal energy potential alone at 4,015 MW compared to Nova Scotiaôs broad estimate of 

2,400 MW of ñsafely extractable energyò (Nova Scotia Department of Energy, 2012; Tarbotton & 

Larson, 2006). In addition, a memorandum of understanding (MOU) exists between the Nova 

Scotia and British Columbia governments for sharing tidal and ocean energy technologies and 

information, signed in 2012 and renewed in 2014.   

2.2.3: Tidal Energy Technical Theory in a British Columbia Context 

Tides are controlled by the moonôs and sunôs gravitational fields, along with the Earthôs 

rotationally induced Coriolis effect, which all act on the Earthôs oceans to pull them in various 

cyclical waves about the planet (Thomson, 1981). Generally, the moonôs and sunôs gravities 

either work in-line with one another (times of full moon or new moon), or at angles to one 

another (occurring at times of three quarter, or quarter moons). Full moon and new moon 

periods induce spring tides which are stronger (greater vertical range between high and low 

tides) than neap tides. Neap rides occur when the moonôs and sunôs gravities are working at 

near perpendicular angles to one another (see fig.2-8). 
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Figure 2-8: Influence of the moonôs and sunôs gravitational forces on the Earthôs tidal cycles at various moon phases 
of orbit. Included are tidal flow velocities at Cape Sharp, Minas Passage in Nova Scotia Canada, showing higher tidal 
flows at spring tides compared to neap tides. Reprinted with permission of EPRI, source: (Hagerman & Polagye, 
2006). 
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There are numerous complex influencing factors, each stemming from a specific combination of 

gravitational forces or orbital cycles from either the sun or the moon or both. These constituents 

combine and interact with one another in order to produce the resultant tides.  Due to these 

gravitational forces, there exist areas on the planet with little or no tidal activity; these areas are 

known as amphidromic points or tidal nodes and are areas of almost zero tidal fluctuation on the 

ocean surface. Tidal waves (not to be confused with seismically induced tidal waves) orbit (i.e. 

rotate) around these points like spokes on a wheel (Thomson, 1981). The north Pacific 

amphidromic exists just north of Hawaii. Tidal waves extend laterally outwards from this point 

and rotate counter-clockwise at a rate of 29 degrees per hour, similar to a wheel, meaning that 

the tide essentially moves northwards along the coast of North America at a speed of roughly 

750km/h from the coast of Baja California up to Alaska and out the Aleutian Islands chain 

(Thomson, 1981). See Fig. 2-9 for more explanation including the location and direction of 

rotation of all other amphidromic points in the world. 
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Figure 2-9: A map showing one tidal constituent, M2 deriving from the gravitational pull of the moon.  Note the arrows 
indicating the direction of rotation of the cotidal lines around the amphidromic points.  Reprinted with permission from 
NASA, 2006, source: http://svs.gsfc.nasa.gov/stories/topex/ 

  

As these tidal waves reach shallower areas of the ocean such as the continental shelves and 

eventually shorelines, they encounter friction and move as dictated by ocean bottom topography 

with portions of the tidal energy being reflected off of the upslope of continental shelves back 

into the deep ocean. In Thomsonôs Oceanography of British Columbia (1981), the author 

describes how tidal currents in BC function in the face of coastal topographical restrictions such 

as narrow channels. The tidal wave coming from open-ocean travels swiftly up the North 
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American coast towards Alaska; as it reaches the Straits of Juan de Fuca it bends around Cape 

Flattery at the northwest tip of Washington State and travels down the Juan de Fuca Straits, 

generally taking 2-4 hours to reach the southern extent of the Gulf Islands. On the north side of 

Vancouver Island the wave bends southwards, travels through Johnstone Straits and down 

towards the Strait of Georgia; this wave travels quicker, however, taking about 2 hours to reach 

Campbell River which is where the two opposing tides meet and where Georgia Strait begins 

(fig. 2-10). This time series progression of the tidal wave is important to note as a theoretical 

potential exists to achieve phased generation as tidal current velocities peak at various points 

along the coast at sequential times over the 2-4 hour period which the tide takes to move along 

the coasts (Bryans, n.d.; Clarke, Connor, Grant, & Johnstone, 2006; Neill, Litt, Couch, & Davies, 

2009). Phased generation basically means having various generating stations spaced 

geographically apart along the path of the incoming tidal wave, thus allowing for longer periods 

of peak power generation and less time of zero generation, which occurs once an incoming tidal 

wave has passed, and slack water is experienced.  

  

Figure 2-10: Vancouver Island. Juan de Fuca Straits are at the bottom of Vancouver Island.  Campbell River and 
Cape Mudge, where the two opposing tides meet, are indicated by the arrow. Reprinted with permission of Open 
street map, source: www.openstreetmap.org 
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As the wave flows around bends in channels and is forced into narrower and shallower areas, it 

is forced upwards and "stacks up"-especially at the entrance to tidal narrows, many of which are 

found along the coast of BC. This accumulated head height, along with the remaining 

momentum of the wave, forms the kinetic energy which resides in tidal rapids. In these cases, 

the "slope" of the water from one end of a stretch of tidal rapids to the other can actually be 

physically seen, in places such as Skookumchuck Narrows near Egmont, BC, where tidal 

velocities can reach 15 knots on a spring tide. Even though the bottom topography of the 

channel may not be sloped like a river, the water builds up and rushes through it, very similar to 

a river, complete with back eddies, upwellings, turbulence and main channel flows.   

 

Tidal streams, also carry a good deal of momentum and keep moving even after the hydraulic 

head height has dropped to zero. Friction due to the bottom topography of a channel reduces 

flow to zero immediately next to the solid surface, and as a result tidal stream velocities diminish 

towards channel edges and near the bottom.  Also, the Coriolis force pulls tidal streams to the 

right from their direction of travel, although this mostly only happens in larger, more open 

channels.  Residual momentum of the tidal stream at the end of its cycle often carries onwards 

and flows (either left or right, or at different depths) around the next incoming tide, thus 

sometimes producing different, opposing water flows in a single channel around the time of tide 

change which can last several hours. These opposing bodies of water can be stratified either by 

depth or left/right separation-or both, often creating a complex mixing effect (Thomson, 1981). 

   

Harnessing the kinetic energy in those tidal flows is possible through a variety of surfaced and 

underwater hydrokinetic turbine designs.  Energy production does depend on the cyclic flow of 

water and so is not dispatchable in the same way that large hydro plants or coal plants are.  

However, those cycles are predictable and thus tidal energy does not have the same issues that 

wind or solar have in terms of prediction of energy output. Some examples of hydrokinetic 

turbine designs are shown below (fig. 2-11, 2-12).  
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Figure 2-11: Mavi Innovations Mi1 22KW floating style turbine. Reprinted with permission from Mavi Innovations Inc., 
source: http://mavi-innovations.ca/technology/ 
  

 

Figure 2-12: Race Rocks Clean Current experimental, horizontal axis turbine near Victoria, British Columbia. 
Reprinted with permission from Race Rocks Tidal energy project, source: http://www.racerocks.ca/energy/ 

http://mavi-innovations.ca/technology/
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Figure 2-13: Tidal Current graph at Race Rocks, BC. Reprinted with the permission of Jeff Dairiki, source: 
http://www.dairiki.org/tides/daily.php/rac   
 

Figure 2-13 shows tidal current velocities at Race Rocks, BC over several days; 1 knot (kt.) is 

equal to roughly 0.5 m/s velocity. Capacity factor, or the amount of time which a TEC generates 

power in relation to its rated capacity corresponds directly to its generating parameters in 

relation to the tidal current flows within the channel. Generally, capacity factors of 35-40% are 

common today while factors as high as 50% are theoretically achievable in the future (Magagna 

& Uihlein, 2015).  Figures 2-14 and 2-15 are from Lewis et al.ôs (2015) work on examining tidal 

currents in relation to generator output on the Marine Current Turbineôs Seagen device which 

has a rated power of 1.2 MW at 2.68 m/s of tidal flow. Essentially, the generator can be seen to 

cut-in or start generating at 1 m/s and increase its power output exponentially until it reaches its 

rated capacity of 1.2 MW at a current velocity of 2.68 m/s or about 5.4 knots. The tidal current 

velocity is exponentially related to the kinetic energy available as explained in the equation 

below, where power output, in watts is equal to the product of a particular cross sectional water 

flow area, A in m2, times the water density, ů, reckoned in kg/m3, and v3, the cube of the 

instantaneous velocity of the current (averaged over the course of a year and usually over the 

depth of a channel) (Hagerman & Polagye, 2006):    

 

                                                     ὖέύὩὶ έόὸὴόὸ „ὃὺ                                           (2.1) 
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In a channel, tides will flood, or rise, in one direction in a channel and then fall, or ebb, in the 

opposite. Figure 2-15 also shows the slight difference in power output from an ebb tide to a flood 

tide. Lewis et al. (2015) find the flows in this particular channel are not rectilinear, or coming from 

exactly opposite directions, thus producing slightly varying power outputs from the Seagen device 

(described earlier), which is fixed in position and cannot yaw to face changes in tidal current 

direction.   

 

 

Figure 2-14: Power tidal velocity curve for both ebb and flood tides and an averaged best fit line for a 16m diameter, 
twin drive Seagen turbine located in Strangford Lough, Northern Ireland. Reprinted with permission under a Creative 
Commons CC-CY-NC-ND license, original source: (M. Lewis, Neill, Robins, & Hashemi, 2015). 
 
 

Figure 2-15 shows the amount of tidal energy over a 14 day springïneap tidal cycle.  It takes 

roughly 14 days to go from a spring tide to a neap tide, and then another roughly 14 days to go 

back  to a spring tide again (Hagerman & Polagye, 2006). Thus, an entire lunar month of about 

29.5 days will have 2 spring-neap cycles. In the figure below, the tidal velocity, kinetic energy, 

energy density and power output of the turbine can be seen to drop off in the neap period of the 

cycle and then return again at the spring tide.   
























































































































































































































