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Abstract

This thesis holistically examines the potential for tidal stream turbine (TST) integration to
displace diesel generated electricity in remote coastal First Nations communities within the
Marine Plan Partnership for the North Pacific Coast region of British Columbia. This thesis
utilizes a combination of spatial analysis (GIS Multi-Criteria Decision Analysis) to identify sites;
stakeholder engagement to assess TST suitability, bridge knowledge gaps, and understand
desired characteristics of community energy systems; and Levelized Cost of Energy (LCOE)
analyses for existing diesel and externality included scenarios along with potential TST costs in a

candidate community.

Results illustrate the need for information within these communities, from resource
quantification to characteristics of renewable energy technologies and system feasibility; self-
sufficiency as being the primary transition driver; and funding/human resource capacity as being
substantial barriers. Within the study region ~89.8 km? of feasible resource was identified, with
~22 km? of potentially suitable tidal resource in proximity to nine communities. The COVID-19
pandemic resulted in difficulties contacting and arranging interviews with the most suitable
communities. Driven by the holistic research mandate requiring community stakeholder
engagement to occur in tandem with the economic analyses, Queen Charlotte Village and
Skidegate Landing on Haida Gwalii were chosen as the candidate communities, despite not being
the most suitable identified communities. The community interviews revealed TSTs as being an
acceptable renewable energy technology. Furthermore, the identified site in Skidegate Inlet (SI)
was found to have favourable Marine Spatial Planning (MSP) for TST development. Existing
diesel generation carries a LCOE of $0.63/kWh, being $0.08-0.14 more per kWh than the

literature cited LCOE range for TSTs. The LCOE for CO; equivalent externalities at current



carbon tax prices was found to be an additional $0.02/kWh. Despite having a technically viable
peak spring current speed, the Sl site was financially unviable for 284 kW of rated capacity
across all diesel LCOE scenarios driven by capacity factor (1.62%), high cabling costs
(approximately one third of capital costs), and outdated data/assumptions within the Natural

Resources Canada Tidal Project Cost Estimation tool used in the tidal LCOE calculations.

This work contributes to the progression of tidal energy development on BCs coast along
with demonstrating the utility of holistic assessment frameworks for RETSs across environmental,
social, and economic considerations. The results of this thesis can inform existing MSP efforts in
the Marine Plan Partnership for the North Pacific region and the framework developed can be

built upon and altered for global use in pursuit of sustainable energy transitions.
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Chapter I: Introduction

With the latest Intergovernmental Panel on Climate Change report calling for “rapid and
far-reaching transitions in energy, land, urban and infrastructure, and industrial systems” to
avoid the societal and environmental impacts associated with exceeding the 1.5°C warming
threshold, our obligation to mitigate climate change has never been so imperative (Allen et al.,
2018, p. 17). A subsequent United Nations Environmental Programme report in 2019 illustrated
bleak findings, as countries collectively failed to stop the growth of Greenhouse Gas (GHG)
emissions and thus more significant and rapid reductions are needed by the global community
(UNEP, 2019). Fossil fuel-based electricity and heat generation account for 25% of global
greenhouse gas (GHG) emissions and thus the transition to alternative energy sources is a crucial
target for reductions (Jenniches, 2018). Renewable energy technologies (RET) are prime
candidates to mitigate climate change while also providing energy security, promoting economic
growth, developing new industries, creating jobs, and diversifying electricity production

(O’Rourke et al., 2009; Ruano-Chamorro et al., 2018).

Over the past 30 years, RETs such as solar and wind energy have seen substantial
technological improvements allowing them to become alternatives to fossil-fuel electricity
production (IRENA, 2019; O’Rourke et al., 2009). Despite advancements, RETSs are still
hampered by cost, resource availability, and unpredictability, as well as frequent spatial conflicts
with anthropogenic and ecological land uses (Barrington-Leigh & Ouliaris, 2017; Dijkman &
Benders, 2010; Sen & Ganguly, 2017). Marine Renewable Energy (MRE) technologies
specifically tidal stream (also referred to as tidal energy in this paper), wave, and offshore wind

can provide the same benefits as their onshore counterparts coupled with greater predictability



and minimal terrestrial footprints (Bedard et al., 2010; Borthwick, 2016; Quero Garcia et al.,

2019; Robertson et al., 2017; O’Rourke et al., 2009).

Tidal energy has several advantages; namely its predictability, high-capacity factor,
minimal environmental impact, and high resource potential in proximity to many coastal
communities (Bedard et al., 2010; Bonar et al., 2015; Copping & Hemery, 2020; OES, 2020;
Segura et al., 2017b). Despite these advantages, the nascent industry is associated with
considerable innovation costs, substantial device capital costs, and high investment uncertainty,
along with issues such as delineating areas for development and the inclusion of stakeholders in
the decision-making process (Jahanshahi et al., 2019; Jenkins et al., 2018; MacDougall, 2017;

Sangiuliano, 2017b; Segura et al., 2017b; Segura et al., 2018; Vazquez & Iglesias, 2015).

Tidal energy has also been identified as a promising technology for smaller scale
development in remote coastal communities, such as those in the province of British Columbia
(BC) which has over 2 GW of estimated tidal power potential (De Groot & Bailey, 2016; Roy et
al., 2018; Segura et al., 2018; Tawil et al., 2018; Triton Consultants Itd., 2002). Although BC
relies on large scale hydroelectric dams for over 95% of its energy, remote communities not
connected to the grid produce 0.5% of BCs total energy from diesel generators (Government of
Canada, 2016; MEMPR, 2020; NRCan, 2011). A remote off grid community is defined as a
permanent settlement (longer than five years) with more than 10 dwellings that is currently not
connected to the North American electrical grid, or the natural gas network (NRCan, 2011).
There are 86 remote communities reliant on diesel in BC, 18 of which are predominantly First
Nations in composition and coastal, thus tidal may be a suitable RET (NRCan, 2011). Diesel
reliance yields a suite of disadvantages including higher electricity costs, health impacts,

environmental degradation, community growth constraints, and the increased likelihood of



blackouts and brownouts (Karanasios & Parker, 2018; Kennedy, 2018; NRCan, 2011; NRCan,
2013; Price Waterhouse Cooper, 2015; Rezaei & Dowlatabadi, 2016). Several of these
communities are located near tidal resources, and thus tidal energy may be an apt alternative to
diesel (NRCan, 2011; Triton Consultants Ltd., 2002). With policy targets to reduce diesel
reliance by 80% in BCs remote communities by 2030, assessing tidal energy is now paramount
to aid the examination and determination of the most suitable renewable resources for these

communities (Government of British Columbia, 2018).

Although tidal energy avoids spatial competition with uses on land, it requires access to
areas of the marine space and thus must be balanced with existing uses and Marine Spatial
Planning (MSP) priorities (Kerr et al., 2014a; Wright, 2015). These are diverse and numerous
including, but not limited to; environment (e.g. ecological uses, sensitive habitats, species
distributions), economic (e.g. fishing, shipping, transportation, dredging), and social (e.g.
recreation, cultural sites, visual amenity) uses. Geographic Information Systems (GIS) and Multi-
Criteria Decision Analysis (MCDA) represent a cost-effective way of delineating existing uses
and investigating how emerging uses such as tidal energy can be integrated within the marine

space (Davies et al., 2014; Gimpel et al., 2015; Kim et al., 2012).

Stakeholder engagement represents a crucial means of incorporating social values when
assessing locations for tidal energy (Gopnik et al., 2012; Janssen et al., 2014; Shucksmith &
Kelly, 2014). Engagement allows for local communities and stakeholders to contribute to early-
stage planning, ensuring that development and climate action align with communal values and
are integrated in ways which enhance the lives of community members. Additionally, early, and
ongoing engagement reduces the likelihood of opposition later in the process when it may be

more costly (Dalton et al., 2015; Fraz&o Santos et al., 2018; Kerr et al., 2014b; Richardson, 2018;



Ruano-Chamorro et al., 2018). It is also necessary to understand whether tidal energy is viewed
as a culturally appropriate resource, along with gaining an understanding of the communities’
visions for their energy projects and to determine whether the broader literature on remote
electrification of communities applies in terms of government and academic rationale versus

community views (Rezaei & Dowlatabadi, 2016).

While stakeholder support and suitable locations for development are crucial, cost is
arguably the main barrier to the development of the industry and constitutes a substantial tidal
disadvantage compared to more developed RETs (Vazquez & Iglesias, 2016b). Furthermore, the
quantification and incorporation of externalities associated with tidal and diesel is vital to truly

assess and compare the costs and benefits of each (Eidelwein et al., 2018; Lehmann et al., 2018).

1.1 Research goals

This research seeks to contribute to global GHG emissions reduction efforts while
ensuring environmental protection, minimizing infringement upon existing uses, and enhancing
the quality of life in First Nations remote coastal diesel reliant communities (RCDRC) in BC by
investigating the spatial suitability, biophysical capability, and economic feasibility of tidal
energy using an integrated interdisciplinary framework. This analysis seeks to answer the

following questions:

1. What are the potential benefits and challenges of replacing existing diesel
generators with tidal energy in remote off grid communities in the Marine Plan
Partnership for the North Pacific Coast (MaPP) region?

2. Inaccordance with local stakeholder input, how should suitability mapping

inform the development of tidal energy and how can tidal devices be integrated



within existing electricity generation systems to enhance the standard of living
in a candidate community?
3. Using GIS MCDA suitability mapping, can tidal energy be sustainably (from

environment, social, and economic perspectives) integrated within the broader

context of human and natural uses of the marine space in BC?

4. What is the existing Levelized Cost of Energy (LCOE) for diesel and an

externality included diesel LCOE within a candidate community that tidal

would have to compete with, and what is the LCOE for a potential tidal site?

5. What are the benefits and drawbacks associated with assessing renewable

energy development through an integrated framework approach?

To answer these questions, this study utilized the methods shown in Figure 1 below:

Phase I: Semi-structured interviews
with MaPP co-leads (n=5), GIS-
MCDA suitability mapping

Phase II: GIS analysis to identify
candidate communities/sites, interview
with candidate community
representative (n=1)

Phase III: LCOE analysis for candidate
community, externality included
LCOE, and TST LCOE

Driving questions to be answered by each phase

. Where are the technically feasible and constraint free tidal resources

located?

. How should existing marine uses and tidal energy development be

balanced?

. What are barriers/drivers for RET development in RCDRC’s?
. Is tidal energy a suitable RET for RCDRC’s in the MaPP region?

. Given additional economic/technical criteria, in which RCDRC

might tidal energy be suitable?

. How can tidal energy be mtegrated within a candidate community

now, and into the future?

. Is the identified candidate site suitable (e.g. in terms of local MSP)?

. What s the current LCOE for diesel generation?
2. What is the carbon equivalent externality for diesel in the

community?

. What is the LCOE for a tidal turbine at the identified site?

Figure 1: Study methods overview and driving questions for each research Phase.




Integrated assessments and holistic approaches to analyze capability and suitability have
been called for in numerous studies and this thesis exemplifies this paradigm shift, from distinct
areas of research, into a cohesive and encompassing framework to assess suitability (Dalton et
al., 2015; Jenkins et al., 2018; Jenniches, 2018; Kerr et al., 2014a; Segura et al., 2017b; Segura et
al., 2018; Uihlein & Magagna, 2016). In doing so, this research will highlight the benefits of
examining such issues through a geography-based lens; combining knowledge and methods from
often seemingly disparate disciplines, to investigate potential solutions at numerous scales. As

Sheppard so eloguently expressed:

“Geography’s intellectual range, from the humanities to the natural sciences, exceeds any attempt
to suborn it into a categorical structure of knowledge production. Of course, this very
disciplinary structure repeatedly has been challenged by initiatives fostering interdisciplinarity,
through cross-cutting curricula, programs, centers, institutes, and clusters. Such initiatives make
geography attractive as “the interdisciplinary discipline” whose members (we argue) are uniquely

suited to such projects.” (2015, p. 1114).

This quote and the methods outlined in this study exemplify the utility of a geography-
based approach to complex problems involving multiple considerations at a range of scales. In
applying these methods, this research will not only identify opportunities for tidal development
near BCs RCDRC, but it will also create an integrated framework for assessing tidal

development that can be altered and built upon for global use.



Chapter Il: Literature Review

2.1 Tidal energy

2.1.1 Resource and technology overview

Tidal stream turbines capture the energy generated from the gravitational and centrifugal
forces of the earth, moon, and sun (Brosche & Schuh, 1998; Segura et al., 2017b). Devices
harness the kinetic energy of tidal currents, which are enhanced as tidal waves ebb and flow
through constrained passages and inlets (Bedard et al., 2010; Nash & Phoenix, 2017; O’Rourke

et al., 2009).

Much of the research and development of tidal stream devices has occurred at test centers
such as the European Marine Energy Center (EMEC) in Scotland and Canada’s Fundy Ocean
Research Center for Energy (FORCE) (Borthwick, 2016; Marine Renewables Canada 2018).
Currently, an estimated 100 tidal energy companies are operational worldwide, with many of the
most prominent utilizing these test centers (Haslett et al., 2018). In 2018 there was over 20 MW
of demonstration and commercial pilot projects deployed globally (Lamy & Azevedo, 2018). By
2022, 1,600 MW of commercial phase projects are slated for operation (Lamy & Azevedo,
2018). The technology readiness level (TRL) for tidal stream turbines (TSTs) is as high as 8 for
horizontal axis turbines, with an industry range between 6-8 (Magagna, 2019). Larger scale
projects, such as Scotland’s Meygen Phase 1A array deployed in 2018, are on the cusp of
completeting the TRL path (Magagna, 2019). A multitude of smaller scale devices are also being

developed (Marine Renewables Canada, 2018).



There are approximately 100 different TST device concepts falling into five primary
device type categories (see Figure 2): horizontal axis devices with parallel axis to the flow,
vertical axis devices, horizontal axis devices with perpendicular axis to the flow, oscillating
hydrofoil, and other (OES, 2020; Segura et al., 2017b). The trajectory of the tidal stream industry
appears to be converging on horizontal axis turbines as the standard device type (OES, 2020).
Depth based classification falls into two categories, first generation devices (sea floor moored
devices at depths up to 40 meters) and second-generation devices (either floating or submerged

to a specific depth) (Segura et al., 2017b). Devices can be kept in place via a monopile, drilled

pilot foundations/anchors, or by their own gravity (Segura et al., 2017b).

Figure 2: Typical tidal stream device types and examples: A) Monopile mounted horizontal axis device with perpendicular axis to
flow [http://www.siemens.co.uk/en/news_press/pictures/seagen-tidal-current-turbine.htm]; B) Horizontal axis turbine with
perpendicular axis to flow (either gravity or piloted) [http.//www.orpc.co/our-solutions/turbine-generator-unit]; C) Piloted
oscillating hydrofoil [http://www.alternative-energy-tutorials.com/tidal-energy/tidal-power.html]; D) Floating vertical axis
turbine with parallel axis to flow [http.//www.alternative-energy-tutorials.com/tidal-energy/tidal-power.html] and; E) Anchored
tidal kite [http.//kis-orca.eu/renewable-energy/wave-tidal-devices/tidal-device-principles].



2.1.2 Advantages

The most apparent obstacle impeding the transition to RETS is the variability of weather-
dependent sources of energy and their intermittency, coupled with the difficulties associated with
supplying such power to the grid or storing it for future use (Kuang et al., 2016). Tidal energy is
predictable with high accuracy over both short and long timeframes, especially when compared
to stochastic weather dependent RETs (e.g. solar, wind, and run-of-river) (Johnson et al., 2018;
Sangiuliano, 2017a; Sangiuliano, 2017b; Uihlein & Magagna, 2016; Villate et al., 2020). TSTs
also benefit from being independent of factors such as rain, fog, or cloud cover (Segura et al.,

2017h).

Devices are characterized by high capacity factors, that is, the ratio of actual electricity
generated to the maximum amount of electicity that could be generated over a period of time
based on the nameplate capacity of a device (Sangiuliano, 2017b; Stothers & Klaptocz, 2016).
Although capacity factor can vary by device and site resource characteristics, the technologies on
average can be viewed as having promising values in the range of 30-54% (Stothers & Klaptocz,
2016). Results from the first two years of Meygen Phase 1A’s operation (4 x 1.5MW horizontal
axis turbines) demonstrated capcity factors of 40% and 34% at 100% and 95% availability
respectively (average availability of 95%, ranging from 90% in the winter and 98% in the
summer) (Black & Veatch, 2020). Compartively, the aggregate 2018 capacity factors for utility
scale photovoltaic solar and wind in the United States were 26.1% and 37.4% respectively (EIA,
2019). These characteristics make TST energy a reliable and attractive baseload provider for
small scale grids, with the capability to smooth out the cumulative power supply from

renewables (Johnson et al., 2018).
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Existing studies have shown that tidal stream is favourably viewed in terms of social
suitability, including both social benefits and public willingness-to-pay for tidal energy research
(Lamy & Azevedo, 2018; Polis et al., 2017). This may be attributed to a range of factors such as
submerged devices having no visual impact and no audible sound from devices at or above the
surface (see following section for sub-surface sound) (Zaunbrecher et al., 2018). However,
opinions regarding social suitability are likely substantially disparate over small and large spatial

scales, highlighting the need for stakeholder engagement within suitability studies.

TSTs have thus far demonstrated minimal environmental impacts, as shown through
operational monitoring, field studies, and modeling (Bonar et al., 2015; Copping & Hemery,
2020; Hastie et al., 2018; Jenkins et al., 2018; Nash & Phoenix, 2017; O’Carroll et al., 2017; Pine
et al., 2019; Ponsoni et al., 2018; Sangiuliano, 2017b; Segura et al., 2018; Uihlein & Magagna,
2016). These impacts range from physical presence (blade strikes on marine fauna and habitat
alteration from devices and associated moorings), changes to biophysical properties from energy
extraction, underwater noise, chemical pollution, and electromagnetic magnetic fields (Bonar et
al., 2015; Copping & Hemery, 2020; Hastie et al., 2018; Jenkins et al., 2018; Nash & Phoenix,
2017; O’Carroll et al., 2017; Ponsoni et al., 2018; Sangiuliano, 2017b; Segura et al., 2018;
Uihlein & Magagna, 2016). All these potential stressors have been demonstrated to be low risk
for small scale and single device deployments, with reccomendations to move forwad with risk
retirement in terms of the regulatory scope and costs required to prove otherwise (Copping &
Hemery, 2020; Copping et al., 2020). Many of these stressors are alleviated due to the slow
rotational speeds of TSTs (5-70 rpm) (Copping, 2018). The deployment of TSTs is even

associated with ecosystem benefits ranging from the provision of habitat to the creation of de
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facto marine reserves and reductions in flow velocities allowing species to save energy while

foraging (Bonar et al., 2015; Haslett et al., 2018; Uihlein & Magagna, 2016).

2.1.3 Disadvantages

Despite the many technical, social, and environmental benefits of tidal energy at small
scales, there are disadvantages associated with the industry. Some of these issues are dependent
upon scale, while others are the result the state of the industry and characteristics of the marine

environment.

While the environmental impact of small scale TSTs and arrays have proven to be minor,
questions remain regarding the cumulative risk and magnitude of impacts associated with large
scale arrays. Of primary concern is the impacts of cumulative noise inputs, while issues
regarding the effects on species ability to navigate, alterations to energy flux, predator-prey

interactions, and more remain (Bonar et al., 2015; Pine et al., 2019; van Hees, 2019).

TSTs must also contend with the physical characteristics of the marine environment.
Devices are subject to significant forces from both the speed of flows, substantial pressure
(seawater is 800 times denser than air), and corrosion due to saltwater (Borthwick, 2016).
Furthermore, biofouling is a ceaseless challenge, with potential negative impacts on device
function and operation (Borthwick, 2016). Finally, exposure to a range of marine factors such as
waves, storms, tidal currents, fog and more may impact the ability to access devices for

scheduled maintenance or emergency repairs.

Issues regarding the policies and regulatory structures in place to govern the industry is

also an area of concern (Andersson et al., 2017; Richardson, 2018). This creates difficulties in



standardizing the industry, along with unforeseen costs and obstacles to potential deployments
and development. Many countries around the world lack specific legal and regulatory
frameworks for tidal energy, including Canada, compounded by the fact that regulatory bodies
are often risk adverse, especially towards novel technologies (Richardson, 2018; Uihlein &
Magagna, 2016). The result of such uncertainty and lack of regulatory guidance can result in
permitting processes not fit for purpose, creating barriers to the development of the industry

(Andersson et al., 2017; Wright 2015).

While TSTs are certainly technically feasible, the industry is still working towards
becoming economically and commercially viable (Johnson et al., 2018). Costs and risks are
greatest in this phase between device design/testing and commercial viability, known

colloquially as the ‘Commercial Valley of Death’ (Villate et al., 2020).

2.2 Diesel generated electricity

The remoteness of many Canadian communities made the costs of connecting to the
electric grid unfeasible and instead the Canadian government-initiated programs to electrify
remote communities with hydroelectric and diesel plants in the 1960s and 70s (Karanasios &
Parker, 2018). The federal government was typically responsible for the capital costs of
generators, while provincial governments/utilities were responsible for the operation and
maintenance of community power plants while providing electricity at a reasonable price

(Karanasios & Parker, 2018).

12
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2.2.1 Technology overview

Diesel engines were first patented in 1892 by German engineer Rudolf Diesel (EIA,
2020). Since then, they have been applied to a multitude of uses from land, sea, and air
transportation to heat and electricity generation. Diesel generators take refined crude oil and
convert the chemical energy trapped within hydrocarbons into mechanical energy via
combustion. This mechanical energy is then used to spin an alternator, creating AC electrical

current.

2.2.2 Advantages

One of the greatest advantages of diesel generators, and other fossil fuel-based electricity,
is their ability to provide power on demand. This makes electricity production easily plannable.
Evidence of this dispatchability is evident in the use of diesel generators as backup power
sources for critical infrastructure (e.g. hospitals, data centers) in case of grid outages or natural
disasters. Diesel generators range in size from a few kW to MW, which allows them to be
deployed in remote applications for a single building to entire communities. Furthermore,
multiple generators can be integrated into grids to meet increased demand. Diesel generators are
cheaper than other forms of fossil fuel based electrical generation, such as gas-powered turbines,
while also being far cheaper than connecting remote communities to the grid (Karanasios &
Parker, 2018). With many communities reliant on diesel power since the late 20" century, their
familiarity with diesel generators in terms of operational and maintenance requirements along
with an overall understanding of the technology make them appealing to many communities that

often find themselves isolated and without support if systems fail.
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2.2.3 Disadvantages

While diesel generators are a dispatchable source of electricity which are apt to be
deployed in remote communities, their use is associated with several disadvantages. With many
generators already operating at full capacity, the likelihood of enhancing living standards is
severely constrained, as proposed community projects or upgrades may have substantial
electricity requirements (Arriaga et al., 2016; Karanasios & Parker, 2018; Kennedy, 2018; Price
Waterhouse Cooper, 2015). This in turn may further exacerbates social issues in what are already
often disproportionately disadvantaged communities (Arriaga et al., 2016; Statistics Canada,
2016). Existing generators are often run counterintuitively to device longevity (e.g. not run at
their optimal rated output) to meet fluctuating daily demand, resulting in brownouts and the risk
of generator failures and blackouts (Kennedy, 2018). Furthermore, with diesel fuel being
shipped to the remote communities from tens to hundreds of kilometers away, energy security

and community independence are substantially decreased (Arriaga et al., 2013; Kennedy, 2018).

The principle environmental issue with diesel electricity generation are GHG emissions.
Remote off grid communities have nearly three times Canada’s per capita average emissions for
electricity and heat generation, further compounded by the transportation of fuel to communities
using vehicles that themselves consume diesel (e.g. tug and barges) (ECCC, 2016; Kennedy,
2018; NRCan, 2011). Diesel fuel also presents a risk to the environment, with the potential for
acute spills during transport and or chronic leaks while being stored (NRCan, 2011;
Transportation Safety Board of Canada, 2018). Fuel tank leaks can directly impact communities
through the contamination of soil and groundwater, while marine transportation in BC threatens
some of the most productive and sensitive ecological habitats on earth of which many

communities are reliant upon for sustinence living and economic opportunties (MaPP, 2016;
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NRCan, 2011; PNCIMA, 2017). Such fears have been realized in the MaPP region already, for
example the sinking of the Nathan E Stewart tugboat in the Heiltsuk Nation’s traditional
territories (Heiltsuk Tribal Council, 2017). The tug released 111,000 L of diesel into the marine
environment resulting in fishing closures, impacts to cultural activities, substantial clean up costs,
marine fauna and flora mortality, and long term damage (Heiltsuk Tribal Council, 2017). Luckily
the 11.7 million liter capacity fuel barge was empty, greatly reducing the potential magnitude of

the event (Heiltsuk Tribal Council, 2017).

Economic issues with diesel electricity generation abound ranging from price volatility
(see Figure 3 below); to high operation, maintenance, and transportation costs (Arriaga et al.,
2013; McFarlan, 2018; NRCan, 2011). The price of producing diesel generated electricity in
remote Canadian communities in 2011 ranged from $0.51 to $2.82/kWh, with RCDRC such as
Hartley Bay having generation costs around $0.74/kWh (Arriaga et al., 2014, NRCan, 2011,
NRCan, 2013). Comparatively the average price of electricity in the rest of Canada was between
$0.06 and $0.19/kWh (values expressed in 2020 CAD based on ten-year average currency

conversions, adjusted for 1.35% inflation per year) (Bank of Canada, 2020; NRCan, 2011).
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Figure 3: Global crude oil prices over the past 68 years. Expressed as 2018 US dollars per barrel. Data taken from:
OurWorldinData.org/fossil-fuels and sourced from BP 2018 Statistical Review of World Energy.

2.3 Stakeholder engagement

A holistic approach towards renewable energy development research necessitates the
involvement and input of local stakeholders (Arnstein, 1969; Rowe & Frewer, 2000). The
development of tidal energy reflects this, with increasing calls within the academic community to
incorporate human dimensions into evaluations (Jenkins et al., 2018). So far, the human
dimensions of tidal energy development have received far less attention from the scientific
community than resource assessments, evaluation of environmental impacts, and device design
(Kerr et al., 2014b; Ruano-Chamorro et al., 2018). Arising from this attention deficit is a lack of
public understanding, resulting in the inability for stakeholders to create informed opinions
regarding acceptability and to formulate an understanding of the interplay between tidal energy
and their way of life (Dalton et al., 2015; OES, 2020; Rowe & Frewer, 2000; Ruano-Chamorro et

al., 2018).
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Public perceptions about potential risks associated with renewable energy is dependent
upon their understanding of the technology and the social values within their community (Dalton
et al., 2015). While factors such as costs are key considerations for understanding the feasibility
of a potential energy project; public understanding, local support and acceptability remain crucial
to ensuring the project is successfully developed and that it satisfies community needs (Dalton et

al., 2015; Frazdo Santos et al., 2018; Kerr et al., 2014b; Ruano-Chamorro et al., 2018).

The inclusion of human dimensions into tidal energy assessments necessitates stakeholder
engagement, which is widely regarded as a key component of contemporary spatial planning
(Arnstein, 1969; Kerr et al., 2014b; Rowe & Frewer, 2000; Quero Garcia et al., 2019).
Stakeholder engagement has developed into a rich area of academic discourse ever since
Arnstein’s ladder of engagement paper highlighted the need to provide stakeholders with the
power to have influence over planning and development decisions (Arnstein, 1969; Irwin, 2006;
Rowe & Frewer, 2000). Despite a half century of discourse, there is still no universal way of
developing and enacting engagement along with no proven method to do so (Cuppen et al., 2016;

Irwin, 2006; Rowe & Frewer, 2005; Webler & Tuler, 2002; Whitman et al., 2015).

What has become apparent, time and time again, is the need to develop stakeholder
engagement methods tailored to specific projects (Dyer et al., 2014; Pomeroy & Douvere, 2008;
Ritchie & Ellis, 2010; Rowe & Frewer, 2005). While taking and adapting methods from cases of
successful engagement is a promising start, researchers must be cognisant of stakeholder
feedback and incorporate it into ongoing and iterative discussions (Dyer et al., 2014; Pomeroy &
Douvere, 2008; Ritchie & Ellis, 2010; Rowe & Frewer, 2005). Studies have highlighted the need
to balance relationships between researchers and stakeholders, early and continuous engagement,

a process built on trust, and most of all to create engagement anchored in co-learning (Arnstein,
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1969; Frazdo Santos et al., 2018; Reed, 2008; Ritchie & Ellis, 2010; Rowe & Frewer, 2005).
Researchers must also be cautious of temporal and financial holds on their methods and
acknowledge that it may not always be feasible or necessary to include every stakeholder in a
given study (Rowe & Frewer, 2000). Successful engagement may also require the use of proxies
for larger groups of stakeholders, for instance, representative bodies in planning initiatives or

community leaders (Rowe & Frewer, 2000).

Engaging and collaborating with remote communities in BC, and Canada more broadly,
requires flexibility and adaptability. Despite many communities sharing similar characteristics,
challenges facing communities and their capacity to solve them vary in magnitude (Knowles,
2016). The optimal energy solution for each remote community will likely be community
specific, dependant on limitations such as funding/financing availability, climate, population
size, local resources, geography, human resource capacity, and more (Knowles, 2016). This
highlights one of the other benefits of early engagement, the identification of community

strengths, weaknesses, and specific needs.

TST project engagement not only enhances the likelihood of a project being accepted, as
shown in the development of onshore renewables, it also facilitates the collection and
incorporation of social data into broader marine planning (Frazéo Santos et al., 2018; Kerr et al.,
2014b). The inclusion of stakeholder values and perceptions in tidal energy developments will
provide benefits to the local community beyond energy provision such as job creation, enhanced
independence/self sufficiency, and the protection of place-based values (De Groot & Bailey,

2016; Kerr et al., 2014b; Ruano-Chamorro et al., 2018; Segura et al., 2017b).
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2.4  Analyzing the spatial feasibility and suitability of tidal energy

2.4.1 Marine Spatial Planning

MSP defined as “...a public process of analyzing and allocating the spatial and temporal
distribution of human activities in marine areas to achieve ecological, economic, and social
objectives usually specified through a political process,” is a promising method for delineating
and balancing uses of the marine space in a holistic manner (Ehler & Douvere, 2009, p. 18). The
development and implementation of MSP has been initiated in direct response to increasing
anthropogenic pressures on marine resources and the expansion of uses within the marine space
over the past half century (Kerr et al., 2015; Tawil et al., 2018; Wright, 2015). MSP has been
developed in approximately 70 countries thus far with overarching goals to balance human uses,
environmental protection, and the preservation of social values in the marine space (De Groot &
Bailey, 2016; Ehler & Douvere, 2009; Frazdo Santos et al., 2018; Jenkins & Dreyer, 2018; Kerr

et al., 2015; Quero Garcia et al., 2019).

Although MSP views uses within the marine space and the balancing of them largely
through a cohesive lens, it has shown great promise in the EU, especially in Scotland, to facilitate
and enable the development of MRE (Quero Garcia et al., 2019; Richardson, 2018). Experiences
with offshore wind and onshore renewables suggests that MRE will likely encounter resistance
from marine activities, especially when operating near coastal communities where anthropogenic
activities tend to congregate (Kerr et al., 2014; Kerr et al., 2015; Segura et al., 2018).
Furthermore, MRE development necessitates the ‘ownership’ or proprietary use of areas of the
marine space resulting in the exclusion of others (Kerr et al., 2015). Consequently, planning for
TST development requires an understanding of the complexity of biophysical and human

dimensions of ocean uses in order to integrate the multi-level management objectives
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encapsulated within MSP frameworks (Frazdo Santos et al., 2018; Haslett et al., 2018; Segura et

al., 2018).

Despite minimal implementation of legislated MSP frameworks enabling MRE in
Canada, apart from Nova Scotia, and with large scale planning efforts in BC lacking direct
federal involvement/support at this time, MSP processes and tools can still be used to develop
and enhance marine management (Frazdo Santos et al., 2018; MaPP, 2016; Marine Renewables

Canada, 2018; Richardson, 2018).

2.4.2 Geographic Information System Multi-Criteria Decision Analysis

Decision making for renewable energy siting is a complex and often convoluted task
owing to the multitude of social, economic, technical, and biophysical factors which in turn yield
suitable development sites. For instance, while in the simplest terms a suitable site requires
sufficient tidal resources, a myriad of additional factors such as: environmental, economic, and
social uses; site proximity to demand and large ports, depth, and more contribute to a more
encompassing assessment of suitability (Defne et al., 2011; Galparsoro et al., 2012; Thomas et

al., 2019).

The use of GIS MCDA provides decision makers with a systematic operational
evaluation and decision support tool that excels at tackling complex problems with high levels of
uncertainty, diverging objectives, multiple interests, and varied information/data forms
(Giamalaki & Tsoutsos, 2019a; Maslov et al., 2014; San Cristdbal, 2011; Vasileiou et al., 2017;
Wang et al., 2009). GIS-MCDA has the potential to minimize project costs, reduce conflicts with

other uses, minimize environmental impacts, and avoid stakeholder opposition (Defne et al.,
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2011; De Groot & Bailey, 2016; Jenkins et al., 2018; Quero Garcia et al., 2019; Uihlein &

Magagna, 2016; Vasileiou et al., 2017; Wang et al., 2009).

Geographic Information Systems

GIS has been commonplace over the past twenty years to assess constraints and select
suitable sites for energy projects, thanks to its ability to visually represent spatial data and the
suite of processing tools available (Cradden et al., 2016; Defne et al., 2011; Janssen et al., 2014;
Kim et al., 2018). Spatial mapping and analysis using GIS is also a commonly used tool within
broader MSP efforts that can effectively, both from a cost and temporal perspective, represent the
marine space and delineate uses within it (Frazéo Santos et al., 2018; Marine Renewables
Canada, 2018; Richardson, 2018). However, the effective utilization of GIS is dependent on the
availability of data sets to represent each criterion, with immense challenges in terms of temporal

and financial cost to produce necessary data sets if they are not available.

With TST costs being highly dependent upon site location, mapping exercises will aid in
the financial appraisal of newly considered developments (Segura et al., 2017b). However,
merely representing indicators of site suitability for disparate criteria does not simplify decision
making, as these layers still need a foundation for which to combine them and analyze trade-offs,

which is where MCDA comes into play.

Multi-Criteria Decision Analysis in renewable energy technologies siting

MCDA encompasses a range of decision-making tools that enable the investigation of
relationships between multiple criteria to examine trade-offs and achieve a predefined
optimization objective or suitability assessment (San Cristdbal, 2011). MCDA approaches are

suitable for energy system evaluations as they involve multiple decision makers, contradictory
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criteria, along with being subject to long time frames, varied sources of uncertainty, and capital-

intensive investments making initial siting crucial (Giamalaki & Tsoutsos, 2019).

MCDA methods are primarily categorized as multi-objective decision making (MODM)
and multi-attribute decision making (MADM) methods (Hofer et al., 2016; Kurka & Blackwood,
2013). The main differentiation between the two is the number of possible alternatives evaluated
(e.g. either being continuous or discrete) (Hofer et al., 2016; Kurka & Blackwood, 2013; Zanakis
et al., 1998). MODM represents a design approach, in which the most optimal solution (e.g.
suitable site) is defined by parameters (e.g. site suitability criteria) and determined within a
infinite set of solutions (Hofer et al., 2016; Kurka & Blackwood, 2013; Zanakis et al., 1998).
Conversely, MADM methods embody a ranking approach, in which the best solution among a
constraint screened finite number of alternatives is chosen based on ranking according to
decision making criteria (Hofer et al., 2016; Kurka & Blackwood, 2013; Zanakis et al., 1998). Of
the two, MADM based methods are predominantly utilized in RET siting (Kurka & Blackwood,

2013).

MADM techniques utilized for RET site assessments include, but are not limited to: the
Analytic Hierarchy Process (AHP), the Elimination and Choice Translating Reality (ELECTRE)
method, the Technique for Order Preference by Similarity to Ideal Solutions, the Ordered
Weighted Averaging technique, fuzzy MCDA methods, and hybrid MCDA methods (Giamalaki
& Tsoutsos, 2019). Selection of an appropriate MCDA technique necessitates evaluating the
method’s ability to deal with uncertainty, user friendliness and flexibility, transparency of the
method (i.e. is it likely to improve stakeholder comprehension) and its ability to include multiple

stakeholders (Giamalaki & Tsoutsos, 2019; Kurka & Blackwood, 2013).
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Within existing literature, the AHP represents one of, if not the most commonly used
MCDA technique for RET site assessments (Giamalaki & Tsoutsos, 2019; Hofer et al., 2016;
Kurka & Blackwood, 2013; Mahdy & Bahaj, 2018; Stefanakou et al., 2019; Vasileiou et al.,
2017; Wang et al., 2019). The AHPs ability to allow for the combination of different evaluation
criteria (both qualitative and quantitative), incorporate stakeholder/expert weighting of criteria,
provision of a logical and mathematical justification to decision making, and simplification of the
decision making process all attribute to its prevalence (Ali et al., 2018; Giamalaki & Tsoutsos,
2019; Kim et al., 2018; Stefanakou et al., 2019). A more in-depth overview of the AHP methods

can be found in section 4.1.1.

2.4.3 GIS suitability mapping and GIS-MCDA mapping for tidal energy

GIS-MCDA involves the representation of identified data inputs as layers within a GIS
software. These layers are usually normalised to allow for comparability and analysis of
disparate data sets, often on a scale of 0-100 (Ang et al., 2016; Cradden et al., 2016; Davies et al.,
2014; Defne et al., 2011; Van Cleeve et al., 2013). These layers are then weighted, that is, given
numerical representations of importance, and combined using GIS algebraic functions in order to
generate a spatial representation of relative suitability (Ang et al., 2016; Cradden et al., 2016;

Davies et al., 2014; Defne et al., 2011; Van Cleeve et al., 2013).

Existing studies

A range of tidal GIS and MCDA studies exist, such as Defne et al., (2011) which assessed
tidal stream potential in Georgia USA using GIS based multi-criteria assessment. Davies et al.,
(2012) undertook a study identifying areas for tidal stream energy development in Scottish

waters across technical, industrial, environmental, and socio-cultural themes. VVan Cleeve et al.,
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(2013) examined tidal energy suitability with a range of technical and economic considerations
(not including legal and regulatory constraints). Janssesn et al., (2014) also examined potential
sites for tidal energy in Scotland, using stakeholder decision support tools and spatial
multicriteria analysis. Maslov et al., (2014) used the ELECTRE 111 MCDA approach in
combination with GIS to create a model and applied it to identify tidal farms in the North West
of France based on social acceptance, along with ranking them and estimating cost and energy
production. Cradden et al., (2016) examined site suitability for offshore energy platforms more
generally while Ang et al., (2016) created a web-based GIS MCDA tool for examining tidal
current energy development in the Philippines. Finally, Vazquez & Iglesias (2016a) developed a
MATLAB geospatial analysis for the Bristol channel to identify locations for tidal energy and
calculate LCOE values while considering technical (resource), economic (shipping), and

functional constraints (conservation areas, submarine cables, department of defense areas).

2.5 Economic feasibility

2.5.1 Tidal energy costs

The current understanding, or lack thereof, regarding TST costs impedes the development
of the industry as it dissuades private investment, perpetrating an industry heavily reliant on
public support (Polis et al., 2017; Sangiuliano, 2017a; Segura et al., 2017b). The infancy of the
industry results in tidal being viewed as a risky investment due to its high up-front capital costs,
exogenous and endogenous uncertainties, along with the financial demands of iterative
technological and processes development (Johson et al., 2018; MacDougall, 2017; Sangiuliano,

2017a; Sangiuliano, 2017b; Segura et al., 2018). It is therefore necessary to build upon existing
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knowledge and develop studies which include assessments of TST economic viability to attract

investments (OES, 2020; Segura et al., 2017a).

2.5.2 Levelized Cost of Energy

LCOE calculations are one of the primary instruments for evaluating the profitability of
energy production technologies (Nissen & Harfst, 2019; Segura et al., 2017a). This can be
attributed to their ability to compare dissimilar energy production means and nameplate
capacities (Nissen & Harfst, 2019; Segura et al., 2017a). LCOE can be defined as the cost per
unit energy (usually expressed in $/kWh or $/MWh) generated over the lifetime of a project, that
is, life-cycle costs divided by lifetime energy production (Bruck et al., 2018; Dalton et al., 2015;

Nissen & Harfst, 2019; Segura et al., 2017a; Vasquez & Iglesias, 2016).
Equation 2.1 yields LCOE:

Ccavex + Y™, Copex, X (1 +71) ¢t
LCOE = p nZt—l pex; X ( ) 21
P Eex (4t

Where Ccarex denotes capital expenditures, Copext is the cost of operational expenditures
in year t, Et is the electricity generation in year t, r is the discount rate, and n is the lifetime of the
system (Dalton et al., 2015; Nissen & Harfst, 2019; Segura et al., 2017a; Vasquez & lglesias,
2016). CAPEX is characterized by benefits that extend beyond one year, mostly accounting for
the general costs of an energy system such as the device itself, mooring systems, energy
transportation systems, and so forth. (Dalton et al., 2015; Segura et al., 2017). CAPEX is the
primary determinant of TST LCOE, accounting for 70% of total LCOE (Vazquez & Iglesias,
2016Db). Therefore, CAPEX reductions achieved through device standardization and improved

installation methods driven by industry learning will have substantial impacts on future costs
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(Segura et al., 2019; Vazquez & Iglesias, 2016b). OPEX represents yearly expenses such as
administrative costs, operation and maintenance costs (both scheduled and unscheduled), taxes,
and more (Dalton et al., 2015; Segura et al., 2017). Etis primarily dependent upon nameplate
capacity, device capacity factor, and resource potential (Dalton et al., 2015; Segura et al., 2017a).
Discount rates are based on two notions: the first being the time value of money (that is money is
more valuable today than it is in the future) and the second uncertainty risk (that is cash in the
future is associated with risks dependant on the uncertainty of the investment). It essentially
represents the rate of return an investor would need to receive to justify the investment, with

riskier investments requiring a higher discount rate and vice versa.

Recent TST LCOE assessments from device deployments range from $490-547/MWh
(average of $526/MWh for the 10 MW deployed in the UK) (SETIS, 2019; Smart & Noonan,
2018; Villate et al., 2020). Comparatively, the LCOE of offshore wind is currently around
$215/MWh (OES, 2015). Despite the significant gap, costs continue to decrease within the TST
industry, with the European Commission’s Joint Research Centre finding a 40% reduction in
tidal streams LCOE over the past three years, reducing costs from an average of $724 ($505-945)
in 2015 (OES, 2015; Villate et al., 2020). Future reductions look promising with the European
Commission setting cost targets of $216/MWh for 2025 and $144/MWh by 2030 (all values

above have been adjusted for inflation and converted to 2020 CAD) (OES, 2019).

2.5.3 Externalities and willingness to pay
While traditional economic assessments provide an understanding of the private
costs/benefits of energy production, they often fail to incorporate external costs and benefits over

a project’s lifetime (Eidelwein et al., 2018; Polis et al., 2017; Sangiuliano, 2017a). These
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environmental and societal impacts not accounted for by either private or public parties are
known as externalities. Externalities can generate benefits (positive externalities) or costs
(negative externalities) (Eidelwein et al., 2018; Rezai et al., 2012). Externalities associated with
energy production are primarily negative and represent costs to society or the environment that
do not impact the economic outcomes of their generating agent (Eidelwein et al., 2018; Rezai et
al., 2012). Common examples of negative externalities associated with power production include
CO- and other GHG emissions, health impacts, visual amenity impacts, and land use changes.
Failure to consider externalities can lead to an incomplete understanding of energy systems,

impeding holistic management and planning.

Externalities are predominantly expressed in monetary terms (sometimes referred to as
environmental accounting), as this format is more accessible to financial institutions and policy
makers (Eidelwein et al., 2018; Lohmann, 2009; Streimikiene et al., 2019). Many methodological
challenges are associated with quantifying these costs and benefits, especially given the long-
time frames they are expressed over and uncertainties associated with the magnitude of future
climate change and impacts (Allen et al., 2018; Jenniches, 2018; Sovacool et al., 2020;

Streimikiene et al., 2019). Valuating environmental externalities can involve a multitude of

sources including market values, scientific studies, modeling, and more (Eidelwein et al., 2018).
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Chapter lll: Study area overview

3.1 Studyarea

3.1.1 Existing MSP

This study will utilize and build upon the foundations of existing MSP in BC, being
conducted within the spatial bounds of the Pacific North Coast Integrated Management Area
(PNCIMA) and the Marine Plan Partnership for the North Pacific Coast (MaPP). The
geographical boundaries of these plans encompass nearly two thirds of BCs coastline (see Figure

4) (MaPP, 2016; PNCIMA, 2017).
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Figure 4: Marine Planning Partnership for the North Pacific Coast plan area (Coastal Resource Mapping Ltd, 2015).
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PNCIMA was the first MSP initiative in BC, initiated in 2009 and involving four levels
of government: federal, First Nations, provincial, and local (PNCIMA, 2017). Federal support for
the plan was withdrawn for a time in 2012, and in response, MaPP was created. MaPP is a co-led
process between the provincial government (represented by the Ministry of Forests, Lands,
Natural Resource Operations and Rural Development, FLNRO) and eighteen First Nations
(italicised in Table 1) to foster opportunities for economic development, support the well-being

of coastal communities, and protect the marine environment (MaPP, 2016).

The MaPP regional and sub-regional plans will be taken as the principal MSP reference
in this study as they represent one of the more recent and encompassing MSP initiatives in BC
and included substantial First Nations involvement in their creation. Four different sub-regional
plans provide the spatial context for the regional plan (MaPP, 2016). Each of the sub-region
plans were individually created by a combination of local First Nations and representative

conglomerates, the provincial government, and sub-regional planning committees (see Table 1).

Zoning further delineates each sub region into three primary categories: General
Management Zones (GMZ) in which multiple uses and activities are allowed; Special
Management Zones (SMZ) in which specific management emphasis is put on uses such as
recreation and tourism, cultural, cultural/economic, community, aquaculture, and alternative
energy; and Protection Management Zones (PMZ) which prioritize conservation objectives and

compatible uses (MaPP, 2016).
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Table 1: Sub-regional plan partners and First Nations involved in the MaPP.

Partners

Sub-region (bold represents First Nations conglomerates)

Individual First Nations
represented

BC Government

Nanwakolas Council

Da’naxda’xw Awaetlatla

Gwa 'sala ‘Nakwaxda xw

K’omoks

North Vancouver Island

Kwiakah

Mamalilikulla-Qwe 'Owa’Sot’Em

Tlowitsis
Wei Wai Kum
NVI Marine Plan Advisory Committee
BC Government
CC Marine Adivsory Committee
Central Coast Heiltsuk
Kitasoo/Xai’Xais
Nuxalk
Wuikinuxv
BC Government
NC Marine Plan Advisory Committee
North Coast-Skeena First Nations Gitga'at
Stewardship Society
North Coast Gitxaata
Haisla
Kitselas
Kitsumkalum
Metlakatla
BC Government
Council of the Haida Nation Haida

Haida Gwaii
HG Marine Advisory Committee

Haida Marine Working Group

3.1.2 Environment brief

Much of the study areas coastline is composed of fjords carved into the granitic Coast

Mountains during several periods of glaciation, the last ending 12,000 years ago (Johannessen et

al., 2007). This glacial activity along with millennia of subsequent erosional and depositional
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geomorphic processes has produced a coastline characterized by numerous offshore islands and
archipelagos, rocky shores, sand/gravel beaches, and estuaries (PNCIMA, 2017; Johannessen et
al., 2007). The study area is generally dominated by a coastal temperate climate characterized by
mild temperatures and high precipitation as a result of its proximity to the Pacific Ocean,
prevailing winds, and the orographic effect of the coastal mountains (Johannessen et al., 2007).
The primary synoptic scale features influencing year-round weather are the Aleutian Low and the
North Pacific High (Johannessen et al., 2007). The winter months are typically dominated by the
Aleutian Low, bringing storms and strong southeast to southwest winds. Conversely the North

Pacific High dominates in the summer with lighter winds from the northwest and fairer weather.

The study area is home to a diverse and rich array of marine life for at least a portion of
their life history thanks to consistent upwelling of nutrient rich water and strong tidal mixing
(PNCIMA, 2017). This diversity includes bird populations such as gulls, eagles, cormorants,
puffins, storm petrels, black oystercatchers, ancient murrelets, auklets, and many more
(Johannessen et al., 2007). Marine mammals also abound ranging from cetaceans such as
northern resident, offshore and transient killer whales; Pacific white-sided dolphins, grey whales,
harbour porpoises and more; to pinnipeds including sea otters, Stellar sea lions, harbour seals,
and Northern fur seals (Johannessen et al., 2007). Many more species occupy the offshore waters
of the study area such as transient and offshore killer whales; or pass through the waters on
migratory routes such as blue, sei, fin, sperm, and northern right whales (Johannessen et al.,
2007). There are also numerous fish and invertebrate species such as, but certainly not limited to:
clams, octopus, flounder, hake, herring, lingcod, salmon (coho, pink, chinook, sockeye, chum,
and steelhead), pollock, rockfish, prawns, scallops, shrimp, urchins, sea cucumbers, and crabs

(MaPP, 2016).
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The area has an extensive watershed intertwining marine and terrestrial ecosystems over
177,000km? (Johannessen et al., 2007). There are also a multitude of benthic habitats producing
fertile nurseries which yield thriving ecosystems. These range from rocky reefs to muddy
sediments and nearshore gravel beds, providing habitat for an array of ecological communities
often characterized by a single species such as eel grass or kelp (Johannessen et al., 2007; MaPP,
2016). Fifteen Ecologically and Biologically Significant Areas can be found within the region,
delineated as such based on their ecosystem rarity, life stage importance to species, vulnerability,

productivity, and diversity (Johannessen et al., 2007).

Despite the abundance of marine life in the region, there have been significant concerns
regarding dwindling fish populations (especially salmonids) along with shipping noise
underwater among others (MaPP, 2016; PNCIMA, 2017). Like the rest of the world, the study
region will experience and has been experiencing the effects of climate change. Air temperature
is projected to increase 1.8°C by 2050 and 2.7°C by the 2080’s driving impacts ranging from
ocean acidification, increasing sea temperature, and deoxygenation to declines in sea surface
salinity, sea level rise, and more (Whitney & Conger, 2019). The cumulative effects of these
changes are expected to alter the marine environment, with a projected 30% reduction in total

ecosystem biomass within the food webs of the northeast Pacific (Whitney & Conger, 2019).

3.1.3 Social brief

The study regions population exceeds 100,000, distributed across 14 incorporated, 18
unincorporated (i.e. not governed by a local municipality), and 32 First Nations communities
(MaPP, 2016). The four largest urban centres are Campbell River, Prince Rupert, Terrace, and

Kitimat; with Campbell River being the largest with a population of 32,000 (MaPP, 2015d).
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First Nations peoples are inextricably linked and engrained within the study region
having habited it for over 11,000 years (MaPP, 2015c). These Nations have utilized and
stewarded both the marine and terrestrial areas of the region since time immemorial and continue
to do so today. Their uses include subsistence living, commercial resource exploitation,
environmental monitoring/management, along with innumerable social and cultural activities
(MaPP, 2016; PNCIMA, 2017). The extent of their traditional territories and populations were
substantially decreased due to colonial contact (Kennedy, 2018; MaPP, 2015d). Colonial
governance excluded First Nations from participating in the economy of the day while stifling
cultural and traditional activities (MaPP, 2015d). As a result, the MaPP regional plans have
significant focus on improving socio-economic conditions within First Nations communities

along with increasing their participation in the regional economy (MaPP, 2015d; MaPP, 2016).

Though it is paramount to acknowledge, sufficient outlining and explanation of the
immediate, cumulative, and continuing effects of colonialism upon these Nations and others in
BC and Canada is beyond the scope of this thesis. Fitzgerald and Kennedy each delve deeper into
the effects of colonialism and the disadvantages produced in First Nations communities

(Fitzgerald, 2018; Kennedy, 2018).

3.1.4 Economic brief

The natural richness and abundance of the region has enabled the development of a
plethora of economic activities within the marine space. Marine economic activities within the
region are primarily characterised by resource-and nature-based activities (MaPP, 2016). These

include, but are not limited to; aquaculture, commercial fishing, forestry, shipping, recreation,
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and tourism (Johannessen et al., 2007; MaPP 2015a; MaPP 2015b; MaPP 2015c; MaPP 2015d;

MaPP, 2016; PNCIMA, 2017).

All regional plans seek to enable sustainable economic development in order to maintain
populations and continue to provide adequate livelihoods for the inhabitants of the region (MaPP,
2016). Such actions necessitate the identification of, and focus upon, more sustainable industries
while clearly illustrates a desire to pursue economic development focused on long-term
sustainability (MaPP 2015a; MaPP 2015b; MaPP 2015c; MaPP 2015d). Many proposed
economic activities have divided opinions both within the study region and BC more broadly,
primarily the expansion and development of fossil fuel projects (MaPP, 2015c). MRE is cited in
each regional plan as a potential new source of economic development and is supported by the

identification MRE SMZs (MaPP 2015a; MaPP 2015b; MaPP 2015c; MaPP 2015d).
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Chapter IV: Phase | methods

4.1 Interviews and GIS-MCDA

Phase | of this study focused on developing a GIS-MCDA framework to identify suitable
sites for tidal energy development. This was achieved through the determination of appropriate
weights for each ‘suitability’ sub-model via semi-structured interviews with the planning co-
leads for each MaPP sub-region and by using the AHP and GIS Weighted Overlay mapping. The
flowchart overview of methods utilized in Phase | can be found in Figure 5 below. Layers
represent datasets used, sub-models represent determinants of suitability, and models refer to

final products for examining suitability.
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The interview questions (see section 5.1) were developed in order to understand how tidal
energy is currently viewed within the MaPP region, barriers to development, how tidal energy
might be integrated in the future, along with the AHP pair-wise comparison matrices (see
Appendix G) to determine criteria weights. Questions were developed using a mixed methods
approach designed to yield quantitative and qualitative results for comparability and to elicit

responses that elaborated on the answers provided.

The FLNRO and First Nations co-leads, or a representative of the First Nations planning
conglomerate for each sub-region were identified and contacted. In total, 5 interviews with co-
leads or representatives were undertaken: two FLNRO Co-leads (Haida Gwaii marine plan and
the co-lead for both the Central Coast and North Vancouver Island marine plans), the Central
Coast Indigenous Resource Alliance Co-lead (Central Coast marine plan), a representative of the
Nanwakolas Council (North VVancouver Island marine plan), and the Council of the Haida Nation

(CHN) Co-lead (Haida Gwaii marine plan).

The North Coast marine plan FLNRO co-lead was unable to participate and there was not
a First Nations Co-lead at the time. To gain some insight into the North Coast sub-region, an
interview was undertaken with a representative of the Metlakatla First Nation. While the
additional participant provided valuable input and insight, their role and characteristics of the
community they represented (grid connected rather than diesel powered) were not consistent with
the framework of this study and thus some of their answers (particularly AHP responses) were

excluded.
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4.1.1 The Analytic Hierarchy Process

There are four primary steps in implementing the AHP, the first being the creation of a
hierarchical structure of the siting problem (Giamalaki & Tsoutsos, 2019; Hofer et al., 2016;
Mahdy & Bahaj, 2018; Saaty, 1980; Stefanakou et al., 2019; Wang et al., 2009). This entailed

first defining the problem and specifying which criteria should be involved in decision making.

Identifying suitable sites for tidal
energy development

. . . . Tourism and
Peak spring Marlne. Cnmme.rmal Pa.ssenger[ Government Merchant Tug and Tanker Sportfishing recreation Pleasure
current Conservation fisheries cruise vessel Jresearch craft vessel

vessel traffic service vessel traffic (o feature
speed Value catch value traffic vessel traffic vessel traffic count — traffic

Goal

Alternatives
: ; Site1 Site 2 Site 3 si
(suitable sites) e ite ite iten

Figure 6: AHP decision hierarchy to identify suitable locations for tidal energy development.

Within this hierarchy (Figure 6) the goal of the problem (e.g. identifying suitable sites for
tidal energy development) occupies the top level, the evaluation criteria (e.g. resource feasibility
along with economic, social, and environmental considerations) is situated in the middle, and the
alternatives (e.g. suitable areas within the study region) are at the bottom (Hofer et al., 2016;
Stefanakou et al., 2019). At its simplest, this hierarchy, and thus tidal energy site suitability, is
based on four criteria: resource feasibility/potential (red), environmental protection (green),

economic uses (blue), and social uses (black). Several constraints on tidal energy feasibility were
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also identified, those being: peak spring tidal current speeds less than 1.5 m/s, depths less than 5
m and greater than 100 m, areas with existing tenures, and protected parks/areas (Cradden et al.,
2016; O’Rourke et al., 2010b; Segura et al., 2017b; Vazquez & Iglesias, 2016a). At this
screening stage 1.5 m/s was taken as a cautious and conservatively low threshold as areas should
not be screened out unless it is absolutely apparent that they would not be viable. In this sense,
those below 1.5 m/s are technically infeasible, while those areas not screened out do not
guarantee economic viability. Appendix B provides criteria and constraint rationale and

additional details.

The second step of the AHP is the development of a pair-wise comparison matrix of
evaluation criteria according to Saaty’s nine-point scale (Table 2 below for Saaty’s scale)
(Giamalaki & Tsoutsos, 2019; Hofer et al., 2016; Stefanakou et al., 2019). This is where
interviewees contributed to decision making by favouring the importance of each criteria relative

to one another within the matrix (Hofer et al., 2016; Saaty, 1980; Stefanakou et al., 2019).

Table 2: AHP pair-wise comparison scale (Saaty, 1980) taken from Wang et al., 2009.

Intensity of weight Definition Explanation
1 Equal importance Two criteria contribute equally to objectives
3 Weak/moderate importance of one Experience and judgement slightly favour one
over another criterion over another
5 Essential or strong importance Experience and judgement strongly favour one
criterion over another
7 Very strong or demonstrated A criterion is favoured very strongly over another; its
importance dominance is demonstrated in practice
9 Absolute importance The evidence favouring one criterion over the other is
of the highest possible order of affirmation
2,4,6,8 Intermediated values between the two | Used to represent compromise between the priorities
adjacent scale values listed above
Reciprocals of above If criteria i has one of the above non-zero numbers
non-zero number assigned to it when compared to criteria j, then j has

the reciprocal value when compared with criteria i
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The third stage of the process focused on the elucidation of weights for each of the
criteria (Stefanakou et al., 2019). This was achieved by: a) summing the values of each column
within the pair-wise comparison matrix, b) normalizing the matrix by dividing each element of
the table by the total sum of the column in which it belongs, and c) calculating the average of the
elements in each row to determine each criteria’s weighting (Mahdy & Bahaj, 2018; Stefanakou

et al., 2019). The sum of all the criteria weights must be equal to 1.

The last stage of the AHP entailed a sensitivity analysis, achieved by calculating the
Consistency Ratio (CR) (see Appendix B for methods) (Saaty, 1980; Stefanakou et al., 2019;
Wang et al., 2009). The CR is used to validate the pairwise comparison assumptions and is
essentially the ratio between the consistency of a given evaluation matrix and the consistency of
a random matrix. It is an important step as it ensures that the judgements considered were

consistent (Stefanakou et al., 2019; Wang et al., 2009).

At this point the interviews and the AHP had provided the required weightings for each
criterion to create the Social and Economic uses sub-models as well as informing the Tidal

Development Perspective weights.

4.2 Data overview

Data was taken from a variety sources including: the BC Marine Conservation Analysis
(BCMCA) for economic, social, and environmental marine uses; Geo BC for base maps and
provincial tenures; the Department of Fisheries and Oceans Canada (DFO) for catch values and
volumes; the MaPP for regional and sub-regional MSP; and Natural Resources Canada (NRCan)
for the peak spring current speed and bathymetry data. Appendix C details each dataset along

with providing further background on sources.
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4.2.1 Project set up
Each data layer used in this study was added to ArcMap 10.7.1 and pre-processed for use
based on the general parameters described below, layer specific setup described in sections 4.3.1

-4.3.4.

The North American Datum (NAD) 1983 BC Environment Albers was used as the
Projected Coordinate System for this study, as it holds area constant and covers the entire study
area. Furthermore, it is favored in mapping exercises by BC government ministries, while also
being one of the more frequently used projections for the datasets used in this study (Ban &

Alder, 2007).

For all raster layer creation, a cell size of 67 m x 67 m was chosen as it was representative
of the smallest grid resolution of the tidal and bathymetric datasets provided by NRCan
(Canadian West Coast Tidal Resource Assessment model). While the large range in the spatial
resolution of the datasets would in turn yield the frequently encountered modifiable areal unit
problem (MAUP), a focus on the most crucial dataset (e.g. resource feasibility) along with a cell
size that would, to the greatest extent possible, preserve this dataset was chosen. Although
tailoring the project resolution to the primary dataset does not ‘solve’ the MAUP, it does mitigate

some of its effects (Dark & Bram, 2007).

4.3 Resource and marine use layers creation and normalization

Following pre-processing and layer creation, normalization of criteria to a common scale
was required to enable meaningful comparisons and evaluation of trade-offs between uses

represented by disparate data types. While the tidal current feasibility layer required the creation
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of its own distribution of suitability values (see 4.3.1), the remaining layers described in sections

4.3.2 - 4.3.4 were normalized using the formula:

(X - Xmin)
Normalized layer = x 10 4.1
(Xmax - Xmin)

Normalization ensured each criterion was comparable on a scale of one to ten and
allowed for each to then be reclassified based on perceived compatibility with tidal energy sites.
For instance, economic uses with a high normalized value (e.g. 10, representing significant use in
each area) were reclassified as a 1 in terms of their contribution to site suitability, as per their
optimization outlined in Appendix B. Figures for each layer described in sections 4.3.2 - 4.3.5

can be found in Appendix F.

4.3.1 Tidal stream turbine technical feasibility and constraint layers

To create the constraint layer, the tidal and bathymetric datasets had to be filtered to
remove unfeasible locations, those being areas with peak spring tidal current speed less than 1.5
m/s and depth less than 5 m or greater than 100 m and clipped to the study region (Figure 7a

below).
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Figure 7:Technical feasible and constrained areas for tidal energy (a) and tenures and protected areas in the MaPP region (b).

This yielded a constraint layer in which tidal energy is deemed unfeasible from a resource

availability and technical perspective, along with a feasibility layer representing sites that may be

considered for tidal development. Next, the tenures dataset was filtered to remove reserve tenures

which are identified and set aside by FLNRO for specific exclusive uses in the future and thus

are not necessarily indicative of a use currently being there. The remaining tenures were

combined with protected areas (ecological reserves, protected areas, and provincial parks) to

create a regulatory constraint layer (Figure 7b) which was then removed from the feasible tidal
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energy area to create a layer of feasible depth and peak current constrained by existing tenures

(Figure 8 below).

W@E Technically Feasible and Constraint Free
of Tidal Areas in the MaPP Region
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Figure 8: Technically feasible and constraint free areas for tidal energy development in the MaPP region.

4.3.2 Tidal Resource sub-model

While the literature often cites threshold values for suitable tidal currents, either based on
peak or mean peak tidal current speed, there is no standard distribution of suitability for either
metric. It was found that normalizing the data would skew the results as there were large

differences in the maximum values for peak spring current speed across the study region, along
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with outliers being far removed from the mean, which would make tidal energy appear less
suitable in the study area. Thus, a measure for converting peak spring current speed to the same

suitability classification scale as the other criteria was needed.

Truelove (2020) developed dimensionless scaling models for wind, tidal stream, and
wave energy based on performance data for actual technologies, which could be utilized to derive
a suitability distribution. Truelove found that a site would be unconditionally non-viable, and
thus representative of a lower bound on peak current speed suitability, if current speeds were less

than the threshold determined by a fuel price input in Equation 4.2 below:
§ < —0.0974F? — 0.8328F + 2.6847 4.2

Where S'is the annual peak tidal speed (m/s) and Fis the diesel fuel price (CAD/L). To
utilize Equation 4.2 an average fuel price for diesel in remote communities had to be determined
(outlined in Appendix D). A fuel input of $1.05/L was used in Equation 4.2 yielding a lower

bound on peak current feasibility of ~1.702 m/s.

An upper bound threshold for peak current speed could also be determined, assuming an
installed capacity to annual peak electrical load capacity ratio of 1, by utilizing Truelove’s

unconditional viability formula:

P
fr < 1.5 — 34.3193¢ 140635 4.3

Where Pris installed turbine capacity (kW) and L is the annual peak load (kW).
Assuming Pr/L =1 yields an unconditionally viable annual peak spring current speed of ~3.00

m/s. Treating these values as a lower threshold (i.e. suitability value of 1) and upper threshold
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(i.e. suitability value of 10) for peak current speed suitability, a trendline could then be applied to

determine threshold current speeds for suitability values 2-9 (Figure 9 below).

As a TSTs performance is analogous to that of a wind turbine, it follows that a turbine
reaches its rated capacity at the upper threshold for viability and would continue at this level of
viability until its cut out current speed is reached. Cut out speeds for a range of turbines are
summarized in Appendix D, either found through available data online or by rearranging and
solving for current speed using Truelove’s calculated mean dimensionless cut out speed of 0.65

and the equation:

9| = okl 4.4

[v]*

Where | 7| is the mean dimensionless cut out speed, |v| is the hub current velocity (taken
as the cut out speed), and |v|” is the current speed at which rated performance is first achieved.
This produced a mean cut out current speed of ~5.26 m/s and a median cut out current speed of
~5.03 m/s. Of the eight turbines, five had cut out speeds below the mean and thus the median

value was used. From there, a linear trendline was drawn to the maximum cut out (6.5 m/s).
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Figure 9: Piecewise function of annual peak spring tidal current speed and corresponding suitability value.
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4.3.3 Economic Uses sub-model input layers

The Economic Uses sub-model consisted of six layers: commercial fisheries catch value,
government/research vessel traffic, merchant vessel traffic, passenger and cruise vessel traffic,
tug and service vessel traffic, and tanker traffic. See Appendix B for inclusion rationale. Aside
from the government/research vessel traffic, which were combined as there is often overlap in
researchers utilizing government vessels along with both often functioning in similar ways (e.g.
environmental monitoring, sampling, and other data collection) each of the vessel traffic layers

were indicative of a single sector.

Commercial fisheries catch value

The commercial fisheries catch value was calculated using methods derived from Xu
(2018). This involved two data sources, BCMCA datasets providing spatial information on where
historical catches have occurred and the annual average catch weight for species in those areas,
while data sets from DFO provides both annual weight of commercial landings and value of
commercial landings for species (BCMCA, 2011; DFO 2018). See Appendix C for a table of

species.

For each fishing zone the total catch weight (wz) was first divided by the time span () to
calculate the annual landing (wz) through equation 4.5. The annual landing was then divided by
the area (4) of each fishing zone in order to estimate the annual landing density (D) in kg/km?
through equation 4.6. Finally, the calculated annual landing density of each species was

multiplied by its price (p) to calculate the annual landing value (V) using equation 4.7.

W, =— 4.5
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Wa
D =— 4.6

7 A
Vl=Dl><p 4.7

The landing values for each species subset were combined using the Field Calculator and
Cell Statistics tools in ArcMap. To reduce the effect of large and small outliers in the data, the
97" and 3™ percentiles were calculated and removed (i.e. values above and below the 97" and 3
percentile were reclassified as the 97" and 3™ percentile values, respectively). While this did
create a two ‘walls’ of the same values (high and low), it succeeded in reducing the effect of
outliers. See Appendix E for the histogram distributions of each layer. The Polygon to raster tool

was then used with a cell size of 67 m x 67 m to match the tidal resource feasibility layer.

Marine vessel traffic

The Marine Vessel Traffic Data taken from the BCMCA illustrates the density of marine
vessel traffic in hours transiting within 5 km x 5 km grid cells in Canadian Pacific waters for
2010. Traffic is categorized based on vessel type: fishing, government, merchant, passenger &
cruise, pleasure and yacht, research, tanker, and tug & service vessels being available subsets.
The Canadian Coast Guard-Marine Communications and Traffic Services vessel tracking
database provided the datasets, which were processed by the Dalhousie University Maritime

Activity and Risk Investigation Network.

For this analysis, the fishing vessel traffic dataset was removed, as commercial fishing
catch value was already representing this use and thus would go against the criteria consistency

principle outline in section 4.1.1. The importance of each vessel type used and rationale for
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inclusion can be found in Appendix B. The vessel subsets were filtered to reclassify the 95" and

5t percentile as threshold values to reduce the impact of outliers on the data.

4.3.4 Social Uses sub-model input layers

The Social Uses sub-model consisted of three datasets: pleasure and yacht vessel traffic

density, sport fishing feature count, and recreation and tourism feature count.

The pleasure and yacht traffic layer represent recreational boating in the study region for
vessels greater than 20 m in length. While this is potentially poor representative of overall
recreational boating traffic as it lacks information regarding the spatial distribution and density of
smaller vessels, it represents the most tangible data set spanning the study region. This dataset

was also filtered to reclassify the 95" and 5™ percentile values.

Sport or recreational fishing is an important social and tourism activity. The sport fishing
feature count illustrates areas in which effort is expended in each 2 km x 2 km grid, not
necessarily where fish are caught, for four fisheries: anadromous fish, crab, groundfish, and
prawn and shrimp. The data reflects both independent and guided participation, sourced from the
DFO Crab Fishery distribution on the North Coast 2007 (updated by the BCMCA with local
knowledge), Parks Canada, and the BC Coastal Resource Information Management System

(updated by the BCMCA with local knowledge).

Tourism and recreation features provide an indication of social uses within the study area,
while not a perfect representation, it does provide a proxy of social uses in the study region. The
BC tenures dataset was used to create the tourism and recreation feature layer based on the

BCMCA Tourism and Recreation Feature Count dataset. Tenures were filtered to remove reserve
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tenures and selected based on tenure purpose being one of: residential, community, commercial
recreation, or First Nations; and/or tenure sub-purpose being one of: local/regional park, school,
marina, private yacht club, or public wharf. A 2 km x 2 km grid (matching the resolution of the
BCMCA dataset) was created using the Create Fishnet tool which was then used to determine

how many recreation and tourism features intersected each grid cell.

4.3.,5 Marine Conservation Value sub-model

Ecological services and ecosystem integrity are crucial not only for the species that
inhabit the region, but also for economic activities, recreation, and socio-cultural values imbued
in nature. The BCMCA Ecological Marxan results Expert High (no clumps) dataset was used as
a proxy representing ecological value within the study region. The Marxan spatial analysis was
undertaken to identify areas of high conservation value using available ecological data,
conservation targets, and recommendations gathered from ‘expert’ workshops. The Marxan
scenario provides normalized data on a 0-100 scale, 0 being areas of low conservation value and

100 being areas of high conservation value which were reclassified to a 1-10 scale.

4.4  Phase | Weighted Overlay sub-model and model creation

The Economic and Social Uses sub-models were created for each MaPP sub-region by
combining the input layers based on their AHP derived weightings using the Weighted Overlay
tool. The Weighted Overlay tool applies the following formula to the raster cells of each input

layer:

n
Suitability = Z W X; 4.8

=1
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Where W; is the weighting for the i criteria and X; is the value of that criteria (Mahdy &

Bahaj, 2018).

Within the Social Uses sub-model, the tourism & recreation and sportfishing features
layers were given no data values of 8 to ensure spatial coverage of each layer across sub-regions,
and thus a contribution to site suitability. This was chosen based on the assumption that the
absence of data is not indicative of there being no use, nor is indicative that the area may be

highly constrained.

The Economic and Social Uses sub-model weights were taken as the average weights for
each criterion from the co-lead AHP interview responses for each sub-region. As co-leads for the
North Coast were unable to participate, weights were taken as the combined averages of the

FLNRO and FN co-lead responses respectively.

For each sub region, the sub-models (Tidal Resource, Social Uses, Economic Uses, and
Marine Conservation Value) were combined using the co-leads average weights derived from the
Tidal Development Perspective model (Table 7). An Equal Weights model was also created to
examine the sensitivity of outputs to input alterations. The processing extent was set to the

technically feasible areas (refer to Figure 8) to avoid both regulatory and technical constraints.
The Tidal Development Perspective model weights were based on the rank order formula:

] 2(n+1-r)
Weighted sum = ——— 4.9
nn+1)

Where n is the number of factors and r is the ranking of each factor (Stillwell et al.,

1981). The derived weighting for each ranking can be found in Table 3 below.



Table 3: Sub-model ranks and equivalent weighting.

Rank | Weighting
1 40%
2 30%
3 20%
4 10%
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Chapter V: Phase | results

5.1 Phase linterviews

All interviews were conducted over the phone between January-April 2020. Each

participant was asked the questions depicted in Figure 10 below.

1. Rank the following on a Likert scale of 1-5 (1 being unimportant, 2 being somewhat important, 3 being important, 4 being
very important, and 5 being extremely important) the importance of each of the following drivers for the electrification of
remote diesel reliant communities:

A) Energy self sufficiency

B) Climate change mitigation

C) Providing opportunities for economic development

D) Providing opportunities for community infrastructure development/upgrades

E) Reducing electricity costs

F) Avoiding health impacts associated with diesel generation

G) Avoiding environmental impacts associated with diesel (risk of spill, ground contamination, etc.)
H) Other(s), please specify

2. Rank the following on the same Likert scale of 1-5 as barriers to the electrification of remote diesel reliant coastal
communities:
A) Funding
B) Federal policies
C) Provincial policies
D) Information to assess and determine renewable options
E) Other(s), please specify

3. When considering the addition of a new use of the marine space, such as tidal energy, what characteristics (i.e. spatial
footprint, compatibility with other uses, environmental impact etc.) of the use are paramount from the perspective of the
(insert) Nation to consider?

4. Are you familiar with or do you have knowledge of the following characteristics of tidal energy? Please answer on a Likert
scale of 1-5.
A) How the technology works
B) Spatial requirements
C) Environmental impacts
D) Regulatory requirements
E) Cost of electricity

5. Fill out the Analytic Hierarchy Process matrix below based on the relative importance of each economic use pairwise
comparison when considering the suitability of tidal energy.

6. Fill out the Analytic Hierarchy Process matrix below based on the relative importance of each social use pairwise
comparison when considering the suitability of tidal energy.

7. Rank each of the following uses for each perspective. Note that the theme of each perspective is ranked 1 in each case, and
tidal resource is ranked at least second as this exercise is fundamentally based on identifying suitable locations for tidal
energy development in proximity to remote coastal diesel reliant communities.

8. What concerns, if any, do you have with the potential development of tidal energy in the MaPP region to replace diesel
generation in remote coastal communities from a Marine Spatial Planning perspective?

Figure 10: Phase | interview questions. See Appendix G for tables related to questions 5-7.
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Figure 11: Comparison of responses to the importance of drivers for the electrification of First Nations RCDRC.

Figure 11 shows participant responses to question 1, with energy self sufficiency (average
4.6), providing opportunities for community development (3.8), and economic opportunities (3.6)
having the highest average rankings. When asked if there was anything else participants would
like to include, several additions were made. Participant 2 added to energy self sufficiency (A)
the need for reliable backup power supply in case of power outages, while participant 5 noted the
difficulties of navigating BC Hydro’s power monopoly, stemming not only from the crown
corporations overarching control, but also in the ways power is produced. Furthermore, they
described past and current issues surrounding respect for and recognition of Indigenous rights,
especially in instances of treaty rights being violated, citing Site C as an example. Participant 3
added that within the Central Coast sub-region there are areas that had been considered for tidal
energy (with one SMZ created specifically for tidal) but that most of the interest was not in the

electrification of remote communities, but in economic development opportunities. Going on to
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describe interest in the role of tidal energy in powering a remote operation, such as shellfish

aquaculture, as a major barrier to economic development on the coast is the availability of power.

Importance of barriers for the electrification of RCDRC

Funding
I
(i}
N
Information to / \\k
assess and determineet—¢ 1] Federal policies o

renewable options =eo—Participant 1
Participant 2
=@— Participant 3
Provincial policies Participant 4

Participant 6

Figure 12: Comparison of responses to the importance of barriers to the electrification of remote diesel reliant coastal
communities.

In terms of barriers (Figure 12), funding was by far identified as the most important with
an average score of 4.8. The importance of information to assess renewable options in RCDRC
was the second greatest perceived barrier with an average score of 3.6 while also having the
greatest range in responses (1-5). Participant 6 described the importance of obtaining information
on energy options, along with illustrating that information is needed not only on the engineering
and technical feasibility side, but social and cultural information to inform energy decision
making. Government policies at both the federal and provincial levels were viewed as important
and somewhat important, respectively. Participant 6 noted the importance of federal policies
while also describing the challenges of trying to work across multiple government agencies and

subsequent funding barriers. When asked if they had anything else, Participant 2 added “The



56

capacity to pursue funding, policy opportunities, do assessments, and understand how
assessments apply to a particular community” and viewed it as being very important. Participant
3 added the challenge of storing power that is produced but not immediately used. Participant 6
also described the challenge of storing energy while adding: “I think the status quo is also a
barrier. What we have currently in place even though it is diesel and can be quite challenging, but

it is a cheap form of electricity and it has been very reliable”.

Regarding question 3, the most prominent answer was environmental impact closely
followed by impacts to cultural uses and historic sites, with respondents either mentioning one of
the two or both. Participant 1 described that when tidal areas were identified based on resource
presence in existing MSP, the primary concerns raised were related to cultural uses which had
not been included in what had been a spatial analysis focused on technical feasibility. Other
questions arose the required resolving such as information related to device characteristics (such
as durability and longevity), which company to choose, required infrastructure, benefits to their
community and others from tidal, and how a device would feed into the grid. For participant 6
the most important thing to consider is the acceptable type of electricity source on Haida Gwaii.
Furthermore, they remarked that encompassing spatial planning exercises to identify energy
technology suitability and compatibility with other uses and values has not been done on Haida

Gwaii as of yet, while stressing the importance and utility of undertaking such endeavours.
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Figure 13: Assessing participant familiarity with tidal energy characteristics.

Figure 13 above gauged participants knowledge/understanding of tidal energy
characteristics and illustrates that there is still much uncertainty surrounding the technology.
While the spatial requirements of devices received the highest average score (3.3), this is still an
average response of “unsure”. Participant 1 noted that although they had identified areas of tidal
energy potential, they were still unsure of what an actual device would look like in the water and
how it would produce electricity, citing the need for more research and provision of information
to communities. Participants were also unsure of the environmental impacts from devices.
Participant 1 elaborated on his response (strongly disagree/disagree), highlighting
misconceptions around the environmental impact of devices and how, at this point, an
understanding of environmental impacts just is not there as they haven’t been privy to any new
research. On average participants were also unsure of how the technology works (3.1) and the
regulatory requirements associated with tidal energy (2.8). The least understood characteristic of

tidal energy was the cost of electricity with an average response of 2.2 (respondents disagree that
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they are familiar) with average responses of 1.66 and 3 for FN and FLNRO respectively. For
each question, FLNRO participants had a greater average perceived understanding (even if they
were unsure) of tidal energy than FN participants, pointing to potential information/data
accessibility disparities between the two. Participant 1 described that there was input from the
tidal sector earlier in the MaPP process and even discussions of establishing a MRE research
centre near Campbell River similar to FORCE in Nova Scotia, however nothing really ever
became apparent. As a result of this from the perspective of the member FN communities his
organization represents, there is not a solid understanding of the technology as there has been

few examples of technology testing or tried and true technologies deployed in the region.

Government and research vessel traffic had the second highest weighting and also the
largest range in weightings (8-36, see Table 4 below) within the Economic Uses sub-model,
potentially indicating some uncertainty regarding the importance of the layer. Tanker vessel
traffic was perceived as having the lowest potential conflict with tidal energy development,
though this may have also been a function of tanker traffics importance within the MSP for each
group as there are several First Nations that oppose tanker traffic in their traditional territories.
The consistency ratio values were quite high, with participants 3 and 4 being the only two that
did not exceed the suggested threshold for consistency ratios. Participant 4 observed the inherent
difficulties of providing weightings for entire MaPP sub-regions, in that the spatial distribution of
activities is not fixed and thus different weightings are applicable in different areas. See

Appendix G for AHP matrices and section 4.1.1 for AHP methods.
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Table 4: Weightings for each economic use derived from the AHP and consistency ratio. The sum of each participants weightings

is equal to 100.
Participant | Participant | Participant | Participant | Participant | Average
1 2 3 4 6 weight
Commercial fisheries catch a1 44 30 49 19 366
value
Government / re_search vessel 25 10 20 8 36 19.8
traffic
Merchant vessel traffic 13 6 16 15 2 10.4
Passenger and cruise vessel 6 24 12 11 18 14.
traffic
Tanker vessel traffic 2 2 11 2 3 4
Tug and service vessel traffic 13 14 11 15 22 15
Consistency ratio 0.175 0.175 0.126 0.137 0.233 N/A

The tourism and recreation feature count layer received by far the most weighting within

the Social Uses sub-model, doubling the second highest (pleasure and yacht traffic, see Table 5
below). Sport fishing and pleasure and yacht traffic had similar weightings, but it is clear that the

broader and more encompassing measure of social activities is perceived to have a greater spatial

overlap with tidal energy than the more recreational activities examined individually.

Table 5: Weightings for each social use derived from the AHP and consistency ratio.

Participant | Participant | Participant | Participant | Participant | Average
1 2 3 4 6 weight
Sport fishing feature count 9 26 20 33 6 18.8
Pleasure craft_ and yacht 21 11 20 33 30 23
traffic
Tourism and recreation 70 63 60 33 64 58
feature count
Consistency ratio 0.028 0.033 0 0 0.091

Question 7 was intended to derive weightings for each of the sub-model inputs within the

Tidal Development Perspective model; along with economic, marine conservation, and social

perspectives. However, a discussion with participant 2 highlighted that the formatting of the
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question limited and constrained the ability of respondents to enact their organizational MSP.
Thus, in keeping with this studies goal of being holistic and receptive to stakeholder feedback, it
was decided to only focus rank weights for the Tidal Development perspective (e.g. the model

for determining suitable locations in Phase Il). See Table 6 below for ranks.

Table 6: Tidal Development Perspective sub-model input ranks.

Sub-model Participant 1 | Participant2 | Participant3 | Participant4 | Participant 6
Tlda_l resource 1 1 1 1 1
suitability
Econ_oml.c.Uses 3 4 5 3 4
suitability
Social Uses
suitability 4 3 4 2 3
Marine
Conservation 2 2 3 4 2
Value suitability

The final interview question was intended to assess any concerns participants might have
with the potential for tidal development in the MaPP region from an MSP perspective.
Participant 1 had concerns with the lack of progress in terms of tidal development within the NVI
region, stating that it may be due to a lack of funding and political interest but also that there

hasn’t been anyone who has really “championed” it and driven development.

Participant 2 was concerned with ecological conservation and the preservation of cultural
values, along with questions regarding the capacity to implement tidal projects and the longevity
of such devices, stating: “The actual feasibility of running a complex technology in a remote
community is definitely a lens that we would look through at something like this”. Another

concern they had was community familiarity with diesel raising a suite of issues in terms of
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replacing infrastructure with RETS, such as whether a community has the human resources (HR)
capacity to do so, along with the need to assess/compare a range of renewable options (beyond

tidal).

First and foremost, participant 3 had concerns with the potential environmental impacts
from tidal devices. A process which they described would first require the identification of
potential sites and then the evaluation of environmental values at that location. Secondly,
ensuring potential sites do not infringe upon traditional First Nation’s harvests or cultural values
along with having the support of FN. They also described the importance of examining the
proximity of sites to protected areas, potential impacts to recreation activities, and noted the

potential for tidal energy development to support economic development.

Participant 4 noted that Haida Gwaii and FLNRO welcome the opportunities that tidal
energy could bring, along with the reinforcing the need for identifying feasible locations and the

need for cultural and ecological impacts to be closely examined and mitigated.

Participant 5’s main concern entailed the potential for tidal energy to be developed
without the full participation/consent from First Nations communities and without benefit to
those communities. Furthermore, the potential for companies to push products on communities
who have limited capacity or might be taken advantage of to test their technologies. They also
described the need to build community capacity from the get-go through the development of
training programs to educate people beyond the basics of tidal energy. Finally, they stated the

need for support from both the federal and provincial government to help build this capacity.
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Participant 6’s primary concern is that the exercises to identify suitable sites have not
been undertaken yet while also stating the importance of doing so, and thus other RETSs (such as

solar) are being pursued.

5.2  Phase | GIS-MCDA sensitivity analyses

5.2.1 Sub-model sensitivity analysis

Sensitivity analyses are a critical component of any modelling study. Sensitivity analysis
allows researchers to analyze the contribution of different inputs (e.g. criteria) to model outputs
and identify sources of variation to model results (Kocabas & Dragicevic, 2006). Overall, the
Economic Uses sub-model inputs appear to have minor impacts on the percent areal coverage of
different suitability levels, with the merchant vessel traffic layer yielding the greatest change.
The alterations to the Social Uses sub-model inputs had a much greater impact on percent areal
coverage results than the Economic Uses sub-model input layers. The sensitivity analyses for

each sub-region can be found within Appendix G.2.

5.2.2 Model sensitivity analysis

A multivariate sensitivity analysis was used to examine the sensitivity of the Tidal
Development Perspective suitability model to variations in sub-model weights. This was
achieved by varying weights through an Equal Weights model and the Tidal Development
perspective model informed by the rank weights derived from the Phase | AHP interviews. See

Appendix H for model sensitivity analysis.
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5.3 Phase | GIS-MCDA results

The small-scale maps in Figures 14-17 illustrate site suitability across each sub-region,
while the large-scale maps in each represent suitability in a smaller area of the region. Refer to

Appendix | for figures illustrating sub-regional sub models along with Equal Weights results.

5.3.1 North Vancouver Island sub-region
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Figure 14: Tidal site suitability according to the Tidal Development Perspective scenario in the NVI sub-region. Large scale map
illustrates suitability near Sonora and Stuart Islands (northeast of Campbell River).

The NVI region had by far the greatest area of potential tidal sites (suitability value > 0),

spanning ~61.51 km? (Figure 14 above). The Tidal Development Perspective model inputs were
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weighted as: Tidal resource suitability (TRS) 40%, Economic Uses suitability (EU) 25%, Social
Uses suitability (SU) 10%, and Marine Conservation Value suitability (MCV) 25%. The suitable
area is dispersed across many geographically distinct sites while also being the only sub-region

containing a suitability value higher than 7.

5.3.2 Central Coast sub-region
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Figure 15: Tidal site suitability according to the Tidal Development Perspective scenario model in the Central Coast sub region.
Large scale map shows site suitability in Burke Channel (southwest of Bella Coola).

The CC sub-region had the second smallest areal coverage by sub-region of potential tidal

sites (~3.79 km?), predominantly with a suitability value of 6 (=2.93 km?) (Figure 15 above).
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The Central Coast Tidal Development Perspective model inputs were weighted as: TRS 40%, EU
20%, SU 15%, and MCV suitability 25%. Potential area was primarily confined to one site in

Burke Channel.

5.3.3 North Coast sub-region
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Figure 16: Tidal site suitability according to the Tidal Development Perspective scenario model in the North Coast sub-region.
Large scale map shows site suitability in Porcher Inlet (south of Prince Rupert).

The NC sub-region had the smallest areal coverage (~2.99 km?) of potential tidal sites,

being more dispersed than the clustered ‘hotspot’ observed in the CC sub-region (see Figure 16
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above). The Tidal Development Perspective model inputs were weighted as: TRS 40%, EU 18%,

SU 18%, and MCV 24%.

5.3.4 Haida Gwaii sub-region
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Figure 17: Tidal site suitability according to the Tidal Development Perspective scenario model in the Haida Gwaii sub-region.
Large scale map shows site suitability in Cumshewa Inlet (south of Sandspit).
Finally, the HG sub-region boasted ~20.02 km? of potentially suitable tidal sites. These
sites were geographically dispersed across the north, east (e.g. Cumshewa Inlet, displayed in
Figure 17 above), and south ends of Haida Gwaii. The Tidal Development Perspective model

inputs were weighted as: TRS 40%, EU 15%, SU 25%, and MCV 20%.
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Chapter VI. Phase Il methods

6.1 Including economic site considerations and constraints for a candidate site

Building upon the Phase | GIS-MCDA, Phase Il mapping was intended to identify a
potential tidal site for a candidate community by incorporating supplementary feasibility
considerations. These included economic factors; such as the distance from site to port
(representing installation and maintenance travel costs), distance from site to communities
(representing cabling connection costs), and depth (representing costs associated with the
installation and maintenance of a TST device), along with the MaPP zoning for each potential
site (recognising that a project is more likely to be considered or approved if it fits within
existing MSP), and suitability values derived from Phase | MCDA-GIS (following the logic that

the most suitable sites should be investigated first).

These additional metrics were included as the costs associated with developing a site are
highly correlated with water depth, distance to the shoreline, suitability of the resource, and
travel distance from installation and service ports (Dalton et al., 2015; Hemer et al., 2018; Kerr et
al., 2015; Kilcher et al., 2016; Macdougall et al., 2013; O’Rourke, 2010a; Sangiuliano, 2017b;

Segura et al., 2017; Van Cleve et al., 2013; Vazquez & Iglesias, 2016).

6.1.1 Site distance from ports

The Geo BC Port dataset was used to identify potential ports. This dataset was screened
based on criteria from Nova Scotia’s Marine Renewable Energy Infrastructure Assessment (see
Appendix J). After applying this screening two major deepwater ports were identified: The Port

of Vancouver and the Port of Prince Rupert.
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The suitability of distances from deepwater ports (Table 7 below) was taken from the
Pacific Northwest National Laboratories (PNNL) Geospatial Analysis of Technical and
Economic Suitability for Renewable Ocean Energy Development on Washington’s Outer Coast
and converted from nautical miles to kilometers (Van Cleve et al., 2013). This was taken as the
reference for suitability as it focuses on a similarly expansive study region, along with being at

the same level of preliminary analysis.

Table 7: Site distance from a deepwater port and suitability value.

Distance from site to
Suitability value deepwater port (km)

10 <9.26
9.27-18.52
18.53-37.04
37.05-55.56
55.57-74.08
74.09-92.6
92.61-185.2
185.21-277.8
277.81-370.4
370.41 - 400

=N Wb (01O | |0 |[©

The Euclidean Distance tool was then used to create a mask illustrating distance derived
suitability for all sites within 400 km of a major deep-water port (see Figure 18a). While this is
not a perfect approximation of distance from port to site for a vessel, it does represent straight
line distance “as the crow flies”, while being a simpler more straightforward method than a cost-

distance pathway analysis which was beyond the scope of this thesis.

6.1.2 Site distance from communities
Communities were pulled from the NRCan Remote Communities Energy Database

(Appendix C). The dataset was screened to remove communities outside of the MaPP region and
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further screened to remove: No water access, grid connected, community record status = not
active, community type =commercial, and those with no population data. Further, those that were
not within 20 km of a technically feasible and constraint free tidal resource were also removed.
Distance from potential sites to the closest community water access was approximated as
distance from community to site. Distance suitability was derived from the PNNL report and the

distribution of values can be found below in Table 8.

Table 8: Site distance from community and suitability value.

Suitability value Distance from site to shore/community (km)
10 <1.85
1.86-3.7
3.71-5.55
5.56-7.4
7.41-9.25
0.26-11.11
11.12-12.96
12.97-14.81
14.82-16.65
> 16.66

=N WO (o | (oo |©

The Euclidean Distance tool was again used to generate a distance suitability mask from
sites to communities (Figure 18b below). This did not consider several important factors

including route topography and whether the travel surface was terrestrial or marine.
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Figure 18: Site distance suitability in the MaPP region, from ports (a) and RCDRC (b).

6.1.3 Site depth

While the PNNL report did include suitability values across a range of depths, the report
was focused on submerged devices and was thus altered to focus on the generic TST assessed in
this study using a piecewise function modified from Kilcher et al. (2016). Whereas Kilcher et al.
used a maximum depth of 150 m, this study used a maximum depth of 100 m, in keeping with
the technical feasibility parameters outlined in section 4.3.1. The piecewise function is shown

below in Figure 19 and defined as: sites shallower than 5 m are not technically feasible, sites



between 20 and 60 m are ideal (suitability = 10), and sites deeper than 100 m are considered

unfeasible at this time. Suitability values change linearly between 5-20 m and 60-100 m.
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Figure 19: Piecewise function of bathymetry and corresponding suitability value.
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The bathymetry suitability layer (Figure 7a) was converted to a rounded integer raster for

ease of re-classification using the Raster Calculator, and then reclassified according to Table 9

below to create Figure 20.

Table 9: Depth and corresponding suitability value, derived from Figure 19.

Suitability value

Depth (m)

10

20-60

18-19, 61-64

17, 65-69

15-16, 70-73

13-14, 74-78

12, 79-82

10-11, 83-87

8-9, 88-91

7,92-96

=N W (0o ([N (o |©

5-6, 97-100
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Figure 20: Bathymetric suitability for potential tidal sites in the MaPP region.

6.1.4 Site MSP zoning

GMZ and SMZs with a focus on alternative energy are the most suitable zoning schemes
for tidal energy development. PMZs and SMZs in which alternative energy development is not
allowed are the least suitable, while PMZs and SMZs in which alternative energy is conditionally
allowed represent mid-level suitability. All being equal, sites with more favourable zoning for

alternative energy development are favoured. See Figure 21 below for MaPP zoning.
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Figure 21: MaPP MSP zones. Data taken from http.//mappocean.org/.

6.1.5 Phase | Tidal Development Perspective suitability model

Phase I site suitability values were also considered in the Phase 11 analysis based on the
logic that sites with higher values are more suitable. The TDP suitability model for each MaPP
sub-region was combined using the Mosaic to New Raster tool to allow for an encompassing

assessment of all sub-region communities.
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6.2 Phase |l weighted overlay

The Phase |1 layers described previously were combined using the Weighted Overlay tool,
with a similar weight distribution as the PNNL report: 45% TDP suitability model, 30% site
distance to community suitability, 15% depth suitability, and 10% site distance to deepwater port
suitability (Van Cleve et al., 2013). An equal weights scenario, along with scenarios in which
depth, community distance, and port distance were each weighted as 40% (with the remaining
criteria each given a weighting of 20%), examined the sensitivity of the model to the alteration of

weights.

Sites were examined based on highest cell values. An approximation of the size
requirements for a single device was derived from AECOM Canada’s report for the Bay of
Fundy which assumed an areal requirement of 500 m? for 1-3 MW of capacity, with an average
generating capacity between 100-500 kW (AECOM, 2014). Dividing the maximum and
minimum numbers of turbines for each bound (1 MW and 3 MW, 100 kW and 500 kW) yielded
a range of single turbine areal requirements of ~16.6 m?-250 m2, with a median value of 66.5 m?.
This value matches well with the cell size of this analysis and thus sites were investigated based

on the highest cell value present where the number of high value cells is greater than two.

6.3 Candidate community interview

The Phase Il candidate community interview had four primary goals: 1. Examine how
existing diesel generators are viewed within the community 2. Determine the LCOE for the
community (or obtain the necessary data to calculate an LCOE) 3. Assess the desired
characteristics of future energy use community development 4. Gain feedback on the identified

site and examine ways in which the mapping could be more representative.
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Chapter VII: Phase Il results

7.1 Phase Il weighted overlay

Figure 22 illustrates site suitability near the community of Kitkatla along with total site
suitability across the MaPP region, with a spatial coverage of 21.9 km? (=0.02% of the study

area) and 15.30 km? being unsuitable (0). See Appendix K for the Equal Weights scenario

results.
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Figure 22: Phase Il Tidal Focus Scenario. Small scale map illustrates Phase Il suitability the community of Kitkatla (south of Prince
Rupert) and the large scale displays Phase Il site suitability across the MaPP region.
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7.1.1 Phase Il mapping sensitivity analysis

Overall, the Phase Il multivariate sensitivity analysis (see Table 10 below) shows large
variations in model output with alterations to input weights, especially for the depth focus model.
The port sub-model was the only one to have an affect of decreasing suitability values, and thus

can be identified as the primary limiting criterion.

Table 10: Phase Il suitability mapping model sensitivity to changes in sub-model inputs analysis results.

Value Equal Tidal Community | Depth Port
Weights [ Focus Focus Focus Focus
0 41.05% | 41.05% 41.05% 41.05% | 41.05%
1 0.00% 0.00% 0.00% 0.00% 0.00%
2 0.31% 0.17% 0.70% 0.95% 0.83%
3 3.29% 2.48% 4.54% 4.62% 7.19%
4 15.41% | 13.29% 19.85% 19.14% | 36.02%
5 32.32% | 26.89% 22.03% 11.33% | 11.87%
6 519% | 13.15% 9.51% 17.61% | 1.28%
7 2.24% 2.96% 1.40% 4.21% 1.76%
8 0.18% 0.00% 0.93% 1.08% 0.00%
9 0.00% 0.00% 0.00% 0.00% 0.00%
10 0.00% 0.00% 0.00% 0.00% 0.00%

7.2  Candidate community identification

The additional considerations included in Phase Il resulted in three communities within
the MaPP region becoming economically non-viable due to the community-to-site distance
constraint. Bella Bella, Klemtu, and Kulkayu (Hartley Bay) were removed from the analysis

leaving the nine communities in Table 11 below.
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Table 11: Phase Il results and candidate community identification.

Lonaitu Distance Highest MaPP Site Site
Community name Latitude dg to closest | value (>2 Zonin latitude Longitu Site Umax
site cells) 9 de
Haida Gwaii Sub Region
Queen Charlotte 53° 15' 132°5' 53°13'11. | 132°5'6.0
Village 2069'N | 25.00"w | 39K ! PMz 043"N | 64"W 1.98 m/s
. 53° 14 131° 49’ 53°19'22. | 131°51'4
Sandspit 3454°N | 1713"W 9.4 km 6 PMZ 815"N 7 761"W 2.12mls
. . 53° 14' 132° Q' 53°13'11. | 132°5'6.0
Skidegate Landing 5338"N | 41.83"W 5.8 km 7 PMZ 043"N 64"W 1.98 m/s
North Coast Sub Region
. 53° 47 130° 25' 53°47'26. | 130°23'4
Kitkatla 4129°N | 25.13"w 2.3km 7 GMz 524"N 1.296"W 2.47 m/s
NVI Sub Region
Tlatlasikwala (Bull 50° 55' 127° 56' 50°53'36. | 127°59'1.
Harbour) 2212°N | 2114w | 47K ! GMZz 184'N | 035"W 2.39 m/s
SMZ
Kwikwasut'inuxw 50° 41' 126° 36' 73km 7 (tourism | 50°38'9.8 | 126°33'2 205 m/s
Haxwa'mis 45.27"N 1.6"W ' and 52"N 1.322"W '
recreation)
. 50° 45' 126° 29' g 126°35'1
Gilford Island 6.18"N | 31.38"W 7.6 km 7 GMZz SOSjZI\(I).Q 5 626" W 2.65 m/s
Da'naxda’xw SMz
. . 50° 35' 126° 35' (tourism | 50°38'9.8 | 126°33'2
(Tsats!snukwoml 4796"N | 5167w 5.4 km 7 and 59"N 1.399"W 2.05 m/s
Village) .
recreation)
Gwawaenuk 50° 55' 126° 49' 50°53'46. | 126°50'3
(Hopetown) 25.59"N [ 20.38"W 3.4 km ! GMZ 917"N 8.27"W 1.78 mls

Of these nine communities, only one (Sandspit) had no sites with a suitability value of 7,
reducing the number of considered communities to eight. From there, preference is given to sites
that fall within a GMZ zoning, screening out four additional communities (Queen Charlotte
Village, Skidegate Landing, Kwikwasut’inuxw Haxwa'mis, and Da'naxda’xw). Of the remaining
communities, Gilford Island was removed due to the relatively large distance from community to

site and Gwawaenuk is removed due to the low peak spring current speed value (1.78 m/s).
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This screening left two candidate communities: Kitkatla in the North Coast sub-region
and Tlatlasikwala (Bull Harbour) in the North VVancouver Island sub-region. Kitkatla was chosen
due to the proximity of the site and larger population, theoretically meaning greater HR capacity.
However, when speaking with a representative of Kitkatla it was found that the community had
been grid connected for over twenty-five years, pointing to outdated data within the NRCan

Remote Community Energy Atlas.

Further attempts at reaching other communities (following the order in which they were
screened out) were unsuccessful or stalled (see limitations 10.5.3). The holistic framework of this
study required stakeholder engagement to occur in tandem with economic analysis, thus it was
decided to seek a community from Table 11 in which both could be accomplished. The interview
was eventually undertaken with representative of the Council of the Haida Nation (who was also
a previous participant), with Queen Charlotte Village (QCV) and Skidegate Landing being
chosen as the candidate communities, despite having a peak spring current speed just below the
economic viability threshold, with the Phase 11 interview taking place over the phone in

September 2020 (Nash & Phoenix, 2017; O’Rourke et al., 2010a).

7.3 Candidate community overview

Haida Gwaii (literally translated to “islands of the people”) is an archipelago on the North
Coast of BC with approximately 4,400 inhabitants, half of which are of Haida ancestry (MaPP,
2015b). The are six primary population centres (Masset, Old Masset, Port Clements, QCV,
Sandspit, and Skidegate Landing) with electricity service provided by two separate generation-
distribution grids as part of BC Hydro’s NIA program (BC Hydro, 2012). Masset, Old Masset,

and Port Clements are serviced by a diesel generating station in Masset (referred to as the North
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Grid); while the South Grid serves QCV, Sandspit, Skidegate, and Tlell via a diesel generating
station in Sandspit and a private hydroelectric plant (Moresby Lake Hydroelectric station)
located ~39 km south-west of Sandspit (BC Hydro, 2012). Collectively, the islands use around
10 million litres of diesel annually to produce 65% of the island’s electricity (Swiilawiid, n.d.).
The South Grid’s 1,650 customers get about 75% of their electricity from the Moresby Lake
Hydroelectric station (6 MW reservoir-based system owned by an Independent Power Producer-
IPP) with the remaining being generated by the Sandspit diesel system (rated prime capacity of

11.25 MW split between 9 units) (BC Hydro, 2020).

Transitioning to renewables has been a long-sought goal on Haida Gwaii, with a
community vision over a decade ago to be the first BC community to fully meet electricity needs
through renewables and demand management (e.g. energy awareness, efficient appliances) (BC
Hydro, 2008). Drivers include improved reliability, an electricity system that allows for
economic development/growth, self sufficiency/self reliance, decreasing the Islands carbon
footprint, job creation, and the elimination of uncertainty surrounding fluctuating fuel prices (BC
Hydro, 2008; Swiilawiid, n.d.). A range of alternatives have been proposed to meet HGs
electrical demand including tidal, wind, and solar. Other than the hydroelectric station, RET
penetration is currently low, with around 120 kW of small-scale solar capacity on various

community buildings within the South Grid and 62 kW within the North Grid (Swiilawiid, n.d.).

Several initiatives exist to transition off diesel on Haida Gwaii, such as the citizen led
Swiilawiid Project, and more recently the Haida Gwaii Clean Energy Project (HGCEP) (NRCan,
2019). The Clean Energy for Rural and Remote Communities program will provide funding of
$10 million over three years for the HGCEP, with a total project cost of $30 million (NRCan,

2019). Phase 1 includes the expansion of the Moresby Lake station through a dam raise,
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construction of saddle dams, and commissioning of a previously installed 300 kW turbine
(NRCan, 2019). The second phase seeks to develop and deploy a 2 MW solar farm (a joint
partnership project between the Skidegate and Old Masset Village Councils called TIl Yahda
Energy) on Graham lIsland (the north island) (Coastal First Nations, 2020; NRCan, 2019). This
project will provide enough power for roughly 200 homes and the TIl Yahda Energy partnership
will get a stake in the Moresby Lake station as well (Coastal First Nations, 2020). Phase 2 will
include the development of other renewables as needed to achieve 100% renewable energy by
2023, as set out in the “People’s Clean Energy Declaration for Haida Gwaii” signed by the Haida
Nation, Village Councils, Hereditary Leaders, and municipal/regional governments in 2018

(Coastal First Nations, 2020).

QCV and Skidegate Landing have populations of 852 and 837 respectively (Statistics
Canada, 2016ab). Despite their closeness, there are several socio-economic discrepancies
between the two. Skidegate is a predominantly First Nations community (86%), whereas only
17% of QCV identifies as Aboriginal. While Skidegate’s population has grown by 18.1% from
2011-2016, exceeding BCs growth rate of 5.6%, QCV population has decreased by 9.7%
(Statistics Canada, 2016ab). Both communities have higher unemployment rates than the
provincial average (6.7%) with Skidegate’s being much higher (11.7%) than QCV (7.7%)
(Statistics Canada, 2016ab). Differences between the two are also apparent when considering
median income for full time employment with QCV being $66, 919 (above the provincial
average of $53, 940) and Skidegate being $40, 064 (Statistics Canada, 2016ab). This may be in
part attributed to QCV having higher education levels with 18% having no diploma, degree or
certificate, 23% having a high school education, and 59% having some post secondary education

compared to 35%, 27%, and 37% respectively for Skidegate (Statistics Canada, 2016ab). Finally,
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Skidegate has a much higher percentage of dwellings in need of major repairs (19%) compared to
14% in QCV and the provincial average of 6.3% (Statistics Canada, 2016ab). This brief overview
supports calls within the HG Marine Plan for sustainable economic development opportunities
within the communities, while also highlighting socio-economic disparities between

predominantly First Nation’s and non-indigenous communities.

7.3.1 Candidate tidal site overview

The identified resource is located within Skidegate Inlet (SlI), a relatively confined body
of water separated from Hecate Strait by a prominent spit (MaPP, 2015b). The area is well
known for its high tidal range, abundance of herring, salmon, other fish, and waterfowl (MaPP,
2015b). The Inlet experiences relatively high marine use such as transportation and log/container
barge anchorages owing to its proximity to multiple communities (MaPP, 2015b). It is also a
transportation corridor between the east and west coasts of Haida Gwaii (MaPP, 2015b). The
identified site in Figure 23a and 23b is primarily located within the Xaana Kaahlii SGaagiidaay
PMZ, in which MRE is allowed, along with bordering the Laaginda Kaahlii SGaagiidaay
aquaculture SMZ and being north of the Gaagun Kun SGaagiidaay aquaculture SMZ, with MRE
development being conditionally allowed in both (development may be limited by existing or
future shellfish aquaculture operations) (MaPP, 2015b). The Tluu T'aang.nga SGaagiidaay PMZ
is also located nearby the site in which MRE is not allowed as the PMZ is meant to protect

unique fossils along with eelgrass and Giant Kelp habitat (MaPP, 2015b).
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83

7.4  Phase Il interview results

The participant was asked the questions outlined below in Figure 24.

1. Are there any load restrictions imposed by the Sandspit diesel generators in Queen Charlotte/Skidegate?

2. How would you characterize Queen Charlotte/Skidegate’s current energy infrastructure? For instance, is it sufficient to meet
current demand and how are the diesel generators viewed by the community?

3. What is the current cost of energy production in Queen Charlotte/Skidegate (i.e. $/kWh or $/MWh?)

4. How do you foresee community energy needs changing over the next twenty years? (e.g. will the community require more
energy due to increasing population, infrastructure upgrades, and economic development goals?)

5. What diesel alternatives have been considered in the past? Why were they successful or why were they not successful?

6. What are the characteristics of a potential energy project that the Council of the Haida Nation looks for? (e.g. ownership
over assets, public vs private partnership, community employment, etc.)

7. How would you characterize human resource capacity in Queen Charlotte/Skidegate (or Haida Gwaii more broadly) to
champion alternative energy options, apply for funding, participate in the development of alternative energy sources etc.?

8. Based on the maps provided, and your knowledge of the area, is the identified tidal site a suitable location for development?
That is, does it minimize infringement on other social, economic, and environmental uses? Please answer on a scale of 1-5
(1 strongly disagree, 2 disagree, 3 unsure, 4 agree, and 5 strongly agree):

9. Regardless of perceived suitability, please comment on the location of the site and what community uses and values a
potential device would come into conflict with if deployed there?

10. What data sources could be added to make this map more representative of the communities’ interests and uses in the area?

Figure 24: Phase Il candidate community interview questions.

The supply-demand balance on the islands seems appropriate to the participant and they
were unaware if there were any grid-imposed restrictions on the generators. Likewise, from their
perspective as a customer there had not been issues or anything that they had become aware of
while engaging in energy discourse. They did note the discrepancy in how diesel generators are
viewed between the South Grid and the North Grid, with the North Grid having a greater visual
impact as the diesel station is visible from a prominent roadway. Overall, they noted that the
diesel generators are generally viewed negatively, driven by community reliance on them and

associated climate impacts along with a strong drive for the Islands to become self sufficient.
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The participant was not able to provide cost data, and thus BC Hydro was contacted (see

section 8.1 for more detail).

In terms of future energy needs, they hoped that demand would remain similar to current
levels or decrease. The participant explained that this is potentially realistic given community
groups (i.e. the Skidegate Band Council) becoming more energy self sufficient, increasingly
energy efficient technologies becoming available, and Islanders being ever more cognisant of
energy related issues. Finally, they noted that the size of industry on HG is relatively small, along
with a general trend towards tourism and less energy intensive industries, meaning energy would
likely stay the same or decrease into the future. This was discussed with the caveat that there is
always the possibility for a business that is very desirable to the community being proposed and

increasing demand.

Regarding alternative energy sources, they described the success of community solar
power projects, specifically on the community hall and the Haida Heritage Centre, along with the
installation of energy efficient technologies such as heat pumps. These successes ranged from the
projects being talking points to develop awareness and energy education along with positive

economic benefits in terms of job creation and reduction of electrical bills.

In terms of tidal, they noted that the local project had not been successful thus far. They
attributed this to a divide between project planners and some of the process that are in place at
the CHN. They emphasized that the lack of progress is not the onus of one organization or the
other, but a lack of capacity for both organizations to find a suitable (primarily avoiding cultural
and environmental impacts) site to develop which has been the sticking point delaying the

project.



85

Characteristics the CHN would look for in a tidal energy project was primarily focused
on compliance with existing MSP and zoning. Second to that is the need for Haida first and local

community employment.

HR capacity was viewed as being good, especially given the population size and
remoteness of HG. While it was stated that there aren’t many engineers on island, there are a few
along with people who might have the necessary skills for installing devices and sourcing
materials or would have contacts who could. The Skidegate Band Council was described as
championing renewable projects along with representatives/employees attending conferences and
making connections with the renewable energy community. Capacity was viewed as “good”
when considering the ability to apply for funding and championing RET projects, and “great” in

terms of willingness to participate in projects.

When it came to assessing the suitability of the identified site, they noted that they could
not answer that kind of question on their own, citing the need to include special experts for
different uses from within their team. They did mention that referring to the existing zonation
through the HG marine plan is a good place to start, although they are in the process of
undertaking more detailed zoning and planning in SI. They also noted that the area is frequented
by boating activity (fishing, navigation, recreation) along with aquaculture tenures so there
would be some conflict, but the site might be suitable if the conflict could be managed. Other
data sources that would make the maps more indicative of marine uses include: the Haida Gwaii
Marine Traditional Use study, along with an internal interactive map, a stream map indicating

important salmon habitat, and shellfish aquaculture carrying capacity studies.
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Chapter VIII: Phase Ill methods

Phase 111 of the study involved three LCOE analyses: an existing diesel generation
LCOE, an externality included LCOE for existing diesel generation, and a tidal LCOE. This

allowed for direct comparisons of existing infrastructure to that of a potential TST development.

8.1 Diesel LCOE analysis

This research benefited from the disclosure of electricity load data from BC Hydro for the
South Grid. This included annual generation in kwWh for both the Sandspit diesel station and
Moresby Lake station over 2014-2019 along with information on generator make, model, and

prime power ratings. Annual fuel costs were calculated according to Equation 8.1:

E
Fopex = e F 8.1

Where E'is the annual electricity production, #-is the average fuel consumption rate (3.5
kWh/L taken from the Hatch report and supported by discussions with BC Hydro), and F- is the

cost of fuel ($1.3/L) (Hatch Energy Ltd., 2008).

Through discussions with BC Hydro annual non-fuel OPEX was said to be in the range of
46% of total OPEX. The annual OPEX was calculated based on the annual fuel cost and
multiplied by 0.46 to obtain the non-fuel OPEX. The LCOE was calculated in Excel using

Equation 2.1 and the inputs in Table 12 below.
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encompassing picture of costs associated with the energy system. CO2 emissions, more
specifically COz equivalent (CO2e) emissions (quantifying the radiative forcing of all GHGs

emitted by a source to a common scale), represents arguably the greatest environmental,

Table 12: Sandspit diesel generator LCOE inputs.

Input Metric
Average annual electricity 5,841,673 kWh
production

Annual Fuel costs

$2,169,764
Along with high fuel price
($1.5/L) and low fuel price
($1.12/L) scenarios

Annual OPEX

$2,074,056/year

CAPEX

Not included in LCOE
assessments for diesel
generators by BC Hydro

Project lifetime

20 years

Average inflation rate

1.88%

Discount rates

4% and 10%

Externality included LCOE analysis
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As described earlier, the inclusion of externalities within LCOE analyses provides a more

economic, and social cost associated with diesel generated electricity. Accounting for the cost of

each additional tonne of carbon is complex owing to the vast number of uncertainties associated

with future climate change impacts resulting from differing emissions trajectories (i.e. relative

concentration pathways in Intergovernmental Panel on Climate Change reports). Table 13 below

provides an overview of international, national, sub-national, and academic studies on the cost of

carbon.
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Table 13: Values for carbon per tonne. Taken from academic studies and government carbon tax values.

Social cost of carbon or carbon tax value (expressed
Author(s) or Organization in 2020 $CAD/tonne if values were calculated before
2017)
Intergovernmental Panel on Climate Change, 2007 $57
Stern, 2007 $112
US Interagency Working Group on Social Cost of $62
Carbon, 2010
$48-219
Balbus etal., 2014 Positive benefits per tonne mitigated by 2020.
$30
Government of Canada, 2017 Rising by $10 to $50 in 2022.
Ricke et al., 2018 $540
Cali & Lontzek, 2019 $81-137
van der Ploeg & de Zeeuw, 2019 $20-94
$40
. . Was scheduled to rise to $45 in April 2020. As a result
Government of British Columbia, 2020 of the COVID-19 pandemic it remained at $40.
Rising to $50 by July 2021.

This study utilized a carbon tax of $50/tonne, in keeping with British Columbian and

Canadian 2021/2022. While this is on the lower end of valuations, it can be taken as a

willingness to pay benchmark price as it is grounded in a legal regulatory framework. LCOESs

were also calculated for carbon taxes of $75 and $100, respectively. In actuality, the ‘true costs’

of carbon are likely much higher, with carbon taxes being simple constructs applied by

jurisdictions to try and encapsulate some of these costs.

The cost of annual CO2e emissions was calculated by multiplying annual fuel

consumption by the ratio of kilograms of COze emitted per liter of diesel fuel combusted, 2.705

kgCO.¢e/L, multiplied by the price of the carbon tax (MECCS, 2019). This was then included in

non-fuel OPEX costs within the diesel LCOE calculator.

8.3 Tidal LCOE analysis

NRCan’s Tidal Project Cost Estimation tool was used to calculate the LCOE for the TST

at the Sl site. Project and turbine specifications are defined by the user and input into the tool
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along with resource data for the site to yield an LCOE value. The input categories are: Project
specifications (Table 14), Turbine specifications (Table 15), and Site specifications (Table 16)
(Green Kappa Consulting and Technology Inc., 2018). For more details on specifications

rationale see Appendix L.

8.3.1 Project specifications

Table 14: Skidegate Inlet project specifications.

Specification Metric

Project lifetime 20 years

Number of turbine rows 1

Number of turbines 4

Project start year 2023

Average inflation rate 1.88%

Grid connected Yes

Discount rate Social discount rate of 4%,
technology discount rate of 10%

CAD to USD conversion rate 1CAD =0.76USD

8.3.2 Turbine specifications

A TST needed to be chosen that matched the site resource, for this, the Schottel STG 54
was chosen. It is flexible in terms of its application (can be bottom mounted or floating), modular
in that multiple turbines could be installed on a single platform (such as Sustainable Marine
Energies PLAT-I deployed at FORCE) and has the lowest cut in speed and rated speed of the
devices surveyed (refer to Appendix D for more information). Four turbines are deployed

decrease $/kW installed, the same set up as PLAT-I (Figure 25 below).



Figure 25: PLAT-I being worked on at FORCE. Taken from https.//www.sustainablemarine.com/plat-i.

Table 15: Skidegate Inlet TST technical specifications.

Specification

Metric

Type of turbine

Horizontal axis

Horizontal axis turbine diameter 5m
Cut-in speed 0.7 m/s
Rated speed 2.6 m/s
Cut-out speed 4.6 m/s
Maintenance frequency (every # years) 3
Turbine hub position 45m
Turbine power coefficient 0.4

Is turbine shrouded? No
Wake effect coefficient 0.85
Deployment type Floating

Foundation type

Floating two points

Yaw mechanism?

Yes
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8.3.3 Site specifications

Table 16: Skidegate Inlet site specifications.

Specification Metric
Average depth 17.2m

Water density 1027 kg/m?3
Seabed Type Shallow Sediment Layer

Distance to shore 3.9km
Distance site to port 167 km
Distance site to grid 1.00 km
Dlstapce site to harbour (for 15 km
moorings vessel)
Distance site to harbour (for cable

15 km

laying vessel)
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Chapter IX: Phase lll results

9.1 Existing diesel infrastructure LCOE

Table 17: Sandspit Diesel Generating station LCOE for existing infrastructure, varied discount rates, and high and low fuel costs.

Scenario LCOE

Existing setup at a 4% discount rate $0.63/kWh
Existing setup at a 10% discount rate $0.76/kWh
High fuel cost of $1.5/L at a 4% discount $0.72/kWh
Low fuel cost of $1.1/L at a 4% discount $0.53/kWh

The current price of electricity sold to ratepayers ($0.1121/kWh for the first
1500kWh/month, $0.1925/kWh thereafter) indicates BC Hydro is operating at a loss of at least

$0.43/kWh of energy produced and delivered to the HG South Grid at current fuel prices.

9.2 CO; equivalent emissions externality LCOE

Table 18: Externality included LCOEs

Scenario LCOE
$50/tonne carbon tax at a 4% discount rate $0.65/kWh
$50/tonne carbon tax at a 10% discount rate $0.79/kWh
$50/tonne carbon tax at a 4% (10%) discount $0.75kWh ($0.91/kWh)
rate and $1.5/L fuel price

$75/tonne carbon tax at a 4% discount rate $0.66/kWh
$100/tonne carbon tax at a 4% discount rate $0.68/kWh

The results displayed in Table 17 & 18 indicate that a TST device would require an
LCOE below $0.63/kWh ($0.65/kWh including carbon externalities), to a maximum allowable

LCOE of $0.91/kWh based on future carbon tax rates and a high discount rate applied.
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9.3 Skidegate Inlet tidal site LCOE

Table 19 highlights the complete economic non-viability of the Sl tidal site, with a LCOE
of $24.04/kWh, over thirty-eight times the current diesel LCOE and twenty-six times the

maximum “allowable” LCOE for South Grid energy production.

Table 19: Results of the Skidegate Inlet TST LCOE analysis.

Metric Value

Platform rated capacity 284 kW

Annual Energy production 40,100 kWh
CAPEX $4,367,790

Annual OPEX $385,275
CAPEX/kW $15,405

Capacity factor 1.62%

LCOE $24.04/KWh ($2,404/MWh)

This can be primarily attributed to the distribution of current flow at the site, with a peak
frequency distribution around 0.81 m/s while also having a peak site velocity (calculated within
the tool at 1.79 m/s) far below the TSTSs rated current speed (as illustrated in Figure 26), resulting
in the device being characterized by a capacity factor of 1.62%. Figure 27 breaks down CAPEX,
with nearly a third of capital costs attributed to cabling. When considering a platform with only a
single turbine, cabling represented over half of CAPEX. Based on Figure 27, the total cost of the

turbines is $1.048M, approximately $262,000/turbine installed ($3,690/kW of rated capacity).
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Figure 26: Annual available energy and power produced by a single turbine at the Skidegate Inlet TST site. Taken from NRCan’s

Tidal Project Cost Estimation tool.

CAPEX Breakdown

. 1. Foundation
7. Contigency 5%

9%

6. Development
16%

5. TEC Installation

8% 4. TST 24%

3. Electrical Equipment
6%

Figure 27: Skidegate Inlet TST capital expenditures breakdown by cost category. Taken from NRCan’s Tidal Project Cost

Estimation tool.
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Chapter X: Discussion

10.1 Electricity in remote coastal diesel reliant First Nations communities

The Phase | and Il interview findings supported much of the existing literature in regard
to drivers for renewable energy adoption in RCDRC, especially the importance of energy self-
sufficiency as a driver for community electrification. There were some discrepancies between
findings and existing literature in terms of drivers. These included frequently cited diesel
externalities in the literature such as health impacts, associated emissions, spill risk, and the
reliability of diesel generator operation, which were not found by this research to be among the
most prominent drivers. The Phase Il interview did emphasize climate change as a major driver

for HG.

The importance of reducing energy costs was viewed as being more important by FLNRO
participants than by FN. This focus can be attributed to ownership of generating assets in
communities served under the NIAs being the responsibility of BC Hydro, and in kind the

provincial government, and thus they have an incentive to reduce costs as much as possible.

Tidal energy appears to be favorably viewed from the perspective of those involved in
higher levels of planning within the MaPP. Many respondents noted their disappointment with
the lack of tidal development in the MaPP area given its potential during initial stages of
planning. Others stated the need for further research on tidal energy and expressed their
organizations interest in the findings of such work. Such results point towards considerable
interest for tidal energy within the MaPP region, both for community electrification and for

powering remote economic operations.
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A suitable TST system would need to be reliable, have a high-capacity factor, and would
require a back up power system (or sufficient storage). Participants also described the need for
the technology to be capable of being fixed/troubleshot by people residing within the community.
Other respondents noted the need for community control over generating assets alongside job
provision and learning opportunities for the community. Furthermore, communities are looking
for collaborative reciprocal partnerships with government and industry. Lastly, a tidal energy

system would have to be compatible with existing marine uses.

10.1.1 Barriers to tidal energy electrification and pathways forward

While tidal appears to be a promising RET, there are several barriers to its
implementation in RCDRC. Firstly, there is a huge lack of information and accessibility to that
information for communities to understand or assess whether TST technology is feasible and a
good fit. For instance, FN in comparison to FLNRO respondents were on average not familiar
with how the technology works, the spatial requirements, environmental impacts, regulatory
requirements, and especially the cost of energy. This may be partially attributed to a lack of
community access to available data and to resources such as academic literature and technical
reports, with FLNRO employees likely having greater access to these resources along with the
HR capacity to review them. Perhaps not surprisingly the two highest average responses were
from HG based participants, owing in part as participant 4 noted, the CHN and FLNROs close
working relationship with a HG based tidal company. The lack of familiarity and understanding
of TSTs is a huge barrier to development in the MaPP region. For instance, one participant
emphasized that their concerns surrounding the environmental impact of TST devices might just

be misconceptions that could be alleviated if communities were privy to up-to-date research.
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FN representatives identified information to assess RET options as the second greatest
perceived barrier to community electrification. Not only on the economic/technical feasibility
side, but as participant 6 highlighted, the importance of understanding social and cultural views
towards RETs. Multiple participants identified the need for sufficient HR capacity (or leveraging
of external resources) to undertake such assessments and to understand how existing renewable
assessments apply to a community. This should go beyond TSTs, as tidal must not only compete
with existing diesel, but with a suite of RETs as well if distinct communities are to utilize the

most suitable (in terms of community values), reliable, and cost-efficient electricity source.

Funding was identified as the greatest perceived barrier. Not only in terms of the capital
needed to develop projects, but also funding to enhance a community’s capacity to navigate
project assessment/development. While there is substantial funding available for electrification
projects, both from the federal and provincial governments, participants noted the difficulties in
navigating funding opportunities especially across different government agencies (Government
of Canada, 2019; Province of British Columbia, 2018). Furthermore, HR capacity again is
identified as a barrier in this respect, as communities require the capacity to pursue these funding
opportunities in the first place. HR for OPEX may also be a barrier to consider, as despite the
promise of TST technologies they are still relatively novel, being associated with more
logistically challenging operation and maintenance requirements than land-based generators. A
recent report on the operations of Meygen Phase 1A supports this notion, even for large
companies with access to significant resources (Black & Veatch, 2020). While HR appears to be
a significant barrier especially in preliminary RET assessments for RCDRC, this was not the case
for all, with the Phase Il interview indicating appropriate HR capacity on HG for funding

applications and championing of projects.
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10.2 Integrating tidal energy into MaPP region

The MaPP region boasts significant tidal resources, with approximately 89.8 km? of
technically feasible and constraint free area. These sites tend to be concentrated in narrow
passages and constrained water ways between islands (refer to section 5.3).The NVI sub-region
had the greatest areal coverage by far (=62.7 km?), followed by HG (=20.1 km?), the CC (=3.8
km?), and the NC sub-region (=3.1 km?). When considering tidal energy suitability specifically

for RCDRC, the total suitable area decreases to only 25% (=~21.9 km?) of the total feasible area.

10.2.1 Incorporating marine uses into tidal energy suitability analyses

It was critical from multiple perspectives to include uses of the marine space and ensure
that tidal development occurs in harmony with these uses. In terms of the perceived potential for
conflict with tidal energy, commercial fisheries were given the greatest weighting out of
economic uses (see Appendix G). This is potentially a result of the fisheries using wide swathes
of the marine space, while also being a dynamic use (i.e. fleets or vessels may transit numerous
and varied areas whereas larger scale shipping or transportation is commonly constrained to
specific transects). The second greatest perceived conflict was government and research vessel
traffic, although it had the greatest range in responses which indicates some uncertainty in how
the use is viewed. Uses such as merchant vessel and tanker vessel traffic appear unlikely to
ovelap with tidal resource locations, as their transects are predominantly in more open waters

such as Hecate Strait (separating HG and the mainland).

There was a greater diversity in the available economic uses datasets compared to social

uses assessed in this study (six layers versus three), with the economic layers being arguably
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more comprehensive in terms of representing categorical uses. For instance, small vessel traffic
was a notably absent use in terms of data availability, while also being a use that likely
constitutes a substantial amount of marine activity in areas of the MaPP region. The most
overarching of these layers, the tourism and recreation feature count, covers a wide range of uses
and was clearly viewed as being the most important, likely due to it acting as an encompassing
proxy for the most uses. Furthermore, the decision to allocate a value of 8 to ‘no data’ arecas of
the sport fishing and recreation/tourism feature counts in order to ensure coverage of sub-models
across sites had the effect of increasing suitability for the Social Uses sub-model. This

contributed to greater overall suitability values for models weighted more heavily to social uses.

It was evident from the perspective of high-level MSP that environmental impacts are a
primary concern regarding tidal development and device siting. All three FN respondents ranked
Marine Conservation Value as the most important sub-model input after the tidal resource, while
FLNRO participants ranked it as 3" and 4™" respectively. The second greatest consideration
appears to be social uses, weighted more heavily than economic uses in the AHP results while
also being consistently identified in participant responses. Other areas of concern included
navigability of the marine space and safety, although these were viewed as being of minor

concern when considering TST integration.

10.2.2 Future planning for tidal energy in the MaPP region

Four of the five tidal energy SMZs within the MaPP region had a feasible resource
identified in this study, with one (Galloway Rapids located south of Prince Rupert) being
characterized as technically unfeasible. Additionally, there were numerous sites identified within

favorable zoning (i.e. alternative energy is allowed or conditionally allowed) that might merit
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delineation as tidal energy SMZs if further scrutinized. The results of this study can contribute to
future iterations of the MaPP sub-regional plans. Future work could also examine the proximity
of suitable tidal resources to economic tenures, thus supporting the delineation of additional
alternative energy SMZs to power remote operations. This would greatly improve the spatial
delineation potential TST sites in the MaPP region while providing communities, industry, and

government with a better understanding of where opportunities might be.

One of the greatest issues with this study, especially in Phase I, was the lack of cultural
dataset accessibility and subsequently an absence of cultural uses being represented within
models. This was highlighted by multiple participants as a shortcoming of the Social Uses sub-
model, while the importance of cultural uses in determining suitable locations for tidal
development was continually emphasized. The lack of integrated cultural data was attributed in
part to the difficulties as a single graduate student researcher to foster and build timely
relationships with a range of First Nations and obtain potentially culturally sensitive data.
Likewise, available datasets such as cultural emphasis SMZs do not provide an indication of
relative use beyond a Boolean analysis and therefore it was decided instead to identify cultural
data as being a prominent data deficit. Integrating cultural and supplementary data into
assessments may be more effective and easier to implement at community scales, as illustrated

by the additional resources cited by the participant in the Phase Il interview.

More broadly, future tidal energy suitability mapping and MSP as a whole in the MaPP
region and along the BC coast would benefit greatly from updated data. There is significant need
for contemporary datasets which provide a greater understanding of the marine space as the
utility of many of the existing datasets is diminishing as they have already exceeded their useful

timeframes. This is discussed in more detail within the study limitations in section 10.5.1.
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10.3 Candidate community case study

10.3.1 MSP suitability of the identified site

The Sl site appears to have suitable MSP for tidal development based on the Phase Il
interview and analysis of the area referring to the Haida Gwaii Marine Plan. Although the site is
within a PMZ, it is zoned as a low protection area in which alternative energy development is
acceptable. The site is considered high value in terms of commercial fisheries for herring spawn
on kelp and salmon, while transportation activities and temporary vessel anchorages (primarily
by log and container vessels) have high economic value in the surrounding area (MaPP, 2015b).
The nearby Laaginda Kaahlii shellfish aquaculture SMZ may present both conflicts (e.g.
impedance of associated vessels) and synergies (e.g. supplying power to operations). A complete
assessment of suitability remains a subject in need of more in-depth analysis in partnership with
the CHN (as demonstrated by the Phase Il interview) to determine whether tidal development
would be allowed, but given the ability to reduce conflicts with human uses the site appears to be

suitable.

Conversely, the proposed tidal site at Justkatla Narrows on Graham Island has
encountered issues related to perceived cultural and environmental impacts. Justkatla Narrows is
zoned as medium protection with a focus on the conservation of kelp beds and eelgrass meadows
that provide critical habitat for a range of species along with being an important area for Haida
traditional uses and values (MaPP, 2015b). Alternative energy development is conditionally
allowed in this area. Those conditions being: 1. Development should avoid disturbing sensitive or
critical features of habitat and 2. The activity should be compatible with Haida cultural use.

Given the results of the Phase Il interview, these conditions are clearly a persistent barrier to
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development, and it appears that the Sl site would be more suitable from a zoning and MSP

perspective than Justkatla Narrows.

10.3.2 Economic viability of the Skidegate Inlet site

Despite high cost of diesel electricity generation for the South grid ($0.63/kWh) and the
apparent MSP suitability of the identified site, the Sl site is economically unviable. Even at BCs
and Canada’s 2022 carbon tax value the difference in LCOE is substantial, at over $23 more per
kwh. Furthermore, the TST device would do little to displace overall diesel use, offsetting
40,100 kwh of electricity and abating around forty tonnes of CO2e annually (=0.009% of annual

emissions from the Sandspit diesel station).
The two primary factors driving these results are:

1. Poor resource at the identified site resulting in the TST device being
characterized by a very low-capacity factor of 1.62%.

2. High cabling costs due to site distance from shore/the communities and cabling
installation cost assumptions.

This suggests that while the rationale for omitting QCV/Skidegate based on zoning was
not warranted (as the PMZ in which the Sl site is located conditionally allows MRE), the
rationale of ‘ranking’ communities as being most suitable based on highest peak spring current
speeds and proximity to communities was. These results are in keeping with other findings in the
literature, suggesting technical viability (and certainly economic viability) requires peak spring
current speeds greater than 2 m/s (see Peak Spring Current Speed constraint in Appendix B). It
also must be noted that CAPEX was not included in the diesel LCOE calculations as BC Hydro

has a fleet of back up generators/perform overhaul on devices. The inclusion of CAPEX for
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diesel systems would raise LCOE for the Sandspit station and any other RCDRC serviced by BC

Hydro.

Optimally in situ field measurements would also be undertaken to verify modeled current
speeds, this represents a significant area of future research as there were issues identified with the
tidal resource model, especially around HG, detailed in section 10.6.1. Future iterations of this
framework and other studies investigating economically feasible sites should increase the
minimum viable peak spring current speed from 1.5 m/s to 2 m/s at the very least or consider the

mean peak spring current speed as the screening metric to be used.

While the Sl site is not viable, HGs price of electricity and higher prices found in other
RCDRC such as Hartley Bay ($0.74/kwWh), are still within the range of cited LCOEs for TSTs
given a suitable resource ($0.49-55/kWh). Based on the distance and resource constraints
identified in the economic analysis, it would appear Bull Harbour would be the most suitable
RCDRC for electrification via tidal out of those listed in Table 11, with Kitkatla being a
potentially suitable grid connected community. A greater understanding of cabling costs may
prevent high resource potential communities such as Gilford Island from being screened out.
More work is required to quantify more accurate cabling costs by integrating cost-distance
pathway considerations to determine the lowest cost route beyond Euclidean distance. For
example, despite Gilford Island having a site to community distance over 7 km, only 2.2 km of

that distance would require submarine cables.

10.3.3 TSTs and Haida Gwaii’s energy future

More work needs to be done to quantify the tidal resource in Masset inlet, and more

importantly examine whether a device would be permissible given the persistent issues with site
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identification. There are also other sites which this thesis did not touch upon but have been
identified in other analyses, such as Cook Point in Masset Inlet (Hatch Energy Ltd., 2008).
Future work would require either in-situ site data, or the refinement of the NRCan Canadian

West Coast Tidal Resource Assessment model to examine site resource potential.

Future considerations for tidal development on HG and for any community powered by
BC Hydro will be further constrained as BC Hydro does not currently have a standing offer
program to purchase power from an independent power producer or community (to power
themselves), does not provide incentives for communities to develop renewables (e.g. will not
fund a project that offsets diesel use as they require total system redundancy and will not provide
a feed in tariff similar to the one present at FORCE in Nova Scotia), and finally the project
developers would solely be responsible for all cabling costs (demonstrated to be a significant
component of project costs). BC Hydro’s present stance poses a significant barrier to community

electrification and self sufficiency.

The current trajectory of the HGCEP and TII Yahda Energy’s plans indicate that tidal
energy assessments in Masset Inlet were needed ‘yesterday’. Given that the capacity factor for
solar is in the range of 7-10% on Graham Island and production is heavily skewed to summer
months (with peak demand occurring in the winter) there is still need for baseload renewable
capacity on the island if a complete departure from diesel is to be achieved (NRCan, 2020b). The
proposed solar farm would produce around 1,226-1,752 MWh/year; thus, a potential tidal turbine
(or cumulative turbines) would require a rated capacity of 1 MW at a capacity factor of at least
20% to produce the same amount of power, which would certainly be feasible given sufficient

natural resource.
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10.4 Levelized Cost of Energy shortcomings

Cost has been identified in the literature as a substantial barrier to TST development, a
finding also supported by this thesis. While LCOE analyses do provide the most suitable
comparison of dissimilar energy technologies of differing rated capacities, they fail in several
aspects while also potentially presenting an inflated cost for tidal relative to diesel given the
assumptions and data used in this study. These issues range from assumptions within LCOE
analyses themselves, the inherent economic focus of LCOE analyses, and most importantly

shortcomings within the NRCan Tidal Project Cost Estimation tool.

10.4.1 Levelized cost of energy analysis shortcomings

For one, traditional LCOE analyses assume that the value of electricity is fixed across the
lifetime of the system and they fail to incorporate the parameters of agreements such as PPAS
(which are especially relevant in the BC jurisdiction) (Bruck et al., 2018; Dalton et al., 2015). As
a result, LCOE analyses rely on a set of static parameters which are not indicative of dynamic
real-world scenarios. Another example is the recently disclosed information that the federal
carbon tax will now be rising to $170/tonne by 2030, which would of course have implications

on the externality included LCOE (Tasker, 2020).

While the use of a high discount rate for TSTs and a low discount rate for diesel
generators reflects the existing view of these technologies, this does not incorporate social
costs/benefits of developing renewables and the future impacts of using diesel fuels for
electricity. In this sense it could be argued that those technologies which will have a greater
future impact on climate should be given a more significant discount rate compared to those that

do not. The way the study was structured fits with existing financing paradigms for assessment
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but is not necessarily indicative of how energy production should be assessed in the face of
climate change. As noted earlier, discount rates have a significant impact on the outcomes of
LCOE analyses and there are suggestions that rates used should be geographically distinct based
on the perceived risk at a site and also local socio-economic values/wants (Dalton et al., 2015). In
the case of HG, the community drive for self sufficiency and to produce emissions free power
support the notion that tidal should be assessed at a lower social discount rate (e.g. around 4%),

while diesel should be assessed at a higher rate.

Furthermore, LCOE analyses are inherently financially focused on project costs, and
while this study sought to being including externalities within cost estimations it barely scratched
the surface of what could (and should) be considered for holistic assessments of energy systems.
In addition, LCOE analyses fail to incorporate the total economic value and non-market costs and
benefits of investing in tidal or other MRE technologies, which is a major barrier to industry
development (Polis et al., 2017). Quantifying the impacts of job creation, research benefits, and
more, all of which might greatly enhance the suitability of tidal energy and reduce ‘apparent’

costs, especially when evaluating integration from a public perspective.

10.4.2 Natural Resources Canada Tidal Project Cost Estimation Tool

Use of the NRCan Tidal Project Cost Estimation Tool was associated with several
assumptions and shortcomings that contributed to the large LCOE found at the Sl site. For one,
assumptions such as the inability to specify a turbine exactly (with difference in the modeled
attributes of the STG turbine compared to its actual listed attributes) hamper the analysis. The
tool also does not allow for a rated capacity of a device to be specified, as it is generated based

on device cut in, cut out, and rate speed along with the site resource. While the tool is rightfully
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focused on the most advanced tidal technologies, there are also emerging technologies such as
tidal kites which are more suitable for low current speeds that may be much more viable at a site

such as SI (IRENA, 2020).

The project cost at the Sl site can be reduced by 59% to $9.89/kWh by shrouding the
turbine and using a social discount rate of 4%. Such results demonstrate that the economic
viability of the Sl site can be manipulated quite easily in the favour of tidal, despite the poor
resource at the site while also demonstrating the vital importance of taking this analysis as a
starting point for economic valuations of tidal in BC. Given a suitable resource in which the TST
device could achieve a capacity factor of 35% (which is at the conservative end of the cited 30-
54% range), the TST LCOE at the S site would be reduced to $0.99/kWh and $0.67/kWh at 10%
and 4% discount rates, respectively. This illustrates how a more suitable resource would

significantly reduce LCOE.

Most importantly, the NRCan tool uses TST device capital cost data from 2012 (Green
Kappa Consulting and Technology Inc., 2018). As capital costs represent 70% of overall LCOE,
updated device data (especially if it is obtained working in partnership with developers) would
greatly reduce LCOE results and enhance the potential viability of tidal energy at the Sl site and
the BC coast more broadly (Vazquez & Iglesias, 2016b). Furthermore, the European
Commission’s Joint Research Centre found a 40% reduction in LCOE in the last three years

alone, meaning these costs are further outdated (Villate et al., 2020).
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10.5 Developing and supporting the tidal energy industry in BC

As this study has investigated tidal suitability for RCDRC for nearly two-thirds of the BC
coast it is necessary to examine and provide recommendations for the industry in BC in order to

inform next steps and avoid previous pitfalls.

Despite emerging tidal companies and research undertaken by groups such as the Pacific
Regional Institute for Marine Energy Discovery in recent years, the long-term trend of the
industry in BC has been static. Given the long-time frame since the significant resource was
identified in BC (18+ years), and the concurrent takeoff of tidal energy on Canada’s east coast,
there has been a serious lack of progress on the BC coast. This lack of mobilization was never
focused on in the interviews, though previous work has identified government support and buy in
as a strong barrier to the development of the industry (Richardson, 2018). Additional factors
identified include a more general incomplete understanding of TSTs, from environmental
impacts to costs. However, the province can still take advantage of resource-demand synergies
on the west coast. There are a plethora of research and development opportunities that could be
realized with sufficient interest from local groups/communities and government support. For
instance, the permitting and development of a research/test site for demonstration of technologies
on the BC Coast near tidal resources and with sufficient industrial/HR capacity (e.g. Campbell

River) could bring substantial benefits through industry development and exportation of research.

10.5.1 Opportunities for community self-sufficiency through tidal energy
As identified within this study and others, self sufficiency and control over community
electricity is a central driving tenet for the electrification of diesel reliant FN communities. For

those communities not identified as being candidates for TST electrification (and those that
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have), there still may be alternative opportunities for tidal development within their territories.
First and foremost are opportunities for powering remote operations that are in proximity to
resources such as aquaculture and logging operations. These would provide collaborative
synergies between FN and industry while providing economic opportunities to nearby

communities.

Another potential opportunity is that of tidal to power ocean monitoring installations, as
outlined in the Powering the Blue Economy report (LiVecchi, et al., 2019). This would provide
the opportunity to protect some of the richest marine ecosystems on earth, facilitate the collection
of oceanographic data as climate change impacts continue to manifest, while also pioneering FN-
government-academia-and industry partnerships to monitor ocean health using novel
technologies. Opportunities and funding already exist, such as Canada’s Ocean Supercluster
recently allocating $29 million to the Ocean Aware project, intended to develop and
commercialize environmental monitoring solutions to support profitable and sustainable ocean
uses (COS, 2020). This also presents opportunities for collaboration and co-management with

existing FN programs, such as the Coastal First Nations Coastal Guardian Watchmen.

Tidal energy development could also support the growth of new industries such as
hydrogen electrolysis from water for fuel creation (LiVecchi et al., 2019). This could further
foster self sufficiency on HG as the hydrogen produced could be used as energy storage in fuel
cells or as a fuel source for marine and terrestrial vehicles. Such initiatives are already being
trialed at EMEC in the outer Orkney Islands off the northeast coast of Scotland (LiVecchi et al.,
2019). Another emerging demand for power is the development of direct carbon capture
endeavours. Installing TST supply capacity beyond community demand would allow for the

opportunity to sequester atmospheric carbon (again taking the carbon tax as a regulatory rate for
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abatement) or the captured carbon could be used to make synthetic fuel for island use, both of
which would create new economic opportunities for HG and potentially for other communities
(although larger communities are much more likely to be able to support such endeavours. With
increased demand from emerging industries, larger economies of scale could be reached, in turn
reducing the cost of electricity and ensuring any excess energy can be allocated to useful
applications. Other use examples include sea water mineral mining, powering underwater data

centers, desalination, and more (LiVecchi et al., 2019).

In summary, tidal energy has the potential to not only provide power to remote
communities in the MaPP region but also provides a plethora of economic opportunities for
coastal communities, a significant goal of MaPP (MaPP, 2016). To progress towards such an
innovative future requires more thorough analysis of potential synergies and most importantly

the testing and development of devices in the MaPP region.

10.6 Limitations

10.6.1 Data, processing, and methods

The results of GIS-MCDA analyses are heavily dependant upon the availability and
suitability of data to represent criteria and constraints. Insufficient or unsuitable data can produce
results which are not representative of the real world, greatly reducing the effectiveness of the

fundamental goal of utilizing such methods in decision making.

NRCan Canadian West Coast Tidal Resource Assessment model

The tidal resource dataset used in this study had several shortcomings. Firstly, there were

issues with the model operating in some of the narrower channels, especially around HG, where a
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different bathymetry source was used compared to the rest of the coast. This may be one of the
reasons for the poor resource identified around HG, and why several areas of significant tidal
flow that were identified within the Hatch Energy Ltd. report did not appear in this study.
Validation of this dataset with in-situ measurements would provide greater confidence in the
model’s ability to identify resource locations, along with allowing for refinement in future

iterations of the model.

Uses of the marine space

Other data limitations can be pointed at the outdated marine use datasets taken from the
BCMCA. While the BCMCA’ multi-year effort (2006-2013) collect, organize, and produce new
data and analyses has provide an impressive resource for marine planners and stakeholders in
BC, many of the datasets have exceeded their recommended useful lifespans (Ban et al., 2012).
Other datasets such as the plethora composing the commercial fisheries sub-model were
collected over 20 years ago with a range of 1991-2010 across the datasets. Moreover, some
datasets were collected over a range of years whereas others such as the shipping layers were

collected over a single year, and as a result may not be accurate representations of average use.

Different methods utilized, decision making for data processing, along with the inputs to
models and rankings represent several limitations. For instance, the use of a MCDA method
other than the AHP would likely produce different results. Additionally, the chosen breakdown
for the rank-weightings within the weighted linear combination has a significant influence on the
results. Human error may have also been present when processing data and creating models. All
inherent challenges of academic endeavours though they have been mitigated as much as
possible through reanalysis, review, and attention to detail. Another researcher induced limitation

is the bias in terms of criteria selected for inclusion and the datasets chosen to represent them.
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While many had been used in existing studies and within the MaPP region, others were not
included or were proxied. This is of course influenced by the researchers thought processes,
existing experiences (work, education, and otherwise), and perhaps most importantly by the

literature surveyed.

10.6.2 Stakeholder engagement

As described in section 2.3, stakeholder engagement can be a challenging and imperfect
endeavour, yet is one crucial to guiding decision making and ensuring equitable outcomes. The
first consideration is related to the scale and timing of the analysis, that is, who should be
involved at each stage and scale. For instance, as this study is quite encompassing, those
identified for involvement were chosen based on influence over planning processes (e.g.
delineating suitable locations for tidal) and those that could represent the multitude of First
Nations communities more broadly (e.g. planning conglomerates). While FN planning
conglomerates and MaPP senior planners provides proxies for the larger area, it should not be
regarded as sufficient engagement for development and does not reflect individual or collective
views of the innumerable groups and individuals who might identify as stakeholders. Such is one
of the imperfections and challenges of stakeholder engagement, as the temporal and funding
constraints of a master’s makes it unfeasible to integrate all stakeholders, or even a large subset
of them. The Phase Il interview was intended to allow for more specific community level
engagement, yet it still negated individual contributions from community members. While it may
have not been possible within the context of this research to engage at such a level, the utility and
need for incorporation of individuals and smaller scale needs, opinions, and values is paramount

to the management of common resources and to the development of tidal energy or any RET.
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Just as it was deemed unfeasible and unnecessary at the current stage of the tidal industry
in BC to engage with all FN communities, there was selective engagement with government.
While FLNRO can be perceived as the principal ministry/government agency involved in BC
MSP, it represents only one of many ministries at both the provincial and federal level with some
sort of regulatory or other oversight regarding tidal energy development. Others include the BC
Ministry of Energy, Mines and Petroleum Resources, the DFO, and more in-depth engagement

with BC Hydro.

Furthermore, the interdisciplinary nature of the research and its desired function as a
starting point for assessing TSTs in the study region necessitated a broad range of questions
within the Phase | interview, leading into the Phase Il interview touching on a multitude of
aspects related to community energy, costs, and future goals. While the collection of
encompassing data is paramount to inform decision making, and though the questions were
structured to delve into critical questions related to tidal energy development, this range makes
the suitability of a single participant to answer all questions unlikely, while HR capacity may

limit multiple people from a single organization participating.

Another issue was related to how the interviews were conducted, that is over the phone.
The lack of in person engagement risks the loss of data through miscommunication. Moreover,
there were issues when trying to engage with stakeholders within the timeframe or those groups

that opted not to participate.

Finally, there were significant challenges in establishing communication with a candidate
community. This can be partly attributed to the timing of the interview, with contact beginning in
late June, as it is a time during which many people take vacations. This, and issues such as HR

availability were further compounded by the COVID-19 pandemic.
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10.6.3 Scope and scale of the research and interdisciplinary methods

Some of the greatest challenges associated with this research project are derived from
interdisciplinary approach used (and necessary) to provide a holistic assessment of tidal energy in
the MaPP region. Instead of a single integrated thesis, this research could have been separated
into multiple distinct research projects. However, there are challenges associated with this as well
as although these projects could likely be more focused, the quality of data would not have been
improved and there may be a lack of integration across the projects. Furthermore, such an
endeavour would require additional researchers and the funding to do so. While this research is
by no means perfect, the trade off between aspects coverage and level of analysis within each
Phase and the interdisciplinary methods used is sufficient as a starting point to guide

communities now and recommend future research.

Arising from this integrated framework was the disconnect between identifying the most
suitable candidate communities and making a connection to undertake the interview. While
ensuring that the socio-economic component and feedback on the identified site was achieved by
choosing a candidate community in which an interview could take place, QCV and Skidegate
Inlet did not represent the most promising communities for TST development. Thus, the
integrated framework ended up being a limitation in that regard as the most economically viable

community was evidently not selected as the candidate community

Scale is a critical consideration within this study. Originally the responses of participants
were to be averaged for a MaPP regional analysis. However, upon completing the first interview
it was clear that each sub-region would have distinct objectives in terms of planning and thus the

actual spatial analysis required quadrupled. While this did increase the applicability of the
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research by making it more location specific, it increased workload and hampered the

researcher’s ability to critically analyse results at finer scales.
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Chapter XI: Conclusions

This study has developed a framework for assessing the suitability of tidal energy for
RCDRC electrification that considers social, economic, and environmental factors/drivers by
utilizing integrated methods and knowledge from a range of academic disciplines (e.g.
geography, social sciences, economics and engineering). Such a framework heeds the called for
paradigm shift from distinct areas of research towards holistic decision making. The results of
this study further support the utility of such integrated, multi-disciplinary assessments. The
findings summarized in 11.1 along with the future research recommendations in 11.2 provide a
solid foundation for potential tidal energy assessments in the MaPP region, BC, and more

globally.

11.1 Summary of findings

Energy self-sufficiency was identified as the major driving factor for energy transitions
and an important characteristic of future community energy plans. Furthermore, funding and
human resource capacity represent two significant and intertwined barriers to both tidal and
renewable energy technology development. Tidal energy was favourably viewed within the
MaPP region for both community and economic development opportunities, however
encompassing information regarding TSTs is of paramount importance in terms of the need for
its provision to communities. Environmental impacts are the most important consideration. The
results of the GIS-MCDA found substantial tidal resources according to technical feasibility
criteria (=89.8 km?) in the MaPP region along with identifying suitable areas that mitigate

potential conflict with existing uses.
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Phase 11 mapping allowed for the identification of sites and candidate communities (n=9)
and a more focused analysis of site suitability by including technical and economic
considerations, while also scree. The Phase Il interview found that tidal energy would be an
acceptable renewable energy technology on Haida Gwaii, with the identified site in Skidegate

Inlet (S1) having suitable MSP to be considered a candidate site.

The cost of electricity production for Haida Gwaii’s south grid is high at $0.63/kWh
(upper bound of $0.91/kWh when considering CO> equivalent externalities at a high discount
rate and fuel price). This is $0.08-0.14 more per kWh than the literature cited LCOE range for
TSTs, suggesting that tidal could be a candidate for baseload renewable energy generation.
Despite having a technically viable peak spring current speed, the Sl site is financially unviable
across all diesel LCOE scenarios, owing to poor capacity factor (1.62%) and high cabling costs

due to site-to-community distance.

11.2 Future research recommendations

1. Collaboration between communities (and the public more broadly), government,
academia, NGOs and industry to collect, refine, and publish contemporary data to
support marine spatial planning efforts in BC; along with updating/maintaining
existing datasets related to remote communities.

2. Validation of the Natural Resources Canada tidal resource model at select sites
(e.g. Skidegate Inlet site and other sites of interest) and refinement of the model in
areas with poor resolution (e.g. Masset Inlet).

3. Refinement of the GIS-MCDA model to identify economically viable sites in the

MaPP region based on peak spring current speed greater than 2 m/s and/or
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4. selection based on mean peak spring current speed.

5. Develop a roadmap for the creation of a TST test centre on the BC Coast
leveraging the resources of groups such as the Pacific Regional Institute for
Marine Energy Discovery and Marine Renewables Canada, and foster a
community of interested parties (e.g. local communities, industry, academia,
government, and non-government organizations).

6. Examination of the economic feasibility, including a more robust cost pathway
analysis, of tidal stream energy in other remote coastal diesel reliant First Nations
communities. Specifically, Bull Harbor, Gilford Island, and Old Masset.

7. ldentification of potential synergistic locations and examination of feasibility for
power provision via tidal stream energy for existing/planned remote economic

operations on the BC coast.
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Appendix B: Analytic Hierarchy Process Constraints, Criteria,
and Sensitivity Analysis Methods

B.1

AHP criteria and constraints

Table B.1: Tidal stream turbine site constraints.

Constraints on
tidal stream
turbine site

feasibility

Rationale for inclusion

Optimisation

Source
layer
(see
Appendix
C)

Peak Spring
current speed

Peak spring tidal current speed and mean peak
spring tidal current are two frequently cited metrics
for assessing the feasibility of a tidal site. Within
this study, peak spring tidal current speed was taken
as a resource feasibility and suitability metric based
on data availability.

The literature suggests lower bounds on peak spring
current speed of 1.2 m/s (AECOM, 2014) and 1.5
m/s (O’Rourke et al., 2010b; Segura et al., 2017b;

Vazquez & Iglesias, 2016a).

High potential sites (e.g. those that would be
technically and potentially economically viable) can
be found at locations where the peak spring tidal
current speed exceeds 2 m/s (Nash & Phoenix,
2017; O’Rourke et al., 2010a), 2.25 m/s (Roberts et
al., 2016) and 2.5 m/s (Lewis et al., 2015; Segura et
al., 2017b).

For site technical
feasibility, all locations
with spring peak tidal
current speed greater or
equal to 1.5 m/s will be
considered.

Locations with peak
spring tidal current speed
less than 1.5 m/s are not
feasible and are
constrained.

Depth

Depths that are too shallow will hamper device
operation, while increasing depth in turn increases
the cost and technical challenges of deploying TST
devices. Aside from sufficient tidal resource, depth

is the main physical parameter in determining a sites
suitability (Cradden et al., 2016).

The literature ranges in terms of depth with a values
of >5 m, 10-40 m, 10-80 m, 20-40 m, less than 40
m, 25-50 m, and 40 to 60 m (AECOM, 2014; Black
& Veatch, 2005; Defne et al., 2011; Gahan, 2012;
Murali & Sundar, 2015; Roberts et al., 2016; Segura
et al., 2019).

Others suggest 250 m as being the maximum
operable depth for floating MRE platforms, with a

As this study is assessing
feasibility based on a
generic tidal device which
may be bottom mounted
or floating, a depth range
of 5-100 m will be
classified as suitable, with
depths less than 5m and
greater than 100 m being
bounding constraints.

Locations where depths
are between 5-100 m are
suitable, locations where

depths are less than 5 m or
greater than 100 m are

33
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caveat that 100 m might be considered the current
operable limit (Cradden et al., 2016).

unsuitable and
constrained.

Tenured areas

Tenured areas represent a legal ownership of the
marine space, which has the potential to exclude

Areas with an existing
tenure are taken as

other marine uses such as tidal energy. constrained areas. 31
Protected areas These areas have high conservation value and are Protected areas and parks
and parks protected under federal, provincial, or municipal are constrained areas. ”
laws.

Criteria used within a MCDA should reflect the required needs of the energy system (e.g.

sufficient resource), be consistent with decision making objectives (e.g. existing MSP), be

independent of other criteria, be capable of being quantitatively or qualitatively expressed, and be

comparable to other criteria (usually achieved through normalization) (Wang et al., 2009). Table

B.2 below details the selected criteria.

Table B.2: Overview of tidal stream energy site criteria.

Criteria to assess
tidal stream
turbine site

suitability

Rationale for inclusion

Optimisation

Source
layer (see
table 5)

Peak Spring
current speed

The suitability of a potential site is dependent on
sufficient resource potential, of which peak spring
current speed is a good indicator of technical
feasibility.

Peak spring tidal
current speed > 1.5 m/s
as lower bound, see
4.3.1 for distribution.

Marine
conservation
value

The study region is home to a diverse and rich array of
marine life essential to maintaining ecological
productivity. TST site suitability is dependent upon
having minimal impact on existing environmental and
ecological uses.

Areas with high
conservation value are
less suitable, areas with
low conservation value

are more suitable.

Commercial
fisheries catch
value

Commercial fisheries represent a substantial portion of
the economy within the study region. Catch value
provides an approximation of which areas have
historically been most valuable to the commercial
fisheries sector.

Areas with higher catch
value are less suitable,
areas with lower catch
value are more suitable

3-16, 18,
19

Government and
research vessel
traffic hours

Government and research activities occur within the
study region. Areas with high traffic may increase
conflict between these vessels and potential tidal
development.

Areas with high traffic
hours are less suitable
than areas with low
traffic hours

17
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Merchant vessel
traffic hours

With three large ports in the study region there is
merchant vessel traffic in the area that may potentially

Areas with high traffic
hours are less suitable

conflict with tidal energy. than areas with low 17
traffic hours
Passenger and There are several ferry and seasonal cruise vessel Areas with high traffic
cruise vessel routes within the study region that may overlap with hours are less suitable
traffic hours tidal energy sites. than areas with low 17
traffic hours
Tanker vessel Oil and natural gas exportation occur in the study Areas with high traffic
traffic hours region with proposed expansions which might hours are less suitable
potentially conflict with tidal energy. than areas with low 17
traffic hours
Tug and service Tug and service vessel operations are critical for Areas with high traffic
vessel traffic several resource extractive activities such as log- hours are less suitable
hours towing and goods transportation. than areas with low 17
traffic hours
Sport fishing The study region boasts many avid anglers and Areas with fewer sport
feature count substantial recreational fishing opportunities. Tidal fishing feature counts
development may potentially conflict with many types | are more suitable than 20
of recreational fishing, thus optimal tidal siting would those with more sport
avoid conflict with recreational fishing. fishing feature counts.
Pleasure craft and The study area is utilized by many recreational and Avoid high traffic
yacht vessel pleasure craft users. Potential tidal sites should avoid areas, most suitable
traffic historically high traffic areas. locations are low traffic 17
areas.
Tourism and The study region attracts many tourists and Areas with fewer
recreation feature | recreationists who utilize the marine space in a variety recreational/tourism
count of ways. Although spatial data on use intensity is feature counts are more
lacking, along with being seasonal, this data set suitable than areas with 21

provides the opportunity to avoid spatial conflict with
tidal development by taking tenured recreation and
tourism features as an approximation of recreation and
tourism uses in the study region.

more
recreational/tourism
feature counts.

B.2  AHP sensitivity analysis

The final stage of the AHP entailed a sensitivity analysis, achieved by calculating the

Consistency Ratio (CR) (Saaty, 1980; Stefanakou et al., 2019; Wang et al., 2009). The CR was

calculated by first determining the Consistency Index (CI) from the following formula:

A -n
cl] = 2% B.1

n—1




Where n is the number of criteria and Amax is the maximum eigenvalue (Saaty, 1980).

Finally, the CR is yielded by:

CI

CR =—
RI

B.2

Where RI is the Random Consistency Index of a random like matrix (Table B.3)
(Stefanakou et al., 2019). The value of CR should be no higher than 0.1 in order for the

stakeholder’s evaluation of criteria to be considered valid (Stefanakou et al., 2019).

Table B.3: Random Consistency Index of a random like matrix.

N 1 2 3 4 5 6 7 8 9 10

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49

154
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Appendix C: Datasets and Sources

Table C.1: Overview of datasets and sources

Name Source Data Type Date Spatial reference
Tidal Resource
1. Canadian West Coast Tidal NRCan Vector 2014 | WGS_1984 Web_Mercator_Auxiliary_Sp
Resource Assessment (polygon: here
triangular mesh)
Environment
2. BCMCA_ECO_marxan_ecol3_ | BCMCA | Vector (sampled | 2011 NAD_1983 BC_Environment_Albers
EXhigh_noClump in 2x2km grid)
Economic
3. BCMCA_hu_CommercialFish_ | BCMCA | Vector (4x4km | 2011 NAD_1983 BC_Environment_Albers
GroundfishTrawl_data grid)
4. BCMCA_hu_CommercialFish_ | BCMCA Vector 2012 NAD_1983 BC_Environment_Albers
Halibut_data (polygon)
5. BCMCA_hu_CommercialFish_ | BCMCA | Vector (4x4km | 2011 NAD_1983 BC_Environment_Albers
RockfishZN_data grid)
6. BCMCA_hu_CommercialFish_ | BCMCA | Vector (4x4km | 2011 NAD_1983 BC_Environment_Albers
Schedule2 grid)
7. BCMCA_hu_CommercialFish_ | BCMCA Vector 2010 NAD_1983 BC_Environment_Albers
SalmonGillnet (polygon)
8. BCMCA_hu_CommercialFish_ | BCMCA Vector 2010 NAD_1983 BC_Environment_Albers
SalmonSeine (polygon)
9. BCMCA_hu_CommercialFish_ | BCMCA Vector 2010 NAD_1983 BC_Environment_Albers
SalmonTroll (polygon)
10. BCMCA_hu_CommercialFish_ | BCMCA | Vector (4x4km | 2006 NAD_1983 BC_Environment_Albers
Crab grid)
11. BCMCA_hu_CommercialFish_ [ BCMCA | Vector (4x4km | 2011 NAD_ 1983 BC_Environment_Albers
Geoduck grid)
12. BCMCA_hu_CommercialFish_ [ BCMCA | Vector (4x4km | 2011 NAD_ 1983 BC_Environment_Albers
GreenSeaUrchin grid)
13. BCMCA_hu_CommercialFish_ | BCMCA | Vector (4x4km | 2005 NAD_1983 BC_Environment_Albers

RedSeaUrchin

grid)
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14. BCMCA_hu_CommercialFish_ [ BCMCA | Vector (4x4km | 2006 NAD 1983 BC_Environment_Albers
Prawn grid)
15. BCMCA_hu_CommercialFish_ [ BCMCA | Vector (4x4km | 2005 NAD 1983 BC_Environment_Albers
SeaCucumber grid)
16. BCMCA_hu_CommercialFish_ [ BCMCA | Vector (4x4km | 2006 NAD 1983 BC_Environment_Albers
ShrimpTrawl grid)
17. BCMCA_hu_ShippingTrans_V | BCMCA | Vector (5x5km | 2010 NAD_1983 BC_Environment_Albers
esselTraffic grid)
18. 2018 Value of Atlantic & DFO Excel 2018 N/A
Pacific Coasts Commercial spreadsheet
Landings, by Province
19. 2018 Atlantic & Pacific Coasts DFO Excel 2018 N/A
Commercial Landings by spreadsheet
Province
Social
20. BCMCA _hu_SportFish_Feature | BCMCA | Vector (2x2km | 2010 NAD_1983 BC_Environment_Albers
Count grid)
21. bemcea_hu_tourismrec_featurec | BCMCA Vector (2x2 2010 NAD_1983 BC_Environment_Albers
ount_data grid)
Base layers
22. MaPP_Marine_Area_EstuaryCo MaPP Vector 2014 BC_Albers
rrected (polygon)
23. HaidaGwaii_Subregion_Oct_20 MaPP Vector 2014 BC_Albers
14 (polygon)
24. NorthCoast_Subregion_June20 MaPP Vector 2015 BC_Albers
15 (polygon)
25. NorthVancouverlsland_Subregi MaPP Vector 2014 NAD_1983 BC _Albers
on_Oct3_2014 (polygon)
26. CentralCoast_Subregion_Ver9 MaPP Vector 2015 BC_Albers
(polygon)
27. BC Basemap GeoBC Vector 2014 NAD_ 1983 BC_Environment_Albers
(polygon)
28. GSR_PORTS TERMINALS S | GeoBC Vector (point) 2019 NAD_ 1983 BC_Environment_Albers
VW
29. BCMCA_ECO_Physical_Benth | BCMCA Vector 2010 Albers_Conical_Equal_Area

icClasses DATA

(polygon)
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30. rced_en NRCan Ccsv 2018 N/A

Constraints

31. TA_CRT_SVW GeoBC Vector 2019 NAD_1983 BC_Environment_Albers
(polygon)
32. TA_PEP_SVW _polygon GeoBC Vector 2018 NAD_1983 BC_Environment_Albers
(polygon)
33. NRCTELEMAC elevation_ele NRCan Vector 2014 | WGS_1984 Web_Mercator_Auxiliary_Sp
ments (polygon: here

triangular mesh)

A large portion of the datasets were taken from the British Columbia Marine
Conservation Analysis (BCMCA) project This project, started in 2006, was intended to set the
stage for MSP in BC by providing a set of biophysical and human use datasets to scientists,
stakeholders, resource managers, and decision makers (Ban et al., 2012). 110 biophysical and 78
human use datasets were collected and processed with input from a human use working group
(with two representatives from each of: commercial fisheries, recreational fisheries, ocean
energy, shipping and transportation, tenures, and recreation and tourism), five ecological expert
workshops, and a expert review of physical marine classification (Ban et al., 2012). The BCMCA
represents a rich source of datasets that have been examined and refined by a range of
stakeholders and experts with direct experience in the study region and BC more broadly, making

it an invaluable resource for GIS-MCDA and other MSP work.

Marine Conservation Value sub-model

The BCMCA Ecological Marxan results Expert High (no clumps) dataset was taken to
represent ecological value within the study region. This spatial analysis was undertaken to

identify areas of high conservation value using available ecological data, conservation targets,
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and recommendations gathered from ‘expert’ workshops. More details on the Marxan analyses

parameters and inputs can be found on the BCMCA website.

Two DFO datasets were used: seafisheries landed quantity by province, 2018; and
seafisheries landed value by province, 2018. Each dataset includes a table of species and landings
brought ashore by province, recorded as metric tonnes of live weight and thousands of dollars,

respectively. This data has been collected annually since 1990.

The BCMCA data provides information for singular or grouped subspecies in individual
GIS shapefiles showing spatial distribution, total catch in each fishing zone, along with the
duration of the data collection. These data sets were screened and sorted, removing those
fisheries that have been closed in the study region (e.g. herring), or do not have corresponding or
comparable species data with that available from the DFO (e.g. sablefish). In total 14 data sets

were used encompassing approximately 18 species.

Table C.2: Department of Fisheries and Oceans Canada species landing value and volume data.

Species (BCMCA) Years of Species (DFO) | Total catch | Total catch | Price ($/kg)
Data values (k$) volume
Collection (metric
tonnes)
Groundfish
1 Groundfish Trawl 1996-2004 Ground 175,269 129,645 1.35
2 Rockfish hook and 1993-2004 Ground 175,269 129,645 1.35
line
6 Halibut 1991-2010 Halibut 61,748 3,812 16.1
7 Schedule Il 1996-2004 Cod 980 577 1.7
Average 0.91
Dogfish 11 100 0.11 Average
0.91
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Salmon
11 Gillnet 2001-2007 Salmon (all) 46,255 12,893 3.59
12 Seine 2001-2007 Salmon (all) 46,255 12,893 3.59
13 Troll 2001-2007 Salmon (all) 46,255 12,893 3.59
Shellfish
14 Dungeness Crab 2000-2004 Crab, other 51,059 3,802 13.42
15 Geoduck 2000-2005 | Clams/quahaug 52,171 1,986 26.27
16 Green Sea Urchin 2000-2005 Sea urchin 7,398 3,126 2.37
17 Red Sea Urchin 2000-2005 Sea urchin 7,398 3,126 2.37
18 Prawn 2001-2004 Shrimp 23,866 1,411 16.9
19 Sea Cucumber 2000-2005 | Sea cucumbers 8,609 1,736 4.59
20 Shrimp 1996-2004 Shrimp 23,866 1,411 16.9
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Appendix D: Diesel Fuel Price for Current Suitability and
Tidal Stream Turbine Device Specifications

D.1 Diesel fuel price for current suitability distribution

While the average diesel price for Victoria from January 2018-April 2020 was $1.319/L,
the Organization of the Petroleum Exporting Countries price war between Russia and Saudi
Arabia, along with the global impacts of COVID-19 depressing demand and reducing prices,
highlights the volatility of fossil fuel prices while also not being indicative of ‘business as usual’
average prices (NRCan, 2020a; Valleau, 2020). Thus, diesel price data from January-April 2020
was omitted yielding an average price of $1.352/L. Fuel for use by First Nation’s or for sale on
First Nations reserves is exempt from taxes, while BC Hydro could not be reached at the time to
confirm whether taxes are paid on fuel within communities serviced by their Non-Integrated
Areas (NIA) program. Thus, this study assumed the communities assessed are tax exempt,
removing the average $0.40/L in taxes and yielding a price of $0.95/L. There are also shipping
costs associated with the transport of diesel to remote communities, estimated at $0.10/L in this
study, similar to other studies on the BC coast (Lafleur et al., 2020). This yielded a fuel price for

input into Truelove’s equations of $1.05/L



D.2  TST device specifications
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Table D.1: Tidal Stream Turbine Device Specifications.

Turbine
performance

Cut out speed (m/s)

Bolded if taken from online,
otherwise calculated based on
Equation 4.3.

Rated water
velocity (m/s)

Rated
power (kW)

Source

Guinard P66

4.95

3.5

https://www.guinard-
energies.bzh/wp-
content/uploads/Flyer-P66-Guinard-
Energies.pdf

Guinard P154

5.94

3.6

20

https://www.guinard-
energies.bzh/en/our-products/p154-
hydrokinetic-turbine/

Schottel 54

4.6

2.6

54

http://www.blackrocktidalpower.com
[fileadmin/data_ BRTP/pdf/STG-
datasheet.pdf

Schottel 62

62

http://www.blackrocktidalpower.com
[fileadmin/data_ BRTP/pdf/STG-
datasheet.pdf

Schottel 70

6.75

3.8

70

http://www.blackrocktidalpower.com
[fileadmin/data_ BRTP/pdf/STG-
datasheet.pdf

SeaGen

4.125

2.5

1200

file:///C:/Users/riley/AppData/Local/
Packages/Microsoft.MicrosoftEdge 8
wekyb3d8bbwe/TempState/Downloa
ds/Power_Quality Performance_of t
he_Tidal_Energy_Conv%20(1).pdf
Power quality performance of the
tidal energy converter SeaGen

SMART Free
Stream

5.115

3.1

https://www.smart-hydro.de/wp-
content/uploads/2015/12/Datasheet_S
MART _Freestream.pdf

SMART
Monofloat

4.62

2.8

https://www.smart-hydro.de/wp-
content/uploads/2015/12/Datasheet_S
MART_Monofloat.pdf
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Appendix E: Layer Histograms
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Figure E.2: Research and government vessel traffic hours distribution.

Figure E.1: Commercial fisheries catch value distribution.
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Figure E.4: Tug and Service vessel traffic hours distribution.

Figure E.3: Tanker vessel traffic hours distribution.



163

Pleasure and Yacht Vessel Traftic Hours by Cell
Count
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Figure E.5: Pleasure and Yacht vessel traffic hours distribution.
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Appendix F: Economic, Social, and Environmental Use
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Figure F.13: Pleasure and Yacht traffic.

Figure F.14: Pleasure and Yacht traffic suitability.
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Figure F.15: Sportfishing feature count.

Figure F.16: Sportfishing feature count suitability.
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an Scenario: Areas of
nservation Value

Legend
- [BCMCA Areas of High Conservation Value,

Value
[ High 100
- o0

100 Kilometers
ittt

‘Souces Esrl HERE, Germin, Intesmep, Increment P Corp , GEECO,

USGS, FAO, NPS, NRCAN, GeoBase. IGN. Kadaster N, Ordnance Survey.
EsriJapan, METI,
and the GIS User Community

Figure F.19: High Conservation value areas
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Appendix G: AHP Matrices and Sub-model Sensitivity
Analyses

G.1 AHP Matrices for Economic and Social uses

G.1.1: AHP matrix for Economic Uses provided to participants for question 5.

Commercial Government/ Merchant Passenger and | Tanker vessel Tug and
fisheries catch | research vessel vessel cruise vessel traffic service vessel
value traffic traffic traffic traffic

Commercial
fisheries catch 1
value

Government/
research vessel 1
traffic

Merchant vessel
traffic 1
Passenger and
cruise vessel
traffic

Tanker vessel
traffic 1

Tug and service
vessel traffic 1

G.1.2: AHP matrix for Social Uses provided to participants for question 6.

Sport fishing Pleasure craft Recreation and
feature count | and yacht traffic | tourism feature count

Sport fishing feature
count 1

Pleasure craft and
yacht traffic 1

Recreation and tourism
feature count




G.2 Sub-model sensitivity analysis

A univariate sensitivity analysis for the entire MaPP region was used to assess the
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Economic and Social Uses Suitability sub-model criteria weightings. For this, an equal weights

scenario was used as a reference sub-model, along with ‘focus’ scenarios for each criterion. For

both the Economic and Social Uses equal weight scenario, the highest ranked criteria by

participants received ‘extra’ weightings as the Weighted Overlay tool does not allow decimal

values (e.g. 17 for the four highest economic uses rather than all being 16.66, and 34 for the

highest ranked social use rather than all being 33.33). Each of the other scenarios was focused on

altering the weight of one criterion, while the others were equally weighted. The single criterion

in question was allocated a weight greater-or-equal to twice the weight of one of the other

criteria.

Table G.2.1: Economic Uses sub-model sensitivity analysis weightings.

Commercial | Government/ Passenger and | Tanker Tug and
. - . Merchant - .
Scenario fisheries research vessel traffic | CTYise vessel vessel service vessel

catch value vessel traffic traffic traffic traffic
Equal weights 17 17 16 17 16 17
CFCV focus 30 14 14 14 14 14
Government focus 14 30 14 14 14 14
Merchant focus 14 14 30 14 14 14
Passenger focus 14 14 14 30 14 14
Tanker focus 14 14 14 14 30 14
Tug and service focus 14 14 14 14 14 30
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Table G.2.2: Economic Uses sub-model percent area covered for Equal Weights (EW) scenario and percent change for each focus
scenario relative to EW.

Government Merchant Passenger Tug and
Value Equal Weight CFCV focus focus focus focus Tanker focus | service focus
1 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2 0.27% 0.00% 0.02% 0.00% 0.06% -0.16% 0.05%
3 0.44% 0.19% 0.38% 0.02% 0.34% -0.23% 0.29%
4 0.91% -0.48% -0.15% -0.07% -0.08% 0.02% -0.23%
5 1.31% -0.16% -0.08% 0.57% 0.61% 0.43% 0.15%
6 2.21% -0.23% -0.08% 0.05% -1.02% 0.27% -0.77%
7 2.43% 1.33% 0.49% 1.65% 0.12% 0.09% 0.19%
8 6.81% -1.26% -2.30% -1.83% -1.58% -1.67% -2.08%
Table G.2.3: Social Uses sub-model sensitivity analysis weightings.
Scenario Tourifsérgtspéjcrgzgr:iation Sportfishing feature count Ple;‘;lém f:::tﬁ?nd
Equal weights 34 33 33
Recreation and tourism focus

50 25 25

Sportfishing focus 25 50 25

Pleasure craft and yacht focus 25 25 50

Table G.2.4: Social uses sub-model EW percent area covered by suitability value and percent change for each focus scenario
relative to EW.

value Eq_ual Touri_sm and Sportfishing Pleasure craft and
Weight recreation focus focus yacht focus
1 0.00% 0.00% 0.00% 0.00%
2 0.00% 0.00% 0.00% 0.00%
3 0.06% -0.06% 0.03% 0.02%
4 0.26% -0.26% -0.02% 0.52%
5 0.63% -0.31% -0.24% 0.53%
6 1.62% -0.45% -0.10% -0.97%
7 3.27% -1.52% -0.08% -2.52%
8 14.27% 2.57% 0.02% -10.40%
9 79.79% -0.01% -12.17% 0.21%
10 0.10% 0.05% 12.56% 12.61%




Appendix H: Phase | Model Sensitivity Analysis

172

Table H.1: North Vancouver Island sub-region percent area covered for the equal weight’s scenario and percent change relative
to equal weights for the NVI Tidal development perspective scenario.

value Eq_ual Tidal develo_pment Change in percent
Weight perspective coverage (TDP-EW)
0 32.92% 32.92% 0.00%
1 0.00% 0.00% 0.00%
2 0.78% 6.01% 5.22%
3 8.42% 15.83% 7.41%
4 15.58% 14.21% -1.38%
5 15.26% 15.79% 0.53%
6 16.69% 10.65% -6.04%
7 8.93% 3.65% -5.28%
8 1.40% 0.93% -0.47%
9 0.01% 0.00% -0.01%
10 0.00% 0.00% 0.00%

Table H.2: Central Coast sub-region percent area covered for the equal weight’s scenario and percent change relative to equal
weights for the CC Tidal development perspective scenario.

value Eq_ual Tidal develo_pment Change in percent coverage
Weight perspective (TDP-EW)
0 24.22% 24.22% 0.00%
1 0.00% 0.00% 0.00%
2 0.00% 0.00% 0.00%
3 0.00% 5.38% 5.38%
4 5.38% 1.97% -3.41%
5 1.88% 0.09% -1.79%
6 0.27% 58.65% 58.39%
7 66.46% 9.69% -56.77%
8 1.79% 0.00% -1.79%
9 0.00% 0.00% 0.00%
10 0.00% 0.00% 0.00%
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Table H.3: North Coast sub-region percent area covered for the equal weight’s scenario and percent change relative to equal
weights for the NC Tidal development perspective scenario.

value Eq_ual Tidal deyelopment Change in percent coverage
Weight perspective (TDP-EW)
0 58.79% 58.79% 0.00%
1 0.00% 0.00% 0.00%
2 0.00% 0.00% 0.00%
3 0.00% 2.53% 2.53%
4 3.21% 17.95% 14.74%
5 20.73% 14.62% -6.11%
6 14.81% 4.75% -10.06%
7 2.47% 1.36% -1.11%
8 0.00% 0.00% 0.00%
9 0.00% 0.00% 0.00%
10 0.00% 0.00% 0.00%

Table H.4: Haida Gwaii sub-region percent area covered for the equal weight’s scenario and percent change relative to equal
weights for the HG Tidal development perspective scenario.

. Changein
atue | \E1 | dovglopment | Pereent

perspective (TDP-EW)
0 54.10% 54.10% 0.00%
1 0.00% 0.00% 0.00%
2 0.00% 0.00% 0.00%
3 0.00% 0.00% 0.00%
4 0.19% 13.89% 13.71%
5 14.57% 16.05% 1.47%
6 17.22% 10.99% -6.23%
7 7.60% 4.97% -2.62%
8 6.33% 0.00% -6.33%
9 0.00% 0.00% 0.00%
10 0.00% 0.00% 0.00%




174

Appendix I: Phase | GIS-MCDA Sub-model Results
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Figure 1.3: EW tidal site suitability in the NVI sub-region
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Figure 1.12: Tidal site suitability value for the Equal Weights scenario in the HG sub-region.
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Appendix J: Port Selection Rationale

The ports data was screened to select DESCRIPTN = Terminal, which are defined as
being “...generally associated with commercial, sea going operations”, with the TYPE_USE
equal to: Vessel Services, Passenger Cruise Vessel Services, Not in use, Fishing, or Energy (N.S.
DEM, 2011). These use types were selected as they either indicated the provision of vessel
services, an unused area, or a perceived compatibility with the requirements of MRE

deployment.

Of the identified terminals, Gold River and Victoria were removed as they were beyond
the threshold distance of 400km from sites, along with being located on VVancouver Island. This
would imply an additional travel distance from the mainland (e.g. it would logically be more cost
efficient to set out from a continental port). Furthermore, the Kitimat Shell facility and Richmond
facility were removed as both are occupied by existing activities, with the Kitimat Eurocan
facility removed as it is not in use/was purposed for fossil fuel exportation. Thus two ports were

chosen: the Port of Vancouver and the Port of Prince Rupert.

Table J.1: Port selection rationale (N.S. DEM, 2011).

Port requirements

Number of berths

one to two

length of wharf

100-150m

Water depth

>Am below low normal tide

Back up land/staging area

4-5hectares

Crane capacity

60+ tonnes




Appendix K:

Figure K.1: MaPP region Equal Weights Phase |l site suitability.
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Appendix L: Tidal Stream Turbine Levelized Cost of Energy
Inputs

Project lifetime

For other LCOE case studies, project lifetime ranged from 20 years (Nissen & Harfst,
2019; Seqgura et al., 2017a; Vazquez & lglesias, 2016) to 25 years (Bricker et al., 2017). Meygen
1A also has a project lifetime of 25 years (Black & Veatch, 2020). Based on existing studies and

the approximate lifetime of BC Hydro’s diesel stations a project lifetime of 20 years was used.

Project start

The start year for the project is taken as 2023, which is both inline with existing funding
opportunities and policy goals, while also being a an ambitious but feasible small-scale project
timeline assuming a community applies for funding in 2020-2021 (Coast Funds, 2019, Province

of British Columbia, 2018).

Inflation rate

The inflation rate is a critical component of any economic analysis. Inflation in Canada
since records began (1914) to 2020 was 3.01%, while the most recent 30-year average (1990-

2020) was 1.88% (Bank of Canada, 2020). This study assumes a future inflation rate of 1.88%

Canadian-US exchange rate

As many of the cost metrics feeding into the CAPEX and OPEX formulas are in US $ a
conversion rate is required, taken as the average exchange rate over the past three years (2017-

2019) with an average value of $1CAD = $0.76US (Bank of Canada, 2020).
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Discount rate

Discount rate is a one of the most critical inputs into economic analyses, with tidal energy
LCOE’s being no different (Dalton et al., 2015). Discount rates used in TST studies vary widely,

ranging from 3-15% and can be found in Table N.1.

Table N.1: Discount rates used in existing TST studies.

Author(s) Discount rate(s) used
Oxera, 2011 Estimated a low rate of 11% and high rate of 15% to be used
by 2020
OES, 2015 10%
Stothers & Klaptocz, 2016 12%
Vazquez & Iglesias, 2016¢ Low rate of 6% and high rate of 12%
Bricker et al., 2017 3%, 5%, 10%
Mavi Innovations, 2017 14%
Smart & Noonan, 2018 10%
Shelley, 2019 11%

While discount rates reflect risk and uncertainty, there are often social discount rates
applied by government towards projects which enhance or provide social benefits. Based on the
studies assessed, a discount rate of 10% is used to reflect broader economic sentiment in terms of
investment risk (i.e. private-FN partnership) and a social discount rate of 4% is used to represent

subsidized or socially beneficial analysis within the tidal cost calculator.

Parameters not included

Several parameters were not included, such as Feed in tariffs for which the offer program

in BC ended in 2012 and the escalation rate was set as zero.



