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Carlos Scarpa blurs the edge between built form and the river in a pixelated way. Above: View 

from the waters edge. Below: View from the path. Original image from: De Cal 2016.

Monumento alla Partigiana, Carlo Scarpa

Carlos Scarpa blurs the edge between built form and the sea beyond, in a 

sensitive way. This pixelated structure becomes hidden and then revealed as 

the water level in the river changes, providing a gradual transition between the 

public path and the waterway. Water is a primary element in the composition 

of this structure. Changing water levels impact the way we experience and 

engage with the built form. These ideas are carried through in the design of 

the reservoirs in this proposal.
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This fl oating pavilion moves with the shifting tides. Above: View from the path at high tide with 

the platform fi ns are pushed open by the tide. Below: Aerial view during low tide when the plat-

form remains closed. Original image from: Neira 2016.

Floating Observatory, Marc Van Vliet

This fl oating observatory by Marc Van Vliet on the Dutch fl at sands serves as 

a useful precedent for architecture that is activated by the shifting tides. The 

experience of the observatory varies with the tides, as water fl oods in and 

out of the fl atlands. The form of the observatory shifts with the tides, as the 

wooden slats of the enclosure open and close with tidal ebb and fl ood (Neira 

2016).
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CHAPTER 5: DESIGN

Site 1: The Hilltop

Upper Reservoir Community Aquaculture

The upper reservoir is located at the highest point of the site, adjacent 

to the existing substation. It sits 64 metres above the lower reservoir, 

providing enough vertical height to make pumped hydro a viable option for 

energy storage (Rogeau, Girard, Kariniotakis 2017, 241-53). The substation 

is surrounded by a barbed wire fence to ensure user and wildlife safety, 

which is common in substation design. All vegetation is cleared from the 

site, to prevent attracting wildlife inside the substation fence, as they could 

be harmed if an electrical shock were to occur. Gravel covers the ground to 

prevent any regrowth and to provide even footing. A grid of copper rods sits 

half a metre below ground, with vertical copper rods at the corners of the 

substation, and beneath major equipment. As copper is highly conductive, it 

easily distributes electrical currents, providing grounding for the substation 

(United States Department of Agriculture 2001, 42-52).

Existing condition at FORCE’s substation, showing the lifeless fenced area and the surrounding 

lush landscape, with views across the Minas Passage beyond. Image: FORCE Annual Report.
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Restoring vegetation to the site is a primary goal with this intervention. A 

‘living willow fence’ wraps around the substation’s barbed wire fence to return 

greenery to the site. This provides an approachable backdrop for the adjacent 

public spaces while maintaining user and wildlife safety. The green fence 

acts as a new threshold between the lifeless substation and the surrounding 

landscape and public space. 

As a further attempt to bring life back to this scar in the landscape, the 

upper reservoir incorporates a community greenhouse and garden centre. 

Greenhouses shift across the reservoir and contain sites of aquaculture, and a 

meeting space shared by the garden centre and substation, which protrudes 

through the green fence.

Water levels are continuously changing within the reservoir, shifting with 

the tides and energy demand. Fifty percent of the volume of water travels 

between this reservoir and the one below to generate energy. The reservoir is 

comprised of a concrete structure that is sunken into the earth, to sit quietly 

within the hilltop. Concrete fi ns support a lighter wood structure that is 

wrapped in polycarbonate, to create diffuse lighting conditions for growing. 

Grow beds sit within the wood structure, and fi sh beds dip into the reservoir. 

Isometric view of the upper reservoir and community greenhouse at the low water level, in 

relation to the existing substation.
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Isometric view of the upper reservoir and community greenhouse at the high water level, in 

relation to the existing substation.

Greenhouse roofs face South and collect rainwater which is used to water the 

plants.  Fish waste provides nutrient-rich fertilizer for plant grow beds. Fish 

beds dip down into the salt water of the reservoir, growing bivalves such as 

mussels and oysters, in the ocean water that pumps through the reservoir as 

a source of energy (EFFEKT 2017).

This type of agriculture is well suited to this landscape, as the soil is nutrient 

defi cient and not suitable for typical methods of agriculture. Aquaculture is 

ideal for growing leafy greens, and herbs, but can also produce root vegetables 

and decorative plants. In terms of fi sh, invertebrates such as mussels and 

oysters are preferable over vertebrates such as salmon, as they do not require 

fi sh feed. Supplying farmed fi sh with feed from the ocean disrupts the natural 

balance of the ecosystem (Goddek, Delaide, Mankasing, Ragnarsdottir, Jijakli, 

Thorarinsdottir 2015, 4208).

Together, this site provides a modest supply of local produce, seafood and 

renewable energy. While working in the greenhouse or purchasing produce in 

the garden centre, water levels change drastically throughout the day based 

on energy supply and demand, bringing the dynamic tidal processes to the 

peak of the hill.
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Physical model of the upper reservoir and community aquaculture, showing stereotomic and 

tectonic elements, and how they adapt to the hilltop site.
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Above: Alignment of concrete fi ns and wood frame structure above, and the meeting space that 

protrudes through the green fence. Middle: Polycarbonate wraps wood structure in the growing 

areas to allow diffuse daylighting, cedar wood slats wrap the solid portions of the building. 

Below: The greenhouse as it sits atop concrete fi ns in the reservoir.
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Plan of the upper reservoir and community greenhouses. The 3 metre spacing of the copper 

grounding rods of the substation inform the structural grid of the greenhouses.

Roof plan of greenhouse and upper reservoir in relation to the adjacent existing substation and 

the living willow fence.
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Short section through the upper reservoir and community greenhouse, showing the green fence and substation behind.
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5
0Closer view of the upper reservoir short section, showing inhabitation of the greenhouse, with the fi sh beds ghosted in the reservoir. Polycarbonate roofs face South 

to maximize natural light penetration

aquaculture
grow beds
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1Closer view of the upper reservoir short section, showing inhabitation of the greenhouse, and the concrete path that leads you across the reservoir and through the 

three buildings. 
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Long section through the upper reservoir, community greenhouses, and the adjacent electrical substation. This drawing shows the contrast between the dry lifeless 

substation and the wet and dry columns of growth in the site of community aquaculture.

Closer view of the long section through the upper reservoir and community greenhouses, showing the meeting space which protrudes through the green fence on the 

right. Fish beds are ghosted in the reservoir, as is the low water level, and the rain water collection drum in the nearest greenhouse.
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5
3Closer view of the long section through the upper reservoir and greenhouse. Concrete fi ns support wooden frames. Plant grow beds sit within the wooden frames, and 

fi sh beds fi t between concrete fi ns in the reservoir. Rain water is collected and stored in the solid portions of the buildings.
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Closer view of the long section through the upper reservoir and greenhouse, showing the meeting space beyond protruding through the green fence to the substation. 
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Closer view of the long section, showing the dry gravel ground cover in the substation, the transformers, the barbed wire fence and the green fence that surrounds it.



5
6

View showing inhabitation of the upper reservoir at the low water level, with the fi sh beds raised in the greenhouse.
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View showing inhabitation of the upper reservoir at the high water level, with the fi sh beds submerged in the greenhouse.
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Site 2: The Cliff

Lower Reservoir Swimming Facility

The volume of the lower reservoir is divided into a series of smaller pools 

that conform with the slope of the land. The pools cascade down the cliff 

towards the ocean, blurring the boundary between built form and landscape, 

with the lowest pool fully submerged at high tide. Pools shift along the slope 

to fi t within an existing tree clearing where the cliff is eroding. A series of 

concrete retaining walls align with the contours of the land to act as retaining 

walls that prevent erosion and form the pools that hold water as potential 

energy for the lower reservoir. Like the upper reservoir, water levels change 

with the shifting tides and energy demand. The dramatic change in water 

levels provides a distinct experience each time you visit the pools, as well as 

a changing experience throughout each visit.

To integrate community program, the pools incorporate a public swimming 

facility. Ocean water pumps through the pools, for both energy storage 

and recreation. Pools are heated to varying temperatures using the energy 

generated on site, to heighten the bathing experience and be enjoyed year-

round. This heightens the restorative health benefi ts of hydrotherapy, helping 

the body to energize and relax, through a series of hot, cold and rest cycles. 

The lower reservoir swimming facility at low tide with the pools at low water. Unlike typical low 

reservoirs, this one never completely empties, to allow continual access to the full bathing cycle. 
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The ideal hydrotherapy cycle involves 10-15 minutes of heat, followed by 

seconds of cold, then 10-15 minutes of rest, and repeat. Heating the body 

dilates blood vessels on the surface of the skin, reduces blood pressure, and 

increases blood fl ow, inducing a feeling of calmness. Hot pools are followed 

by cold plunges; which close pores, trapping in heat. This temperature change 

causes a shift in blood pressure, which helps the body to fl ush toxins and 

release muscle tension. During the rest period, the cardiovascular system 

regulates itself, and the body has a chance to stabilize blood fl ow and heart 

rate (Scandinave Spa 2017).

The lower reservoir swimming facility at high tide with the pools at high water. where the 

lowest pool is fully submerged in the ocean water.

Pools are heated to various temperatures using energy generated on site, to be enjoyed year-

round.
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A series of sauna boxes protrude from the pools to provide moments of refuge, framing views of 

Cape Split in the distance. Sauna boxes are clad in cedar, with a warm wood slat interior.
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The pools concrete structure makes it’s way from the ocean to the road above 

and become the service core of the building. A lighter wood structure wraps 

out and over the concrete, to enclose the public portions of the building. On 

the main level, there is a café, with a warming lounge below. The service core 

contains the café kitchen, and turbine control room on the main level, with 

visual connections to the adjacent public space. Changing facilities are below, 

and the turbine is far below grade, in line with the lowest pool. 

The following views show the pools at low and high-water levels. Copper 

downspouts allow water to fl ow between pools as water levels rise and 

fall with the shifting tides and energy demand, further amplifying these 

processes. By integrating swimming facilities within the reservoir, users have 

a physical connection to the movement of water that generates energy and 

heats the pools. 

View from the low pool near the high water level, showing the sauna box protruding out and 

over the pool, with Cape Sharp in the distance, a protected habitat for endangered bird species.
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Physical model of the lower reservoir and swimming facility, showing stereotomic and tectonic 

elements, and how they adapt to the steep topography.
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Above: Eastern elevation of the pools as they sit within the landscape, with the lighter wood 

enclosed spaces perched atop the pools. Middle: The pools step down the slope and fi t within 

an existing tree clearing. Below: Detailed view of the variations in pool depths and processions, 

which vary based on water temperature. 



64

Lower reservoir swimming facility plan. The reservoir is divided into a series of smaller pools, 

to conform with the steep cliff, and shift along the slope to fi t within an existing tree clearing.



6
5Long section through the lower reservoir swimming facility, showing the relationship of stereotomic concrete elements and tectonic wood elements, and the adjacencies 

between energy and community program.
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6
6Closer view of the long section through the swimming facility, showing the stereotomic concrete structure that forms the pools then becomes the service core of the 

building, and the lighter wood structure that wraps over to contain the public gathering spaces.



6
7Closer view of the long section through the swimming facility, showing the interior of a sauna box, with the lowest pool fully submerged at low tide, and the copper 

downspouts fully active as the pools are fi lling with ocean water.



6
8View of the minimum water level in the lower reservoir, during low tide. Water remains in the three pools closest to the shoreline at the low water level to allow 

continuous access to the full bathing cycle of hot, cold, and rest.



6
9View of the high water level in the lower reservoir, during high tide. The lowest pool is fully submerged by the tide, and the copper downspouts allow water to overfl ow 

between levels, cascading water as the pool above it fi lls, making evident the movement of water that generates energy.
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Site 3: The Water 

Boat Bridge

The primary goal for this site is to provide direct water access throughout 

the tide cycle. Typical wharves in this area only provide water access by boat 

when the water is near high tide, as pictured in the tidal study in Chapter 2. 

On this site, the horizontal distance from the low tide mark to the shoreline 

is 115 metres, with a vertical tidal range of 13 metres (Acadia Tidal Energy 

Institute, 2017). This makes accessing water by boat at low and high tide a 

vastly different task. These measurements set the initial dimensions of this 

structure.

A series of stationary wood frames defi ne a path from the shoreline to the 

low tide mark. The structure uses tension ropes to prevent wracking, inspired 

by the fi shing weirs used in the area. 

Below: Fishing weir at Partridge Island, shown at low tide, with Cape Split in the background. 

These vernacular structures serve as a precedent for the structure of the proposed boat bridge.

Right: Detail of the fi shing weird ground connection.
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Fishing weirs are comprised of a series of birch poles erected in the fi rm tidal 

fl ats, perpendicular to the shoreline. The Acadians developed these structures 

in the early 1900s as an adaptation to traditional fi shing nets. Rather than 

bringing nets out into the water, the nets could be set at low tide, allowing 

fi sh to come in with the tide and become caught in the weirs as the tide 

went out. The nets could be retrieved at low tide using the same wagons the 

Acadians used on their farms, providing a much more effi cient fi shing method 

(Bleakney 2004, 6). 

In the proposed design, wooden frames support a buoyant wood structure and 

boat shed, that rise and fall with the shifting tides. The physical experience 

of walking through the structure, varies with the tides, providing users with 

an embodied experience of the dramatic tidal range. The boat shed is located 

at the low tide mark to allow continuous water access by boat. By framing 

the height of the tidal range, this structure provides direct water access 

throughout the tide cycle, while making evident this natural phenomenon. 

In terms of energy program, environmental monitoring is a crucial aspect 

of the tidal industry. Monitoring platforms have been custom designed, to 

withstand the powerful Fundy tides, recording data on fi sh density, currents, 

sediment and acoustics surrounding the turbine (FORCE: Subsea Equipment). 

The boat bridge at low tide, resting on the ocean fl oor.



72

Some monitoring takes place with platforms in the water, but onshore 

assessment occurs as well. Currently, monitoring platforms ship to Parrsboro 

for onshore assessment, as there is no facility on site. The boat shed provides 

a space for on-site environmental monitoring to occur.  

This intervention focuses on accessing the water, learning from the land, and 

returning to shore. The proposed community program for this site is a kayak 

rental facility, in a shared space with the environmental monitoring platforms. 

This mixed-programming allows locals and visitors taking kayaking tours 

from the site to view environmental monitoring equipment, and scientists at 

work when on-shore assessment is taking place. It also provides an amenity 

for those working in the tidal industry, to enjoy at the end of their shift. 

To ensure safety, all kayakers enjoy guided tours led in small groups by 

experienced kayakers.  Tour routes vary based on the tides, wind and wave 

conditions, and the fi tness level of participants, with a variety of tours 

available for different skill levels and durations. All rentals are tandem 

kayaks, as they are more stable. These safety precautions are based on Nova 

Shores Sea Kayaking, a successful kayaking tour operator located along the 

Bay of Fundy, in Advocate Harbour, 55 kilometres West of Black Rock (Nova 

Shores 2017).

The boat bridge at high tide, fl oating on the surface of the water.



73

Physical model of the boat bridge, showing the tectonic wood structure and tension ropes, 

inspired by local fi shing weirs. This structure supports the buoyant boat shed and boardwalk.
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Above: View of the boat bridge from the water at mid tide level, showing the repetitive wood 

structure and tension ropes, inspired by fi shing weirs used in the area. Middle; Top view of 

wood structure and tension ropes over the boat shed. Bottom. Detailed view of tension ropes 

securing the wood structure to the ocean fl oor.
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Plan of the boat bridge showing the connection from the barrier beach to the low tide mark. The 

diagram on the right shows the position of the buoyant boardwalk and boat shed at each hour of 

the tide cycle, as it rises and falls with the movement of water. 



7
6Long landscape sections above show the position of the boat bridge at low tide, resting on the ocean fl oor, and at high tide, elevated to the water’s surface. The detailed 

section below shows a closer view of the boat bridge at high tide, with the low tide position ghosted in.



7
7Closer view of the inhabited boat bridge section shown at high tide, with the low tide position ghosted in. The boat shed houses kayaks and environmental monitoring 

equipment, combining energy and community program related to the tides.
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The boat bridge resting on the ocean fl oor at low tide, providing direct water access 115 metres from the shoreline.
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The boat bridge fl oating 13 metres above the ocean fl oor, at high tide.
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CHAPTER 6: CONCLUSION

The landscape of the Fundy coast presents a valuable natural resource that 

gives Nova Scotia immense potential for a sustainable industry. The dramatic 

tides and currents, and accessible depths of the Minas Passage make for an 

ideal location for tidal energy. The steep cliffs and topography surrounding 

the passage provide a suitable landscape for pumped hydro energy storage. 

Combined, tidal energy and pumped-hydro energy storage can provide Nova 

Scotia with a continuous supply of renewable energy, with suffi cient energy 

to power much of the province. 

The current turbine installed at FORCE has the potential to generate enough 

energy to power over 650 homes. With the full turbine array installed, the 

site could capture enough energy to power over 21,000 homes (FORCE 2016). 

Based on Rogeau’s method for determining small-scale PHES effi ciency, it is 

estimated that the proposed pumped hydro facility has potential to generate 

enough energy to power twice the number of homes as the full turbine array 

(Rogeau, Girard, Kariniotakis 2017, 244). Combined with the full tidal cable 

array, this site could provide a signifi cant source of local renewable energy 

for Nova Scotia.

Currently, FORCE hosts 5,000 visitors each summer, from across Canada, and 

the world.  According to Nova Scotia Energy Minister, Geoff MacLellan, the 

tidal energy industry has the potential to generate 22,000 jobs and generate 

$1.7 billion for the Nova Scotia economy (MacDonald 2018). Black Rock is 

currently unequipped to support the population infl ux that will arise with 

the anticipated expansion of the tidal industry. If the tidal industry continues 

to develop, it is important to do so in a way that is sustainable for the 

environment and for community members impacted by such development. 
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Potential energy generation associated with the FORCE turbine array and the proposed PHES facility.

81
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Future Developments

Future developments surrounding this industry should incorporate energy 

and community programs, providing users with an engaging experience that 

makes evident the processes occurring on site. Using local building materials 

and methods can help to develop an architecture rooted in landscape and 

culture, providing an interactive architecture that is activated by the natural 

and energy processes that sustain it. The following image shows the three 

design proposals as they sit in elevation relative to one another. The models 

show how the stereotomic and tectonic structural elements adapt to changes 

in program and topography across the three sites.

An additional community program that would complement the developing 

renewable energy infrastructure on site would be a dark sky preserve. This 

public program promotes year-round recreation, as viewing conditions are 

best in winter when skies are dry and clear. Cumberland County has identifi ed 

a dark sky preserve as a potential attraction for this area, as the number 

of truly dark skies left in the world is decreasing (UPLAND 2018, 80). This 

activity links star gazing and full moon gazing, providing a connection to the 

source of the great tidal range, attracting potential visitors during times of 

the greatest natural phenomenon.

Broader Implications

Through the duration of this thesis interest in tidal energy has increased in Nova 

Scotia, and globally. The province has recently approved the development of 

a second tidal facility on the Southern Coast of the Minas Basin. The proposal 

for this thesis would be well suited to this site, as the steep topography lends 

itself to pumped-hydro energy storage. Integrating bathing with the energy 

storage facility could provide additional recreation amenities for Cape Split 

and Blomidon provincial park, an area popular for landscape-based tourism 

and recreation. This could increase opportunities for locals and visitors to 

engage with the landscape while gaining an understanding of the natural and 

energy processes unique to the Bay of Fundy. 
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This page shows the three sites in relation to one another, and the pipe between reservoirs. The stereotomic 

and tectonic structure of each site adapts to accommodate various programs and landscape conditions.

upper reservoir
aquaculture

lower reservoir
swimming facility

environmental monitoring
Kayak rental
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A closer view of each of the three models, showing how the structure of each site adapts to conform to the 

changes in program and landscape conditions for each site.
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Developing renewable energy has the potential to revitalize declining rural 

communities in Nova Scotia by reducing energy dependence on imports, 

stimulating economic growth, and providing job opportunities in ‘research, 

training, mechanics, installation, maintenance, and interpretation.’ (UPLAND 

2018, 39-41). Integrating community programs with energy production could 

increase community buy-in by improving job opportunities and access to 

amenities.

Natural Resources Canada has identifi ed numerous sites in Cumberland 

County with renewable energy potential (Government of Canada 2017). 

Amherst has been identifi ed as the most suitable area in Nova Scotia for solar 

energy, with three organizations in Cumberland County currently using solar 

energy for commercial and residential use. Wind power currently generates 

5.8MW of power in the municipality, with an expected increase. The highest 

wind speeds are in Advocate Harbour, Cape Chignecto, and throughout the 

Cobequid Mountains. An abandoned mine in Springhill has the potential to 

extract geothermal energy from fl ooded mine water, with ten organizations 

currently extracting geothermal energy in Springhill. Abandoned coal mines 

near Joggins and surrounding areas also have geothermal energy potential. 

Community meetings have identifi ed the municipality as a future “green 

energy hub” that positively contributes to a reduction in greenhouse gas 

emissions (Merrill, Bruce, Zwicker 2018, 22). 

This framework for developing renewable energy infrastructure that integrates 

landscape and community can apply to various forms of renewable energy. 

This approach could apply to community solar energy production using 

architecture that emphasizes natural light, or wind energy production using 

architecture that emphasizes sound and movement, to emphasize natural 

and energy processes. Designing renewable energy infrastructure that is 

informed by the natural and energy processes that sustain it, gives locals and 

visitors an interactive means of understanding of the processes unique to this 

landscape while providing a cleaner energy future for Nova Scotia. 
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APPENDIX A: TIDAL TURBINES AT FORCE

Turbine Berth Holders

OpenHydro has deployed tidal turbines at multiple sites in Scotland, and 

France, and has current developments for turbine deployment in Ireland 

and Japan. The turbine deployed in Nova Scotia is their strongest and most 

powerful design, to withstand the powerful Fundy tides. Two OpenHydro 

turbines have been deployed and tested on site, connected to the Nova 

Scotia Power grid. Currently, one is currently installed and connected to the 

provincial power grid; the other is undergoing upgrades in the Port of Saint 

John. Once both turbines are operating at their full potential, they will carry 

a 4MW capacity, generating enough energy to power 3,600 homes (FORCE: 

Technology 2017). 

Minas Energy, of Bedford Nova Scotia, has paired with Marine Current 

Turbines, and Bluewater Energy Services, of the United Kingdom. Together 

they have developed a fl oating tidal energy converter, known as ‘SeaGen F’. 

This turbine design was deployed in Strangford Lough, UK, in 2008, as the 

fi rst commercial-scale tidal turbine in the world. The turbine they will be 

installing at FORCE has a 2MW capacity, generating enough energy to power 

1,800 homes.  

This turbine design was deployed in Strangford Lough, UK, in 2008, as the 

fi rst commercial-scale tidal turbine in the world. The turbine they will be 

installing at FORCE has a 2MW capacity, generating enough energy to power 

1,800 homes.  

The four turbine berth holders at FORCE, and the tidal devices they will be testing on site. Image 

adapted from: Rosano 2016.
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Black Rock Tidal, and Allswater, of Halifax, have paired with Schottell, of 

Dorth, Germany, and Tidal Steam, of Southam UK. They will be installing tidal 

stream tidal platforms with an array of ‘Schottell STG’ tidal turbines. These 

semi-submerged fl oating units house 36 independent turbines. This 2.5MW 

turbine will generate enough electricity to power 2,250 homes. 

Atlantis Resources, of Eninburgh, UK, has paired with local engineering fi rm 

Lockheed Martin and Irving Shipbuilding, in their development of the Atlantic 

AR1500 turbine. This 1.5MW turbine will generate enough energy to power 

1,350 homes. Atlantis Resources owns MeyGen, the world’s largest planned 

tidal stream energy project, located in Pentland Firth, Scotland, which has the 

potential for 398MW of energy. With all four turbine berths occupied and 

functioning fully, they would generate the combined energy to power 9,000 

Nova Scotian homes. This would signifi cantly reduce our reliance on fossil 

fuels while advancing the innovative technology behind local renewable 

energy production (FORCE: Technology 2017).
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