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Presentation OverviewPresentation Overview

Straits of 
Belle Isle

•• Green Power Tidal Energy from Green Power Tidal Energy from 
the Belle Isle Straits the Belle Isle Straits 

•• The NAES DesignThe NAES Design

•• Numeric Model Power GenNumeric Model Power Gen

•• SlabSlab--Ice Simulation Study: NRC Ice Simulation Study: NRC 

•• Converting Cyclic Tide into Converting Cyclic Tide into 
Steady State Power Steady State Power 

•• Conclusions Conclusions –– Path ForwardPath Forward



33

The Belle Isle StraitsThe Belle Isle Straits
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Straits of Belle Isle Straits of Belle Isle 

•• HighHigh--Speed Water Flow 5 knotsSpeed Water Flow 5 knots

•• Relatively Shallow (60Relatively Shallow (60--80 meters)80 meters)

•• No Mud on the BottomNo Mud on the Bottom

•• Access to Large Quantities of RockAccess to Large Quantities of Rock

•• 1000 Km from Montreal1000 Km from Montreal
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Design ConstraintsDesign Constraints

•• Harsh Environment: High Velocity Tides, Harsh Environment: High Velocity Tides, 

HighHigh--Winds, Small Icebergs, Slab Ice, Winds, Small Icebergs, Slab Ice, 

•• Seasonal Work Window Seasonal Work Window 

•• Pristine EnvironmentPristine Environment
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NAES TidalNAES Tidal--Power Energy GenerationPower Energy Generation

•• GreenGreen--Power Energy Forever  Power Energy Forever  
•• Seconds as a Bridge or Fixed LinkSeconds as a Bridge or Fixed Link
•• Foundations for WindmillsFoundations for Windmills
•• Paddlewheels in Caissons  Paddlewheels in Caissons  -- FreeFree--stream Flowstream Flow
•• Water Flow Converted to Torque EnergyWater Flow Converted to Torque Energy
•• Cyclic Tide to Steady State PowerCyclic Tide to Steady State Power
•• Patented NAESPatented NAES
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PaddlewheelsPaddlewheels

4000 years old
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Force of Water Flow to PowerForce of Water Flow to Power

Force

Torque = Σ Force x Distance

Power = Net Force x Velocity

Distance from Axis

F net

2/3 D
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Caisson DesignCaisson Design

•• 20 Paddlewheels / Caisson20 Paddlewheels / Caisson

•• Cemented to Rock WeirCemented to Rock Weir

•• 50m Span for Bridge50m Span for Bridge--BeamsBeams

•• Base forBase for WindWind--Power GeneratorsPower Generators

•• Paddlewheels 12 Paddlewheels 12 -- 30m Diameter30m Diameter
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20 Chamber Caisson20 Chamber Caisson
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Principles of the Proposed DesignPrinciples of the Proposed Design

•• Paddlewheel Protected Paddlewheel Protected 
from Surface Forcesfrom Surface Forces

•• Iceberg / Slab Ice Iceberg / Slab Ice 
ResistantResistant

•• Portals Below Wheel AxisPortals Below Wheel Axis
•• WaterWater--Free Upper Free Upper 

Chamber (Air Pressure)Chamber (Air Pressure)
•• BiBi--Directional Power Directional Power 

Generation (Water Sails)Generation (Water Sails)
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Installation SequenceInstallation Sequence

Sea Bed

Sub Layer – Large Rock

Upper Layer – Small Rock

Concrete Caisson

Rock Berm Iceberg Berm
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Numerical  SimulationNumerical  Simulation

•• Hydrodynamic StudyHydrodynamic Study
(Flow (Flow –– 3D)3D)

•• Six Chamber Caisson Six Chamber Caisson 

•• Conditions:Conditions:
–– 40m depth40m depth
–– 18m diameter wheel18m diameter wheel
–– 5 x 10m5 x 10m PortalsPortals
–– Current speed 1.25 m/s Current speed 1.25 m/s 

(2.5 knots)(2.5 knots)



1414

Torque on Each of 3 Turbines in Tidal Energy Chamber
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Avg 300 KN

Force on Each of 3 Turbines in Tidal Energy Chamber
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Power Generation ResultsPower Generation Results

Power = Force x Velocity  =  300 kN x 2 m/sPower = Force x Velocity  =  300 kN x 2 m/s
= = 600 kilowatts / wheel600 kilowatts / wheel

20 Paddlewheels per Caisson    =  12 MW 20 Paddlewheels per Caisson    =  12 MW 
Wind Power Generator       Wind Power Generator       +  3 MW +  3 MW 

15 MW15 MW

70 70 -- 80 Caissons / Fence = 80 Caissons / Fence = 1.2 GW1.2 GW
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Labrador

Newfoundland

Harnessing the Power of the    Harnessing the Power of the    
Belle Isle StraitsBelle Isle Straits

Iceberg Tidal Fence  

Tidal Bridge 
/ Fixed Link

Central Bank  
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Cyclic Tidal PowerCyclic Tidal Power
Ti
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High Tide
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12.25 hrs

No water flow
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Cyclic to Continuous PowerCyclic to Continuous Power

Pumping 
Station

Inlet

Labrador Rock Excavated 
for Caisson Foundations

Hydro-
Generation
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Slab Ice Simulation StudySlab Ice Simulation Study
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Von Mises Pressure 

Macro-Crack

Vertical Wall

Max Shear Stress
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•• Pressure on Ice Diverter 2.5 MPa Pressure on Ice Diverter 2.5 MPa 

•• Shear Stress in the Walls  7.0 MPa Shear Stress in the Walls  7.0 MPa 

•• 50 MPa Reinforced Concrete50 MPa Reinforced Concrete

•• More Research Work RequiredMore Research Work Required

–– Will reduce structural loadsWill reduce structural loads

Ice Load Simulation ResultsIce Load Simulation Results
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Development PathDevelopment Path

•• Front End Engineering DesignFront End Engineering Design
–– Environment Loads Environment Loads –– Current / Ice / WavesCurrent / Ice / Waves

–– Concrete & Foundation Design Concrete & Foundation Design 

–– Power Generation DesignPower Generation Design

–– WindWind--Power Potential Power Potential 

–– Cost Estimate per Caisson Cost Estimate per Caisson 
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Development PathDevelopment Path

•• Model TestingModel Testing
–– Design and ConstructionDesign and Construction
–– Flume Tank Test (Marine Institute)Flume Tank Test (Marine Institute)
–– Hydrodynamic & Ice Impact Testing (IOT)Hydrodynamic & Ice Impact Testing (IOT)

•• Environmental Study Environmental Study 

•• Financing for Pilot ProjectFinancing for Pilot Project
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Conclusions & Path Forward Conclusions & Path Forward 

•• Straits of Belle Isle  Straits of Belle Isle  -- GreenGreen--Power EnergyPower Energy

•• 10 GW Plus   10 GW Plus   -- Canadian Economic WealthCanadian Economic Wealth

•• Seconds as a Fixed Link or Bridge  Seconds as a Fixed Link or Bridge  

•• Many Other NAES Green Power Projects Many Other NAES Green Power Projects 

•• Seed Financing for R&D RequiredSeed Financing for R&D Required
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