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1. Project Plan:  
 

The project plan is the same as that described in OpenHydro Technology Canada’s submission in 

response to the Department of Energy’s Request for Proposals for In-stream Tidal Energy 

Demonstration at FORCE Berth D, submitted on 10th December 2013.  

 

A copy is appended to this document. 

 

2. Technology Description: 
 

The proposed technology that will be used for this Project is the OpenHydro Open-Centre Turbine 

which is a shrouded, horizontal axis turbine, with four key components: a horizontal axis rotor, a 

direct-drive permanent magnet generator, a hydrodynamic duct and a subsea gravity base type 

support structure. Simplicity is a key advantage of this device, with no lubricant, seals, or gearbox, 

meaning reduced maintenance requirements. Seawater is used for both generator cooling and 

lubrication. This general arrangement provides smooth reaction torque and is relatively easy to seal 

from the surrounding seawater, as well as being flexible in that it may be configured to produce 

different voltage outputs.   

 

The turbines, supported by subsea base structures, are placed directly onto the seabed, deep 

enough so as not to pose a hazard to shipping. Each Open-Centre Turbine can be rated at up to 

2.0MW, depending on precise site conditions and detailed economic assessment. 
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Open-Centre Turbine  

 

Key design features of the Open-Centre Turbine include:  

 Simple and robust construction: manufactured from a small number of components – only a 

single moving part - the rotor - whose design has been optimized including the removal of 

the inner ring. 

 Standardisation of Design: in order to move into industrial production, the turbine is now 

designed so that it can be deployed in any of the project locations that OpenHydro is 

developing world wide. 

 Permanent magnet generator: the advanced permanent magnet generator removes the 

requirement for a gearbox – a common cause of failure in large scale wind turbines.  

 Bi-directional: the turbine operates in both the ebb and flood direction without the need to 

yaw to orientate itself into the tide.  

 Scalable: OpenHydro has demonstrated that the technology is scalable by increasing the 

diameter from 3m to 6m and again from 6m to 10m. The latest 16m diameter design was 

installed in Paimpol-Bréhat, France for further testing in December 2013. Larger diameter 

turbines result in higher power outputs and improved economics.  

 

The support structure for the OpenHydro Open-Centre Turbine is an unpinned gravity base 

structure, which is installed along with the turbine as one assembly. There is no seabed preparation 

required prior to deployment or seabed reparation required post decommissioning. OpenHydro has 

developed a specialist methodology for installing its Open-Centre Turbines, allowing all preparatory 

works to be performed in the safe and controlled working environment of a harbour. 

 

Blades & Rotor optimisation  

 

The blades are of a simple and robust design which has been developed to generate energy at a slow 

rotational speed. Computational Fluid Dynamic (CFD) modelling for the turbine has shown that there 

is a pressure drop and associated reduction in flow velocity when approaching the blades. This also 

reduces the potential for collision by approaching marine mammals or fish. The CFD model also 

shows that preferential flow is via the open centre and around the outside of the venturi which 

provides an exit or escape route for marine life. 
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Following a detailed review of the system design it was identified that a simplification of the rotor 

design – i.e. the removal of the inner ring, could bring a number of important benefits as follows:  

 The hydrodynamic performance of the simplified rotor increases turbine performance. 

 This simpler design requires fewer components and a reduction in assembly time and 
complexity. 

 

OpenHydro has initiated a staged testing programme to fully validate the cantilever rotor design 

prior to deployment in the Bay of Fundy. 

 

 

 
16m Open-Centre Turbine  

 

Venturi 

The Open-Centre Turbine is completely bi-directional, with symmetrical blades and venturi sections 

resulting in equal performance from the front and rear. The venturis are designed to straighten and 

intensify the flow of water. In addition, extensive CFD analysis has shown that the turbine can 

operate with no decrease in efficiency at incoming flows of up to 30° off axis. This provides a 

significant advantage when considering the variation of around 10° in ebb tide directions observed 
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from harmonic predictions carried out by OpenHydro in the Bay of Fundy at FORCE. The ability to 

operate in off-axis conditions has also been verified experimentally at the test facility in EMEC, 

where ebb flow sets in at approximately 60° to the main direction, that off-axis flow of a few 10s of 

degrees causes a negligible effect in generation due to the venture. 

 

Generator 

The generator is a permanent-magnet, synchronous machine producing AC output. The generator 

rotor is integrated into the outer ring of the turbine rotor and the generator stator is integrated into 

the stator ring.  

 

 
Electrical Generator Components 

 

The generator consists of a large number of parallel groups of coils in series of 24 groups of 4 coils. If 

there is any failure of a coil component, the fault protection in the system will open the connections 

to the relevant coil group, isolating it electrically from rest of the generator. The power captured by 

the turbine is then distributed equally amongst the remaining coil groups, which are designed to 

accept the small amount of the additional power. If a number of coil groups exhibit faults, the 

control system can be used to limit the power generated to ensure that the components remain 

within their rating until the turbine can be recovered and repaired.  

The primary forces acting on the turbine are thrust forces acting on the rotor and the stator. As the 

machine operates at depth, the machine is not significantly affected by the hydraulic forces created 

by wave action. The thrust forces on the rotor are resisted through bearings distributed on the 

stator. The positioning of the bearings is designed to distribute the load over a large area. The low 

rotational speed of the turbine means that the dynamic forces due to rotation are low; this is 

advantageous as it reduces the load on the bearings and potential for cavitation. 
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Power Conversion and Control 

During normal operations, the turbine load is controlled automatically to ensure optimum output. 

The turbine control system is able to cap turbine torque and power. Both are achieved by reducing 

the electrical load on the turbine generator and thus allowing the turbine rotational speed to 

increase. The turbine output follows a particular characteristic and the control system uses this to 

accurately regulate the power. Once the output power reaches the cap level it will continue to 

deliver that power level as the tidal flow increases. When the flow drops and the turbine power 

drops below the cap limit, the turbine will then deliver power at its optimum efficiency. The power 

and torque cap maximum limits are set by the electrical infrastructure of the turbine, power 

conversion equipment and array architecture.  

The power conversion and control system must be demonstrated to be capable of achieving this for 

multiple turbines each likely to be operating at different rotational speeds given their different 

locations within an array. 

 
Power Conversion Components 

 

 

Subsea Base 

The turbine is supported within the flow by a gravity foundation Subsea Base (SSB) structure which 

has been proven at increasing device scales by the successful deployment and recover. All forces 

imparted on the turbine and SSB are ultimately reacted across the three feet by a combination of 

friction and restraint by embedment in the seabed. The moments imparted about the three axes of 

overturning and the rotor torque are counteracted by the self-weight of the system. As such, the 

total self-weight of the system is designed to ensure adequate factors of safety against both sliding 

and overturning.  

Composed of a combination of structural steel and ballast fill material (normally concrete), the 

system is designed to be both deployed and recovered using the OpenHydro designed barge system. 
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OpenHydro’s certified design loading derivation considers the separate contributions of tide, waves, 

storm and turbulence to the currents imparted on the turbine. This analysis also takes into account 

the changing magnitude of these contributions across all angles in the horizontal plane. Together 

with an understanding of deployment tolerances and how coefficients of thrust and torque vary with 

inflow angle, a clear factor of safety is obtained on the global stability of the device and subsea base.  

This allows the turbine and SSB to be placed at a pre-determined location without any preparation 

of the landing surface. An algorithm is used to analyse the bathymetry across the entire 

development site and screen out any deployment positions which would result in problematic levels 

of tilt (in excess of 5°) or seabed protrusion within the Subsea Base foot-print (in excess of 1.8 m 

from the base of the feet). Together with the proven accuracy of the deployment methodology, this 

method allows problematic areas of the seabed to be safely avoided.  

The Subsea Base which will support the turbine will have a length and width of no more than 40 m. 

Final dimensions will be chosen by consideration of the footprint and ballast required to prevent 

overturning. 

Subsea Base, Cherubini Metal Works, Dartmouth, Nova Scotia (2010) 
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ID Task Name Duration Start Finish Predecessors


1 FORCE Demonstration Project Plan 1 day Mon 29/07/13 Mon 29/07/13


2


3 OH PMP Key Milestones 561 days Mon 29/07/13 Mon 21/09/15


4 Phase 1 to 5 (Definition, Initiation, Execution & 


Design)


140 days Mon 16/12/13 Mon 30/06/14


5 Submission of RFP response 0 days Mon 16/12/13 Mon 16/12/13


6 RFP / Berth Decision 0 days Mon 31/03/14 Mon 31/03/14


7 Pre Series 2 Preliminary Design Complete 0 days Mon 31/03/14 Mon 31/03/14


8 Pre Series 2 Detailed Design Complete 0 days Mon 30/06/14 Mon 30/06/14


9 Phase 6 (Procure & Manufacture) 317 days Mon 31/03/14 Tue 16/06/15


10 Barge Design and Build Contract awarded 0 days Mon 31/03/14 Mon 31/03/14 6


11 Turbine Procurement Commences 0 days Mon 30/06/14 Mon 30/06/14 8


12 Turbine Production Begins 0 days Thu 01/01/15 Thu 01/01/15 192SS


13 Turbine Production Ends 0 days Tue 16/06/15 Tue 16/06/15 191


14 Phase 7 (Mobilise, Commission & Deploy) 69 days Wed 20/05/15 Mon 24/08/15


15 Turbine Mobilisation Commences 0 days Wed 20/05/15 Wed 20/05/15 328SS


16 Turbine 1 Deployed 0 days Sat 18/07/15 Sat 18/07/15 365


17 Turbine 2 Deployed 0 days Mon 24/08/15 Mon 24/08/15 411


18 Phase 8 (Handover, O&M, Closeout) 10 days Mon 07/09/15 Mon 21/09/15


19 Turbine performance criteria proven 0 days Mon 07/09/15 Mon 07/09/15 411FS+2 wks


20 O&M Handover 0 days Mon 21/09/15 Mon 21/09/15 411FS+4 wks


21


22 Project Definition & Initiation 100 days Mon 11/11/13 Mon 31/03/14


23 Project Execution Planning 20 days Mon 11/11/13 Fri 06/12/13


24 Project definition and risk assessment 4 wks Mon 11/11/13 Fri 06/12/13


25


26 Regulatory Commercial Requirements 100 days Mon 11/11/13 Mon 31/03/14


27 Prep of RFP response 4 wks Mon 11/11/13 Fri 06/12/13


28 Agreement of project structure with EMERA 4 wks Mon 11/11/13 Fri 06/12/13 27SS


29 Submission of RFP response 0 days Mon 16/12/13 Mon 16/12/13


30 Award of Tender 0 days Mon 31/03/14 Mon 31/03/14


31


32 Turbine 492 days Mon 29/07/13 Tue 16/06/15


33 Design 65 days Mon 31/03/14 Mon 30/06/14


34 Pre Series 2 Preliminary Design Complete 0 days Mon 31/03/14 Mon 31/03/14


35 Pre Series 2 Detailed Design Complete 0 days Mon 30/06/14 Mon 30/06/14


36


37


38 Procurement 221 days Mon 05/05/14 Mon 09/03/15


132


133 Quality Inspections 424.75 daysMon 29/07/13 Fri 13/03/15


190


191 Manufacturing 119 days Thu 01/01/15 Tue 16/06/15


192 OCT 16-06 - 2 Shifts 69 days Thu 01/01/15 Tue 07/04/15


239


240


241 OCT 16-07 - 2 Shifts 69 days Thu 12/03/15 Tue 16/06/15


288


289


290 Subsea Base OCT-16-06 & 07 372 days Thu 01/08/13 Fri 02/01/15


297


298 Balance of Plant (Cables, Connectors, Array 


Architecture)


140 days Mon 06/01/14 Fri 18/07/14


303


304 Power Conversion 366 days Fri 22/11/13 Fri 17/04/15


312


313 Barge 365 days Mon 06/01/14 Fri 29/05/15


314 Detailed Spec 4 wks Mon 06/01/14 Mon 03/02/14 315SF


315 Tendering (Design & Build Contract) 4 wks Mon 03/02/14 Mon 03/03/14 316SF


316 Design 3 mons Mon 03/03/14 Fri 23/05/14


317 Procurement 12 mons Mon 26/05/14 Fri 24/04/15 316


318 Delivery to site 4 wks Mon 27/04/15 Fri 22/05/15 317


319 Sea Trials 1 wk Mon 25/05/15 Fri 29/05/15 318


320 Barge ready for turbine 0 days Fri 29/05/15 Fri 29/05/15 319


321


322 Turbine Shipping from Manufacturing Site - 


OCT-16-06


8 days Wed 08/04/15 Fri 17/04/15


327


328 Mobilisation  OCT 16-06 43 days Wed 20/05/15 Sat 18/07/15 322SS+6 wks


329 Venturi Assembly - OCT 16-06 16 days Wed 20/05/15 Wed 10/06/15


330 Arrange scaffolding around turbine 1 day Wed 20/05/15 Wed 20/05/15 326


331 Remove turbine shipping plates 1 day Thu 21/05/15 Thu 21/05/15 330


332 Top venturi assembly 3 days Fri 22/05/15 Tue 26/05/15 330,331,185


333 Fit star-point connector box 1 day Fri 22/05/15 Fri 22/05/15 332SS


334 Remove scaffolding 1 day Wed 27/05/15 Wed 27/05/15 332,333


335 Engineering Measurements 1 day Wed 27/05/15 Wed 27/05/15 334SS


336 Assemble top end-cap hatches to turbine 1 day Thu 28/05/15 Thu 28/05/15 335


337 Flip turbine 1 day Fri 29/05/15 Fri 29/05/15 336


338 Arrange scaffolding around turbine 1 day Mon 01/06/15 Mon 01/06/15 337


339 Bottom venturi assembly - inner / outer 3 days Tue 02/06/15 Thu 04/06/15 338


340 Remove scaffolding from turbine 1 day Fri 05/06/15 Fri 05/06/15 339


341 Remove dummy bearings and packer plates 1 day Mon 08/06/15 Mon 08/06/15 340


342 Remove secondary keel blocks and brackets 1 day Tue 09/06/15 Tue 09/06/15 341


343 Electrical Testing/Checking 1 day Wed 10/06/15 Wed 10/06/15 342


344 Turbine / SSB / Barge Assembly -OCT 16-06 12 days Tue 09/06/15 Wed 24/06/15


345 Book crane 1 day Tue 09/06/15 Tue 09/06/15 341


346 Lift turbine, flip upright & load onto SSB & Barge 1 day Thu 11/06/15 Thu 11/06/15 343,345,295,320


347 Lift TCC to SSB onto pins 1 day Fri 12/06/15 Fri 12/06/15 346


348 Lift and Fit Power Converter to Turbine 1 day Mon 15/06/15 Mon 15/06/15 347,311


349 Weld collars to turbine at new location 3 days Tue 16/06/15 Thu 18/06/15 188,348


350 24hr cooling on collars 1 day Fri 19/06/15 Fri 19/06/15 349


351 Engineering Measurements 1 day Mon 22/06/15 Mon 22/06/15 350


352 NDT on all collar welds 2 days Tue 23/06/15 Wed 24/06/15 351


353 Turbine / Barge Commissioning OCT-16-06 5 days Fri 19/06/15 Thu 25/06/15


354 Barge system verification 1 day Fri 19/06/15 Fri 19/06/15 355SS-2 days


355 Barge departure Checklist 3 days Tue 23/06/15 Thu 25/06/15 356SS-2 days


356 Transit to site 0.5 days Thu 25/06/15 Thu 25/06/15 352


357 Integrated Turbine Commissioning Tests 16.5 days Thu 25/06/15 Sat 18/07/15


358 Pre Start Up Checks 1 day Thu 25/06/15 Fri 26/06/15 356


359 Start to Idle 1 day Fri 26/06/15 Mon 29/06/15 358


360 Characterisation & Running In 8 days Mon 29/06/15 Thu 09/07/15 359


361 Grid Code Compliance 1 day Thu 09/07/15 Fri 10/07/15 360


362 Completion & Integrity 1 day Fri 10/07/15 Mon 13/07/15 361


363 Turbine Commissioning Complete 0 days Mon 13/07/15 Mon 13/07/15 362


364 Tow to site 2 edays Mon 13/07/15 Wed 15/07/15 362


365 Deploy Turbine -OCT 16-06 3 edays Wed 15/07/15 Sat 18/07/15 364


366


367


368 Turbine Shipping from Manufacturing Site - 


OCT-16-07


8 days Wed 17/06/15 Fri 26/06/15


373


374 Mobilisation  OCT 16-07 41 days Mon 29/06/15 Mon 24/08/15


375 Venturi Assembly - OCT 16-07 16 days Mon 29/06/15 Mon 20/07/15


376 Arrange scaffolding around turbine 1 day Mon 29/06/15 Mon 29/06/15 372


377 Remove turbine shipping plates 1 day Tue 30/06/15 Tue 30/06/15 376


378 Top venturi assembly 3 days Wed 01/07/15 Fri 03/07/15 376,377,186


379 Fit star-point connector box 1 day Wed 01/07/15 Wed 01/07/15 378SS


380 Remove scaffolding 1 day Mon 06/07/15 Mon 06/07/15 378,379


381 Engineering Measurements 1 day Mon 06/07/15 Mon 06/07/15 380SS


382 Assemble top end-cap hatches to turbine 1 day Tue 07/07/15 Tue 07/07/15 381


383 Flip turbine 1 day Wed 08/07/15 Wed 08/07/15 382


384 Arrange scaffolding around turbine 1 day Thu 09/07/15 Thu 09/07/15 383


385 Bottom venturi assembly - inner / outer 3 days Fri 10/07/15 Tue 14/07/15 384


386 Remove scaffolding from turbine 1 day Wed 15/07/15 Wed 15/07/15 385


387 Remove dummy bearings and packer plates 1 day Thu 16/07/15 Thu 16/07/15 386


388 Remove secondary keel blocks and brackets 1 day Fri 17/07/15 Fri 17/07/15 387


389 Electrical Testing/Checking 1 day Mon 20/07/15 Mon 20/07/15 388


390 Turbine / Barge Assembly -OCT 16-07 10.5 days Fri 17/07/15 Fri 31/07/15


391 Book crane 1 day Fri 17/07/15 Fri 17/07/15 387


392 Lift turbine, flip upright & load onto SSB / Barge 1 day Tue 21/07/15 Tue 21/07/15 389,391,296,365


393 Lift TCC to SSB onto pins 1 day Wed 22/07/15 Wed 22/07/15 392


394 Lift and Fit Power Converter to Turbine 1 day Thu 23/07/15 Thu 23/07/15 393,311


395 Weld collars to turbine at new location 3 days Fri 24/07/15 Tue 28/07/15 189,394


396 24hr cooling on collars 1 day Wed 29/07/15 Wed 29/07/15 395


397 Engineering Measurements 0.5 days Thu 30/07/15 Thu 30/07/15 396


398 NDT on all collar welds 1 day Thu 30/07/15 Fri 31/07/15 397


399 Turbine / Barge Commissioning OCT-16-07 20.5 days Mon 27/07/15 Mon 24/08/15


400 Barge system verification 1 day Mon 27/07/15 Tue 28/07/15 401SS-2 days


401 Barge departure Checklist 3 days Wed 29/07/15 Mon 03/08/15 402SS-2 days


402 Transit to site 0.5 days Fri 31/07/15 Fri 31/07/15 398


403 Integrated Turbine Commissioning Tests 12 days Mon 03/08/15 Tue 18/08/15


404 Pre Start Up Checks 1 day Mon 03/08/15 Mon 03/08/15 402


405 Start to Idle 1 day Tue 04/08/15 Tue 04/08/15 404


406 Characterisation & Running In 8 days Wed 05/08/15 Fri 14/08/15 405


407 Grid Code Compliance 1 day Mon 17/08/15 Mon 17/08/15 406


408 Completion & Integrity 1 day Tue 18/08/15 Tue 18/08/15 407


409 Turbine Commissioning Complete 0 days Tue 18/08/15 Tue 18/08/15 408


410 Tow to site 2 edays Tue 18/08/15 Thu 20/08/15 408


411 Deploy Turbine -OCT 16-07 4 edays Thu 20/08/15 Mon 24/08/15 410


16/12


31/03


31/03


30/06


Phase 6 (Procure & Manufacture)


31/03


30/06


01/01


16/06


Phase 7 (Mobilise, Commission & Deploy)


20/05


18/07


24/08


Phase 8 (Handover, O&M, Closeout)


07/09


21/09


16/12


31/03


Design


31/03


30/06


Procurement


Manufacturing


OCT 16-06 - 2 Shifts


OCT 16-07 - 2 Shifts


29/05


Turbine Shipping from Manufacturing Site - OCT-16-06


Mobilisation  OCT 16-06


Venturi Assembly - OCT 16-06


Turbine / SSB / Barge Assembly -OCT 16-06


Turbine / Barge Commissioning OCT-16-06


Integrated Turbine Commissioning Tests


13/07


Turbine Shipping from Manufacturing Site - OCT-16-07


Mobilisation  OCT 16-07


Venturi Assembly - OCT 16-07


Turbine / Barge Assembly -OCT 16-07


Turbine / Barge Commissioning OCT-16-07


Integrated Turbine Commissioning Tests


18/08


Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3


Half 1, 2014 Half 2, 2014 Half 1, 2015 Half 2, 2015


FORCE Demonstration Project Plan
Mon 09/12/13
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