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1 Introduction & Background
1.1 Introduction
Biome Renewables have developed a turbine attachment called the PowerCone® that increases annual
energy production (AEP) for wind turbines and has been laboratory tested to determine its impact on tidal
turbines. In the test series described here, Biome tested two versions of the PowerCone technology in tidal
flow conditions: the first version was adapted to fit onto the rotor of a tri-bladed horizontal axis turbine,
while the second full-scale version was designed to replace the rotor entirely. Glas Ocean (GO) in
collaboration with Dalhousie University (Dal) and Biome Renewables (Biome) completed tests in a lab
setting at the Dalhousie Aquatron Facility in 2018-2019. The results of these tests indicated that further
testing in a tidal site would be worthwhile (Report previously submitted to Biome, available upon request).
The Aquatron tests showed that the PowerCone’s value may lie in an improved cut in speed and improved
power performance from highly turbulent flow.

1.1.1 Stage Gate Progress
Previously completed:
Planned for this project:
STAGE GATE CRITERIA
Stage 1 – Concept Validation
• Linear monochromatic waves to validate or calibrate numerical models of the system (25 –
100 waves)
• Finite monochromatic waves to include higher order effects (25 –100 waves)
• Hull(s) sea worthiness in real seas (scaled duration at 3 hours)
• Restricted degrees of freedom (DofF) if required by the early mathematical models
• Provide the empirical hydrodynamic co-efficient associated with the device (for mathematical
modelling tuning)
• Investigate physical process governing device response. May not be well defined theoretically
or numerically solvable
• Real seaway productivity (scaled duration at 20-30 minutes)
• Initially 2-D (flume) test programme
• Short crested seas need only be run at this early stage if the devices anticipated performance
would be significantly affected by them
• Evidence of the device seaworthiness
• Initial indication of the full system load regimes
Stage 2 – Design Validation
• Accurately simulated PTO characteristics
• Performance in real seaways (long and short crested)
• Survival loading and extreme motion behaviour.
• Active damping control (may be deferred to Stage 3)
• Device design changes and modifications
• Mooring arrangements and effects on motion
• Data for proposed PTO design and bench testing (Stage 3)
• Engineering Design (Prototype), feasibility and costing
• Site Review for Stage 3 and Stage 4 deployments

✓
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STAGE GATE CRITERIA
• Over topping rates
Stage 3 – Sub-Systems Validation
• To investigate physical properties not well scaled & validate performance figures
• To employ a realistic/actual PTO and generating system & develop control strategies
• To qualify environmental factors (i.e. the device on the environment and vice versa) e.g.
marine growth, corrosion, windage and current drag
• To validate electrical supply quality and power electronic requirements.
• To quantify survival conditions, mooring behaviour and hull seaworthiness
• Manufacturing, deployment, recovery and O&M (component reliability)
• Project planning and management, including licensing, certification, insurance etc.

Status



Stage 4 – Solo Device Validation
• Hull seaworthiness and survival strategies
• Mooring and cable connection issues, including failure modes
• PTO performance and reliability
• Component and assembly longevity
• Electricity supply quality (absorbed/pneumatic power-converted/electrical power)
• Application in local wave climate conditions
• Project management, manufacturing, deployment, recovery, etc
• Service, maintenance and operational experience [O&M]
• Accepted EIA
Stage 5 – Multi-Device Demonstration
• Economic Feasibility/Profitability
• Multiple units performance
• Device array interactions
• Power supply interaction & quality
• Environmental impact issues
• Full technical and economic due diligence
• Compliance of all operations with existing legal requirements
1.1.2 Plan For This Access
The test facility at Strangford Lough run by Queen’s University Belfast (QUB) has a turbine setup that can
be used for testing a range of turbine blades. Their test turbine was used in the Aquatron test series at
Dalhousie University 2018/19. The QUB facility has sets of generic blades and commercially based blades.
The commercial blades used in these test are geometrically scaled blades from Schottel Hydro GmbH
SIT250 device. The tests were designed to measure and compare the performance and loads of a
hydrokinetic/tidal/river turbine in three configurations:
1. with a set of Schottel blades,
2. with Schottel blades combined with a PowerCone retrofit nose cone
3. with full scale PowerCone alone that had extended blades.

Variations on these configurations had previously been tested during the Aquatron test series. These current
tests were designed to allow observation of the impact on performance of the PowerCone while in a more
typical, real-world configuration.

By beginning with the Schottel blades it was possible to get a baseline of turbine data that would allow the
team to compare the results to the blades in combination with the retrofit PowerCone and with the full-scale
PowerCone turbine replacing the Schottel blades and PowerCone nose cone.

2 Outline of Work Carried Out
2.1 Setup
Fabrication
The PowerCone hub attachment and turbine were 3D printed using a Renishaw metal 3D printer at Nova
Scotia Community College (NSCC) in Halifax, Nova Scotia, Canada. Figure 1 shows the printed
components in 316 stainless steel when they were removed from the printer. They were then machined to
remove the printing support structure and welded to produce the complete parts (Figure 2). This is the first
known use of 3D metal printing in the tidal industry, a significant achievement.

Figure 1: 3D printed PowerCone

Figure 2: Welded complete full-scale PowerCone

The turbine and the three blade parts were shipped to Ireland and welded on site to reduce shipping costs.
During the course of welding the full-scale PowerCone, it was discovered that an error in design had led to
an improper blade twist and angle of attack, necessitating in-field repairs and rewelding.

2.2 Tests
2.1.1 Test Plan
Testing was completed in Strangford Lough in Northern Ireland, a tidal flow site that has been used for both
demonstrations and testing of tidal turbines for over 10 years and is very familiar to the team at QUB. A
barge was hired to provide a floating surface and frame for testing (Figure 3), and was towed on site and
anchored in flow that ranged from 0-2m/s through tidal cycles.

Figure 3: Testing setup in Strangford Lough

Testing in the Strangford tidal flow in the past has shown that the flood tide tests can be completed in
significantly less turbulent flow than the ebb tide tests. For this test series, requests were made by GO and
Biome to test in all available speeds and to test in both ebb and flood tides so that the cut-in speed and
performance of the turbine with the PowerCone in turbulent flow could be measured.
Tests were requested as described in Table 1.
Table 1 Test plan

Test
set
1

Type of test

Turbine Configuration

Baseline

Schottel Blades only

2

Performance Schottel Blades with
PowerCone retrofit
Performance Full-Scale PowerCone

3

Speeds Min Number
of speeds
0-2m/s
5

Min number
of Repeats
1

0-2m/s

5

1

0-2m/s

5

1

Testing was completed from Sept. 12th to Sept. 27th.
Experimental Procedure

Tests were run with the three turbine set-ups, on ebb and flood tides as described by Table 2.
Table 2 Experimental tests

Configuration
Schottel
Schottel
Schottel
Schottel
Schottel

Tidal flow
Flood + Ebb
Flood
Flood
Flood
Flood

Date
Sept. 13
Sept. 17
Sept. 18
Sept. 20
Sept. 25

Notes
no significant wind
light wind
no significant wind
steady breeze, some waves
light wind

Tide
Ebb and
flood
Ebb and
flood
Ebb and
flood

Schottel
Schottel + PowerCone
Schottel + PowerCone
Schottel + PowerCone
Schottel + PowerCone
Schottel + PowerCone
Schottel + PowerCone
Full Scale PowerCone
Full Scale PowerCone

Flood
Flood + Ebb
Flood
Flood + Ebb
Flood
Flood
Flood
Flood
Flood

Sept. 27
Sept. 11
Sept. 12
Sept. 16
Sept. 17
Sept. 18
Sept. 19
Sept. 18
Sept. 26

no significant wind
no significant wind
no significant wind
light wind
light wind
no significant wind
no significant wind
no significant wind
light wind

2.2 Results
The results are presented as a series of plots showing the collected data from multiple test runs, averaged
over 1-minute time periods for clarity, unless otherwise stated.
Two plots of thrust versus flow speed are shown. Figure 5 shows the data averaged over 1-minute intervals
and clearly shows differences in the thrust behaviour of the Full-Scale PowerCone at low flow rates
compared to the other two configurations.

Figure 5: Thrust vs. flow speed with data averaged over 1-minute intervals

Figure 6: Thrust vs. flow speed with data averaged over 10-minute intervals

This plot clearly indicates the cut in speed for each configuration. Data was not collected at very low flow
speeds for the S w PC configuration so it is not yet clear what is the cut in speed with that configuration.
Figure shows the data averaged over 10-minute intervals with regression lines to show the trends in thrust
over the flow speed range.
In Figure 6 for a typical mid-range flow speed for an average tidal power location, 2 m/s, the thrust is higher
at low flow speeds and lower in high flow speeds with the PowerCone installed. This is a significant
reduction in thrust and in potential capital costs and O&M. At low flow speeds, those below 1.4 m/s, the
thrust is higher with the PowerCone installed. This is less of a concern as the thrust values in these
conditions are well below those at high flow speeds and are not design-driving. As the flow speed goes up,
above 1.4 m/s, the trend indicates that the PowerCone reduces thrust by increasing amounts. Further tests
would be required to define this reduction with an equation.

Figure 7: Power vs. tidal flow speed with data averaged over 1-minute intervals

The electrical power generated by the turbine over a range of flow rates is presented in Figure 7. A
consistent cut-in speed of approximately 0.6 m/s is seen for all configurations (acknowledging that there is
no data for the S w PC configuration at below 0.6m/s), but the S w PC shows a step up in power relative to
the other two configurations of up to 100%, which persists until approximately 0.9 m/s flow rate, which
would seem to suggest a lower cut-in sped for the for the S w PC configuration as compared to the Schottel
blades alone.
The explanation for this higher power generation is not clear, but it is worthy of further investigation. If the
physical reason for the different trend seen in the data at low flow speeds can be understood, design changes
can potentially be made to increase the range of flow speeds over which the higher power is generated.
There was insufficient test data to adequately determine that the PowerCone attachment helps a turbine
perform better in turbulent flow.

Figure 8: Schottel Power versus Water Flow speed

Figure 9: Schottel with PowerCone Power versus Water Flow speed

Figure 10: PowerCone Turbine Power versus Water Flow speed

2.3 Analysis & Conclusions
Both the retrofit and full-scale version of the PowerCone were 3D metal printed – a first for the industry.
Savings in time were estimated at 80% compared with traditional methods, along with a monetary savings
of at least 50%.
The Schottel rotor with PowerCone retrofit nose cone can be seen to increase the operational window of
the device with a lower cut-in speed. Some optimisation of this profile may be required to enhance this and
the impact on peak performance and thrust loads. This shows proof of concept at an advanced level.

3 Main Learning Outcomes
3.1 Progress Made
The performance and loads on the three turbine variations was completed, as compared to the access plan:
1. with a set of Schottel blades,
2. with Schottel blades combined with a PowerCone retrofit nose cone
3. with full scale PowerCone alone that had extended blades.

3.1.1 Progress Made: For This User-Group or Technology
A full-scale PowerCone was fabricated, and there were mid-test changes to the orientation of the blades
required; they were detached needing re-welded at another angle. These changes created weak points in
the turbine which led to some damage. It is not clear how much the performance of the Full Scale
PowerCone was influenced by these changes. It is recommended that these results not be considered for
evaluating the overall performance of the Full Scale PowerCone. Instead, further design work and testing
using CFD are advised before determining that this configuration has less value as indicated by this data.

3.1.1.1

Next Steps for Research or Staged Development Plan – Exit/Change & Retest/Proceed?

3.1.2 Progress Made: For Marine Renewable Energy Industry
3D metal printing was a very useful fabrication method for tidal. A great time and cost savings was
determined. Further, the use of a PowerCone on a tri-bladed horizontal axis turbine saw great benefits,
including increased power performance, and reduced design-driving loads.

3.2 Key Lessons Learned
-

The PowerCone technology has great potential to unlock the promise of tidal energy
The loads reductions seen with the PowerCone could reduce the LCOE by a significant margin.
The power performance seen with the PowerCone could have great benefits for the majority of tidal flow
environments.
3D metal printing shows great promise in the tidal industry.
The entire tidal cycle should be tested to understand the impact on performance.

4 Further Information
4.1 Scientific Publications
List of any scientific publications made (already or planned) as a result of this work:
•

3 submissions planned for AWTEC 2020

4.2 Website & Social Media
Website: www.biome-renewables.com
YouTube Link(s):
LinkedIn/Twitter/Facebook Links: https://www.linkedin.com/posts/ryan-church-52959986_powerconetidal-3d-activity-6577860959308664832-VF5e
Online Photographs Link:
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6 Appendices
6.1 Stage Development Summary Table
The table following offers an overview of the test programmes recommended by IEA-OES for each
Technology Readiness Level. This is only offered as a guide and is in no way extensive of the full test
programme that should be committed to at each TRL.

NASA Technology Readiness Levels1

1

https://www.nasa.gov/directorates/heo/scan/engineering/technology/txt_accordion1.html

NASA TRL Definition Hardware Description Software Description Exit Criteria
TRL Definition
Hardware Description
Software Description
1
Basic principles
Scientific knowledge generated
Scientific knowledge generated underpinning
observed and
underpinning hardware technology
basic properties of software architecture and
reported.
concepts/applications.
mathematical formulation.

Exit Criteria
Peer reviewed publication of
research underlying the
proposed
concept/application.
Documented description of
the application/concept that
addresses feasibility and
benefit.

2

Technology
concept and/or
application
formulated.

Invention begins, practical application is
identified but is speculative, no experimental
proof or detailed analysis is
available to support the conjecture.

Practical application is identified but is
speculative, no experimental proof or detailed
analysis is available to support the conjecture.
Basic properties of algorithms, representations
and concepts defined. Basic principles coded.
Experiments performed with synthetic data.

3

Analytical and
experimental
critical function
and/or
characteristic
proof of concept.

Analytical studies place the technology in an
appropriate context and laboratory
demonstrations, modelling and simulation
validate analytical prediction.

Development of limited functionality to
validate critical properties and predictions
using non-integrated software components.

Documented
analytical/experimental
results validating predictions
of key parameters.

4

Component and/or
breadboard
validation in
laboratory
environment.

A low fidelity system/component
breadboard is built and operated to
demonstrate basic functionality and critical
test environments, and associated
performance predictions are defined relative
to the final operating environment.

Key, functionally critical, software
components are integrated, and functionally
validated, to establish interoperability and
begin architecture development.
Relevant Environments defined and
performance in this environment predicted.

Documented test
Performance demonstrating
agreement with analytical
predictions. Documented
definition of relevant
environment.

5

Component and/or
breadboard
validation in
relevant
environment.

A medium fidelity system/component
brassboard is built and operated to
demonstrate overall performance in a
simulated operational environment with
realistic support elements that
demonstrates overall performance in
critical areas. Performance predictions are
made for subsequent development phases.

End-to-end software elements implemented
and interfaced with existing
systems/simulations conforming to target
environment. End-to-end software system,
tested in relevant environment, meeting
predicted performance. Operational
environment performance predicted. Prototype
implementations developed.

Documented test
performance demonstrating
agreement with analytical
predictions. Documented
definition of scaling
requirements.

6

System/subsystem model or
prototype
demonstration in
an operational
environment.

A high fidelity system/component
prototype that adequately addresses all
critical scaling issues is built and operated in
a relevant environment to demonstrate
operations under critical environmental
conditions.

Prototype implementations of the software
demonstrated on full-scale realistic problems.
Partially integrate with existing
hardware/software systems. Limited
documentation available. Engineering
feasibility fully demonstrated.

Documented test
performance demonstrating
agreement with analytical
predictions.

7

System prototype
demonstration in
an operational
environment.

A high fidelity engineering unit that
adequately addresses all critical scaling
issues is built and operated in a relevant
environment to demonstrate performance in
the actual operational environment and
platform (ground, airborne, or space).

Prototype software exists having all key
functionality available for demonstration and
test. Well integrated with operational
hardware/software systems demonstrating
operational feasibility. Most software bugs
removed. Limited documentation available.

Documented test
Performance demonstrating
agreement with analytical
predictions.

8

Actual system
completed and
"flight qualified"
through test and
demonstration.

The final product in its final configuration
is successfully demonstrated through test
and analysis for its intended operational
environment and platform (ground, airborne,
or space).

All software has been thoroughly debugged
and fully integrated with all operational
hardware and software
systems. All user documentation, training
documentation, and maintenance
documentation completed. All functionality
successfully demonstrated in simulated
operational scenarios. Verification and
Validation (V&V) completed.

Documented test
performance verifying
analytical predictions.

9

Actual system
flight proven
through
successful mission
operations.

The final product is successfully operated in
an actual mission.

All software has been thoroughly debugged
and fully integrated with all operational
hardware/software systems.
All documentation has been completed.
Sustaining software engineering support is in
place. System has been successfully operated
in the operational environment.

Documented mission
operational results
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