
1 

October 3 - 4, 2017 

Icebreaker 

The Great Lakes – Oceans of Opportunity 

 

 Fall 2017 POWER-US Technology Workshop 

Technology research challenges   

KRCA/CMO 



2 2 

The Great Lakes, Superior, Michigan, Huron, Erie & Ontario 
are the largest surface fresh water system on earth,  

comprising 20% of the world's fresh water and 90% of the U.S. 

supply.  

The Great Lakes Opportunity 



742 GW  
Total Offshore Wind 

Potential 

Source: National Renewable Energy Laboratories 

46 GW  
In Ohio Waters of 

Lake Erie Alone 

The Lakes Have the Resource 
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What makes the region unique for wind turbines in the US ? 

KRCA/CMO 



One Word – Ice ! 
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What makes the region unique for wind turbines in the US ? 

KRCA/CMO 



Ice cover has a significant 
annual  variability.  
But it is prevalent  
enough to be a technology 
challenge in wind turbine  
design and operations 

Lake Erie usually has the most 
ice coverage. 
But all lakes can have ice present. 
Therefore all turbines in the  
Great Lakes have to consider  
ice.  
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Challenges relating to ice 

• Predicting and designing for Ice loads – global 
– cyclic nature – vibrations - fatigue. 

• Ice gouging of lake floor – governs depth of 
cable burial ? 

• Effect of turbines on ice environment 

• Atmospheric and spray icing 

• Access to turbines in winter 

• To address the above issues, data on the ice 
conditions are required (a challenge in itself)  

KRCA/CMO 



Ice features to be assessed for design 
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The 50 year  
level ice thickness  

50 year pressure 
ridge 

Landfast ice 
(to about 10m 
water depth) 

Shear zone 
(Often with 
grounded  
ridges) 

Mobile pack ice with ridges 

50 year ice gouges 

Note: The IceBreaker Project is the first to put turbines in a mobile pack ice zone 

Cable below  

Shore 

KRCA/CMO 
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X 

The project location is in mobile ice  
( 10 – 15km from shore) 
  

KRCA/CMO 



Lake Erie Ice 

• Recent study was conducted 
by ERDC/CRREL on ice 
conditions – from this - 

• 50 year ice level ice thickness 
is predicted to be 0.6m 

• Pressure ridges can have keels 
extending to sea floor in 18m 
of water.  

• The 50 year ridge is estimated 
to be an early-forming ridge 
having  a consolidated layer 
thickness of 1.1m and a keel 
depth of 16m (see next slide 
for definitions) 
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Morphology of a Pressure Ridge 
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Ridges are idealized as 
 linear features 

KRCA/CMO 



Idealized Pressure Ridge – for calculations 

Hk 

Keel – sintered ice blocks about 30% porosity 
10X volume of sail 

Sail loose ice blocks 
Consolidate layer – solid ice 

Nominal “50 year” ridges 

hCL 

Case Hk 
(m) 

hCL 
(m) 

Early ridge 16 1.1 

Late ridge 19.5 0.5 
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Ice loads - overview 

 
• Caused by moving ice 
• Limit to ice load is local ice 

failure or driving force on 
the ice from winds and 
currents 

• Usually there is enough 
driving force to cause the 
ice to fail on the structure 

• Load is function of ice 
thickness, strength and 
structure width 

• Sloping faces can lead to 
lower loads than vertical 
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Methods for Ice Loads 

• Ice engineering is still an 
immature science. 

• Different predictors and even 
codes can give a wide spread 

• Current codes for wind 
turbines to not give methods 
for ice ridge loads 

• ISO 19906 (Arctic Offshore 
structures) does, but not with 
a conical interface. 

• For our work on IceBREAKER – 
a new method was developed- 
as well a benchmarking with 
similar structures in Canada 

Timco and Croasdale, IAHR Conf. Sapporo, 2006 

Offshore Standard DNV-OS-J101, January 2012 
Sec.4 – Page 80 
“Guidance note: 
Theoretical methods for calculation of ice loads should always be used  
with caution”. 
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Downward cone – Ridge load. 
New method recognizes that 
downward breaking of hCl is inhibited 
by keel rubble – which increases the 
breaking load 

hcl 

hk 

hk 

Vcl 

Hcl 

H keel 

Keel – ice 
rubble 

Consolidated layer 

HWWL 

0.4hk 

hcl = 1.1m 
hk = 16m 
 
 Htotal = H keel + Hcl 
 
 = 7.4MN 

For comparison: 
Load from 0.6m level ice is 
only 0.73MN.  
But this can be more dynamic.  
  

KRCA/CMO 



Benchmarking with Confederation Bridge – in Canada. Gulf of St 
Lawrence – connecting the Mainland to Prince Edward Island  
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12km long – 60 piers 

KRCA/CMO 



Parameter Lake Erie Confederation 
Bridge 

Ratio 

Shaft dia. 5 m 10 m 0.5 
Cone dia. 8.5 m (this 

varies see 
Table 1.3) 

13.5 m 0.63 

Keel depth 20 m 20 m 1.0 
CL thickness 1.1 m 2.2 m 0.5 
Ice strength fresh Sea ice 1.0 – 1.3 
Friction 0.15 0.3 0.5 
Slope angle 60 O 52 O 1.15 

Parametric adjustments on design load 
Case A: keel dominated. 
Ridge load = 14x0.6 + 2.5x0.28 = 8.4 + 0.7 = 9.1MN   
Case B: CL dominated. 
Ridge load = 4.5x0.6 + 12x0.28 = 2.7 + 3.4 = 6.1MN  

CONCLUSION: Using this method: Corresponding “100 year load” for Lake Erie  
would be in range 6 to 9MN (For an upward cone). Our value of 7.4MN for a downward  
Cone at a 50 year return period seems reasonable 

Comparison of Confederation Bridge and Lake Erie wind towers 

Confederation Bridge 100 year design load is 16.5MN – largest load to date – about 9MN 
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Actions relating to other Ice 
Challenges 
• Ice cyclic loading signatures for structural dynamic 

analyses and fatigue – provided – fatigue less than 
waves. 

• Lake floor surveys indicate deepest ice gouge about 
0.4m. Cable burial will likely be in 1.5 to 2m range. 

• Effects of turbine bases on ice regime assessed (e.g. ice 
wakes attracting birds) – no significant increase in 
open-water areas in pack ice due to ice wakes. 

• Access to turbines – use of downward cone provides 
better access than upward breaking. 
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To Sum up 

• The additional technological challenge in the 
Great Lakes over other US areas is the presence 
of ice. 

• No precedents exist for wind turbines in pack ice 
• Pori Project in the Baltic – but it is in landfast ice. 
• IceBreaker is a pioneer project. 
• New methods have been developed and 

accepted during Verification. 
• But continued research on ice issues can help in  

refining future projects  
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Enabling a Paradigm Shift 
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Energy Industry on the 
West Coast 
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Principle Power is a global technology leader for floating offshore wind

- Active Markets
- Principle Power Offices

• Headquartered in Emeryville, California 

with offices in Portugal and France

• Backed by global energy and utility leaders

• Globally patented, proven floating 

platform technology: the WindFloat

• Global project development based on low 

cost of energy and low technology risk
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The West Coast and Hawaii Landscape: Gaining lots of traction, with leasing 
processes ongoing right now

Hawaii
• 100% RPS by 2045
• Offshore Natural complement to solar
• Several Projects proposed totaling more

than 1 GW
• Leasing Process Ongoing
California
• 50% RPS by 2030; Senate passed 100% RPS

bill => offshore wind can offer major
solution in this context

• 1 project formally identified: Morro Bay
(up to 1 GW)

• Leasing Process underway
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220 GW of potential offshore wind along Pacific Coast; 95% in waters deeper than 60 m 
(source: NREL) 

Principle Power’s WindFloat system is the leading technology to deploy offshore wind in 
deep waters at large scale and low cost.

Deep waters off Pacific Coast require floating technology
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So, what are the real technical challenges on the West Coast?

System 
Design

Hull 
Fabrication
/Assembly

Turbine 
Erection Installation O&M
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The WindFloat foundation is stable in all weather conditions

1

3
2

4

Turbine Agnostic Hull Trim System (Active 
ballast)

1 2

3 4Water Ballast 
(Operational draft)

Heave Plates (Dynamic 
Stability)

• Any conventional 
commercial Turbines

• Minimum redesign in:
- Control system – software

- Tower – structural interface

• Displaces some water 
between columns  to 
compensate for changes in 
mean wind velocity and 
direction

• Located at the bottom of 
each column and used to 
achieve operating draft

• More water in the 
columns not supporting 
the turbine

• Move platform natural 
response above the wave 
excitation (mass of 
entrained water)

• Viscous damping reduces 
wave induced motions
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Myth or Reality?
System Design: Is Current technology unreliable in harsh sea-states and catastrophic events?

• WindFloat hull, mooring system, and electrical cable are designed for site-specific 
conditions:
• Extreme wind conditions occurring in storms (WF1 experience)
• Extreme wave conditions include large tsunami waves
• Earthquakes loads can be considered in the design notably to assess impact on the seabed and 

anchors
• Adequate safety factors are utilized based on design codes from certification bodies like DNV, 

ABS, IEC, etc,…

• More generally, floating wind turbines are safer than the terrestrial alternative  
• Wind turbine and platform are designed for all types of large extreme events
• WindFloat platforms designed to “ride out” long-period waves generated by tsunamis
• Sea water between platforms and seabed dampens the jolts of earthquakes and eliminates 

potential damage to platforms (cracks)
• Earthquake-induced seabed liquefaction thrusts anchors further into seabed (Stabilizing effect)



8

Myth or Reality?
System Design: Does anchoring and mooring technology need to be developed?

• Simple and Robust 3-Line Spread Mooring System
• Proven anchoring technology and mooring components adapted from O&G industry 

experience
• Simple installation method with commonly used AHTS vessels 

Shallow Water Depth (50m-250m)
Catenary Mooring
• Lines with Chain, Wire Rope and 

Fiber Rope
• Drag-embedment Anchors (DEA)

Deeper Water Depth (>250m)
Semi-Taut Mooring
• Fiber Rope
• Vertical-loaded Anchors (VLA)



Supply Chain Process

1 2 3



Challenge:
Fabrication/Assembly: Establish Supply Chain to facilitate industrialization

• Inadequate Supply Chain on the West Coast in an industry governed by 
logistics
• Fabrication and Assembly of Hulls
• Wind Turbine Manufacturing and Delivery
• Importation of components required for initial projects

• Current fabrication process needs to be industrialized to achieve further cost 
reduction, requiring investment. Requires volume and visibility. 
• Delivering deployment volume and schedules for commercial scale will require 

retooling to enhance efficiency, automate processes, and facilitate final 
assembly/load-out

• Fabrication strategies and logistics need to be established to get to required 
throughput for commercial deployments.
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Challenge:
Turbine Erection/O&M: Establish Port Infrastructure

Decommissioning 
WF1: Port of Sines 
in Southern 
Portugal, July 2016



Vessel Operation Availability on West 
Coast Picture

Specialized Anchor 
Handler Towing 

Supply Vessel (AHTS) 

Mooring Pre-lay and 
Electrical cable hook-

up

Low – requires 
mobilization from GoF

or Alaska

Specialized Cable-
laying vessel/barge 

Electrical cable pre-
lay

Low – requires
mobilization from 

outside

Support/Ocean tugs Offshore tow, mooring 
hook-up/ O&M High

Multicat tug/CTV Support/Crew transfer
Low (not  available in 

the US) – could be 
purpose-built

Challenge:
Installation/O&M: Establish Local Vessel Availability
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Key Take-Aways

1

2

3

The WindFloat is already proven technology, and is now proving its financial 
and economic viability. The technology is mature for commercial deployments 
on the West Coast.

Offshore Wind can play a key role in the energy mix on the West Coast, with 
a steady resource close to load centers, complementing solar, and In-State 
Economic potential.

Floating Wind technology is currently designed to withstand  harsh metocean 
conditions, large extreme events, and catastrophic events in deep waters.

4

5

The main technical challenge on the West Coast is a logistical one, with an 
inadequate supply chain and port infrastructure ready to support serial 
production and installation.
This is an opportunity for the revitalization of coastal industrial areas, job 
creation, and for investment in port infrastructure and shipyards.
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Thank you!

Antoine Peiffer – Lead Engineer
apeiffer@principlepowerinc.com

Principle Power is a leader in deep water offshore wind technology.
We’re committed to unlocking the world’s wind energy potential.
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Technology Research Challenges
• Optimizing turbines to 

produce at lower average 
wind speeds

• Validation of existing 
wind resource estimates
• Need to deploy 

additional 
instrumentation with 
advanced assessment 
technology capability 
for the entire GoM 
resource

Winter

Summer

Average wind speeds for winter (Dec, Jan, Feb) and 
summer (Jun, Jul, Aug) extracted from the NREL 
WIND Toolkit.

~7 ms-1

~5 ms-1

~9 ms-1

~7 ms-1



Technology Research Challenges
• Developing 

hurricane-resistant 
turbines
• Recent hurricanes 

(Irma, Maria) are 
highly unusual 
 return periods 

estimated at 
hundreds of 
years

• Must consider that 
area of hurricane 
force winds is 
generally very 
small (tens of 
miles).

Average return periods for tropical storms, hurricanes, 
and major hurricanes. Source: Keim et al. 2007, J. 
Climate, DOI: 10.1175/JCLI4187.1



Technology Research Challenges
• Mitigating overheating 

within turbine 
electronics
• The GoM is a hot 

and humid 
environment most 
of the year

• Waters on shallow 
shelf in NE GoM 
frequently have a 
distinct thermocline 
(cooler water at depth)
• Could this be 

leveraged for a 
cooling system?



Technology Testing Assets
• Tall towers available in NE GoM

• Air Force maintains network 
of 30-m communication 
towers 

• FSU has standard weather 
instruments on N7
 ~8 years of 1-min data
 18 n mi offshore

• Could be instrumented to 
measure winds throughout 
the profile of offshore 
turbines

• Future testing asset could 
involve pilot deployment 
(fixed or floating turbine) to 
concurrently demonstrate 
viability of GoM resource and 
evolution of OSW turbine 
technology.



Technology Testing Assets
• Region has capable research vessel fleet

• FSU – RV Apalachee
• U. Miami – RV Walton Smith
• LUMCON – RVs Pelican and Point Sur
• USF – RVs WeatherBird II, Bellows
• Plus several NOAA vessels



Technology Testing Assets
• Numerical modeling

• Several universities in the Gulf region have expertise in ocean, 
atmosphere, and fluid dynamics modeling

• Skilled workforce
• Existing offshore energy industry in the GoM has the expertise 

and capability to support offshore turbine deployments and R&D

• Available deep water ports
• Port infrastructure in the GoM could support deployment of 

equipment (e.g., cables, towers for instrumentation, moorings) to 
evaluate resource.

• In future would support turbine deployment



Other Challenges in GoM
• Importance of diurnal wind cycles

• Sea/land breezes, seasonal wind maxima
• Further research needed to address the contribution of these 

circulations on the available resource



Other Challenges in GoM
• Estimating true risk from hurricanes

• Very big regional differences in risk across the GoM
• FSU has expertise in hurricane risk modeling
• Requires input from science and economic experts

• Public perception of offshore energy development
• Need help from communications, public relations experts
• Recreational fishing, which is huge in the GoM, is supportive of 

offshore structures



Questions?

The authors wish to thank Todd Sumner (member, Business Network for Offshore Wind) for his 
tireless efforts to connect the COAPS team with the offshore wind energy community.

Mr. Smith’s participation in the 2017 Fall Power-US Technology Workshop was funded by the 
NASA NEWS program (grant NNX15AD45G).
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Topics

1. Background

2. Research challenges

Some considerations

Broad challenges

3. Testing assets
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1.  Background
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5Source:  Paul Illsley, Centre for Geographic Sciences; 
http://www.paulillsley.com/Gulf_of_Maine/index.html

http://www.paulillsley.com/Gulf_of_Maine/index.html


2.  Research Challenges



Some Considerations . . .

• Three categories for research challenges:

Technology – turbines, controls, foundations, deployment

Transmission and interconnection; grid

Environmental, site characterization and socio-economic matters

• Who is beneficiary of the research?

Advancing a commercial interest

Advancing a broader public interest
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Technology Challenge – Support Structures

• What are the implications of multiple types on supply chain 
development?

• To what extent can they be built to serve multiple projects over time?
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Technology Challenge – Deployment

• Context

Relatively small waterfront sites

 Increasing turbine sizes

Height and width limits

• Challenge

What technical/logistical solutions are 
available to efficiently deploy OWTs 
under these circumstances?
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Transmission Challenges

• How best to plan and configure transmission for long-term OSW deployment?

• What are the best, most flexible technology choices?
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Challenges – Environmental, Site Conditions, 
Socio-Economic 

• Some topical areas:

 Site characterization – geophysical, biological, metocean

 Fisheries

Cumulative impacts

 Acoustic impacts; EMF

• Challenges

Need to establish and maintain long-term data records; how can we do it 
faster, better, cheaper?

Need the ability to reliably predict and measure impacts

Need access to real data to support specific research projects

11



3.  Testing Facilities
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Some Considerations . . .

• How to categorize testing facilities?  

Structural – strength and endurance testing

Electrical; Power Train – component performance and reliability

Oceanographic – component and/or turbine system performance or 
impact 

Living Laboratories

• What are the key testing needs in these areas?

• Methodology – incomplete survey . . . 

13



Structural/Materials Testing Facilities
Maine • University of Maine:  Advanced Structures and Composites 

Center – blade testing

Massachusetts • MassCEC:  Wind Technology Testing Center (blades)
• Northeastern Univ:  “STReSS” Laboratory for Structural 

Testing of Resilient and Sustainable Systems
• UMass Lowell:  
 Advanced Composites Materials & Textile Research Lab.
 Structural Dynamics and Acoustic Systems Lab.

Rhode Island

Connecticut

New York Clarkson University – blade testing

New Jersey

Delaware University of Delaware – LIDAR data

Maryland University of Maryland (Baltimore County) – LIDAR data
University of Maryland (College Park) – advanced research 
computing  center 14
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Electrical & Power Train Testing Facilities
Maine

Massachusetts 

Rhode Island

Connecticut

New York

New Jersey

Delaware

Maryland
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Oceanographic Testing Facilities
Maine • University of Maine:  Alfond W2 Ocean Engineering Lab

Massachusetts • Woods Hole Oceanographic Inst:  Air Sea Interaction Tower
• UMass Dartmouth:  
 90,000 gallon optic and acoustic test tank
 2,200 square-foot seawater research lab

Rhode Island

Connecticut

New York

New Jersey

Delaware

Maryland
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“Living Laboratories”
Maine • University of Maine:  New England Aqua Ventus 1 advanced 

technology demonstration project

Massachusetts Coming . . . 

Rhode Island • Deepwater Wind:  Block Island Wind Farm
(a commercial facility)

• And more coming . . .

Connecticut

New York Coming . . .

New Jersey Coming . . .

Delaware Coming . . .

Maryland Coming . . .



Thank You 

Nils Bolgen
Program Director, Offshore Wind

NBolgen@MassCEC.com
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