Sponsored By:

Subsea Transmission Solutions for OSW between California and Oregon
May 12, 2021

For best results, please ensure your video is turned “off” and that you are “muted.”
Submit any questions using the Q&A function. All questions will be addressed during a Q&A session upon
the conclusion of the presentations.
A link to the recording of the webinar will be made available on the POET website.

Subsea Transmission Solutions for
OSW between California and Oregon
What’s the opportunity/need for a subsea backbone transmission solution?

Transmission basics; HVDC vs AC; limitations, costs, and advantages

Offshore Backbone Transmission Basics – what would such a system entail?

Planned Mesh Networks and the regulatory policy framework to support
those networks
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University, and an M.S. in Engineering & Technology Management from Portland State
University. While at Portland State, he investigated decision making for offshore wind planning.
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electrical utilities in the West. A focus of his technical work is the interconnection of renewable
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consulting experience. He earned a bachelor’s degree in geology from UC Santa Barbara in
1982, and then earned a bachelor’s degree in electrical engineer from Auburn University. Mr.
Hale is a registered Professional Engineer in Idaho and California, and sits on the Industry
Advisory Board for the department of Electrical and Computer Engineering at Portland State
University.
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that role he is currently encouraging networking and learning opportunities in marine
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California. He has over 40 years’ experience of offshore engineering projects, from concept to
commissioning. In the first half of his career, he worked for contractors in London on offshore
design and build projects, principally in the North Sea. At Chevron in Houston, he concentrated
on the early design phase and engineering management of offshore projects worldwide,
including UKCS, West Africa, West Australia, Caribbean, Far East, South America, Barents Sea,
and the Gulf of Mexico. He has an Honors Degree in Mechanical Engineering (with Naval
Architecture), is a Fellow of the SUT, Chartered Engineer, Fellow of the Institute of Mechanical
Engineers and Member of the Royal Institution of Naval Architects. Steve’s hobbies include nonfiction reading, bicycling and scuba diving.

Jon Wellinghoff is an internationally recognized expert and thought leader in energy
policy, electric grid operations and markets, and the interface of disruptive energy
systems with traditional utility structures. His firm GridPolicy, Inc. is dedicated to
furthering the deployment of and investment in clean sustainable distributed energy
resources (DER) and efficient grid enhancing technologies (GET). He is also the Chief
Regulatory Officer of Voltus, Inc. the world’s leading platform for DERs. In 2006, Jon

received his first of two Presidential appointments to serve as a Commissioner on the
Federal Energy Regulatory Commission (FERC), and was designated by the President
in 2009 to be Chairman of FERC. He was FERC’s longest serving Chairman (20092013). In 2016, the Public Utilities Fortnightly named Jon one of the 10 individuals since
1990 who have had the greatest impact on the electric utility industry.

Webinar Purpose:

Advance the conversation about
development of OSW on the West Coast.

Action:

Introduce straw concept for discussion.

What we did: ask the following questions to help shape our straw concept.
• What is the resource potential/opportunity to develop offshore wind in Southern Oregon
and Northern California using this technology?
• What technology, at the appropriate development stage, is/will be available to deploy in
Southern Oregon and Northern California?
• How may this technology be deployed to connect the bulk of the available wind resources
in the area of interest?
• What are the potential grid benefits of planned transmission network upgrades to
interconnect this offshore wind?

What we didn’t do:
• Anything beyond an initial, high level look at answering these questions.
• Address offshore or onshore transmission system configuration beyond a central offshore
backbone cable concept.

Resource Potential:
Identify Key Area of Interest
Coos Bay

Question:
What is the resource potential to develop
OSW in Southern Oregon and Northern
California using appropriately developed
technology?

Oregon
California
Eureka

Straw Concept:
A central area of high potential was identified
north of the existing BOEM call area with
acceptable depth and favorable bathymetry,
e.g., no seafloor canyons or steep slopes.
Potential of approximately 4 – 6 GW.
Map Source: West Coast Ocean Data Portal
https://portal.westcoastoceans.org/

Humboldt Call
Area Location

Technology & Deployment: Creation of Straw Concept
Question:

How may proven technology be deployed to connect the bulk of the
available wind resource in the area of interest?

Straw Concept: A high-capacity static backbone cable system in shallow water linking multiple
fixed substation platforms to which multiple wind developers may interconnect.

Interarray
dynamic cables

Floating
substation &
transformer

Fixed substation
& transformer
(or DC converter)

Static
collector
cable

Static
backbone
cable

Backbone Straw Concept
Description:
Conceptual sketch of a backbone cable system in shallow water linking
multiple fixed platforms that house AC collector stations.
• The backbone cable system between platforms is likely to be AC.
• AC or DC export cables could connect at multiple locations.
Future Questions:
• How many platforms/collector stations?
• Physical need to reduce number of cables landing on shore.
• May be configured to optimize use of available onshore grid
interconnection points.
•

Are there sufficient benefits of a planned backbone cable system
compared to the generator lead line approach to warrant further
consideration?

•

How may a backbone cable be connected to the western grid?

Grid & Resource Interconnection Benefits
Question:
What are the potential grid benefits of planned transmission network
upgrades to interconnect this wind?
Discussion:
If transmission upgrades are planned, there is an option to configure as a
multipurpose initiative that would:
• Interconnect offshore wind.
• Reinforce interregional grid connections.
Potential benefits for California and the Desert Southwest:
• Increasing technology and geographical diversity in renewable
buildout, including OSW in Northern California and Southern Oregon,
onshore wind and solar in PNW.
• Stronger integration with PNW hydro for flexibility and capacity.
Potential Benefits for the Pacific Northwest:
• Renewable energy geographical diversity from OSW and
California/desert southwest solar, especially during winter.

Transmission Basics:
Deep-Water Interconnections &
Floating Offshore Wind

Presented by: Erik Hale, P.E.
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A Cautionary Tale
Mesa Energy Wind Story
•
•
•

The plan was announced in August 2007.
Placed orders for 667 turbines in 2008 for
delivery in 2010.
No Realistic Interconnection Plan - $2B
Budget.

Lead to CREZ
Interconnect Cost = ~$65B
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Today, I will cover the following:
•

Technical description of wind interconnection.
•
•
•

•
•

Building blocks, One-Line representation
Collection Substation – Options
Connection to shore, AC vs DC

On shore connection, POI and beyond
Path forward to interconnect deep-water wind
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Interconnects
1. Loads
2. Lines
3. Generation
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Anatomy of a wind farm
1. Turbine generates
DC
2. Inverter creates AC
out of DC
3. Inverter transformer
changes voltage to
34.5kV
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Anatomy of a wind turbine
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34.5kV Feeders – Why AC?
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34.5kV Collection System
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34.5kV Collection System
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34.5kV Collection System
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34.5kV Collection System
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34.5kV Collection System
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34.5kV Collection System
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34.5kV Collection System
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34.5kV Collection System
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High Voltage Connection to Shore
1. Overhead Transmission Line v. Insulated Cable
Capacitance in insulated cables limits its length to
50 to 100 miles for HVAC.
Beyond this length, must use HVDC.
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Interconnect Options
1. Use 34.5kV
1. For up to ~100MW
2. Within ~30 miles
2. Use High Voltage (115kV to 230kV)
1. Roughly ~100MW to 300MW
2. Up to ~30 to 100 miles
3. Use High Voltage DC
1. Above ~300MW
2. Above ~100 miles
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Part 2 – On shore facilities
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Convenient POI
“The grid doesn’t seem
to like the beach.”
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Convenient POI
1. Only a few 230kV lines.
2. Close to the ocean.
3. Very rugged coastline.
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Onshore Options
1. Use up to 34.5kV (Distribution)
1. For up to ~30MW
2. Within ~30 miles
2. Use High Voltage (up to 230kV)
1. Roughly up to 500MW
2. Up to ~250 miles
3. Use Extra High Voltage AC - 500kV
1. Above ~300MW
2. Above ~250 miles
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Part 3 – Path Forward
The Investment MUST Pencil Out
• Generation is by Developers, not Utilities
• Conservative Risk Takers
• Failures happen and are ugly
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Part 3 – Path Forward
• We won’t know until we try.
PacWave South –
5MW, 12.5/34.5kV
Interconnection
Pacwaveenergy.org
24

Conclusion
1.Technical Aspects of a Collection system
2.The On Shore Interconnection
3.Path Forward – Learn from PacWave South
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THE END
A NEW BEGINNING
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Introduction
• This part of the Webinar is to illustrate how the technology to support
an offshore wind farm off South Oregon / Northern California
appears to be technically available today
• This builds on the Backbone Opportunities discussed in other parts
of this webinar
• In no way should this be considered a solution. Much more work is
needed before a Project Solution can be identified
• Although particular suppliers are discussed, they should not be
considered as preferred, there are others available in each of these
disciplines and considerable work is required to select the preferred
• Target electrical power generation is about 1GW per allocated area
5/12/2021

www.sut-us.org
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Typical
Designated
Area Equipment
• Designated area
producing ~1,000 MW of
electricity
• Some 67 by 15 MW wind
turbines needed to
produce this power
• Electricity flowing from
wind turbines to infield
gathering system, then to
substation, then to beach

5/12/2021

Fixed platform
substation

~67 floating
wind turbines
Electricity to multiple
infield gathering systems
Multiple gathering
cables to substation

Power cable
to beach

www.sut-us.org
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Technology Development Status
• We look at ABS Technology Qualification planning, see:
NTQ_GN_e-Apr17.pdf (eagle.org)

• Technology Stages identified are:
I.
II.
III.
IV.
V.

Feasibility Stage
Concept Verification Stage
Prototype Validation Stage
System Integration Stage
Operational Stage

• In order to ensure 1st electricity in late 2020’s, for today’s Webinar we
only look at technology that is well into Stage III or what has
completed, or in Stage III, IV and V.
• We may not have time or money to develop technology currently in
Stages I & II.
5/12/2021

www.sut-us.org
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Wind Turbine
• Targeting15 MW Wind Turbines
• Suppliers include Siemens
Gamesa, GE Renewable Energy
& Vestas
• Typical turbine spacing can be 69 blade diameters between
turbines, depending on location
• At a nominal 240m turbine blade
diameter for 15 MW, this gives a
turbine spacing of between 1.4
km and 2.2 km
Photo from Siemens Gamesa
5/12/2021

www.sut-us.org
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Floating Foundation – Semi-Submersible
Principal Power

Principal Power
• Is a floating foundation supplier that was formed in 2007
to serve the deepwater wind market
• Headquartered in California (San Francisco Bay Area) with
a global footprint
• Principle product is the WindFloat floating foundation,
first deployed in 2011 and now fully proven with 7 years of
operations offshore.
• In August 2020, they completed commissioning of the full
scale WindFloat Atlantic project that features 3 units of
8.4MW WTGs in Portugal for a total of 25MW.
• Currently working with customers to execute 2 other
projects in Europe (Kincardine in Scotland for 50MW and
EFGL in France for 30MW).
• By this summer, they will have 75MW of floating wind
installed and operating in Europe.
• The WindFloat has been adopted as the technology of
choice for several GWs worth of projects in Europe, the
United States, and Asia.

5/12/2021

www.sut-us.org

Photo from Principal Power
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Floating Foundation – TLP SBM

5/12/2021
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Floating Foundation – TLP SBM

5/12/2021
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Infield Electrical Gathering System
• Surface Gathering Cables
•
•
•
•
•
•
•

Floating infield gathering station with 3 phase interconnection cables
Max dynamic export cable restricted to 85 MW with current
technology
~12 infield gathering systems needed for 1,000 MW
Shallow water substation with static export cable required
Concerns over infield cable fatigue
Increased equipment in water column
May be problematic with turbine spacing

• Seabed Cables with Series Floating Gathering
•
•

Max dynamic export cable restricted to 85 MW with current
technology
Shallow water substation with static export cable required

• Seabed Gathering
•
•
•
•

5/12/2021

Seabed units minimize the requirements for dynamic power cables
and equipment in midwater.
Current design suitable for 120 MW, future target 400 MW
~9 infield gathering systems needed for 1,000 MW
Seabed transformer prototype tested & available for commercial
application

www.sut-us.org
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Seabed Gathering
Siemens Subsea Power Grid Solutions

5/12/2021
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HV Power Cables to Beach
• Could be HVAC or HVDC,
depending on power transport
needs and distance to shore
reception location
• Cable to be static, no dynamic
sections
• Electrical terminations to be dry,
above water
• Field proven suppliers include
Nexans, NKT, Prysmian & JDR
Cables
• Photograph shows Global
Marine’s Normand Clipper in
cable lay mode
Photograph from Global Marine showing the Normand Clipper
5/12/2021

www.sut-us.org
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Substation Facility
• Current target 1,000 MW
• Needed to ensure main export
HV cables are static, with dry
terminations, hence a fixed
support structure
• Typical topside weight ~3,000
tons
• Location & water depth to be
identified
• Unmanned operations
• Steel or Concrete support
structure
Photograph from Seaway 7, Subsea 7 Renewables
5/12/2021

www.sut-us.org
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Forward Planning - Potential Work Plan
• Develop 1st pass schedule, identifying key decision points and
incorporating BOEM guidelines.
• Assemble an interdisciplinary Advisory Team from a variety of
interested parties to guide this opportunity further.
• Source funds & contract an Engineering Company, to define a
typical offshore layout and develop a high-level cost & schedule
as input to a Project Wide Economic Analysis.
• Understand better the onshore reception location requirements,
and then build out the design & schedule of the offshore energy
gathering system accordingly.
5/12/2021
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Forward Planning – Design Basis
• Need to document the Opportunity Design Basis. This begins with a desk
top survey of operational design considerations, including:
•
•
•
•
•
•
•
•
•

Environmental conditions – wind, wave & current
Marine life, fish & mammals
Fishing – commercial & sport
Shipping
Bird life
Seabed conditions – geophysical & geotechnical
Potential power cable landing sites
Local environmental views
State and federal requirements

• This is then expanded over time as the project progresses & more
knowledge is gained
• Identify & incorporate applicable Codes, Standards & Regulations, and
highlight any gaps.
5/12/2021
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Forward Planning - Technology
• Identify alternative potential technology requirements
• Identify potential equipment suppliers & understand their current
capabilities & future plans
• Understand the technology qualification levels of identified
equipment and then the gaps need to be closed to deploy this
equipment
• Understand how each of the selected items of equipment will be
integrated together as a complete, working solution
• Develop gap closure plan with schedule and cost estimate for
preferred suppliers
5/12/2021

www.sut-us.org
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Thank You to
• Siemens Gamesa
• Principal Power
• SBM
• Siemens Energy
• Seaway 7
• Global Marine
And the POET and SUT individuals supporting this initiative
Steven Johnson (stevenjohnson@sut-us.org )
5/12/2021
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FOLLOW US!
@SUT_US
5/12/2021

SUT US - Society for Underwater Technology
www.sut-us.org
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