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1 Description of the Project 

 Background 

The move to reduce greenhouse gas emissions in the offshore hydrocarbons production industry has 
resulted in a growing interest in the possibility of using offshore wind to reduce on-platform power 
generation. While some offshore areas are progressing towards, or planning for, the use of offshore wind 
to electrify hydrocarbon producing platforms, they do not have some of the challenges associated with 
Newfoundland and Labrador’s offshore environment. 

In the Fall of 2020, Intecsea completed a study which investigated the electrification of floating offshore oil 
and gas host facilities offshore Newfoundland, Canada using floating wind power (Evaluating the Technical 
Feasibility of Wind Energy to Electrify Oil and Gas Production Facilities Offshore Newfoundland and 
Labrador, Canada [2020]). Electrification of floating host facilities reduces the requirement for local power 
generation via turbine generators at the host facility, decreasing operational expenditure and total 
emissions from the facility. This work included the investigation of existing offshore wind projects, 
equipment requirements and technical readiness, floating wind array best practices, greenhouse gas 
emissions reduction and required capital expenditure (CAPEX). 

The study report (Evaluating the Technical Feasibility of Wind Energy to Electrify Oil and Gas Production 
Facilities Offshore Newfoundland and Labrador, Canada [2020]) had several recommendations for work 
associated with further assessment of offshore wind energy development to reduce greenhouse gas 
emissions offshore Newfoundland and Labrador. The R&D carried out in the current project builds off of 
and carries on where that study left off. 

The follow-on work focused on the suitability of potential offshore floating wind concepts in the 
Newfoundland and Labrador offshore, the benefits to Canada through reduced emissions, and how such a 
project will contribute to the development of a strong and resilient workforce through examining how 
offshore floating wind concepts might be fabricated/assembled in Canada and safely operated in our 
offshore. 

 Project Objectives 

1.2.1 Objectives 

Intecsea has been investigating the electrification of floating offshore oil and gas host facilities using 
floating wind power. This work has included the investigation of existing offshore wind projects, 
equipment requirements/specifications and technical readiness, floating wind array best practices, 
greenhouse gas emissions reduction and effect on Capital Expenditure (CAPEX). 

The 2020 study report, Evaluating the Technical Feasibility of Wind Energy to Electrify Oil and Gas 
Production Facilities Offshore Newfoundland and Labrador, Canada, had several recommendations for 
work associated with further assessment of offshore wind energy development to reduce greenhouse gas 
emissions offshore Newfoundland and Labrador. 
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The objective of this current project is to carry out that recommended work to more fully assess the 
feasibility and benefits associated with the use of offshore wind to displace power generation on our 
offshore hydrocarbon production platform, thus reducing GHG emissions.  

The follow-on work in the current study looked more closely at floating wind concepts in the offshore 
wind industry. These were assessed in terms of operational suitability for areas of interest offshore 
Newfoundland and Labrador. A risk to existing concepts may be sea ice-structure interaction or the 
probability of iceberg impact, which needed to be assessed. Installation, operations, and maintenance 
requirements, and the necessary local infrastructure were determined to allow these structures to be 
operated offshore Newfoundland and Labrador. Required services, supply chain, fabrication, and 
construction facilities were researched with respect to various floating wind concepts and technologies 
that might be fabricated and assembled locally/regionally. The project also looked at Environmental, 
Regulatory, and Permitting aspects of such a project and carried out an Energy Benefits Analysis. The work 
also briefly looked at the feasibility of fixed offshore wind structures in select offshore locations. As a fully 
operational project may not proceed without additional testing and verification, details around what an 
offshore floating wind demonstration project might look was researched. 

1.2.2 Benefits 

The ultimate long-term benefit that this project moves us towards is the reduction of GHG emissions in 
our offshore hydrocarbons industry. This project meets all of the expectations of the Offshore RD&D 
Program in terms of how the project will benefit Canada / Canadians and the stakeholder community: 

 Development and adoption of cleaner technologies in offshore oil and gas applications resulting in 
reductions of GHG emissions;   

 Support of an environmentally sustainable future for Canada’s oil and gas sector while contributing to 
the development of a strong and resilient Canadian workforce; and, 

 Support of Canada’s commitment to lower GHG emissions under the Paris agreement. 

This project meets all of these desired objectives.  

In addition, this project: 

 Promotes clean technologies initiatives and development of offshore wind expertise in Newfoundland 
and Labrador's offshore industries; and, 

 Promotes the development of skills and technologies that are grown and refined in Newfoundland, to 
be exported globally. 

 Description of the Project 

Energy Research & Innovation Newfoundland & Labrador is managing and administering the offshore 
research, development, and demonstration (RD&D) component of Natural Resources Canada’s Emissions 
Reduction Fund (ERF). ERF applied research and innovation projects are looking at ways to reduce 
greenhouse gas (GHG) emissions in Newfoundland and Labrador's offshore oil and gas industry.  The 
Governments of Canada and Newfoundland and Labrador are also supporting projects through the NL 
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Offshore Oil and Gas Industry Recovery Assistance Fund (OGIRA), where projects provide direct and 
indirect employment within the province and offshore sector, generate positive environmental benefits or 
co-benefits, and support the existing oil and gas installations and infrastructure linked to existing 
installations. OGIRA funds, which the Government of NL is managing, is augmenting the offshore floating 
wind-turbines study. Through support from both of these programs, Intecsea looked at the use of offshore 
floating wind-turbines to provide power to offshore oil and gas production facilities.  

Intecsea has undertaken a study to investigate the feasibility of, and the benefits associated with the use 
of offshore floating wind to displace power generation for offshore hydrocarbon production platforms, 
thus reducing GHG emissions. The work has focused on the applicability of potential concepts, services, 
supply chain, fabrication, facilities, and operations, and how these tie into various floating wind concepts 
and technologies that might be fabricated and assembled locally and operated offshore Newfoundland 
and Labrador.   

Electrification of offshore oil and gas production facilities through offshore wind could reduce the 
requirement for local power generation via turbine generators under normal operation. This work 
examined the suitability of potential offshore floating wind concepts in the NL offshore, using wind energy 
to supply power to offshore facilities, reducing the need for fuel powered turbine generators, and thereby 
decreasing GHG emissions from power generation. Fixed wind power generation was briefly looked at 
well. The study looked at the full-field approach, from suitability of design to construction to operations 
and maintenance of offshore wind technology. 

 Partners, Collaborators, Stakeholders 

Intecsea/Worley was the funding applicant for this project. Subcontractors were Advisian, C-CORE, Angler 
Solutions, NOSO, and NSB-Omega. 

 Total Project Costs 

The total cost of this project was $1,335,320 of which $1,250,560 came from Natural Resources Canada’s 
Emissions Reduction Fund, Offshore RD&D program and $84,760 from the NL Offshore Oil and Gas 
Industry Recovery Assistance Fund. 
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2 Description of Results 
Intecsea investigated the electrification of oil and gas production facilities offshore Newfoundland, Canada 
using floating wind power. Electrification of offshore host facilities reduces the requirement for local power 
generation via turbine generators at the host facility, decreasing operational expenditure and total 
emissions from the facility. The study looked at selected floating wind power generation concepts 
currently promoted in the offshore renewables industry. These were assessed in terms of operational 
suitability for areas of interest offshore Newfoundland.  

Potential projects could require an array of wind turbines to support/provide power to the current and/or 
future developments. A risk to existing concepts may be sea ice-structure interaction, iceberg impact, and 
atmospheric or sea spray icing. Installation, operation, and maintenance requirements, and the necessary 
local infrastructure was investigated to allow these structures to be operated offshore Newfoundland. 
Required services, supply chain, fabrication, and construction facilities, were researched with respect to 
various floating wind concepts and technologies that might be fabricated and assembled 
locally/regionally. The project also looked at environmental, regulatory, and permitting aspects of such a 
project. An energy benefits analysis was carried out which considered GHG reductions. The ultimate long-
term benefit of this project is that it could move Newfoundland and Labrador towards the reduction of 
GHG emissions in the offshore hydrocarbons industry. In addition, it would provide local capabilities and 
experience in the development, fabrication, installation, and operation of offshore wind turbines. 

 Summary of Key Results and Findings  

All the work planned for under this project was completed. Please see Attachment 1, Project Summary, to 
this report. 

 Main Outputs and Outcomes 

Floating wind turbines have the benefit of being able to rely on existing design methodologies and 
technologies that have been derived from the offshore hydrocarbons industry and/or proven in offshore 
floating wind pilot projects. The foundation types (for the most part) are based on existing floating 
structures already proven in the oil and gas industry. In addition, the turbines, electric cables, and mooring 
systems have also been proven for use offshore.  

While limited, there are commercial floating wind farms currently in operation and have shown to be 
technically feasible; for example, Hywind Scotland, Windfloat Atlantic and the Kincardine Offshore 
Windfarm. As the demand for renewable energy increases, bigger turbine designs are being considered 
(15MW+), and larger wind farms (greater number of floating foundations/turbines). In addition, future 
projects will continue to push out into greater water depths. While generally technically feasible, floating 
wind concepts will benefit from further advancements in technology and scale to make wind farms more 
economic. 
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While much work remains to be done, based on the work carried out to date it appears that the use of 
offshore floating offshore wind turbines to provide power to hydrocarbon producing platforms offshore 
Newfoundland is technically feasible. 

The main conclusions drawn from various aspects of the study can be summarized as follows: 

2.2.1 Evaluation of Floating Offshore Wind Platforms 

 A limited number of commercial floating wind farms are currently in operation and have shown to be 
technically feasible. 

 There are no existing projects with floating wind turbine foundations designed for an ice environment; 
however, ice loads qualitatively assessed in this study indicate major technology changes are not 
required to the foundations to accommodate these loads. A floating wind turbine offshore 
Newfoundland and Labrador would need to be designed to accommodate some ice loading. 

 The most significant technical risk identified affecting existing concepts is sea ice-structure interaction 
or the possibility of iceberg impact with the foundations, mooring lines, or cables.  

 If icebergs are too large for turbine foundations and anchoring to withstand resulting impacts/loads, 
ice management programs may need to be put in place. 

 To develop an economical ice resistant floating wind turbine foundation, additional research, 
engineering, and proof of concept work would need to be carried out. 

2.2.2 Operational Ice Loads and Risks 

 The inconsistency of ice floe sizes between CIS charts and satellite imagery analysis warrants further 
investigations as there are potential implications for shipping, vessel and facility design, and required 
ice class of vessels for operation in the region. These results are consistent with observations of the 
presence of small ice floes on the Grand Banks. 

 Similar to the floe size comparisons, the level ice thicknesses in the CIS charts were greater than 
thicknesses determined from the ULS data. 

 For the area of interest, the environmental data is inconclusive on presence of large floes at a 50-year 
return period. It is believed that information from CIS ice charts tend to be on the conservative side, 
and large floes will be very rare. 

 50-year sea ice mooring design loads on spar using floe sizes based on CIS chart analysis are larger 
than those based on satellite imagery analysis. 

 Mooring compliance significantly reduces iceberg impact loads. 

 The spar structure has the lowest loads primarily due to the fact it presents the smallest target to 
approaching icebergs, while the larger semi-submersible structure has the highest loads. 

 It was observed that the impact dynamics depended significantly on the shapes and sizes of the 
iceberg and structure, the initial impact velocity, and the positions of the structure centers of gravity 
and mooring attachment points. 

 The probability of impacting a mooring line will depend on the mooring spread, mooring attachment 
points, the mooring offset due to environmental loads (which can change the relative vertical and 
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horizontal angles of the lines), the shape and size of the iceberg, the direction of movement and offset 
of the iceberg, and wave-induced motions of the iceberg and platform. 

 It was observed that iceberg contact rates increased with attachment angle and decreased with 
attachment depth. In particular, structures with mooring lines near or on the surface (i.e., barge) had 
notably higher interaction rates with icebergs and pack ice than other configurations such as spar or 
TLP. 

 Ice management reduces frequency of contact with the structure, structural loads, and potential 
contacts with the mooring system. 

 Ice management options include iceberg towing, breaking of large sea ice floes into smaller fragments 
using an icebreaker, disconnection, or alternative management techniques such as facility side-
tracking. Iceberg towing has been applied successfully offshore Newfoundland and Labrador for 
decades.  

 Iceberg management success rates are a function of iceberg water line length and significant wave 
height. Icebreaking is widely used in areas prone to sea ice. 

 With ice management, the return periods for mooring line iceberg contact rates for most structures at 
most sites exceed 50 years. 

 Given the range of iceberg contact rates in the area of interest (without ice management) and the 
distribution of iceberg sail heights in excess of 30 m, the return period for iceberg contacts with the 
blades was well in excess of 50 years. Therefore, iceberg contact with turbine blades is not considered 
a significant risk. 

 Wind turbine icing can impede power generation, damage turbine blades, present hazards to 
personnel, and for floating offshore wind turbines may additionally create balance issues. 

 The analysis indicated limited potential for heavy or extreme spray icing conditions; light to moderate 
icing conditions would be present in the area of interest during the winter months. 

 Precipitation icing was most frequent during the winter months but provided limited to light 
accumulation rates. The average duration of precipitation icing events, generally about one day but 
closer to two days in the northeastern corner of the study area.  

 Comparing the output of the two icing models, it can be seen that sea spray icing dominates over 
precipitation icing; however, it is noted however that precipitation icing occurs over a greater 
proportion of the year. 

2.2.3 Floating Wind Platform Global Modelling & Analysis 

 While there is likely a need for some design modification and minor improvements, many of the 
typical or standard floating foundation designs should be expected to accommodate the extreme 
wind, wave and current climate with relatively minor design optimizations required. 

 In particular, the results from the work conducted to date indicate that global system loads arising 
from the addition of seasonal ice do not appear to be a major impediment which might render an 
offshore floating wind turbine in this region infeasible. 

 Significant work also remains in characterizing the impacts and potential loads under power 
production, as well as possible additional complications from atmospheric icing. 
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 Ice interaction may also drive selection of foundation types, as shallow fairleads and lower departure 
angles may possibly leave some mooring configurations more prone to ice interactions.  

 Requirements for local reinforcement have not been considered, and there are several other scenarios 
pertaining to the arctic environment that have not yet been investigated and need to be investigated.  

2.2.4 Other Wind Development Issues 

 Designing for Ice Environments: From the technology solutions survey responses provided, the 
primary technology gap identified for use of floating turbines offshore Eastern Canada was designing 
for loads imposed by potential contact from sea ice or icebergs. Ice loads have not been specifically 
considered or incorporated into the foundation design, or any other part of the complete system, and 
will therefore need to be further considered in any future project stages.  

 Designing for Seabed Conditions: Offshore NL, and more specifically the Grand Banks, is known to 
have challenging seabed conditions, and there is limited commercial experience with installation of 
wind farms under similar conditions. 

 Brownfield Electrical Tie-in: For oil and gas electrification projects, tie-in of the electrical export 
cable may present some challenges, particularly with FPSO platforms where the cable must tie-in 
through the swivel/turret. 

 Regulatory and Permitting: With no offshore commercial wind operations in Canada and 
Newfoundland, the regulatory requirements are not as developed and understood as those in 
countries with an existing wind industry. Early projects in this industry locally may serve as a test case, 
which could present some challenges. 

 Quayside Facilities and Local Vessels: As a new industry to Newfoundland, availability of suitable 
quayside facilities and local vessels for construction, installation and maintenance may be an issue. If 
local facilities are not available, this could have a significant impact on project viability as 
transportation costs, which already make up a significant amount of total project costs, would increase 
dramatically. 

 Turbine Size, Number and CAPEX: As the demand for renewable energy increases, industry is seeing 
bigger turbine designs (15MW+), and larger farms (greater number of floating foundations/turbines). 
In addition, future projects continue to push out into greater water depths. While generally technically 
feasible, floating wind concepts will benefit from advancements in technology to make wind farms 
more economic. Reducing the overall CAPEX will be a key component in making floating wind energy 
more financially viable for displacing gas turbine energy offshore NL. 

2.2.5 Construction and Fabrication Facilities 

 A review of the local network of construction and fabrication facilities in Eastern Canada by the project 
team concluded that the region has current/potential capabilities to host construction and fabrication 
activities to support the grassroot development and operation of offshore wind farms. 

 The local infrastructure used to support Newfoundland and Labrador's offshore hydrocarbons industry 
has potential to pivot to support offshore wind opportunities.  
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 There are a number of candidate deepwater sites that could be used to assemble completed floating 
wind turbine assemblies prior to tow out.  

 The proximity of other fabrication/construction infrastructure could also be used to assist in the 
construction of the floating foundation (whether concrete or steel), fabrication of seabed foundations, 
as a location for stockpiling other components (e.g., anchor chain/cables and power transmission 
cables), and as an installation base during offshore activity. 

2.2.6 Supply Chain and Logistics 

 For the successful development of a floating offshore wind industry in Atlantic Canada, development 
of a supply chain and logistical support will be an enabler. 

 Planning and developing offshore wind farm projects offer several supply chain opportunities, some of 
which might be provided by Newfoundland and Labrador companies.   

 Some of these areas require specific experience/expertise with respect to offshore wind; however, the 
experience/expertise necessary might have been gained (and be transferable) from Newfoundland and 
Labrador’s offshore oil industry or it might be gained through partnerships with companies in other 
parts of the world experienced in various aspects of the offshore wind industry. 

 Aspects of the work will require skilled trades, offshore survey vessels, access to technology, 
specialized facilities, offshore installation vessels, and industry-specific project management. 

 The expertise, infrastructure, facilities, and skilled trades that have been developed as part of the 
offshore industry here, and in other industries, are potential areas that could be tapped into for 
offshore wind developments.    

2.2.7 Environmental, Regulatory, & Permitting 

 A biological baseline document which summarizes desktop information, existing conditions, as well as 
site specific details from field studies will need to be developed to provide regulators understanding 
of the baseline biological conditions of the proposed offshore area. 

 The environmental and socio-economic effects assessment (ESA) will be necessary to predict the 
effects of a proposed project by providing a baseline condition of the environmental and socio-
economic setting and identifying potential effects as a result of the construction and operation of a 
floating offshore wind facility. 

 A comprehensive environmental protection plan (EPP) will be prepared for construction and operation 
of the offshore wind facility to ensure construction activities are completed in a manner that will avoid 
and/or minimize environmental impacts and that residual effects will be minimized and avoided 
during the operation of the facility. 

 An important component for regulatory approvals will be to engage relevant regulators well in 
advance and throughout the development and design phases to understand the regulatory process as 
the process develops and evolves. 

 Given the knowledge gaps that exist with development of ORE wind projects in Canada, it is 
recommended that extensive baseline studies of the environmental and socio-economic conditions be 
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completed to fully understand the existing conditions and identify and determine any potential 
impacts an ORE wind project may generate. 

2.2.8 CAPEX & OPEX 

 The wind turbine, supporting tower and foundation are the primary capital cost inputs. Turbines are 
assumed to be shipped from Europe and it is assumed that the foundations could be fabricated 
locally.  

 Feedback provided by the Technology Solution Providers is that they expect to be able to design their 
floating foundations to withstand ice conditions present offshore NL. This would likely require 
additional structural support and strength to withstand ice impact/crushing, with stronger mooring 
lines to support the additional loads imposed into the system. However, the cost for this development 
is not yet well defined. 

 There was limited information available on technology developments for de-icing of wind turbines, 
and further study is required for incorporating ice conditions into design. 

 Transportation costs contribute the largest percentage of OPEX costs. Since some foundation types do 
not allow for easy disconnection and towing to shore for maintenance, two major replacement 
scenarios were considered for each wind farm case. The first scenario is “Towed to Shore”, where the 
foundation and turbine would be disconnected from the cables and mooring lines offshore and towed 
to port for major replacements. The second scenario is called “Offshore Maintenance” which assumed 
that a Heavy Lift Vessel would be mobilized to the wind farm location to perform major replacements 
at the offshore site. 

2.2.9 Energy Benefits Analysis 

 There is potential to reduce a significant portion GHG emissions for offshore platforms through 
electrification and use of low carbon power sources such as offshore wind. All scenarios considered 
have the potential to reduce almost 40% of baseline emissions for the platform.  

 Electrification is one of the key pathways available to oil and gas companies to decarbonize but the 
costs to entry are high offshore. Offshore wind is not economic as a straight swap out of high carbon 
to low carbon power source for individual operators without added back-up power. Upfront capital 
costs are significant relative to conventional power for offshore platforms, with limited ability to 
recover costs in a conventional market. This will make investment in offshore wind challenging.  

 There is a complex dynamic between the cost to supply power, the cost of carbon and the opportunity 
costs associated with conserved gas. 

 Beginning at $300 CAD per tonne, there is economic feasibility to offshore wind when looking at a 
purely financial basis. 

 The LCOE cost is expected to fall by the time offshore wind is deployed in 2030. Higher capacity 
turbines and larger wind farms will help drive economies of scale and reduce overall costs to 
supply power. 

 At the same time, increased cost of carbon will make renewable electricity more economical 
relative to diesel and gas power. 
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 The opportunity costs associated with conserved gas may increase as operators look to monetize 
natural gas.  

 The impact of selling excess power can be significant to the overall economic feasibility. However, 
a balance on supply and demand cost is required, or there is limited ability to recover costs. 

 Given the trends in mature offshore wind markets, the LCOE for offshore Newfoundland and Labrador 
should be expected to decline over time assuming a broader market for offshore wind develops. In 
markets with experienced developers, established supply chains, established O&M bases and 
attractive cost of capital, offshore wind is now competing without subsidies with wholesale electricity 
markets. While Newfoundland and Labrador would not be expected to achieve similar reductions 
given the size and scale of operations, it would be adjacent a burgeoning market in the US Atlantic 
which may afford it access or competition for supply chain, services and supporting infrastructure. 

 Renewable energy financing is different than may be typically considered for offshore oil and gas 
platforms, where costs for power are balanced with low capital costs and higher operating costs. 
Offshore wind, on the other hand, is characterized by high upfront capital costs with low operating 
costs. 

 To be viable, offshore wind development for offshore platforms will need the appropriate mechanisms 
to finance. Policy mechanisms which enable a lower cost to supply and purchase low carbon electricity 
are required to decarbonize power and heat generation on the platforms. Successful markets have 
used a combination of government incentives and contractual/commercial agreements in the form of 
grants, dedicated loans, subsidies, investments in infrastructure, and power purchase agreements 
(PPAs).  

 The industries that will experience the largest benefits in terms of employment and spending/cash 
flow include the installation of turbines, cables and substations as well as maintenance companies, 
local port infrastructure and vessels. Future capacity to fabricate floating foundations in Newfoundland 
and Labrador would also be a significant benefit. 

 Refer to Attachment 1, Section 2.8 for additional information and assumptions around the Energy 
Benefits Analysis. 

2.2.10 Installation, Operations & Maintenance 

 Offshore wind turbine facilities are significantly larger than their onshore counterparts, and the 
increasing size of turbines is creating demand for larger specialized vessels for installation and 
maintenance. This can present a challenge in terms of vessel cost and availability. 

 Installation and pre-commissioning activities for floating offshore wind turbine facilities should 
generally occur onshore as much as possible due to the challenges and higher costs of working 
offshore, unless foundation type prohibits the pre-assembly and towing of assembled units.  

 The operations and maintenance costs of an offshore wind farm are estimated to account for 25 to 
30% of the total wind farm’s lifecycle cost.  Furthermore, it is reported that more than 73% of these 
O&M costs are associated with transportation systems (vessels) for offshore floating wind farms. 

 The ability to disconnect the floating offshore wind structure from the mooring lines and tow the 
equipment to port for repairs may offer a much lower O&M cost than the bottom-fixed structures, or 
those floating structures which prohibit towing to shore.  
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 Offshore inspection and maintenance can be optimized by technological innovation. For example, the 
use of a drones and robots have been investigated to inspect and repair turbine blades.  Given the 
instrumentation that can be applied to drones and robots, it is very likely that this implementation of 
technology is the first of many towards reducing the cost of offshore floating wind farms. 

2.2.11 Fixed Offshore Wind 

 Fixed foundation offshore wind turbines are installed in relatively shallow waters, historically up to 50 
to 60 metres depth. Industry developments are enabling fixed foundations to be used in more 
transitional water depths beyond 60 metres.  

 Almost all currently operating offshore wind farms employ fixed foundation turbines, except for a few 
pilot projects and a limited number of commercial wind turbines which are using floating foundations. 

 Iceberg load analysis was conducted for the foundation concepts in the areas of interest. Except for 
one of the locations considered in the analysis, iceberg impact rates without ice management were 
less than 0.02 yr-1 (1 in 50 years), and therefore the 50-year loads are zero for these sites. This is 
primarily due to the 50-year return period considered, the low iceberg frequency and the small target 
size (mean projected waterline length of the wind turbines). 

 Sea ice loads have not been considered here. However, the presence of sea ice at the sites of interest 
is limited, and when sea ice does occur at these areas it is generally agreed to be in the form of small 
floes, due to melting and wave action. The wind turbines considered are slender structures, and ice 
floes would easily clear around these structures. Hence, loads associated with sea ice for the fixed wind 
turbine sites considered is expected to be negligible. 

 Additional analysis of sea ice floe size has been funded and this on-going work will help determine 
whether the presence of larger floes can need be considered in any future design at these locations. 

 A general conclusion which can be draw from the assessment of fixed offshore wind in the areas of 
interest is that the ice loads are low and, depending on water depth, fixed offshore wind structures 
appear feasible. 

2.2.12 Demonstration Project 

 As a fully operational project may not proceed without additional testing and verification, details 
around what an offshore floating wind demonstration project might look like need further 
investigation.  

 There is a significant opportunity here for stakeholders in Newfoundland and Labrador and the 
Maritime Provinces to work together to help establish a new industry in the region.  

 Potential collaboration should be investigated between industry, government, MUN, Marine Institute 
and CNA. 

 Newfoundland should look at the possibility of establishing an offshore wind test area, similar to what 
the University of Maine has done. There are opportunities for potential collaboration to establish such 
a test site between groups from industry, technology solution providers, the Marine Institute, MUN, 
CNA, the Wind Energy Institute of Canada, the Canadian Government, and the province.  
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 Benefits of the Project 

2.3.1 Potential for Emissions Reductions 

There is potential to reduce a significant portion GHG emissions for offshore platforms through 
electrification and use of low carbon power sources such as offshore wind. All scenarios considered in this 
study have the potential to reduce almost 40% of baseline emissions for the platform.  

Electrification is one of the key pathways available to oil and gas companies to decarbonize but the costs 
to entry are high offshore. Offshore wind is not economic as a straight swap out of high carbon to low 
carbon power source for individual operators without added back-up power. Upfront capital costs are 
significant relative to conventional power for offshore platforms, with limited ability to recover costs in a 
conventional market. This will make investment in offshore wind challenging.  

There is a complex dynamic between the cost to supply power, the cost of carbon and the opportunity 
costs associated with conserved gas. 

 Beginning at $300 CAD per tonne, there is economic feasibility to offshore wind when looking at a 
purely financial basis. 

 The LCOE cost is expected to fall by the time offshore wind is deployed in 2030. Higher capacity 
turbines and larger wind farms will help drive economies of scale and reduce overall costs to supply 
power. 

 At the same time, increased cost of carbon will make renewable electricity more economical relative to 
diesel and gas power. 

 The opportunity costs associated with conserved gas may increase as operators look to monetize 
natural gas.  

The impact of selling excess power generated offshore can be significant to the overall economic 
feasibility. However, a balance on supply and demand cost is required, or there is limited ability to recover 
costs. 

Given the trends in mature offshore wind markets, the LCOE for offshore Newfoundland and Labrador 
should be expected to decline over time assuming a broader market for offshore wind develops. In 
markets with experienced developers, established supply chains, established O&M bases and attractive 
cost of capital, offshore wind is now competing without subsidies with wholesale electricity markets. While 
Newfoundland and Labrador would not be expected to achieve similar reductions given the size and scale 
of operations, it would be adjacent a burgeoning market in the US Atlantic which may afford it access or 
competition for supply chain, services and supporting infrastructure. 

Renewable energy financing is different than may be typically considered for offshore oil and gas 
platforms, where costs for power are balanced with low capital costs and higher operating costs. Offshore 
wind, on the other hand, is characterized by high upfront capital costs with low operating costs. 

To be viable, offshore wind development for offshore platforms will need the appropriate mechanisms to 
finance. Policy mechanisms which enable a lower cost to supply and purchase low carbon electricity are 
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required to decarbonize power and heat generation on the platforms. Successful markets have used a 
combination of government incentives and contractual/commercial agreements in the form of grants, 
dedicated loans, subsidies, investments in infrastructure, and power purchase agreements (PPAs).  

The industries that will experience the largest benefits in terms of employment and spending/cash flow 
include the installation of turbines, cables and substations as well as maintenance companies, local port 
infrastructure and vessels. Future capacity to fabricate floating foundations in Newfoundland and Labrador 
would also be a significant benefit. 

Please refer to Attachment 1, Section 2.8 for additional information and assumptions around the Energy 
Benefits Analysis.  

2.3.2 Knowledge Dissemination Activities 

As part of this project, seven papers were written: 

 OTC 2022 - Two papers were accepted and presented in Houston on May 4th. 

 SNAME OTC Best Paper Award for the C-CORE led paper. 

 Four papers were accepted to IAHR and are to be presented in June in Montreal. 

 One paper is TBD as it was written for IceTech which is postponed for 2022. It may ultimately be 
presented at POAC in 2023. 

The papers written are listed below: 

1. Evaluation of Floating Wind Technology to Reduce Emissions in Newfoundland and Labrador’s 
Offshore Hydrocarbon Industry 

2. Ice Risk Analysis for Floating Wind Turbines, Offshore Newfoundland and Labrador 

3. Evaluation of Floating Offshore Wind Turbine Platforms with Respect to Iceberg Impacts 

4. Evaluation of Floating Wind Turbine Platform Designs for Sea Ice Loads 

5. Pack Ice Characterization and its Effect on Ice Loads Offshore Newfoundland 

6. Regional Assessment of Iceberg Actions on Floating Offshore Wind Turbine Platforms 

7. Risk and Mitigation of Atmospheric Icing on Wind Turbines Offshore Newfoundland 

2.3.3 Capacity Building 

Four primary persons from Intecsea in St. John’s worked on the project. The funding provided by this 
project allowed for the hiring of two of these persons (including one female engineer). 

Four work term student positions created and hosted by C-CORE. A total of 16 persons were involved from 
a local (Newfoundland) subcontractor perspective and four persons involved from a Canadian 
subcontractor perspective (Advisian). 

Through this project, we were able to build local capacity in the offshore wind space; 24 persons gained 
valuable experience. 
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3 Next Steps 
 To develop an economical ice resistant floating wind turbine foundation, additional research, 

engineering, and proof of concept work would need to be carried out. 

 From this study, the primary technology gap identified for use of floating turbines offshore 
Newfoundland and Labrador was designing for loads imposed from potential contact from sea ice or 
icebergs. To reduce the risk of damage to floating wind turbines, and to maintain high up-time 
(staying on location/connected), ice load consideration will need to be incorporated into the floating 
wind foundation design for our offshore. While developers of floating wind foundations have 
indicated that their concepts can handle the ice loads predicted in this study, more work needs to be 
done to define design global and local ice loads. 

 Additional modelling, both physical and numerical, could be carried out to further assess concepts to 
better understand their performance in Newfoundland’s offshore. This could include environmental 
conditions with and without the presence of ice. Organizations such as NRC St. John’s, MUN, the 
Marine Institute, and C-CORE are some organizations that could carry out relevant testing. 

 In carrying out the numerical and physical modelling, an attempt should be made to answer the 
following questions: 

 The ability of wind turbine structures as a whole to withstand iceberg loads? 

 The ability of wind turbine structures as a whole to withstand sea ice loads? 

 Is the turbine likely to capsize when impacted by ice?  

 Is the mooring configuration for a particular structure type more prone to iceberg contacts?  

 Will the structure capsize if moorings are lost?  

 Is the structure likely to undergo abnormal tilting/pitching during ice interaction?  

 Do the turbine motions affect turbine operation and energy generation efficiency?  

 Will the nacelle accelerations be excessive during ice interaction events? 

 Atmospheric icing is also a factor to be considered. Some solution providers suggested special 
coatings on non-rotating parts, and additional stability to combat heavy spray icing.  Detailed 
assessments of the impact of icing will need to be incorporated into the overall site-specific design of 
the wind turbine concept.  

 Subsea cables located in ice environments and in a certain range of water depths may need to be 
protected from potential ice gouging (also known as ice scouring). Subsea cables may also be 
subjected to 3rd party risks from fishing activities depending on location and water depth.  Depending 
on the risk, cables may need to be buried for safety and protection. Further work needs to be carried 
out to better define the risk.  

 Limited information was available to assess the methods and challenges associated with tie-ins to 
existing platforms operating in the NL offshore. Specific system integration of wind generated power 
onto an offshore platform has not been undertaken. To more fully assess the feasibility of tying in 
offshore wind, more detailed study should be undertaken which would require participation by the 
offshore operators. 
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 For oil and gas electrification projects, tie-in of the electrical export cable may present some 
challenges, particularly with FPSO platforms where the cable must tie-in through the swivel/turret. 
Technology companies have noted the technology does exist to be able to connect into the swivel; 
but has yet to be commercially deployed. Further investigation into this should be undertaken 
especially with respect to brownfield FPSO’s. 

 Offshore Newfoundland is known to have challenging seabed conditions: soft to hard clay; sand and 
gravel; glacial till; hardpan; bedrock; and boulders (could be up to 5 m in diameter). In terms of 
mooring the turbines to the seabed where piles may be required, it will be important to understand 
the seabed and soil conditions in the wind farm region. Depending on the area, the mooring design 
may have to change to be more technically viable and better suit the soil conditions. 

 The fixed foundation alternatives reviewed in this study require further study to fully understand water 
depth limitations and the readiness of technologies suitable for deeper water depths. Global 
modelling and analysis were not conducted for fixed foundations as part of this study and would be 
recommended for any potential future phases. Further engagement with fixed technology solution 
providers would also be recommended. 

 Additional economic assessment should be carried out, looking at 15MW and larger 
turbines/foundations that will improve the economics associated with offshore floating wind power 
generation. 

 Additional work should be carried out to refine the Energy Benefits Analysis and gain increased 
understanding of: 

 Economies of scale for optimal configuration. 

 Opportunities to optimize costs and maximize power displacement (i.e., maximization vs 
curtailment), seasonality, maintenance, and production cycles. 

 Shared power scenarios and management of excess power. 

 Alternative commercial scenarios (PPA or other). 

 Alternative policy incentives that would help reduce cost barriers and incentivize investment. 

 An important component for regulatory approvals will be to engage relevant regulators well in 
advance and throughout the development and design phases to understand the regulatory process as 
the process develops and evolves. There is currently no clear process for execution of an offshore wind 
field demonstration or full-scale projects. 

 Given the knowledge gaps that exist with development of ORE wind projects in Canada, it is 
recommended that extensive baseline studies of the environmental and socio-economic conditions be 
completed to fully understand the existing conditions and identify and determine any potential 
impacts an ORE wind project may generate. 

 Execution of a pilot project in Atlantic Canada will be a challenge. Technology solution provider 
availability and procurement of components will be difficult given the exponential growth in the 
industry in other regions (e.g., United States). In order to make this a reality, there will need to be buy-
in and commitment from a technology solution provider, suppliers, government, operators, and 
industry. 
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 Newfoundland should look at the possibility of establishing an offshore wind test area, similar to what 
the University of Maine has done. There are opportunities for potential collaboration to establish such 
a test site between groups from industry, technology solution providers, the Marine Institute, MUN, 
CNA, the Wind Energy Institute of Canada, the Canadian Government, and the province. 

 As a fully operational project may not proceed without additional testing and verification, details 
around what an offshore floating wind demonstration project might look like need further 
investigation. There is a significant opportunity here for stakeholders in Newfoundland and Labrador 
and the Maritime Provinces to work together to help establish a new industry in the region. Potential 
collaboration should be investigated between industry, government, MUN, Marine Institute and CNA. 
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1 Acronyms and Abbreviations 

Acronym/Abbreviation Definition 

$ Canadian Dollars (Unless USD stated) 

2D Two Dimensional 

3D Three Dimensional 

AHT/AHTV Anchor Handling Tug Vessel 

AOI Area of Interest 

AWC Articulated Wind Column 

bpd Barrels per Day 

CAPEX Capital Expenditures 

CAD Canadian Dollars 

CFD Computational Fluid Dynamics 

CIS Canadian Ice Service 

CO2/ CO2 Carbon Dioxide 

CO2e Carbon Dioxide Equivalent 

CSA Canadian Standards Association 

d Day 

DLC Design Load Case 

DTU Technical University of Denmark 

DynIIS Dynamic Iceberg Impact Simulator 

EOL End of Life 

ERF Emissions Reduction Fund 

FPSO  Floating, Production, Storage, Offloading Vessel  

GBS  Gravity-Based Structure  
GHG Greenhouse Gas 
GT Gas Turbine 
HLV Heavy Lift Vessel 
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Acronym/Abbreviation Definition 

hr Hour 
IEC International Electrotechnical Commission 
ILS Iceberg Load Software 
ISO International Organization for Standardization 
km  Kilometres  
kt Kilotonnes 
LCOE Levelized Cost of Energy 
m  Metres  
M Million 
MN Meganewtons 
MPa Megapascal 
MPA  Marine Protected Area  
MW  Megawatts  
MWh Megawatt-hours 
NB New Brunswick 
NL  Newfoundland and Labrador  
NPV Net Present Value 
NREL National Renewable Energy Laboratory 
NS Nova Scotia 
NTNU Norwegian University of Science and Technology 
O&M Operation & Maintenance 
OGIRA NL Offshore Oil and Gas Industry Recovery Assistance Fund 
OPEX Operating Expenditures 

ORE  Offshore Renewable Energy  

PPA Power Purchase Agreement 
PRM  Permitting Road Map  
QTF Quadratic Transfer Function 



 
 

Attachment 1 - Summary Intecsea 3
 
 

Acronym/Abbreviation Definition 

RD&D  Research, Development & Demonstration  
s Seconds 
SWL Sea Water Level 
t Tonnes 
TLP  Tension Leg Platform  
TRL Technology Readiness Level 
ULS Upward-Looking Sonar 
WUA  Works, Undertakings, and Activities  
yr-1 Per Year 
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2 Summary 
The move to reduce greenhouse gas emissions in the offshore hydrocarbons production industry has 
resulted in a growing interest in the possibility of using offshore wind to reduce on-platform power 
generation. While some offshore areas are progressing towards, or planning for, the use of offshore wind 
to electrify hydrocarbon producing platforms, they do not have some of the challenges associated with 
Newfoundland & Labrador’s offshore environment. 

Energy Research & Innovation Newfoundland & Labrador is managing and administering the offshore 
research, development, and demonstration (RD&D) component of Natural Resources Canada’s Emissions 
Reduction Fund (ERF). ERF applied research and innovation projects are looking at ways to reduce 
greenhouse gas (GHG) emissions in Newfoundland and Labrador's offshore oil and gas industry.  The 
Governments of Canada and Newfoundland and Labrador are also supporting projects through the NL 
Offshore Oil and Gas Industry Recovery Assistance Fund (OGIRA), where projects provide direct and 
indirect employment within the province and offshore sector, generate positive environmental benefits or 
co-benefits, and support the existing oil and gas installations and infrastructure linked to 
existing installations. OGIRA funds, which the Government of NL is managing, is augmenting the offshore 
floating wind-turbines study. Intecsea has carried out a study to look at the use of offshore floating wind-
turbines to provide power to offshore oil and gas production facilities. 

Intecsea has undertaken a study to investigate the feasibility of, and the benefits associated with the use of 
offshore floating wind to displace power generation for offshore hydrocarbon production platforms, thus 
reducing GHG emissions. The work has focused on the applicability of potential concepts, services, supply 
chain, fabrication, facilities, and operations, and how these ties into various floating wind concepts and 
technologies that might be fabricated and assembled locally and operated offshore Newfoundland and 
Labrador (NL).  Electrification of offshore oil and gas production facilities through offshore wind could 
reduce the requirement for local power generation on the platforms via turbine generators under normal 
operation. This study examined the suitability of potential offshore floating wind concepts in the NL 
offshore, using wind energy to supply power to offshore facilities, reducing the need for fuel powered 
turbine generators, and thereby decreasing GHG emissions from power generation. The study looked at 
the full-field approach, from suitability of design to construction to operations and maintenance of 
offshore wind technology. 

While much work remains to be done, based on the work carried out to date it appears that the use of 
offshore floating offshore wind turbines to provide power to hydrocarbon producing platforms offshore 
Newfoundland is feasible. There are no existing projects with floating wind turbine foundations designed 
for an ice environment. A floating wind turbine offshore Newfoundland and Labrador would need to be 
designed to accommodate some ice loading. Ice can increase the environmental loads on the turbine 
foundation and requires a special mooring system and foundation structure design. If icebergs are too 
large for turbine foundations and anchoring to withstand resulting impacts/loads, ice management 
programs may need to be put in place. In order to develop an economical ice resistant floating wind 
turbine foundation, additional research, engineering, and proof of concept work would need to be carried 
out.  

The following sections provide a summary of individual components of the study. 
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 Offshore Floating Wind Concepts 

Floating wind foundation concepts are primarily categorized as semi-submersible, spar, TLP and barge 
types as shown in Figure 1 below.  

 

Figure 1: Floating Foundation Types 

Semi-submersible type floating foundations often consist of 3 to 4 columns connected by 
pontoons/braces and are stabilized through a separated water plane area distanced from the platform 
center. Additional buoyancy can be provided by the pontoons; with the foundation moored by mooring 
lines to the seabed.  

A spar type floating foundation uses a long cylinder to provide buoyancy. The bottom part of the Spar 
foundation is usually filled with fixed ballast to bring its center of gravity below its center of buoyancy, 
hence providing stability to the whole floating system. The Spar is normally moored using a catenary 
mooring system to the seabed. 

A TLP type floating foundation has a number of columns to provide buoyancy. It is connected to the 
seabed by rigid tendons. The buoyancy force of the foundation is much greater than the system’s weight, 
which maintains tensions in the mooring system to ensure the stability of the floating system. Tension leg 
mooring systems are often piles driven into the seabed and have vertical and/or slanted tethers under 
tension providing large restoring moments in pitch and roll. It also restricts the vertical, or “bobbing” 
movements, improving overall stability.  

Like the semi-submersible, a barge type floating foundation’s buoyancy and stability is provided by a large 
water plane area with adequate distance from the structure center. Of all foundation types, the barge has 
the shallowest draft, which can be beneficial for turbine installation alongside a shallow quay; however, the 
shallow draft results in greater wave induced motions, requiring a more robust mooring system.  In efforts 
to reduce these motions, some barge designs incorporate a central moonpool or catamaran design.  
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While most of the above foundation types accommodate a single wind turbine, in some cases there are 
hybrid floating foundations that house combinations of wind, wave and solar energy generation systems, 
have multiple wind turbines on a single foundation or have the ability to use multiple mooring 
arrangements. For example, some foundations have been designed to use a catenary mooring setup but 
could also be moored using vertical tendons, similar to a typical TLP configuration.   

As part of the evaluation during this study, current and future planned offshore floating wind concepts 
were identified through internet searches, communication with technology providers, review of open 
literature, and project team industry contacts. More than 50 foundation concepts were identified, with 
some technology providers offering multiple solutions/foundation types.  

The concepts identified were qualitatively and quantitatively assessed against a list of criteria that included 
Project Experience, Development Stage, Technical Capability and Existing/Potential Local Content. From 
the preliminary assessment, a shortlist of Technology Providers from each foundation type was generated 
and sent a questionnaire requesting additional information for a more in-depth evaluation.  

The Questionnaire included a Functional Specification developed for the study work, as well as assessment 
criteria as follows, including but not be limited to: 

 Information on the Offshore Floating Wind Concept (non-proprietary); 

 Ability to Meet Requirements of Functional Specification/Implications of Ice Environment; 

 Previous and Planned Experience with Use of Concept; 

 Constructability; 

 Fabrication in Canada / Local Content; 

 Installation Requirements including Foundations; 

 Commissioning; 

 Operations & Maintenance; 

 Health, Safety & Risk; and 

 Future Pilot Project Interest. 

Information supplied from the solution providers on their concepts provided an overview of the current 
operational suitability of the various foundations and types for areas of interest offshore Newfoundland 
and Labrador. One of the metrics considered was the Technology Readiness Level (TRL) as defined below 
in Table 1-1. It is evident that there are limited concepts that are commercially ready i.e., at a TRL of 9 or 
greater and able to supply energy to a grid or offshore facility. The majority of floating foundations 
evaluated ranged from TRL 3 to 6. 

The majority of the foundation concepts are currently designed for a water depth range between 50-500m, 
with some designs stating capabilities well beyond this (up to 2000m). The spar is limited by a minimum 
water depth of approximately 100m while the semi-submersible, TLP and barge configurations are 
generally capable of operating in a minimum water depth of 40-50m according to the solution providers. 
Existing hydrocarbon production assets offshore NL are in water depths less than 100m, which bodes well 
for existing wind turbine foundation designs, but future offshore developments could be in water depths 
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of 1000m or greater. With that said, as noted above, floating foundation designs are proposed for water 
depths >1000m and it should be technically feasible to achieve these water depths. 

Table 1 - Technology Readiness Level Definitions (Spearman et al., 2020) 

TRL# Level Definition  TRL# Level Definition 

1 Initial Concept  6 1-5MW 

2 Proof of Concept  7 >5MW 

3 Numerical Modelling  8 Pilot (10-50MW) 

4 Tank Testing  9 Pre-Commercial (50MW-200MW) 

5 Scaled Testing (<1MW)  - Commercial (>200MW) 

Most floating foundations are based on the use of steel as the primary material type. A number of 
concepts are also incorporating or using concrete as its main material for the foundation. A potential local 
benefit is Newfoundland’s extensive construction and fabrication experience and infrastructure to use 
concrete in the offshore industry.     

In the near term (year 2022/3), the maximum single turbine size anticipated on floating foundations is 
10MW; however, there are designs ongoing to handle future turbine sizes up to 15MW (and greater). 
Increasing the size of the turbine on a single foundation will help improve the cost/MW, thus improving 
the feasibility of projects. 

Ice and ice loads have not been incorporated into the design (in any detail) of the turbine foundations to 
date, which will need to be considered for operation offshore NL. This is discussed further below.  Several 
designs incorporate a single point mooring system that allows the turbine to be disconnected/re-
connected more quickly than traditional mooring systems. This could be advantageous for operation in an 
ice environment for, among other things, ease of installation and disconnection for maintenance. 

 Floating Wind Turbine Concepts Evaluation 

Following review and compilation of information from technology solution providers, the various 
technology types were evaluated and assessed based on a set of concept screening parameters. The 
project team selected 22 parameters which were considered relevant for the viability of using offshore 
floating wind turbines for power generation, offshore NL. The parameters were assigned a global 
weighting from 1-5 (5 being the most important) in relation to its overall importance to this study, so that 
a quantitative analysis could be completed. These parameters are defined and summarized in Table 2.  
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Table 2 - Concept Screening Parameters 

No. Parameter Weighting Description  

1 Global Loads 
(Iceberg) 

5 Ability of wind turbine structures as a whole to withstand iceberg loads. 

2 Global Load (Sea 
Ice) 

5 Ability of wind turbine structures as a whole to withstand sea ice loads. 

3 Local Loads / 
Structure Members 

5 Presence of slender structural members which may be damaged by ice interaction. 

4 Constructability  5 Ability for the foundation to be constructed locally. Includes ease of setting 
up/establishing fabrication and construction area and any special requirements to 
facilitate building locally.    

5 Local Content 
(Foundation 
Material/Fabrication) 

5 Benefit to local workforce/region considering local trades skillset, capabilities and, 
materials used for the foundation.  

6 Installation  4 Ease of installation offshore, ability to tow as a single unit, and any special 
requirements such as a Heavy Lift Vessel.  

7 Maintenance – 
Foundation 
Accessibility and 
Work Space 

2 Ability to access the foundation/turbine to perform maintenance. Includes the 
ability for workers to access the foundation platform from a transport 
vessel/gangway, in addition to working space.  

8 Maintenance – Tow 
to Port (Major 
Replacement) 

5 Can the foundation be removed from its offshore station (with turbine attached) 
and towed to port for maintenance? Can it be easily towed/towing speed?  

9 Structure Motion 
During Maintenance 

3  Is the foundation and turbine stable when performing maintenance? How is the 
maintenance affected by wind/waves? 

10 Stability – Under 
Load  

4 Is the turbine likely to capsize when impacted by ice? 

11 Mooring Line 
Contact Probability 

5 Is the mooring configuration for a particular structure type more prone to iceberg 
contacts? 

12 Stability – Loss of 
Mooring(s) 

2 Will the structure capsize if mooring(s) are lost? 

13 Tilt/Pitch (Normal 
Operational) – Ice 
Interaction 

3 Is the structure likely to undergo abnormal tilting/pitching during ice interaction? 
Does it affect turbine operation and energy generation efficiency? 

14 Hub Acceleration  

(Ice Interaction) 

3 Will the nacelle accelerations be excessive during ice interaction events? 
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No. Parameter Weighting Description  

15 Disconnectability  

(if required) 

3 Is it possible to disconnect the wind turbine, if required, to avoid ice interaction?  

16 Decommissioning  3 Does the technology or foundation appear to pose any decommissioning 
challenges? Ability to use standard vessels (AHTS, Tugs etc.). 

17 Foundation 
Maintenance 
Cost/Lifespan 

1 Level of effort and comparative cost to maintain the foundation. Is the material 
type more conducive to a longer design life? 

18 Water Depth 
Restrictions 

2 Does the technology have any water depth limitations? 

19 Motion / Stability / 
Fatigue of the 
Turbine, 
Components and 
Foundation  

5 Reduced design life/increased fatigue on the turbine components due to increased 
motions in the foundation/more susceptible to increased loads due to 
environmental conditions.   

20 Environmental 
Footprint – Mooring 
System 

3 Amount of seabed real estate occupied by the foundation mooring system.  

21 Time to Repair 
/Replace (Potential 
Loss of Critical 
Number of 
Turbines). 

4 The time and effort/special requirements to replace turbine and/or foundation. 

22 TRL / Development 
Stage 

4 Current development stage (on average) for the technology type. Is it being used 
commercially, or still in the protype/demonstration phase? 

Each concept was assigned an individual score under each parameter (in comparison to each other/the 
concept types) as shown in Table 2. It should be noted that the scoring takes into account the ability of the 
technology to be constructed, installed, operated, and maintained offshore Newfoundland and Labrador; 
which is influenced by the presence of ice. One technology type with a score higher than another may not 
suggest that it is a superior technology to another, but rather it is better suited for offshore NL. The Total 
Concept score is then the sum of Parameter Weighting multiplied by Concept Score Weightings. 

  



 
 

Attachment 1 - Summary Intecsea 10
 
 

Table 3 - Concept Score Weighting 

Concept Score Weighting  Description 

3 No advantage compared to the other Concepts. 

1 Minor disadvantage compared to others.  

0 
Significant disadvantage or gap in comparison to the other technologies. 
May or may not be a showstopper.  

Table 3 presents the summary of the comparative rankings between the 4 foundation types. The detailed 
analysis rankings and commentary can be found in here. The following key conclusions of the foundation 
types for use offshore NL were derived from the evaluation: 

 The barge type foundation ranked the highest and suggests it would be most suitable for offshore NL 
as it can be fabricated in concrete, would have limited structural exposure to ice, and has the ability to 
be towed to and from site. The semi-submersible would be a close second; however, its foundation 
structural members are more exposed to ice, and it is normally fabricated from steel.  

 Though the current foundations have not specifically been designed to operate in/withstand ice 
impact, all foundation types should be able to incorporate this into their foundation without a major 
technology step change. 

 It appears foundation types could be fabricated and assembled in NL; the Spar may be more 
challenging given its requirement for a deeper port depending on the Construction method selected.  

 Installation is more challenging for the TLP and Spar as the foundations are typically towed to site, 
followed by the integration of the wind turbine offshore using a heavy lift vessel (HLV), which are very 
specialized and expensive to mobilize to NL. Alternatively, for the barge and semi-submersible, the 
wind turbine can be towed as a complete unit offshore, then connected, removing the need for an 
HLV/specialized lifting vessel. 

 All maintenance may have to be performed offshore for the TLP and Spar as they normally remain 
connected at all times following installation. The semi-submersible and barge can be towed to shore 
for major replacement repairs, eliminating the need for a HLV for maintenance activities. 

 Ice contact with the mooring lines is more probable for the barge and semi-submersible given that 
they are normally connected closer to the water surface. More design work is needed to modify the 
mooring line connection to the base of the foundations.  

 The Spar is limited to use in water depths of ~100 m or greater, while the TLP is currently limited to no 
more than 350 m. The barge and semi-submersible have less restrictions on water depth and would 
currently be suited for 50 m and greater. 
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Table 4 - Concept Screening Results 

No. Parameter Weighting Spar Barge Semi-
submersible 

TLP 

1 Global Loads 
(Iceberg) 

5 3 3 3 3 

2 Global Load (Sea 
Ice) 

5 3 3 3 3 

3 Local Loads / 
Structure Members 

5 3 3 1 1 

4 Constructability  5 1 3 3 3 

5 Local Content 
(Foundation 
Material/Fabrication) 

5 3 3 3 1 

6 Installation  4 1 3 3 1 

7 Maintenance – 
Foundation 
Accessibility and 
Work Space 

2 1 3 3 1 

8 Maintenance – Tow 
to Port (Major 
Replacement) 

5 1 3 3 1 

9 Structure Motion 
During Maintenance 

3 3 1 1 3 

10 Stability – Under 
Load  

4 3 3 3 3 

11 Mooring Line 
Contact Probability 

5 3 1 1 3 

12 Stability – Loss of 
Mooring(s) 

2 3 3 1 0 

13 Tilt/Pitch (Normal 
Operational) – Ice 
Interaction 

3 3 3 3 3 

14 Hub Acceleration  

(Ice Interaction) 

3 3 3 3 3 
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No. Parameter Weighting Spar Barge Semi-
submersible 

TLP 

15 Disconnectability  

(if required) 

3 3 3 3 1 

16 Decommissioning  3 1 3 3 1 

17 Foundation 
Maintenance 
Cost/Lifespan 

1 1 3 1 1 

18 Water Depth 
Restrictions 

2 1 3 3 1 

19 Motion / Stability / 
Fatigue of the 
Turbine, 
Components and 
Foundation  

5 3 1 1 3 

20 Environmental 
Footprint – Mooring 
System 

3 1 1 1 3 

21 Time to Repair 
/Replace (Potential 
Loss of Critical 
Number of 
Turbines). 

4 1 3 3 1 

22 TRL / Development 
Stage 

4 3 3 3 1 

Total 185 211 195 161 

 Operational Ice Loads and Risk 

While not in an Arctic environment, offshore Newfoundland and Labrador is a region that can be 
frequented by sea ice and icebergs during specific times of the year. Fixed platforms in the region have 
been designed to withstand loads and impact from ice, both sea ice and icebergs. Floating platforms have 
been designed to disconnect and move off station if ice loads become too great or if the threat from an 
iceberg is high. 

Any floating structure offshore Newfoundland and Labrador will have potential risk from sea ice and 
icebergs (Figure 2). This will include floating wind farms. These floating wind turbines are currently not 
designed to be disconnect able and additional work would need to be done by proponents to check ice 
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loads that might be sustained by a floating foundation and a typical (or re-engineered) mooring system. 
Ice detection and monitoring would need to be a part of the operation of any offshore wind farm, and an 
ice management program implemented to ensure the integrity of the facilities. Ice management might 
include the breaking of pack ice into smaller floes or the towing (deflection) of icebergs in an impact 
trajectory with wind facilities. Ice management on the Grand banks has been very successful. Ice detection, 
monitoring, and management for offshore wind facilities would most likely be combined with the same 
activities being carried out for a host facility. 

 

Figure 2: Floating Turbines in an Ice Environment 

In the Newfoundland and Labrador offshore, operators have in place ice management plans which outline 
how operators will detect, monitor, and manage sea ice and/or icebergs before they pose a threat to 
facilities. Floating Production Storage and Offloading vessels are strengthened to withstand sea ice loads 
but not iceberg impact. In the event of a situation where sea ice loads become too high or icebergs pose a 
threat, these FPSOs have a quick-disconnect feature, allowing them to safely disconnect and leave the area 
in the event of unmanageable ice. As mentioned above, floating wind turbines are currently not designed 
to be quickly disconnectable; none so far have been designed for ice environments. 

It is anticipated that those same ice management activities could cover the wind energy facilities. However, 
even with regional ice management, the wind facilities would need to be able to withstand some level of 
ice loading and/or have the ability to disconnect in the event of an unmanageable threat; the latter would 
likely make the floating wind farm uneconomical. The risk would need to be assessed and the cost to 
mitigate that risk to an acceptable level calculated and evaluated. 
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2.3.1 Iceberg Loads and Risk 

Iceberg impact loads on the wind turbines were modelled using the Iceberg Load Software (ILS). The 
software is fully probabilistic, considering a large number of loading events based on the expected range 
of iceberg and environmental conditions that a structure would likely encounter as a function of its 
location. The algorithms employ a Monte-Carlo simulation approach to obtain global design loads. This 
approach was adopted since it provides an accurate representation of the iceberg loading regime, 
following the provisions of ISO 19906, without introducing unnecessary conservatism in the design load. 
The ILS accounts for the influence of mooring compliance of floating structures, which allows part the 
kinetic energy of the iceberg to be dissipated by accelerating the structure and also by developing tension 
in the mooring lines, reducing the loads on the structure. The result of this process were curves giving the 
annual probability of exceedance for iceberg loads, with the y-intercept (zero load) corresponding to the 
iceberg contact frequency with the structure. 

Mooring compliance significantly reduces iceberg impact loads. ice management would further reduce 50-
year loads by reducing the frequency of impacts. The spar structure was found to have the lowest loads 
primarily due to the fact it presents the smallest target to approaching icebergs, while the larger semi-
submersible structure has the highest loads. 

Appropriate representative iceberg shapes, based on 3D iceberg profiles collected offshore Newfoundland 
and Labrador, were selected for the impact simulations. A global ice crushing strength of 1 MPa was used. 
Iceberg interactions with the mooring lines were not considered.  

It was observed that the impact dynamics depended significantly on the shapes and sizes of the iceberg 
and structure, the initial impact velocity, and the positions of the structure centers of gravity and mooring 
attachment points. The loads and accelerations varied significantly depending which face of the iceberg 
was impacted. In some cases, a recommended maximum turbine hub acceleration of approximately 2 m/s2 
was exceeded, and differences in the overall stability of the various structure types were noted.  

A Computational Fluid Dynamics (CFD) model was used to study the dynamic response of floating wind 
turbines and icebergs to the wave, wind, and current environment during the structure-iceberg collision 
process. CFD modelling was also used to assess the effects of platform-induced hydrodynamics on the 
motions of icebergs as they approached a platform in varying current, wind, and wave conditions. 

A first order 2D model was developed to assess iceberg interaction frequency with the floating wind 
turbine mooring lines. Mooring line impact rates were assessed using actual iceberg profiles. If the iceberg 
contacts a mooring line, it could potentially snap the line or pull on the platform, resulting in platform 
impact. Depending on the size distribution of icebergs and the position and angle of the mooring 
attachment points, the probability of impacting mooring lines could even be greater than the probability 
of impacting the platform (for example, if the mooring lines are attached near the surface).  

2.3.2 Sea Ice Loads 

The area of interest is in a marginal ice zone where ice conditions can vary widely depending on the 
distance to the ice edge, wave actions (breaks up ice into smaller pieces), and other factors, such as 
reduced wave actions in the presence of sea ice. For large floes the ice failure mode will be flexure or 
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crushing as the floe drifts past the structure, while loads from small floes are more limited by how well 
they clear around the structure. 

Using data from Canadian Ice Service (CIS) ice charts, upward-looking sonar (ULS), and satellite imagery, 
the appropriate 50-year design cases were determined (ice thickness, drift speed, concentration, 
environmental driving forces, ice strength, etc.). For small floe scenarios, an isolated floe impact is 
simulated, as well as floe clearing loads. The maximum load will govern the design loads. Isolated impact 
loads are also calculated for large floe scenarios, considering also the pack ice driving forces behind the 
larger floe pushing the floe further into the structure. It is possible that the driving force behind the large 
floe is greater than the direct interaction forces from the floe on the structure. 

The initial kinetic energy of the floe is dissipated partly by ice crushing and partly into the mooring. The 
more compliant the structure, the more energy it will absorb, and in effect the less the impact loads will be. 
The ratio of structure mass to floe mass may also have a major effect. While light compliant structures will 
benefit as they take less energy to start moving with the floe, a downside is that they may be susceptible 
to very large offsets.  

The Canadian Ice Service (CIS) publishes daily products where they map ice conditions derived from vessel 
observations, reconnaissance flights and satellite imagery. The CIS provided access to its historical ice 
charts archive covering daily ice conditions offshore Newfoundland between 2006 and 2021. The polygons 
include various ice attributes, including total ice concentration and partial concentrations, stage of 
development and floe sizes for the various ice types detected. Pack ice presence and floe sizes are greatest 
in the northwest corner of the study area, with floe size increasing towards the northwest. 

Satellite imagery analysis was conducted over the area of interest to verify the accuracy of the sea ice floe 
size characterization reported in the CIS charts. Satellite data through 2016-2021 were analysed and 
compared with corresponding CIS sea ice charts. The digital CIS sea ice charts were compiled within the 
satellite frame extents, ensuring that less than a 24-hour difference occurred between images and charts. 
The analysis was repeated for 186 cases. While the CIS charts indicated floes > 100 m within the area of 
interest (i.e., vast floes are 2-10 km) no ice floes larger than 100 m were detected in the satellite imagery.  

Upward-looking sonar (ULS) data were analysed for comparison with CIS chart data. Similar to the floe size 
comparisons, the level ice thicknesses in the CIS charts were greater than thicknesses determined from the 
ULS data. The majority of ice in the ULS data was broken/rubbled ice and level ice was relatively 
infrequent. Also similar to the satellite imagery analysis, ice concentrations determined from the ULS data 
were lower than CIS charts. In cases where thick level ice was detected, these ice sections were relatively 
limited in extent (no large thick floes).   

For the area of interest, the environmental data is inconclusive on presence of large floes at a 50-year 
return period. It is believed that information from CIS ice charts tend to be on the conservative side, and 
large floes will be very rare. Since the ice is not grown locally, and travels from far north, it is very likely to 
encounter wave actions that further break up the flows into smaller pieces. Continuous level ice is rare as 
well, as ULS shows a vast majority of sea ice to consist of rubbled and broken ice. 
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2.3.3 Ice Management 

Requirements for ice management are of interest because of associated operational costs (i.e., ice 
management vessels, reconnaissance) or capital costs (i.e., structure modifications required to allow for 
facility disconnection). Ice management options include iceberg towing, breaking of large sea ice floes into 
smaller fragments using an icebreaker, disconnection, or alternative management techniques such as facility 
side-tracking. Iceberg towing has been applied successfully offshore Newfoundland and Labrador for 
decades. Iceberg management success rates are a function of iceberg water line length and significant wave 
height. Icebreaking is widely used in areas prone to sea ice. 

Ice management reduces structural loads and potential contacts with the mooring system. Ice management 
will reduce the frequency of ice impacts and change the size distribution of ice masses interacting with the 
structure.  

Ice management effectiveness for reducing iceberg with mooring lines contacts ranges from 77% to 86%, 
depending on the water depth and the structure geometry. Given contact and line breakage, the key 
parameters are whether the platform remains stable, if equipment is damaged due to extreme acceleration 
or pitch, and whether the platform drifts so far that the electrical cables are damaged or other wind turbines 
are impacted. With ice management, the return periods for mooring line iceberg contact rates for most 
structures at most sites exceed 50 years.  

Sea ice ridges do not have sufficient sail heights to make contact with the turbine blades, the lowest point 
of which are approximately 30 m above sea level. However, maximum observed iceberg sail heights are in 
excess of 100 m. Given the range of iceberg contact rates in the area of interest (without ice management) 
and the distribution of iceberg sail heights in excess of 30 m, the return period for iceberg contacts with the 
blades was well in excess of 50 year. Therefore, iceberg contact with turbine blades is not considered a 
significant risk.  

While the analyses carried out typically consider risk to a single turbine, any implementation of floating wind 
turbines will use multiple turbines deployed in an array. The consequences of iceberg interactions will 
depend on iceberg frequency and drift, the number and size of turbines, the geometry of the mooring 
system, the spacing between turbines, and the orientation of the array. Since a limited number of turbines 
would be involved in any given interaction, the generating capacity of the array would simply be reduced, 
and then only in the case where the ice interaction renders a turbine (or turbines) non-functional (damages 
or off-station). Very large sea ice floes have the capacity to interact with several turbines, so the likelihood 
of this type of event needs to be assessed carefully.  

All ice management measures have associated costs, but it should be recalled that any floating wind turbine 
facility or array of wind turbines will be reasonably close to an existing production facility and thus will 
benefit from ice management operations conducted on behalf of that facility. This should be considered first 
before evaluating the use of any other ice management options.  
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2.3.4 Operational and Ice Related Requirements 

Icing on offshore wind turbines can occur due to various mechanisms such as (1) spray icing due to wind 
and wave-generated sea spray, (2) precipitation icing due to the accretion of freezing rain or wet snow, 
and (3) frost icing due to water vapor freezing directly onto the turbine blades. Frost icing was not 
considered a significant concern and was not considered further. Wind turbine icing can impede power 
generation, damage turbine blades, present hazards to personnel, and for floating offshore wind turbines 
may additionally create balance issues. 

The analysis indicated limited potential for heavy or extreme spray icing conditions; light to moderate icing 
conditions would be present in the area of interest during the winter months. Spray icing potential and 
duration were both greatest in the northeast corner of the study area.      

Precipitation icing due to freezing rain or wet snow was calculated. The analysis showed that precipitation 
icing was most frequent during the winter months but provided limited to light accumulation rates. The 
average duration of precipitation icing events, generally about one day but closer to two days in the north-
eastern corner of the study area.  

Comparing the output of the two models, it can be seen that sea spray icing dominates over precipitation 
icing, however it is noted however that precipitation icing occurs over a greater proportion of the year. 
Overall, icing in the area of interest is not severe when compared to more northern sub-Arctic and Arctic 
locations. Recommended icing mitigation measures included the use of hydrophobic paint and the 
heating of turbine blades. 

 Floating Wind Platform Global Modelling and Analysis 

A preliminary assessment of the capacity to withstand the unique environmental conditions offshore 
Newfoundland was required. This was achieved by performing numerical analysis of the coupled system, 
using reference public domain designs, based on monitoring for relative performance impact due to two 
primary factors: 

 Metocean severity, and 

 Impact from drifting ice (sea-ice or icebergs). 

Reference models were identified, then reconstructed and benchmarked using OrcaFlex and representative 
design environmental conditions investigated as detailed in the following subsections. These investigations 
focused primarily on global behaviour of the floater and mooring system. 

2.4.1 Reference Model Identification and Selection 

This study was limited in scope to targeting and assessing existing reference designs, and as such bespoke 
developments were not considered. Several research institutions, most notably NREL, have developed and 
made available public models for the express purpose of facilitating further academic and industry 
development and study. Where turbines are concerned, these consist of 5, 10, and 15 MW variants, some 
of which include development and detailing of one or more floating foundations. Given the large variety of 
floating foundation types at play, and supporting a wide range of turbine sizes, it was necessary to limit 
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the study to a consistent set of both as much as possible. Based on the current industry trends and 
available public domain data, it was decided to pursue a 10 MW turbine design supported by each of a 
semisubmersible, spar and TLP foundation for the analyses.  

Multiple reference semisubmersible designs were identified, all of which featured the DTU 10 MW turbine 
design (Bak et al., 2013). Only one such candidate spar design was identified, again using the same 10 MW 
turbine which was ideal for comparison purposes. Sourcing an appropriate TLP design proved more 
difficult, and as such a compromise was made to utilize a version sized for a 5 MW turbine (Jonkman, 
2009). It should be noted that this reflects the state of the industry, in which semi-submersible designs 
dominate the landscape, with spars and TLPs trailing. A summary of basic parameters for the chosen 
designs are summarized in Table 5. Only one basic mooring configuration was considered based on the 
reference design, without any optimization, for the purposes of benchmarking and baseline setting.  

Table 5 - Basic Summary of Floating Foundations / Turbines 

 Semisub Spar TLP 

Reference (NTNU, 2014) (NTNU, 2016) (Matha, 2009) 

General 3x Pontoons with 
columns 

Scaled Hywind Variant Basic Cylinder 

Diameter (m) 3x10.0 (offset) / 1x8.3 
(central) 

12.0 / taper to 8.3 near 
SWL 

18.0 

Draft (m) 20.0 120.0 47.89 

Displacement (te) ~13.900 ~13.400 ~12.400 

Mass with Ballast (te) ~12,600 ~12,100 ~8,600 

Depth to Fairleads (m) 15.0 70.0 47.89 

Radius to Fairleads (m) 50.0 6.5 27.0 

Radius to Anchors (m) 880.0 855.0 27.0 

Mooring Type 3x Chain Catenary 4x2 Tendons 

Mooring MBS (kN) 20,000 7,680 Unspecified 

Water Depth (m) 200.0 320.0 200.0 

Turbine Design DTU NREL 

Turbine Capacity (MW) 10.0 5.0 

Hub Height (m) 119.0 90.0 



 
 

Attachment 1 - Summary Intecsea 19
 
 

 Semisub Spar TLP 

Rotor Diameter (m) 178.3 126.0 

Vin / Vr / Vout (m/s) 4.0 / 11.4 / 25.0 3.0 / 11.4 / 25.0 

Peak Thrust (kN) ~1500.0 ~750.0 

2.4.2 Model Development and Benchmarking 

Each system model was reconstructed in OrcaFlex, consisting of the floating foundation, mooring lines, 
tower, nacelle, hub, and rotor. Figure 3 shows an illustration of each of the models. 

For the semi sub and TLP, this required remodelling of the floating foundations according to the reference 
specification, and subsequent hydrodynamic analysis. The wave diffraction and simplified QTF 
computation were executed using OrcaWave (Orcina, 2021), and verified against available stiffness, mass, 
damping and RAO data. The spar design was modelled using the 6D Buoy (spar buoy) object as an 
approximation. 

For the 10 MW turbines, the original controller (dynamic library) was found to be incompatible. In place of 
this, an open-source ROSCO (NREL, 2021b) controller was implemented, which required development and 
tuning within the OpenFAST (NREL, 2021a) framework. 

 

Figure 3: Orcaflex Models - Semisub (Left) / Spar (Middle) / TLP (Right) 

Initial static equilibrium, offsets, and basic hydrostatic/hydrodynamic/eigenvalue benchmark analyses were 
executed to confirm expected model response and provide further verification against available reference 
data. Isolated constant wind speed benchmark analyses within the turbine operating range were used to 
confirm and verify thrust and power generation, as well as expected controller behaviour. These 
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benchmarks also add further confidence in the estimated blade/tower drag loads experienced within the 
parked extreme environment cases. 

2.4.3 Load Case Selection 

Due to schedule and scope constraints, priority was given to extreme environmental conditions, with 
operating (power production) cases deferred to future study. Using the CSA/IEC 61400 (CSA, 2021; IEC, 
2019a; IEC, 2019b) codes as a guide, DLC 6.1 was identified as a potential governing condition. This load 
case is established to bound the environmental (wind, wave and current) loads on the upper end of the 
spectrum, without any mechanical or operational faults present, and serves as a comparative baseline 
against similarly prescribed ice loads (discussed further below). 

Based on the nominal design water depth for each system, a subset of representative cells within the larger 
study region were identified for potential installation sites and collection of environmental parameters. 
Given the regional bathymetry, these locations were relegated to a relatively small transitional slope along 
the perimeter of the Grand Banks, moving from a near constant 100 m region towards much deeper 
(trending towards 1,000 m and deeper) water. From these cells relatively little variation in metocean 
parameters was found, and therefore focus was placed on one cell biased towards the North for further 
evaluation based on expected sea-ice and iceberg presence. The relevant metocean parameters from these 
regions for application to DLC 6.1 are summarized in Table 6, which are representative of 50 and 1-year 
(see ice loads below) return periods, including joint probabilities for wind and waves. Waves were assumed 
as JONSWAP with default spectral parameters, while full-field turbulent wind environments were 
generated from TurbSim (Jonkman, 2016) using the IEC Kaimal spectrum. For this study, loads were all 
assumed to be co-directional and aligned with the shared platform and turbine surge axis. Multi-
directional and misaligned environment loading were deferred to future study. 

Table 6 - Summary of Metocean Parameters 

 

Return Period 
(years) 

Wind (1-hr) Wave (3-hr) Current 

Wind Speed 
(m/s) 

Ref. Height 
(m) 

Sig. Wave 
Height (m) 

Peak 
Period (s) 

Surface 
Speed (m/s) 

200m Speed 
(m/s) 

50 28.2 10.0 12.9 15.0 1.61 0.48 

1 25.7 10.0 10.6 14.0 0.40 0.13 

At present, according to the codified DLCs specific to offshore wind turbines, the load cases considering 
drifting ice do not typically require wave loads to act concurrently, which likely stems from an assumption 
of complete ice coverage. However, marginal conditions feature prominently in the study region, and with 
enough severity to warrant consideration of wave contributions. Furthermore, many codes refer to ISO 
19906 (ISO, 2019) for prescribing ice loads, which directly cites joint sea-ice and wave load effects (along 
with wind and current) and recommends scaling factors based on sea-ice concentrations. With that said, 
the relevant factors for companion loads suggested in ISO 19906 have been found to be overly 
conservative based on prior study of available statistics in the study region (Fuglem et al., 2018). It was 
therefore chosen to supplement the relevant DLC for limit state ice loads in a parked situation (IEC D6/D8), 
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which normally calls for 1-year wind and normal current only along with 50-year ice, with the addition of 
1-year wave conditions. Using the methodology described in (Thijssen et al., 2018), representative drifting 
sea-ice loads were estimated for each floating foundation base and are summarized in Table 5. A 1-year 
return period was also estimated (~50% of the 50-year value) to investigate the potential impact of 1-year 
pack ice acting along with the 50-year storm loads from DLC 6.1, as the most severe storms are expected 
to occur in the winter season and concurrent drifting ice is likely. These were introduced in a simplistic 
manner, as a constant force applied at the still water line. In addition, transient impact from a single large 
ice floe was assessed, using an estimated 50-year ice floe of 850,000 tonnes travelling at 0.3 m/s. In this 
case the mean offset from 1-year wind, wave and current loads was applied as an initial condition. 

Table 7 - Summary of Estimated Pack-Ice Loads 

 

Return Period 
(years) 

Force (MN) 

Semisub Spar TLP 

50 2.677 0.290 0.567 

1 1.339 0.145 0.284 

2.4.4 Analysis and Results 

Each of the above load cases was executed using the Orcaflex implicit time-domain solver, with a 1-hour 
duration repeated across 6 random seeds, except for the transient ice impact which was a reduced 
duration single event. Results were processed to determine mean response as well as most-likely 
maximum values. These are summarized in the following subsections, with emphasis on relative impact 
from ice as an environmental load, rather than quantifying absolute performance against code criteria. 
Note that the results below consider only global response of rigid foundations, and do not consider local 
loads and associated structural integrity. 

2.4.5 Baseline (50-Year Environment Without Ice) 

The results from the baseline extreme 50-year storm loading appear to show most favourably for the semi-
submersible design. Some relatively large peak tensions are seen, with possible exceedance of allowable 
design limits (depending on consideration of redundancy in the safety factor), however no anchor uplift or 
other clear violation of ultimate limit states was encountered. High utilization and some exceedances are 
likely when conducting a complete evaluation but are likely to be easily resolvable with minor optimization 
of mooring configuration and sizing alone. 

The spar design shows moderately worse performance, with much larger pitch motion and occasional 
uplift on the upstream mooring anchors, and definite exceedance of allowable line tension despite 
reduced dynamic tension amplitudes. This may be partially attributable to a relatively poor initial mooring 
design or modelling approach which used an equivalent line in place of a hybrid system featuring a mid-
line clump weight. However, it is apparent that more work is likely to be required on both the mooring and 
floating foundation to effect an adequate spar design. 
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The TLP, while showing the expected benefits in terms of response motions, exhibited extreme dynamic 
tension amplitudes, including several instances of tendons becoming slack. This was somewhat expected 
as the reference publication highlighted such issues under extreme loading, and the original design was 
optimized around smaller waves. 

2.4.6 Baseline with Pack-Ice (50-Year Environment / 1-Year Ice) 

The results across all platforms are summarized in Figure 4 in terms of response values normalized against 
the baseline load case. The most notable effects from addition of a pack-ice load appear to be increased 
tension and surge response, with the semi-submersible in general exhibiting the largest deviations. This is 
as expected given the relative magnitudes applied. The TLP appears most resistant to the increased ice 
loads; the larger deviations in mean heave and pitch can be neglected, as they are attributed to a low 
baseline value. For example, the normalized mean heave of 1.4 is relative to a baseline of 0.1 m, so the 
heave of 0.14 m in absolute terms is a minor change. 

 

Figure 4: Normalized Mooring and Motion Response - Baseline with Pack-Ice 

2.4.7 Dominant Pack-Ice (1-Year Environment / 50-Year Ice) 

The results from the dominant pack-ice load case are presented, similarly to those above, in Figure 5. In 
general, these show that this load case is not likely to govern the design, with the heaviest impacts seen 
mostly in terms of mean offsets, and slightly more pronounced for the semisubmersible. This is as 
expected due to the latter having by far the largest footprint and associated ice load. The TLP remained 
the most stable despite experiencing higher loads than the spar, although still exhibiting multiple 
occurrences of slack tendons. 
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Figure 5: Normalized Mooring and Motion Response - Dominant Pack-Ice 

2.4.8 Ice Impact (1-Year Environment / 50-Year Ice 

The impact simulation was set up as an idealized case, with a lumped mass 6D buoy representing an ice 
floe or iceberg set on an impact course at the prescribed velocity. The ice object was constrained from any 
lateral (sway) or rotational motions, with the main objective of transferring the full momentum to gauge 
the surge response and associated mooring loads. This reduced set of results is summarized in Figure 6 
using the same baseline for normalized response and is shown only for the governing impact. 

These results show most that all three foundation types with the reference mooring designs appear to be 
able to cope with the imposed impact without major issue. Only the spar design showed an increase in 
peak mooring load relative to baseline, which coincides with increased surge. Here the moderate increase 
in peak surge becomes critical – as the baseline response was sufficient to cause anchor uplift, all the 
additional motion in this case feeds into a significant increase in anchor uplift force. For all foundation 
types, the heave and pitch responses were muted, which was mainly of relevance for the TLP as it meant 
that all tendons remained taut. 

It must be noted that the lack of dynamic wave and wind action present in this idealized load case is of 
clear benefit to the maximum response, and further study may be warranted to include these effects. In 
addition, while the semi-submersible appears robust against this type of load, only a direct head-on 
impact was considered. Given its shape, it is uniquely prone to eccentric loading from such an impact, and 
the associated yaw response may produce more onerous system loads. It must also be considered that a 
grazing impact may be likely to impose abnormal loading on the fairleads directly, or cause a snag of a 
mooring line, especially in shallower waters where departure angles are closer to horizontal. 
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Figure 6: Normalized Mooring and Motion Response - Ice Floe Impact 

2.4.9 Summary 

The work conducted to date represents a preliminary look at the performance of typical offshore wind 
turbine designs subject to extreme environmental loads prevalent in the Newfoundland offshore region. 
While there is likely a need for some design modification and minor improvements, many of the typical or 
standard floating foundation designs should be expected to accommodate the extreme wind, wave and 
current climate with relatively minor design optimizations required. In particular, the results from the work 
conducted to date indicate that global system loads arising from the addition of seasonal sea-ice do not 
appear to be a major impediment which might render an offshore floating wind turbine in this region 
infeasible. 

With that said, requirements for local reinforcement have not been considered, and there are several other 
scenarios pertaining to the arctic environment that have not yet been investigated and may prove 
challenging to overcome while remaining cost-effective. While they may not be showstoppers, these ice 
conditions may drive selection of foundation types or configurations, as shallow fairleads and lower 
departure angles leave moorings prone due to increased keel depths. Significant work also remains in 
characterizing the impacts and potential loads under power production, as well as additional complications 
from atmospheric icing. 

 Construction and Fabrication Facilities 

A review of the local network of construction and fabrication facilities was performed to identify areas in 
Eastern Canada that have both the current/potential capabilities to host construction and fabrication 
activities to support the grassroot development and operation of offshore wind farms. The primary area of 
focus was near ocean access within Eastern Canada (PQ, NB, NS, PEI, NL) with the capabilities to support 
wind farm fabrication and construction. The local infrastructure used to support Newfoundland and 
Labrador's offshore hydrocarbons industry was also assessed for looking at the applicability to the offshore 
wind opportunity. 
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 The project developed a survey that focused on aspects of wind turbine fabrication and construction 
capabilities (and analogue capabilities) to measure current readiness in Atlantic Canada. The survey 
consists of 63 questions broken down into six categories:  

 Corporate Details,  

  Serviceable Location and Environment,  

 Site Fabrication: Footprint / Assembly / Marshalling Yard Size, 

 Shop Fabrication Capabilities, 

 Engineering and Quality Management and, 

 Follow up 

Ten of the companies who participated had a follow up site visit to physically see participants’ facilities and 
observe their capabilities.  Discussions regarding previous projects, changes within industry and the 
challenges companies were experiencing as they adapt to new industries like offshore wind fabrication 
were carried out.   

Due to the significant size and cost of floating offshore structures, it is important that the fabrication and 
construction be carried out close to the point of installation which provides significant opportunities for 
Atlantic Canada to become an active part of this industry.  Much like the onset of the oil and gas industry 
in the late 1980’s, new fabrication and construction facilities were developed complimenting existing small 
and medium sized facilities that supported and still continue to support large scale projects. 

 Supply Chain and Logistics 

Planning and developing offshore wind farm projects offer a number of supply chain opportunities, some 
of which might be provided by Newfoundland and Labrador companies. The following table (Table 8) lists 
many of the components associated with the development of a floating offshore wind farm, and which 
have been broadly categorized as follows: Engineering; Procurement; Construction; Operations; and 
Decommissioning.  

Some of these areas require specific experience/expertise with respect to offshore wind (e.g., some aspects 
of Engineering, Construction, Operations). The level of specific wind experience/expertise required might 
vary from item to item; the experience/expertise necessary might have been gained (and be transferable) 
from Newfoundland and Labrador’s offshore oil industry or it might be gained through partnerships with 
companies in other parts of the world experienced in various aspects of the offshore wind industry. 

Aspects of the work will require skilled trades, offshore survey vessels, access to technology, specialized 
facilities, offshore installation vessels, and industry-specific project management, which may or may not be 
available in Newfoundland and Labrador. The actual regional opportunities that might eventually be 
realized through offshore wind development will depend on the optimal solution determined for our 
offshore. The expertise, infrastructure, facilities, and skilled trades that have been developed as part of the 
offshore industry here, and in other industries, are potential areas that could be tapped into for offshore 
wind developments.  

  



 
 

Attachment 1 - Summary Intecsea 26
 
 

Table 8 - Summary of Supply Chain Capabilities and Competencies Required 

Engineering Procurement Construction Operations Decommissioning 

Planning Procurement Topsidse Engineering Remote 
Sensing 

Removal of Floater 

Economic Analysis Logistics Topsides Modification Remote 
Operations 

Removal of Anchors 

Feasibility Studies Storage Floating Technology Inspections Removal of 
Foundations 

Regulatory Permitting Customs Brokerage Floating Foundations Modifications Reeling of Power 
Cables 

Environmental Studies Transportation Wind Turbine 
Generators 

Maintenance Dismantling 
Equipment 

Metocean & Modelling Subsea Cables Offshore Substation Repair Disposal 

Geophysical Surveys Certifying Authority Seabed Foundation Replacement - 

Geotechnical Programs Fabrication Seabed Anchors - - 

Site Assessments Installation Electrical Systems - - 

Engineering Commissioning Subsea Cables - - 

Construction Planning - Certifying Authority - - 

Operations Planning - Fabrication - - 

Maintenance Planning - Installation - - 

Project Management - Commissioning - - 

The project developed a survey which focused on aspects of supply chain and logistical requirements that 
would support the current readiness of a floating offshore wind industry in Atlantic Canada. The survey 
consists of 36 questions broken down into eight categories:  

 Corporate Details,  

 Supply Chain Overall Assessment,  

 Engineering & Project Development, 



 
 

Attachment 1 - Summary Intecsea 27
 
 

 Procurement & Support Services, 

 Supply Services, 

 Construction, Installation & Commissioning, 

 Operations & Maintenance, and 

 Transportation & Logistics Capabilities 

Eight of the companies who participated had a follow-up conversation in person or virtually. Discussions 
regarding previous projects, changes within industry and the challenges companies experience during 
diversification were carried out. 

 Environmental, Regulatory and Permitting Requirements 

The objectives of this part of the project were to provide: an overview of federal and provincial legislation 
and regulatory processes that may be applicable to offshore wind farms; a preliminary list of potentially 
required federal and provincial permits including the identification and evaluation of materials, studies, 
environmental sensitivities, and data that may be required; and a comparative analysis of requirements 
and operations of global offshore wind farm that are currently existing or are planned. 

The Permitting Road Map (PRM) developed as part of this project summarizes the federal and provincial 
regulatory and permitting requirements for authorization of an Offshore Renewable Energy (ORE) wind 
project in Canada, particularly in the Newfoundland and Labrador offshore area. The PRM provides an 
approximate framework of the regulatory processes to identify necessary milestones, dependencies, and 
recommended timelines throughout project development and design phases to form the permitting 
strategy. As the development of ORE wind projects in Canada’s offshore is relatively new, existing guidance 
from Regulatory Authorities is limited. An important component for regulatory approvals will be to engage 
relevant regulators well in advance and throughout the development and design phases to understand the 
regulatory process as the process develops and evolves. It is expected that once the ORE Regulations 
come into force that more defined procedures and requirements will be developed and in place for 
authorization of ORE wind projects in Canada.  

Additionally, it will be important to undertake thorough and meaningful consultation with the public and 
interested groups during the development and design phases of the project. The development of ORE 
wind projects in Canada is still in its beginning phases and it will be important to provide information to 
those interested and affected on the potential impacts and effects the projects may have on the 
environment and the public. It is advised that once all interested and potentially impacted stakeholders are 
identified that the proponent begin engagement as soon as possibly feasible. 

Given the knowledge gaps that exist with development of ORE wind projects in Canada, it is recommended 
that extensive baseline studies of the environmental and socio-economic conditions be completed to fully 
understand the existing conditions and identify and determine any potential impacts an ORE wind project 
may generate. The baseline studies should aim to identify the knowledge gaps and provide a thorough 
understanding of the environment and socio-economic condition. This will be a crucial step of the project 
development and design phase, as it will provide the basis of information for the engagement phases and 
for applications to regulators.  
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 Energy Benefits Analysis 

An Energy Benefits Analysis was conducted to address the emissions reduction potential of various wind 
options for greenfield/brownfield scenarios while developing an understanding of the lifecycle costs, 
benefits, and risks of integrating wind with offshore oil & gas platforms.  

Decision & Risk Analysis was used to conduct the Energy Benefits Analysis. The Options Evaluation 
considered 15 cases where different configurations and operating scenarios for offshore wind supplying 
renewable power to the offshore oil & gas platforms were assessed. The options include a combination of 
Floating Production Storage and Offloading Vessel (FPSO)/Gravity Based Structures (GBS) platforms and 
Brownfield/Greenfield facilities, as summarized below: 

Table 9 - Generalized Platform Definitions 

 Brownfield Greenfield Large 
Greenfield 

 GBS FPSO GBS FPSO FPSO 

Production Capacity 

Oil (BPD) 

 

100000 

 

25000 

 

100000 

 

100000 

 

200000 

Design Life Remaining (Years) 15 15 25 25 25 

Power Baseload (MW) 100 80 100 80 200 

GT Efficiency (%) 35% 35% 38% 38% 38% 

GT Emission Baseline 505 404 464 370 740 

Flaring (kt/year) 100 65 100 100 200 

Fugitives, Transport and Other 
Emissions 

70 71 56 30 260 

Emission Baseline (kt/year)* 675 540 620 500 1200 

*Combustion emissions associated with heat, electrical and mechanical power for compression is assumed to comprise 75% of total 
emissions. Baseload power is assumed using full capacity, excluding redundancy. 

Strategy tables were used to identify the different option configurations for testing in the Economic 
Model. The strategy tables are presented on the following pages. 
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Table 10 - Wind Strategies, FPSO Options 

    CAPEX OPEX CAPEX CAPEX CAPEX CAPEX/OPEX CAPEX/OPEX CAPEX/ 
Socio-Econ 

CAPEX/ 
Socio-Econ 

Option Description Turbine 
Foundation 

Maintenance 
Strategy 

Base / Load  
Power Available 
to Displace 

# Turbines/ 
Power Supplied 

Topside 
Modifications 

Site 
Location/Water 
Depth 

Oil & Gas 
Production 

Commercial and 
Construction 
Options 

Lifetime 

    · Semi-
submersible or 
Barge                     
- TLP or Spar 

· Towed to 
Shore (Semi-
submersible 
and the Barge) 
· Replacement 
Offshore (TLP 
and Spar) 

80, 100, 200 
MW 

· 16 Turbines 
50 MW                           
· 26 Turbines 
80 MW 
· 32 Turbines 
100 MW                         
· 52 Turbines 
100 MW 

· Swivel 
· Cabling 
· Gas handling 
· Back up 
System (GT) 
· Short 
Duration 
Storage 

· Shallow 60 m            

· Mid 80m                                        
· Mid 350m                                                                                                                   
· Deep 1000m 

·25,000,100,000
,·200,000 bpd 

1000, 5000, 
7000, 14000 
e3m3/d   

· Operator 
· Third Party 
Supplied Power 
/ Third Party 
Consumed 
Power 

Remaining 
Project Life (15 
years) 
Design Life 
(25+ years) 

 1BC_FPSO Base Case 
FPSO - 
Convention
al Power 

    80 MW   · No 
Modification 

· Depth 350m 
· Distance 
330km 

25,000 bpd 
1,000 e3m3/d 

 Operator  15 Years 

 1aBFTw_F FPSO 
Brownfield 
Reduction 

· Semi-
submersible or 
Barge 

· Towed to 
Shore  

80 MW ·  16 Turbines  
·  50 MW 
Average 
Displaced 

· Cabling 
· Swivel 
· Use Existing 
GT 

· Depth 350m 
· Distance 
330km 

25,000 bpd 
1,000 e3m3/d 

Operator  15 Years 

 1bGFTwD_F FPSO 
Greenfield 
Deepwater 
Reduction 

· Semi-
submersible or 
Barge 

· Towed to 
Shore  

80 MW ·  16 Turbines  
·  50 MW 
Average 
Displaced 

· Back up 
system (GT) 

· Depth 1000m 
· Distance 
500km 

· 100,000 bpd 
· 5,000 e3m3/d 

Operator  25 Years 

 1cGFOfD_F FPSO 
Greenfield 
Deepwater 
Remote 

· TLP or Spar · Replacement 
Offshore 

100 MW ·  32 Turbines  
·  100 MW 
Average 
Displaced 

· Back up 
system (GT) 

· Depth 1000m 
· Distance 
500km 

· 100,000 bpd 
5,000 e3m3/d 

Operator  25 Years 

  
1dGFTwLP_F 

FPSO 
Greenfield 

· Semi-
submersible or 
Barge 

· Towed to 
Shore  

200 MW ·  32 Turbines  
·  100 MW 

· Back up 
system (GT) 

· Depth 1000m 
· Distance 
500km 

· 200,000 bpd 
14,000 e3m3/d 

Operator  25 Years 
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    CAPEX OPEX CAPEX CAPEX CAPEX CAPEX/OPEX CAPEX/OPEX CAPEX/ 
Socio-Econ 

CAPEX/ 
Socio-Econ 

Large-Scale 
Reduction 

Average 
Displaced 

 1eBFOfLT_F FPSO 
Brownfield 
Eliminate 

· TLP or Spar  · Replacement 
Offshore 

80 MW ·  26 Turbines  
·  80 MW 
Average 
Displaced 

· Cabling 
· Swivel 
· Use Existing 
GT 

· Depth 350m 
· Distance 
350km 

· 25,000 bpd 
1,000 e3m3/d 

Operator  15 Years 

 1fGFTw50_F FPSO 
Greenfield 
Eliminate 

· Semi-
submersible or 
Barge 

· Towed to 
Shore  

80 MW ·  32 Turbines  
·  50 MW 
Minimum 
Displaced 

· Use Existing 
GT  

· Depth 350m 
· Distance 
330km 

· 100,000 bpd 
5,000 e3m3/d 

Operator  25 Years 

 

  



 
 

Attachment 1 - Summary Intecsea 31
 
 

Table 11 - Wind Strategies, GBS Options 

    CAPEX OPEX CAPEX CAPEX CAPEX CAPEX/OPEX CAPEX/OPEX CAPEX/ 
Socio-Econ 

CAPEX/ Socio-
Econ 

Option 
Description Turbine 

Foundation 
Maintenance 
Strategy 

Base / Load  
Power Available 
to Displace 

# Turbines/ 
Power Supplied 

Topside 
Modifications 

Site 
Location/Water 
Depth 

Oil Production Commercial and 
Construction 
Options 

Lifetime 

    · Semi-
submersible or 
Barge 

· TLP or Spar 

· Towed to 
Shore (Semi-
submersible 
and the Barge) 
· Replacement 
Offshore (TLP 
and Spar) 

80, 100, 200 
MW 

· 16 Turbines 
50 MW                           
· 26 Turbines 
80 MW 
· 32 or 52 
Turbines 100 
MW                           

· Swivel 
· Cabling 
· Gas handling 
· Back up 
System (GT) 
· Short 
Duration 
Storage 

· Shallow 60 m              

· Mid 80m                                        
· Mid 350m  

· Deep 1000m 

25,000,100,000
,·200,000 bpd 

1000, 5000, 
7000, 14000 
e3m3/d   

· Operator 
· Third Party 
Supplied 
Power / Third 
Party 
Consumed 
Power 

· Remaining 
Project Life (15 
years) 
· Design Life (25+ 
years) 

 2BC_GBS Base Case 
GBS - 
Conventional 
Power 

    100 MW   · No 
Modification 

· Depth 80m 
· Distance 
330km 

· 100,000 bpd 
· 7,000 e3m3/d 

Operator  15 Years 

 
2aBFOf_G 

GBS 
Brownfield 
Reduction 
Remote 

· TLP or Spar  · Replacement 
Offshore 

100 MW · 16 Turbines  
· 50 MW 
Average 
Displaced 

 · No Add Back 
up,  

Use GT 

· Depth 80m 
· Distance 
330km 

· 100,000 bpd 
 7,000 e3m3/d 

Operator  15 Years 

 
2bBFTw_
G 

GBS 
Brownfield 
Reduction 

· Semi-
submersible or 
Barge 

· Towed to 
Shore  

100 MW · 16 Turbines  
· 50 MW 
Average 
Displaced 

 · No Add Back 
up, 

 Use GT 

· Depth 80m 
· Distance 
330km 

· 100,000 bpd 
 7,000 e3m3/d 

Operator  15 Years 

 
2cGFOf_G 

GBS 
Greenfield 
Reduction 
Remote 

· TLP or Spar  · Replacement 
Offshore 

100 MW · 16 Turbines  
· 50 MW 
Average 
Displaced 

· Back up 
system (GT) 

· Depth 80m 
· Distance 
330km 

· 150,000 bpd 
1,000 e3m3/d 

Operator  25 Years 

 
2dGFTwD
_G 

GBS 
Greenfield 
Reduction - 

· Semi-
submersible or 
Barge 

· Towed to 
Shore  

100 MW · 16 Turbines  
· 50 MW 

· Back up 
system (GT) 

· Depth 80m 
· Distance 
500km 

· 150,000 bpd 
· 1,000 e3m3/d 

Operator  25 Years 
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    CAPEX OPEX CAPEX CAPEX CAPEX CAPEX/OPEX CAPEX/OPEX CAPEX/ 
Socio-Econ 

CAPEX/ Socio-
Econ 

Far from 
Shore 

Average 
Displaced 

 
2eGFTwE
x_G 

GBS 
Greenfield 
Eliminate 
Cable 

· Semi-
submersible or 
Barge 

· Towed to 
Shore  

100 MW · 32 Turbines  
· 100 MW 
Average 
Displaced 

· Back up 
system (GT) · 
Cabling - 
Extended, 
70km + 2 
transformers 

· Depth 80m 
· Distance 
330km 

· 150,000 bpd 
· 1,000 e3m3/d 

Operator  25 Years 
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Table 12 - Wind Strategies, Third Party Supplied Power / Third Party Consumed Power 

    CAPEX OPEX CAPEX CAPEX CAPEX CAPEX/OPEX CAPEX/OPEX CAPEX/ Socio-

Econ 

CAPEX/ Socio-

Econ 

Option Description Turbine 
Foundation 

Maintenance 
Strategy 

Base / Load  
Power Assumed 

Available to 
Displace 

# Turbines/ 
Power Supplied 

Topside 
Modifications 

Site 
Location/Water 

Depth 

Oil Production Commercial and 
Construction 

Options 

Lifetime 

    · Semi-
submersible or 
Barge 
· TLP or Spar 

· Towed to 
Shore (Semi-
submersible 
and the Barge) 
· Replacement 
Offshore (TLP 
and Spar) 

· 80, 100, 200 
MW 

· 16 Turbines 
50 MW                           
· 26 Turbines 
80 MW 
· 32 Turbines 
100 MW                           
· 52 Turbines 
100 MW 

Swivel 
Cabling 
Gas handling 
Back up 
System (GT) 
Short Duration 
Storage 

· Shallow 60 m              
· Mid 80m                                        
· Mid 350m  
· Deep 1000m 

25,000,100,000, 
200,000 bpd 
1000, 5000, 
7000, 14000 
e3m3/d   

· Operated 
· Third Party 
Supplied Power 
/ Third Party 
Consumed 
Power 

Remaining 
Project Life (15 
years) 
Design Life 
(25+ years) 

 
3aGFTwLT
_G 

GBS 
Greenfield 
Third Party 
Supplied 
Power 

· Semi-
submersible or 
Barge 

· Towed to 
Shore  

  · 52 Turbines  
· 170 MW 
Average 
Supplied 

  · Depth 80m 
· Distance 
330km 

  · Third Party 
Supplied Power  

25 Years 

 
3bGFTwLT
_G 

GBS 
Greenfield 
Third Party 
Consumed 
Power 

    · 80 MW · 800 MW 
Minimum 
Displaced 

· No Additional 
Back up GT 

  · 150,000 bpd 
· 1,000 e3m3/d 

· Third Party 
Consumed 
Power (PPA) 

· Design Life 
(25+ years) 
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Table 13 - Project Assumptions 

Category Assumptions/Inclusions 

Heat, Mass and Energy Balances  Baseload requirements and electricity output will vary by option 

Facility Availability, Wind Potential 
Access 

 100% - 8760 hours 

Emission Scope 
 Scope 1, power generated by operators, Scope 2 imported power for 

third party power cases 

Cost Estimate Basis  Overall estimate is +100/-50% accuracy 

Project Time Frames 

Installation of wind turbines to start in 2028, Start Year 2030 

 Brownfield: 15 Years 

 Greenfield: 25 Years 

 Design life of wind farms assumed as 25 years 

 Design life of hydrocarbons project assumed as 25-30 years 

 FPSO - EOL 2033 

 EOL 2050 

Discount Rate 
 A range of discount rates (5-15%) have been used to address different 

ownership scenarios and perception of risk 

 Standard 8% (0-15%) Social 3% (0-5%)1 

Capital Recovery Factor  Depreciation, salvage value and taxes excluded 

Currency  Canadian Dollars (2022) 

1Social costs and benefits over time are discounted using the social discount rate, which is typically lower than the internal discount 
rate. This has the effect of giving greater recognition to costs and benefits that may result from the project several decades into the 
future. For this assessment a 3% social discount rate is used with a sensitivity range set from 0 to 5%, the range is chosen based on 
broader intergenerational concerns and aboriginal community interests). The Social Discount Rates for Canada 

The overall performance metrics are presented in the following tables. The table presents the NPV, LCOE 
and emissions abated ($/tonne) at two different discount rates (10% and 5%), as well as the overall the 
emissions abated per year and the emissions reduction (%) from baseline. The results are described and 
explained in greater detail in the remainder of this section. The summary table shows the differences 
between the options as well as the difference between the discount rates and the impact on NPV and 
LCOE.  
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Table 14 - Performance Metrics for Base Cases and Wind Options - Emission Reduction Potential 

Option 

Emissions 
Abated 

 (kT 
CO2/year) 

Electricity/Power 

Baseline 

Total Platform 

Baseline 

GHG 
Emissions 

Reduction 
Against 
Power/ 
Combustion 
Baseline 

Total 
Platform 
Emissions 

Emission 
Reduction 
from 
Platform 
Baseline (%) 

1BC_FPSO 
Base Case FPSO - Conventional Power, 80 MW 
Base Load - 404,462 0% 539,282 0% 

1aBFTw_F Brownfield FPSO with Wind, Towed to Shore, 80 
MW Base Load 

182.2 404,462 45% 539,282 34% 

1bGFOff_F 
Greenfield FPSO, Deepwater Location, Towed to 
Shore, 80 MW Base Load 241.8 371,553 65% 495,404 49% 

1cGFOff_F Greenfield FPSO, Deepwater Location, 
Replacement Offshore, 100 MW Base Load 

387.9 464,441 84% 619,255 63% 

1dGFTwLP_F 
Greenfield FPSO with wind - Large Production, 
Towed to Shore, 200 MW Base Load 475.5 928,882 51% 1,238,509 38% 

1eBFOfLT_F 
Brownfield FPSO, 26 turbines, Offshore Replace, 
80 MW Base Load 182.2 404,462 45% 539,282 34% 

1fGFTwSL_F 
Greenfield FPSO, 32 turbines, Minimum 50 MW 
power displaced, Towed to Shore, 80 MW Base 
Load 

336.0 371,553 90% 495,404 68% 

2BC_GBS 
Base Case GBS -  
Conventional Power, 100 MW Base Load - 505,577 0% 674,103 0% 

2aBFOff_G 
Brownfield GBS with Wind at Platform, Offshore 
Replacement 252.8 505,577 50% 674,103 38% 
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Option 

Emissions 
Abated 

 (kT 
CO2/year) 

Electricity/Power 

Baseline 

Total Platform 

Baseline 

GHG 
Emissions 

Reduction 
Against 
Power/ 
Combustion 
Baseline 

Total 
Platform 
Emissions 

Emission 
Reduction 
from 
Platform 
Baseline (%) 

2bBFTw_G Brownfield GBS with Wind at Platform, Towed to 
Shore 

252.8 505,577 50% 674,103 38% 

2cGFShw_G 
Greenfield GBS with Wind at Platform, Shallow, 
Offshore Replacement 241.8 464,441 52% 619,255 39% 

2dGFDp_G 
Greenfield GBS with Wind at Platform, Longer 
Distance to shore, Towed to Shore 241.8 464,441 52% 619,255 39% 

2eGFExt_G Greenfield GBS with Wind - Extended Tie Back, 
Towed to Shore 

387.9 464,441 84% 619,255 63% 

*3aGFTwLT_G 
Greenfield GBS, 52 turbines, Third Party Power 
Supplier 1,032 MW for sale per year, Towed to 
Shore 

-   -  

*3bGFTwLT_G 
Greenfield GBS, Third Party Power Supplier, 792 
MW for sale per year, Towed to Shore 371.6 371,553 100% 495,404 75% 

The next table indicates that the LCOE costs for the options average $340-450/MWh CAD, at a 5% and 
10% discount rate, respectively. NPV costs average $1500-$1600B at a 5% and 10% discount rate 
respectively while cost of abatement averages $600-$800 / tonne CO2e. 
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Table 15 - Performance Metrics for Base Cases and Wind Options - Without Economic Benefits 

Option Description 

10% Discount rate 5% Discount Rate 

NPV ($M) LCOE 
($/MWh) 

 Emissions 
Abated 
($/tonne) 

NPV ($M) LCOE 
Emissions 
Abated 
($/tonne) 

1BC_FPSO Base Case FPSO - Conventional Power, 80 MW Base 
Load 

-$219 $0  -$299 $0  

1aBFTw_F 
Brown Field FPSO with Wind, Towed to Shore, 80 
MW Base Load -$991 $552 $885 -$959 $432 $677 

1bGFOff_F 
Greenfield FPSO, Deepwater Location, Towed to 
Shore, 80 MW Base Load -$985 $366 $619 -$825 $256 $412 

1cGFOff_F Greenfield FPSO, Deepwater Location, Replacement 
Offshore, 100 MW Base Load 

-$2,410 $500 $872 -$2,411 $362 $629 

1dGFTwLP_F 
Greenfield FPSO with wind - Large Production, 
Towed to Shore, 200 MW Base Load -$2,096 $385 $656 -$1,808 $271 $440 

1eBFOfLT_F Brownfield FPSO, 26 turbines, Offshore Replace, 80 
MW Base Load 

-$2,178 $1,046 $1,742 -$2,337 $852 $1,406 

1fGFTwSL_F 
Greenfield FPSO, 32 turbines, Minimum 50 MW 
power displaced, Towed to Shore, 80 MW Base Load -$1,747 $468 $743 -$1,393 $320 $464 

2BC_GBS Base Case GBS -  
Conventional Power, 100 MW Base Load 

-$274 $0  -$374 $0  

2aBFOff_G 
Brown Field GBS with Wind at Platform, Offshore 
Replacement -$1,259 $517 $825 -$1,326 $431 $675 

2bBFTw_G 
Brown Field GBS with Wind at Platform, Towed to 
Shore -$898 $409 $637 -$832 $322 $487 

2cGFShw_G Green Field GBS with Wind at Platform, Shallow, 
Offshore Replacement 

-$1,428 $473 $821 -$1,531 $366 $619 
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Option Description 

10% Discount rate 5% Discount Rate 

NPV ($M) 
LCOE 
($/MWh) 

 Emissions 
Abated 
($/tonne) 

NPV ($M) LCOE 
Emissions 
Abated 
($/tonne) 

2dGFDp_G Green Field GBS with Wind at Platform, Longer 
Distance to shore, Towed to Shore 

-$1,013 $373 $632 -$886 $266 $430 

2eGFExt_G 
Green Field GBS with Wind - Extended Tie Back, 
Towed to Shore -$1,757 $392 $669 -$1,391 $263 $424 

*3aGFTwLT_G Greenfield GBS, 52 turbines, Third Party Power 
Supplier 1,032 MW for sale per year, Towed to Shore 

-$3,317 $607  -$3,176 $407  

*3bGFTwLT_G 
Greenfield GBS, Third Party Power Supplier, 792 MW 
for sale per year, Towed to Shore -$61 $0 $188 $108 $0 $149 

 

Price sensitivity scenario tests have been carried out where capital expenses and the cost of capital enable 
positive NPV by any of the options and compares all options to the “do-nothing” base case option. This 
scenario also requires a high carbon cost of at least $300/tonne to enable a positive NPV. Results are 
shown in Figure 7 and Figure 8.  

For FPSO options, the best performers are: Option 1d (1dGFTwLP_F) which is a greenfield FPSO with a 
large scale wind farm (32 turbines producing 100MW of power on average per month), Far from Shore, 
Towed to Shore; Option 1f (1fGFTw50F) which is a greenfield FPSO with a large scale wind farm (32 
turbines) targeting a minimum of 50MW of wind power produced per month, Towed to Shore; and Option 
1b (1bGFTwD_F), also a greenfield FPSO but smaller scale (16 turbines producing 50MW of power on 
average per month), Far from Shore, Towed to Shore.  

For GBS options, the best performers are: Options 3b (3bGFTwLT_G), greenfield GBS Third Party Consumed 
Power (PPA); Option 2d (2dGFTwD_G), greenfield GBS with 16 turbines producing 50MW of wind power on 
average per month, Far from Shore, Towed to Shore: and Option 2b (2bBFTw_G), a brownfield GBS with 16 
turbines producing 50MW of power on average per month, Towed to Shore. 
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Figure 7: NPV Sensitivity – FPSO 

 

Figure 8: NPV Sensitivity - GBS 
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 Basis of Estimate 

2.9.1 CAPEX 

The Capital Cost estimate for this floating offshore wind study were generated from feedback provided by 
manufacturers, in-house project experience and available information. Modifications and wind turbine 
costs were estimated by Intecsea along with installation cost factors. A total of 13 CAPEX cases were 
generated for use in Energy Benefits Analysis. 

2.9.2 OPEX 

Six OPEX cases were developed for the various Energy Benefit Analysis cases. The OPEX calculations for 
this study are based on ‘failure rates,’ which refers to the frequency of which an engineered system or 
component fails.  For an offshore floating wind farm, the OPEX is composed of the material costs, 
technicians’ wages, support vessel costs, and an array of other costs. 

 Installation, Operations and Maintenance 

The installation, operations and maintenance activities make up a significant portion of the overall project 
cost, due primarily to the challenges and vessel requirements associated with offshore operations. 
Offshore wind turbine facilities are significantly larger than their onshore counterparts, and the increasing 
size of turbines is creating demand for larger vessels for installation and maintenance. Some of the world’s 
largest vessels are required due to the lifting capacity and size of components, particularly the height of 
wind turbines. This can present a challenge in terms of vessel cost and availability. While some of these 
vessels, like supply and survey vessels, may be available locally to Newfoundland and Labrador, some of 
these vessels will need to be mobilized from Europe or the North Sea, like the heavy lift vessel or 
specialized cable laying vessel.  

Depending on the floating foundation type (barge, spar, etc.). selected for the project, it will drive the 
method of installation and vessel requirements for the wind turbines at the final project site. The two main 
installation methods for the floating wind turbines are: 

1. Towing the complete floating wind turbine unit (turbine & foundation) to site, followed by the final 
hook up (typically for semi-submersible or barge type foundation); and, 

2. Towing the foundation only to site, followed by hook up to the mooring system, then installation of 
the wind turbine using an HLV (typically for Spar and TLP type foundations). 

When towing the complete floating wind turbine unit is feasible, this also enables towing to shore for 
maintenance activities instead of replacing major components offshore. Installation and pre-
commissioning activities for floating offshore wind turbine facilities generally occur onshore as much as 
possible due to the challenges and higher costs of working offshore, unless foundation type prohibits the 
pre-assembly and towing of assembled units.  

Despite continued reduction in the LCOE of offshore wind projects, economic feasibility remains one of the 
largest concerns and practical constraints when considering new offshore wind opportunities. Operations 
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and maintenance (O&M) in particular are a significant cost when it comes to offshore wind power, and 
often one of the biggest challenges when considering offshore wind farms. The operations and 
maintenance costs of an offshore wind farm are estimated to account for 25 to 30% of the total wind 
farm’s lifecycle cost.  Furthermore, it is reported that more than 73% of these O&M costs are associated 
with transportation systems (vessels) for offshore floating wind farms (Nivet and Muk-Pavic, 2016). Most 
floating wind farms to date are closer to shore than the distances anticipated for electrification of oil 
production facilities offshore NL, so it is expected that these costs would be even higher.  

Inspection and maintenance inspection can be optimized by technological innovation. For example, the 
use of a drones and a bug-like robot has been investigated to inspect and repair turbine blades. Given the 
instrumentation that can be applied to drones and robots, it is very likely that this implementation of 
technology is the first of many towards reducing the cost of offshore floating wind farms (Nivet and Muk-
Pavic, 2016). 

 Demonstration Project 

Stakeholders may not wish to proceed with a fully operational project before doing an appropriate level of 
testing and verification. For example, lessons learned and optimizations from the Hywind Scotland project 
will be implemented on the Norwegian Hywind Tampen project, resulting in considerable cost savings as 
they move towards the world’s pilot project for electrification of offshore oil and gas fields and an 
essential step in reducing costs for future offshore floating wind power projects. 

At the time of the writing of this report, Equinor was in the process of installing Hywind Tampen 
infrastructure; the first of 11 floating wind turbines that will make up the floating wind farm in the 
Norwegian North Sea had reached the offshore location. Once they are all installed, the eleven 8 MW 
floating turbines will be able to meet about 35 percent of the annual power demand of the five platforms. 

Another example, Saitec has developed the 2 MW DemoSATH project, which is currently under 
construction in the port of Bilbao. The objective of this pilot project was to test technology in the BiMEP 
test area (Biscay, Spain), where tests will be carried out for two years, providing useful information for the 
environmental evaluation for the MedFloat Pilot Park. In addition to testing technology, this project can 
supply power for 2000 homes. 

At the time of writing this report, Saitec announced its interest in developing a pre-commercial pilot 
offshore floating wind park (MedFloat Pilot Park) with 5 units and a total potential of 50MW in the 
Mediterranean Sea by 2025. The offshore wind turbines will be based on their SATH technology and will 
be located more than 15 km offshore. The MedFloat Pilot Park will involve the creation of a test 
infrastructure for the demonstration, testing and validation of the SATH technology. It will also 
demonstrate the technical, environmental and social feasibility of future developments of floating offshore 
wind energy, and particularly of SATH technology, in the Mediterranean. In addition, the wind turbines will 
potentially provide power for 50,000 homes. 

In addition to Saitec, since 2018, BW Ideol has completed two full-scale demonstrators currently in 
operation in Japan, with a 3.2 MW two bladed WTG (Hibiki) and France (Floatgen), with a traditional 2 MW 
three bladed WTG (Vestas V80). The two demonstrators have gone through a number of severe offshore 
events. Hibiki has experienced 14 typhoons and, Floatgen has been exposed to North Atlantic winter 
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storms with up to 6.3 m Hs wave heights. The data collected from these events allow for benchmarking 
against the full-scale design model. This allows for further design optimization and reduction of safety 
margins to achieve further cost reductions, which all promote the viability and economics of a project. 

As part of this project, the project team looked at what an offshore floating wind demonstration or pilot 
project might entail. It became obvious early on that planning a demonstration project would be a project 
in itself and has been recommended as future or follow-on work from this project. 

Execution of a pilot project in Atlantic Canada will be a challenge. Technology solution provider availability 
and procurement of components will be difficult given the exponential growth in the industry in other 
regions (e.g., United States). In order to make this a reality, there will need to be buy-in and commitment 
from a technology solution provider, suppliers, government, operators, and industry. 

Newfoundland should look at the possibility of establishing an offshore wind test area, similar to what the 
University of Maine has done. There are opportunities for potential collaboration to establish such a test 
site between groups from industry, technology solution providers, the Marine Institute, MUN, CNA, the 
Wind Energy Institute of Canada, the Canadian Government, and the province. 

As a fully operational project may not proceed without additional testing and verification, details around 
what an offshore floating wind demonstration project might look like need further investigation. There is a 
significant opportunity here for stakeholders in Newfoundland and Labrador and the Maritime Provinces 
to work together to help establish a new industry in the region. Potential collaboration should be 
investigated between industry, government, MUN, Marine Institute and CNA. 

Input and commitment from technology solution providers would be critical to any pilot project. There 
may be opportunity to secure out-of-service floating foundations or other components for use in a test 
program. Technology solution providers interested in the potential Canadian market may be willing to 
invest through direct contribution of support-in-kind to establish a presence on the east coast of Canada. 

As part of communication with technological solution providers, interest was shown in exploring their 
participation in a pilot project offshore Newfoundland. They are interested in the potential of the wind 
resources offshore Newfoundland in addition to entering the Canadian offshore renewable energy market. 
As highlighted above, some the of solution providers are currently exploring locations or have already 
been successful in executing pilot projects in other parts of the world, and this knowledge could be 
valuable to executing a pilot project offshore Newfoundland and Labrador.  

As some of the initial steps, it was suggested the solution providers perform a first conceptual design 
study in order to better assess the project feasibility and narrow the project parameters, while also 
supporting/identifying other sources of potential financing. 

Site evaluation and selection would also need to take place. It would be desirable to have a location that 
provides some of the desired environmental loading yet not be so far offshore to make execution of a 
pilot project overly challenging logistically. An offshore wind test area referred to above could be 
established that allows for access, data collection, communication, etc. 

It is estimated that it would take a year to solicit input, garner interest, and put together a detailed plan 
around a pilot project. As the Canadian Government’s Offshore Renewable Energy Regulations are in their 
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infancy, a better understanding of what the process might be for a pilot project is needed. Environmental, 
regulatory, and permitting aspects/requirements of such a project need to be better understood. The 
offshore energy regulator (former CNLOPB) also needs to be consulted; although they have only recently 
been assigned responsibility and will need time to put in place their required processes and procedures 
around offshore wind.  

 Fixed Foundation Wind Turbine Summary 

As part of this study, fixed foundations were reviewed to determine whether they would be technically 
feasible in the water depths and ice conditions of the Jeanne d’Arc Basin near offshore oil operations. 
Fixed foundation offshore wind turbines have foundations underwater that are fixed to the seabed and are 
installed in relatively shallow waters. Almost all currently operating offshore wind farms employ fixed 
foundation turbines, except for a few pilot projects and a limited number of commercial wind turbines 
which are using floating foundations. As a result of the higher prevalence of fixed foundations in the 
industry, these fixed foundations are generally available at a higher technology readiness level and lower 
cost. These cost optimizations could improve economic feasibility of electrifying brownfield and greenfield 
oil and gas production facilities using wind facilities. 

Several fixed foundation types were reviewed as part of this feasibility study. Based on the information 
available, these foundations were assessed to determine which concepts would be selected for additional 
review for offshore Newfoundland and Labrador. Three concepts were selected to be further reviewed 
from an ice interaction and constructability perspective for application in the Jeanne d’Arc Basin: 

 Monopile: Single steel or concrete tubes embedded into the seabed. 

 Gravity Based Structure (GBS): Steel or concrete bases which rest on the seabed, adapted from 
structures common in the oil and gas industry. 

 Articulated Wind Column (AWC): A hybrid technology with a concrete column similar to the monopile, 
featuring an articulated joint at the seabed. 

Eight locations were considered in the Jeanne d’Arc Basin with relatively shallow water depths, from 60 to 
120 meters, to supply power to existing or proposed oil and gas production facilities. As with the floating 
offshore wind turbines, iceberg loads corresponding to a 50-year return period were determined at the 
various locations. In terms of interaction rates and loads, the structures themselves have a negligible effect 
on results since they are essentially vertical cylinders with similar diameters. With the exception of one of 
the locations considered in the analysis, iceberg impact rates without ice management were less than 0.02 
yr-1 (1 in 50 years), and therefore the 50-year loads are zero for these sites. This is primarily due to the 50-
year return period considered, the low iceberg frequency and the small target size (mean projected 
waterline length of the wind turbines). If ice management operations carried out on behalf of production 
facilities are considered, loads corresponding to the 50-year return period for all sites are zero. Sea ice 
loads have not been considered here. However, loads associated with sea ice for the fixed wind turbine 
sites considered is expected to be negligible. 

From a constructability perspective, the alternatives reviewed in this study require further study to fully 
normalize an evaluation since both the concrete GBS and the monopile solutions are currently depth 
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limited to around 60 m.  The Articulated Wind Column meets the target water depth requirements and the 
technology also has some provenance as an adaption from previous installed technology. 
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