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Executive Summary  

DEME Offshore US LLC (DOUS), with its sister company SPT Offshore, are developing a new 

foundation type for the US offshore wind industry. The development was funded by a grant from the 

Department of Energy (DOE) and the New York State Energy Research & Development Authority 

(NYSERDA) through National Offshore Wind Research and Development Consortium (NOWRDC). The 

innovative TSPC foundation concept is considered a more technically and commercially attractive 

alternative for US wind farms than traditional concepts such as monopiles and jackets, particularly for 

larger turbines and in deeper water. The benefits of the TSPC include a more environmentally friendly 

installation due to the noiseless and vibration-free suction pile installation method and therefore opening 

the possibility for year-round installation program. This would allow projects to be completed in one 

season, resulting in lower mobilization costs and early generation of revenues. 

S.1 Initial Market Analysis 

DEME started this study by conducting an initial market assessment for a 15MW TSPC in the US Market 

and assessing any constraints from the US supply chain and port infrastructure along the US East Coast. 

A comprehensive SWOT analysis was executed, delving into the strengths, weaknesses, opportunities, 

and threats associated with the TSPC concept. The main advantage in the TSPC lies in its noiseless 

installation capabilities, made possible through its innovative suction pile technologies. This not only 

minimizes noise pollution but also opens up environmentally friendly opportunities for transportation and 

installation (T&I) methods, including the possibility of free-floating the TSPC base instead of relying on 

traditional barges. However, a notable impediment persists in the form of the lack of readiness within the 

supply chain, given that offshore wind represents a relatively new market in the United States. 

S.2 Basic Design 

Chapter 2 delves into the foundational design aspects of the TSPC. This chapter encompasses an analysis 

of various soil conditions, including uniform sand and layered soil with sand and clay, as well as an 

evaluation of the stability of the suction piles. Additionally, it addresses the installation capacity, 

encompassing the required pressure levels, and incorporates Load Resistance Factor Design 

considerations. The design of the TSPC is predicated on a survival load case scenario with a return period 

of 500 years. The study examines two distinct types of TSPC: one fabricated from steel and the other 
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partially constructed using concrete, with comprehensive dimensional analyses conducted for both 

variants. 

S.3 Fabrication 

The fabrication process has been studied for both steel and concrete versions of the TSPC. The TSPC 

mainly consist of a central column, equipped with auxiliary secondary steel structures, such as access 

platform and boat landing, an integration section, being the connection between the suction piles and the 

central column, and 3 suction buckets. To reduce the crane capacity requirements for installation, another 

option would be to split the TSPC in 2 pieces and add a double slip-joint to integrate the central column 

and the base. According to preliminary analysis, the TSPC concept requires an integrated and complex 

fabrication capacity for structural primary steel and secondary steel with a combination of automated and 

manual labor-intensive manufacturing processes, however to a lesser extent than jacket fabrication. 

S.4 Transport and Installation 

In the context of offshore wind, the Jones Act has implications for the transportation of components, such 

as wind turbine components and foundations, between US ports during the construction and maintenance 

of offshore wind farms. Ports also need sufficient acreage, quayside length, quayside bearing capacity, 

navigation channel depth and air draft to safely fabricate, maneuver, load out and transport components to 

offshore areas. Two T&I methods were defined for the TSPC concept: one utilizing a Heavy Lift Vessel, 

and the other leveraging the free-floating capacity of the TSPC base. Four scenarios were discussed to 

transport and install the TSPC: 

1) Utilizing feeder barges for transport and a Heavy Lift vessel for installation 

2) Utilizing a Jones-Act compliant Heavy Lift vessel for both transport and installation 

3) Free-floating de TSPC base, utilizing feeder barges to transport the central column and a 

Jack-Up vessel for installation. 

4) Free-floating the full TSPC and utilizing a smaller Jack-Up vessel for installation. 

S.5 Qualitative Cost Analysis 

At this stage, the efficiency in the manufacturing process gained by experience is very limited, leading to 

direct cost-related consequences. In fact, fixed costs such as investments and management costs are 

negatively impacted at early stages of technologies and manufacturing plants. The preliminary evaluation 

shows potential costs to manufacture a full TSPC foundation in USA in the range of 2x the costs foreseen 

in the more mature market of Europe. From a labor perspective, the disparity in costs can be attributed to 
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Market Analysis 

1.1 Company background 

DEME Offshore US and SPT Offshore are developing this revolutionary solution that includes the 

engineering expertise of SPT with the significant EPCI experience of DEME Offshore. Additionally, the 

team leverages the considerable resources of the DEME Group, which has over 140 years of experience 

in the maritime industry and is a world leader in Offshore Wind and one of the world leaders in the 

Dredging industry. The DEME Group has a highly experienced team of engineers, marine architects, and 

specialist to complement their significant operations team and fleet of over one hundred vessels. DEME 

has a proven track record of investing in innovative solutions that create a brighter tomorrow. 

Figure 1. Tri-Suction Pile Caisson 

Source: DEME Offshore 
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not be subject to a piling ban. Opportunities are present within the supply chain's growth potential. Given 

the expected advances in the coming decade, the onshore and port infrastructure could prove to be 

sufficient to fabricate the foundations in the US without the significant investment in large steel rolling 

infrastructure, expensive factories, and the need to retrain an entire workforce. Today, we have seen a 

limitation to workability and downtime for traditional foundations such as monopiles and jackets due to 

local legislation and environmental requirements for protected species. Furthermore, existing US 

manufacturing facilities, port and vessel infrastructure are inadequate to reach the 2030 offshore wind 

goals set by the Biden administration. The limited availability of installation vessels is partly due to the 

worldwide growth in demand for offshore wind coupled with technological advances in the industry. As 

technology improves, larger turbines with higher capacities are being installed, necessitating bigger 

installation vessels which remain scarce on the market. Finally, developing the supply chain will certainly 

create jobs but it will be crucial to properly train and certify these workers. 

Table 1. Recap of SWOT analysis for TSPC 
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move. Due to the buoyancy of the TSPC base, it can be towed to the offshore site using tugs, offering a 

more environmentally friendly transportation option as it eliminates the need for a barge. The central 

column, however, must still be transported on a barge. Nonetheless, since it is similar to a monopile, 

multiple central columns can be efficiently transported on a single barge. 

1.3.1.3 Suction Piles, time-tested technologies 

The Suction Pile concept has been widely utilized in the offshore Oil and Gas industry for decades. SPT 

Offshore installed over 1000 suction piles and anchors since 19971. The TRL of suction pile technology, 

as the main technology for the TSPC, is TRL 9. However, the combination of various sub-technologies, 

while envisaging fabrication, transport & installation, and application in the US, is deemed to reduce the 

Technical Readiness Level (TRL) of the TSPC as a whole.  

 

1 https://www.worldexpro.com/contractors/drilling-and-well-completion/spt-
offshore/#:~:text=Worldwide%20we%20installed%20over%20450,all%20sedimented%20type%20of%20soils. 
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Figure 5. Legacy Suction Pile Jacket for Oil and Gad Market 

Source: SPT Offshore 

 

1.3.1.4 Pre-installed secondary steelwork  

The TSPC is installed into the seabed by the suction process, which is a very gentle method to establish 

penetration of the foundation into the seabed; the accelerations imposed on the structure during 

installation are negligible. Conversely, piledriving monopiles introduces very high accelerations to the 

structures, which therefore hardly allow any structures to be welded to the monopile, unless specifically 

design to sustain these loads.  

The absence of high accelerations (and fatigue due to hammer impact) during TSPC installation allows 

pre-installation of secondary steelwork on the assembly yard; as a rule of thumb, the cost of installing 

structures onshore is around 1/10
th of the cost seen for installation of the same component offshore. This 

will result in a significant reduction of installation costs. In addition, due to reduction of offshore time for 

the main HLV and the absence of additional installation vessels, greenhouse gas emissions will be 

reduced.  
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Secondary steelwork involves inter alia the access platform, internal platforms, boat landing, crane, 

internal- and external ICCP system, temporary TP cover. Pre-installation of these items, prior to transport 

to the OWF, saves a significant amount of offshore vessel time.  

1.3.1.5 Pre-installed Nature Inclusive Design (NID) 

Likewise, the suction process allows pre-installation of Nature Inclusive Design (NID) on the TSPC 

structure, aiming at improving the marine habitat by attracting particular species of fish, shellfish, and 

marine growth. NID could consist of inter alia, specific coatings, fish shelter spaces, crab cages, and 

oyster breeding nets. By pre-installing the NID, no separate installation vessel is required for this task, 

and as consequence CO2, and NOx emissions are minimized. 

1.3.1.6 Compatible with US East Coast conditions 

The TSPC solution optimizes its potential in the target market by relying on specific soil conditions (sand 

and clay) abundant along the US East Coast and harnessing time-tested suction pile technologies.  

1.3.1.7 Recycling and Circularity 

Suction pile foundations are completely removable at the end of life (by pumping out), which allows 

recycling of the steelwork or even circularity by partially re-using components of the TSPC, such as the 

suction piles. Compared with monopiles, portions of the structure could stay on the seabed indefinitely.  

During decommissioning, the foundations will not be left behind like traditional piled solutions. This 

leaves the seabed similar to its original condition and allows for upcycling and recycling of metals that 

are becoming increasingly difficult to mine and environmentally unsustainable. Therefore, from an 

environmental and sustainability point of view, the TPSC is the optimal solution to meet growing market 

demand while facing a scarcity of resources. 

1.3.2 Weaknesses 

This chapter lists some of the potential weaknesses of the TSPC foundation concept for the US offshore 

wind market. 

1.3.2.1 Low Technical Readiness Level (TRL) 

The Technology Readiness Level (TRL) scale provides an indication of the maturity of a certain 

technology. The generally accepted TRL scale covers nine levels as schematically depicted in Figure 6. 
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advancements emerge. This gradual evolution will enable the TSPC to expand into alternative foundation 

forms or potentially be utilized in ways that are presently beyond our imagination. 

1.3.3.3 Local Content and Job Creation 

For both traditional foundations and the TSPC concept, there are many opportunities for supply chain 

development that maximizes local content in the Engineering, Fabrication, Transportation & Installation 

and maintenance stages. The current generation and next generation XL monopiles serve as the building 

blocks for the US to develop a local supply chain, train tradespeople and fully develop a labor force of 

skilled workers. Experienced fabricators, leaders in the EU market, are already busy or looking to create 

US based fabrication facilities, which will also create numerous job opportunities2. 

Building the TSPC in the US will require extensive amounts of raw steel, rolling, welding, and 

construction. Moreover, extensive labor force will be required to coordinate onshore activities with 

regards to logistics and final assembly in the marshaling facilities. Figure 9 provides a list of potential 

identified services available nationally and locally. Some services may be too specific to source within a 

limited area, so they may need to be outsourced from subcontractors and vendors located elsewhere in the 

U.S. This variability creates a grey area between the two Local Content classifications; for example, 

feeder barges, assist tugs, and maybe scour protection can be sourced on both the State and National level. 

Some of the locally available services also refer to services that are more applicable for further 

specialization through Diverse Supplier classification, encouraging efforts to strengthen support of small 

and diverse subcontractors, vendors, and suppliers. 

 

2 https://eew-group.com/company/our-facilities/eew-aos-philadelphia/ 





https://www.marinetechnologynews.com/news/noise-mitigation-bubble-curtain-628140
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1.3.4 Threats 

This section lists the (external) threats that the US conditions can bring for the introduction of the TSPC 

in the US market. Threats to the TSPC mirror those of the current overall industry with supply chain 

constraints, limited infrastructure, shortages of vessels, and raw material price volatility. However, given 

the order book of wind farms that will be installed over the next two to five years and the learning curve 

that will have already occurred for the local industry, we feel confident that many of these will turn into 

strengths or opportunities. However, at the time of writing, there has been a lack of tangible investments 

into the supply chain and critical infrastructure. Specifically, port development (dredging to proper water 

depths and laydown areas with sufficient load-bearing capacity), advances in technology and ability for 

fabrication facilities and adequately training a labor force. While many states and localities have 

developed programs to address this, each state has its own goals and metrics. Thus, a unified approach to 

the industry at the federal/industry level as a whole is needed to properly allocate resources to not only 

benefit the development of the TSPC but also - the greater industry as a whole. 

1.3.4.1 Price volatility in the industry 

As seen recently with global events, we are experiencing extreme price volatility, inflation, and a lack of 

raw materials. While the present is not necessarily an indicator of what is to come for the industry, it is 

essential to note the increased demand for renewable energy with a disproportionate investment in 

building infrastructure and support systems to advance the supply chain, including but not limited to raw 

materials, fabrication facilities and technology, and installation asserts.   

1.3.4.2 Higher unit prices for fabrication compared to the EU, Middle East or Asia 

Figure 11 shows the steel price evolution in Europe, the US, and China from 2021 to 2023. Steel cost has 

risen by 180% compared to pre-pandemic levels. 

Several reasons explain this trend. Firstly, there is a shortage of raw materials essential for constructing 

wind turbines. As the global shift towards achieving net-zero emissions gains momentum, the demand for 

materials crucial to renewable energy sources is on the rise, resulting in price hikes. Secondly, the 

escalating cost of oil has had a cascading effect on raw material prices. Geopolitical events, such as the 

turmoil in Eastern Europe since February 2022, caused a significant surge in oil prices. Elevated oil prices 

inevitably lead to an increase in the costs of raw materials. Moreover, the conflict in Ukraine has directly 

disrupted supply chains, impacting the availability of crucial materials like steel, which are vital for 

manufacturing wind turbines. Lastly, the expanding global energy infrastructure gap is a contributing 
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factor to the surging costs of raw materials. Governments worldwide have invested billions in energy 

infrastructure development, further driving up the demand for raw materials required for these projects. 

Unfortunately, the raw material market is presently unable to meet the infrastructure demand, as it takes 

up to a decade to establish new material mines. Consequently, the prices of currently available raw 

materials continue to rise. 

Figure 11. Steel prices evolution 2021-2023 

Source: Ryerson, https://www.ryerson.com/resource/the-gauge/global-steel-prices-2023   

 

1.3.4.3 Limited availability of Marine Assets, Manufacturing facilities, Ports 

Marine Assets 

Currently, we are facing a shortage of available vessels not just in the US but at the global level. The 

demand for offshore wind farms is increasing worldwide as countries, and entire regions begin to invest 

in developing renewable energy further. Moreover, the technology is advancing at such a pace that 

current assets will not be viable for the next generation of turbines and foundations as they increase in 

size. Additionally, with the required lead time to develop a new vessel, it is incredibly difficult to predict 

if the vessel would be sufficient for the next generation of technology. Fortunately, the TSPC mitigates 

this by harnessing the bouncy of the structure when floating to lower the required crane strength and 

vessel size. This means that the number of vessels capable of installing the TSPC is significantly 

increased. However, given the current demand and projections for the future there will need to be a 

significant investment made into building up not just the US but the worldwide fleet of installation 

vessels. 
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2.1.4 Installation analysis summary 

Installation verification was conducted for the final TSPC suction pile dimensions. The most probable 

(MP) and maximum expected (ME) installation under pressure, removal overpressure and self-weight 

penetration (SWP) depth are summarized in Table 7. 

Table 7. Installation Verification 

 

Figure 13 presents the expected and limit pressure profiles during installation and Figure 14 presents the 

expected removal pressure profiles. Installation under pressures is within buckling and available 

maximum pressure limits. Self-Weight Penetration is higher or close to 0.5 m which is the required length 

for successful sealing. 

 

Figure 13. Required MP and ME installation underpressure, buckling limit and maximum 
achievable underpressure 

 

Soil Case Self-Weight Penetration Installation Pressure Removal Pressure 
MP ME MP ME MP ME 

# [m] [m] [kPa] [kPa] [kPa] [kPa] 
1 0.67 0.49 169 312 236 431 
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Figure 14 Soil Case 1 (Sand): Required MP and ME removal overpressure 

 

2.1.5 Stress check summary 

Load Resistance Factor Design (LRFD) methodology has been followed. An overview of combined Unity 

Check (UC) of the central column for both stress and buckling for the Ultimate Limit State load cases can 

be found in Table 8 for the five highest Unity Checks. For definitions of the analyzed sections of the 

TSPC, see Figure 15. 
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Figure 15. Analyzed sections of the TSPC 

 

Table 8. TSPC UC overview for ULS LCs in SACS 

Section Thickness [mm] Max combined UC 
Section 1 55 0.79 
Section 2 60 0.79 
Section 3 70 0.71 
Section 4 80 0.67 
Section 5 (cone) 90 0.64 

An overview of combined Unity Check (UC) of the central column (CC) for both stress and buckling for 

the ULS load cases can be found in Table 9 for the seven highest Unity Checks. Eigenfrequency 

calculation was only done for the Survival Load Case. 

Table 9. TSPC UC overview for SLC in SACS 

Section Thickness [mm] Max combined 
UC 

Section 1 60 1.00 
Section 2 65 0.98 
Section 3 70 1.00 
Section 4 80 0.94 
Section 5.1 (cone) 98 0.95 
Section 5.2 (cone) 91 0.95 
Section 5.3 (cone) 90 0.84 
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2. Optimization of the central column (CC): 

a. Study option of reducing the size of the bottom plate CC.  

b. Analyze the potential benefit of a straight CC, instead of a conical section (which is 

approximately twice as expensive compared to straight)  

c. Improve central column sizing more efficiently based on mono-pile design with thickness steps 

of 1mm instead of 5mm and maximizing OD/t ratios that are acceptable based on manufacturing 

capabilities. 

3. Optimization of Suction Pile wall thickness over height (currently uniform). 

4. Fatigue analysis to be reviewed to see if conservatisms could be reduced safely and base the analysis 

on actual WTG load data from the supplier. Further, reduce critical weld SCFs presented in this report, 

by local adjustments in the design. 

5. Optimize nesting of plates (mainly applicable to Main girders and suction pile top plate and -girders) 

6. Seek an alternative for the Double Slip Joint; analyze cost of the Single slip joint, grouted connection, 

and the option to separate between SP and Main girder. 

7. Optimize the coating specification / number of coating layers, in relation to increasing the ICCP system 

capacity to minimize corrosion protection system costs. 

2.2.1.2 Secondary steel weight 

Cost reduction of secondary steel: 

1. Re-design the supports for the Internal platforms without taking into account the pile driving loads; 

this will lead to less and less complex supports. 

2. Re-design the internal platforms for onshore installation (instead of offshore), to eliminate guides and 

installation features. 

2.2.1.3 Labor 

Reduction of labor cost, by: 

1. Minimizing weld volume 

2. Design for automated welding of certain details, with specific focus on the Main girders, SP top plate 

incl girders and the SP shell.  

3. Optimize assembly method to maximize horizontal welds during the fabrication and assembly.  

4. Design for fillet welds instead of full penetration welds where possible 
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2.2.2 Structural Concrete version TSPC 

1. The steel version TSPC design has been taken as a basis for the design of the concrete version. The 

loads on the structure (interface loads), the central column dimensions, the Suction Pile dimension, 

and the soil stiffness reactions (FSM) are all based on the steel version design. A further finetuning by 

considering the impact of the overall dimensions and weight of the concrete connection element is 

recommended.  

2. The TSPC may include a double slip joint from an installation and stability perspective. The 

installation and stability aspects of the TSPC with concrete base are quite different due to the increased 

weight and dimensions. Due to this, the advantage of a double slip joint in comparison to a 

conventional above water bolted connection might be different as well. 

3. The Concrete base showed different loading behavior of the Suction Piles compared to the steel base, 

dominantly in horizontal direction. Further finetuning by formulating the Foundation Stiffness Matrix 

using a load path more consistent with the concrete base structure loads is recommended. 

4. The higher submerged weight of the concrete connection element is expected to result in potentially 

smaller diameter and shorter suction piles. 

5. Only the critical cross sections are verified at this stage of design, resulting in typical concrete 

reinforcement and connection details. It shall be noted that these sections typically represent the 

maximum reinforcement layouts whilst less critical sections are of relevance for the average and 

minimum layouts. Further analysis of all sections is required to provide an overall realistic 

reinforcement layout. 

6. The full main girder cross section is extended to the end of the suction piles in order to keep several 

installation options open. By adding a closure structure, the box elements could add buoyancy during 

installation. Omitting parts of the top plate and walls of the box at the free end of the beam is possible 

from a structural perspective. Recommended is to investigate whether additional internal buoyancy is 

required for increasing the hydrostatic stability in free floating mode. 

7. The connection between the concrete lid (ring beam) and the suction pile shells is designed with a 

double-sided joint consisting of dowels and brackets. Further finetuning by more detailed analysis 

(structure-soil interaction) is required to verify the anticipated load paths in more detail. Potentially, 

the brackets can be omitted, reducing the overall connection height. 

8. Interaction of the steel central column and the concrete base has not been analyzed in detail. 

Recommended is to check the steel central column for buckling at the transition from steel to concrete. 

In addition, potential wall thickness reduction of the steel central column at the bottom is to be 

investigated. 
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9. The overall corrosion protection strategy is not considered in detail at this stage of design. A concrete 

reinforced structure has good corrosion resistance properties compared to steel structures, potentially 

lowering the use of cathodic protection systems. 

10. No FLS and eigenfrequency analysis are performed. Further investigation is required to assess the 

impact of the concrete base on the overall eigenfrequencies and structural responses. 

2.2.3 Geotechnical aspects 

2.2.3.1 Suction pile dimensions 

Optimization of the suction piles dimensions by geotechnical analysis: 

1. Perform cyclic analysis, instead of using an assumed cyclic factor (of 1.1) for in-place capacity 

checks. Given the predominantly cyclic nature of offshore wind turbine foundation loads, a more 

detailed incorporation of soil stiffness degradation and strain accumulation is to be performed. Model 

testing can be considered for confirmation of the analysis. 

2. Analyze the effect of increasing Suction Pile interspacing on the weight of the Main girder plus 

Suction Pile for sandy soils; the lower tensile loads on the luff side is expected to result in a 

reduction in Suction Pile overall size. 

3. Conversely, for clayey soils, it could be considered to reduce the suction pile centre-to-centre 

distance, resulting in a more clustered suction pile formation and, potentially, a global failure 

mechanism (suction piles and inner soil plug) and a reduction in TSPC overall weight. 

4. Perform an independent SLS check (with unfactored loads) to allow decoupling from the ULS safety 

factor; potentially this would result in a more optimized and less conservative geotechnical TSPC 

design. (a serviceability limit state (SLS) loading condition check was not part of the study scope, 

and thus the safety factor for in-place capacity ultimate limit state (ULS) checks was determined 

based on a maximum suction pile top plate displacement criterion, in order to provide a certain level 

of confidence that the proposed concept TSPC design can accommodate deflection limitations for 

offshore wind turbine support structures). 

2.2.3.2 Suction pile grouting 

Analyze the effect of short duration upward loading, as well as long duration downward load (weight) on 

the Suction Pile capacity in both directions; this may potentially eliminate the need for Suction Pile top 

plate grouting for certain soils. 
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2.2.3.3 Scour protection 

1. Consider taking into account effect of the weight of the rock-based scour protection on increased 

capacity of the soils surrounding the suction pile.  

2. Reduction of potential scour by reducing local water particle velocity around the structure by 

including suppression members on the Main girders and around the SPs (check by CFD).  

3. Analyze technical and commercial viability of pre-installed frond mats systems (either the rigid steel 

frame, or the pump deployed design) v/s conventional rock placed scour protection.  
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3 Fabrication 

3.1 Market assessment 

With the aim of understanding the readiness of the US market to manufacture the TSPC foundation 

concept, a preliminary market investigation was conducted utilizing large fabricators capable of managing 

the complex requirements and sophisticated supply chain required to fulfill the fabrication processes.  

During our communications with the supply chain and potential fabricators, we were able to only secure 

high-level replies to our RFQs. We understand the reasons for this to be two-fold. Much of the data would 

be made public as the activities around our request corresponded to a government funded grant. 

Furthermore, there was no guarantee of an immediate financial benefit for the supply chain to invest 

substantial resources in conducting their own research and development on an innovative concept that had 

not yet been introduced in the US market. These factors were not the only drivers to our lack of response. 

Our evaluations have revealed that the ability to manufacture even basic and well-established offshore 

wind structures in the US is still at an early stage and requires more time for development. Hence, the 

initial hesitation from potential vendors to share information can be attributed, in part, to limited 

resources, current capabilities, and the absence of any contractual or financial incentives.  

The US market is in its earlier stages of manufacturing structural steel components to feed the 

Government plan of deploying 30GW by 2030 and 110GW by 20505. Stronger engagement and active 

participation are to be expected from the supply chain when the permit processes and US State-wide 

auctions are officially launched for specific offshore wind sites. (See article: Smoother Sailing To 30 Gw 

By 2030: Proposed Enhancements To Offshore Wind Permitting Process) 

The considerations above clearly underline the US supply chain for offshore wind farms as an emerging 

market with the related implications linked to new technologies, manufacturing learning curves and 

amortization of investment and fixed costs. The US market is not yet at the level of maturity required to 

deliver complex foundations, such as the TSPC. However, we did find interest from a few select 

fabricators who provided preliminary feedback. Thus, we would take a positive outlook toward the future 

viability of the local supply chain as fabrication shifts to the US from developed markets such as the EU, 

Middle East and Asia.  

In order to create trust by the US market in the TSPC concept a demonstration project is key. 

 

5 https://www.utilitydive.com/news/department-energy-strategy-offshore-wind-plan/ . 
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Figure 16. Final assembly process of TSPC base 

 

 

 

Figure 17. Final assembly of central column 
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Currently, in order to have a preliminary estimation, the following approximative indications have been 

considered as basis of the planning: 

- 2x Tier 1 Fabricators to serve the installation planning 

- lead time of 6 months for engineering, primary steel ordering and 1st pieces ready 

- approximately 24 months of fabrication and assembly 

- TSPC output rate fully assembled: 2 Foundations ready to pick-up per month. 

3.2.3 Fabrication methodology for concrete version 

Coastal Precast Systems was consulted regarding the specific details of the concrete version, and they 

offered a comprehensive explanation of the manufacturing procedure. 

Initially, the cylinders (orange colored) will be placed up on 1.5 m tall dunnage for easier transportation 

later. The red section in the below picture are concrete lids. These lids will have seven permanent 

24x84WF beams welded to the top for added strength and to make the forming and pouring process 

easier. 

Figure 18. 3 suction piles made of steel 

 

After the completion of cylinder lids a bracing system will be set into place. This bracing system will be 

made up of the same 24x84WF beams and have smaller stringers in-between. This will be set 15 m in the 

air with nine 0.9 m steel cylinder pipes. There will be additional support between the posts and some 

between the posts to the cylinder for rigidity purposes.  

A 5 cm thick decking will be placed on top of the bracing to make for easy movement and added strength 

for forms. This whole area will be equipped with 1 m handrails and a construction elevator for moving the 

crew and material. 
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After the supports are all set up, the base slab will be formed up and poured. This is the highlighted red 

section in Figure 19. 

Figure 19. Base slab formed 

 

The middle concrete cylinder (highlighted in red) will be formed up with an inside form, the cage 

premade on the ground will be lifted into place, the outside form would be set, and the cylinder poured. 

After being poured the forms will be stripped and removed. 

Following the completion of the middle cylinder the 3 m tall transverse beam will be formed up and 

poured. These will be basic wall forms. The cages will be premade and set in and the forms set up with 

the appropriate spacings and poured. These will be done in three groupings of two.   

The Main Girder Wall will be formed up around the transverse beam with the exterior form first. The 

cage for this will be brought up in sections and the inside form brought in last. This will also be done in 

three groups of two. These will attach into the installed rebar couplers cast in the concrete cylinder. 
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Figure 20. Final TSPC concrete base 

 

The Main Girder Top Plate will need to be built in precast sections. The issue with forming up the top 

plate in place is there would be no way to get the scaffolding out. Instead, each of these panels will be 

made in two parts and raised into place. These will all be held on with a closure pour.  

There will be 0.76 m steel pipe welded in between each of the bottom cylinders for structural integrity for 

moving and transportation.  
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Step 2: Bring barge to field. 
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Step 3: Lift TSPC off barge and lower TSPC till self-weight penetration reached. Disconnect hoses. 

Start suction operation. 

 

 
 

 

 

 

 

 

Step 4: Suction operation completed. Disconnect rigging, retrieve air hoses and suction pumps. 
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Step 6: Sail HLV to next location and sail barge back to port. 

 

Regarding demobilization, TSPC can be retrieved relatively easily by applying a reverse effect on the 

suction buckets, allowing the structure to be fully removed, minimizing the environmental impact 

compared to other foundation types. 
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Step 3: Lower TSPC till self-weight penetration reached. Disconnect hoses. Start suction operation. 

 
Step 4: Suction operation completed. Disconnect rigging, retrieve air hoses and suction pumps. 

 
 

Step 5: Sail HLV directly to next location 
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Step 1: Load out TSPC base from quay on a US-flagged semi-submersible barge. 

                                                                       

 
Step 2: Tow out the free-floating base with tugs directly to field OR tow out semi-sub barge to deeper 

waters, submerge the barge and tow out free-floating TSPC base. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Step 3: Install TSPC base with JUP. 
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Step 4: Lower TSPC base till self-weight penetration reached. Disconnect hoses. Start suction 

operation. 

 
 

Step 5: Suction operation completed. Disconnect rigging, retrieve air hoses, suction pumps. 
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Step 6: Sail JUP vessel to next location. 

 

In parallel, barges will be loaded with the central column and towed to the field. Upon arrival of the barge 

carrying the central column, the JUP will lift the central column off the barge and lower it onto the Base 

to engage the Double Slip Joint. 
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Step 1: Load central columns onto barge with onshore crane. 

              
Step 2: Tow out barge with tugs to field. 

 
Step 3: Lift central column off barge and install it on TSPC base, engaging double slip joint. 

 
Step 4: Sail barge to next location. 

 





60 

 

Step 2: Tow out the free-floating base with tugs directly to field OR tow out semi-sub barge to deeper 

waters, submerge the barge and tow out free-floating TSPC base. 
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Step 3: Connect TSPC to JUP crane hook and lower TSPC till self-weight penetration reached. 

Disconnect hoses. Start suction operation. 

 
 

Step 4: Suction operation completed. Disconnect rigging, retrieve air hoses, suction pumps and 

buoyancy tanks. 
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Step 5: Sail tugs back to port and JUP to next location 
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5 Qualitative Cost Analysis 

5.1 Fabrication Costs 

Whilst major developers are looking into eco-friendly foundations to serve part of the offshore wind 

farms by the end of this decade, innovative structures are introduced as demonstrator concepts in 

consolidated markets such as in Europe to be fabricated by 2026-20287. At this stage, FID for these 

projects have not been reached. Under this frame, a one-off TSPC would be manufactured with the aim of 

incorporating the lessons learned from engineering, construction, and installation back into the design and 

manufacturing processes. 

From this perspective, the TSPC can be seen as novel technology, even if it represents the combination of 

cost efficient monopile and suction pile processes. In relation to technologies and their cost evolution over 

time, when the performance of a technology is plotted against the amount of effort and money invested, it 

typically shows slow initial improvement, then accelerated improvement, then diminishing improvement. 

Figure 24. Performance improvement 

 

The initial performance of a novel technology is low in the early stages because lessons learned from 

experience are not yet included in the cycle. At this stage, the efficiency in the manufacturing process 

gained by experience is very limited, leading to direct cost-related consequences. In fact, fixed costs such 

as investments and management costs are negatively impacted at early stages of technologies and 

manufacturing plants.  

 

7https://english.rvo.nl/information/offshore-wind-energy/hollandse-kust-west-wind-farm-zone  
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Raw materials and semi-finished components are likewise adversely affected, as their demand remains 

low in the early stages, resulting in higher prices. Given the nascent state of the US market in establishing 

the offshore wind supply chain, it's reasonable to anticipate significantly higher costs compared to more 

mature markets like Europe, where the industry has already benefited from manufacturing experience and 

increased demand. As later demonstrated in this paper, labor costs play a substantial role in determining 

the total production cost of steel structures. 

The qualitative costs analysis reported below considers the high-level data received from the market and 

the costs analysis for similar structures in consolidated market such as EU waters. To understand the 

nature of the TSPC cost level, it is important to highlight its main cost drivers, namely steel plate and 

semi-finished products, labor, and fixed cost. 

The preliminary evaluation shows potential costs to manufacture a full TSPC foundation in USA in the 

range of 2x the costs foreseen in the more mature market of Europe.  

From a raw material perspective, the difference can be explained considering the average steel plate 

supply in the US, approx. 2,200-2,500 Eur/mT, compared to the one in Europe, which stands at the level 

of approx. 1,500-1,600 Eur/mT. There is an approximate 40% cost difference in raw materials between 

the two geographical regions, without considering the technical specifications of the steel plates. Further 

analysis is required to assess the steel plate market and its availability for offshore wind farms. 

Additionally, a thorough investigation into potential enhancements in raw materials should be undertaken, 

especially considering the greater availability of concrete slabs in the US market which could lead to cost 

improvements. 

From a labor perspective, the disparity in costs can be attributed to variations in labor costs between the 

US and EU regions. The average US blue-collar hourly rate is twice that of the EU blue-collar hourly rate. 

Additionally, it is assumed that facility investments and depreciation costs will have a substantial impact 

on the emerging US market. 

Further analysis must be conducted on the market, with particular attention to: 

- importation and custom duties for raw material 

- labor unions and any eventual collective bargaining agreement 

- possible subsidies at governmental level 

In the future, we can anticipate positive impacts stemming from the learning curve in fabrication on serial 

production and the economies of scale in purchasing. 
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Furthermore, the utilization of suction pumps with a higher flow rate can significantly decrease 

offshore installation time. 
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7.3.3 Laboratory Testing 

The different aspects that are input to the design(optimization) of the TSPC, as listed in 3.4.1 will require 

the conduction of a rigorous test program in controlled laboratory settings to validate the feasibility of the 

transport methodology, the input to the structural integrity analysis, hydrodynamics loads on the external 

structures (like NID) and optimization of the Scour protection design.  

In this iteration, the design of the TSPC, appurtenances and scour protection will be optimized based on 

test results. 

At the end of the laboratory tests the TRL will be in the range of TRL 4 to 5. 

7.3.4 Field Testing and Validation 

Installation of a prototype in a controlled offshore environment to simulate real-world conditions can be 

considered. 

Depending on the objective of the mid/full scale protype tests, the following tests could be considered: 

1. The fabrication method, yard logistics, methods for automated fabrication, for component-

based fabrication and -assembly. This would require a direct role for potential fabricators. 

2. Load out method from the quay into the water. This would require input from the operators 

of vessels, cranes, and logistical handling equipment.  

3. The dynamic behavior of the TSPC during free floating tow out.  

4. The dynamic behavior and crane loads during installation of the free floating TSPC by 

ballast-controlled lowering by a lower tier HLV. 

5. The feasibility of the suction process in the local soils; it could be considered to test this on 

various locations in the area with an existing test pile.  

6. Underwater noise level measurement during the suction process, to confirm the noiseless 

characteristics of the method. 







77 

 

7.4.2 Market Analysis and Supply Chain Development 

The TSPC is an opportunity for the foundations market as it offers an environmentally friendly 

installation technology together with the combination of cost efficient monopile and suction piles 

processes. From a fabrication perspective, the TSPC combines the application of serial production with 

highly automated machinery and labor-intensive manufacturing processes. 

Being the US offshore wind market in its emerging phase, potential challenges can be found in the supply 

chain establishment. In fact, the TSPC foundation requires a large range of steel fabricators and 

construction yards able to support the serial production and the main components and erection and final 

mating processes.  

From a market analysis and supply chain development, a potential roadmap which takes into 

consideration the US market encompasses the following steps: 

1. Mapping the demand for offshore wind farm steel foundations forecasted over a timeframe 

of 3 to 5 years to scale up the necessary investment and optimize the most advanced 

technologies. 

2. TSPC design progress to identify applicable standards to facilitate a local supply chain 

development and potential cost optimizations of new technologies and processes. 

3. Actively monitoring the market capacity available to fulfill the current and future projects in 

the US and complementary capacity from international market, from raw material sourcing 

to fabrication and assembly processes.  

4. Request feedback from the supply chain throughout the product development phases in order 

to assess benefits in the manufacturing processes for serial production. With this approach, 

technical and commercial aspects would be further investigated based on market 

consultation. This would allow to better understand the cost drivers and leverage on 

efficiencies that could have larger positive impact on fabrication processes, manufacturing 

lead-times and overall costs.  

5. Investigate the raw material processes at the bottom of the steel supply chain. Ideally the 

supply chain should be supported by domestic steel mills to minimize transport and logistics 
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This would bring the TRL to 8. 

7.5.2 Performance Optimization 

The data from the pilot project is analyzed to identify areas for optimization and improvement of the 

fabrication method, logistics and the structure- and appurtenances design. Refine the design and 

manufacturing processes based on lessons learned. 

7.5.3 Full-Scale Deployment 

Gradually increase the deployment of new foundations in offshore wind farms, using the lessons learned 

from the pilot project. Collaborate with energy companies to integrate the technology into their projects. 

The TRL in this phase is 9. 

7.6 Phase 5: Continued Innovation and Expansion / Optimization  

7.6.1 Research and Development Continuation 

Maintain a commitment to ongoing research and innovation to enhance the technology's performance and 

efficiency. Explore opportunities for using advanced materials, automation, and improved installation 

methods. 

7.6.2 International Expansion 

Looking at the international market, there is potential for future viability. This phase is about exploring 

partnerships and collaborations to introduce the technology to global offshore wind markets. However, it 

is essential to note that the TSPC design will require adaptions to suit different environmental and 

regulatory contexts. The TSPC designs examined in this study have been explicitly tailored for use in the 

U.S. market, meeting both the physical environment and regulatory requirements.  

7.6.3 Continuous Monitoring and Maintenance 

Implement a robust monitoring and maintenance strategy to ensure the long-term reliability and efficiency 

of the foundations. 
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REV. DATE DESCRIPTION PREP. CHK. APPR.

    - TSPC = 2433 mT
    - ACCESS PLATFORM = 18 mT
    - BOATLANDING = 24 mT
    - CENTRAL COLUMN = 520 mT
    - INTEGRATION STRUCTURE = 983 mT
    - SINGLE SUCTION PILE (3x) = 296 mT
3. DRY NET WEIGHTS:
2. FOR GENERAL NOTES SEE DRAWING : 20204001-SPT-STR-DRA-0000
    (boatlanding+access platform for indication only)
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