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1 EXECUTIVE SUMMARY 

1.1 Conclusions 

The NorSea group (NorSea), Suldal municipality and Ryfylke IKS established the company WindWorks Jelsa AS (WWJ) 

in 2020. WWJ’s purpose is to investigate the possibility of establishing a larger industrial plant at Berakvam on Jelsa in 

Suldal in the quarry of Norsk Stein. The goal of the plant is to enable efficient large-scale production of concrete 

substructures for floating offshore wind including quay side integration of the wind turbines before towing to the field.  

In the above context, WWJ has requested DNV to perform a comparative study between steel and concrete 

substructures for FOWT. The study considers the following aspects: carbon footprint, cost, and potential for local 

content. The study focuses on the whole life cycle of the substructures, i.e. from “cradle to grave”. For the comparison, 

two types of floater concepts are considered (spar and semi-submersible). Further, a high-level comparative 

assessment of the steel building capacity for FOWT substructures is included. 

The study results indicate that, for the base cases considered, concrete floaters, both spar and semi-submersible, have 

lower carbon footprint and costs, than their steel counterparts. A key driver of costs and carbon footprint for the steel 

units is the transport from Asia. Per today, the only region that can deliver steel units at WWJ’s target capacity (i.e. 67 

units/annum), single source, is Asia. This may change by the time WWJ is fully operative.  

With respect to the local content study, the Norwegian local supply chain is considered sufficiently mature to deliver 

concrete floaters at WWJ’s target capacity. However, this is not the case for production of steel units. In the case of 

Europe, there is no single source that can meet the target demand today. Further investigation would be needed to 

assess if combined sources would be able to deliver steel units in Europe at WWJ’s target capacity. 

1.2 Supporting argumentation 

Establishment of base cases (Section 3) 

Four (4) base cases were established for this study by scaling concepts available. Where designs for 15MW WTG for 

the evaluated concepts were publicly available, these were used without major modifications. Where these were not 

available, base cases were scaled by using publicly available information, information provided by WWJ and DNV 

experience. No structural or hydrodynamic calculations were performed to establish base cases. 

It is noted that the development of the WWJ industrial plant requires carbon emissions and costs. This has not been 

included in the study upon agreement with WWJ. The basis for this is that an important share of the emissions and costs 

are considered carried by the ongoing sales for quarry activities and extraction of raw materials for other purposes. 

Further, once the WWJ facility is established, it will be operative for several decades thus costs and emissions will be 

spread through the years.  

Carbon footprint comparisons (Section 4) 

An assessment of the carbon footprint for the four (4) different offshore wind turbine foundation concepts has been 

carried out to compare the different concepts’ carbon emissions. Several sensitivity analyses have been performed to 

investigate the robustness of the main findings. 

The results of the carbon footprint comparison show that for this study, given the specific base cases, the concrete 

concepts had lower carbon footprint than their steel equivalents. In general, the difference between the 2 floater types 

were reduced with recycling being the end-of-life strategy, but the concrete concepts always remained favourable. For 

all concepts, raw materials contribute the most to the carbon footprint. In addition, the raw materials contribute 

significantly to the end-of-life stage in the scenario of landfill disposal, due to the emission penalty for not recycling. 

Some of the main observations from the carbon footprint assessment are listed below: 
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• In the base case, the carbon footprint of the concrete spar concept is assessed to be approximately 4-5 times 

lower than that of its steel equivalent, depending on end-of-life strategy. 

• In the base case, the carbon footprint of the concrete semi-submersible concept is assessed to be 

approximately 2,5-3 times lower than that of its steel equivalent, depending on end-of-life strategy. 

• Introducing recycled steel to the raw material input can reduce the carbon footprint of the steel concepts 

significantly. However, with both 35% and 70% recycled steel content, the study still favours the concrete 

concepts.  

• Transporting steel raw materials from China to Germany by cargo ship for manufacturing of foundations in 

Germany will reduce the raw material, manufacturing and integration stages with in total 21% for the steel-semi 

concept, and 16% for the steel-spar concept compared to the base case.  The emission intensity of steel raw 

material also varies between countries and the origin of the raw materials can have a significant impact on 

value chain emissions. 

• Reducing the carbon intensity of cement with 50% by the use of CCS, would lead to approximately 30% 

reduction in the raw material emissions for the concrete concepts in this study. Thus, cement with CCS will 

significantly reduce the carbon emissions of the concrete concepts. 

Cost comparisons (Section 5) 

A comparative study to assess the cost differences between steel and concrete material for both spar and semi-

submersible concepts was performed. Base cases assume manufacturing of steel units to occur in Asia with subsequent 

transport to Europe for integration. When considering the transport cost from Asia, both the steel spar and steel semi-

submersible are more expensive compared to the concrete versions by 163% and 69%, respectively. This is due to the 

long duration of the voyage and high day rate of the vessel. The study also shows that, when transport from Asia is 

excluded from the comparison, the steel spar is still more expensive than the concrete spar by approximately 68%. 

However, in this case, the concrete semi-submersible is more expensive than the steel alternative by 11%. It should be 

noted that the steel substructure cost considered in the study is representative of manufacturing in Asia. Manufacturing 

in e.g. Europe, will increase steel substructure costs by approximately 25 – 30% (local European transport costs not 

included). 

It should be noted that the resulting EUR/MW cost estimations for the floaters are lower when compared to other 

studies. This is because the cost estimations presented in this study do not include costs associated to the whole life 

cycle of the substructure, e.g. WTG integration, operation and maintenance, decommissioning, etc. They only include 

the life cycle phases and substructure components which contribute most to differences between concrete and steel 

solutions.  

Local content assessment (Section 6) 

It is found that the local labour and supply chains within Norway can meet the majority of the demand generated during 

full production of concrete spar or semi-submersible units at the WWJ facility.  

The labour and skills market have capacity to cover all positions and expertise locally. This is bolstered by the deep 

knowledge and technical expertise within the Norwegian offshore concrete construction industry. Additionally, training of 

personnel to perform clearly defined tasks can be done relatively efficiently, even when training personnel with little or 

no prior experience. This will facilitate long term local employment in the area.  

The Norwegian supply chain, for the materials required for FOWT substructures at WWJ is mature. This is due to the 

substantial size of the existing civil construction industry, precast industry, and associated specialist suppliers. However, 

due to their specialised nature and the availability within the market, some materials such as bespoke multi-use heavy 

steel formwork, Supplementary Cementing Materials (SCMs), post tensioning system components, and high-density 

solid ballast, will likely require importation from specialist suppliers outside Norway.  
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Steel fabrication capacity (Section 6) 

Steel fabrication capacity has been assessed considering a target capacity equal to WWJ target capacity, i.e. 1GW per 

annum. 

Europe  

The assessment indicates that the European market is not likely to be capable of delivering steel units at the 

target capacity. While most of the countries assessed are likely to have the required skilled labour force and 

experience necessary, availability of raw materials (finished steel products) and large-scale production capacity 

is limited and not of the scale needed to meet the target demand. 

Further investigation of shipyard availability and interest is required to determine if the combined capacity of 

European countries can meet the required demand; however, early indication from this assessment suggests 

the market will struggle to meet this demand without further investment. 

Asia  

Based on this assessment, the identified Asian countries are likely capable of meeting the demand associated 

with delivering steel substructures at the target capacity. It is noted that transport from Asia to Norway will 

incorporate costs, time and associated risks, which have not been included in the assessment. 

Norway 

The findings of this assessment indicate that the steel fabrication industry in Norway is not capable of 

delivering steel FOWT substructures at the target capacity.  

Assuming an optimistic production rate, the indication is that the combined capacity of all the major Norwegian 

steel fabrication facilities/yards identified is not equivalent to the target capacity, and further infrastructure and 

supply chain investment is needed. 

Similar to the results for the European countries in general, Norway is likely to have the required skilled labour 

force and experience necessary to deliver steel FOWT substructures. However, availability of raw materials 

(finished steel products) and large-scale production capacity is expected to be insufficient to meet the target 

capacity.  
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2 INTRODUCTION 

2.1 Background 

The NorSea group (NorSea), Suldal municipality and Ryfylke IKS established the company WindWorks Jelsa AS (WWJ) 

in 2020. WWJ’s purpose is to investigate the possibility of establishing a larger industrial plant at Berakvam on Jelsa in 

Suldal in the quarry of Norsk Stein. The goal of the plant is to enable efficient large-scale production of concrete 

substructures for floating offshore wind including quay side integration of the wind turbines before towing to the field.  

In the above context, WWJ has requested DNV to perform a comparative study between steel and concrete 

substructures for FOWT. The study considers the following aspects: carbon footprint, cost, and potential for local 

content. The study focuses on the whole life cycle of the substructures, i.e. from “cradle to grave”. For the comparison, 

two types of floater concepts are considered (spar and semi-submersible). Further, a high-level comparative 

assessment of the steel building capacity for FOWT substructures is included. 

2.2 Scope of work 

The work has been divided into four work packages as follows: 

• WP-1: Establishment of base cases (Section 3) 

• WP-2: Carbon footprint comparisons (Section 4) 

• WP-3: Cost comparisons (Section 5) 

• WP-4: Steel fabrication capacity and local content assessments (Section 6) 

Each work package is described in detail in self-contained sections of this report. In this section, a general overview is 

given.  

WP-1 establishes the base cases which will be used in subsequent work packages. A couple of workshops were carried 

out with team members to establish important assumptions for the base cases as well as the level of detail needed for 

the description of the base cases to enable execution of the subsequent work packages. 

WP-2 and WP-3 have evaluated differences between concepts, spar or semi-submersible, which are attributed to the 

hull material, being concrete or steel. Focus has been put on elements where major differences are found for aspects 

which have significant contribution to either cost or carbon footprint.  Note one-to-one comparisons between different 

concepts for the same hull material have not been performed; comparisons should only be made between floater types. 

WP-4 has focused on assessing potential for Norwegian local content and maturity of supply chain for production of 

concrete units. In addition, a high-level assessment of the steel building capacity in Europe/Asia per today, with 

equivalent planned capacity as WWJ, has been performed, along with an assessment of the steel building capacity in 

Norway. 
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3 ESTABLISHMENT OF BASE CASES 

3.1 General 

To perform the comparison of concrete and steel concepts, four base cases were established as presented in Table 3-1.  

Table 3-1   Base cases 

Denomination Description 

Spar C 
 

Concrete spar 

Semi C 
 

Concrete semi-submersible 

Spar S 
 

Steel spar 

Semi S 
 

Steel semi-submersible 

The base cases have covered the whole life cycle of the asset: raw material, manufacturing, integration, installation, 

operation, and end of life. When establishing base cases, the key objective was to provide the adequate amount of 

information to enable subsequent studies. An initial screening was performed to identify elements where important 

differences between concepts were expected. 

The offshore floating wind market and supply chain is under development. Consequently, there are elements of the life 

cycle that are immature. Where it has been possible to establish robust assumptions based on clear market trends or 

relevant experience from other industries, this have been made. However, where establishing assumptions would have 

introduced uncertainty on the study results or where experience in the floating wind market is still scarce, the preferred 

approach has been to exclude these from the comparative studies. A qualitative discussion on expected differences, 

based on experience from other industries, is presented. 

It is noted that the development of the WWJ industrial plant requires carbon emissions and costs. This has not been 

included in the study upon agreement with WWJ. The basis for this is that an important share of the emissions and costs 

are considered carried by the ongoing sales for quarry activities and extraction of raw materials for other purposes. 

Further, once the WWJ facility is established, it will be operative for several decades thus costs and emissions will be 

spread through the years. 

3.2 Common assumptions for base cases 

Table 3-2 presents common assumptions for all base cases.  Please note that the base cases assume that the following 

components are identical for each floater type, spar and semi: WTG, tower, mooring lines, anchors, ballast system 

(assumed passive).  These components are therefore not included in the comparisons as they are considered equal. 

Table 3-2  Common assumptions for all base cases  

Parameter Value 

Wind turbine generator (WTG) capacity 
 

15 MW 

Annual energy production capacity  
 

1 GW 

Annual capacity of production facility 
 

67 units/annum 

Structure design life 
 

25 years 

Target deployment site 
 

Utsira Nord (60nm from WWJ) 

It shall be noted that the annual capacity is defined based on the expected capacity of WWJ by 2030. This has been the 

determining factor to establish where the “equivalent” assembly line for steel units is located. It was agreed with WWJ 

that the “equivalent” assembly line should be established based on today’s installed/available capacity.  
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3.3 Base case description 

Table 3-3 describes base cases through the life cycle of the structure. Comments are given to possible exclusions or 

simplifications made including discussion of possible implications for the study. 

Table 3-3  Description of base cases per life cycle phase 

Life cycle 
phase 

Concrete concepts Steel concepts Comments 

Raw materials Cement (Norcem) 
Aggregates (WWJ) 
Fly ash (Gdynia, Poland) 
Silica Fume (Elkem Bjølvefossen) 
Reinforcement (Mo i Rana, Celsa, 
by vessel) 
Post tensioning reinforcement 
(Portugal, Freyssinet, by vessel) 
Magnadense (Kiruna, by 
train/vessel) 
 

Structural steel 
Solid ballast (concrete 
considered with raw materials as 
per concrete concepts) 
Magnadense (Kiruna, by 
train/vessel) 
 

Post tensioning system is supplied from 
different locations. However, the bulk of 
the system, i.e. cables, is assumed to be 
supplied from Portugal. 
Structural steel is assumed to be 
produced close to manufacturing facility, 
i.e. no transport of raw material is 
considered for steel concepts. 
Note that in none of the cases waste of 
raw materials have been considered 

Manufacturing Site: Norway Site: China  
 

Steel fabrication study confirmed that per 
today, the only location which can deliver 
67 units/annum, single source, is Asia. 
 

 Method: 

Spar C: Dry build lower part in 
dock, wet build remainder afloat 
(slip forming) 
 
 

Method: 

Spar S: Fabrication in yard, 
SPMT / skidding on to barge, 
float off. Passive upending in 
deep water prior to integration. 
Automatic welding, primarily 
tubular, possible ring stiffened. 
 

 
Units have different weights depending on 
material. Further, completed units will be 
moved by different means, SPMT, flooding 
of dry dock, crane, etc. It is assumed that 
possible differences in the assembly line 
emissions/costs will not have a significant 
impact on the overall comparison. 
 
 

 Semi C: Dry build in dock, or dry 
build in yard with completion afloat.  
 

Semi S: Fabrication in yard, 
SPMT / skidding on to barge, 
float off. Manual welding with 
primarily stiffened plates. 
 

Integration Transport to integration site: 

None 

Transport to integration site: 

Vessel: Blue Marlin 
Service Speed 10-12 kts 
Transport of 2 units/voyage, 
11 000nm x 2 journeys (Asia to 
Europe and back) 
 

 Site: WWJ 
 

Site: WWJ or equivalent within 
60nm from Utsira Nord 
 

No difference and therefore excluded from 
the comparisons. 

 Method: Onshore crane 
 

Method: Onshore crane 
 

No difference and therefore excluded from 
the comparisons. 
 

Installation Wet tow to integration site, 60nm Wet tow to integration site, 60nm Fleet expected to be the same for the 
same floater type, regardless of material. 
Drag, which depends on structural shape, 
is considered more important to energy 
consumption than displacement. 
Differences in energy consumption are not 
considered to be significant and thus 
excluded from the comparisons. 
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Life cycle 
phase 

Concrete concepts Steel concepts Comments 

Operation Visual inspection, ROV 
Limited inspection frequency 
No planned maintenance / 
repairs during design service life 
 

Visual inspection, ROV and NDT 
Inspection frequency dependent 
of concept robustness 
Regular inspections from start of 
operations. Alternatively, 
inspection regime could be 
following a calendar-based 
regime with periodic renewal, 
e.g. similar as promoted by Class 
societies  

Operation manuals for FOWT are not yet 
available in the industry as most floaters in 
operation are not part of commercial wind 
farms. Based on experience from offshore 
oil&gas industry, it is expected that 
concrete units will be less demanding than 
steel in terms of inspection/maintenance. 
There is no experience in the wind 
industry with lifetime extensions of 
floaters. Based on experience from 
offshore oil&gas, it is anticipated that life 
extensions for concrete units will be less 
demanding than for steel units.  
It is anticipated that replacing a WTG at 
the end of its lifetime with a new one is 
more feasible for a concrete substructure. 
However, it is yet to be seen if an 
equivalent WTG, i.e. in terms of demands 
on the substructure, would be available 20 
years after first integration. 
 
Given the uncertainties in establishing this 
portion of the life cycle, OPEX and life 
extension aspects are excluded from the 
comparisons. 
 

End of life Recycling potential: concrete, 
reinforcement 

Recycling potential: steel  

3.4 Scaling of concepts 

The detailed methodology for scaling of concepts is described in Appendix A. Where publicly available designs for 

15MW WTG for the evaluated concepts were available, these were used without major modifications. Where these were 

not available, base cases were scaled by using publicly available information, information provided by WWJ and DNV 

experience. No structural or hydrodynamic calculations were performed to establish base cases.  

 

3.4.1 Summary of main quantities 

Table 3-4 and Table 3-5 show the summary of main quantities for the four (4) base cases.  
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Table 3-4  Concrete base cases 

Parameter Spar C Semi C 

Hull weight [tonne]    14 750  18 500 

Concrete [m3]  5 570  6 730 

Cement [tonne]  1 950  2 350 

Silica fume  110  130 

Fly ash  110  130 

Fine aggregate [tonne]  5 250  6 350 

Coarse aggregate [tonne]  5 250  6 350 

Bulk ballast [tonne]  12 000  - 

Water ballast [tonne]  5 200  8 250 

Steel reinforcement [tonne]  1 400  2 350 

Post-tension reinforcement [tonne]  150  250 

Footprint [m] Diameter: 18.6 88 x 80 

Draft (post-WTG integration) [m] < 100 < 14 

 

Table 3-5  Steel base cases 

Parameter Spar S Semi S 

Structural steel [tonne] 
 Primary steel  
  Columns 
  Plates 
  Trusses and beams 
 Secondary steel 

5 000 
 4 650 
   3 700 
   950 
   - 
 350 

4 000 

 3 720 
  -    
  720 
     3 000 
    280 

Weld [km] 3.5 1) 9 1) 

Footprint [m] Diameter: 18.6 3) 90 x 100 

Concrete ballast [tonne] 2 700 2 600 

Bulk ballast [tonne] 10 800 - 

Water ballast [tonne] 4 500 11 400 

Draft (post-WTG integration) [m] < 100 < 13 

1) Establishing length of welds is not straight forward. However, for the purpose of this study, the proposed numbers are considered 

representative. 

 

It is assumed that secondary steel for concrete and steel floaters is comparable. Therefore, only primary steel is 

considered in the comparative studies. 
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4 CARBON FOOTPRINT COMPARISONS 

4.1 Goal and scope definition 

4.1.1 Objective and scope of the carbon footprint comparison 
The purpose of this study is to compare the carbon footprint of 2 concepts of concrete foundation and the equivalent 

steel foundations for offshore wind applications, as given in the base case description in section 3. The comparison is 

based on a life cycle approach considering GHG-emissions for each of the life cycle stages; from raw material extraction 

to end-of-life. It should be noted that the study focuses on main differences between the 2 concepts, and if life cycle 

stages are assessed to generate similar GHG-emissions for the 2 concepts, these stages are not considered in the 

comparison.   

 

4.1.2 System boundaries and functional unit 
The base case for the comparison is detailed out in section 3. As mentioned earlier the carbon footprint comparison 

involves all steps in the life cycle of the two foundation concepts, hence the system boundaries are set as given in 

Figure 4-1. The functional unit of the study is chosen to be GHG-emissions related to the production, installation, 

operation and end-of-life for 1 foundation (kgCO2/foundation) with the functionality as given in the base case described 

in section 3. 

It should be noted that the life cycle stages “Installation” and “Operation” has been assessed to have equal level of GHG 

emissions and are therefore not included in the comparison. Further it should be noted that in the life cycle stage 

“Integration” the only GHG-emissions accounted for is the transport of the steel foundation from China to the integration 

site which is assumed to be in the same area as the Jelsa-site1. Emissions related to the integration itself is assessed to 

be equal and hence left out of the comparison. Finally, emissions related to the transport of processed raw materials to 

the manufacturing site have been allocated to the “Manufacturing” life cycle stage. 

Emissions related to material use and construction of facilities for manufacturing of the foundations are not included in 

the calculations. 

 

 

Figure 4-1 High level system boundaries for the two offshore wind foundation concepts. The life cycle stages 
“Installation” and “Operation” has been assessed to have equal level of GHG emissions and are therefore not 
included in the comparison. 

 

In the base case, disposal on landfill of the foundations has been selected as the end-of-life stage. A sensitivity analysis 

is carried out looking into how recycling of the material after end of life will impact the carbon footprint comparison.  

 

4.1.3 Data and data quality requirements 
The data used in this assessment are based on the following sources:  

 

 
1 As the integration of the concrete foundations is assumed to take place at the Jelsa-site, no GHG emissions is accounted for in relation to transport of foundations to 

integration site.  
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• The base case as described in section 3 

• Declaration of power mix  

• Environmental Product Declarations (EPD)  

• International recognized databases; EcoInvent 3.6 (via LCA tool SimaPro)  

• Literature e.g. scientific peer reviewed papers, publicly available reports, etc.  

• Input on vessel emissions based on expert judgment and IMO2 data. 

 

4.1.4 Allocation procedure 
The allocation procedures used in the study is based on the recommendations given in ISO 14067 /19/. Where 

allocation has not been possible to avoid by dividing the unit processes into sub-processes or system expansion, 

emissions have been allocated in a way that reflect the underlying physical relationship between the inputs/outputs of 

the system. 

 

4.1.5 Limitations of the study 
This comparison does not include absolute values for the carbon footprint of the two foundation concepts as life-cycle 

stages and processes within life-cycle stages with similar emissions are left out of scope.  

 

4.2 Inventory analysis 

4.2.1 Data quality assessment 

4.2.1.1 Raw material 

Data for raw material extraction and processing is mainly collected from relevant EPDs, the EcoInvent database, 

accessed via the LCA-tool SimaPro and publicly available reports/papers.  

 

Table 4-1  Raw material 

Material Case Data quality assessment 

Cement Concrete 

semi/spar 

Steel semi/spar 

(concrete ballast) 

The carbon intensity factors used for cement is based on an EPD for Industry 

Cement CEM I 52,5 R by Norcem, Brevik /21/. Steps A1-A3 is included, 

cradle-to-gate in the carbon intensity factor. This is regarded as a solid data 

source representing the cement that would be used in the base case. 

Fly ash and 

silica fume 

Concrete 

semi/spar 

Steel semi/spar 

(concrete ballast) 

Carbon intensity factors for fly ash /23/ and silica fumes /24/ is based on 

publicly available scientific papers. Both sources are considered 

representative and fit for the purpose of this study. 

 
2 International Maritime Organisation 
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Material Case Data quality assessment 

Rebar Concrete 

semi/spar 

The carbon intensity factors used for the rebars in the concrete is based on an 

EPD for Steel Reinforcement Products for Concrete, by Celsa Steel Service 

/22/. Steps A1-A3 is included, cradle-to-gate, in the carbon intensity factor. 

This is regarded as a solid data source representing the steel in rebars that 

would be used in the base case. The EPD issued in 2016 is no longer valid 

(30.05.21), however, the emissions footprint established in 2016 is likely to be 

representative for a 2021/2022 scenario. 

Aggregates Concrete 

semi/spar 

Steel semi/spar 

(concrete ballast) 

The carbon intensity factors used for aggregates is based on an EPD for the 

Jelsa quarry covering a range of products /20/. For the calculations the carbon 

intensity factors for the products 5/16mm, 0/5mm and Raw Blast Rock have 

been used. Steps A1-A3 is included, cradle-to-gate, in the carbon intensity 

factor. This is regarded as a solid data source representing aggregates that 

would be used in the base case. 

Post-tension 

reinforcement 

Concrete 

semi/spar 

The carbon intensity factors used for the post-tension reinforcement is based 

on an EPD for PC Strand Reinforcement Products, by Siderurgica Latina 

Martin /26//22/. Steps A1-A3 is included, cradle-to-gate, in the carbon intensity 

factor. The product described in the EPD is not the product depicted in the 

base-case (Freyssinet post-tensioning). However, for the purpose of the 

carbon footprint assessment the Siderurgica product is considered similar in 

carbon intensity properties, thus acceptable for use in the assessment.   

Steel  Steel semi/spar The carbon intensity factors used are taken from the EcoInvent database 

representing emissions related to extraction of raw materials and production 

of structural steel. The carbon intensity factor for virgin production of structural 

steel is representative for global production, thus not related to a specific 

region or country. The carbon intensity factor for recycled steel used in the 

sensitivity analysis is representative for recycled steel produced in Europe. 

This is assumed to be conservative as the energy mix in Europe in general 

has a lower carbon intensity than the energy mix in China /29/.  

MagnaDense 

8S 

Concrete/Steel 

semi/spar 

The carbon intensity factors used for MagnaDense 8S is based on an EPD by 

Lkab Minerals /25/. Steps A1-A3 is included, cradle-to-gate, in the carbon 

intensity factor. This is regarded as a solid data source representing the 

product that would be used in the base case. 
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4.2.1.2 Manufacturing 

The emission data used for the manufacturing stage is described in the table below. 

Table 4-2  Manufacturing  

Manufacture 

process 

Case Data quality assessment 

Concrete 

mixing 

Concrete 

semi/spar 

Energy need for concrete mixing is set to 3,5 kWh/m3 concrete based on input 

from NorSea. To determine the GHG-emissions from use of electricity the local 

based method has been applied using the factor given in the declaration of 

supplied power from NVE of 8gCO2e/kWh /12/  

Transport of 

raw material 

Concrete/Steel 

semi/spar 

The transport distances have been estimated using the tools Google Earth and 

sea-distance.org. Carbon intensity factors for freight train transport of 

MagnaDense from Kiruna to Narvik has been obtained from a report published 

by Vestlandsforskning /13/. Carbon intensity factors for sea transport is 

obtained from publicly available factors for GHG-reporting /14/. These factors 

are published by UK government, however, factors related to marine traffic and 

transport are regarded to be applicable on a global scale. Therefore the 

selected carbon intensity factors are considered solid for this purpose. 

Plate/tube 

manufacturing 

Steel semi/spar It is assumed that the steel structure consists of both plates and tubes. Thus 

manufacturing work includes both hot rolling and welding (no use of seamless 

tubes). Carbon intensity factors representing plate manufacturing (hot rolling) 

and gas welding has been selected from the EcoInvent database. 

 

4.2.1.3 Integration 

The emission data used for the integration stage is described in the table below. 

Table 4-3  Integration 

Integration 

activity 

Case Data quality assessment 

Transport of 

foundation to 

integration site 

Steel semi/spar The transport distances from Asia to Norway have been estimated using the 

tool sea-distance.org. The route between Shanghai and Stavanger was 

selected as the basis for a representative voyage.  

The carbon intensity factor used for transport of steel foundations from yard to 

integration site, is calculated based on the technical aspects and performance 

of the Blue Marlin vessel, combined with IMO emission factor /17/ for Marine 

Diesel Oil (MDO). The calculations follow several assumptions regarding 

performance and must be regarded as indicative calculations for the carbon 

intensity for transport with this vessel. However, the calculated factor is 

considered more representative than generic factors for vessels based on hull 

size, which would be the alternative.  

Emissions related to return trip is also accounted for in the calculations. 
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4.2.1.4 End of life 

The emission data used for the end-of-life stage is described in the table below. 

Table 4-4  End of life 

Materials Case Data quality assessment 

Concrete Concrete 

semi/spar 

Steel semi/spar 

(concrete ballast) 

Independent emission factors accounting for activities related to recycling 

(transport, dismantling and handling) and deposition at landfill (transport and 

handling) has been obtained from EcoInvent for both concrete and ballast.  

The end-of-life emissions for deposition at landfill are calculated based on the 

raw material extraction emissions from the material stage, as an emission 

penalty for not recycling the materials /16/, combined with the relevant emission 

factors for landfill from EcoInvent. 

For calculation of recycling emissions, the open-loop allocation procedure in 

ISO14067 /19/ has been applied. It has been assumed that 100% of the 

structure is recycled, and that the recycled material is recycled into another 

product system. The subsequent opportunities for use of recycled concrete 

material have been assumed to be 20% of virgin concreteThus3. EcoInvent 

emission factors for recycling of both concrete, steel reinforcement and ballast 

has been applied. 

Steel Steel semi/spar 

Concrete 

semi/spar (rebars 

and post 

tensioning 

reinforcement) 

Independent emission factors accounting for activities related to recycling 

(transport, dismantling and handling) and deposition at landfill (transport and 

handling) has been obtained from EcoInvent for both steel structures and 

ballast. 

The end-of-life emissions for deposition at landfill are calculated based on the 

raw material extraction emissions from the material stage, as an emission 

penalty for not recycling the materials /16/, combined with the relevant emission 

factors for landfill from EcoInvent. 

For calculation of recycling emissions, the open-loop allocation procedure in 

ISO14067 /19/ has been applied. It has been assumed that 100% of the 

structure is recycled, and that the recycled material is recycled into another 

product system. The subsequent opportunities for use of recycled steel material 

has been assumed to be 90% of virgin steel3.EcoInvent emission factors for 

recycling of both steel structures and ballast has been applied. 

 

4.2.2 Cut off criteria 
As a general approach when it comes to cut-off criteria, the following principle is used:  

 
3 According to ISO14067 an open loop allocation procedure applies to open-loop product systems where the material is recycled into other product systems and the 

material undergoes a change to its inherent properties. In such cases the allocation can be defined based on market value or the number of subsequent uses of 
the recycled material. Based on a high level assessment for this study, the number of subsequent uses of recycled concrete have been assumed to be 
significantly reduced compared to virgin concrete. Thus, the subsequent opportunities for use have been assumed to be 20% compared to virgin concrete. For 
recycled steel the subsequent use of the material has been assumed to be only slightly reduced compared to virgin steel. The subsequent opportunities for use 
of recycled steel have been assumed to be 90% compared to virgin steel. 
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• Material and processes can be excluded if the materials and processes contribute with less than 1% of mass or 

renewable or non-renewable primary energy of the total, and all excluded materials and processes do not 

exceed 5% of total energy use and mass.  

• Processes that are regarded to have equal GHG-emissions contribution to the overall emissions are omitted 

from the study, as it would not impact the comparison result between the two concepts.  

 

4.2.3 Allocation of emissions 
Where allocation has not been possible to avoid either by dividing the unit process to sub-processes or by system 

expansion, emission has been allocated in a way reflecting the physical/material relationship between the products. 

For calculation of recycling emissions, the open-loop allocation procedure in ISO14067 has been applied. It has been 

assumed that the primary material is recycled into another product system, A high level assessment has been 

performed for subsequent opportunities for use of the recycled materials (see Table 4-4). The subsequent opportunities 

for use have been assumed to 90% for steel and magnadense, and 20% for cement, fly ash and silica fume. No change 

in subsequent use has been assumed for aggregates.  

 

4.3 Impact assessment 

The impact assessment of the foundation concepts is based on the latest 100-year GWP from IPPC Fifth Assessment 

Report, 2014 /15/. The GHG impact have been documented as tonne CO2e per foundation, which is the functional unit 

for the study. 

The results of the carbon footprint comparison show that for base case scenario, the carbon footprint of the concrete 

spar represents the concept with the lowest CO2 emissions, while the steel spar represent the concept with the highest 

CO2 emissions, see Figure 4-2 and Figure 4-3. The main results are similar both in the scenario of the foundations being 

deposited at landfill for end-of-life, and in the scenario of the foundations being recycling for end-of-life (Figure 4-4 and 

Figure 4-5).  

The concrete semi-submersible concept has about 3 times lower carbon footprint compared to  its steel equivalent with 

landfill deposition at end-of-life. Recycling at end-of-life also favours the concrete semi-submersible concept. With this 

end-of-life strategy the concrete semi concept has about 2,5 times lower carbon footprint than  the steel semi equivalent. 

The carbon footprint of the concrete spar concept is about 5 times lower than that of the steel spar concept in the 

scenario of landfill deposition at end-of-life, and approximately 4 times lower in the scenario of recycling at end-of-life. 

For all concepts, raw materials contribute the most to the carbon footprint. In addition, the raw materials contribute to the 

end-of-life in the scenario of landfill disposal, due to the emission penalty for not recycling. The end-of-life emissions for 

deposition at landfill are calculated based on the raw material extraction emissions from the material stage, as an 

emission penalty for not recycling the materials /16/, combined with the relevant emission from processes related to 

landfill activities. 
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Figure 4-2  Emissions for concrete and steel semi-submersible foundation designs (tonneCO2/foundation) for 
the base case scenario, including foundation being deposited at landfill at end-of-life. Emissions related to 
landfill are calculated based on the raw material extraction emissions from the material stage, as an emission 
penalty for not recycling the materials /16/. The figure does not include emissions associated to the whole life 
cycle of the substructure. Only to the life cycle phases and substructure components which contribute most to 
differences between concrete and steel solutions. Details of what is included in the presented figures are 
described in the main body of the report. 

 

 

 

Figure 4-3 Emissions for concrete and steel spar foundation designs (tonneCO2/foundation) for the base case 
scenario, including foundation being deposited at landfill at end-of-life. Emissions related to landfill are 
calculated based on the raw material extraction emissions from the material stage, as an emission penalty for 
not recycling the materials /16/.  The figure does not include emissions associated to the whole life cycle of the 
substructure. Only to the life cycle phases and substructure components which contribute most to differences 
between concrete and steel solutions. Details of what is included in the presented figures are described in the 
main body of the report. 
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Figure 4-4 Emissions for concrete and steel semi-submersible foundation designs (tonneCO2/foundation) for 
the base case scenario, including foundation being recycled at end-of-life. The figure does not include 
emissions associated to the whole life cycle of the substructure. Only to the life cycle phases and substructure 
components which contribute most to differences between concrete and steel solutions. Details of what is 
included in the presented figures are described in the main body of the report. 

 

 

 

 

Figure 4-5 Emissions for concrete and steel spar foundation designs (tonneCO2/foundation) for the base case 
scenario, including foundation being recycled at end-of-life. The figure does not include emissions associated 
to the whole life cycle of the substructure. Only to the life cycle phases and substructure components which 
contribute most to differences between concrete and steel solutions. Details of what is included in the 
presented figures are described in the main body of the report 
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tensioning material and rebar production, respectively (Figure 4-6). Aggregates, fly ash and silica fumes do not 

contribute significantly to the raw material emissions. 

For the concrete spar concept 59% of the raw material carbon footprint is related to cement production, 21% is related 

to rebar production, while 17% of the raw material emissions is related post-tensioning materials (Figure 4-6). Solid 

ballast in the concrete spar concept contributes with 3% of the carbon emissions of the raw materials, whereas 

aggregates, fly ash and silica fumes do not contribute significantly to the raw material emissions. 

For both steel concepts, the carbon intensity of structural steel account for 99% of the total carbon footprint of the raw 

materials (Figure 4-7). Concrete- and bulk ballast do not contribute significantly to the raw material emissions. 

 

 

  
Figure 4-6 Percentage contribution from the various raw materials to the total carbon footprint of raw materials 
for the two concrete concepts.  
 

  

Figure 4-7 Percentage contribution from the various raw materials to the total carbon footprint of raw materials 
for the two steel concepts. 
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stage contribute to 3-4% of the total carbon footprint.  For the steel concepts, manufacturing (steel plate manufacturing 

and welding) contributes to 5% of the total carbon footprint in the landfill deposit end-of-life scenario, while contributing 

to 7% (steel semi) and 8% (steel spar) in the recycling end-of-life scenario.  

For the given base case, the concrete concepts have been assumed to have no additional carbon footprint related to 

integration phase compared to the steel concepts. In contrast, the steel concepts have a significant carbon footprint 

related to this phase due to the emissions from the vessel transport of the manufactured sub-structures from Asia to the 

integration site in Norway, which is not relevant for the Jelsa concrete concepts. For the steel semi, 17% of total 

emissions is related to sea transport in the integration phase in the scenario of landfill deposit at end of life, and 26% in 

the end-of-life recycling scenario. For the steel spar concept, sea transport in the integration phase accounts for 14% of 

the carbon footprint in the landfill deposit end-of-life scenario, and 22% in the end-of-life recycling scenario. 

The concrete concepts have lower carbon footprint than the equivalent steel concepts for all life cycles stages assessed 

in this study, except for end-of-life when the materials are being recycled (Figure 4-4 and Figure 4-5). Recycling of 

materials for the steel concepts represent an 87% reduction in emissions for end-of-life, while material recycling only 

reduces the end-of-life emissions by 33-34% for the concrete concepts. This is due to that the opportunities for 

subsequent use of recycled concrete have been assumed to be significantly reduced compared to virgin concrete 

(Table 4-4).  The subsequent opportunities for use of recycled steel has been assumed to be more or less the same as 

for virgin steel materials. 

 

4.4 Interpretation of results 

The results of the study for the different concepts show that the raw materials contributes the most to the carbon 

footprint for all the concepts, ranging from39 – 62% depending on end-of-life strategy. 

As described in section 4.3 the most significant contribution to the difference in carbon footprint between the two 

concepts is the raw materials, which also reflects on the end-of-life phase. For the steel concepts 99% of the emissions 

in this stage are related to the use of virgin steel (structural steel) in the value chain. Based on this, a sensitivity analysis 

of the use of steel material has been carried out to test the robustness of results and conclusions from the base case 

study. In addition, several other sensitivity studies have been carried to investigate the robustness of the results related 

to raw materials and transport. All sensitivities that have been performed are listed below, they are further described in 

Table 4-5, and the results are discussed in the following sections: 

• Use of recycled raw materials for the steel concepts 

• Transport of aggregates for concrete concepts 

• Manufacturing of steel concepts in Germany using steel from Asia 

• Additional ballast for steel spar 

• Origin of steel raw materials 

• Concrete concepts based on cement with CCS 

 

Table 4-5  Sensitivity analysis carrier out in this study 

Sensitivity   Parameters/assumptions tested  Purpose  
  

Impact  

Use of raw 
recycled raw 

The base case for the steel concepts uses solely virgin materials in 
the process of obtaining structural steel for steel plates. To reflect 
on the uncertainty of the raw material mix (recycled raw materials 

Base case 
study 
robustness   

Impacting 
results of the 
raw material 
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Sensitivity   Parameters/assumptions tested  Purpose  
  

Impact  

materials for the 
steel concepts 

vs. virgin raw materials), a sensitivity analysis of 35% and 70% 
recycled steel in the steel raw material mix has been performed to 
investigate how this impacts the overall results. 35% recycled steel 
content has been used because this is the is the current availability 
of recycled steel in the market /18/. While 70% recycled content 
has been used to further challenge the robustness of the base case 
and main conclusion on carbon footprint. The sensitivity analysis 
has been performed with both landfill disposal and further recycling 
of materials as end-of-life strategy. 

footprint for 
the steel 
concepts 

Transport of 
aggregates for 
ballast in 
concrete 
concepts 

The base case for the concrete concepts includes aggregates for 
concrete mixing. When accounting for these aggregates transport 
has not been included, as the base case depicts aggregates 
obtained from Jelsa Quarry, which is located in immediate vicinity 
to the WWJ location. As a sensitivity analysis calculations of 
carbon footprint have been made for a scenario where aggregates 
are being transported 100 nm by general cargo vessel (<4999 dwt) 
to WWJ location.  

Base case 
study 
robustness   

Impacting 
results of the 
carbon 
footprint 
related to raw 
materials 

Manufacturing of 
steel concepts in 
Germany using 
steel from Asia 

The base case for the steel concepts depicts scenarios where steel 
raw materials are being obtained close to the manufacturing site of 
the steel foundations in China. Thereafter, the commissioned 
foundations are transported to the integration site in Norway. To 
challenge this production chain a sensitivity analysis has been 
done with steel raw materials being transported to Germany for 
manufacturing of the foundations, and transport of the foundations 
from Germany to the integration site in Norway. End-of-life strategy 
is not included as the analysis does not impact emissions related to 
this. 

Base case 
study 
robustness   

Impacting 
results of the 
carbon 
footprint 
related to 
transport 

Additional ballast 
for steel spar 

The base case for the steel spar concept is defined with about  
12 000 tonne ballast, consisting of a combination of concrete 
ballast mix and bulk ballast. A sensitivity analysis has been carried 
out investigating how different ballast volumes impacts the total 
emissions of the steel spar concept.  

Base case 
study 
robustness   

Impacting 
results of the 
carbon 
footprint 
related to raw 
materials 

Origin of steel 
raw materials 

Iron and steel production is an energy and carbon intensive 
manufacturing process. As the impact assessment shows, steel 
represents 99% of the carbon footprint of the material in the steel 
concepts.  
 
As the emissions factor for steel raw materials used in this study is 
based on extraction and production globally (average factor), a 
discussion has been done on the carbon intensity of steel from 
different geographical locations.  
 

Carbon 
intensity 
robustness 

Discussion of 
results related 
to the carbon 
footprint of 
steel  

Concrete 
concepts based 
on cement with 
CCS 

For both the concrete concepts, the raw materials contribute the 
most to the carbon footprint. Production of cement contribute with 
57-59% of the raw material carbon footprint. 
The concrete concepts are planned with cement from Norcem in 
Breivik, Norway. Norcem Breivik has concrete plans to develop a 
carbon capture facility and capture approximately 50% of the 
emissions from the cement production from 2024 /29/. 
 
A sensitivity analysis has been caried out to investigate the effect 
of using cement with CCS in the concrete concepts. 

  

 



 
 

DNV  –  Report No. 2021-1314, Rev. 01  –  www.dnv.com  Page 20
 

4.4.1 Use of recycled raw materials in steel production for the steel concepts 
The base case is solely based on the use of virgin steel as raw materials for the steel concepts. This is not necessarily a 

representative scenario for turbine foundation production. A sensitivity analysis has been performed to investigate the 

impact of replacing 35% of the total steel raw materials with recycled steel to see how this impact the overall results.  

Introducing 35% recycled steel to the raw materials for manufacturing would reduce the total carbon footprint of the steel 

semi-submersible and spar concepts by 21-22% when the end-of-life strategy is landfill disposal (Figure 4-8 and Figure 

4-9). In the scenario where end-of-life strategy is recycling, an introduction of 35% recycled steel to raw materials would 

mean a 18% reduction in carbon footprint for the steel semi, and an 17% reduction for the steel spar concept.  

Looking at the steel concepts’ carbon footprint for the raw material stage, the introduction of 35% recycled steel would 

result in a 28% emission reduction for this stage.   

The sensitivity analysis shows that the carbon footprint of the steel concepts is highly impacted by the raw material 

composition and is especially sensitive to the introduction of recycled materials. The analysis only introduced 35%, 

however, an introduction of higher recycled steel concentration to the raw material mix would result in a more significant 

reduction in carbon footprint. At the same time the analysis show that the concrete concepts remain favourable (2,1 – 

4,4 times lower carbon footprint), although 35% of recycled steel is introduced into the raw material stream.  

 

 

 

Figure 4-8 Emissions for both semi-submersible foundation designs (tonne CO2/foundation) for the scenario 
where 35% recycled steel is used in steel concept foundations. To the left the end-of-life strategy for this 
scenario is deposit at landfill, and to the right the end-of-life strategy is recycling of materials. Emissions 
related to landfill are calculated based on the raw material extraction emissions from the material stage, as an 
emission penalty for not recycling the materials /16/. The figure does not include emissions associated to the 
whole life cycle of the substructure. Only to the life cycle phases and substructure components which 
contribute most to differences between concrete and steel solutions. Details of what is included in the 
presented figures are described in the main body of the report. 
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Figure 4-9 Emissions for both spar foundation designs (tonne CO2/foundation) for the scenario where 35% 
recycled steel is used in steel concept foundations. To the left the end-of-life strategy for this scenario is 
deposit at landfill, and to the right the end-of-life strategy is recycling of materials. Emissions related to landfill 
are calculated based on the raw material extraction emissions from the material stage, as an emission penalty 
for not recycling the materials /16/. The figure does not include emissions associated to the whole life cycle of 
the substructure. Only to the life cycle phases and substructure components which contribute most to 
differences between concrete and steel solutions. Details of what is included in the presented figures are 
described in the main body of the report. 

 

To further test the robustness of the base case and the main findings from the impact assessment, a sensitivity analysis 

replacing 70% of the total steel raw materials with recycled steel has been performed (Figure 4-10 and Figure 4-11). 

The replacement of 70% of the steel raw materials with recycled steel would further lower the carbon footprint of the 

steel concepts. However, the concrete concepts still come out as the most favourable alternatives under the given 

circumstances.   

For the semi-concepts, emissions related to raw materials will be 16% higher for the steel concept. However, 

manufacturing, integration and end-of-life provide the differences between the concepts. With recycling as the end-of-life 

strategy, the steel semi-submersible has a carbon footprint that is only 37% higher than the concrete semi. 

For the spar concepts, the steel alternative would represent more than twice as high emissions related to raw materials 

compared to the concrete spar. The raw material emission footprint for the steel spar exceeds the entire emissions 

footprint of the concrete spar concept, end-of-life included.  
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Figure 4-10  Emissions for both semi-submersible foundation designs (tonne CO2/foundation) for the scenario 
where 70% recycled steel is used in steel concept foundations To the left the end-of-life strategy for this 
scenario is deposit at landfill, and to the right the end-of-life strategy is recycling of materials. Emissions 
related to landfill are calculated based on the raw material extraction emissions from the material stage, as an 
emission penalty for not recycling the materials /16/. The figure does not include emissions associated to the 
whole life cycle of the substructure. Only to the life cycle phases and substructure components which 
contribute most to differences between concrete and steel solutions. Details of what is included in the 
presented figures are described in the main body of the report. 

 

 
Figure 4-11 Emissions for both spar foundation designs (tonne CO2/foundation) for the scenario where 70% 
recycled steel is used in steel concept foundations. To the left the end-of-life strategy for this scenario is 
deposit at landfill, and to the right the end-of-life strategy is recycling of materials. Emissions related to landfill 
are calculated based on the raw material extraction emissions from the material stage, as an emission penalty 
for not recycling the materials /16/. The figure does not include emissions associated to the whole life cycle of 
the substructure. Only to the life cycle phases and substructure components which contribute most to 
differences between concrete and steel solutions. Details of what is included in the presented figures are 
described in the main body of the report. 

 

4.4.2 Transport of aggregates for concrete concepts 
The base case for the concrete concepts includes aggregates for concrete mixing. When accounting for these 

aggregates transport has not been included, as the base case depicts aggregates obtained from Jelsa Quarry, which is 

located in immediate vicinity to WWJ location. As a sensitivity analysis, the carbon footprint for a scenario where 

aggregates are being transported 100 nm by cargo vessel to the WWJ location has been investigated. The sensitivity 

analysis has been performed by adding emissions related to transport of the base case amounts of aggregates for each 

concrete concept. 

The analysis shows that such a scenario would not impact the total emissions significantly. The total emissions of the 

two concrete concepts would only increase with about 0,6%. However, looking at the manufacturing stage in isolation, 
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the emission increase would represent about a 54% increase for the semi-submersible concrete concept and about 19% 

for the spar concrete concept.  

 

4.4.3 Manufacturing of steel concepts in Germany using steel from Asia 
The base case for the steel concepts depicts scenarios where steel raw materials are being obtained close to the 

manufacturing site of the steel foundations in China. Thereafter, the commissioned foundations are transported to the 

integration site in Norway. To challenge this production chain a sensitivity analysis has been done with steel raw 

materials being transported to Germany for manufacturing of the foundations, and transport of the foundations from 

Germany to the integration site in Norway. The end-of-life strategy is not included in the sensitivity analysis as the 

analysis does not impact emissions related to this stage. 

The sensitivity analysis has been performed by transporting the amount of steel from the base case by ship (>10 000 

dwt general cargo ship) from Shanghai to Hamburg for the manufacturing of the foundation. Followed by transportation 

with Blue Marlin (base case) from Hamburg to integration site in Norway, including return of the ship to Hamburg. 

The analysis shows that moving manufacturing to Germany, using steel raw materials from Asia, would represent an 

emission reduction for these life cycle stages ofabout 21% for the steel semi-submersible concept and about 16% 

reduction for the steel spar concept. This is shown in Figure 4-12. 

At the same time, the value chain described in the sensitivity would represent a doubling of emissions related to 

manufacturing for both the steel semi- and spar concept. The increase in the manufacturing emissions would be due to 

that the emissions related to the transport of raw materials is assigned to the manufacturing stage. On the other hand, 

the emissions related to the transport to the integration site would be reduced to 4% of the base case emissions for both 

concepts.  

 
 

 
Figure 4-12 Carbon emissions for the steel concepts, comparing the base case with use of raw materials from 
Asia and manufacturing in Germany. Results are shown for the steel semi-submersible to the left and the steel 
spar to the right. The end-of-life strategy is not included in the results. The figure does not include emissions 
associated to the whole life cycle of the substructures. Only to the life cycle phases and substructure 
components which contribute most to differences between concrete and steel solutions. Details of what is 
included in the presented figures are described in the main body of the report. 

4.4.4 Additional ballast for steel spar concept 
The base case for the steel spar concept is established for the premise of about 18000 tonnes of ballast; consisting of a 

mix of water, concrete ballast mix and bulk ballast. A sensitivity analysis has been carried out investigating how an 

increase in the ballast volume would impacts the total emissions for the concept. 

0

2000

4000

6000

8000

10000

12000

14000

16000

Steel semi - Base case Steel semi - Germany

to
n

n
e

C
O

2
/f

o
u

n
d

a
ti

o
n

Raw material Manufacturing Transport to integration site

0

2000

4000

6000

8000

10000

12000

14000

16000

Steel Spar - Base case Steel Spar - Germany

to
n

n
e

C
O

2
/f

o
u

n
d

a
ti

o
n

Raw material Manufacturing Transport to integration site



 
 

DNV  –  Report No. 2021-1314, Rev. 01  –  www.dnv.com  Page 24
 

In the sensitivity the ballast volumes are increased by 50%, i.e. 50% increase for each material. A ballast increase of 

50% would not significantly impact the steel spar concept. The analysis shows the increase in ballast would represent 

an 0.4% increase in the raw material emissions for the steel spar concept. 

4.4.5 Origin of steel raw materials  
Iron and steel production is an energy and carbon intensive manufacturing process, and as a result, one of the main 

contributors to the carbon footprint of any of the steel concepts. 

The CO2 intensity of steel production is influenced by a country’s industry structure, technology, fuel choice, grid 

emissions factor, capacity utilization of steel plants, and materials (e.g., availability of scrap steel). However, the process 

influencing the CO2 intensity the most is probably the steel production method, which is mostly dominated by two 

methods, blast furnace/basic oxygen furnace (BF/BOF) and electric arc furnace (EAF) production. BF/BOF production 

uses iron ore to produce steel. The reduction of iron ore to iron in a BF is the most energy-intensive process within the 

steel industry. EAF production re-melts scrap to produce steel. BF/BOF production is more energy intensive and emits 

more CO2 than EAF production /28/.  

In a study from 2016, Hasanbeigi et. al. use CO2 intensity as the index for comparison for the Chinese, German, 

Mexican, and U.S. iron and steel industries. Figure 4-13 shows the CO2 intensities for the iron and steel industry in 

China, Germany, Mexico, and the U.S. in the year 2010. 

As can be seen from Figure 4-13, China has the highest and Mexico has the lowest total steel industry CO2 intensity. 

The total CO2 intensity of the Chinese steel industry is almost twice that of the Mexican steel industry. Two main 

reasons for low total CO2 intensity in Mexico’s steel industry are: 1) Mexico has the largest share of EAF steel 

production among the four countries studied (69.4% in 2010), and 2) Mexico’s steel industry consumes a larger share of 

natural gas compared to that in other countries studied. This results in a lower average emissions factor for fuels in 

Mexico /27/. 

The study also show that the total CO2 intensity of the German steel industry is 20% lower than the Chinese industry 

and 2% lower than that of the U.S. Germany had lower emission intensity than the U.S. even though Germany had a 

lower share of EAF steel production (30.2% of total production) than the U.S. (61.3% of total production) /27/. EAF steel 

production has a much lower CO2 intensity than BF/BOF steel production /28/. This means that the BF/BOF production 

of virgin steel in Germany has significantly lower emissions than the same type of production of virgin steel in the U.S. 

Based on the results shown in Hasanbeigi et. al. 2016, it can be assumed that the emissions from the steel concepts are 

likely to be sensitive to the source of the steel raw materials. The raw material stage is the stage that contribute the most 

to the carbon footprint of the steel concepts. Thus, a value chain for steel foundations with steel production in Germany 

is likely to have a lower carbon footprint than a value chain with steel production in for example China or the U.S. 

It should be noted that the carbon intensity factor used in this study is representative for global virgin production of 

structural steel (2,25 kgCO2/kg steel). This emission intensity is slightly higher than the emission intensity given for the 

overall iron and steel industry in China in Figure 4-13. 
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Figure 4-13 CO2 intensity of the iron and steel industry in China, Germany, Mexico, and the U.S. in 2010 /27/. 

 

4.4.6 Concrete concepts based on cement with CCS 
For both the concrete concepts, the raw materials contribute the most to the carbon footprint. Production of cement 

contribute with 43-59% of the raw material carbon footprint. The concrete concepts are planned with cement from 

Norcem in Breivik, Norway. Norcem has a vision of zero emissions from concrete, seen in a life cycle perspective, by 

2030 /29/. This vision will be realised through the development of new types of cement, increasing the percentage of 

alternative fuels and carbon capture in cement production. Today, Norcem Breivik has concrete plans to develop a 

carbon capture facility and capture approximately 50% of the emissions from the cement production from 2024. 

A sensitivity analysis has been caried out to investigate the effect of using cement with CCS in the concrete concepts. In 

the sensitivity analysis the carbon intensity of the cement has been reduced by 50%.  

Reducing the carbon intensity of cement with 50% leads to a 26% and 35% reduction in the raw material emissions for 

the concrete semi-submersible concept and spar concept respectively (Figure 4-14). Thus, cement with CCS will 

significantly reduce the carbon emissions from the concrete concepts. 

 

 

Figure 4-14 Carbon emissions for the concrete concepts, comparing the base case with use of cement with 
CCS leading to 50% reduction in carbon emissions from cement. Results are shown for the concrete semi-
submersible to the left and the concrete spar to the right. The end-of-life strategy is not included in the results, 
nor integration. The figure does not include emissions associated to the whole life cycle of the substructures. 
Only to the life cycle phases and substructure components which contribute most to differences between 
concrete and steel solutions. Details of what is included in the presented figures are described in the main 
body of the report. 
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4.5 Main conclusions 

An impact assessment of the carbon footprint of 4 different offshore wind turbine foundation concepts has been carried 

out to compare the different concepts’ carbon emissions. Several sensitivity analyses have been performed to 

investigate the robustness of the main findings.  

The results of the carbon footprint comparison show that for this case study, given the specific base case, the concrete 

concepts had lower carbon footprint than their steel equivalents. In general the difference between the 2 concepts were 

reduced with recycling being the end-of-life strategy, but the concrete concepts always remained favourable. For all 

concepts, raw materials contribute the most to the carbon footprint. In addition, the raw materials contribute significantly 

to the end-of-life in the scenario of landfill disposal, due to the emission penalty for not recycling. 

Some of the main observations are listed below: 

• In the base case, the carbon footprint of the concrete spar concept is assessed to be approximately 4-5  times 

lower than that of its steel equivalent, depending on end-of-life strategy. 

• In the base case, the carbon footprint of the concrete semi-submersible concept is assessed to be 

approximately  2,5-3 times lower than that of its steel equivalent, depending on end-of-life strategy. 

• Introducing recycled steel to the raw material input can reduce the carbon footprint of the steel concepts 

significantly. However, with both 35% and 70% recycled steel content, the study still favours the concrete 

concepts.  

• Transport of aggregates to WWJ from a different quarry than Jelsa Quarry will not impact the total emissions 

from the concrete concepts significantly. 

• Introducing additional ballast to the steel spar concept will not impact the total emissions of the concept 

significantly. 

• Transporting steel raw materials from China to Germany by cargo ship for manufacturing of foundations in 

Germany will reduce the raw material, manufacturing and integration stages with in total 21% for the steel-semi 

concept, and 16% for the steel-spar concept compared to the base case.  The emission intensity of steel raw 

material also varies between countries and the origin of the raw materials can have a significant impact on 

value chain emissions. 

• Reducing the carbon intensity of cement with 50% by the use of CCS, would lead to approximately 30% 

reduction in the raw material emissions for the concrete concepts in this study. Thus, cement with CCS will 

significantly reduce the carbon emissions of the concrete concepts. 
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5 COST COMPARISONS 

5.1 Summary 

DNV has conducted a comparative study to assess the cost differences between steel and concrete material for both 

spar and semi-submersible concepts. Base cases assume manufacturing of steel units to occur in Asia with subsequent 

transport to Europe for integration. When considering the transport cost from Asia, both the steel spar and steel semi-

submersible are more expensive compared to the concrete versions by 163% and 69%, respectively. This is due to the 

long duration of the voyage and high day rate of the vessel. The study also shows that, when transport from Asia is 

excluded from the comparison, the steel spar is still more expensive than the concrete spar by approximately 68%. 

However, the concrete semi-submersible is more expensive than the steel alternative by 11% when the transport cost is 

excluded. It should be noted that the steel substructure cost considered in the study is representative of manufacturing 

in Asia. Manufacturing in e.g. Europe, will increase steel substructure costs by approximately 25 to 30% without 

considering the transport cost. 

It should be noted that the resulting EUR/MW cost estimations for the foundations are lower when compared to other 

studies. The cost estimations presented in this section do not include costs associated to the whole life cycle of the 

substructure, e.g. WTG integration, operation and maintenance, decommissioning, etc. They include only the life cycle 

phases and substructure components which contribute most to differences between concrete and steel solutions. 

Details of what is included in the presented cost estimates are described in the following sub-sections. 

5.2 Inputs 

The inputs used for the cost comparison are described as part of the base cases definition in Section 3 and Appendix A. 

It should be noted that the water ballast is not taken into account in the cost assessment, being considered free and not 

influencing the analysis.  

5.3 Methodology 

The rates for the main cost components of both the steel and the concrete structures are divided into material cost rates 

and fabrication cost rates. The cost rates used in the study are determined based on latest market data and DNV’s in 

house experience. Additionally, all-inclusive costs for items like coating and anodes are included in the cost estimation.  

The fabrication unit rates include manufacturing and labour cost. The labour part of the fabrication unit rates is calibrated 

for the Asian market by applying a 70% reduction to the European labour rates. By this reduction, the Asian fabrication 

unit rates become about 40% lower than the European ones. It is worth noting that material rates are assumed to be the 

same in Europe and Asia. Manufacturing in e.g. Europe, will increase steel substructure costs by approximately 25 to 

30% without considering the transport. The cost reduction factor is determined on a high-level based on DNV’s 

experience and in accordance with the latest cost trends applicable to Asian yards. The following table outlines the cost 

rates used in the comparison for both steel and concrete foundations.  

Table 5-1 - Cost rates 

Cost rates concrete 

Cost rate concrete1) [€/m3] 4052) 3803) 

Cost rate reinforcements [€/ton] 1350 

Cost rate post tension reinforcements [€/ton] 4000 

Cost rate concrete ballast [€/ton] 83 

Cost rate bulk ballast [€/ton] 70 
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Cost rates steel 

Material Columns rate [€/ton] 1000 

Material Trusses and beams rate [€/ton] 800 

Material Plates/ Heave plates rate [€/ton] 1000 

Fabrication cost columns rate4) [€/ton] 750 

Fabrication cost Trusses and beams rate4) [€/ton] 530 

Fabrication cost Plates/Heave plates4) [€/ton] 380 

Cost per weld [€/km] 37 700 

Anodes [€] 200 000 

Coating [€] 300 000 

1) Cost rate for concrete is an average value. This rate will likely fluctuate depending on the construction method, e.g. jump forming, 
prefabricated, slip forming (including degree of complexity), etc. For the present cost estimate, it is considered that an average cost is 
representative. 

2) Cost rate of concrete for spar including the yard rental 

3) Cost rate of concrete for semi-submersible including the yard rental 

4) Fabrication costs include labour and manufacturing  

Several cost elements that are expected to be similar for both steel and concrete foundations are not included in the 

cost comparison study, since they do not indicate any cost differences between the analysed concepts. Some of these 

items are: 

- Secondary steel 

- Mooring and anchoring 

o The material selected for the foundation is not expected to influence the mooring solution 

- Ballast system piping and equipment 

- Electrical and Safety equipment 

- Mechanical equipment e.g. cranes 

- Transport to site and installation 

o Both concrete and steel concepts are assumed to be wet-towed to site. The same fleet of vessels will 

be used and the distance from shore is assumed to be similar. During wet-tow transportation, only the 

drag coefficient might influence the number of tugs required. Hence, the weight of the foundation is 

not expected to affect the transfer operation. Connecting the mooring lines to the floating structure is 

also considered the same regardless of the material of the structure.  

- Operation and Maintenance costs 

o The maintenance strategy is expected to differ slightly between steel and concrete structures, 

however this is not considered to have a significant impact on the cost. Due to certain differences 

between steel and concrete foundations (e.g. absence of welds and coating for concrete), the 

concrete options are expected to require less maintenance over their operational lifetime. 
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- Decommissioning  

One additional aspect considered in the cost comparison is the dry-tow transportation of the steel structures from Asia. It 

is assumed that the transportation would be similar for both the spar and the semi-submersible, with no differences that 

might influence the overall voyage cost. Another assumption is that 2 units of the same type are transported on the 

vessel during one voyage, which is considered possible for both spar and semi-submersible. The speed of the vessel is 

chosen to account for eventual delays due to bad weather. Additional waiting on weather is considered for the loading 

and unloading operations, with a generic assumption of 20% of the mobilisation/demobilisation time. The return trip to 

Asia is also taken into account, assuming the vessel will not carry any cargo on the way back.  

The day rate of the vessel is influenced by a variety of factors, including contract duration and market volatility. For the 

purpose of this study, it is assumed that 100 000$ is indicative. Moreover, fuel costs were calculated based on the 

vessel consumption rate. The cost of Marine Diesel Oil varied from 270$ to 845$ between February 2019 and February 

2022 /31/. An average price of 580$ is assumed for this study. The Suez Canal costs are calculated based on the 

specifications of the vessel, both in ballasted and laden conditions. The details assumed for the voyage can be seen in 

Table 5-2. 

Table 5-2 - Voyage details 

Voyage details Unit Value 

Distance (one way) nm 11 000 

Semi-submersible heavy lift vessel - Blue Marlin 

Vessel speed  kn 10 

Vessel day rate $ 100 000 

Fuel (MDO) $/tonne 580 

Vessel fuel consumption  tonne/h 1.536 

Time at sea (one way) days 45.5 

Mobilisation (one way)  days 7 

WOW for Mobilisation (one way) days 1.4 

Number of days (one way) days 54 

Total number of days (including return trip) days 108 

Vessel cost round trip (without fuel and toll fees) $ 10 800 000 

Fuel cost round trip $ 1 946 000 

Suez Canal cost round trip $ 550 000 

Total cost round trip $ 13 296 000 

Total cost round trip1) € 11 700 00 

Total cost round trip per unit $ 6 648 000 

Total cost round trip per unit1) € 5 850 000 

1) Conversion rate – 1 $ = 0.88 €  
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5.4 Results 

The following table and pie charts highlight the cost breakdown of each of the concepts analysed. The breakdown in the 

figures below include only the cost items that are different when comparing the steel concepts with the concrete ones. 

An additional 10% of the total estimated cost per foundation type is added (‘Other’ costs) to account for project 

management, contingency, etc., which is considered a representative high-level estimation based on DNV’s experience.  

Table 5-3 – Spar - Cost breakdown1) 

Cost result Unit Spar Steel Spar Concrete 

Primary steel cost  [€]  7 786 000  - 

Primary steel welding [€]  132 000 - 

Concrete  [€] -  2 255 900  

Reinforcements [€] -  1 890 000 

Post tension reinforcements [€] -  600 000 

Anodes [€]  200 000 - 

Coating [€]  300 000 - 

Ballast [€]  981 000   840 000  

Other (PM, contingency, etc.) [€]  939 900   558 600  

Total [€]  10 338 900   6 144 500  

Total [€/MW]  689 300   409 600  

1) The figures presented in the tables do not include costs associated to the whole life cycle of the substructure. They include only 

the life cycle phases and substructure components which contribute most to differences between concrete and steel solutions. 

Details of what is included in the presented figures are described in the main body of the report. 
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Table 5-4 – Semi-submersible - Cost breakdown1) 

Cost result Unit Semi Steel Semi Concrete 

Primary steel cost  [€]  4 983 600  - 

Primary steel welding [€]  339 300 - 

Concrete  [€] -  2 557 400  

Reinforcements [€] -  3 172 500  

Post tension reinforcements [€] -  1 000 000  

Anodes [€]  200 000 - 

Coating [€]  300 000 - 

Ballast [€]  216 700  - 

Other (PM, contingency, etc.) [€]  604 000   673 000  

Total [€]  6 643 600   7 402 900  

Total [€/MW]  442 900   493 500 

1) The figures presented in the tables do not include costs associated to the whole life cycle of the substructure. They include only 

the life cycle phases and substructure components which contribute most to differences between concrete and steel solutions. 

Details of what is included in the presented figures are described in the main body of the report. 

 

 

Figure 5-1 - Spar S - Cost elements breakdown. The figures presented in the graph do not include costs 
associated to the whole life cycle of the substructure. They include only the life cycle phases and substructure 
components which contribute most to differences between concrete and steel solutions. Details of what is 
included in the presented figures are described in the main body of the report. 
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Figure 5-2 - Spar C - Cost elements breakdown. The figures presented in the graph do not include costs 
associated to the whole life cycle of the substructure. They include only the life cycle phases and substructure 
components which contribute most to differences between concrete and steel solutions. Details of what is 
included in the presented figures are described in the main body of the report. 

 

 

 

 

 

Figure 5-3 - Semi S - Cost elements breakdown. The figures presented in the graph do not include costs 
associated to the whole life cycle of the substructure. They include only the life cycle phases and substructure 
components which contribute most to differences between concrete and steel solutions. Details of what is 
included in the presented figures are described in the main body of the report. 
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Figure 5-4 - Semi C - Cost elements breakdown. The figures presented in the graph do not include costs 
associated to the whole life cycle of the substructure. They include only the life cycle phases and substructure 
components which contribute most to differences between concrete and steel solutions. Details of what is 
included in the presented figures are described in the main body of the report. 

 

Moreover, the graphs below illustrate the cost comparison between steel and concrete versions of the spar and semi-

submersible configurations.  

 

Figure 5-5 - Spar - Cost comparison. The figures presented in the graph do not include costs associated to the 
whole life cycle of the substructure. They include only the life cycle phases and substructure components 
which contribute most to differences between concrete and steel solutions. Details of what is included in the 
presented figures are described in the main body of the report. 
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Figure 5-6 - Semi-submersible - Cost comparison. The figures presented in the graph do not include costs 
associated to the whole life cycle of the substructure. They include only the life cycle phases and substructure 
components which contribute most to differences between concrete and steel solutions. Details of what is 
included in the presented figures are described in the main body of the report. 

 

As it can be seen for both scenarios, the cost of primary steel required is significantly higher than the one of concrete, 

having a strong impact on the cost of the steel structures. Anodes and coating represent additional requirements for 

steel foundations, increasing the total cost by 0.5 M€. The semi-submersible is expected to require more welding 

compared to the spar due to larger number of connections, hence the fabrication cost is expected to be higher. Also, 
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Table 5-5 - Total cost differences1) 

Item Spar Steel Spar Concrete Semi Steel Semi Concrete 

Concept1) [€] 10 338 900 6 144 500 6 643 600 7 402 900 

Dry-tow from Asia [€] 5 850 000 0 5 850 000 0 

Cost Difference [€]       10 044 400                        5 090 700       

1) The figures presented in the table do not include costs associated to the whole life cycle of the substructure. They include only the 

life cycle phases and substructure components which contribute most to differences between concrete and steel solutions. Details 

of what is included in the presented figures are described in the main body of the report. 

 

 

Figure 5-7 - Spar - Total cost comparison. The figures presented in the graph do not include costs associated to 
the whole life cycle of the substructure. They include only the life cycle phases and substructure components 
which contribute most to differences between concrete and steel solutions. Details of what is included in the 
presented figures are described in the main body of the report. 
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Figure 5-8 - Semi-submersible - Total cost comparison. The figures presented in the graph do not include costs 
associated to the whole life cycle of the substructure. They include only the life cycle phases and substructure 
components which contribute most to differences between concrete and steel solutions. Details of what is 
included in the presented figures are described in the main body of the report. 
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6 STEEL FABRICATION CAPACITY AND LOCAL CONTENT ASSESSMENT 

6.1 Summary conclusions 

6.1.1 Steel Building Capacity Globally 
The following sub-sections provide a summary of the overarching findings based on DNV’s knowledge, experience and 

the high-level qualitative assessment completed. Please refer to Sections 6.3 & 6.4 for details of the assessment and 

findings.  

6.1.1.1 Europe  

The findings of the assessment indicate that the European market is not likely to be capable of meeting the demand 

associated with delivering steel substructures at a rate comparable to that of Windwork Jelsa (WWJ). While most of the 

countries assessed are likely to have the required skilled labour force and experience necessary to deliver floating 

offshore wind turbine (FOWT) steel substructures, availability of raw materials (finished steel products) and large-scale 

production capacity is limited and not of the scale needed to meet the demands of 67 units per year. 

Further investigation of shipyard availability and interest is required to determine if the combined capacity of European 

countries can meet the required demand; however, early indication from this assessment suggests the market will 

struggle to meet this demand without further investment. 

6.1.1.2 Asia  

Based on this assessment, the identified Asian countries are likely capable of meeting the demand associated with 

delivering steel substructures at a rate comparable to that of WWJ. This result is not surprising as the majority of global 

raw steel production and steel fabrication for the marine and offshore industry takes place in Asia.  

It is noted that the cost and timeline associated with transporting substructures from Asia has not been accounted for in 

this assessment. For cost and carbon footprint impacts associated with transport of substructure from Asia to Europe, 

see Sections 4 & 5.   

6.1.2 Steel Building Capacity Norway 
The findings of this assessment indicate that the steel fabrication industry in Norway is not capable of delivering steel 

FOWT substructures at a rate equivalent to the 67 unit per year capacity of WWJ.  

Assuming an optimistic production rate, the indication is that the combined capacity of all the major Norwegian steel 

fabrication facilities/yards identified (see Section 6.4 for details) is not equivalent to the required 67 unit per year 

capacity of WWJ, and further infrastructure and supply chain investment is needed. 

Similar to the results for the European countries in general, it was found that Norway is likely to have the required skilled 

labour force and experience necessary to deliver steel FOWT substructures. However, availability of raw materials 

(finished steel products) and large-scale production capacity is expected to be limited and not of the scale needed to 

meet the demand of 67 units per year. 

6.1.3 Local content for concrete fabrication in WWJ 
Based on DNV knowledge and market analysis, it is found that the local labour and supply chains within Norway can 

meet the majority of the demand generated during full production of concrete spar or semi-submersible units at the 

WWJ facility.  

The labour and skills market has capacity to cover all positions and expertise locally. This is bolstered by the deep 

knowledge and technical expertise within the Norwegian offshore concrete construction industry. Additionally, training of 

personnel to perform clearly defined tasks in a facility such as WWJ is relatively efficient, even when training personnel 

with little or no prior experience. This will facilitate long term local employment in the area. See Section 6.5.1 for further 

details related to the labour and skills assessment. 
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The Norwegian supply chain, for the materials required for construction of the FOWT substructures at WWJ is mature. 

This is due to the substantial size of the existing civil construction industry, precast industry, and associated specialist 

suppliers. The type and complexity of projects previously undertaken in Norway, has required the establishment and 

maintenance of a suitably robust supply chain which can address the majority of the demand. It is noted however, that 

due to their specialised nature and the availability within the market, some materials such as bespoke multi-use heavy 

steel formwork, supplementary cementing materials (SCMs), post tensioning system components, and high-density solid 

ballast, will likely require importation from specialist suppliers outside Norway. See Section 6.5.2 for details related to 

the local supply chain for primary materials. 

 

6.2 Goal and scope definition 

6.2.1 Steel building capacity 
The objective of the high-level steel fabrication assessment is to: 

1. Asses the steel building capacity of Europe and Asia to provide an indication of the capability of delivering steel 

FOWT substructures at a capacity comparable to the 67 unit per year capacity of WWJ.  

2. To supplement the assessment outlined in bullet 1, a more focused assessment of the potential for local content 

and supply within Norway to produce steel FOWT substructures was undertaken. The aim of the assessment was 

to provide further detail and assessment of Norwegian steel fabrication industry and its capacity/capability to deliver 

steel FOWT substructures at a rate comparable to that of WWJ (i.e. 67 units per year).  

 

6.2.2 Local content for concrete fabrication in WWJ 
The aim of this work was to assess if the Norwegian labour market and supply chain could meet the likely demand for 

people and materials during full production of concrete FOWT substructures at the WWJ facility. Or to frame it in another 

way, it was to assess to what extent local content may be directly engaged when the facility is established.  

The capacity of the local labour and skills market to fill the positions required was assessed, taking account of the 

current size of the Norwegian civil and precast sectors, as well as the pre-existing knowledge base, given the native 

industry’s prior history with marine and offshore concrete structures.  

The local supply chain for construction materials was investigated using publicly available information to assess the 

main players’ presence in the local market, as well as recent activity, and reported production / supply rates. 

 

6.3 Assessment of Global Steel Building Capacity 

6.3.1 Global Assessment  

6.3.1.1 Methodology  

The assessment was completed, using key indicators, including: the presence of major fabricators and specialist 

suppliers in country, local industry eco system, shipbuilding statistics and history of delivering complex steel structures 

for the marine/offshore industry. Information was gathered from publicly available sources, market research databases 

and input from DNV experts in relevant regions. 

DNV used internal knowledge and experience to select representative countries which are supportive of offshore wind 

developments, and/or have an established history of fabrication of ships and steel structures for the marine/offshore 

industry. The following countries were selected for assessment: 
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• Europe: United Kingdom, France, Norway, Spain, Portugal, Germany, Italy, Turkey 

• Asia: China, South Korea, Japan 

The scope of assessment was divided into the follow categories: 

• Materials and suppliers 

o The country’s capacity to provide the raw materials needed to produce the required 67 units per year.  

o The assessment focused heavily on the country’s steel producing capacity and presence of specialist 

ship or offshore sub-suppliers operating in the country (e.g. steel plate manufacture, fabrication shops, 

small specialist fabricators, etc.) 

• Labour and experience  

o Assessment of the country’s facilities and skilled workforce necessary to deliver a single complete 

steel FOWT substructure. 

o The degree to which a country has a well-established native industry for the delivery of ships and/or 

offshore steel structures. Consideration was given to the historic and current industry, as well as the 

presence of steel fabricators with existing capacity to deliver complete FOWT substructures.  

• Shipyard production at scale 

o Assessment the country’s current shipbuilding capacity and capability to meet the demand of 

delivering of 67 units per year.  

Each of the above categories were given equal consideration to provide an overall evaluation of whether the current 

steel fabrication industry can support the production of the required 67 units per year.  

6.3.1.2 Constraints and Limitations 

Given the high-level qualitative nature of this assessment, the results presented should be taken as an indication of the 

country’s current steel fabrication capacity, relative to its ability to deliver at a capacity of 67 steel units per year. The 

following specific limitations to the assessment are noted for information: 

• Capability of specific fabrication yards were not evaluated. Assessment was limited to the steel fabrication 

capacity of the country as a whole.  

• Assessment was a desktop exercise only. No site visits were completed, and potential fabricators were not 

engaged to provide input.  

• Only production of the steel “hull" is considered. It is assumed that delivery, integration and commissioning of 

the WTG will be carried out elsewhere. 

6.3.1.3 Findings 

DNV’s evaluation of the of the noted countries capability to meet the required demand of 67 steel FOWT substructures 

per year is presented in Figure 6-1. 
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Figure 6-1 - Results of Steel Fabrication Assessment 

 

The following key conclusions are drawn from the results presented above: 

Europe 

• Results indicate that the European countries assessed are not likely to meet the full demand requirements 

associated with delivering steel substructures at a rate comparable to WWJ.  

• Availability of raw materials is a limitation in all European countries evaluated. Even the larger steel producing 

European countries (such as Germany and Turkey) assessed are not thought to have the capacity to meet the 

additional demand without importing steel to supplement that produced locally. 

• Most European countries evaluated are likely to have the skilled labour and experience necessary to deliver 

steel FOWT substructures.  

• Currently, it is uncertain if the combined European steel fabrication market in collaboration has the capability, 

capacity, and willingness to produce the required 67 units per year. Further investigation is required into 

shipyard availability and interest to determine this. However early indication based on this assessment 

suggests that the current European market would struggle to meet the demand without further investment. 

Asia 

• All Asian countries assessed are likely to be capable of meeting the demand required to fabricate and delivery 

steel FOWT substructures at a rate comparable to WWJ. This is expected as the majority of global raw steel 

production and fabrication for the marine and offshore industry takes place in Asia.  

• Japan is noted to partially meet the demand for skilled labour and experience. Japan’s experience in fabrication 

of complex offshore steel structures is limited due to Japan not having an extensive oil and gas market. 

However, it is believed that its extensive experience in the shipping industry will allow Japan to have a base in 

the development of offshore wind structures. 

Materials & Suppliers Labour and Experience 
Shipyard Production at 

Scale
Overall 

United Kingdom

France

Norway

Spain

Portugal 

Germany 

Italy

Turkey

China 

South Korea 

Japan 

Local supply chain capacity to meet demand

Europe 

Asia

 = Unable to meet demand  

 = Partially meets demand 

 = Fully meets demand  
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6.4 Assessment of Norwegian Steel Building Capacity 

6.4.1 Methodology  
The evaluation was completed using key indicators, including: the presence of major fabricators and specialist suppliers 

in the country, local industry eco system, shipbuilding statistics and history of delivering complex steel structures for the 

marine/offshore industry.  Information was gathered from publicly available information, market research databases and 

input from DNV experts in relevant regions. For the purposes of this assessment, the 67 units per year production rate 

of WWJ was used as the baseline for comparison. 

The scope of assessment was divided into the follow categories: 

o Steel fabrication capacity  

o Assembly area requirements 

o Fabrication yard size  

o Ability for onsite integration of WTG 

The assessment involved the following steps:  

1. Identification of key parameters for fabricators and shipyards which provide an indication to the ability of the 

facility to deliver complete FOWT substructures.  

2. Identification of major steel fabricators and shipyards in Norway. 

3. Identification of fabrication facilities to be used as a baseline in the assessment of the key parameters for 

fabricators and shipyards in Norway.   

4. Comparison of key parameters to baseline fabrication facilities. 

5. Provide summary of findings from assessment.  

6.4.2 Constraints and Limitations 
Given the high-level qualitative nature of the assessment, the results present an indication of the Norway’s current steel 

fabrication capacity relative to its ability to deliver at a capacity of 67 steel units per year. The following specific 

limitations to the assessment are noted for information: 

• Assessment was a desktop exercise only. No site visits were completed, and potential fabricators were not 

engaged to provide input.  

• No engagement of yards or fabricators were undertaken, therefore details on production capacities and 

capabilities of specific yards were limited. Thus, the assessment is based on measurable parameters such as 

size of assembly area, total yard size, water depth, etc. Examples of structures delivered are provided as an 

indication of capabilities.  

• Key parameters of WWJ were used as a baseline for comparison and evaluation of Norwegian 

fabricators/shipyards. 

• Assessment is based on information gathered from publicly available sources, market research databases and 

input from DNV experts. 

6.4.3 Findings  
The findings of this assessment indicate that the steel fabrication industry in Norway is not capable of delivering steel 

FOWT substructures at a rate equivalent to the 67 unit per year capacity of WWJ.  
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A detailed assessment of individual yards is outside the scope of this high level assessment; however, as outlined in 

Section 6.3.1, DNV completed a high-level assessment of the general steel fabrication industry of Norway and its 

capacity to deliver the required 67 units per year. The results of this qualitative assessment are restated along with key 

findings from the assessment (Table 6-1). Additionally, to provide context to the capabilities within Norway, examples of 

the type of past projects completed by the identified Norwegian fabricators are provided in Table 6-2. 

 

Table 6-1   Assessment of Norway Steel Fabrication Capacity 

 

 

 

 

 

Table 6-2 outlines the Norwegian shipyards and steel fabricators who were identified by DNV. The key parameters for 

each yard are identified, along with the parameters of WWJ for comparison. In addition, the parameters for Navantia 

yard situated in Cadiz, Spain have been included to provide a comparison point for an existing new build yard with 

experience in steel offshore wind substructures.  

  

Local supply chain 

capacity to meet 

demand

Notes 

Materials & Suppliers

The raw steel production of Norway is limited and therefore the approx. 338,350 t of 

steel required to build 67 spars (excluding potential wastage) would largely exceed the 

local supply of structural steel. The majority of steel required to meet demand will 

need to be imported.

Expertise and experience is demonstrated through Norway’s history of delivering 

complex offshore structures.

Norway is a leader in development of harsh environment offshore structures.

Norway is an exporter of knowledge in the design and construction of offshore 

structures, therefore required local knowledge/experience is in place.

Transition to renewables has been supported by the government through investment in 

projects (e.g. Hywind Tampen via Enova). Such investment indicates a strong desire to 

become a leader in floating offshore wind.

While there is a strong supply chain present for the offshore and marine industry, it is 

not expected that this supply chain is robust enough to meet the needs of delivering 67 

units per year.

Norway do not have a history of large scale production of complex steel structures at a 

rate comparable to 67 units per year. 

In 2020, Norwegian shipyards delivered 13 vessels with a combined GT of approx. 

100,000 GT. 

Recent trend is for hulls of floating structures to be fabricated in Eastern Europe, and 

transported to Norway for outfitting.

It is expected that the supply chain for steel fabrication will be further developed in the 

near future. 

Overall 

The labour and technical competence is expected to be strong in Norway; however, 

availability of raw materials (finished steel products) and large scale production 

capacity is expected to be limited and not of the scale needed to meet the demands of 

67 units per year. 

Shipyard Production at 

Scale

Labour and Experience 

 = Unlikely to meet demand  

 = Partially meets demand 

 = Likely to fully meet demand  
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Table 6-2   Norwegian Yard Details 
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6.4.4 Discussion  

6.4.4.1 Steel Fabrication Capacity  

Determining the fabrication capacity of an individual yard or fabrication site is difficult without engaging the specific yard. 

For large scale production of steel FOWT substructures, consideration was given to a number of factors which have a 

significant impact on the production capacity of a specific yard/facility. Such factors include: 

• Manufacturing methodology to be employed 

o Serial vs batch parallel production. 

o Extent of onsite manufacturing facilities. 

o Potential for pre-fabrication of modules built at a separate location and subsequently transported and 

assembled onsite. 

• Availability, capability and capacity of existing workspaces, labour force and equipment. 

• Experience in dealing with large scale ship-building and/or other marine/offshore structures. 

Prior to determining the fabrication capacity of a specific yard, a detailed layout of the facility and the production 

process/flow should be completed. In addition, the existing fabrication facilities must be evaluated to ensure the capacity 

is suitable for the required production output. While existing fabrication facilities can have the equipment and labour 

force required to produce steel FOWT substructures, the capacity required to meet the demand of 67 units per year is 

not expected. 

To supplement the assessment and benchmark the conclusions for steel fabrication production rates, DNV draws 

comparison to a study completed on steel throughput for production of FOWT substructures at Chantier Naval de 

Marseille, France and the Navantia Puerto Real Ship, Cadiz, Spain. The assumed steel throughputs were taken from a 

case study completed in /8/ and are presented in Table 6-3. Given the scope of the study and that these are existing 

and established yards, the assumed throughputs are seen as a reasonable benchmark for expected steel fabrication 

production rates.  

 

Table 6-3   Assumed Steel Production Rates /8/ 

 Chantier Naval de Marseille Navantia 

Description  Ship repair year 

Not experienced with offshore 

wind projects  

Many dry docks 

Serial production 

New-build yard 

Experienced with offshore wind 

projects  

One large dry dock 

Batch production 

Steel throughput 5700 t/ month 3800 t/ month 

Output of Spars completed 

(5000 t) 

1.1 units per month 

13.7 units per year 

0.8 units per month 

9.1 units per year 

Output of Semi-submersibles 

completed (4000 t) 

1.4 units per month 

17.1 units per year 

1.0 units per month 

11.4 units per year 
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As seen in Table 6-3 the output based on the assumed steel throughputs is far below the WWJ output of 67 units. To 

meet the demand of the 67 units per year, the throughput would need to be increased significantly. As none of the yards 

identified in Norway are expected to be have a production rate significantly higher than Chantier Naval or Navantia, it is 

not expected that any single yard could meet the demand of 67 units per year. Furthermore, if it were optimistically 

assumed that all the identified Norwegian yards produced at the rate of Navantia, the combined capacity would be 57 

semi-submersibles or 45 spars. This confirms DNV’s assessment that the Norwegian steel fabrication capacity is likely 

not capable of meeting the demand of 67 units per year, without further investment into infrastructure and supply chain.  

 

6.4.4.2 Assembly Area 

The available area for assembly of the FOWT substructures is considered critical given the high required capacity of the 

yard and the large size of the substructures. As discussed in the section 6.4.4.1 above, it is not likely that any single 

Norwegian yard would have the production capacity required meet the demand of 67 units per year. However, in order 

to provide an indication of the assembly area required (assuming required production rate was achievable), the 

production outputs in Table 6-3 were used to determine the required number of units to be assembled in parallel. The 

results are presented in Table 6-4: 

Table 6-4   Required No. of units fabricated in parallel 

 Type of Floating Offshore Wind Substructure 

 Spar Semi-Submersible  

Assumed output of units  9.0 - 13.7 units per year 11.4 – 17.1 units per year 

Required Delivery Demand 67 units per year 

No. of units to be built in 

parallel  

5.0 - 8.0 units  4.0 - 6.0 units 

 

Finally, the required assembly areas per unit in Table 6-5 are used to provide an estimate of the number of units which 

could be assembled at a given time in a yard.  

Table 6-5   Required assembly areas 

 Footprint of substructure Required assemble area per unit 

Spar 18.6m x 130m  25m x 150m 

Semi-submersible 100m x 905m 110m x 100m 

 

As presented in Table 6-5, the Norwegian yards identified do not have the available assembly area to accommodate the 

construction of units in parallel comparable to that of WWJ. It is however seen that yards 2 and 4 have suitable 

assembly area for batch production of at least 5 units in parallel.  

 

6.4.4.3 Fabrication yard size  

While the required fabrication yard size is highly dependent on the production rate and fabrication methodology 

employed, the size of the yard does provide an indication of its flexibility to accommodate project specific requirements, 

etc. As shown in Table 6-2 the yard size of WWJ is significantly larger than any other identified yard in Norway.  
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6.4.4.4 Available Water Depth for Integration 

One of the major benefits provided by WWJ is the ability to fully integrate the substructure and WTG at a local quayside 

location and utilizing a quayside crane. To the integrate the WTG and spar quayside, a water depth of approx. 100m is 

required. Without providing such a location for quayside integration, the substructures would need to be transported to a 

deep water location with suitable water depth, therefore increasing costs and risks related to marine operations.  

The sites identified through this assessment did not have sufficient water depth to conduct integration activities 

quayside. 

6.5 Local content for concrete FOWT substructures Norway 

6.5.1 Labour and skills 

6.5.1.1 Methodology 

Local content was assessed for labour assuming full ongoing production at the WWJ facility, per the limitations outlined 

in the base case scenarios for concrete construction, see Section 3. The work required to establish the WWJ facility, or 

that related to any marine aspects involved in that construction work, has not been included in the assessment of local 

content.  

Local labour is considered to be that provided by people currently resident in Norway. Historical experience with pre-

cast concrete fabrication methods as well as the construction methods employed in civil concrete structures, including 

highly specialised offshore concrete structures, was considered when judging the depth of skills available in Norway. It 

is considered that similar skills, along with those related specifically to the industrialised work processes, would be 

required in WWJ to produce high quality industrialised FOWT substructures.  

6.5.1.2 Findings 

The Norwegian labour and skills market has capacity to cover all positions and expertise locally. This is bolstered by the 

deep knowledge and technical expertise within the Norwegian offshore construction industry. Norway is an exporter of 

offshore concrete expertise in material technology, project management and execution of complex offshore projects. 

Much of this expertise is transferable to the works at WWJ, where experienced supervisors, concrete technologists, 

quality, and management personnel will be required. 

Many of the opportunities created at WWJ may be termed unskilled, or low skilled work. In reality, construction work, 

and especially that involved with industrialised type construction, is performed by personnel who possess highly 

specialised knowledge of the methods and materials they apply daily. Training of personnel to perform these tasks in 

such a facility, operating a highly systematised construction process, is however relatively efficient, even when training 

personnel with little or no prior experience. This is because the tasks are clearly defined. and personnel are trained to be 

focussed on one or a limited number of such tasks only. The degree of difficulty in such training is not seen to be an 

impediment to employment of local labour. This is expected to facilitate long term local employment in the area.  

6.5.1.3 Discussion 

Labour and skill demand for the WWJ site is assessed assuming approximately 67 units produced per annum. The 

nature of the jobs created at the WWJ facility differs from that of a typical concrete construction site. In an industrialised 

production process, much of the work is specialised, with dedicated personnel for specific tasks. This is similar to what 

is seen in a large precast or manufacturing facility. The jobs generated would include: 

− Office staff 

− Site management 

− Steel fixers 
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− Post tensioning specialists 

− Concrete placement and finishing 

− Coatings specialists  

− Formwork erection and maintenance  

− Plant operators 

− Heavy equipment operators 

− Yard personnel 

− Survey, laboratory, and quality personnel 

It is assumed that WWJ will function as an industrialised fabrication facility, where utilisation of methods, materials, 

logistics, and human capital are optimised to increase standardisation and efficiency of execution. Specialisation of 

positions encourages efficiencies during production and facilitates ease of training when up-manning, i.e. for much of 

the construction and associated work resources may be hired without prior experience in offshore concrete construction. 

For the skilled tasks, Norway is in a strong position to meet the demand locally.  

The construction techniques utilised for previous concrete offshore structures will be similar to those used for FOWT 

substructures. These will mainly be concrete cast in-situ, slipformed, and some limited element assembly likely utilizing 

large wet cast joints. These methods, and the particular challenges they provide for offshore concrete, are well known to 

the Norwegian offshore concrete sector. 

The permanency of the positions to be created at WWJ also differs from the transient nature of typical large concrete 

construction works. This encourages long term planning and more investment in the local resources in the area who can 

fill the majority of the positions to be created. 

6.5.2 Norwegian supply chain 

6.5.2.1 Methodology 

The local Norwegian supply chain was assessed assuming full ongoing production at the WWJ facility, per the 

limitations outlined in the base case scenarios for concrete construction, see Section 3. The work required to establish 

the WWJ facility, or that related to any marine aspects involved in that construction work, has not been included in the 

assessment of local content.  

The local supply chain for construction materials was investigated using publicly available information to assess the 

main players’ presence in the local market, as well as recent activity, and reported production / supply rates. Only 

current supply is considered, without assessment of further expansion by suppliers due to the increased demand 

generated by the production of FOWT sub structures at WWJ. The local supply chain is defined as suppliers currently 

trading and active in Norway, with sub-suppliers producing the equipment or material in question within Norway. Where 

materials or equipment are supplied by a foreign supplier, or are imported by a Norwegian supplier from a foreign 

production location, this is considered as an inability of the local supply chain to meet the demand.  

When assessing quantities of materials and their availability on the Norwegian market, the most conservative or onerous 

case for various material demand between the semi-submersible and spar concepts was considered.  

An assessment was conducted of the current Norwegian heavy civil construction market, which is considered analogous 

to a large part with the skills and materials required for concrete FOWT substruction fabrication. The prevalence of 

particular suppliers and their capacities were assessed to establish if the demand required by WWJ in full production 

could be met for each material element.  
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6.5.2.2 Findings 

A breakdown of some of the primary materials required for the construction of the floating substructures, including 

DNV’s evaluation of the local supply chain’s ability to meet demand, is provided in Table 6-6. 

Table 6-6   Main materials and the ability of the local supply chain to meet demand 

  

 

  

 

The presence of a mature Norwegian civil construction sector ensures that much of the material required to construct 

the concrete FOWT substructures is commonly available in the country. Due to the nature of concrete construction, the 

same simple constituents which are used for roads and buildings are also utilised for highly complex floating 

Material

Supply chain 

capacity to 

meet demand

Notes

Formwork

Norway has mature precast, slipform and steel fabrication sectors. 
Native suppliers can meet much of the demand. However for large 
bespoke formworks, such as large conical slipforms and heavy hi-
precision steel forms for repetitive industrialized in-situ casting 
operations, it is anticipated these will require specialist foreign 
firms’ involvement.

Aggregate
Fine and coarse aggregates can be sourced onsite at Norsk Stein 
Jelsa.

Cement

The yearly quantity of cement required for the semi-submersible 
base case, assuming 67 units per year, would require 7% of current 
cement production at the Norcem's Kjøpsvik and Brevik plants. Both 
can supply cement via ship to Jelsa. Currently the Kjøpsvik plant 
produces cement for export out of Norway, a trend which could 
hypothetically be reversed to meet local demand.

Additions

Silica fume may be sourced from local suppliers within Norway. 
However, additions / SCMs such as Ground Granulated Blast 
Furnace Slag (GGBS) and Fly Ash (FA) are imported into Norway, 
the materials will be sourced from European industry and utilities. 

Rebar

The yearly quantity of steel reinforcement required for the semi-
submersible base-case, assuming 67 units per year, would require 
20% of the typical annual reinforcing steel production at Celsa 
Nordic Services. The steel can be easily provided to Jelsa via ship. 
Alternative supply from within Norway could contribute to meet 
demand if required.

Post tensioning

With the experience in Norway of post-tensioned bridges, sub-
terranean infrastructure, energy structures, and offshore structures 
where post tensioning is typically applied it is considered that 
demand could largely be met by local suppliers. Some specialist 
components will require to be imported from foreign producers such 
as strand, embedded castings for anchorages etc.

T-heads and couplers
Specialist suppliers of end anchored bars and couplers which may 
be required in the congested reinforcement system of an offshore 
structure are active within Norway.

Solid Ballast

Olivine and other suitable aggregate materials are available for 
shipment from within Norway, including onsite in Jelsa. Higher 
density materials such as Iron Oxide based products (Magnetite, 
Magnadense etc.), as well as FA to produce slurry mixtures require 
importation.

 = Unable to meet demand  

 = Partially meets demand 

 = Fully meets demand  
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substructures. The total volume of concrete involved, when WWJ would be at full production, is equal to approximately 

10% of Norwegian ready mixed concrete production in 2018. This quantity is significant but is considered to be within 

that which could be accommodated by the existing local supply chain from a constituent supply perspective. This 

measure is taken as indicative, as it is assumed that the facility will be supplied with concrete by one or more on-site 

batching plants.  

The very specialised machined forms which may be utilised as part of the construction process of the semi-submersible 

units may not be available in Norway. Additionally, complex conical slipform arrangements would need to be sourced 

from outside the country. The number of firms globally who design and manufacture such specialised formworks is 

limited. This has been flagged as requiring importation in the table above.  

There are established post tensioning suppliers in Norway which can provide equipment and much of the required 

materials for the post tensioning works. Items such as strand, castings for embedded anchorage components, and 

hardened steel jaws will require to be imported from producers overseas. 

Additions, or SCMs, are by-products of heavy industry and as such may only be sourced from locations where those 

industries are based. Norway has a native silicon metal industry with several suppliers capable of providing silica fume 

to WWJ. Fly Ash (FA) is extracted from the chimneys of coal fire power plants, while Ground Granulated Blast Furnace 

(GGBS) slag is derived from iron slag which is a by-product of steel making plants, and will need to be sourced from 

outside of Norway. Conservatively, the local supply chain has therefore been flagged as unable to meet demand for 

additions in the table above. 

The supply of solid ballast may be met within Norway, or may require materials to be imported, depending on the type 

selected for use. If special high-density aggregate is used, it is considered that this will need to be imported by ship. 

Swedish industry is recognised as a global leader in the production and export of such materials. 

6.5.2.3 Discussion 

There is a rich history of construction of offshore concrete structures in Norway for installation on the Norwegian 

continental shelf. This includes two floating concrete production units in Heidrun and Troll B. The methods employed on 

these historical projects include fabrication of the concrete caissons in dry dock, with subsequent casting afloat in a 

deep-water site phase, as well as large scale elemental construction and subsequent assembly afloat. Heidrun TLP may 

be the largest example of such wet prefabricated concrete element assembly in the world.  

Currently, construction is ongoing of the world’s first FOWT concrete spar substructures in the Hywind Tampen project. 

The Norwegian government has invested in Hywind Tampen through Enova, and its hoped that with support, Norway's 

expertise in design and fabrication of offshore units, gained over many years in the Oil and Gas industry, can be 

transferred to the emerging floating offshore wind industry. Encouragingly, the EU is also currently investing in the 

Flagship 10MW demonstration project, utilizing the OO Star concrete semi-submersible concept, for installation offshore 

Norway.  

This background of experience and the ongoing investments in Norwegian projects with fabrication of full scale concrete 

FOWT substructures positions Norway, and the Norwegian supply chain, well compared to that of other countries. 

Norwegian contractors and specialist suppliers are active globally where offshore concrete is considered and several 

relevant international specialist suppliers have existing established entities in Norway. 

Given the size of the Norwegian construction sector, and associated supply industry, relative to the quantities of 

materials required to meet demand at WWJ during full production, the Norwegian supply chain can be considered 

mature and largely capable of meeting that demand.   
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APPENDIX A 
 

A.1 GENERAL 

This Appendix describes the methodology used to derive base cases for the concepts discussed in this report. Where 

publicly available designs for 15MW WTG for the evaluated concepts were available, these were used without major 

modifications. Where these were not available, base cases were scaled by using publicly available information and DNV 

experience. No structural or hydrodynamic calculations were performed to establish base cases. 

 

A.2 SPAR CONCEPTS 

 

A.2.1 Spar concrete 

The structural and ballast weights have been established as described in Table 1. 

Table 1   Derivation of Spar C  

 Hywind Tampen, 8MW Spar C, 15MW 

Concrete [tonne] 9 000 /5/ 9 000 x 1.331) x 1.232) ≈ 14 750 

Concrete + ballast [tonne] 19 500 /30/  
Ballast [tonne] 19 500 – 9 000 = 10 500 10 500 x 1.331) x 1. 232) ≈ 17 200 
1) Factor to scale from 8MW to 10MW from /2/  
2) Factor to scale from 10MW to 15MW from /4/. It is noted that this scale factor corresponds to a concrete semi-submersible. Nevertheless, it is considered 
acceptable to scale this concept. 

 

Ballast materials and concrete constituents were further distributed based on DNV experience as shown in Table 2. 

Table 2   Concrete constituents / ballast material distribution 

Parameter Spar C, 15MW 

Concrete [tonne] 14 750 
Concrete [m3]  5 570 
 Cement [tonne]  1 950 
 Silica fume [tonne]  110 
 Fly ash [tonne]  110 
 Fine aggregate [tonne]  5250 
 Coarse aggregate [tonne]  5250 
Steel reinforcement [tonne]  1400 
Post-tension reinforcement [tonne]  150 
Ballast [tonne] 17 200 
 Bulk (70%) [tonne]  12 000 
 Water (30%) [tonne]  5 200 

 

Diameter and operation draft of the Spar C equivalent to 18.6m and 155m, respectively, were taken from /3/. A spar with 

a draft smaller than 98.5m (at integration) should be possible by adjusting other parameters, e.g. diameter, ballast, etc. 

However, this adjustment of main dimensions would require extensive hydrodynamic / stability analysis for the revised 

design. It is considered that the quantifies (material weight, etc.) based on the proposed scaling strategy will be 

sufficiently representative of a more mature design for an integration draft <98.5m.  
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A.2.2 Spar steel 

The structural and ballast weights have been established as described in Table 3. 

 

Table 3   Derivation of Spar S 

Parameter Hywind Scotland, 6MW /5/ Steel S, 15MW 

Displacement [tonne] 11 400  
Structural steel [tonne] 2 300 2 300 x 1.331) x 1.332) x 1.233) ≈ 5 000 
Ballast [tonne] 11 400 – 2 300 – 9004) =8 200 8 200 x 1.331) x 1.332) x 1.233) ≈ 18 000 
1) Factor to scale from 6MW to 8MW from /2/ 
2) Factor to scale from 8MW to 10MW assumed equal to factor to scale from 6MW to 8MW 
3) Factor to scale from 10MW to 15MW from /4/. It is noted that this scale factor corresponds to a concrete semi-submersible. Nevertheless, it is considered 
acceptable to scale this concept. 
4) WTG, tower, and others assumed 900tonne 

 

Ballast materials and structural steel were further distributed based on DNV experience as shown in Table 4. 

Table 4   Structural steel / ballast material distribution 

Parameter Spar S, 15MW 

Structural steel [tonne] 5 000 
 Primary steel (93%) [tonne]  4 650 
  Columns (80%) [tonne]   3 700 
  Plates (20%) [tonne]   950 
 Secondary steel (7%) [tonne]  350 
Ballast [tonne] 18 000 
 Concrete (15%) [tonne]   2 700 
 Bulk (60%) [tonne]  10 800 
 Water (25%) [tonne]  4 500 

Diameter and draft of the Spar S are assumed the same as for Spar C. 

With reference to the scaling strategy, the concrete and steel spar concepts are based on a mix of references. The 

result is an inconsistency between mass and floater displacement. This could be resolved either by reducing the Spar S 

diameter to 16.3m (and maintaining the structural steel tonnage) or by introducing an additional 8 000 tonne of ballast 

(50% increase in ballast quantities for Spar S). Comparative studies showed that impact of ballast on the comparisons is 

marginal. Therefore, no corrections to the ballast tonnage are done to the base case. 

 

 

A.3 SEMI-SUBMERSIBLE CONCEPTS 

 

A.3.1 Semi-submersible concrete 

The structural and ballast weights have been established as described in Table 5. 

Table 5   Derivation of Semi C  

 OO-Star, 10MW /1/, /4/ Semi C, 15MW 

Concrete [tonne] 15 000 /4/ 18 500 /4/ 
Overall substructure mass [tonne] 21 700 /1/  
Ballast [tonne] 21 700 – 15 000 = 6 700 6 700 x 1. 231) ≈ 8 250 
1) Factor to scale from 10MW to 15MW from /4/. 
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Concrete constituents were further distributed based on DNV experience as shown in Table 6. All ballast is water for the 

semi-submersible concept 

Table 6   Concrete constituents / ballast material distribution 

Parameter Semi C, 15MW 

Concrete [tonne]  18 500 
Concrete [m3]   6 730 
 Cement [tonne]   2 350 
 Silica fume [tonne]   130 
 Fly ash [tonne]   130 
 Fine aggregate [tonne]   6 350 
 Coarse aggregate [tonne]   6 350 
Steel reinforcement [tonne]   2 350 
Post-tension reinforcement [tonne]   250 

Footprint and integration draft are 88m x 80m and 12.5-14m, respectively /4/. 

 

A.3.2 Semi-submersible steel 

The structural and ballast weights have been established as described in Table 7. 

Table 7   Derivation of Semi S 

Parameter UMaine VolturnUS /6/ Semi S, 15MW 

Structural steel [tonne]  3 914  4 000 
Ballast [tonne]  13 840  14 000 
 Concrete   2 540   2 600 
 Water   11 300   11 400 

 

Structural steel was further distributed based on DNV experience as shown in Table 8. 

Table 8   Structural steel / ballast material distribution 

Parameter Semi S, 15MW 

Structural steel [tonne] 4 000 
 Primary steel (93%) [tonne]  3 720 
  Trusses/beams (80%) [tonne]   3 000 
  Plates (20%) [tonne]   720 
 Secondary steel (7%) [tonne]  280 

Footprint is 90m x 100m based on /6/. Integration draft is derived from the corresponding draft for the Semi C corrected 

by the differences in operation draft, 12.5-14m x 20/22 ≈ 11.5-13m /1/,/6/. 
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About DNV 
DNV is the independent expert in risk management and assurance, operating in more than 100 countries. Through its 
broad experience and deep expertise DNV advances safety and sustainable performance, sets industry benchmarks, 
and inspires and invents solutions.  
 
Whether assessing a new ship design, optimizing the performance of a wind farm, analyzing sensor data from a gas 
pipeline or certifying a food company’s supply chain, DNV enables its customers and their stakeholders to make critical 
decisions with confidence.  
 
Driven by its purpose, to safeguard life, property, and the environment, DNV helps tackle the challenges and global 
transformations facing its customers and the world today and is a trusted voice for many of the world’s most successful 
and forward-thinking companies. 
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