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REBO Renewable Energy Base Oostende B.V. 
VOC Volatile Organic Compound 

Executive Summary  
 

This report provides an overview of the environmental and non-technical impacts that the 

innovations of the LEANWIND project could haveon the local environment and 

communities. More specifically, the environmental impacts refer to the installation of new, 

fixed and floating foundation systems, whereas the non-technical impacts refer to socio-

economic effects resulted from large offshore wind energydevelopments.  

 

The report comprises threemain parts:  

¶ The first part of the report applies the Leopold matrix methodology in order to 

assess the environmental impacts of selected LEANWIND innovations. This was 

done through literature review and interviews with wind industry experts. The first 

part also includes abrief outline of the socio-economic benefits brought by offshore 

wind farms andsome considerations relating tosocial acceptance.  

¶ The second part of the report consists of a life-cycle analysis conducted for 

innovative steel foundations that have been developed for the LEANWIND project 

as well as a gravity-based foundation (GBF) that is floated to site.  

¶ This LEANWIND report also presents an assessment of non-technical impacts of 

the Port of Ostend (Belgium) having become established as a base for 

development of the offshore wind industry since first Belgian offshore wind project 

began in 2007. The assessment addresses societal aspects with an emphasis on 

topics related to the growth of the off-shore wind business in and around Ostend. 

The analysis is aimed at shedding light on the impact of the offshore wind sector 

on Ostend, as well as on the impact of Ostend port and city on the offshore wind 

sector. 

 

Leopold matrix analysis ð main results 

After applyingthe OSPAR1  environmental impacts defined in the guidelines for 

construction and operation of offshore windfarms to the LEANWIND innovations,we asked 

wind industry experts to rate their impacts. The Leopold matrix analysis shows that only a 

few of the interactions analysed are likely to involve impacts of amagnitude, significance, 

probability and duration to deserve comprehensive treatment. These impacts are:  

¶ disturbance from construction vessels and operation & maintenance (O&M) 

vessels; 

¶ construction noise, loss or change of habitat; 

¶ scouring and scour2protection; and 

¶ electromagnetic fields.  

For each of these impacts, the study provides insights into state of the art knowledge, 

existing mitigation techniques and examples of best practice.  

                                                 
1 OSPAR, Guidance on Environmental Considerations for Offshore Wind Farm Development, 2008 
2 Scour refers to the phenomena of seabed erosion around the turbine foundation, this effect can be 

mitigated by using a scour protection around substructures 
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The various types of foundation developed byLEANWIND show different environmental 

performance in terms of magnitude and degree of their impacts. For example, the buoyant 

gravity-base foundation (GBF)increases loss or change of habitat, whereas the semi-

submersible platform scores better,as seabed preparation is not required. 

The high majority of impacts discussed in the report have a probability of occurrence of 

more than 50% or are certain to occur. Most impacts having a moderate negative effect 

on the environment occur in the construction phase, which means their duration is 

temporary. In general, all types of foundations impact habitats, however these are 

expected to be recovered within the windfarm lifetime. 

Social acceptance and socio-economic benefits  

Both onshore and offshore wind energy form an important part of energy policy goals 

internationally as many countries strive to meet their renewable energy obligations. 

However, many projects face community concerns and in some cases opposition, with 

potential implications for the cost and overall level of wind energy deployment. To achieve 

renewable energy policy objectives, social acceptance needs to focus simultaneously on 

the relevant stakeholders, such as policy makers, regulators, developers, local 

communities and special interest groups. 

The main community concerns in the case of offshore wind are linked to visual impacts, 

noise and marine life conservation as well as overlapping interests with other sectors (e.g. 

fisheries andtourism). In order to avoid opposition, project developers have developed a 

series of tailored-made stakeholder engagement strategies responding to specific 

projects and community needs. The main pillars towards a successful stakeholder 

engagement strategy include providing information, engaging local communities and 

sharing benefits.  

Life-cycle analysis (LCA) ð Innovative fixed and floating foundations 

A life-cycle analysis was performed to the innovative steel foundations that have been 

developed for the LEANWIND project. The first of these is the floating jacket foundation, 

which is similar to a conventional jacket foundation but can be towed to site before 

ballasting to the seabed, and instead of piles it is fixed to the seabed with suction buckets. 

The second is a floating foundation that is towed to site and moored in position. It can 

also easily be towed back to shore for maintenance. The third is a gravity base foundation 

(GBF) that is also designed to float for transport to site before ballasting for installation on 

the seabed. All of these foundations have been designed for installation at West Gabbard, 

UK, for a sea depth of up to 100m. In order to focus on the comparative impacts of the 

LEANWIND foundations, the impacts of the turbine itself have not been considered in this 

study. 

By examining the environmental impacts of these new foundation designs over their whole 

life cycle, the ultimate goal of the analysis is to demonstrate whether they perform better 

than existing solutions. This also helps detecting those areas with a possible higher 

environmental impact to refine future design iterations, thus minimising the resulting 

environmental impact.   

The analysis found that the environmental impacts of the floating foundation are generally 

higher than for the other two types of foundations, due to the greater use of steel per unit 

of energy produced, but it is important to note that there is much more flexibility over the 

choice of installation location for this type of foundation. 
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The jacket foundation has lower impacts than the GBF in 5 out of 8 of the impact 

categoriesstudied, suggesting that it might be the better option in terms of environmental 

impacts, but making it difficult to draw a definitive conclusion. The GBF performs worst in 

terms of the photochemical oxidation/ozone creation potential, due to the high emissions 

of pollutants during operation of sea vessels for seabed preparation. The jacket 

foundation performs worst in terms of the ozone and abiotic depletion potentials, both 

due to the manufacturing processes or materials used for the manufacture of steel for the 

main structure and aluminium alloy for the sacrificial anodes. Therefore, encouraging 

vessel innovations to achieve better performance (e.g. in endurance, capacity, fuel 

consumption) and optimising the design of the jacket foundation for minimum steel and 

aluminium use are the two areas that provide the greatest potential for further decreasing 

the environmental impact of these designs. 

When one key impact, the global warming potential, is compared to that in other published 

studies, it is found that both of the steel LEANWIND solutions perform well relative to their 

competitors. (Only one other study on GBF was found and it hascomparable results to the 

LEANWIND solution.) In the case of the jacket foundation, its impacts are found to be 

considerably lower than those for a similar sized foundation for a similar water depth, 

probably due to the lower impacts of the floater/suction bucket design.  

The analysis has also highlighted the key areas for potentially reducing the environmental 

impacts of these foundations, mainly by: 

¶ minimising the fuel consumption of sea vessels;  

¶ optimising the design of the steel foundations for minimal use of steel; and 

reducing the length of floating foundation-mooring lines or sharing mooring lines. 

 

Case-study of the Port of Oostende becoming established as a base for Offshore Wind 

This assessment expanded over the original LEANWIND plan from a short desk study to 

include a series of interviews with stakeholders and actors involved in and around the Port 

of Ostend, draws on work done in the framework of the project and in particular of WP8, 

òEconomic and Market Assessmentó. The interviews analysed were performed with 

representatives of industry, local community and other stakeholders and the results are 

analysed drawing on other reported sources. The interviews were conducted between 

March 2016 and March 2017 at various offshore wind occasions in Ostend. 

 

In particular, the report provides insights on key results achieved in terms of: 

 

¶ The success of Ostend in becoming an established offshore wind port base 

during the past decade; 

 

¶ The importance of clustering effects 3 on the various market segments related 

to offshore wind and on individual companies; 

 

                                                 
3 It is commonly accepted to refer collectively to businesses active in and related to Ports as clusters. In 

some countries, including Belgium, distinction is made between òmaritimeó and ònon-maritimeó clusters, 

including in public statistics quantifying the economic impacts of ports. In this context, the offshore wind 

cluster might perhaps be more precisely described as a sub-cluster under the maritime cluster. 
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¶ The attitudes and actions of the companies and other stakeholders that have 

been established in the Ostend port area to do business in offshore wind; 

 

¶ The long lead times characterising growth in offshore wind developments, 

investments in port infrastructure taking several years to reap benefits; 

 

Results are provided in the form of responses by the group of interviewees to 10 opinion 

statements, sorted into five thematically related pairs, and to an 11th statement related 

to the recent falls in costs for new offshore wind developments in several EU countries. 

 

The results and findings are hoped to be of some value also for the wider European and 

international development of the offshore wind industry. 
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1. Environmental and socio-economic impacts of selected LEANWIND 

innovations 

1.1 Introduction 

The offshore wind industry has grown rapidly over the past two decades. Wind energyis 

nowa mainstream, competitive and strategic energy technology that brings considerable 

economic benefits to the European society. WindEurope estimated in 2015 the annual 

turnover in the wind sector to be û72billion. The offshore wind energy sectorcurrently 

provides 96,000 jobs in the European Union and by 2030 could reach 184,000direct and 

indirect jobs4.  

In 2015 and 2016 alone, around 4.5 GW of new offshore wind energycapacity was 

connected to the European grid. Europeõs offshore cumulative installed capacity at the 

end of 2016 reached 12.6 GW. This installed capacity is now capable of producing 

approximately 46.4TWh in a normal wind year, being enough to cover 1.7% of the EUõs 

total electricity consumption5. 

As knowledge and experience increase with the development of the sector, the 

understanding of environmental impacts also improves. The objective of this task is to 

examine the environmental and non-technical impacts of innovations and large wind farm 

developments of the LEANWIND project with a particular focus on life-cycle analysis. The 

findings will be incorporated in a holistic economic model (Task 8.1 ð Full life-cycle cost 

tool including CAPEX and OPEX), ensuring that the technology innovations and system 

optimisations developed throughout the project will result indirect cost savings.Therefore, 

clearly definingthe scope of the analysis and what environmental and non-technical 

impactsrefer to is crucial: 

I. The environmental impacts resulting from the installation of new foundation 

systems (fixed and floating) will be the main focus of the report. More details about 

the methodology used to assess these impactswill be provided in the next section 

of this report.  

II. The non-technical impacts refer to socio-economic impacts on the local 

communities, such as local employment and growth, the role of ports for the 

coastal communities, as well as synergies with other sea users.Limited attention 

will be given to this chapter, as this will be analysed in a separate case study 

focused on the benefits of ports. A short overview of the social acceptance 

dimension of offshore wind farms willalso be provided. 

1.2 LEANWIND foundations 

The three foundations considered in this report (both in the Leopold analysis and in the 

LCA analysis) are the floating jacket foundation, the floating foundation and the GBF, all 

developed for the LEANWIND project.  

The floating jacket foundation is detailed in the report òFixed Platform Design 

Frameworkó6. It is a 4-legged steel lattice structure, intended for installation at water 

                                                 
4WindEurope, òWind Energy scenarios to 2030ó, 2015 
5WindEurope, òThe European offshore wind industry ð key trends and statistics 2016ó, 2017 
6 LEANWIND Deliverable 2.4, òFixed Platform Design Frameworkó, Executive summary available at 

http://www.leanwind.eu/wp-content/uploads/GA_614020_LEANWIND_D2.4_executive-summary.pdf 
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depths of up to 60 m, and is estimated to be 73.5 m tall. Unlike conventional jacket 

foundations, it does not require piles, instead having floater/suction buckets that will 

allow the foundation to be towed to site and then act as anchors to fix the foundation to 

the seabed once installed. It has been designed to support the LEANWIND 8 MW wind 

turbine. 

The floating foundation will be described in detail in the report òFloating Substructures 

Design Frameworkó7 . It is a semi-submerged triangular design, formed from steel 

sections, and held in place by a 3-catenary-line mooring system. Unlike existing foundation 

designs, this will be installed with the turbine already assembled on top, and it is likely 

that the entire turbine and foundation will be towed back to shore for any significant 

maintenance activities. It has been designed to support the NREL 5 MW wind turbine. 

The gravity base foundation (GBF) is a reinforced concrete caisson described in detail in 

the report òFixed Platform Design Frameworkó8. It is designed to be manufactured in a 

floating dock, and will be towed to site before being sunk on to a pre-prepared seabed. It 

has also been designed to support the LEANWIND 8 MW wind turbine. 

1.3 Methodology 

In order to delineate which LEANWIND innovations have an environmental impact on the 

local environment we used a method of rating environmental impacts called the Leopold 

matrix9,where the innovations were integrated with the environmental impacts listed by 

OSPAR in their guidance document on environmental impacts for offshore wind farms. 

Respondents10  were asked to judge on the magnitude, significance, probability and 

duration of the impacts against the definitions provided (see legend explained below). It 

is important to have these four measures clearly defined as whilst similar, they contain 

important differences. An impact that could be catastrophic for example may not 

necessarily be a likely occurrence. Once all results were filled in, the factors most likely to 

occur that carry a significant impact werefurther discussed to determine what is the state 

of the art mitigation that could be applied. This part of the analysis was based on literature 

review.The main sources of information used are articles available in scientific journals, 

and papers presented at international conferences (i.e. WindEurope's Annual and 

Offshore Wind Energy Conferences).  

For the validation of the best practice exchange and main mitigation techniques of 

adverse environmental impacts, WindEurope consulted itsSustainability Task Force 

specialised in environmental issues relating to wind energy.  

The following definitions apply to the evaluation criteria used for this analysis11: 

                                                 
7 LEANWIND Deliverable 2.5, òFloating Platform Design Frameworkó, Executive Summary available at 

http://www.leanwind.eu/wp-content/uploads/GA_614020_LEANWIND_D2.5_executive-summary.pdf 
8LEANWIND Deliverable 2.4, òFixed Platform Design Frameworkó, Executive Summary available at 

http://www.leanwind.eu/wp-content/uploads/GA_614020_LEANWIND_D2.4_executive-summary.pdf 
9 Luna B. Leopold, Frank E. Clarke, Bruce B. Hanshaw, and James R. Balsley. GEOLOGICAL SURVEY 

CIRCULAR 645. Washington 1971. 
10Iberdrola, ACCIONA, EDPR, UEDIN, WindEurope and Tecnalia. 
11 Luna B. Leopold, Frank E. Clarke, Bruce B. Hanshaw, and James R. Balsley. GEOLOGICAL SURVEY 

CIRCULAR 645. Washington 1971. 
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- Magnitude: refers to extent or intensity and can be measured on a numerical scale 

of minus five (-5) to plus five (+5), with five (5) representing large magnitude 

andone (1)representing small magnitude for positive environmental impacts. The 

same applies for negative impacts. The assignment of numerical values to the 

magnitude of an interaction should be based on an objective evaluation of facts12.    

- Significance: the significance of an interaction is related to its importance, or an 

assessment of consequences of the anticipated interaction. In our analysis it refers 

mainly to the geographical scale of the impact. The measurement scale of 

significance ranges from one (1) to five (5), with five indicating a very important 

relation and one indicating an interaction of low importance. 

- Probability: it refers to the probability of an environmental impact happening. The 

scale of measurement ranges from one (1) to three (3), where one is a possible 

impact (< 50%) and three is a certain impact (100%). 

- Duration: is defined as the temporal scale of the impact. In our analysis there are 

two types of impacts: temporary and permanent.  

 

Table 1Leopold matrix definitions given to survey respondents 

NUMBER MAGNITUDE DEFINITION 

5 Great 
The impact is predicted to have a long term positive effect on the 
environment on a global scale 

4 Major 
The impact is predicted to provide a leading advantage to the environment 
and the community 

3 Moderate The impact is predicted to have a positive impact on the environment 

2 Slight 
The impact is defined to have a mild but positive impact on the 
environment 

1 Negligible The impact is defined to have a minor positive impacton the environment 

-1 Negligible 
The negative impacton the environment is identified as modest, almost 
non-existent 

-2 Slight 
The negative impact is minor with a short-term effect on the local 
environment without changes to the distribution or status of the species. 

-3 Moderate 
The negative impact is identified as mild, short-term and reversible without 
changing overall integrity of the natural habitat and the community 

-4 Major 
The negative impact ispredicted to result in a primary change to the 
environment with a long-term effect 

-5 Catastrophic 
The impact is predicted to result in an adverse and irreversible effect on a 
global scale 

 

NUMBER SIGNIFICANCE DEFINITION 

                                                 
12Nallathiga, Ramakrishna, òDessertification Assessment using Matrix method of EIA,ó Fifth international 

conference on operations research for development, December 2005, 

https://www.researchgate.net/publication/275329853_Desertification_Assessment_using_Matrix_meth

od_of_EIA 

https://www.researchgate.net/publication/275329853_Desertification_Assessment_using_Matrix_method_of_EIA
https://www.researchgate.net/publication/275329853_Desertification_Assessment_using_Matrix_method_of_EIA
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5 Great Impact of cross-border character 

4 Major Impact of national character 

3 Moderate Impact of regional character 

2 Slight Impact of importance to themunicipality 

1 Negligible Impact on turbine location 

 

NUMBER PROBABILITY DEFINITION 

3 Impact is certain  100% probability 

2 Impact is probable  probability of over 50% 

1 Impact is possible  probability of less than 50% 

 

NUMBER 
DURATION 

 

2 Long-term/Permanent 

1 Occasional/temporary 

 

We encountered one important limitation when attempting to disseminate the survey to a 

wider audience: in order to be able to evaluate fully the environmental impacts of the 

LEANWIND innovations, the respondent must be acquainted with the innovations and 

understand how they were built and how they function. At this stage of LEANWIND 

activities, only the project partners truly understand the innovations. Also due to 

Intellectual Property (IP) limitations, they seemed to be the best placed to rate the impact 

of such innovations on the environment. Nonetheless, this also implies a certain level of 

subjectivity. In addition, completing this environmental impacts rating exercise 

requiresconsiderable time and effort, which only project partners were willing to 

contribute. 

The total number of respondents to the survey is six and theyrepresent the following 

stakeholder categories:  

¶ wind project developers; 

¶ industry associations;  

¶ research institutes; and 

¶ academia. 

Figure 1 below shows the share of participation per stakeholder group, withproject 

developers representinghalf of the respondents.  

Figure 1 Survey - share of participation per stakeholder group 
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From the full list of LEANWIND project innovations WindEurope made a selection of 

innovations believed to have a potential environmental impact, consequently therefined 

list was sent to the participants.  

Table 2 and 3 depict the environmental impacts ofthe LEANWIND project innovations; the 

crossed cells mean that the respondents rated those project innovations while the empty 

cells means that the respondents did not rate the innovations. This is explained by the 

fact that there is little information available on innovations due to IP issues inside the 

project. 

There five innovations that were rated most by the respondents are further analysed in 

this report. They are:  

1. Design of a cylindrical caisson buoyant GBF; 

2. Design of a floating jacket; 

3. Use of suction buckets with a floating jacket; 

4. Design of an innovative semi-submersible platform; and 

5. Cable laying, burial and trenching. 

The innovations referring to new installation vessels concepts orto optimisation of O&M 

strategies may have a potential positive impacts on the environment if the innovations 

proposed can for instance achieve the decrease of the number of trips necessary to the 

wind farm (i.e. for moving personnel). The environmental benefit wouldbereducedfuel 

consumption. Nonetheless, in order to evaluate and quantify what the environmental 

impact would be, we would need data from real life projects and this information was not 

available when the analysis was carried out.

50%

16%

17%

17%

Wind project developer Research insitute
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Table 2 Leopold matrix ð construction phase 
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Modification of the soil-structure 

models employed in the design of 

XL Monopiles x x x x x x x x x x x x x x x x x x x x x

Design of a floating jacket & 

floatability studies x x x x x x x x x x x x x x x x x x x x x x x x x x x x

Use of suction buckets with a 

floating jacket x x x x x x x x x x x x x x x x x x x x x x x x x x x x

 Design of a an innovative semi-sub 
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Identify and assess novel turbine 

transport methodologies x x x x x x x x x x x x x x

Identify and assess novel turbine 

assembly strategies x x x x x x x x x x x x x x

Identifying and planning the 

deployment strategies for the 

innovative foundation concepts x x x x x x x x x x x x x x

Cable laying, burial and trenching x x x x x x x x x x x x x x x x x x x x x

Challenges and installation 

strategies for scour protection x x x x x x x x x x x x x x

Development of Installation vessel 

recommendation software. x x x x x x x x x x x x x x

Three novel installation vessel 

concepts will be selected to enter 

the initial design phase x x x x x x x x x x x x x x

Evaluation of the 3 vessel concepts 

leading to the selection of the best 

one. x x x x x x x x x x x x x x

Design Criteria and parameters 

have been developed for the novel 

service vessel x x x x x x x x x x x x x x

One O&M vessel in the concept 

design x x x x x x x x x x x x x x

Novel Lifting Concepts x x x x x x x x x x x x x x

CONSTRUCTION PHASE

Waste and Debris 

Disturbance from 

construction vessels and 

equipment 

Chemical pollutants Construction noise impacts Increased turbidity Visual effects Loss or change of habitat 
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Modification of the soil-structure 

models employed in the design of 

XL Monopiles x x x x x x x x x x x x x x x x x x x x x x x x

Design of a floating jacket & 

floatability studies x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x

Use of suction buckets with a 

floating jacket x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x

 Design of a an innovative semi-sub 

platform x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x

Identify and assess novel turbine 

transport methodologies x x x x x x x x x x x x x x x x

Identify and assess novel turbine 

assembly strategies x x x x x x x x x x x x x x x x

Identifying and planning the 

deployment strategies for the 

innovative foundation concepts x x x x x x x x x x x x x x x x

Cable laying, burial and trenching x x x x x x x x x x x x x x x x x x x x x x x x

Challenges and installation 

strategies for scour protection x x x x x x x x x x x x x x x x

Development of Installation vessel 

recommendation software. x x x x x x x x x x x x x x x x

Three novel installation vessel 

concepts will be selected to enter 

the initial design phase x x x x x x x x x x x x x x x x

Evaluation of the 3 vessel concepts 

leading to the selection of the best 

one. x x x x x x x x x x x x x x x x

Design Criteria and parameters 

have been developed for the novel 

service vessel x x x x x x x x x x x x x x x x

One O&M vessel in the concept 

design x x x x x x x x x x x x x x x x

Novel Lifting Concepts x x x x x x x x x x x x x x x x

Visual impact and public 

perceptions 

OPERATIONAL PHASE

Disturbance from 

maintenance vessels and 

equipment 

Scouring and scour protection Chemical pollutants Electric and magnetic fields Operational noise effects .ƛǊŘǎ ς Ŏƻƭƭƛǎƛƻƴ Barrier effects on fauna 
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2. Results of the Leopold matrix analysis 

2.1 Design of a cylindrical caisson buoyantgravity based foundation (GBF) 

Innovation description:  

The GBF wasdesigned to be manufactured in a floating dock, and towed to site before 

being sunk on to a pre-prepared seabed (see section 1.2). The responsible project partner 

is ACCIONA ConstrucciónS.A. (ACCIONA). 

MAGNITUDE analysis:  

Figure 2below maps the magnitude of environmental impacts in the construction and 

operational phase resulted from the cylindrical caisson buoyant GBF. We can observe that 

most of the negative impacts occur during the construction phase; they refer mainly to 

disturbance from construction vessels and equipment, increased turbidity, loss or change 

of habitat, scouring and scour protection.  

The movements of installation vessels, machinery and personnel during construction 

could have a disturbing effect on the local biota and on the sediment regime (slight to 

moderate negative effect). If the level of disturbance is likely to have a significant effect 

on birds or marine mammals, management rules can be set by the consenting authorities 

to mitigate this potential impact (i.e. scheduling the installation timing and routes to avoid 

sensitive locations and times). 

Figure 2 MAGNITUDE of environmental impacts of cylindrical caisson buoyant GBF 

 

The loss change of habitat in the case of a buoyant GBF is rated by most respondents as 

having a negative environmental effect (-2 to -4) since it will occupy the seabed and will 

require seabed preparation for installation. Scouring and scour protection and was rated 

similarly by the respondents with grades between -3 and -4.  

 

Construction 

phase impacts  

Operational 

phase impacts  
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SIGNIFICANCE analysis:  

Figure 3 below shows that most respondents have a similar opinion on the significance 

criteria. Turbidity increase, loss or change of habitat, scouring and scour protection, 

electromagnetic fields and barrier effect on fauna have a low significance impact, being 

considered very project specific. 

One respondent that assessed the impact of construction noise from floating GBFs as 

attaining a regional level of impact. Even if the significance of this kind of impact is 

generally important, we saw in the magnitude analysis that construction noise scored well 

for this innovation, as it does not involve piling.  

Figure 3 SIGNIFICANCE of environmental impacts of Cylindrical Caisson buoyant GBF 

 
 

PROBABILITY analysis:  

Figure 4 below represents the probability of environmental impacts associated with 

cylindrical caisson buoyant GBFs. The data shows that three impacts were rated by 

respondents with 1, meaning that the probability rate for them to happen is less than 50%. 

These impacts are: bird collisions, scouring and scour protection (highly dependent on the 

project location and the type of rock) and chemical pollutants during the operational 

phase. On the opposite side there are some impacts that will certainly occur such as 

environmental disturbance resulted from the installation vessels activity or O&M vessel 

activities, construction noise, increased turbidity or electromagnetic fields.  

 

 

 

 

 

Construction 

phase impacts  

Operational 

phase impacts  
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Figure 4 PROBABILITY of environmental impacts of cylindrical caisson buoyant GBF 

 
 

DURATION analysis:  

Figure 5 below shows that most of the construction impacts are rated to be temporary, 

while the environmental impacts arising in the operational phase are considered 

permanent. Loss or change of habitat is rated as being a permanent impact as once the 

GBF is installed will stay in place for the whole lifetime of a project, usually 20 to 25 years.  

Figure 5 DURATION of environmental impacts of Cylindrical Caisson buoyant GBF 

 
 

2.2 Design of a floating jacket 

Innovation description:design and optimisation of a floating jacket foundation for the 8MW 

LEANWIND turbine, which can be floated to the site in a vertical position, eliminating the 

Construction 

phase impacts  

Operational 

phase impacts  

Operational 

phase impacts  

Construction 

phase impacts  
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need for the installation vessels (see section 1.2 and 2.3). The responsible project partner 

is Electricité de France S.A. (EDF).  

 

MAGNITUDE analysis: 

Figure 6 below shows that chemical pollutants, increased turbidity, waste debris or bird 

collisions register a negligible negative impact. Disturbance from construction vessels and 

equipment and increased turbidity are rated as having a slight negative impact on the 

environment, while construction noise as having a moderate negative impact. 

Respondents also rated a series of environmental impacts with a slight to major negative 

effect (-2 to -4), notably the loss or change of habitat and scouring and scour protection.  

 

Figure 6 MAGNITUDE - environmental impacts of a floating jacket 

 

SIGNIFICANCE analysis:  

Figure 7 below shows the clear majority of environmental impacts as having either a 

project specific or local impact. Only two environmental indicators were rated as potentially 

being able to have a regional impact; these are the construction noise impact and the 

turbidity increase. 
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Figure 7 SIGNIFICANCE - environmental impacts of a floating jacket 

 

PROBABILITY analysis:  

Figure 8 below shows the degree of probability of the environmental impacts listed.  

Disturbance from construction and operational maintenance are certain. This is the case 

also for construction noise impacts and operational noise impacts.  

Chemical pollutants, scouring and bird collisions are rated as possible with a rate of 

occurrence of less than 50%.  

 

Figure 8 PROBABILITY - environmental impacts of a floating jacket 
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DURATION analysis:  

Figure 9 below shows that all operational impacts are considered permanent, while the 

construction ones are considered temporary. These trends are similar to those of the 

cylindrical caisson buoyant GBFs.  

Figure 9 DURATION - environmental impacts of a floating jacket 

 
 

2.3 Use of suction buckets with a floating jacket 

 

Innovation description: suction buckets used to provide the required floatability for the 

jacket foundation. They will allow the foundation to be towed to site and then act as 

anchors to fix the foundation to the seabed once installed. Unlike conventional jacket 

foundations, the suction buckets do not require pilling (see section 1.2).The responsible 

LEANWIND partners are EDF and GAVIN AND DOHERTY GEOSOLUTIONS LTD (GDG).   

 

MAGNITUDE analysis: 

Figure 10 below shows a similar environmental behaviour as for the previous floating 

jacket innovationwith a negligible to slight negative magnitude effect, notably on chemical 

pollutants, increased turbidity, waste debris and bird collisions. Disturbance from 

construction vessels and O&M vessels and construction noiseare considered to have a 

slight to moderate negative impact. Loss or change of habitat and scouring and scour 

protection are rated by one of the respondents as having a major negative effect as these 

impacts are predicted to result in a primary change to the environment with a long term 

effect (20 to 25 years the life time of a project).  
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Figure 10 MAGNITUDE - environmental impacts of use of suction buckets with a floating jacket 

 
 

SIGNIFICANCE analysis:  

Figure 11 below shows the majority of the environmental impacts as having either a project 

specific impact or an impact on the local ecosystem.  

Figure 11 SIGNIFICANCE - environmental impacts of use of suction buckets with a floating jacket 
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PROBABILITY analysis:  

Figure 12below shows the degree of probability of the listed environmental impacts. 

Disturbance from construction and operational maintenance are certain. This is the case 

also for construction noise impacts and electromagnetic fields.Chemical pollutants, 

scouring and birds collisions are rated as possible impacts with a rate of occurrence of 

less than 50%. 

Figure 12 PROBABILITY - environmental impacts of use of suction buckets with a floating jacket 

 
 

DURATION analysis:  

Figure 13 below shows that all operational impacts are considered permanent, while the 

construction ones are considered temporary. These trends are similar with those of the 

cylindrical caisson buoyant GBFs.  

Figure 13 DURATION - environmental impacts of use of suction buckets with a floating jacket 
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2.4 Design of an innovative semi-submersible platform 

Innovation description:the design for the semi-submersible platform has been completed 

by Iberdrolaand physical scale model tests have been performed at the University College 

of Cork. The floating foundation can be towed to site and moored in position (see section 

1.2). 

MAGNITUDE analysis: 

Figure 14 below shows that the semi-submersible platform scores better than the other 

types of substructures at almost all analysed indicators. Chemical pollutants, construction 

noise, waste and debris as well as bird collisions have a negligible level of impact. For 

example, in the case of construction noise, this is due to the fact that there is no need for 

piling operations for this type of foundation.  

Disturbance from construction and operational maintenance vessels is considered to have 

a slight negative impact, as well as loss or change of habitat, most probably because this 

type of foundation will not occupy the seabed and will not need seabed preparation.  

Scouring and scour protection also rates lower on the negative scale than for the other 

types of foundation as anchors are completely buried therefore not needing scour 

protection.  

One indicator is rated by just one respondent as having a major impact on the 

environment: the visual effects. The rating can be explained probably by the lifetime of the 

project (20 to 25 years). The other ratings corresponding to this impact vary on the 

magnitude scale between -2 and -3. 

Figure 14 MAGNITUDE - environmental impacts of an innovative semi-submersible platform 

 
SIGNIFICANCE analysis:  
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