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WOOD THILSTED IS A WORLD-LEADING 
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Wood Thilsted is a strong advocate

of the worldwide transition from

fossil fuels to green energy. Through

innovative engineering, Wood Thilsted

strives to optimise offshore wind farm

design to ensure both a cost effective

and low carbon future.

As a company with an international
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an inclusive and diverse culture where

any talented employee is empowered,

enabled and visible in the organisation.
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AGENDA

• Site conditions impacting offshore wind farms

• Likely impacts of climate change on site 
conditions – a literature review (North Sea)

• Introduction to climate modelling and 
scenarios

• Existing empirical evidence 
• What do the models say?

• Recommendations for future research 



A good understanding of the normal and extreme conditions, for both the 

atmospheric and oceanographic environments, is key to a number of aspects 

of offshore wind farm development and operation, non the least, to the design 

of suitable foundations and selection of adequate turbines. Notwithstanding the 

health and safety concerns intrinsically linked to the loads design limits of 

structures, eliminating excessive conservatism in foundation design is key to 

decreasing the Levelized Cost of Energy (LCoE) of offshore wind projects. 

Foundation fabrication, transport, installation and decommissioning are 

amongst the main drivers of offshore wind farm project costs. Therefore, any 

reduction in the dimensions of these structures, equates to a significant 

economic benefit. 

Being able to predict the metocean conditions expected throughout the lifetime 

of the project is not only relevant to wind resource and energy yield estimates, 

but equally to the accurate design of appropriately safe and cost effective 

structures.

WHY



SITE CONDITIONS IMPACTING 

OFFSHORE WIND FARMS





Water levels (Primary steel): Extreme tidal levels with 50 year 

return period, HAT (Highest Astronomical Tide), LAT (Lowest 

Astronomical Tide), MSL (Mean Sea Level), VORF datum. Water 

depths – mud line changes. Global bathymetry changes expected 

through design life.

Extremes (Primary steel): Extreme wave, current, current profile 

and wind with a 1 year and 50 year return period. Extreme 

turbulence.

Waves (Primary steel): Significant wave height (Hs) and peak 

period (Tp) as a function of wind speed. Split (Wind and swell 

waves).

Wind (Primary steel): Wind speed frequency distribution and 

turbulence (wind farm average and individual positions), annual 

mean wind speed with different probability levels (P50, P90. P10). 

Wind shear profiles. 

DESIGN DRIVING SITE CONDITIONS

Sea states (Primary steel): Full sea state description and 

wind/wave misalignment. Persistence data for sea states

Other parameters (Geotech design parameters): Seismicity 

assessment. Icing risk (atmospheric and sea ice), ice thickness 

and ice loading, icing recurrence period.

Other atmospheric and oceanographic parameters 

(Corrosion and primary steel): Maximum and minimum 

temperature water and air temperature, current speed, salinity, 

conductivity, icing (see other parameters).



Water levels (Primary steel): Main foundation design driver and for foundation type 

selection. Well studied.

Extremes (Primary steel): Not design driver usually and uncertainty is extremely high 

(forgive the pun). This is true for both the extremes statistics, the climatic models, as well 

as the loads calculations.

Waves (Primary steel): Main foundation design driver.

Wind (Primary steel): More relevant for the turbine design/class selection than 

foundations and substructures. However, loads from the turbine are transferred over to 

the substructures, these are not the most significant. Regional inconsistent changes.

Sea states (Primary steel): Wind/wave misalignment is quite important, however 

extremely difficult to predict any change in this due to climate change. Some indication of 

increase of extreme sea states with Climate Change.

Other atmospheric and oceanographic parameters (Corrosion and primary steel): 

Atmospheric parameters change not significant, oceanographic not well studied. Likely 

decrease in salinity and current speed. Likely beneficial.

Other parameters (Geotech design parameters): Not the most relevant for offshore and 

in terms of icing, Climate Change probably brings some benefits in decreasing recurrence.

In this work we will focus on the parameters that drive the design of the foundation and substructure rather than the turbine itself. This is the most expensive 

part of the structure and the one most difficult to change/fix. Furthermore, research seems to indicate that changes to atmospheric parameters due to 

Climate Change are not significant when compared to the uncertainties associated with loads estimations and the levels of conservatism associated with 

turbine design as a result. Oceanographic conditions frequently estimated based on more than 40 years of hindcast data….whils t wind relies essentially on 

recent measured data and the last 20 years of reanalysis data-sets. Therefore, wind analysis are more likely to capture better future conditions.



LIKELY IMPACTS OF CLIMATE 

CHANGE ON SITE 

CONDITIONS – A LITERATURE 

REVIEW (North Sea)



CLIMATE MODELLING AND SCENARIOS

Background on climate model scenario set-up: In 2000, the Intergovernmental Panel on Climate Change (IPCC) issued its Special Report on Emissions 

Scenarios (SRES), describing four scenario families to describe a range of possible future conditions. Referred to by letter-number combinations such as A1, A2, 

B1, and B2, each scenario was based on a complex relationship between the socioeconomic forces driving greenhouse gas and aerosol emissions and the 

levels to which those emissions would climb during the 21st century. The SRES scenarios have been in use for more than a decade, so many climate model 

results describe their inputs using the letter-number combinations.

In 2013, climate scientists agreed upon a new set of scenarios that focused on the level of greenhouse gases in the atmosphere in 2100. Collectively, these 

scenarios are known as Representative Concentration Pathways or RCPs. Each RCP indicates the amount of climate forcing, expressed in Watts per square 

meter, that would result from greenhouse gases in the atmosphere in 2100. The rate and trajectory of the forcing is the pathway. Like their predecessors, these 

values are used in setting up climate models.

Figure: Trends in concentrations of 

greenhouse gases (van Vuuren 2011). 

Grey area indicates the 98th and 90th 

percentiles (light/dark grey) of the recent 

EMF-22 study (Clarke et al. 2010.

http://www.ipcc.ch/ipccreports/sres/emission/index.php?idp=0
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Water levels (Primary steel): Has been rising and estimates are usually included in site 

conditions assessments to use as input to Design Basis.

Extremes (Primary steel): No clear evidence extreme events have been increasing in 

frequency or severity.

Waves (Primary steel): Some evidence in increase of wave height in the 2000’s 

associated with North Atlantic Oscillation (NAO) decadal cycle. Very difficult to understand 

if linked to climate change.

Wind (Primary steel): Some evidence of “Global stilling” in the early 2000’s however this 

trend appears to have been inverting in the 2010’s. Changes in trends tend to be quite 

regional and difficult to separate from normal climate cycles due to short-term consistent 

and reliable measurements. 

Sea states (Primary steel): No research into wind/wave misalignment trends to note of, 

as well as trends in sea states.

Other atmospheric and oceanographic parameters (Corrosion and primary steel): 

Air and water temperature seem to be rising on average, with a likely impact in decreased 

air and water density. Salinity seems to be decreasing though this is very regionalized.

Other parameters (Geotech design parameters): No research on empirical trends to 

note of.

EMPIRICAL EVIDENCE



Water levels (Primary steel): High confidence – will rise by 0.25 cm to 0.35 cm a decade 

around the UK, will vary in other regions of the North sea. This will in principle be 

detrimental on structural loads, however, can also be beneficial in the reduction of 

breaking waves in some locations.

Extremes (Primary steel): Very low confidence – Seems to indicate an increase of 

frequency and intensity of storms above certain latitudes, particularly in the second half of 

the century. 

Waves (Primary steel): Low confidence – Seems to indicate a possible increase in wave 

height and peak period in the north sea, driven by a stronger NAO. Not clear if these 

trends will be cyclical.  

Wind (Primary steel): Low confidence – Seems to indicate a small increase in mean 

wind speeds across the North sea though local variations may occur.

Sea states (Primary steel): Very low confidence – no research into wind/wave 

misalignment. Some indication of increase of extreme sea states with Climate Change.

Other atmospheric and oceanographic parameters (Corrosion and primary steel): 

Medium to low confidence - Atmospheric parameters change not significant, expected 

increase in air temperature and decrease in air density. Oceanographic parameters not 

well studied. Likely decrease in salinity and current speed. Likely beneficial. Change in 

water temperature dependent on gulf stream.

Other parameters (Geotech design parameters): Low confidence – Likely decrease in 

atmospheric icing, sea icing very dependent on region. 

MODEL CONVERGENCE



RECOMMENDATIONS FOR 

FUTURE RESEARCH



CONCLUSIONS AND 
RECOMENDATIONS

HIGH UNCERTAINTY IN ALL 

ASPECTS AFFECTING DESIGN 

(WATER LEVELS EXCLUDED)

It is not possible to include the potential 

effects of climate change into the Design 

Basis parameters with such high level of 

uncertainty. 

FURTHER RESEARCH IS 

GREATLY NEEDED

Both research in to the accuracy of the 

climate models and global or regional 

wind/metocean models… focused on 

wind and marine conditions… as well as 

research into the likely effects on the 

different parameters that drive the 

design or life estimate of the asset. 

Research into the likely impact on the 

performance of offshore wind farms due 

to changes in wind resource is also 

greatly needed.

A REDUCTION IN UNCERTAINTY 

WILL STRONGLY BENEFIT A 

DECREASE IN LCoE
Reducing the level of conservativism 

included in the design of foundations  is 

key to reduce the costs associated with 

the fabrication, installation and 

decommissioning of such structures, and 

which drive the costs of offshore wind 

farms. 

Increasing conservatism might be the 

logical consequence of and attempt to 

reduce the risk associated with climate 

change. This is likely to increase costs. It is 



With our unique experience and track-record in offshore wind we deliver the 

largest and most complex offshore wind projects globally, annually delivering the 

detailed foundation design of 3 GW worldwide. 

DETAILED DESIGN BY WT

PROJECT DEVELOPMENT BY WT

800 MW
2018 – 2020

(with WSP)

600 MW
2018 – 2019

(Geo only)

200 MW
2017-2018

(Geo only)

1200 MW
2020

1200 MW
2019-2020

(full scope)

100 MW
2019 – 2020

(Geo only)

143 MW
2019 – 2020

(SS only)

447 MW
2020 – 2021

(Geo only)
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