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Introduction
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 Over 20 OWP fully commissioned in the German 
EEZ with total capacity of ~8.5 GW (2023)

 Aim is to achieve a rated capacity of
 30GW by 2030 

 70GW by 2045

 O&M costs make up around 30% of levelised
costs of energy (CARROLL et al., 2016)

 Crew Transfer limited by
 Environmental factors

 Availability vessel & personnel

 Physical Strain / motion sickness

 Assess operability based on motion sickness

[1]
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Human response to vibration

 According to MAIRITIME AND COASTGUARD

AGENCY (2009), exposure to motion can be

classified into following categories

 Discomfort and adverse effects on 

performance

 General health and safety risk

 Aggravation of pre-existing injuries

 Motion sickness (low-frequency motions)

 Classification of motions with respect to frequency

and acceleration magnitude
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[2]
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Assessment of motions

 International (ISO 2631-1 & ISO 6897) and
national standards (VDI 2057-1:2017-8) 
available for assessing motions in different 
environments

 Root-mean-square values of vertical
acceleration used for evaluation

𝑟𝑚𝑠 =
1

𝑛
 

𝑖=1

𝑛
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 Frequency weighting connects information about
the subjective human response to different 
vibration properties
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[3]

VDI 2057-1:2017-8
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Analytical Tool

Seastate Projections

Historical Seastate

Vessel Tour Information 

?

Tool Workflow 
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Vessel

Discretize tour 

Calculate

acceleration

Calculate

workability

SeastateAIS

Tool Workflow 

Introduction | Motion Sickness | Tool | Validation | Results | Climate Projections | Conclusion



Slide 7

Towards an analytical tool assessing the operability of offshore 

personnel transfer limited by motion sickness

Tool Workflow 

 Dimensions (Length, Width)

 Positions on vessel at which

accelerations are evaluated

 Motion characteristics (RAO)
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Vessel

Discretize tour 

Calculate

acceleration

Calculate

workability

SeastateAIS

[4]

[5]
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Tool Workflow 
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Vessel

Discretize tour 

Calculate

acceleration

Calculate

workability

Seastate
AIS

 Automatic Identification System provide identification

and positioning information

 Static & Voyage related information (IMO/MMSI, Type, 

Dimension, Destination, ...)

 Dynamic Information (Time, Latitude/Longitude, Speed, CoG, 

Heading)

[6]
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Tool Workflow 
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Vessel

Discretize tour 

Calculate

acceleration

Calculate

workability

Seastate
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Tool Workflow 
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Vessel

Discretize tour 

Calculate

acceleration

Calculate

workability

AIS Seastate

 Information regarding wave height, period and

direction for period of vessel tour

 Spatial hindcast or forecast data
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Tool Workflow 
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Discretize tour 

 Merge AIS and seastate data

inputs and discretize tour with 

constant timestep Δt=10min
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For each sample Δt:

 Wave spectrum based on Hs and Tp

 Vessel response (heave, roll, pitch) spectrum

 Adjust response spectra based on vessel speed

 Calculate timeseries of combined vertical displacement and acceleration

 Acceleration spectrum and apply frequency weighting

 Create final timeseries for weighted vertical acceleration

 Determination of rms acceleration value for current sample

Tool Workflow 
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Calculate

acceleration
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Calculate

acceleration

[6]

Introduction | Motion Sickness | Tool | Validation | Results | Climate Projections | Conclusion



Slide 14

Towards an analytical tool assessing the operability of offshore 

personnel transfer limited by motion sickness

For each sample Δt:

 Wave spectrum based on Hs and Tp

 Vessel response (heave, roll, pitch) spectrum

 Adjust response spectra based on vessel speed

 Calculate timeseries of combined vertical displacement and acceleration

 Acceleration spectrum and apply frequency weighting

 Create final timeseries for weighted vertical acceleration

 Determination of rms acceleration value for current sample

Tool Workflow 

RAVE Workshop 2024 | Lukas Fröhling

Calculate
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Calculate

acceleration

[7]
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Calculate

acceleration

𝑟𝑚𝑠 =
1

𝑛
 

𝑖=1

𝑛

𝑎𝑧,𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑𝑖
2
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Seastate

Tool Workflow 
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Vessel

Discretize tour 

Calculate

acceleration

AIS
Calculate

workability

[3]
 Define acceleration threshold

 Calculate Workability Index WI 

Scheu et al. (2018)

One value describes tour

operability based on 

acceleration

𝑊𝐼 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 < 𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠

WI = 0 WI = 1.0
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Tool validation

 „Measuring Box“ developed
by Woelfel in the framework
of research project AVIMo
(FKZ: 0324350A)

 GPS and acceleration
sensors measure position, 
speed and resulting (x,y,z) 
acceleration at high sample 
rate

On vessel for Helgoland –
Amrumbank West tour

RAVE Workshop 2024 | Lukas Fröhling Introduction | Motion Sickness | Tool | Validation | Results | Climate Projections | Conclusion
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Calculate operability based on 40 year hindcast data
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 CMEMS Hindcast dataset Atlantic- European North West 

Shelf- Wave Physics Reanalysis provides historical 

seastate information 

 Tool Execution for each day between 

1980-01-01 and 2022-12-01

Tool Execution

2022-02-28 Tool Execution

2022-02-27 Tool Execution

1980-01-01 Tool Execution

2022-12-31 Tool Execution

...
...

Vessel tour evaluated

at ~15.700 days

Introduction | Motion Sickness | Tool | Validation | Results | Climate Projections | Conclusion
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Calculate operability based on 40 year hindcast data

How to assess the operability?
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Assessing the offshore operability

 Empirical Cumulative
Distribution Function (ECDF) 

 Cluster WI data in the months 
in which tours took place

 1 – ECDF to visualize 
Exceedance Probability of 
given WI

RAVE Workshop 2024 | Lukas Fröhling

𝐸𝐶𝐷𝐹 =
1

𝑛
 

𝑖=1

𝑛

𝑥𝑖 ≤ 𝑡
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How will the operability adapt due to climate change?

 Four Represantive Concentration Pathways (RCP) 

were used for climate modeling for 2014 IPCC report

 RCP4.5: „Optimitistic“ scenario

 RCP8.5: business as usual

 ECMWF Ocean Wave Time Series [9] for the

European Coast derived from climate projections

(RCP4.5 & RCP8.5) available for 2041-2100

RAVE Workshop 2024 | Lukas Fröhling

[8]
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How will the operability adapt due to climate change?

 Apply tool on ECMWF dataset

 Calculate 50th percentile WI for
each month

 Compare CMEMS, RCP4.5 & 
RCP8.5 probabilities

Operability will decrease
up to 10%!

RAVE Workshop 2024 | Lukas Fröhling

2100-12-31 Tool Execution

2041-01-01 Tool Execution... Vessel tour evaluated

at ~21.900 days

Introduction | Motion Sickness | Tool | Validation | Results | Climate Projections | Conclusion



Slide 28

Towards an analytical tool assessing the operability of offshore 

personnel transfer limited by motion sickness

How will the operability adapt due to climate change?

 Apply tool on ECMWF dataset

 Calculate 50th percentile WI for
each month

 Compare CMEMS, RCP4.5 & 
RCP8.5 probabilities

Operability will decrease
up to 10%!

RAVE Workshop 2024 | Lukas Fröhling

2100-12-31 Tool Execution

2041-01-01 Tool Execution...
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Conclusion

 Assessment of vessel tour operability via analytical tool

 Can be applied to any vessel and any route 

 Monthly execution probabilities based on hindcast data

 Climate change will lead to reduced operability
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Thank you!
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