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Introduction and motivation
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Consultancy work for the Federal Maritime and Hydrographic Agency (BSH)

Accelerated expansion of offshore wind energy in 
Germany – Newest amendment to the Wind Energy at Sea 
Act (WindSeeG, July 2022)

▪ Rated capacity of at least 30 GW installed by 2030

▪ Rated capacity of at least 40 GW installed by 2035

▪ Rated capacity of at least 70 GW installed by 2045

▪ Current status: 1537 offshore wind turbines (WTs) (~ 8 GW) installed

Fraunhofer IWES was commissioned by the BSH for 
“Further Development of the Framework Conditions for 
the Planning of Offshore Wind Turbines and Grid 
Connection Systems“
▪ How to allocate future offshore wind farm (OWF) capacities smartly?

▪ Is continued operation of German OWFs economically viable?

(Source: Federal Maritime and Hydrographic Agency)



Economic feasibility analysis – inputs and workflow 

Operating time of offshore wind farms

O&M cost model 
(Offshore TIMES)

Financing model

Maximum design life 
(foundation & WT)

Reliability and O&M 
costs

Logistics concept

Weather

WT & WF information

OPEX

AEP

CAPEX
Feed-in 
tariff

Electricity 
price

WACC*

Repay-
ment plan

Total project 
costs

Total project 
revenue

Profitability analysis for all
existing German offshore 
wind farms
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*WACC = Weighted Average Cost of Capital



Workflow

Operating time of offshore wind farms

Which operating time can be expected for existing German OWFs?

Clustering all WTs 
in generic WT 

types

Estimation of the 
technical lifetime 

of each wind farm

Estimation of AEP, 
revenue and costs

Assessment of the 
economic 

feasibility after the 
expiry of subsidies
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Future yield potential and wake effects
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Approach

Considering two states of offshore wind 
deployment in Germany

▪ Simulations conducted with WRF* model for estimating the 

energy yield and the influence of the WFs on the wind field

▪ Wake losses calculated for these two states of deployment 

relative to a gross production estimate based on FOXES** 

calculations

▪ Based on deployment scenarios of the current Site 

Development Plan, yearly wake losses per WF estimated Simulated mean wind speed reduction in the German Bight under current 

WF deployment (left) and for the future scenario of deployment (right)

* WRF = Weather Research and Forecasting model (Skamarock et al., 2017)

** FOXES = Farm optimization and extended yield evaluation software (Fraunhofer IWES)



Future yield potential and wake effects
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Input for the economic feasibility study 

Future yield of most existing German OWFs will 
decrease

▪ In 2022: wake losses of approx. 7%-31.5%

▪ In 2031: wake losses of up to 50%

▪ Strongly varying effects: some existing WFs only slightly 

affected by expansion, other areas will see doubling of wake 

effects

Distribution of mean long term full load hours of analysed OWFs 

(assuming full availability) in the two simulated expansion scenarios



OPEX and CAPEX
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Determination of required input parameters

Different publications used as basis for required 
input parameters. Any inputs discussed with 
several OWF operators for verification and, where 
necessary, adaption. 

▪ Modelling of corrective maintenance based on findings of a 

field data study for offshore WTs by Carroll et al. (2016)

▪ Modelling of annual maintenance based on publication by 

Bak et al. (2017)

▪ Basic assumptions for CAPEX and WACC based on 

publication by BVGA, The Crown Estate and ORE Catapult 

(2019)
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Economic feasibility analysis
Evaluation and conclusions

Approach
▪ Each existing OWF is simulated with Offshore TIMES and a 

profitability analysis is carried out

▪ Considering wake losses and remuneration models, an annual 

turnover is determined which is compared with the annual costs

Fundamental observations
▪ Investment costs can be repaid within the available Renewable 

Energies Act (EEG) subsidies

▪ After guaranteed remuneration according to the EEG, profitability 

depends heavily on electricity market price

▪ Further impact factors: Reliability of the WT and its components, the 

logistic concept, size of the OWF and distance to shore

Exemplary and anonymised evaluation with normalised values
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Economic feasibility analysis
Conclusion and outlook

Conclusions
▪ Operating life of existing OWFs depends primarily on economic viability and thus 

on the expected electricity price

▪ Technical lifetime of foundations and WTs is not a strong limiting factor for 

continued operation of existing German OWFs

▪ Probably most OWF operators will not only strive for 25 years of operation, but 

also for up to 10 years of continued operation according to WindSeeG

Outlook
▪ Results highly depend on input: 

▪ More sophisticated reliability models required to better understand yearly O&M 

costs

▪ Adaption of Offshore TIMES for considering newest logistic concepts
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Thanks for your attention. 

Any questions?
—
Julia Walgern

Group Manager Technical Reliability

Fraunhofer Institute for Wind Energy Systems IWES

Phone +49 471 14290-549

Julia.Walgern@iwes.fraunhofer.de
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