
Wind Turbine Lifetime Extension

The objective of Task 42 is to 
provide information about meth-
ods for estimating the accumu-
lated fatigue damage of wind tur-
bine components after operating 
the turbines for a certain number 
of years, which can be used for 
decisions of lifetime extension.

The activities of 2024 were focused on 
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the following Work Packages (WPs):

WP1: Integrating economic reliability 
and risk, WP2: Data-driven life estima-
tion, and WP3: Preparing for a sustain-
able future (2050).

A major activity of WP1 has been the 
mapping of barriers for performing life-
time extension of offshore wind farms, 

because the rules specifying how to 
apply for lifetime extension for offshore 
wind are limited.

In general, it has been found that the 
uncertainties of the rules were seen as 
the largest barrier for lifetime extension 
of many European-based stakeholders, 
where the oldest offshore wind farms 
are also placed. A review paper is being 

Photo: Middelgrunden offshore wind farm, Denmark. (Photo credit: HOFOR.)
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written on the findings of the study, 
and a presentation was provided at the 
WESC2025 conference [1]. 

The focus of WP2 has been on identify-
ing scientific papers illustrating different 
data-driven methods of estimating the 
consumed life of wind turbines and also 
estimating the remaining useful lifetime 
of wind turbines.

A review paper is being written on 
data-driven lifetime extension and is 
considered as a scientific input to the 
content of the newly published IEC 
61400-28 Technical Specification “Wind 
energy generation systems - Part 28: 
Through-life management and life ex-
tension of wind power assets” [2].

Finally, WP3 has been focused on formu-
lating scenarios of lifetime extension in 
beyond 2050, using a fleet description of 
the lifetime of the turbines as described 
in Abrahamsen et. al. [3]. By adding a 
future installation rate of a country or a 
region, it is possible to determine how 
large annual installations are needed af-
ter 2050 to keep a constant fleet capaci-
ty. This can then be used to estimate the 
amount of materials needed to expand 
the wind turbine fleet and to be recycled 
to maintain the fleet. 

Introduction

In several regions of Europe, wind tur-
bines are reaching their design lifetime 

as specified in the IEC 61400-1 and -3 
standards and decisions if the turbines 
should be life extended are routinely 
being investigated for onshore wind 
turbines.

It is, however, not as clear how the 
process of applying for lifetime exten-
sion of offshore wind turbines should 
be handled. An interview study was 
therefore initiated by the task to identify 
the major barriers for lifetime extension 
of offshore wind.   
       
The list of participants of the task is 14, 
representing seven countries and involv-
ing five companies in 2024 as shown in 
table 1. 

Progress and Achieve-
ments

The interview study on the barriers 
of lifetime extension of offshore wind 
showed that several stakeholders con-
sidered the lack of clear rules outlining 
the procedure for applying for a lifetime 
extension as the largest challenge.

A second challenge is that the rules in 
the European countries are different and 
that lifetime extension of a wind farm 
might depend on a decision to lifetime 
extend the grid connection infrastruc-

ture, which might be owned by an 
independent or government body.
The technical evaluation of the wind 
farm asset was not considered as a 
showstopper for lifetime extension and 
many stakeholders expressed that 10 
years of lifetime extension was consid-
ered possible.

During the year several lifetime 
extension news have been observed 
with the release of the IEC 61400-28 TS 
[2], the release of the Danish guidelines 
on lifetime extension of offshore wind 
farms [4] and finally the granting of 

permission of lifetime extension of 10 
year, 10 year and 25 years for the Danish 
offshore wind farms Samsø, Middelgrun-
den and Nysted as illustrated in Table 
2 [5].

It is interesting that the Middelgrunden 
offshore wind farm has been granted 25-
year lifetime extension after 25 years of 
initial operation. All of the lifetime exten-
sions of Table 2 are conditional on limit-
ing the bat collisions by either stopping 
or rotating slower after sunset when the 
wind speed is below 6 m/s in the period 
from 1 April and to 31 October.

COUNTRY/SPONSOR	  INSTITUTIONS

Belgium	 Vrije Universiteit Brussel (VUB)

China	 Xinjiang Goldwind Science & Technology Co

Denmark	 Department of the Built Environment, Aalborg University (AAU); DTU Wind and Energy 	
		  Systems, Technical University of Denmark (DTU); EMD International; DNV

Germany	 Institute for Steel Construction, Leibniz University Hannover (LUH); Technical University 
		  of Munich (TUM); Rambøll; EnBW

Ireland	 University College Dublin (UCD)

Republic of Korea	 Changwon National University (CWNU)

Sweden	 Royal Institute of Technology (KTH); Chalmers University of Technology (Chalmers)

Table 1. Countries Participating in Task 42



3IEA WIND TCP TASK 42 REPORT 2024

lation in space (between turbines in a 
wind farm) and time if only limited time 
series of condition monitoring data are 
available.

The task is working on a review paper 
linking scientific papers to the differ-
ent topics outlined in Figure 1 and the 
intension is that the scientific papers 
can provide examples of the methods 
suggested in the IEC 61400-28 TS [2].

The work on lifetime extension scenar-
ios in 2050 focused on creating a fleet 
model capable of describing how the 
wind turbine fleet of a country or region 

is expected to be decommissioned as 
specified by the observed decommis-
sioning of Denmark [3] and Germany 
[6].

This was done by describing the de-
commissioning process of the fleet by a 
Weibull function, which for the onshore 
turbines of Denmark states that the 
age of the turbines when 50 % of an 
installation year is decommissioned is 
29 years and the transition from 10 % to 
90 % of the fleet being decommissioned 
is 9 years [3].

This decommissioning scenario is quite 

different from the simple assumption 
that all onshore wind turbines will be 
decommissioned just after passing the 
design lifetime of 20 years.

The model will be used to investigate 
the future fleet capacities in the case 
that the design lifetime of future wind 
turbines is increased, because a larger 
fleet is obtained with the same instal-
lation activity if the design lifetime is 
increased.

Investigations of the seabed lease peri-
od of several offshore wind farm tenders 
are indicating that the design lifetime of 

Figure 1. Illustration of the data-driven lifetime extension evaluation methods. (Source: Bruno R. Faria et. al., IEA TCP Task 42 (on-
going).)

Thus, the lifetime extension condition 
might have an impact on both the 
consumed life due to extra starts and 
stops as well as the economy of the 
wind farms due to lower annual energy 
production.

The work on data-driven lifetime exten-
sion methods has resulted in the cre-
ation of an overview of the sub-process-
es that must be performed as illustrated 
in Figure 1. These processes as specify-
ing the data that is needed, methods of 
the load evaluation, different approaches 
to evaluate the damage accumulation 
and extrapolation of damage accumu-

Table 2. Overview of the Danish offshore wind farms that have been granted lifetime 
extension by July 2025 and the farms still under review by the Danish Energy Agency 
[5].
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current offshore wind turbines is proba-
bly in the range of 30-40 years. Secondly, 
it will be investigated if the fleet material 
usage can be obtained to discuss the 
needed material supply as well as the 
recycling flow once the fleet capacity is 
constant.

This information is useful for other IEA 
TCP Wind tasks investigating wind 
turbine blade recycling (Task 45) and Life 
Cycle Analysis (Task 60).

Highlights

  •  Interview study on barriers for lifetime 
extension of offshore wind has been 
performed [1]. Lack of clear rules is seen 
as the major challenge, but the granted 
lifetime extensions of 10 and 25 years to 
Danish offshore wind farms can be an 
inspiration for other countries [5].

  •  Data-driven lifetime extension meth-
ods have been investigated and a review 
paper to complement the IEC 61400-28 
TS with scientific papers is in progress 
(see Figure 1).

  •  Scenarios of turbine fleet decommis-
sioning in 2050 have been formulated 
using the observed decommissioning of 
Denmark [3] and Germany [6]. This can 
be used to investigate when a constant 
turbine fleet capacity is obtained after 
2050 if the design lifetime of the turbines 
is increased. Extension with a fleet mate-
rial usage model is in progress and can 
provide input to recycling and lifecycle 
analysis (LCA) studies.

    
Outcomes and Significance

The importance of wind farm lifetime ex-
tension has been stated well in the recent 
lifetime extension application of the Dan-
ish offshore wind farm Nysted, holding 80 
turbines of 2 MW mounted in gravitation-

al sub-structures and which was granted 
10-year lifetime extension [7]:

  •  “20-25% expected improvement on 
climate change impact category (20-25% 
reduction of carbon footprint measured 
as kg C02/MWh)” [7].

  •  “Expected EROI (energy return of 
investment) increase with 30-35%” [7].

Next Steps

The second phase of Task 42 is working 
on completing a series of review papers 
covering the work of the work packages 
and the formulation of the final report of 
the task is in progress.
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