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ABSTRACT

An increasing massive volume of wind turbine blades are coming to end-of-life in the Netherlands. These
components contain mostly fibre-reinforced plastics, which has been banned from landfill and incineration. Since
then, companies and institutions have spent their efforts to expand the lifetime of this material by developing a
circular wind hub with various circular strategies. While some strategies, such as recycling or recovery, are less
desirable due to low-quality outcomes and environmental pollution, repurposing seems to be a potential option,
which uses decommissioned blades in certain products, such as building elements in one-off applications. This
strategy can be enhanced by reprocessing the applications through multiple-use cycles. This research will
investigate that concept based on the building layers principle to figure out its feasibility and the potential to extend
the lifetime of the end-of-life material.

KEYWORDS: wind farm, wind turbine blade, end of life, fibre-reinforced plastics, circular strategy,
circularity, building layers, life cycle.

I. INTRODUCTION

1.1. Problem statement
1.1.1. The role of wind power and the waste of wind turbine blades

The implementation of wind power plays a central role in the Netherlands. The country aims to achieve a
decrease in CO2 emissions of 55% by 2030 compared to 1990 levels (Boffey, 2021) and climate
neutrality by 2050 (Ministerie van Infrastructuur en Waterstaat, 2023). Wind energy is one of the most
cost-effective ways to achieve that goal (Jani et al., 2020). Nevertheless, wind power's growth has also led
to major environmental problems. Approximately 43 million tons of wind turbine blades (WTB) are
projected to enter the global stream by 2050 (Liu & Barlow., 2017).

One of the main reasons is the fast development of the global wind industry regarding the number of
turbines, and their sizes (Larsen, 2019), which are 100 times those in 1980, according to the Global Wind
Energy Council. Design and certification guidelines stipulate a life span of 20 to 25 years (Germanischer
Lloyd, 2010; WindEurope, 2017), but decommissioning WTB is often primarily an economic decision
(Tazi et al., 2019). Another cause is the composition of blades, which contain polymer composite



reinforced with mainly glass fibre, some carbon fibre, and a hybrid combination of them (Liu & Barlow,
2017). These fibre-reinforced plastics (FRP) are difficult to decompose (Saidi et al., 2022).

The lack of viable recycling options meant that a large number of WTB has been landfilled or incinerated
(Schmid et al., 2020; van der Meulen et al., 2020). These are the least preferred solutions in terms of the
circular economy (Scheepens, 2021). In the Netherlands, this option is officially forbidden (Scheepens,
2021). These rigorous restrictions are intended to drive the industry to seek potential resolutions.
Researchers are working to develop improved methods for separating resins from fibres (Jani et al.,
2022). It will take at least one decade to do that on a large scale, said Kroll in an interview with De
Groene Amsterdammer.

1.1.2. A brief of multiple circular strategies for end-of-life wind turbine blades

A research from Uitvoeringsprogramma Circulaire Maakindustrie has determined the circular strategies
for processing EoL WTB based on the R-ladder. R1-Refuse, Rethink, and R2-Reduce strategies could not
be adapted. R3-Re-use also could not be applied due to short-term cost considerations of the product.
R4-Repair is difficult due to the permit period of WTB. R5-Refurbishing is feasible to increase a turbine's
yield and extend the useful life of the other parts. R6-Remanufacture is possible for small parts in turbines
but is less common for parts with a greater space requirement, such as the blades, because the cost of a
new product is often lower. R7-Repurpose has been developed from sympathetic but low-impact solutions
to speculative but with the potential for large-scale application. Some blade repurposing concepts are also
shown in current publications, such as housing (Bank et al., 2018) and bridges (Jensen & Skelton, 2018;
Speksnijder, 2018). R8-Recycle, with mechanical, thermal and chemical methods, transformed the blades
into low-quality products. Polluting and energy-consuming processes are required in these methods to
arrive at new raw materials. R9-Recover processes, such as incineration, are not desirable. These
applicable R-strategies require the development of a circular wind hub in the Netherlands to better fit the
expected return volumes of EoL WTB inside a circular economy (Scheepens, 2021).

1.1.3. A potential to integrate end-of-life wind turbine blades into building layers

Designing buildings out of waste and keeping products and materials in use at the highest possible value
is the core principle of a Circular Economy (CE). This process reuses the material as large parts or
construction elements (Joustra et al., 2021). Such reuse or repurposing of (partial) components is
preferred over recycling (Allwood et al., 2011; van Buren et al., 2016).

Fibre-reinforced polymer composites are commonly used in WTB (Jani et al., 2022). This material has
demonstrated its value and feasibility for infrastructure and architecture, such as footbridges, traffic deck
panels, traffic bridges, renovation (lightweight lifetime extension), cladding, edge elements, and roof
structures, according to Royal Haskoning DHV. A report from Liesbeth Tromp and her group in 2016
shows that benefits associated with using FRP in buildings and civil engineering works are: high quality
of the finished structure and adaptability for a wide range of accessory solutions, such as roof, facade
cladding, and bridge edge elements. The report also showed a trend of using composite structures realised
with fibre-reinforced polymers or plastics over the last twenty years, both within and outside Europe. This
increasing number of structural FRP applications has led to a growing interest from researchers
worldwide.



For EoL WTB, current structural analysis through segmentation shows that the retrieved materials have
excellent properties compared to conventional construction materials (Joustra et al., 2021). Research by
Simon Pronk in 2022 has proved that EoL WTB can be repurposed as construction elements by projecting
desired dimensions on the blade panels. The resulting elements can be used in various applications. Spar
caps made out of GFRP with uniaxial fibres. This material has a high strength and stiffness in the
longitudinal direction. The modulus of elasticity is around three times higher than structural timber.
Therefore, these spar caps used in the investigated blade are appropriate for structural beams. The shear
web is a sandwich material with GFRP skins. The sandwich layup is characterised by high stiffness and
low weight, and the foam has good thermal conductivity properties. They will suit building cladding or
walls, or flooring.

The evidence above shows that potential elements for repurposing EoL WTB are structure, roofs, and
cladding. These were categorised as different building layers, according to Duffy 1998, and Brand 1995,
respectively. If each element or layer is demountable, the material can be repurposed multiple times.
Design for multiple-use cycles is an essential step that should be taken into account in the original blade
design (Joustra et al., 2021). This argument is in line with Circular Economy principles, which emphasise
the importance of systems thinking and designing for multiple-use cycles (Ellen MacArthur Foundation,
2013). It has been managed by not reusing the EoL product as an entity only once but by planning
versatile subsequent life cycles for it.

1.2. Objectives

Based on the inputs mentioned above, there is a potential to repurpose EoL WTB into building layers
through multiple-use cycles. The longer life cycles we can expand for EoL WTB, the more time we will
be able to find methods to extract glass fibres and carbon fibres out of the composite materials. The
buildings, now with their layers, can be considered as multiple banks for EoL WTB; this is in line with
the concept of ‘building as material bank’ (BAMB) from Community Research and Development
Information Service (CORDIS) to prevent construction and demolition waste.

The research aims to elaborate on that repurposing solution by investigating its feasibility and the
potential lifetime when EoL WTB act as parts of buildings. The focused location is in Eemshaven, one of
four ports in the Netherlands that are used for installing and dismantling WTB. Required data for the
research includes the quantity of upcoming EoLL. WTB in and around that area, the possibilities to
repurpose them to building elements, and the number of years they will perform well in different use
cycles.

The mechanical process, including cutting and polishing, is the primary circular method to repurpose the
material. This method will be clarified more in sub-section 2.3. The proposal will be investigated with a
hypothesis that a circular hub for EoL WTB has been developed in the Netherlands with the necessary
facilities and mechanical techniques. This concept will be elaborated more in sub-section 2.4.
Multiple-use cycles for WTB are based on the principle of building layers, which is in sub-section 2.5.
Data related to functions or programmes for buildings made of EoL WTB are part of the design process,
thus, are not in the scope of the research.


https://www.sciencedirect.com/science/article/pii/S0921344920307114#bib0017
https://www.sciencedirect.com/science/article/pii/S0921344920307114#bib0017

1.3. Research question

How can the lifecycle of end-of-life wind turbine blades (EoL WTB) be maximised by integrating them
into various building layers through multiple-use cycles?

Sub-questions:

a) When and where will the upcoming WTB be decommissioned in and around Eemshaven?

b) How are the potential outcomes of each building’s element made of those EoLL WTB, in terms
of the possibility and other aspects?

c) How long can we expand the lifetime of EoL WTB in Eemshaven through this method?

1.4. Research structure

The background material in this study initially discusses the circularity, the turbine blades, and the
principles of building layers in Section II. The methodologies of applied research and the information
needs are covered in Section III. Then Section IV presents the findings based on those research methods.
The analysis of results, answers to the research questions, and a discussion will be provided in Section V
as a conclusion.

II. CONTEXT AND BACKGROUND

2.1. Circular economy in a broader context

Circular economy (CE) is a recently defined phenomenon for greening industries (Ari & Yilmaz, 2020). It
aims to use Earth’s natural resources efficiently and to decouple economic growth from environmental
degradation (Scheepens, 2021). CE addresses decoupling, resource efficiency, production efficiency,
slower material flows rather than linear economic models, and lower resource extraction without reducing
economic activity (Mccarthy et al., 2018).

A CE is invigorating and recovering by design and targets to keep products, components, and materials at
their highest utility and value at all times (Ari & Yilmaz, 2020). Durable design, maintenance, repair,
reuse, remanufacturing, refurbishing, and recycling are identified as the ways to achieve a CE (Camilleri,
2018). New opportunities such as emerging sectors based on secondary material production
remanufacturing, reducing risks on supply security from imported materials, and creating new decent jobs
are identified as the major potential advantages of the circular economy practices (Mccarthy et al., 2018).
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Figure: Circular Economy systems (Ellen MacArthur Foundation, 2019)

In a CE, material cycles are closed (Scheepens, 2021). By keeping products and materials ‘in the loop’, as
in the figure, the CE aims to preserve resources. It can be done by extending product lifetime and
recovering products, components and materials when they reach their end of operational life (Ellen
MacArthur Foundation, 2013). This lifecycle perspective is central to the CE (Joustra et al., 2021).

2.2. Characteristics of wind turbine blades design

WTB integrate aerodynamic and structural design (Mishnaevsky et al., 2017). As in the figure below,
shells on the leading edge, trailing edge, and the shear webs use a sandwich structure to provide high
stiffness for minimum weight (Joustra et al., 2021). These shells are made of balsa or foam at the core and
glass fibre-reinforced polymer (GFRP) surrounding them (Beauson et al., 2016). Spar caps introduce
stiffness in the spanwise direction, i.e. over the length of the blade, to avoid collision with the tower
(Scheepens, 2021). These spar caps mainly comprise GFRP. The shear webs link the two sides of the
blade and also add stiffness (Mishnaevsky et al., 2017). These materials brought a high strength-to-weight
ratio and rigidity to WTB (Jani et al., 2022) to withstand high wind speeds and be as light as possible to
reach higher efficiencies (Scheepens, 2021).
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Figure: Cross-sectional profile of a wind turbine blade (Joustra et al., 2021)
1) leading edge, 2) trailing edge, 3) shear webs, 4) spar caps, 5) adhesive bonds, 6) coating
Source: Structural reuse of wind turbine blades through segmentation - ScienceDirect

With the growth in sizes, while predominantly made of GFRP, blades are reinforced with carbon
fibre-reinforced polymer (CFRP), as carbon fibre (CF) has even higher stiffness and lower weight than
GF (Beauson et al., 2016).

Design and certification guidelines stipulate a design life of 20 to 25 years (Germanischer Lloyd, 2010;
WindEurope, 2017). However, decommissioning is often primarily an economic decision (Tazi et al.,
2019). Measurements on a decommissioned blade showed that the material retained its original stiffness
and strength (Beauson et al., 2016). It indicates that blades can still be in sound physical condition when
decommissioned (Joustra et al., 2021).

2.3. Multiple circular strategies for WTB

In a recent report from the provinces of North Holland, South Holland, and Generation Energy, the
circular strategies were determined for processing wind turbines based on the R-ladder, which indicates
the degree of circularity. The higher a strategy is on the R-Ladder, the more efficient the strategy is, as in
the figure below.
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According to the report, R1-Refuse, Rethink and R2-Reduce strategies could not be adapted since the
energy transition will be (partially) completed with generation by means of wind turbines. R3-Re-use, one
of the most sustainable processing strategies, could no longer be applied due to short-term cost
considerations of the product. R4-Repair is challenging to apply due to the permit period of WTB.

Replacing parts (R5-Refurbishing) is feasible to increase the yield of a turbine and could extend the useful
life of the other parts. R6-Remanufacture is possible for small parts in turbines but is less common for
parts with a significant space requirement, such as the blades because the cost of a new product is often
lower.

R7-Repurpose has been developed in many ways. These range from sympathetic but low-impact
repurposing (such as in playground equipment and skis) to speculative but with the potential for
large-scale application (such as roof tiles, noise barriers and sheet piling). Other blade repurposing
concepts are also shown in current publications, mostly in one-off applications, such as housing (Bank et
al., 2018), and bridges (Jensen & Skelton, 2018; Speksnijder, 2018).

R8-Recycle, which processes EoL WTB into a new raw material through mechanical, thermal and
chemical methods, is an option. However, the result has low quality and polluting, and energy-consuming


https://www.slimcirculair.info/circulaire-weetjes/r-strategieen

processes are required to arrive at a new raw material. Data from the report shows that the turbine blade is
heavily downcycled in the mechanical method, with the shredding and grinding process, and 40% of the
material has to be disposed of as waste. The thermal and chemical methods, with pyrolysis and solvolysis
processes, break down the material while the glass fibres remain intact. Consequences of these methods
are residual heat and local nuisance from polluting substances. R9-Recover processes, such as
incineration or noncircular processing, are undesirable and will be banned in the Netherlands, according
to the report.

In the scope of the research, R7-Repurpose, with mechanical processes such as cutting and polishing, are
required as practical techniques to transform EoL WTB into building elements.

2.4. A circular hub for end-of-life wind turbine blades

A circular hub as a treatment facility for EOL WTB has been suggested (Devic et al., 2018; Lobregt et al.,
2021). It is the central community where a select group of stakeholders, from companies, NGOs,
knowledge institutes, and governmental organisations, have collaborated towards a common goal: a
circular wind industry (ECHT, 2022). The hub will also work as a platform to experiment and practise all
circular strategies for EoL WTB. The research from Scheepens in 2021 expressed the urgency, feasibility,
and potential value of developing a circular wind hub in the Netherlands. It presents that the circular wind
hub would be located in a port. This solution would reduce logistics and storage costs (WindEurope,
2017). A port lends itself well to setting up such a hub: they are strategically located at sea, already has
the infrastructure in place, and is already used for the installation and maintenance of offshore wind
projects (Lobregt et al., 2021).

The research will be investigated further with a hypothesis that the circular wind hub, with the necessary
facilities and mechanical techniques, has been developed in Eemshaven, one of four ports in the
Netherlands that are used for installing and dismantling WTB.

2.5. Principle of building layers

The concept of building layers and their lifecycle was first introduced by Stewart Brand and Frank Duffy
in 1994 and 1998, respectively. While Habraken in 1998 argued that the building only consists of
structure and infill, Duffy and Brand believed that more time-related layers consisted. As in the figure
below, they were shell, services, scenery and set as Duffy sees; and site, structure, skin, services space
plan and stuff as Brand sees, where every layer has its own service life (Crowther, 1999).
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Figure: Building layers and their expected lifetime according to Duffy 1998, and Brand 1995, respectively

Source: Durmisevic, 2010

According to Dufty, the unit of his analysis is the use of the building through time; time is the essence of
the real design problem. Because of different lifetimes, or different rates of change of building
components, the building is constantly tearing itself apart, as Stewart Brand explained in his book, How
Building Learn. These components and their lifetime are explained by Brand in table 1 below.

Building layer Explanation from Brand

Site The geographical setting, the urban location, and the legally defined lot, whose
boundaries and context outlast generations of ephemeral buildings. It lasts eternally.

Structure The foundation and load-bearing elements. These are perilous and expensive to
change. Structural life ranges from 30 to 300 years.

Skin Exterior surfaces change every 20 years due to trends, technology development, or for
wholesale repair. The recent focus on energy costs has led to re-engineered air-tight
and better-insulated skins.

Services

The working guts of a building, with communications wiring, electrical wiring,
plumbing, sprinkler system, HVAC (heating, ventilating, and air conditioning), and
moving parts like elevators and escalators. They wear out or become obsolete every 7
to 15 years.



https://www.sciencedirect.com/science/article/pii/S2212609016301741#b0110

Space plan The interior layout includes walls, ceilings, floors, and doors. These can change every
three years in commercial buildings. For quiet homes, they might wait 30 years.

Stuff Furniture, phones, pictures, kitchen appliances, twitch around daily to monthly.

Table 1: Six S’s - building layers and explanations according to Brand, 1994 (own table).

Recently, this principle has been developed by Superuse Studio as an expanded version. According to
them, all layers, such as installations and other built-in parts, are separated so that maintenance is easy
and future changes are possible. Extra layers, such as social and surrounding with their dynamic life
spans, were included, as in the figure below.

Building Layers

Space plan 15 years
Services 25 years
Skin 50 years
Structure 200 years
Site infinite
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Figure: Expanded version of building layers, according to Stewart Brand, 1995
Source: Superuse Studio

III. METHODS
3.1. Literature study (LS)

LS will play a key role in collecting data for the entire research. By LS, question (a) regarding the
quantity of upcoming EoL WTB will be presented in sub-section 4.1. These quantitative data collected by
LS will be inputs for Material Flow Analysis to investigate other questions.
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3.2. Material flow analysis (MFA)

MFA is the primary method to answer sub-questions (b) and (c) about the outcomes made of Eo WTB and
their lifetime with different circular strategies for EoL WTB, such as the quantity of the material and the
amount of the product made after each circular strategy.

MFA is a method whereby a system-wide view is taken to track a material throughout its lifecycle
(Allesch & Brunner, 2017). The mass balance rule is the underlying principle of an MFA; for example,
every mass that comes into the system must also exit it or stay inside it as stocks. It delivers a complete
and consistent set of information about all flows and stocks of a particular material within a system.
Through balancing inputs and outputs, the flows of wastes and environmental loadings become visible,
and their sources can be identified (Brunner & Rechberger, 2004).
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Figure: MFA of adapting EoL WTB to multiple building layers without lifetimes (own image)

This MFA illustrates the lifecycle of one type of blade after decommissioning. This material will be
transferred to the circular wind hub and be transformed into multiple building parts through several
processes, such as storing, categorising, testing, cutting (if applicable), and finalising. Outcomes from the
that will be transported then work as building parts. After reaching the EoL of the new function in the
building, these parts will turn back to the circular wind hub to be repurposed with the same process for the
new use cycles. Several codes in the figure are explained as the following: AO: name of the blades;
A0.X1, A0.X2, ...: the potential lifetime of the building elements made of WTB; A0.1, A0.2, ...: the
amount of the blades or the building elements (tons, or pieces). Data related to the amount of building
elements, such as A0.1 or A0.2, depends on the building design process and the user's demand; therefore,
it will not belong to the scope of the research.

Although MFA remains a robust tool for assisting in policy discussions due to its potential to
communicate general material trends effectively (Graedel, 2019), limitations of this method are
uncertainties in the data used or missing data (Allesch & Brunner, 2015). This study approaches this
drawback by including interviews to further investigate EoL WTB.



3.3. Interviews

Multiple interviews took place with experts in building construction and EoLL. WTB in and around the
Netherlands. These aimed to determine qualitative data related to integrating EoL. WTB in various
building layers, including the structure, the skin, services, space plan and furniture. Each interviewee was
selected based on their specific experiences in each building layer and EoL WTB, as in the table below.
Due to the lack of reference practices and research related to adapting EoL. WTB in the layer space plan
or partitions, this layer was combined with the layer furniture as indoor elements. The structure layer
required experience from various experts due to its complexity.

The order of various building layers made of EoL WTB, as below, was based on the order of each
element’s volume, from the largest to the smallest, through observation. This is also a strategy to treat
EoL WTB in multiple-use cycles: from keeping the form of the blades entirely to shredding them into

smaller parts.
Building’s | Structure Skin Services Space plan or | Stuff or
layers Partitions furniture
Theoretical | 30-300 years 20 years 7-15 years 3-30 years 5-15 years
lifetime
Potential - Frames - Sun shading - Water system - Walls - Tables
elements (columns and - Cladding - Ventilation system | - Doors - Stools
beams) - Heating system - Bookshelves
- Foundations - Electricity system
- Roofs or
Canopies
Experts - Dr. Ir. Stijn - Prof. Ir. Tillmann | - Ir. Eric van den - Felix Tatantik
Brancart Klein Ham
- Ir. Hoessein
Alkisaei
- Ir. Sijke Prinsse
- Arch. Jos de
Krieger
- Dr. Jelle
Joustra
Date(s) of | 15%-23% 13" December 2022 | 13" December 2022 | 19" December 2022
interview December 2022;
12 January
2023

Table 2: Multiple experts and their working fields related to different building layers and EoL WTB (own table)



These interviews will be semi-structured. That means a certain number of open-ended questions have
been formulated in advance, and during the interview, there is room for new questions to arise from the
ongoing dialogue (DiCicco-Bloom & Crabtree, 2006). Additional communications such as video calls and
e-mail contact with experts from related fields will be conducted to get better data if MFA and other
methods can not complete information.

Data from the interviews are separated into three main aspects of the building elements that are made of
EoL WTB, including possibilities and potential lifetime. Other aspects related to the lifetime, such as
structural calculation, maintenance, and building regulations, will be added based on the specification of
each layer. All these aspects were formed by questions from the interviewer and the extra sharing of eight
experts through open dialogues. The results of these interviews will fulfil the data in MFA (such as
A0.X1, A0.X2) and will be shown in sub-section 4.2.

IV. RESULTS
4.1. Data of upcoming EoL WTB in and around Eemshaven

There have been nine large wind farms in and around Eemshaven, containing two offshore and seven
onshore wind farms. As in table 2, With 150 turbines, Gemini is the largest wind farm, and N33 is the
smallest, with 12 turbines. These turbines from Nordex, Enercon, Vestas, and Siemens have been operated
since 2008.

Wind farm | Area Power (kW) |Number of [Hub height |Turbine Status Commissioning
turbines (m) manufacturer year
Delfzijl-Noord |Groningen |46,200 14 100 Nordex Operational |2015/08
Delfzijl-Zuid Groningen | 32,000 14 85 Enercon Operational |2008
GroWind Groningen | 54,000 18 Vestas Operational |2008/07
N33 Groningen 64,500 15 135 Siemens-Gamesa [Operational |2020/11
N33 Groningen 51,600 12 135 Siemens-Gamesa |Operational |2020/11
Westereems Groningen 105,000 35 Enercon Operational |2009/08
Westereems Groningen 108,300 34 Enercon Operational [2009/08
Gemini Offshore 300,000 75 90 Siemens Operational |2016/09
Gemini Offshore 300,000 75 90 Siemens Operational |2016/07

Table 3: Operational wind farms in and around Eemshaven (own table)
Data source: www.thewindpower.net

From this data, a timeline of the upcoming EoL WTB in each wind farm has been made as presented in
the figure below. The year of the decommission is based on the commission year of the blade and the
approximately 20-25 years lifetime of WTB. In the upcoming period, 876 blades will be decommissioned
from 2028 to 2045 in and around Eemshaven. Sizes of those blades vary from 35 metres to 68 metres. The
largest blade waste is in the two Gemini wind farms, with 450 blades of 65 metres, which will come back
to the land from 2036 to 2041.
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Figure: Upcoming decommissioned WTB in Eemshaven (own image)
Data source: www.thewindpower.net
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4.2. Multiple building layers can be made of EoL WTB
4.2.1. Structure

4.2.1.a. Possibilities

From the interviews with four different engineers and architects, in general, for a structure, its material
needs to have certain strengths. The strength determines its size. The weaker the material is, the bigger the
structural component has to be. In this case, WTB has high strength and mechanical properties because
they are used in these turbines, which usually deal with a lot of wind force. Different components of a
WTB also have their own strength due to being made of a sandwich structure that's strong and stiff yet
lightweight.

In application, it is possible when a blade is hanging on a turbine. In the structure, it is possible to hang it
at one point and have it span for the length of the blade. The other point of the blade is the tip. When the
tip becomes a part of the load-bearing structure, it is important to figure out how much it can hold and
what happens if there is a dynamic load of people or snow on it.

Considering this material as a beam or a column, data from the interview shows that approximately 55%
of WTB is eligible for structural reuse. The root and the tip of the element are the main challenges. The
root is a plane cylinder with approximately 10 centimetres thick solid glass fibre laminate, which is
difficult to process. The tip has a thinner laminate but is strongly curved or double-curved, making it less
suitable for a direct reuse solution.

The blade’s tip always has curvatures, while normally, buildings are forced straight angular. It is less
suitable for the structure. If a blade is used as a column or a beam, the tip needs to be cut or not be used as
a structural part. Additionally, using the blade as the column is more potential than the beam. When
putting force on the beam, the underneath is the tension part, and the upper part is the compression. While
the column, it only has compressions.

Another consideration is using EoL. WTB for a foundation due to the high-quality strength of the material.
Normally, a pile of foundations, which are 40 or 50 metres long, often has a round or square or flat
surface. WTB have a similar length, but the shape is pointy. If they are used vertically for the building’s
foundation, they will go down when putting a load on them. An alternative solution is cutting the blade
and removing the pointy element. If blades are used horizontally for the foundation, a calculation is still
necessary to check their strength.

Cutting the blades will change its structural integrity from what it was before. It is required to be cautious
about the number and positions of cuts for one blade and what will be achieved by doing that. An
alternative solution is reusing the blade as a canopy. As findings from the interview, the moment of the
structure will possibly work.

4.2.1.b. Potential lifetime

Although the lifetime of structures in the scheme of Brand and Duffy is 30-300 years, data from the
interview shows that some previous structures last much longer. Churches were constructed hundreds of
years ago. The Old Church in Delft, which has been used since 1350, is evidence. So the structure’s



lifetime is possibly enhanced. Engineers know how to renovate the building structure to ensure it will last
longer.

There is the structure as a whole and the structural components themselves. For the structure as a whole,
adding beams will make it more stable; for one component of the structure, having more materials will
ensure that if one of them gets broken, the whole structure is still fine. What often has been done with this
is that they design the structure with over-dimension; the beam will be made to last longer than the
requirement to ensure it is safe. So principally, having redundancy which is exactly too much, but it is
better for the lifetime.

However, not similar to the church, using too many materials to make buildings last much longer is not a
priority nowadays. The main requirement is a balance between designing a structure that can last very
long and designing it efficiently.

Nowadays, building structures are demounted or demolished mostly because people do not need the
building there anymore, not because the structure itself is not good. For the one made of EoL WTB, the
users cut it due to their demands changes; even though structurally or mechanically, the structure is still
good.

Despite the changes in demand, theoretically, it is possible to use the whole structure or parts of it
multiple times to expand the lifetime. These typical blade structures will not last for 300 years. It is more
of a temporary structure. It is the potential to take it apart and use three or four times for different
functions. Then these structural blades can go up to ten years, and so on. In that way of reusing the
structure, requirements are a range of well-defined use cases in various periods and the availability of
mechanical processes on the local scale.

4.2.1.c. Maintenance

Maintaining the structure will help it work well, thus, increasing its lifetime. Each material has its own
issues that require a specific way of maintaining. A full timber structure, including the connection, has an
infestation of insects inside or becomes wet and dry many times and will degrade quickly. A steel
structure has issues near salty water or an unexpected fire. Protecting their reinforcement from the water
to avoid corroding is essential for concrete structures.

The structure made of WTB will not have those issues due to being designed for difficult situations, such
as rains, storms, and cyclic loading. Protection of the indoor environment and stable loads will make the
structure last longer than outdoor uses. Exceptions are applied for WTB that have Bansal wood as the
core material. Exposing the Bansal wood to water will make it decompose and deteriorate. Therefore,
keeping the existing blade form or taking proper protection for its cores will expand the lifetime.
Additionally, the resin of the blade is not UV resistant. When exposed to UV radiation, the bear epoxy or
bear polyester will discolour and disintegrate.

4.2.1.d. Building regulations

Up to now, there have been no regulations for building structures made of EoL WTB in the Netherlands
yet. Normally, structures were designed and built for approximately 50 years, so they were usually
calculated for that time. However, engineers have calculated with a bit higher effectors. If buildings were



demounted after one year, this would mean that the chance of the building falling is less than when
leaving them there for ten years. That is the philosophy behind the period of 50 years.

4.2.1.e. Structural calculation

Calculating a structure made of EoL WTB requires two inputs. They are a life cycle and fatigue analysis,
which helps the engineer understand when these elements are safe and stable.

The fatigue analysis is based on the first life of the WTB. It was designed based on a certain amount of
load cycles, which is how many times it rotates on the turbine. The degrading of the material is due to that
dynamic situation. When the blade is inside a building, as a partition wall or as a column, there is no
weather, wind, or dynamic force that would harm it. So 99% of the fatigue analysis is determined by the
first life of a blade.

Even though the material is very durable, and we can improve its strength, the fatigue statics of the
materials when it was on the turbine is a requirement. The interview finding shows that it took a long time
to find an engineer willing and able to calculate this blade use.

4.2.2. Skin

4.2.2.a. Possibilities

Facades made of EoL WTB are feasible. They can be as sun shading or overlapping types of cladding.
What needs to take into account is that the joints of different blades, or different parts of them, need to be
taken into account because they have distinctive shapes. These joints have to be designed so that they can
last very long without maintenance. All the details have to be used with stainless steel. If it is close to the
sea, which has salty air, it has to be a good construction that does not rust away. Another notice is the
surface of WTB. They were seen not too close since they were very high up on the turbine. If they are on
the facade, coating them is necessary.

4.2.2.b. Potential lifetime

The number of years turbine blades will last as the building’s facade is uncertain. It has been very long
since, over time, they wear just by UV light and weather. Blades were made for dynamic loads. While in
the building, there are not many dynamic loads like on the turbine. They are made for much more difficult
situations than on the facade. Even if they are in the outdoor weather, they will not degrade. That material
does not rot. They will last very long.

4.2.2.c. Building regulations

There are no precise regulations for the life span of facade elements in the Netherlands. There are only
general restrictions on certain components that were believed how long they should last. Replacement is
not necessary if they are still in good condition. For turbine blades, they are extremely strong and very
sturdy elements.

4.2.2.d. Maintenance

The maintenance process is a matter of surface treatment. They need to be coated regularly. However, that
would be more a matter of aesthetics rather than life extension.



Blades have white or coloured paint, similar to sailboats' surface. After a period, this surface appears
chalky due to UV light.

Polishing and putting wax on is the maintenance for boats. This process has to be done once in a while
with the WTB’s surface. For a boat, the polishing job takes more effort than cleaning it. At least once a
year, the boat needs a good polishing job and a new wax. For the facade, it will be longer.

The facade will not fall, but it becomes shabby after a while. Not maintaining it after five or ten years will
cost much more effort than doing it in one or two years. Regular maintenance is more economical than
doing it after a long time when the dirt is difficult to remove.

A noticeable part of WTB is the tip. Old wind turbines are not turning at such high speed, while the new
ones, with much bigger blades, go at a very high speed. Due to this, there is more wear on the tip of the
new big blade. Moreover, rain and hail also wear it. So every once in a while, they had to recoat the
wingtips. When using them in a facade, this process needs to be continued.

4.2.3. Services/installation

4.2.3.a. The ventilation system

The blade itself is a big duct. It can be used as an air duct, usually aluminium or steel. Ducts come in
different sizes, varying from one to ten centimetres in diameter. In a large theatre, they have a duct size of
one meter.

Another potential is the air handling unit. It is a large box with a lot of components inside. Almost every
building has this unit: housing, office, or industrial buildings. On the roof, these units have to be
sheltered. The shell of the air handling unit has been made out of 40 centimetres to protect it from the
environment. Normally, they are aluminium or metal boxes on top of the roof. Using each part of the
WTB as an aesthetic cover. These shelters typically have a life cycle of 15 years.

4.2.3.b. The water system

The whole water system in the building, such as the pilot and the wastewater, is usually made out of PVC.
In this system, there is rainwater storage, which is more common nowadays. Usually, these are black
plastic tanks. They are possibly made out of EoL WTB.

From the interview, a rough calculation of the volume inside the wing was made based on its dimensions.
On average, one square metre serves over the length of the blade. It will range from ten to forty cubic
meters. So a small blade can contain ten cubic metres, and a big one will be thirty or forty cubic metres,
which is useful for a storage tank.

It is possibly located above or partly above the ground. Besides the easy accessibility, it will be part of the
landscape. It will be replaced or changed easily, compared with the underground tank. For maintenance,
they often spray it inside after approximately ten years or more.

4.2.3.c. The electricity system

It is possible to make ducts with WTB by assembling them. Besides, electricity boxes can be made of this
material. However, in the technical rooms, where not everyone can see, it is not for aesthetic reasons.



Related to the electricity system, but outside the building, the electrical box on the street is a potential
option to adapt parts of the wing. What needs to be designed are various parts of the blades and their
connections to assemble the box. Then it will be a piece of urban furniture made of EoL WTB instead of a
plastic box. Their lifetime is 20-30 years.

4.2.3.d. The heating system:

The heating system is fairly standard, especially the radiators. They cannot be made of EoL WTB. For
this system, using the material they often use is more sustainable.

4.2.4. Indoor elements (Furniture and Space plan / Partition)

4.2.4.a. Possibilities

From the interviews, multiple parts of WTB were moved into the home, the most extreme difference from
the high-up outdoor place originally was, as multiple pieces of furniture.

This furniture series includes desks, coffee tables, stools, and bookshelves. The dimensions of each piece
varied depending on the type of WTB used. The desk is approximately 280x90x75 centimetres (length x
width x height), and the shelf is 215x332x45 centimetres. Due to their function, extra materials were
added beside the WTB, such as a glass plate for the desk and a leather cushion for the stool. Each piece of
WTB in each product was coloured with a layer of high gloss paint.

The challenge of this furniture is the manufacturing process. The finding from the interview shows that
the blade’s sturdiness from its original form and the build led to the designer aiming to impact the
material as little as possible.

Further possibilities of EoL WTB in this scale are lamps and multiple outdoor furniture. These have been
in the design process.

4.2.4.b. Potential lifetime

The lifetime of the product is the societal lifetime of usage. People or groups using that space need a
replacement of their furniture after 20-30 years due to their new demands, not because the furniture or the
objects are not usable. Being out of fashion is the reason that consumers end the lifetime of those pieces
of furniture.

From the material point of view, the lifetime is endless. For stools, their leather cushions can last for
20-50 years. For bookcases or desks with glass and blades, it is much longer.

If the furniture comes to an end—of-life, it is updatable. With the rotor blade, keeping its original structure
and form, or changing it as little as possible, will bring more possibilities. What has been done with these
desks, shelves, and stools is sanding even pieces of the blade and colouring them with high gloss paint.
Considering it as a bank account of possible changes, withdrawing only very little in the beginning will
lead to many chances left for future updates. After 50 years, a table can be updated into something
different.



4.2.4.c. Maintenance

Regarding the maintenance process, as with normal indoor furniture, wiping them down once in a while is
necessary. For outdoor furniture exposed to the weather, they need to be cleaned at least once a year.

V. CONCLUSION

5.1. Analysis and interpretation of the results
5.1.1. Possibilities

Integrating EoL. WTB into the aforementioned building layers is feasible, even though each layer has
different requirements for specific parts where the material can be applied.

For the structure, data from the interview presented that approximately 55% of WTB is eligible for
structural reuse. Beams and columns have potential based on outcomes from former research, while the
foundations will need to be investigated more. Considering compressions and tensions, using it as a
column is more recommended than as a beam. The root and the tip of the element are the main challenges
of repurposing due to their forms with curvatures. Cutting the blade to detach them will change its
structural integrity, thus, less recommended. Without cutting, an alternative use case for the blade is in
canopies.

Calculating the structural quality of EoL WTB requires the fatigue static of the material when it was used
on turbines. Due to the lack of this data, it will take a long time to figure out the precise calculation,
according to different experts.

For the skin layer, decommissioned blades can be as sun shading or cladding. The joints of different
blades, or different parts of them, need to be designed to work with different shapes and to last very long
without maintenance. The surface of the material exposed to the UV light will need to be polished,
cleaned or re-painted at least per 2 years for aesthetic reasons.

The services show that this material is adaptable in the ventilation system, such as air ducts in the building
or handling units on the roof. Other applications are in the system of water, such as outdoor water tanks,
and electricity, such as the electrical box on the street.

Multiple feasible applications of blades in furniture are lamps, desks, coffee tables, stools, and
bookshelves. They only need to be wiped out once in a while like other normal pieces of furniture.

5.1.2. Potential lifetime

The structure made of EoL WTB can last 10-50 years. Ten years is the suggestion from the expert to test
the material for temporary use. Because the fatigue statics of EoL WTB still need to be investigated, the
precise structure quality is uncertain. So it is the potential to use them as temporary structures multiple
times for different functions. This ten years period can be re-applied multiple times for different structural
uses. Fifty years is the normal lifetime for the structure that engineers work with. Considering the fatigue
static is available if WTB is used as a structure, its lifetime will need to meet 50 years as the requirement
for other types of structure. Additionally, maintaining the structure will help increase its lifetime. So
keeping the existing blade’s form and taking proper protection for its cores are a requirement from
experts.



This lifetime for the skin elements is uncertain since the material can last very long. As on the facade, the
component will not deal with many dynamic loads like it did on the turbine or on the structure. Even if
they are in the outdoor weather, they will not degrade. Maintaining is necessary for the aesthetic of the
material. Due to these strengths, the lifetime of this layer is endless. Since the structure has been
considered a temporary use, the lifetime of the skin layer will be more than the maximum lifetime of
structures, which is more than 50 years.

The lifetime of the services layer made of WTB depends on the system where the materials are applied.
For the ventilation system, it is 15 years. This figure for the water and electricity system is ten years and
20-30 years, respectively.

The physical life of furniture will be 20-50 years due to the durability of the material and protection from
the outdoor environment. Making the least adjustments with the material from the first process will lead
to more possibilities to upgrade them and expand their lifespan after 50 years.

Data of 876 upcoming EoL WTB from sub-section 4.1, with their potentials and lifetime in multiple
building layers that were investigated in sub-section 4.2, will be adapted to the MFA diagram at
sub-section 3.2, as the image below:
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Figure: MFA of adapting EoL WTB to multiple building layers with added lifetimes (own image)

Combining those years from different layers above will present the lifecycle of EoL WTB that can be
expanded by integrating them into buildings through multiple-use cycles (= A0.X1 + A0.X2 + A0.X3 +
A0.X4 + A0.X5 + A0.X6). So after decommissioning, the material will last from 90 to 180 years. This
number excludes the time of transporting or processing the material in the circular wind hub and the
undefined lifetime of the space plan or partition (A0.X4) and other products (A0.X6). This is also the
answer to the research question.



5.2. Discussion

The research investigates circular strategies for an end-of-life product and presents an adaptation for it to
the building layers principle. It also contributes to establishing a Circular Economy for FRP components.

Generally, the research presented that integrating EoL WTB to various building layers through multiple
life cycles is feasible. Results showed that the repurposing strategy could expand the lifetime of the
composite component to 90-180 years, which is much longer than a decade, which is the period to
separate resins from fibres on a large scale, as mentioned in section 1.1.1. In terms of CE, it can be
considered an effective way to treat the large volume of waste and, at the same time, maximise its
lifetime.

Repurposing through multiple-use cycles shows its potential to fulfil demands in the built environment
while having less energy consumption and negative impacts on the environment, compared with other
recent methods, such as recycling and repurposing on one-off applications.

Recently, design solutions with EoL WTB have gained criticism from the public that they might solve the
problem of waste very little. An article from Jasper van Kuijk on De Volkskrant in 2022 about street
furniture made of WTB could be an example. It is an opinion that EoL WTB should be tackled by a
thermal or chemical process to separate resin and fibres at around 500 degrees Celsius, according to
Harald van der Mijle Meijer in the same article. However, the progress will take at least one decade to do
that on a large scale (Kroll, 2022), around 2032. Before that time, between 2028 and 2029, data from the
research shows that in Eemshaven, 303 blades will be decommissioned. The length of each component is
from 35 metres to 57 metres, which is similar to the average height of old churches in the Netherlands. If
repurposing with existing mechanical processes is not applied, recycling will probably be the only
available option. As aforementioned drawbacks of this method, it will lead to downgrading the material,
heavy environmental pollution and energy consumption, which is not ideal due to the increasing energy
cost recently. Therefore, compared to current recycling practices, repurposing or structural reuse requires
relatively little reprocessing effort and, to a large extent, retains the material quality (Jensen & Skelton,
2018); it can be the most feasible option before an industrial scale of separating resin and fibres become
feasible.

Regarding the structure quality of EoL WTB, the material's original design does not consider repurposing
the material. This led to a lack of data for other applications, such as fatigue statics. Determining the
degradation of material properties through fatigue and the extent of damage is challenging for composites
(Nijssen, 2006). Insights from fatigue life prediction, structural health monitoring and damage inspection
could improve the definition of post-use material properties (Joustra et al., 2021).

5.3. Appropriateness and limits of the method

This paper presented multiple potential outcomes of the waste material with data collected by MFA and
interview experts. While other outcomes, such as skin, services and stuff or furniture, have shown their
clear feasibility and quantitative data, outcomes for structure still need time to be determined more
precisely regarding the recent strength of the material. It is due to a limited time for the research and a
lack of fatigue statics of WTB. This can be a recommendation for further research in sub-section 5.5.



5.5. Recommendations
5.5.1. Recommendations to industry and policy

Generally, it is advisable for the industry to consider the following usage cycles while designing a product
made out of waste or new materials. This can be established by including multiple-use cycles as design
criteria. On a larger scale, multiple-use cycles can be included in regulation as a requirement for treating
large volumes of waste.

Establishing repurpose pathway for EoL WTB in a Circular Economy required many stakeholders to
collaborate (Joustra et al., 2021). As Kisi mentioned in research in 2021, a multi-stakeholder collaboration
with different actors ensures the most effective transition to CE. Firstly, to facilitate repurposing EoL
WTB into construction, new regulations from the government and related industries need to be developed.

Secondly, the upcoming design of WTB needs to take the repurposing process into account. The potential
of this recovery strategy is acknowledged and has been demonstrated in occasional applications (Joustra
et al., 2021). This can be done by creating a database for each WTB and tracking the flow of the
component from the operation to decommissioning to the repurposing processes. This is in line with
‘Buildings as Material Banks’, which aims to integrate materials passports with reversible building
design. This database of WTB should be public among the wind power and the construction industry. This
collaboration is necessary for integrating changes, such as social, environmental, and economic impacts,
in all stages of product life cycles (Brown et al., 2018). Then uncertain data such as fatigue statistics of
the material will be able to be clarified.

Additionally, for 876 EoL WTB in and around Eemshaven will come back to the flow from 2028 to 2045,
it is required for multiple stakeholders to find suitable demands in the built environment that can apply to
repurpose WTB with multiple-use cycles.

In terms of circularity, the three most sustainable methods (R1-Refuse, R2-Reduce, and R3-Reuse) should
be considered to integrate into the circular strategies for the wind power of Uitvoeringsprogramma
Circulaire Maakindustrie. Even though transforming to renewable resources such as wind power is a
priority, those methods are the fastest way to prevent the major waste volume in the future. This can be
done by consuming less energy and focusing on only the most urgent needs.

5.5.2. Recommendations for further research

Further research could initially address the limitations mentioned in sub-section 5.3.

First of all, updating the research with new findings on the structural quality of EoL WTB is advised. An
example was investigating fatigue statistics of the material when it was on the onshore or offshore
turbines. This data will lead to a method to determine the structural ability of each blade component, thus
recommending adaptable elements in buildings for that component. Another direction is elaborating the
potential of the tip and root in the WTB. This will lead to the decision if the root and the tip need to be cut
to repurpose the blade, or if it can remain in its existing form in a new function.

Another recommendation is to investigate the circular strategies for other types of waste through
multiple-use cycles. The traditional way of designing, processing, or re-processing a product often
transforms the materials or resources into a shape that serves the user’s demands. In multiple-use cycles,



this way might change to finding the demands that will fit the existing waste material shape, i.e. the EoL
WTB. Fewer adjustments of the waste volume will cost less energy and pollution and create more
opportunities to adapt it to further use cycles. This is in line with Circular Economy principles, which
emphasise the importance of systems thinking and designing for multiple-use cycles (Ellen MacArthur
Foundation, 2013).
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APPENDIX

Interviews
Interview Stijn Brancart

Stijn Brancart, an Assistant professor of structural design at Delft University of Technologies (TU Delft).
Obtaining an MSc in Architectural Engineering from the Vrije Universiteit Brussel (VUB) in Brussels,
Belgium, in 2018, his work focuses on the design and analysis of flexible and responsive systems and
circular structural design. At the moment, Brancart is teaching various courses on structural design and
analysis in the Technology track of the BSc in Architecture as a member of the Department of
Architectural Engineering & Technology.

In my research, the lifetime of the buildings structure made of wind turbine blades is the main focus.
Theoretically, it will last from 30 to 300 years, according to the scheme of Brand. How can this be seen
from your experiences?

The lifetime of the structure, as here in the scheme, is the most important thing. Between 30-300 years is
really wide, and it is very different compared with the lifespan of other elements. It is due to different
aspects. In use, the structure part lasts longer than the other. In terms of maintenance, I think it is
important to consider as well as potentially there, because maintaining the structure well will also increase
its lifetime. The idea here is that you develop a scheme that shows them when to decide to take it out then
the structure life can last longer.

So here it is 30-300 years, but that are also previous structures that last for much longer as well. For
instance, churches here are still in use after hundreds of years. There are a couple of elements there. So
one is that usually in the building that lasts so long, but they are also over the dimension. Its big wall can
last hundreds of years. That’s the double thing because you don’t want to use too many materials like that.
It is a beautiful balance between designing something that can last very long and designing something
efficient.

What I think is interesting here, I don't know how far you can go, is that you design a structure, but it can
also even adapted or improved in the future. So you say where you can easily replace elements. It looks a
bit more difficult to use the whole blade as one. What you can do is divide it into little ones.

Using the existing shape of the blade to design should be the first option due to keeping the original
quality of the product. What I am wondering now is if the existing blade is strong enough for the
Structure.

I think it will be strong. Now building structures are demolished quite differently. Actually, mainly it is
due to you don’t need the building there anymore. In many cases, it is not the structure itself that is not
good. Because we actually know how to renovate the building structure to make sure it will last longer.


https://doi.org/10.1162/108819806775545321

As for the monument, we never tear it down. Once we decide to include it in the future, we just keep it
working.

Theoretically, something that you can improve can be parts of the structure or parts of multiple structures.
Because for these typical blade structures, you will not have it for 300 years. Here it is more of a
temporary structure. Then you can take it apart and use it 3 or 4 times for different functions, and it is still
okay.

You can evenly go from this structure. For example, if you take apart the element, I think that would be
valuable, then you can really go up to 10 years for this structure and so on. I do not know about the
original material of the blade completely, but I see we are not really talking about making a structure that
will last hundreds of years. The only question is will you keep finding different functions for the structure
in the next periods? Even when you find them, I can imagine at some points; people say they want to cut
it to use it for something else because they do not need it as the structure anymore. Maybe structurally or
mechanically, it is still good.

So will there also be a potential to reuse the blade as a structure after the structure period if it is still in
good condition?

If we talk about reusing the structure, then what often happens now, as in your diagram, is that you are not
always sure when you can get the component. And you also do not want to assume that it works really
well if you are not really sure. What often has been done with this is that they designed it with
over-dimension; they use the beam that actually lasts longer than the requirement to make sure that it is
safe, like this. So I imagine you do not have to think about that when you use them very efficiently, you
use the same wind turbine for this span. And then, in the second step, you use it for a smaller span.

One reference for this material is research from the faculty of Civil Engineering at TU Delft. Simon
Pronk, a Master's student from there, has used these parts of blades as an I beam for the structure.

That’s interesting because you can have two | beams, for example, one big and one other smaller. He
would leave some more over-dimension anyway, but I think it is fine it's not using really more materials.

I am not sure something like he did, is a good option. The blade should be designed with the existing
shape of the material instead of forcing or transforming it into something we want.

Yes, true, it could be. Think about structure; for example, you could see this as a canopy, something like
this. Then the bending moment will go like that. Then you will have more moments in here than in here.
So you can imagine that you will use it like that.

Relating to a canopy, a 747 wing house in America is a good reference to look at.

Very interesting. This part will be much lighter here, and you have a bending moment here... You have a
reference already so you can use it. You have the shape and the ability already. You need to design it in an
efficient way.

If it costs a long time to investigate the structural ability of these blades as beams, do you think using
them as columns or a roof like this has more potential?



It could also work. It could be a very good grid. So as a roof, it has to be something very strong which it
can be to handle the load.

How did we work with the lifetime of the structure that was made of other materials normally?

That is a good question. Regarding the structure, it is not straightforward. For other parts, they are more
about design. For structures, it’s really quite open. There are different things: the structure as a whole and
the components themselves. The structure as a whole is often; the question is how long it can stand in
extreme situations. The solution is adding as many elements as you need. For example, you have a
structure as a whole; then you add beams to make it more stable. It is different when you have one blade
for the structure, but sometimes it is better to have a couple or more of the material to make sure that if
one of them gets broken, the building as the whole structure is still fine. So you have redundancy which is
exactly too much, but it is better because you can extend the lifetime.

But it is not only about that. The other thing is that there are different ways of maintaining. They often
said that buildings that are made of timber structures last less long than ones made of concrete or steel.
For example, the full timber structure, including the connection, can stand there for hundreds of years. So
it is not that simple to say it is mainly due to the material. It is about different ways of maintaining the
construction. When you have an infestation of insects in it or when it becomes wet and dry, and wet and
dry again, it is very bad for the timber. It will be degrading very quickly. It is really about maintaining it
well. Steel also has some issues but with a different context. For example, near salty water or something,
it can corrode easily. When there was an unexpected fire in a building, then the material would also get
worse. In concrete, the problem is quite different. It is more about how you protected the reinforcement. If
the water comes in, the steel will corrode, and it will affect the concrete terribly. So it depends a bit on the
material. What you have to do is avoid those problems to make sure that the material will last longer.

How about the structure with wind turbine blades? What can be the challenges of it, and how long can it
last?

The benefit you have here is that the wind turbine blade does not have those issues of the other materials.
It was designed for the outside environment, against rain, strong wind, and storms. Also, cyclic loading.
For example, cyclic loading is when you load something on top of it occasionally. You load it heavily,
unload it, and then do it again. These blades have been made with dynamic loads. When they are put
inside the building, they have more protection, and you have a stable load as in the building structure
instead of the cyclic one in the turbine. So it will be quite fine.

It is difficult to put a number on it without calculating. Like other structures, it is very important. Because
it is not just about whether it is looking fine or performing fine. When it does not perform anymore, it will
be dangerous. So it has always been designed with more caution.

Principally you need to maintain these blades well as a structure and make sure that they work in the most
optimal situation. Then we can extend their life really, really long.

It is nice to think about this specific material. Looking at the performance of this in the previous function,
maybe, or how long it has performed before, what are the optimal conditions for it to last a long time?



From Neowa last year, there are only 2 of them were destroyed by the thunder, among hundreds of blades.

Okay, that is an important thing to know about this material. That situation has never happened with
buildings. We can see all the most popular dangers for other structures, such as timber, steel, and concrete;
they are not happening with wind turbine blades.

It will cost time for the engineer to calculate it. Double-difficulty, one is that it does not have a familiar
geometry that we used to work with, and also, it is an existing component which we hardly know
precisely the recent quality of it. Even though the material is very durable and we can improve it by
somehow making it super strong, we do not know the fatigue statics of the materials when it was used on
the turbine.

But I think the worst thing that can happen there is you can use it with more caution. When using the
component that could be used for higher loads or lower loads for over-dimension. But it is more for the
structural solution than architectural tasks.

Do you see the lifetime of 50 years of the timber structure can be adapted for a simple structure with wind
turbine blades?

Usually, building structures were designed for at least 60 years. In many timber buildings, it even lasts
much longer. I think it depends on which kind of timber structure they use or different types of wood
(hardwood or softwood). Then after a period, the timber engineer cannot assume if the glue of the timber
still works.

For the lifetime of the structure made of wind turbine blades, I would not be too hung up on certain
numbers, like 30-300 years. It can be even much longer than that. But I would say it is between so much
and so much. So you can have some scenarios for these structures. One scenario is you have 25 years, but
I would not conclude that it is only 25 years. After 25 years, if it is still good, it can last much longer.

So when you make a plan for future blades, people can change it anyway based on their demands. Maybe
after 5 years, they do not need the structure anymore even though they know that it is still good for 20
more years.

And they need to have a certain period to test the structure, at least 5 years, for example, for a temporary
function such as a pavilion or a greenhouse. Then they will know if it is still good to keep using it as the
structure or if they should use it for other elements as other functions.

Interview Silke Prinsse

Relating to the structural ability of the WTB, another interviewee is Silke Prinsse. Besides working as a
professional structural engineer since 2018, Prinsse has been a tutor in the Structural Design &
Mechanics Group at TU Delft's Department of Architectural Engineering and Technology since 2021.

At the moment, the main process for end-of-life wind turbine blades is transforming them into tiny pieces
and using them as a replacement for sand in producing cement, which will be used for making concrete
later on. What is your opinion about this?



Others have mentioned that this process is more about downcycling than recycling. So normally, you have
concrete, and then you have reinforcements. We use concrete that has been used every year. But if you're
changing the ingredients, for example, minerals, the chemistry of the process changes, and it will interact
with the reinforcement steel. That is also sort of a new thing. But without researching what it is, you
know, it changes the whole process, including the mechanical properties or the lifespan. So maybe, in 50
years, it will have a process that we don't know yet.

Compared with normal construction, what is the potential of using these blades as a structure?

One important thing is that blades always have curvature, for sure. There's always a curvature in the
blade, while normally, many buildings are forced straight angular. If you would use part of it, for instance,
you cut this part and look from the side, that's not completely straight. I think that's one of the main
differences. So you always have a strong sort of curvature that you need to design with them. For a
facade, it could still work, but it maybe has some influence on how you detail it because you have this
slight curvature. And I think it also depends on the part of the blade where the curvature is the most. At
the end parts, curvatures like this may be less suitable. But the in-between part might be more suitable.

I'm just curious about all these blades, they're circular in one direction, and then they always have tension
at one side and compression at the other side. For instance, you have compression on this side if it's
bending and compare and tension on the other side. Both sides have the same amount of glass fibres and
resin; they just vary the thickness. I am not sure, but it could also be engineered material in places where
they need more strength.

What is the potential lifetime of this structure? Or how can we estimate it?

It depends on if you put it inside or outside. The turbines rotate all the time. So it's a very dynamic
structure. The blades are designed for fatigue. It is like a dynamic process; if a certain thing has a certain
strength put on it, this is the case it is rotating all the time. The material becomes weaker at a certain
point. This is not the case in a static environment. They designed the material based on a certain amount
of load cycles. For instance, this thing should be there for 30 years; how many times is it rotating at an
average wind speed? So the materials degrade because of the number of cycles.

That is very different when you would put it in a building, and you have a column there, then you just
have a permanent load on it, and nothing is changing.

The degrading of the material, I would say many problems for it in a dynamic situation. When you have
an old blade which is at the end of its lifetime, what is the strength still? That is one of the problems or
difficulties in determining.

So if [ understand correctly, the main factor that affects this material is the weather condition, right?

I would say the most extreme situation it already had is the rotating thing, and when you're just using it as
a partition wall or as a column inside, there's no weather, no wind, or dynamic force that would harm. I
would say 99% of it is determined by the first life as a blade, which has been there for 20-25 years.

Besides the beams and columns, how about other structural elements?



It would also function as a facade material. The only thing is that you need to detail it properly. I can
imagine it's easiest to use it as a roof because it's such a big thing. So if you use it as a column or a beam,
the end part needs to be cut or not be used as a structure.

For some buildings that have been demounted after a certain period, is that mainly due to the materials?

I would say the lifetime is probably not dependent on the material but on the use of the building. If there's
a building that is being demounted after 30 years, then that's the end of it, not the end of the materials. For
the materials, if you use it as columns or beams, it's not gonna degrade like it're doing as a wind turbine. I
think it's determined by other restraints, like the whole surroundings and the building.

In the Netherlands, how is the structure calculated normally?

In the Netherlands, for structural engineering, we design and normally built for approximately 50 years.
When you're designing buildings, you have a lot of factors between the real load and the load you
calculate. Because you want some safety, and the safety factors are based on all statistics, such as how
many casualties we accept for a year. It also depends on how long is the life span of the building. So we
usually calculate for 50 years. But if you, for instance, calculate for 100 years, you would calculate with a
bit higher effectors. That's the philosophy behind calculating structure for buildings.

Of course, when you calculate something, you need some kind of thinking about how many years it will
last. That's the whole philosophy of safety. The average span of a building is 50 years, then it would be
calculated based on that. If every building would be demounted after one year, then this would mean that
the chance of the building falling down is less than when you left it there for 10 years. So that's what I
mean; the philosophy is based on 50 years. That's what I generally do.

What are the challenges of calculating structures made of wind turbine blades?

Usually, in the calculations, we look at two things. The first is strength, we accept a material should be
strong enough. The other thing is deflection. It is a very strong material, and it is deflecting a lot. You
could imagine you can walk on a cloud thing. You put a lot of tension and force into it then you have the
feeling you're falling. That is for the beam or the floor.

What is easier with the column than the beam is that: If you have a force on the beam, then it's going to
bend. The underneath of the beam will be the tension part, and the upper part is compression. With a
column, it is a bit different because you have a force on it, and then you have actually compression in it.
You actually only have compression.

Could you share the relation between the volume and the strength of the structure?

For structure, the material needs to have certain strengths. When its strength is low, that's okay; we can
design it as a bigger component. But when it's super strong or whatever, then we can make it. The strength
of the material determines its size. The blades it's very strong, or at least strong enough because it was
used in these turbines, which often deal with a lot of wind force.



Interview Hoessein AlKisaei

Hoessein Alkisaei works as an engineer and a project leader at Engineers Without Borders, along with
running his own firm Nederland Maakt Impact. Since 2020, Alkisaei has been teaching structural and
building engineering at TU Delft. He is the main tutor of Simon Pronk, who did research about
repurposing WTB as a construction material in 2022.

Could you share about experiences with wind turbine blades as the construction material that you and
Simon Pronk gained from his previous research?

The material is super strong. But it also depends on the way you design it. If the load is way stronger than
the structure, the lifetime is probably one day. So you have to figure out and really understand, like, okay,
what am [ going to use these elements for? What is the application? What are the load forces that are
acting on these materials? And how much can these materials and structural elements take these loads?
And after what time is the element not applicable anymore?

Normally, how do we calculate the strength of a structure?

The first thing you need to figure out is the life cycle analysis. That is the famous lease, the LCA. And the
second thing is a fatigue analysis. So basically, these two things. In addition, you can also do an Ultimate
state - Limit State and Serviceability - Limit State. These are also two analyses in which you also use the
loads in the materials to understand how much and when these elements are safe and stable used. So the
characteristics of the materials are the important thing to analyze, yeah.

What tools did we often use to do that?

We often use a lot of software, and there is one called Dianna, and there is one called Matrix frame. Yeah.
These are well. You can also try on these, but I see also nowadays they are in using Grasshopper. Also,
Grasshopper is not per se the best way to go. But yeah, you can try to see if there are packages in
grasshopper that can do it. But I think maybe the easiest is Matrix frame because it is in 2D, and it already
has regulations in it and other data.

What is its potential lifetime of it? Especially in this case, the structure is made of wind turbine blades.

Well, for instance, like a bridge, the materials in it can stay for 100 or 50 years. However, in buildings,
they can stay for 200 years. It not only depends on the application of the material but also very much
depends on the environment. So like a bridge, its structure is mainly outside, while in the building, it is
inside and hence, is more protected. So that is why the lifetime differs per application, even though they
have the same material. For instance, concrete and concrete, but because of the application and the
environment, the lifetime is very different. So that is why when you start thinking about using these
blades inside or outside, will lead to a big difference. That is why you should look at how this material is
affected by the environment, which means the weather, loads, and people with the foundation. It will cost
time to calculate that.

Mentioning the foundation, is using wind turbine blades also a possibility?



The problem is the shape of it because it is like quite pointy. So when you put a load on it so might it
might go down because it's sharp, though. So in this shape, it is, yeah, I need to do some calculations;
otherwise, it is going to be very hard.

It is a long shot for elements. A pile or foundations are like 40 or 50 meters long, of course. But these pile
foundations are like, for instance, round or square or flat surfaces. But the problem is that the blade is
pointy. It is like a needle, and when you push a needle somewhere inside, it will go deeper, deeper, and
deeper. That this is the problem at the moment with the blades. So if you want to use blades as Foundation
or you put them horizontally, then you need to calculate it to check if it is horizontally strong enough. Or
you need to cut the blade somehow until you have until you remove this pointy element of the blade.

Interview Jos De Krieger

Jos De Krieger is an architect and the founder of Blade-Made, a collaboration between the sustainable
Rotterdam architectural collective Superuse Studios and a number of foreign partners. Since the creation
of the first playground made of decommissioned WTB in 2009, he has been involved in a number of other
projects in the Netherlands involving similar materials.

Having years of working with end-of-life wind turbine blades, could you share the vision of you and your
firm about this material in the future?

Well, I would say the vision for Blade-Made is that we want to inventory and categorize all blades that are
coming away in the next decades and give them a functional second life before they reach their end of
life. So, we should know in advance what is going where. And if that means that everything can be
playgrounds, that is fine. However, that is probably not realistic. And that's why we are looking at the
sound barrier as one of the main solutions for the large flow of material. Because this is a relatively easy
way to make functional storage of the material and keep clear control of all the materials for future
recycling opportunities. So if the sound barrier becomes a necessity or end-of-life, after 25 or 50, or even
more years, all the material will still be together instead of distributed throughout the whole urban
environment.

What are the opportunities and challenges when working with end-of-life wind turbine blades as a
structure?

Well, in general, my experience is that the material is really strong and especially when it is in a context
where it is sort of out of reach because everything can be destroyed. That's why we also have the
possibility to recycle it or downcycle it by breaking it into pieces. I do not know about its structural uses
in buildings. However, just like any other column or beam, there is an opportunity to break it either by
force or fire or by something else. They are something that I'm not worried about, or at least not hesitant
to look for architectural solutions. Although I do find it interesting to see what's possible.

Could you share your experience with the bridge project, which was designed with end-of-life wind
turbine blades?

Well, the bridge was not my project, so I do not know all the details, but [ know that it took quite a while
to find an engineer that was willing and able to calculate this use of the blade. And finally, we found
someone from cement or at least from a wind turbine manufacturer. He was able to make the translation



from blade to bridge in his calculations. Because for a traditional engineer, it might have been too
challenging or out of the standard solutions. So it is basically you need an inventor kind of engineer
willing to come up with ways to prove something that has not been done before. That is always tricky but
also interesting.

Principles of using wind turbine blades as a structure?

Well, basically, there are some simple things that you already know. For example, if the blade is hanging
on a turbine, that is possible. So it is possible to hang it at one point and have it span for the length of the
blade. The problem is when you start to put the way this region, also, on the other end. So, the tip is
becoming part of the load-bearing structure. How much can that hold, and what happens when you have a
dynamic load of people or snow or other things that stay on the blade? What will that mean?

What is the lifetime of wind turbine blades as a structure?

Since what the other experts already said is that the lifespan of the materials basically forever. So it
depends on the application that you make and what the actual life span will be. And if you apply it in such
a way that it is out of reach, then you could say that it is forever. So it depends if it becomes columns or
beams or if it's cut up into small pieces and this rigid everywhere. I think that every cut, in general, will
make the material weaker. Because you are always changing the structural integrity of what it was before.
That is something to be at least cautious or careful about in how many cuts you want to make, where you
make them, and what you want to achieve by doing that.

And the other thing is, basically, most of the blades are high profile, or what do you call it: a square
profile, with an addition of a front and a back...

Interview Jelle Joustra

Jelle Joustra presently working on his PhD at Circular Product Design, in the department of Design
Engineering at TU Delft. His research is a component of the Ecobulk Horizon2020 project, which brings
together partners from business and academics to close the resource loop for composite materials. The
End-of-Life scenarios for wind turbine blades and the design assessment of items for the building,
furniture, and automobile industries are the subject of his current research.

Having years of working with end-of-life wind turbine blades, could you share a brief of your progress?

Well, I split the publications of that into two publications. But basically, it was one big project where I
aimed to segment a large blade into reusable panels and then use those panels in subsequent products, like
simple furniture and construction products.

I did a couple of studies, one of which was reusing or repurposing blades as load-carrying beams in a
bridge. We found that an interesting application, but I also realised that that probably would lead to the
need to design each bridge based on the available materials and based on the available location. And as
such, it will not lead to a large volume of blades being reused because of the relatively high effort.

First, the volumes of blades being involved. given a large number of blades or a large number of wind
turbines that will be decommissioned, I'm looking for a way to make a more systematic approach where
we can use larger volumes at an industrial scale. So a more systematic process can be repeated over and



over again, which would make it easier to process the materials. To process the blades, but also process
and reuse the materials that come from, because I appreciate that the blade as an integral structure is quite
difficult to reuse. Being very large, it leaves a big mark on the objections you're going to design. So it's
more of towards one of the public applications, perhaps.

So I saw segmenting into panels and beams, and other construction elements as a potential solution. And
then, if you come into the area of standardised pedals and beams, you look at areas where standardised
panels and beams are used, and then you end up in things like the built environment, furniture and those
kinds of areas. I did a furniture piece which was a very straightforward application. [ mean, there are not a
lot of very high demands on it.

It has to be structurally sound, and it has to be appreciated by the audience. But it's very easy to assess
like that, and it's a more or less stand-alone product. But then again, you need to find volumes. And I did
a little back-of-the-envelope calculation on my picnic table. And I estimated that about 150 of those tables
would be produced out of a single blade, which is big fun, but it doesn't make that you can use large
volumes of the material for that application. So I needed something with a larger scope, and that's how I
ended up in the construction applications. That's from a philosophical point of view.

And then also, from a more practical point of view, it is a material with high strength and mechanical
properties. It would be useful to reinstate them where those beneficial characteristics would also be used.

What are the possibilities and challenges of the material that you have experienced?

I think the opportunity of the material as such is that it's a pretty high-end material. It's very stiff yet
relatively lightweight and strong as well.

If you dissect a wind turbine blade into different components, then you'll see that the panels that come out
of it are made of a sandwich structure that's strong and stiff yet lightweight. And then you have the beams
from the spar caps, which are really strong. So that's the strength heart of the unit, and then there are light
panels outside of it. there's a very clear benefit in terms of mechanical performance. In addition, if you
treat it well, it can last for a very long time. Because basically, it does not corrode or deteriorate out. It is a
very stable material. So, I think, from a very pure material properties point of view, those are the main
benefits.

And then, of course, on the other hand, there's the benefit of the supply. There are a lot of materials
available. And there's a good story in it. This is a sustainable pathway for reusing these materials because
we don't have a very suitable exciting path at this moment. But actually, that is not much of a benefit but
more of a need. We need to do something useful with these materials because there's no suitable recycling
pathway yet. And the other ways that we have now are just destructive in many ways.

Challenges, I've listed most of them in my papers so you can refer to those. If you are going to reuse a
material like this in a secondary application, your secondary application relies on the initial specifications
of the original product. Usually, if you're designing a product, you can set your specifications. There are
many things you don't rely on as much you just specify, and then you find a solution to match those
specifications. So there's more of a backwards and forwards in that, more of a discussion between the
material availability and the application you want to achieve. So there is a conversation between those



two, and that's at the point of geometry. So does your geometry line up, does your well, and then you
come into all kinds of specifications you need to fulfil.

If you're looking at applications in the built environment, then you're looking into fire safety, structural
integrity certification, how to process the material, how to cut the material, and how to do your
calculations. They are all well-known specifications, sometimes it met, but sometimes it did not. There is
a lot to find out about this, and there are a lot of gaps that need to be filled before we can implement this
material at the large gap.

Possibilities to calculate the structure ability of this material?

Theoretically, I think you could do very good modelling. So you have a model of the blade, and you have
the data of the wind conditions it was exposed to. Then by combining those, you could estimate the
properties when you obtain the blade. That is modelling, and you need to have good trust in the model to
trust that the materials have quality. Then there are some other approaches, some studies, such as the
re-wind consortium, for example, has taken. They sampled out of the blade and took destructive testing on
them. So that you know what is the property. And there are some more varieties on this...

So you can do it purely based on the models and obtain data, or you can do it very locally and test with
marshall motor or do just very big of dimension just to make sure that you don't run into any troubles.

From your research, approximately 55% of a wind turbine blade can work as a structure. How about the
other parts, such as the root and the tip? Does it mean they should be removed or not contain structural
responsibilities?

That's exactly what I signalled that should be further investigated. They are still interesting materials, but
the route has very thick laminate and a solid curved shape. It is a plane cylinder with an approximately
10cm thick solid glass fibre laminate. It is hard to process and find a direct reuse option. And the tip has
much thinner laminate but is also more strongly curved or double curved, which makes it less likely to
find a direct reuse solution. I'm confident there are probably good opportunities for both, but it would take
some more effort to find suitable solutions.

What is your perspective about the lifetime of the structure made of WTB?

It will depend highly on the type of loading scenarios it will be exposed to and the environmental
conditions. Indoor use will have the potential to last longer than outdoor use. As a little note, it can last
forever, which is the problem with this material. Another note is that the resin is not very UV resistant. So
if you expose bear epoxy or bear polyester to UV radiation, it will start to discolour and disintegrate.

Some of those blades have Bansal wood as a core material, and if the Bansal wood is exposed to water, it
will absorb water, decompose, and deteriorate well. So it can last forever. But you have to take proper
action to make sure that you protect the material well.

If you left that blade more or less intact, they would have to worry less about exposing the core materials.
However, the coatings on the blade can also wear out and still expose the underlying composite material.
For example, five blades were used in Rotterdam, the Wikado playground. There was a paper written by
one of your colleagues from the architecture on how these blades performed after 20 years. They found



that at some points, the coating would wear out, or at some points, the resin would start to reach out. It's
just exposed to the environment.

What is your experiences with multiple-use cycles of the wind turbine blades?

Before designing new blades, we should consider what will happen at the end of their initial use cycle.
Looking into the future, we have to consider what technological availability or processes will be available
to handle the blade and what type of demands you would like to fulfil. So there's a lot of planning in
there. So you could try to pinpoint a fairly specific use case and then design your blades to be usable or
reusable.

But it also leaves a larger risk. Because you don't have a good plan, you are less certain about these
specific use cases, which will be relevant 25 years from now. So it would be valuable to think we have to
design for a range of use cases, and they are sort of uncertainty that you have to address in the design.
And I'd be very interested in investigating further.

Does this lifetime also work for furniture, like the picnic table you have made?

It would depend on your application. The picnic table could last for 25 years. And then people get bored
of looking at the same picnic table. But as it is indoors here, I do not see any reason why it should fail
somewhere in the next 25 years. It just needs a little care, a little maintenance polishing up, and maybe
redoing the paint every once in a while. But easily it will be decades.

Interview Tillmann Klein

Regarding the buildings skin, Tillmann Klein was invited for the interview. He is a professor of building
product innovation at TU Delft. He has been there since 2005 and completed his PhD in 2013. Besides
working in architecture and building technologies for many years, at the same time, Klein is also leading
the Facade Research Group. He is the editor of the Journal of Facade Design & Engineering and the
project leader of the Leasing Facades research.

In general, what is your perspective on adapting wind turbine blades in the building s construction?

The problem is that it has a very distinctive shape. They are very strong, durable, and flexible. So using it
in construction is something that you need to understand the property of the material. Constructually, you
can say, okay, it is over the dimension of the system, and I will replace other materials which I normally
use for that building. That is the benefit you create. Instead of using new components for the building, you
use the wind turbine blade, which otherwise does not have other uses anymore. That is the effect that I
understand. The only problem is the distinctive shape; you have to design with that.

Indeed the form of the material is distinctive. Normally in architectural design, we have ‘form follows
function’, and now we have another way around. To clarify more about the structural quality, I will have
a discussion with a structural designer and an engineer from the faculty of Civil Engineering at TU Delft.
How about the ability to adapt this material on the facade, such as the sun shading, facade skin, or
exterior cladding on the roof?

Facade cladding or sun shading is something to take into account because you have joints in between
different blades, which have distinctive shapes. So you have to make sure that it works. You can have



overlapping types of cladding. For the massive construction of this type of function, you can cut the blade
into smaller pieces and use it that way. This way, it will be related to how many blades have the same
dimension that you have found.

In a wind farm near Eemshaven, there will be 102 blades that are 35 meters. They will be
decommissioned in and around 2030.

That is a big number, but it is good when you look at that. This material will gonna last a very long. In the
manufacture, they were made for dynamic loads, like the wind load. In the structure, they will not be so
many dynamic loads like that. Even if they are in the outdoor weather, I do not see why they would
degrade. They will last very, very long. The only thing that can become a question is how they will be
looked like in close. Normally you do not see them so often because they are very high up. It is necessary
to see what their surfaces look like. Maybe you can coat them, to make them look the way you want.

The material itself can last very long. But in terms of regulations for buildings in the Netherlands, what is
the lifetime of it each buildings element?

There are no precise regulations like that. What we have is general restrictions on certain components that
we believe they should last. This means we do not need to replace them if they are still in good condition.
For turbine blades, I believe they are very strong and very sturdy elements.

They might be over dimensions anyhow. This might be related to how you calculate them for the structure
part and how you test them. But I would not be worried about something happening to this structure. You
may realize if something happening after using it for a long time.

How many years that the material will be durable as a facade?

The number of years that turbine blades will last as the building’s facade is uncertain. It is very long since,
over time, they wear just by UV light and weather. They are made for much more difficult situations than
facades. It is also a matter of surface treatment. If you coat them regularly, they will go on forever.
However, that would be more a matter of aesthetics rather than life extension. That stuff does not rot.

Could you share more about the maintenance process for this type of facade?

For the maintenance process, taking the ‘bathtub’ museum in Amsterdam as an example, its surface was
made with a gel coat, which is a paint. You have this white or coloured paint, and you also have it on
sailboats. That is basically a kind of painting that was sprayed into the mould. And then the elimination is
on top of that when you take it out of the mould, right? The gel coat has this nice surface. It is a very
sturdy coating, but what happens with time is that surface gets appears chalky due to the UV light. So you
need to polish it and put wax on it. That is what you have for boats. So I can imagine that this is also
something you have to do once in a while with this type of material.

But you also, you know, also aluminium, panelling, you also have to clean it. It can also lose its shine, but
you can solve it by polishing it. Just like a car, once in a while, you need to give it a good polishing job.
What happens is that the surface is relatively smooth than with time; some parts of the surface rot, and in
these gaps, the dirt is getting into it. What you normally do with that is polish it down. You grind down



the peak, and you fill the valleys with wax. You have to basically clean all kinds of facades, like
aluminium facades, which you have to clean once in a while.

Another alternative, for example, is Trespa. It is a material that is a composite of layered paper and raisins
pressed on high pressure. Sometimes they make furniture of it. For facades, you can get them in all kinds
of colours. It's a plastic element that is very much used as a facade. It is super sturdy. I have it as a kitchen
countertop. They were not cleaned at all. Once in a while, you need to clean it. Maintaining this material
is not for safety reasons. It's just really more for the looks. For panels that are five or eight millimetres
thick, right? They are not going to fall off. They don't look that nice anymore, and then you can have a
surface treatment like a car. When you don't do anything, it gets greyish-red. If you polish them, the
whole colour comes back.

So rainwater cannot clean the dirt on these facades if I understand correctly?

If you see it, you know, when it turns a bit dirty, you don't really see it, right? You also have bricks. Bricks
sometimes stay there for 50 years, and no one is doing anything. But sometimes, you see where the brick
facade is just cleaned. And you see, it's a much lighter brick than you thought, you know, old buildings
are always dark brick buildings. If you're cleaning, they got reddish, right, but it's not. You don't clean
them because they deteriorate; you clean them because sometimes you need to improve bricks, depending
on how you use them. If you have a brick and you have a cavity behind it, it's not an issue, but sometimes
you have massive brick walls. It's good to impregnate once in a while, but first, you need to clean it.

Those facades they don't really low maintenance, but once in a while, you have to do something about it.

How often do we need to clean the material? For instance, the surface of the sailboat or the aluminium
facade? What are the impacts if we clean it or polish it regularly?

Cleaning the sailboat is one thing, but the polishing job takes more effort. But when you bring a new wax,
cleaning the boat is easier. At least one time a year, you should give the boat a good polishing job which
brings on new wax to protect it. For the facade, it will be longer.

For the facade, for example, if you take an aluminium facade, technically, you don't have to clean them.
They are not going to fall down, but they're going to look a bit shabby after a while. If you don't do it after
five or ten years, it will cost much more effort to do it than doing it in 1 or 2 years. Most clients don't
want to spend money on it, but the professionals say, no, it's cheaper. If you do that more regularly, in the
end, it is cheaper than waiting too long when you have to get really dirty stuff off.

But, you know, what the environmental impact of these cleaning is, I cannot tell you. That is surely an
interesting question.

For wind turbines, I don't think they clean them. What I know is that they sometimes buy old windmills,
which are not turning at such high speed. For the new big one, their wingtips go with a very high speed. I
have been on a windmill once. It’s very, very cool to go inside and be on the top. They explained that for
the new big and bigger windmills, there is more wear on the wing tips at the end because they go very
fast. And when it’s rain and hail, it really wears the wing tips. So every once in a while, they had to recoat
the wingtips just to make them last longer. And the old windmills didn't have that problem because their
wingtips turned not so fast. So they're not so much affected by rain or hail.



When you have it in a building, I think you just rather clean that for the looks, for aesthetic reasons.

Besides, I think the furniture is what you need for the surface to be nice. I'm sure they coated them; they
put a coating on top.

Do we also need to clean or maintain the joints of this material? Such as the steel frame or metal details
that carry the cladding elements?

No, no. You have to design the joints. So they can last very long. You don't, you know, don't need to
maintain the joints. Especially if you need all the detailed things, you have to use stainless steel. If you
build close to the sea, which has salty air, you have to make it with a good construction that doesn't rust
away.

They had some problems that happened for some buildings in the 60s. Those big old housing blocks. On a
noise, they were built with steel anchors. And some of them collapsed. So today, you have to have the
cladding with breaker big brick facades. They're using stainless steel anchors, so that doesn't happen.

I think this is really more of a structural problem. That's something you need a structural engineer to help
you design the connections. We can do it, but normally, as the architect, you don't do that. You need to
make sure that it will be designed properly, but you don't design it yourself.

And structurally, I'm curious what the structure engineer says, but I think normally a windmill is using
blades like that, right? But now you're going to use it as a column or as the beam, so it's a very different
way of using it. The tricky thing is that it is just all over dimensioning. If it was shorter, it could be more
stable.

Interview Eric van den Ham

The potential of WTB in the services part will be elaborated by Eric van den Ham. He teaches climate
design and building physics at the Faculty of Architecture & the Built Environment at TU Delft.
According to the faculty, in energy performance assessment of buildings, he is a specialist who has over
30 years of experience as a climate design consultant.

In general, what are your opinions about the scheme of expanding the lifetime of end—of-life wind turbine
blades?

For the blades, the material itself can last forever, but I think the reason you exchange its abilities for
other reasons is that it's so you have this scheme. Okay, structure, the longest period, and all the other
things have a shorter cycle. Because the materials are not functional anymore, but this is because of
functional reasons or whatever. So, in the end, you can use this material for as long as you want. If you
can make a building, there's a structure. That this is the most sustainable solution because that will last the
longest time.

The problem is that these things are huge. The blade itself is a huge duct. And in some buildings, you
have huge ducts. In a large theatre, for instance, you have ducts size of a meter. So they can be used
directly as air ducts. Then you have to use the full product or how it fits.



You can also put it vertically because it's strong enough. One of the best ways to use it is to make use of
literally the strength of the product. You cannot use this to replace the conventional structure, you have to
come up with new ideas and new applications that you have this new product in the building industry, like
your references.

What is your opinion about integrating this material into the building’s services, for instance, the air and
water system?

Air ducts, like I said. They're usually made of aluminium or steel. They come in different sizes, varying
from more than the one-meter in diameter to 10 centimetres in diameter. Then you have air handling units.
These are basically large boxes with a lot of components inside. They have to be sheltered. So when if
they're on the roof, they have to be sheltered. That the shell of the air handling unit, it can be made out of
40. It is just to protect it from the environment.

Besides, it can be a water container. We have the whole water system in the building, such as the pilot and
the wastewater. These are usually made out of PVC. You also have rainwater storage. That is more and
more common nowadays. So you have to have plastic rainwater storage tanks. I can imagine you use a big
wing as a rainwater storage tank. Usually, these are boring black plastic tanks. They can be huge. So a
rough calculation of the volume inside the wing, based on the dimension of it that you found. So if I
average it out, I would say, on average, 1 m2 serves over a length. If you would use this in rainwater
storage, it will be ranging from 10 to 40 cubic meters. It's a small wing of 10 cubic meters, and it's a very
large one with 30 or 40 cubic meters. And that's really useful for a storage tank.

Do they need to be maintained regularly? Normally how can they do that?

There's no need for maintenance. Every now and then, it's emptied, and they will spray it inside after
approximately 10 years or more.

A nice thing about this is that you can also put it above ground or partly above ground. Normally when it
is underground, it is the ugly black plastic tank. When you use the wing to make it and put it on the
ground, besides the accessibility, as a wing, it can be made as a part of the landscape. It will be replaced
or changed easily, compared with the underground tank.

How about other systems?

We have the whole heating system. But I do not see any applications for them. For example, the radiator
is fairly standard. That does not really make sense to remake it with blades.

But for the air system, it is very potential to make a shelter for the air units. When you look at all those
buildings, you see all the stuff that's on the roof. They are aluminium or metal boxes on top of the roof.
These units have to be insulated and are even considered quite ugly. You can think of using each part of
the wind turbine wing as a nice aesthetic cover. They will also play as sculptures on top of those roofs.
Almost every building now has this kind of stuff: housing or office buildings, or industrial buildings.
These shelters typically have a life cycle of 15 years.

So, we had applications of the wind turbine blade in the water and air system, not for the heating
facilities. How about the electricity system?



It is possible if you can make some kind of ducts, but then we have to assemble it. For other parts, such as
electricity boxes in the technical rooms, you can apply them there, but no one is going to see them, so it is
not for aesthetic reasons. And these boxes for the electricity system are really standard. They require
acoustic insulation. I think it is more sustainable to use the material that they often used. Another
approach is what we usually do, placing these things on the roof with the PV panels. They can be made of
the cheapest materials; then you put the shelter to protect it. Especially when we have it on the roof, you
can replace them with way more parts of the wing. And then they can become part of the architecture.

Related to these services, but outside the building, the electrical box on the street is also a potential option
to adapt parts of the wing. We have to design the connections, of course, and then you have to assemble
them from different parts. Then you can make that urban furniture instead of a plastic box. These sit there
for 20-30 years.

Are there any other applications that?

Another thing just came to my mind is sun shading. It belongs to the facade part, indeed. But you cannot
restrict me to a limitation of services and installation. I think it's really possible to make very nice
sun-shading devices.

Interview Felix Tarantik

Toni Egger and Felix Tarantik are founders of a design firm in Switzerland and southern Germany. Their
furniture made of wind turbine blades has been presented at Milan Design week 2019. The collection
includes desks, coffee tables, stools, and bookshelves. The dimensions of each piece varied depending on
the type of WTB used. The desk is approximately 280x90x75 centimetres (length x width x height), and the
shelf is 215x332x45 centimetres. Due to their function, extra materials were added beside the WTB, such
as a glass plate for the desk and a leather cushion for the stool. Each piece of WTB in each product was
coloured with a layer of high gloss paint.

I am glad to see you today, Felix!

Very nice to meet you, and excuse my beautiful sweatshirt. We have a Christmas party later in the office
today. This is the best Christmas already.

Haha true. I just found your projects just recently, a lot of colourful and luxurious pieces of furniture,
especially the one that was made of wind turbine blades. Could you share about your team and your
Jjourney to work with wind turbine blades?

Toni Egger and I, Felix Tarantik, founded Tarantik & Egger in 2015 to realise extraordinary design
projects. We both hold an M.A. in Design from the University of Art and Design in Basel, Switzerland,
and live and work in Switzerland and southern Germany. Being this close to the Alps, where ski gondolas
are a typical sight, we were fascinated by their quality build. Our first project was turning such ski
gondolas into saunas, “Saunagondel”. We presented it at the Salone del Mobile in Milan in 2016, getting
press and selling them since then.

In 2019, students from the University of St. Gallen, Switzerland, approached us with a question: “Can you
design products from old wind turbine rotor blades?”” They’ve seen our Saunagondel at an exhibition, and
because both projects have upcycling high-end industrial products at their core, we collaborated. The



students had access to the material, and we designed a set of indoor furniture. Together we presented in
Milan in 2019.

How did you come up with the idea of producing furniture with wind turbine blades on a large scale?

We wanted to impact the material as little as possible because it is incredibly hard to machine it, and the
incredible sturdiness comes from the original form and build. At the same time, we wanted to move it into
the home, the most extreme difference from the high-up outdoor place it originally is. We, humans,
interact with tables, chairs, etc., multiple times each day and look at them and feel them constantly. This is
why we developed our indoor furniture series using wind turbine rotor blades. To bring the unique form
and high-end material close to our lives. With that, also the challenge of how to recycle this material
comes close to us.

Besides couches, desks, and bookcases, since 2019, are there any other experiments with wind turbine
blades that the company has worked with?

Recently what we have designed is a lamp. Besides that, there are multiple other opportunities, even
outdoor furniture, because the material is sturdy, and there are endless possibilities with this material.

Normally furniture often has a limited lifetime; what is your opinion or vision, or expectation of the
lifetime of furniture made of wind turbine blades?

I want to challenge the question. I wouldn't read it as the physical life of the product, but it's the societal
lifetime of usage. Because you don't remove the interior of an office or a space plan after 20 - 30 years
because it's broken. You remove it because you want to change it. So it's not because the furniture or the
objects are broken when they need a replacement; it's because society or the people, or the group using
that space has new needs or change needs.

In other parts, I think we always need to think about what lifetime. Do you need to replace something
because it is actually broken, and you replace it with the same kind? Or do you actually want to replace
something because maybe something's out of fashion? You don't wear your T-shirt anymore, and you buy
a new t-shirt not because your old t-shirt is not good, but because it's your old t-shirt is out of fashion.

I think this applies to our furniture, so from a material point of view, the lifetime is pretty much endless.
So for stools, their leather cushions can last for 20 - 50 years. For bookcases or desks with glass and wind
turbine blades, it is too much longer.

So, it's not a question of how long it will last. It's a question of how soon we want to replace it. And then
it's a question about culture, trends, fashion, and sustainability. So obviously, there are tons of things
around that. Many good objects, when they were designed to a certain quality, last almost forever.

As these pieces of furniture have a unique design and can last very long, how are the possibilities for the
users to change or upgrade them?

I think it's a good question. Furniture is updatable. In this case, with the rotor blade material, I think it is,
in a very good way, actually. If you do not alter it too much like we did not, we kept its original structure



and form or changed it as little as possible, there will be more possibilities. We transformed it into
furniture for a really new use. But you could do that again at any point in time. It is the changes that we
applied are a kind of sanding it even and colouring it. Painting it with very high-quality paint, but you
could easily remove the paint, as you can repaint it or you can change it into any other form that is more
altering than before.

So the potential for future changes in our design is incredibly high because the original changes that we
applied were very low. I think it is like a bank account of possible changes. So when you end up in the
first upcycling, when you withdraw much money from the changes bank account, you only have very
little left for a future change. But if you withdraw only very little in the beginning, you have a lot of
potential and money left for future changes. And this is what we did.

We did change the wind turbine blade very little in the beginning, so even after 50 years, the table can be
updated into something very, very different.

Do these pieces of furniture require any special maintenance?

When it's indoors, nature doesn't have an effect and it needs to say maintenance as any other indoor
furniture: to be wiped down once in a while. As long as you don't harm it, you don't need to maintain it.
The other case obviously is true for outdoor furniture, when it's exposed to the weather. Then you need to
clean it regularly every year at least.



