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Abstract 

 

Wind energy has been growing and evolving in the past decades. The size of the wind turbine 

blades have also been increasing and with a life expectancy of around 15-25 years depending 

on the wind class of the blades, there are little afterlife applications currently available for 

these blades. Recyclability of the blades is complicated due to the fact that it is made from 

composite materials, mostly epoxy and fiber glass. This creates an obstacle for the amortized 

blades, since disposing solid wastes in landfills have been restricted through legislation within 

the European Union (EU). With the current situation and the aim of many EU nations to reach 

their Sustainable Development Goals in 2030 and 2050, there is no doubt that these countries 

will have to find options to deal with the amortized blades. As the title states alternative 

methods on processing the end of life (EoL) wind turbine (W.T.) blades most likely 

applicable in the Netherlands and the EU or the globe will be discussed. 

 

Four methods are discussed namely: pyrolysis, refurbishing, pavement application and 

landfilling of the amortized/EoL W.T. blades The most prominent options of dealing with the 

end-of-life rotor blades are:  burning of the blades cut in pieces and use the heat to generate 

energy, pyrolysis and use the filler material in cement. Another option is to use the blade as an 

artificial reef which can be if given some time, beneficial in ecological terms. The artificial 

reef would function as a breeding place for a number of undersea life species. All the 

aforementioned options are viable solutions, but still face many obstacles due to lack of 

equipment and policies regulating and stimulating recycling the blades, transportation costs 

and maturity of applicable technology available at the moment. 

 

In order to analyze the four methods a lifecycle assessment (LCA) has been conducted with 

the software GaBi (education version). This software was utilized in providing an indication 

on the environmental impacts each application or process has. A business case for recycling 

the EoL W.T. blades was also done in giving some insights on how financially feasible each 

process is. The LCA and business case were conducted with data obtained from the limited 

literature and assumptions. Pyrolysis and the pavement application based on the results have 

shown to be the most viable options in reducing the waste currently.  

 

Around 20 percent of the blades in the Netherlands are refurbished and resold to buyers 

within and outside the EU. These blades also need to undergo a certification process before 

being sold to purchasing parties. Pyrolysis of the decommissioned blades is currently not 

applied in the Netherlands. Refiber, a company in Denmark was active in the pyrolysis 

process of the blades, but has been inactive for more than 10 years. The company claims that 

5000 tons of amortized blades are required for the process to be operational. Extreme Eco 

solutions is currently active in the W.T. blades in pavement application within the 

Netherlands. Most blades after reaching their end of life are landfilled in the Netherlands due 

to its complexity in recycling them.   
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I Introduction  

1.1 Background  

Wind energy is due to an abundance of wind power available, an effective alternative in 

replacing fossil fuels and reducing the CO2 emission in the Netherlands. The Netherlands 

aims to reduce its CO2 emission drastically and also attempts to be free of carbon emissions 

in 2050. Due to lack of sunlight and lack of area for a solar plant, wind energy has the edge 

over Photo Voltaic (PV) solar energy as PV technology is still being developed in order to 

improve its efficiency. There are a lot of windmills currently installed in the Netherlands. 

Most parts of the wind turbines are recyclable except for the blades. The afterlife usage of the 

blades is a cause of concern at the moment. Not many alternatives are available and with the 

prospected wind turbines to increase in the future within the country, an effective solution/ 

solutions should be created. Current available options will be explained and analyzed in this 

report and other alternative solutions will also be mentioned and worked out in detail. This 

work will not be limited to the available technology, but will also consider the social, 

economic and environmental impacts [1].  

 

1.2 Problem statement  

1.2.1 Problem statement  

The EU-countries has many plans and policies set out with the aim to reach their sustainable 

development goals. Renewable sustainable energy is one of the aforementioned projected 

goals, in which wind energy is part of. Due to the fact of its high wind energy potential, the 

Netherlands has invested and implemented highly in wind turbines to ideal locations. In the 

last years wind mills have proven to be an effective source of energy in the Netherlands. Most 

parts of the wind mills are recyclable except for the blades. These blades have various lifetime 

expectancies due to weather conditions which may cause these to be damaged and replaced as 

a cause. Average life expectancy is around 20 years and there is no concrete plan on how to 

deal with the amortized blades. This thesis will focus on the afterlife use of the amortized 

windmills. Current and future options will be discussed and elaborated. Which sustainable 

management strategies can tackle the issue, which policies should be created and 

implemented for an effective result. This thesis will also look at options how the solutions can 

be integrated within a framework.  

 

1.3 Research objectives 
The objective of this research is to explore ways on how recycling the end of life blades can 

be of economic value without harming the environment. A stakeholder analysis will also be 

conducted. End-of-life alternatives which currently may have an effective impact on dealing 

with the issue will be discussed. Based on these findings a choice will be made which options 

can be implemented in short term and which steps should be taken in regards to policies and 

the roles and responsibilities of the stakeholders. 
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1.3.1 Research questions 

With reference to the introduction the main research question can be described as follows: 

1.3.2 Sub questions 

Please find below the sub questions linked to the main question described above.  

1. What is the current Technical state of the art of the afterlife application of amortized 

wind turbine blades in Europe? 

2. What is the environmental impact of the current afterlife applications? 

3. Which environmentally benign alternative technological options are suggested in 

literature and by experts? 

4. What is the expected environmental and economic improvement compared to the 

current afterlife application of amortized wind turbine blades? 

 

  

What is the technical and environmental state of the art of the afterlife application of 

amortized wind turbine blades in Europe and which options are suggested in the academic 

literature and by experts in the field to improve the economic and environmental 

performance of the afterlife application? 
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1.4 Wind Energy in general  
 

Wind energy has made several progressions in becoming more efficient in the last 

decades (Figure 3). The blades are much lighter and much more energy. With all the 

aforementioned attributes of the blades, come some challenges which needs to be 

asserted. Lighter and much efficient blades have been growing rapidly in recent years, 

which make it difficult to install and decommission after reaching its lifecycle. 

Another crucial problem with the blades is that the composite materials from which 

the blades are manufactured are difficult to recycle. This has put the wind energy 

application in somewhat of an imbalances scale given below in Figure 1. 

 

 

Figure 1 Pros and cons of wind turbine weighed on a scale 

Since landfills are phasing out within the European Union (EU) and reaching the Paris 

agreement in which CO2 emission targets have been set by a number of countries, the 

necessity of tackling the issue on recycling or reducing the waste stream of amortized wind 

turbine blades has emerged. These occurrences have led to the creation of circular economy in 

which recycling or reusing of waste streams is stimulated. In Figure 2 you can see the three 

main pillars for recycling the wind turbine blades. The methods in tackling the issue will be 

elaborated in the following sections of the report. 

  

Evolution of the 
W.T. blades 

Recyclability 
issues of the 
W.T. blades 
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Figure 2 Three main pillars for recycling W.T. blades 

 

 

Figure 3 Development of larger and more efficient blades 

Paris Agreement 

Circular 
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EU policy 
on closing 

down 
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1.5 Policies and materials used in the wind turbine blades  

1.5.1 Evolution of policies within the EU  

Hydroelectric and wind energy became the main sources of renewable energy in the world in 

2016. Although wind energy has had a steeper growth compared to hydroelectric energy. The 

global cumulative installed wind power capacity, increased on average by 15% onshore and 

33% offshore yearly between 2010 and 2017. Offshore wind power has the higher increasing 

rate due to its higher producing power capacity. 

Policies on improving the solid waste management in Europe have undergone many 

alterations as is given below in Figure 4. 

 

Figure 4 String and changes of policies in favor of tackling climate change issues 

throughout the years [2] 

The status quo on Climate change, Greenhouse gases and Energy security has a trend of 

growing political concern on a global scale, consequently leading to environmental legislation 

and the development of renewable energy technologies.  

Wind turbine blades are a crucial part of the system due to their aerodynamics, weight and 

structural properties in capturing kinetic energy. The development of the blades in recent 

years have, been designed in such a way improving their material properties, performance and 

economy. They are also designed to resist certain conditions like extreme gusts causing high 

structural loads. Testing of the W.T. blades is done on static extreme load matching to a 50 

year gust wind and a cyclic loading similar to a 20 year fatigue life [2]. 

Recycling wind turbine blades is challenging as a consequence of the following factors: 

¶ The blades consists of a complex material composition of fibers, namely Polymer 

matrix and fillers 

¶ The cross-linked character of the thermoset material makes it difficult or impossible to 

remold the material 

¶ The wind turbine blades during their 20 year lifetime are continuously exposed to 

numerous hostile conditions such as extreme temperatures, humidity, rain, hail impact, 

snow, ice, U.V.-radiation, lightning and salinity 
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¶ After their life-cycle of 20 years, most of the blades cannot be refurbished and reused 

due to damage of the material and or erosion of the edges of the blades 

¶ The size of the blades, especially the larger ones are a cause of concern in terms of 

logistical problems like dismantling, transportation and cutting [2] & [3]. 

 

In 2008 the European Union (EU) climate change and energy package was enacted with the 

aim in reducing greenhouse gas emissions and minimizing the dependence on energy sources 

coming outside the EU. The adopted package by the EU contains these instruments: 

I. EU Emissions Trading Scheme (EU TS). 

This is a system that keeps a tab on the quantity of industrial greenhouse gases which 

can be emitted. Emissions allowances are provided for the companies, which can be 

traded among each other. The climate change and energy package consists an 

amendment to Directive 2003/87/EC in order to improve and broaden the Emission 

Trading Scheme. 

II.  Greenhouse gas (GHG) emissions target.            

An EU commitment was adopted in which member state have agreed upon reducing 

greenhouse gas emissions by a target level   20% in 2020 compared to the GHG levels 

in 1990. 

III.  Renewable energy sources (RES) 2020 target.             

A target level of generating 20% of energy from renewable sources in 2020 was set by 

the EU. Target levels were decided per member state. 

 

1.5.1.1 Recycling economics 

A comparative analysis can be utilized in determining the economic viability of recycling the 

WT blades. Pre the installation phase of any WT project, a decommissioning plan is created, 

mapping out potential costs and time roster for disassembling and disposing wind turbines 

and co related infrastructure after their life cycle. Evaluation for future decommissioning costs 

is difficult because of the following factors: 

¶ Salvaging or maintaining value of the materialðFluctuation of market value of 

materials are unpredictable 

¶ Costs for recyclingðRecycling methods are still being developed, which will reduce 

the cost of the applied technology in the near future. The extent of this occurrence is 

for the moment uncertain 

¶ Costs for disposalðA tax on the disposal of the waste is included. The tax on landfill 

disposal (Directive, 1999/31/EC) can be charged by weight and type of material. 

Aforementioned, the EU landfill directive in 1999 aims to progressively reduce levels of 

biodegradable waste ending up on landfill and banning landfilling of certain hazardous wastes 

like liquid chemical waste, wastes from clinics and hospitals and used tires. Every EU country 

has interpreted and applied the directive in their own way. Germany was the frontrunner back 

in 2005 when it banned untreated municipal wastes on landfills. This led to materials with a 
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high content of organic material, like wind turbine blades containing 30% organic material to 

be allocated for alternative end of life applications. Figure 5 indicates an overview of the 

waste stream of materials associated with Wind Turbines and the end of life processes 

available for those materials [2].  

The Netherlands also has a ban on municipal and industrial wastes ending up at landfills. 

Despite this ban, most end of life non-revisable wind turbine blades are landfilled without fine 

or payment. Main reason for this is that the central government and the municipalities 

acknowledge the difficulties for recycling or processing the blades [2].  

1.5.2 Material stream and growth on a global scale  

 

1.5.2.1 Material of the blade  

The WT blades are manufactured from composite materials consisting of more than one 

bonded material, each material containing different structural properties. One of such 

materials, known as the reinforcing phase is implanted within the other material in matrix 

phase. Once the composite is designed and manufactured adequately, the reinforcement 

strength is accumulated with the matrixôs toughness resulting in an accumulation of viable 

properties which not available in other conventional material. The possibility of gaining a 

high ratio of stiffness to weight is one of the important advantages of using composite 

materials. Composites applied for engineering applications are usually advanced fiber or 

laminated composites like fiberglass, glass epoxy, graphite epoxy and boron epoxy. These 

materials are not easily shaped than isotropic materials like iron or steel. Therefore special 

consideration must be made in establishing the properties and orientations of the different 

layers considering each layer probably having various orthotropic material properties [4]. 

A wide range of WT blades are manufactured from GFRP with either polyester or epoxy 

resin. Other designs or types apply wood-epoxy or alternate materials. Smaller blades are 

manufactured from steel or aluminum, but heavier considering the scale and weight length 

ratio [4].        

The lighter the blades become, the more efficient the use of material and the generating 

energy capacity becomes while also reducing the costs to produce them. Carbon fiber based 

composites are usually applied for much longer blades in order to lower the weight of the 

blades (from 20-28 Tons at a length of 61.5m). CRFP is also easier to mold compared to 

GFRP and also has a superior stiffness. Although the application of CRFP demands entailing 

accuracy, it also has higher production costs [4].  
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Figure 5 Stream of materials linked to Wind Turbines and the available processes for each material [2] 

 

 



9 | P a g e 
 

The average recyclability of all the wind turbine components is estimated to be 80% by mass, 

without the foundations. Although the blades, foundations and waste stream from components 

contribute to the largest number of wastes which end up on landfills. Wind turbines mostly 

contain the following materials like steel, aluminum, glass fiber, polyester, carbon fiber and 

epoxy. Most materials like the metals are easily recycled, but that isnôt the case for the glass 

and carbon fiber materials. Vestas WT blades for example are mainly made from Carbon 

fiber, Glass fiber, epoxy resin and polyurethane (PU) adhesive which makes it difficult to 

recycle the blades [2].  

1.5.2.3 Outline markets for glass fibers  

Many factors come into play concerning the recyclability of a material like glass fiber, but 

more importantly the availability of a market for the recyclate or material should also be 

carefully considered. Companies which take responsibility for each of their own waste 

management, undergo difficulties when it comes to the economic scale and costs for 

transportation involving waste management. For that reason a reliable feedstock and demand 

is necessary, which can be achieved by creating cooperative programs. The main focus will be 

on recycled carbon and fiber glass materials in which the market for these materials will be 

investigated [2].  

1.5.2.4 Carbon and Glass fibers [2]  

Reinforced fiber composites are light in weight, have good strength and are chemically inert, 

which are the reasons why these materials are largely applied in a great number of 

applications. This is especially applied within the aerospace industry, the Boeing 787 

Dreamliner for example is made of 50% composite material (by weight). The production of 

glass fiber has been increasing in the last years. A total of 1 million tons of GFRP was 

produced in Europe back in 2010, which was an increase by 25% compared to a year before 

in 2009. The increasing trend led to research of significance in finding methods for recycling 

the GFRP materials. It should be mentioned that the cost of recycling processes and an 

insufficient market for the recyclate, can be acknowledged as the important shortfalls in 

implementing the recycling at the moment. If recycling becomes necessary, through 

legislation for example, it would still require some time and effort in developing a decent 

market and recycling methods. Glass fiber composites are produced on a large scale 

throughout the globe due to its wide applications in Aerospace and wind energy. Albeit 

widely produced, there are little to no financial instruments in place, supporting GFRP 

composites to be recycled. When Carbon Fiber first into the market back in the late sixties, it 

was priced at £200/kg. The price for CFRP was £15-40/kg in 1996 and in 2009 it dropped to 

£13/kg. The price for GFRP is estimated to be £1-2/kg, making it the much cheaper option of 

the two fiber materials [2].  

GFRP and CFRP are thermoset based composite materials which represent around 80 % of 

the market of reinforced polymer materials. Thermosets have the following advantages: 

¶ Possibility of low room temperature curing 

¶ Lower viscosity which facilitates infusion, which allows high processing speed 
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In first instance, polyester resins were used in wind turbine blades. Epoxy resin gradually 

replaced polyester as the blades got bigger and are currently used widely in wind turbine 

blades as polymer matrices. Recent studies have shown that companies like the Swiss DSM 

Composite Resins have argued for the return of unsaturated polyester resins, claiming that the 

newly developed polyesters meet all the strength and durability requirements for large wind 

blades. It should be noted, that for further development of matrix materials with a fast curing 

time at lower temperatures is crucial within field of research.  

The graphs and tables which follow show data for Carbon Fiber Reinforced Polymer (CRFP). 

Because of the many similarities of applications and properties between CRFP and GRFP, the 

same trends/predictions can be made for GRFP. It should be noted that GRFP is mostly used 

in wind turbine blades due to it being the cheaper option, although CRFP is better qua 

endurance and performance.  

The following data was collected for a report which was available at the time 2014. With this 

data a trend line graph was created as seen in Figure 6. In the graph a linear increase can be 

seen from the year 2010 to 2017. Before 2010 no GRFP or CRFP was used in making the 

W.T. blades, which is the reason why the graph starts after 2010. Data of the last three years 

(2015-2017) have been calculated with the following equation:  

Equation 1:  ╖╡ȟ░
╟ȟ░╟ȟ░

╟ȟ░
 [5] 

GR is the growth rate during year i, indicated in percentages. P is the installed capacity during 

year i, indicated in MW. With Equation 1 ñthe average growth rate of the cumulative installed 

capacity and the standard deviation of the valuesέ over a period of 7 years are calculated [5]. The 

calculated average growth rate is equal to 15.4 ± 3.6% annually. Yielding to three scenarios 

and these are: 

1. Minimum scenario of installed wind power growth rate 

2. Average scenario of installed wind power growth rate 

3. Maximum scenario of installed wind power growth rate 
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Figure 6 Accumulation of installed wind power capacity globally from 2010 till 2014 [2] 

 

Table 1 Installed global numbers of onshore and offshore wind turbines in 2014 [2] 

 

Table 2 Projected growth rate of wind turbines in the world from 2017-2022 [2] 

The application of wind energy has been rising in recent years, especially the offshore wind 

farms have been increasing in number. Table 1shows a percentage of in use onshore and 

offshore windfarms in world back in 2014. 

Due to its successful application and improvements of the blades (length and efficiency) the 

current number of wind turbines in use is expected to rise within the coming years. This is 

shown in Table 2 in which the estimated growth rate is also provided. Table 2 also provides 

the installed capacity of wind energy in the world and the estimated projections in the coming 

years.  

The graph shown in Table 3 indicates the amount of each continent per period (the years 

2017, 2020 and 2025 respectively), given in the unit tons considering the 3 scenarios 

explained earlier. Based on the given equation and other factors like the 3 scenarios, 

predictions can be made for the years/period given in Figure 7. The predictions represent a 

rising trend of CRFP being utilized when all continents are bundled in one staff.   



12 | P a g e 
 

 

 

Table 3 Estimated cumulative installed power capacity in MW for each continental 

regions applying the 3 scenarios [5] 

 

 

Figure 7 Approximated quantity of CRFP by geographical sections indicated in 2017, 

2020 and 2025 respectively [5] 

As Figure 8 shows that 9190 tons of CFRP went into the technosphere in the year 2017. This 

amount of CRFP will be added to the in use stock which represents 52214 tons accumulating 

to an ñin use stockò of 61404 tons. This stock will then be subtracted by the quantity leaving 

the technosphere, representing the quantity of CRFP nearing its EoL, which zero in 2017. The 

flow shows zero in 2017, because no W.T. blade made from carbon fiber is dismantled yet 

according to Figure 8. The quantity of produced waste is set at 3584 tons, depending on which 

continent. We can see that Europe is the main producer of CRFP waste with 1408 tons, 

followed by Asia with 1038 tons. To conclude, the Oceanic region produces the least amount 

of CRFP waste [5].  

Scenarios 
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Figure 8 Schematic representation of the of CRFP flows in 2017, circulating and in stock 

through the technosphere [5]  

 

The graphs in Figure 7 and Figure 9 and Equation 1 have been utilized to produce estimated 

amounts for periods till 2025 and 2050 respectively. 

According to calculations by taking installed wind energy/power growth rates into 

consideration, a growth rate of 11.8% is expected in 2050. At which the wind energy sector 

will have generated around 482998 tons of CRFP waste globally. We see that Europe and 

Asia will produce the highest cumulative of CRFP waste of around 189751 and 148710 tons 

respectively by 2050. A second material flow analysis was done in approximating the quantity 

of CRFP which will be available by 2050. As indicated in Figure 10 and Figure 11, the ñin-

use stockò is exponentially rising from 2017 till 2050, representing the 2050 circulation over 

the technosphere [5].  
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Figure 9 Changes in the quantity of the overall waste generated from the wind energy 

sector shown for each region, in periods of 5 years until 2050 [5]  

 

 

Figure 10 Indication of the CRFP flow in 2050, circulating and in stock through the 

technosphere [5]  
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Figure 11 Shift in consumption of CRFP in the world in the wind energy sector 

compared to the amount of CRFP produced as waste, indicated in periods of 5 years 

until 2050 [5] 

1.6 Discussion  
The development of the wind turbine blades has made a lot of progress when the mass and 

efficiency is taken into consideration. All of the positive developments have led to an increase 

of wind turbines globally. A rise of wind turbines means also a rise in end of life W.T. blades 

which are difficult to recycle currently. To tackle the issue of the W.T. blades policies needs 

to be created to promote recycling. Throughout the years landfills have gradually been closed 

down in Europe and this brings out a challenge on finding a viable solution to reduce the 

number of Glass fiber W.T. blades. Glass reinforced polymer and Carbon reinforced polymer 

are widely used for W.T. blades due to their material and aerodynamic properties. There is a 

market available for these materials and this can be taken as a stimulus in finding a way to 

recover the GRFP and CRFP materials in the blades.  

Some estimated projections were made on how much fiber material will be in the market in 

the future. Due to GRFP and CRFP being similar within the aerospace and wind energy 

sector, the produced tables, calculations and graphs of CRFP was utilized in giving an idea of 

how much of the W.T. blades can be expected as waste. From the numbers provided in graphs 

and tables, we can conclude that there will definitely be an increase of EoL wind turbine 

blades in the future.  
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II Current Technical state of the art afterlife application of amortized 

wind turbine blades  
 

2.1 Wind turbines  in the Netherlands  
Post a long period of catching up, the energy transition within the Netherlands has managed to 

overhaul the gap in recent years. After the 2013 Energy Agreement, the evident Paris 

Agreement on climate change was signed in 2015. The heated debate on the Groningen 

natural gas dossier and shutting down coal-fired and nuclear power plants has put more 

importance on the transition to a safe and CO2-neutral society. The Netherlands has an 

installed wind energy capacity of over 3500 MW installed in 2016 which is sufficient in 

supplying 2.3 million households. According to NWEA, 7.4 % of the planned 16 % 

renewable energy (potential wind energy) has been realized. Wind energy is a crucial 

component of the Energy Agreement [6].  

The number of wind turbines in the Netherlands which are still in full use at the moment is 

around 2316 [7]. This amounts to a total power capacity of around 4,43-4.5 GW see Figure 12 

Installed wind power capacity in Europe . 

Most wind turbines in the Netherlands are relatively new compared to Germany and Denmark 

in which many wind turbines have been completely decommissioned in recent time. This does 

not mean that the issue of End of life turbine blades is of no concern as some windfarms will 

need to be decommissioned, windfarms Zeewolde in which 118 wind turbines will need to be 

dismantled as early as 2026. Other windfarms will also follow after Zeewolde and this may 

create a situation in which a large amount of wind turbine blades need to be recycled or 

relocated [9]. Since landfilling is prohibited by law in the Netherlands, the only solution 

seems to point to incineration. This will not solve the problem since epoxy/ fiber glass 

material from which the blade is manufactured cannot be completely burnt leaving a huge 

sized slag behind. It is therefore a very challenging issue to deal with. Luckily EU-member 

countries like Germany and Denmark have been dealing with this issue and have also looked 

at and developed methods on solving this obstacle. These alternatives will be discussed in the 

next part. 

Expected amount of wind turbine blades which will need to be processed after its lifecycle is 

about 140 kt (kilotons). Around 40% of the blades currently installed at windfarms will need 

to be processed/recycled [10].  

Appendix VI shows the total installed, in use and decommissioned wind turbines in the 

Netherlands through a period of 20-35 years. 
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Figure 12 Installed wind power capacity in Europe [8] 
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Figure 13 Installed onshore wind turbines in the Netherlands categorized in height and 

the produced capacity [11] 

2.2 Current alternatives for the af terlife use of wind turbine blades 
Wind energy application will increase in the coming years based on statistical data provided 

from many sources. It is a great alternative solution in replacing fossil fuels, but despite 

having many positive aspects there are some concerns with the blades. The blades are made 

from composite material, which is difficult to recycle. Most parts of the wind turbine can be 

recycled because of the materials they are made from can be recycled. Below, in Figure 15 

there is a clear indication on the certainty/ uncertainty level of the activities and parts of the 

wind turbine within the recycling process. From organizing, dismantling to recycling 

electronics and cables and the other components of a whole wind turbine unit is given in 

Figure 14. The cables are manufactured from copper which can be recycled, but part of the 

cables remain underground because it can be used for another wind turbine installation and 

avoid damaging the ground when pulled out of the earth. Recycling the blades according the 

presented graph shows to be most uncertain which makes it quite challenging on finding 

viable solutions. 
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Figure 14 Components of a wind turbine and the used material given in percentages [12] 

 

Figure 15 Uncertainty level on how to deal with the turbine blades [12] 

Germany is one of the pioneering countries to prohibit solid waste to be disposed at landfills 

in 1990 (source). Other EU-nations have followed this example and with this policy the end-

of-life blades need to be dealt with.  Figure 16 gives an indication of the end-of-life options in 

preferential sequence. The first is prevention, preventing the occurrence as much as possible 

is the most preferred option and this can be achieved by using much more durable and 

improved material for the blades which would prevent or this matter delay the issue for some 
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time. Second is the option of reuse, although the blades have a lifespan of 20-25 years they 

can be reused again if there are still in perfect condition. It is unlikely that these blades will be 

reused within the EU, but will be exported to developing countries due to economic reasons. 

Third option is recycling, although this is very difficult to achieve at the moment because 

epoxy/fiber glass is difficult to recycle. Replacing epoxy with recyclable material like 

thermoplastics would be a much viable solution. In fourth place we have the option to recover 

the some or most parts of the material which can be used in other application such as filler 

material in cement and aggregates in concrete. The latter option will be further discussed in 

this report. The last option is disposal at the landfill, but due to regulations prohibiting this in 

the EU, it is the least and most discouraged option.  

 

 

Figure 16 Preferential pyramid of EoL application of the blades 

 

Despite the uncertainty level on how to deal with the amortized turbine blades there are 

fortunately some options to tackle the issue. Below in Figure 17 a flowchart of the whole 

process of recycling a wind turbine blade is given. Starting from dismantling the blades to the 

recycling options which are: 

¶ Pyrolysis blade recycling process, a thermal recycling application in which the 

materials in the composite blade material extracted separately 

 

¶ Blade composite aggregate replacing limestone in concrete, in which epoxy material is 

cut in ideal shapes and sizes with rough edges. The cut epoxy aggregate will substitute 

up to 25% of limestone aggregate in concrete [13] 
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¶ Refurbishing W.T. blades which are chosen through inspection and selected based on 

its repairability. In order to increase the number of refurbished blades in the future, the 

entire blade should be designed in such a manner making it easy to repair/ refurbish 

the blade. The design of the blades can be altered in such a matter making it easier to 

reverse engineer each component/ material. This would simplify recycling different 

parts and material in the wind turbine 

 

¶ Lowest and most undesired end of life option of the blades is landfilling. This process 

involves cutting the blades in transportable sections either directly landfilling the cut 

blades or first incinerating and then landfilling the slag or residue material 
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Figure 17 Recycling processes for wind turbine blades 

The recycling processes will be discussed more in depth in the following section. 

2.2.1 After -life destinations for non -reusable wind turbine blades in the Netherlands  

Most of the amortized wind turbine blades in the Netherlands currently end up at landfills. 

There is no fee paid for the blades to be landfilled. The reason for this according to the waste 

management department of the Ministry of Rijkswaterstaat (minister of infrastructure in the 

Netherlands), is that there are no real applications in processing and or recycling the wind 

turbine blades [14]. 
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