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Executive summary 

This document presents the progress report for the Use-Case-1 demonstration of the JIDEP 
project. The demonstration is conducted in accordance with the D5.1 - Use Case Demonstration 
Plan, and readers are encouraged to familiarize themselves with this plan. 

This report serves as a resource for showcasing how a product or system effectively addresses 
real-world challenges. Its primary purpose is to illustrate specific scenarios in which end users 
interact with the system, thereby providing a clear understanding of its practical applications. 

JIDEP demonstrations, including the Use-Case-1 demonstration, are designed to capture and 
mitigate all potential issues related to JIDEP, such as the graphical interface, accessibility, 
performance, data credibility, and ease of use. These requirements are pre-defined in the D2.1 - 
Initial Requirements Specification Document. Consequently, this document reflects the current 
status of the JIDEP project from the end-user’s perspective. 

Finally, this report highlights the scientific achievements of the underlying R&D work aimed at 
chemically recycling end-of-life wind turbine blades. 

It should be noted that the UC1 demonstrations began one year before the official demonstration 
started. This was needed to mitigate the R&D risks related to recycling. Instead of kick-starting 
the work on large wind-turbine blade samples, ZOR, TPI and ADS have decided to begin 
experimenting with smaller samples, thus greatly de-risking the chemical recycling challenges. 
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1 Use-Case-1 demonstration plan 

Product

Material

Product

Data

 

Figure 1: UC1 demonstration plan 

The overall UC1 demonstration plan (Error! Reference source not found.) anticipates industrial 
cooperation between LEs, SMEs and Academia by placing JIDEP at the core of this collaboration.  

The plan, as sown in the following table, distinguishes 7 activities, of which 4 activities have 
already been completed, and the remaining 3 are currently ongoing. 

S
te

p
 Demonstration activity Planned 

start 
date 

Actual 
start 
date 

Status 

1 Extraction of wind turbine blade composite fragment 
(the fragment) (ZOREN) 

2024 05 2024-
04 

Completed 

 The blades were cut 
from EOL wind turbine 
blade in Turkey. Blade 
product passport was 
created in JIDEP. 

   

2 Chemical disintegration of the fragment (ADS) 2024 06 2024 
08 

Completed 
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 Glass fiber was 
recovered from the 
wind turbine 
fragment. Recycled 
fiber material 
passport was 
created in JIDEP. 

   

3 Re-fabrication of a new composite fragment using 
recycled fibers (TPI); 

2024 07 2024 
09 

Completed 

 Recycled glass was 
re-used in 

thermoset 
composite plate 
fabrication thus 
proving that it is fit 
for a 2nd use. 

   

4 Fabrication of a new composite fragment using 
thermoplastic bonding (TPI); 
 

2024 08 2024 
10 

Completed 

 

 
New composite was made from a new glass fiber (left) 
and from recycled glass fiber(right) using thermoplastic 
bonding. The process is very complex and new, 
involves lots of trial and error, hence its definition begins 
in November 2024 and will continue until the end of the 
year. 

   

5 Efficient disintegration of a new, known-structure 
fragment (ADS); 

2024 09 2024 
09 

Completed 
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 The recycled 
glass fiber 

thermoplastic 
plate was 

successfully 
delaminated and 
glass fiber cloth 
recycled for the 
2nd time. 

Complete 
circularity 

achieved. The thermoplastic composite recycling is 
simple, and it will be documented until the end of the 
year. 

   

6 Calculation of feasibility indexes (BUL) 2024 10 2024 
10 

Ongoing 

 Feasibility index definition was confirmed and 
calculation methodology approved during consortium’s 
November 5th plenary session. 

   

7 Environmental impact analysis (ZOREN) 2024 11 2024 
11 

Ongoing 

 Environmental impact analysis methodology was 
confirmed during consortium’s November 5th plenary 
session. 

   

 

2 Use-Case-1 demonstration results 

2.1 Wind Turbine Blade Fragment Extraction (ZOR) 

 

Figure 2: Blaed cutting scheme 
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The wind turbine blade extraction was performed in 
Turkey. Four large 1m2 samples were cut (Error! 
Reference source not found.) from the EOL blade tip 
section. The selected zones were from the most flat 
section of the blade, as requested by ADS. 

The blades were cut (Error! Reference source not 
found.) with a 4.5 kW Makita brand EK8100WS Gasoline 
Concrete Cutting Saw. 

The gasoline saw with a 1.1 liter tank used 3 tanks during 
the blade-cutting process. A total of 3.1 liters of gasoline 
was used. 

In addition, 0.2L of 2-stroke engine oil was used. 

The working time of the saw with full performance and full 
throttle cutting was around 23 minutes. 

The weight of each blade was around 25kg.  

 

2.2 Chemical disintegration of the wind turbine blade fragment (ADS) 

Methodology 

Since October 2023 ADS ran a series of experiments leveraging Peracetic Acid (PAA) for 
breaking epoxy compounds. PAA is particularly effective at breaking down epoxy compared to 
other acids due to its strong oxidative properties, which can disrupt the chemical structure of 
epoxy resins. Although there were no earlier attempts to exploit PAA for recycling glass fibers, 
there are a few references to the decomposition of carbon fibers with PAA solvents, i.e.: 

- “An Efficient Method of Recycling of CFRP Waste Using Peracetic Acid”, Mohan Das, Rinu 
Chacko, and Susy Varughese, ACS Sustainable Chemistry & Engineering 2018 6 (2), 
1564-1571, DOI: 10.1021/acssuschemeng.7b01456 

- Zhao, X.; Zhang, T.; Zhou, Y.; Liu, D., Preparation of peracetic acid from hydrogen 
peroxide: Part I: Kinetics for peracetic acid synthesis and hydrolysis. Journal of Molecular 
Catalysis 246-252. A: Chemical 2007,271 (1–2), DOI: 10.1016/j.molcata.2007.03.012 

- Park, W. R. R.; Blount, J., Oxidative Degradation of Epoxy Resin  Coatings. Industrial  &  
Engineering, Chemistry 1957,49 (11), 1897-1902. DOI: 10.1021/ie50575a039 

Process summary 

Peracetic acid (PAA) offers notable advantages over other acids when it comes to breaking down 
epoxy compounds due to its unique combination of oxidative power and mild acidity. Unlike strong 
mineral acids like hydrochloric or sulfuric acid, which primarily rely on protonation to break 
chemical bonds, PAA acts as a powerful oxidizing agent. This means it can target and degrade 
the stable carbon-hydrogen (C-H), carbon-carbon (C-C), and carbon-oxygen (C-O) bonds in 
epoxy resins more efficiently. These bonds form the backbone of the epoxy's cross-linked polymer 
structure, making the material resistant to simple acid attacks.  

Figure 3: Blade cutting process 
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PAA's oxidation capability allows it to break down these strong bonds, leading to the degradation 
of the polymer network that defines epoxy resins. Additionally, PAA decomposes into acetic acid 
and hydrogen peroxide, both of which contribute to its efficacy. The acetic acid offers protonation, 
aiding in weakening the bonds, while hydrogen peroxide provides further oxidative action. This 
dual mechanism - combining acid hydrolysis and oxidation - makes PAA more effective than acids 
that lack these dual functionalities. Other acids, like hydrochloric or sulfuric, may be stronger in 
terms of immediate acidity and corrosiveness, but they lack the oxidative capabilities that PAA 
brings. 

Moreover, PAA is relatively safer to use environmentally, as it breaks down into non-toxic 
byproducts like water and acetic acid, minimizing long-term environmental damage compared to 
stronger acids, which may persist and pose greater ecological hazards. Its smaller molecular size 
also allows deeper penetration into the epoxy's structure, making it more effective even on internal 
bonds of the resin.  

In summary, PAA's combined roles as an oxidizer and a mild acid give it a distinct edge over 
traditional acids when it comes to breaking down the resilient structure of epoxy compounds, 
making it a superior choice for industrial and chemical processes involving epoxy degradation. 

Stages of chemical decomposition 

The Mixing H2O2 with pure acetic acid in equimolar concentrations leads to the formation of 
peracetic acid (PAA) which is a very strong oxidizing agent and is expected to break down the 
crosslinked epoxy matrix: 

CH3COOH + H2O2 ⇌ CH3CO3H + H2O     (1) 

The proposed reaction mechanism for the decomposition of the crosslinked epoxy matrix consists 
of 2 steps: 

- Step 1: Generation of acyloxy and hydroxyl radicals: 

O-O bond in peracetic acid (PAA) is unstable and decomposes PAA into acyloxy and  

hydroxyl radicals:  

CH3COOOH →CH3COO•+OH •       

The generated hydroxyl radical can further react with PAA itself:  

CH3COOOH+OH • →CH3CO•+O2+H2O  

CHCOOOH+OH • →CHCOOO•+HO      

Acyloxy radicals also undergo further decomposition,  

CH3COO• → • CH3+CO2 

2CH3COO• →2 •CH3+2CO+O2      

Methyl radical is unstable and reacts with oxygen to form weak peroxy radical.  

•CH3+O2→ •CH3OO        

Recombination of the free radicals regenerates the PAA  
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CH3COO• +OH •→CH3COOOH 

- Step 2: Reaction of the acyloxy radical with the crosslinked epoxy network: 

The C–N bond is a weak bond compared to C-C bond and hence, the acyloxy and the hydroxyl 
radicals attack this bond leading to the breakup of crosslinks. Another reason for the C-N bond 
scission could be the competition between nitrogen, oxygen and the benzene ring in sharing the 
electrons due to their electronegative nature. This also makes the crosslink points weak and 
vulnerable. 

- Step 3: Reaction of hydroxyl radical with crosslinked epoxy network. 

Formation of phenols and phenolic derivatives as well as species with carbonyl groups takes 
place during the decomposition reaction. The products formed at this stage are a mixture of low 
and high-molecular-weight compounds. 
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Epoxy decomposition reactor 

All reaction conditions were made to be the safest and most user-friendly as it was possible. The 
staff were using hazmat suits, high durability chemically resistant gloves and full-face gas/vapor 
resistant masks. The main reactor was electrically grounded and had a dedicated fuse system. 
Steel-based electric water pumps were pre-filled with water and used both for the inlet of the 
Glacial Acetic Acid as well as the outlet of the Peracetic Acid mixture. 

The Schematic representation of the reactor is shown in Error! Reference source not found.. 
(a) - HDPE container with heated water; (b) - steel container with indirectly heated PAA; (c) - 
blade fragment; (d) – thermocouple; (e) - heating element; (f) - PAA inlet/outlet; (g) – gas/vapor 
venting. 

 

Figure 4: Epoxy decomposition reactor schematics 

 

The wind turbine blade cut-out (c) is first washed with tap water and then placed in the steel 
container (b), wielded and mounted with heating elements (e). The steel container is placed inside 
an HDPE container (a), for safe and convenient heating - between two containers, tap water was 
added to ensure the stability of the heating process. That way, the heating elements could provide 
1.5-4kW of heating power without direct contact with unstable PAA. The heating elements are 
connected to a thermo-regulating WiFi device (d) to ensure constant registration and observation 
of the temperature inside the reactor remotely. 

Epoxy decomposition process 

First, the preheating of the empty internal container (water) was made to around 35°C. The 
addition of the Hydrogen Peroxide was then done directly by pouring the canister of 25kg (50% 
purity) on the blade fragment. After that, Glacial Acetic acid (GAA, 99% purity) was introduced to 
the main steel reactor using 48L/min flow pumps at the inlet to the reactor (f). The amount of GAA 
used was ~190L, based on the visual observation of the drop in the volume of Glacial Acetic acid 
reservoir liquid level.  

The reaction did not start at once as the created PAA was not set to the working temperature from 
the beginning. Also, the PAA reaction is endothermic by its nature, so the pre-heat, upon PAA 
creation, has dropped to ~25°C. Only when the water temperature in-between containers (a and 
b) has reached ~40°C, the reaction has become visible, and the bubbles from the sample (c) 

(a) Water container

(b) PAA container

(e) heating element

(c)   blade fragment

(f) PAA inlet/outlet

(g) gas vent

(d) thermocouple
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began to rise. This state was reached after 6 hours because the power to the 4 heaters was 
limited down to 4kW (total) to avoid gas cavitation and excess water vapor.  

After 10 hours of constant heating, the reactor temperature reached 55°C – the set point of the 
thermo-regulating device. At this temperature the reaction speed has reached its maximum and 
the water has begun to vaporize more intensely. Due to this, condensation took place and the 
droplets of the condensed water vapor began to engulf the system. A short circuit has occurred 
and the knock out of the fuse took place. The event happened at around 20:00. The reaction had 
to be let go by itself as the temperature dropped and it was untouched until morning. Nevertheless, 
the specific heat capacity of the water buffer was enough to sustain the active reaction up until 
the morning, and even at 11:00, there was still a 30C temperature within the reactor, and the 
reaction itself was visibly active.  

After having observed the fully separated coating layer, it was concluded that the epoxy 
decomposition of the blade fragment was successful. The outlet pump was activated (f), to ensure 
safe redistribution of the reactant liquid to a waste container for further safe storage and disposal. 
The blade fragment became visible because the opaque PAA mixture with dissolved epoxy resins 
was pumped out. 

Results 

The wind turbine blade fragment with dimensions of 1m x 0.7m x 0.07m (the corner of 1m x 1m 
sample was cut off manually due to physical limitations of the container size), was successfully 
disintegrated using PAA solution in 35-55°C temperature range. The level of disintegration is 
assumed to be 30%-40%. It is likely, that 60%-80% disintegration could be reached during the 2nd 
reaction phase, but improvements to the heating element isolation must take place before. Also, 
welding sections of the steel container should be coated to prevent excessive corrosion on those 
segments. 

 

Volumes and temperatures 

- 25kg glass-fiber composite wind turbine blade fragment (1cm-2cm thickness). 
- 190 L glacial acetic acid 
- 20 L (25 kg) hydrogen peroxide 
- 250 L tap water 
- 25°C->55°C ->35°C reaction temperature cycle 
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Wind turbine blade decomposition – visual process reconstruction 

 

Figure 5: The H2O2 is poured manually into the reaction chamber 

 

 

Figure 6: The acetic acid is injected without human presence via a dedicated inlet 
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Figure 7: The reaction begins. ~250L of water is heated to 55C thus heating 215L of PAA to the 
same temperature. PAA and water vapor condenses on the reactor wall. Reaction bubbles 
emerge immediately upon contact with epoxy and coating surface 

 

 

Figure 8: After 6 hours, the de-laminated coating (1st layer of the fragment) is visible on the surface 
of the reactor 
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Figure 9: After PAA is pumped out, the water is added to the reactor to remove the residual acetic 
acid and hydrogen peroxide. The 2nd layer of the fragment - glass fiber sheet – is visibly self-de-
laminated 

 

 

Figure 10: NaOH is poured manually into the emptied reactor to neutralize residual PAA that is 
absorbed within the blade fragment 
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Figure 11: The exothermic reaction is causing a highly turbulent flow thus ensuring removal of 
residual epoxy compounds that might have remained on the glass fiber sheet 

 

 

Figure 12: The 2nd  layer (glass fiber sheet) is removed from the reactor and dried 
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Figure 13: Intermedia layers, including the glass fiber wool, are being dried and visible 

 

 

Figure 14: The contaminated PAA is stored in a vented HDPE container, dissolved with water 4:1. 
Over time, it decomposes into its constituent products—acetic acid, hydrogen peroxide, and 
oxygen 
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3 JIDEP testing activities 

3.1 JIDEP testing activities – ZOR 

While project R&D work was ongoing, ZOR spent time on user acceptance testing providing 
valuable insights and remarks to the software development team on bugs and issues early 
versions of JIDEP were facing. 

 

Figure 15: JIDEP UAT testing report by ZOR 
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3.2 JIDEP testing activities – TPI 

TPI can confirm it was pro-actively engaged in the JIDEP user acceptance testing activities.

 

Figure 16: JIDEP UAT testing report by TPI 
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3.3 JIDEP testing activities – ADS 

ADS was one of the early user acceptance testers. While no significant system bugs or 
malfunctions were identified, ADS raised certain issues related to the way product passports are 
being structured. E.g. certain new templates are needed to provide passports for raw materials, 
hence the template customization feature is very much welcome. 

 

Figure 17: JIDEP UAT testing report by ADS 
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3.4 JIDEP validation activities - ZOR 

ZOR ensured the visibility of  EOL wind turbine blade samples has been made available within 
JIDEP. 

Figure 18: JIDEP material passport 
validation by ZOR 
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ZOR can confirm the successful validation of LCA tool for the wind turbine blade fragment. 

 

Figure 19: JIDEP LCA tool validation by ZOR 
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3.5 JIDEP validation activities – TPI 

TPI leveraged the JIDEP product passport (PP) facility to announce the availability of EOL wind 
turbine blades for recycling. To populate all the necessary records, a real fabrication datasheet of 
the wind turbine was used.  The entries of particular interest to ADS  were the types of glass 
fabrics used, as well as epoxy and hardener formulae. Also, types of coating material were 
relevant. Error! Reference source not found. depicts the fragment of the wind turbine blade 
datasheet. 

 

Figure 20: EOL blade datasheet part 
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TPI also validated the product passport capability of the entire wind-turbine blade. For the 1st time, 
the company has created a live and working QR code granting access to the blade. 

 

Figure 21: JIDEP material passport tool validation by TPI 

The validation facilitated hypothetical values of the recycled material fractions because it is still 
impossible to precisely evaluate weather recycled glass fiber cab ne retrofitted into the new blade 
fabrication. 
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Figure 22: JIDEP material composition validation by TPI 
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Finally, for the first time, TPI has performed the LCA calculation for the entire turbine blade. The 
functionality if confirmed, however, validating the results is a very complicated task due to 
hundreds of components that not only are constituents of the turbine blade, but also go into the 
production of the blade.  

 

Figure 23: JIDEP LCA tool validation by TPI 
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3.6 JIDEP validation activities – ADS 

ADS has successfully recovered the glass fibers contained within the EOL wind turbine blade. 
The recovered materials were announced as new, recycled products, within the JIDEP material 
passport. The functionality is proven. 

 

 

Figure 24: JIDEP material passport tool validation by ADS 
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The recycled material mass fractions entered are indicative because mass spectroscopy testing 
must be performed. The recycling efficiency cannot be confirmed until the waste cost analysis is 
performed – these tasks will be undertaken during the feasibility analysis part. Nevertheless, 
JIDEP functionality is proven. 

 

Figure 25: JIDEP product passport tool validation by ADS 

 

ADS’ recycling process is currently in the experimental state, therefore it was not certified. That 
prevents any LCA analysis of the recycling process and is estimated to require 2-3 years of further 
work, until recycling facility is complete, for such LCA testing to become feasible. 
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4 Conclusions and Next Actions  

First, it should be noted that the work outlined in this report began one year ago. During the JIDEP 
TRENTO plenary session, ADS demonstrated small glass fiber fragments that had been 
chemically recycled, along with the early functionality of the JIDEP solution. It was a joint effort of 
3 companies – ZOR, TPI and ADS. 

The activities in this report build on the progress made a year ago and have since been upscaled. 
In addition to significant end-user testing of the JIDEP platform, numerous bug fixes, and feature 
rollouts, the laboratory-scale R&D activities have been scaled up to TRL6. This has led to new 
safety and logistics challenges, while also improving the accuracy of the data collected.  

The primary cause of the slight delay in achieving Step-2 of the demonstration was related to the 
supply chain of chemicals and the safety regulations requiring proper permits to acquire, store, 
and process materials such as hydrogen peroxide. Ventilation issues were a significant concern. 
Additionally, the absence of sufficiently large HDPE containers capable of holding 1m² of wind 
turbine blade fragments required cutting 15% of the blade fragment to fit it into the reaction 
chamber. Certain chemicals were purchased in August 2024, and the summer vacation period 
affected the timeliness of deliveries from suppliers. 

Upon receiving and examining the wind turbine blade fragments, it became clear that it would be 
impossible to refabricate identical samples of the same shape due to the high surface curvature 
(wind turbine blades are not flat). While JIDEP enables the collection of material passports via 
collaborative spaces, many critical documents (such as fiber layup schemes) were lost due to 
data retention policies exceeding the 10-year window. Furthermore, some types of glass fibers 
are no longer manufactured or are knitted using different patterns, making comparisons between 
recycled and new fibers challenging. Ongoing discussions with TPI are addressing Use-Case-1 
demonstration activities - steps 3 and 4.In conclusion, the Use-Case-1 demonstration is still in 
progress. The R&D work conducted to facilitate JIDEP validation is proving valuable, and there 
will be numerous recommendations presented in Q4 2024 to improve the LCA tool, including 
enhancements to the circularity index estimation methodology. 

To better distribute the workload among task leads within the WP5, the work package lead 
avoided unnecessary duplicate work that relates to the expansion of JIDEP’s material database 
as well as excess fields within the material passport registration form. Both of these activities were 
thus covered by D5.3 task lead and thus can be skipped in this report. 

This task has achieved significant milestones. It has, for the first time, demonstrated the capability 
to disintegrate EOL wind turbine blades composites. Also, it has, for the first time demonstrated 
the capability to re-use the recycled glass fibers in classical thermoset composites. Furthermore, 
it has, for the first time, tested the inclusion of recycled glass fibers in novel thermoplastic 
compounds by also showcasing the opening of a 2nd circularity loop. 

 


