Answer questions to the report "Leading
Edge erosion and pollution from wind
turbine blades - 5 th. Edition - English".
We have received many questions from all over the world and have therefore written answers to the
most asked questions in English.

1. "Epoxy contains 33% bisphenol A". Where is the source on that?
Our answer

https://www.epoxy-europe.eu/wp-content/uploads/2015/07/epoxy_erc_bpa_whitepapers_wind-energy-2.pdf

The last page. Look for this:

2. You write that 15% of the total wright is bisfenol
Our answer
This is explained in short in our summery "A turbine blade is simply explained as: fiberglass mats,
epoxy resin and hardener (ECH).» and you will also find this explained in many documents and films
about wind turbines. This is one source : https://www.mdpi.com/1996-1944/10/11/1285
Here is a movie that shows how wings are made.

They talked about epoxy resin and that 8300 kilos of such epoxy resin goes into a wing. On the tank
in the film it says Araldite which is an epoxy resin.
Watch from 33 min and 10 sec into the film.
https://www.youtube.com/watch?v=8NXLKRW1IEU&feature=youtu.be&fbclid=IwAR0IzQgrDcTCvON
OwKUSNkfVcT4K9flN6foUm74f_4xBSv7N5ZWS8LYHk6o

3. You write that a lot of research is payed or done by stakeholders.
Our answer
Most research and numbers concerning turbine blade erosion have been focused on the economic
side, not the environmental impact it causes.
When you search for pollution from wind turbines it’s hard to find research without maintenance
focus, you will hardly find something with environmental focus. Most of the information available for
the public doesn’t quantify the information.
The last 11-12 years I (Asbjørn Solberg) have focused on reading about maintenance. Between 20082015-16 it was much easier to find information and calculation examples about wind turbines than it
has been the last years.
Nowadays it’s really hard to find anything else than marketing and the company pages is cleaned,
you don’t find anything else than the wanted information.
Technical University of Denmark (DTU) has, also officially, warned the wind turbine industry about
their underestimating about maintenance and waste on turbine blades several times the last years
which they also did the last year.
Another fact is that Vestas used a lot of money on warranty replacing turbine blades the last year, if
there wasn’t a problem they shouldn`t use money on it.
From the universities its well known that you don’t get any money to do research without funding.
E.g. DTU Wind Energy has a very close collaboration with the industry, and is a board member of
several of the wind industry's boards.
https://windenergy.dtu.dk/samarbejde/strategiske_alliancer
Most of the research has the maintenance focus and why it’s like this is obvious.
You don’t get funding for research on negative aspects about wind power, but research about new
maintenance products and methods about maintenance pretends it’s easier to raise money for.
Also, the University of Strathclyde which claims that they are independent published an
agreement/made an official agreement with the wind power division in the Aker system short time
after they published one of the very few reports that indirectly quantify pollution from wind
turbines.
The agreement is about recycling of turbine blades which is a good thing.
But in my head I ask myself if Strathclyde can publish research results which harms Aker and the
wind industry in the future even if the research is correct and should be published.
https://finansavisen.no/nyheter/miljo/2021/04/22/7660144/rokke-vil-lose-vindkraft-problem

4. Your formula
How is the percentage calculated?
Where does 11,4 come from and what is that?
You calculate with rainfall of 2500 mm per year - how do you adapt your formula for places with less
rain?

Our answer
Experiments carried out at the University of Strathclyde show that a rainfall with pure particle-free
fresh water of 50 mm pr. month results in a mass loss of 0.037% pr. month and a rainfall of 500 mm
pr. month gives a mass loss of 0.199% pr. month.
Here it is important to emphasize that Strathclyde’s research was done with distilled and particlefree water. In the real world, clean and particle-free rain does not exist. This means that the
corresponding amount of natural rain will cause greater wear.
We use the results from the report to Strathclyde to calculate the percentage that is used in the
formula. The percentage goes up with more rain and down with less rain.
Many places along the Norwegian coast have annual rainfall of 2,500 millimetres and this gives the
0,979 % in the formula.
Annual rainfall of 600 mm givs 0,2350 %. Annual rainfall of 2000 mm givs 0,7833 %.
Annual rainfall
mm
600
750
1000
1550
2000
2250
2500
3000

%
0,2350 %
0,2938 %
0,3917 %
0,6071 %
0,7833 %
0,8813 %
0,9792 %
1,1750 %

3575
4000
4500
5000

1,4002 %
1,5667 %
1,7625 %
1,9583 %

The second factor that affects the result is the size (diameter) of the turbine. This both due to
increase speed and due to size of a specific turbine vs the diameter of the turbine used in the test of
Strathclyde, which has a diameter of 100 m. Therefore 100 below the fraction line.
NB! it is important to understand that the formula calculated the wear at a given point (distance
from the centre hub) on the wing. To find the wear 60 meters from the centre hub (which will be 120
m in diameter), we must use 120 above the fraction line in the formula.

Remember that the wear increases exponentially meter by meter, but to keep the calculation simple
we can use the average for 5 meters and then add the average wear for every 5 meters from 50
meters from the centre hub to the wingtip.
A wing that is 75 meters will then in our calculation be divided into 5 elements of 5 meters from 50
meters from the centre hub to the tip of the wing.
We have calculated mass loss on the leading edge (LE) from 50 meters and beyond on the blade.
Let us explain with an example.
A Vestas 136 turbine has a diameter of 136 meters and with annual rainfall of 2500 mm its like this:
We divide the wing into 4 elements.
3 of them at 5 meters and the 4th at 2.5 meters.
It gives 50 meters (starting point for wear) + 5 meters + 5 meters + 5 meters + 2.5 meters = 67.5
meters which is the radius of the Vestas 136 wing. Diameter is 136 m.
The average wear rate from 50 to 55 meters is then calculated as follows:
The wear of 50 meters is 0.9792% * (100m / 100m) ^ 11.4 = 0.9792%
The wear of 55 meters is 0.9792% * (110 m / 100 m) ^ 11.4 = 2.902%
The wear of 60 meters is 0.9792% * (120 m / 100 m) ^ 11.4 = 7.826%
The average wear from 50 m to 55 m is then (0.9792% + 2.902%) / 2 = 1.9407%
The average for wear from 55 m to 60 m is then (2.902% + 7.826%) / 2 = 5.364%
The next thing that needs to be done is to multiply the wear with emphasis on the leading Edge (LE)
for each of the four elements. That means 3 pieces of 5 meters and an element of 2.5 meters.
In the same way as we have estimated average wear in percent for element of 5 meters, we have
also estimated weight for leading edge (LE).
We then multiplied the estimated average medical weight by the estimated average medical wear.
We have done this element by element. That is, for 5 meters at a time. Finally, we have summed up
the wear for the elements and collected the total wear for LE.
We claim that we are careful in all our estimates.
We have calculated the wear as if wind turbines in nature are hit by particle-free rain.
We are also careful in our estimate when it comes to the weight of LE. Something we have been able
to confirm afterwards through dialogue with the researchers at Strathclyde.
After we published our first edition of this report Kieran Pugh, PhD University of Strathclyde, wrote
this in an email dialogue with us “The affected area which the experiments were conducted, which
was at the tip on the leading edge, will weigh 50kg max. This is due to the tip only traveling at the
speed tested. This is the upper estimate of the combined three blades”.
In our estimate, we have used 12 kg as weight on LE on the last meter of the blade (the tip). It gives
36 kg for all three blades. It is approx. 40% less than the weight Kieran Pugh states as maximum
weight.
Kieran Pugh also states that based on 50 kg the erosion is 0.5735 kg per turbine per year. He
specified “This is also a worst-case scenario involving assumptions like the turbine is operating at
maximum operational speed at all times during rain, this means this estimate of mass loss is at the
most extreme case and is unlikely to increase.”.

With our formula we get an annual erosion of 0.220 kg with 36 kg LE and 60 m/s. It seems that our
estimates are very cautious compared to what Kieran Pugh himself has as erosion at 60 m/s.
1. X = Wear in percent, it is important to define
2. 0.979% = Wear 50m from center hub. It can be calculated in relation to the rotational speed
and wear found in the Strathclyde report. In other words, calculated for a current turbine
with a current rainfall.
3. 100 = 100m. 100m Diameter which is 50m from the center. There should be 100m in the
formula there, as physics should always have a definition. In notebooks you can do as you
please, but not in a publication.
4. It is also important during further work to stick to either diameter or radius. Here we must
always stick to the diameter, since it is in the formula. It leaves less room for questions from
those who read ..
5. 11.4 is the power, it is derived to be adapted to the speed which is proportional to the
diameter at a fixed rotational speed [rpm]
6. One report stated a potency of 5.7 for pressure change, but 5.7 is use often. You can find it in
o https://www.researchgate.net/publication/346033691_A_summary_of_recent_wor
k_on_leading_edge_erosion_of_wind_turbine_blades_at_the_WINDCORE_project_T
U_Delft
o https://www.researchgate.net/publication/353008857_A_probabilistic_rainfall_mod
el_to_estimate_the_leading-edge_lifetime_of_wind_turbine_blade_coating_system
7. We know that the pressure increases in 2 power in relation to speed change
8. We also know that impact energy also increases by 2 power in relation to speed change.
9. Thus a value that increases by 2 power which in turn is increased by 5.7 power, one can use
the general math rule for power increase to adjust the diameter which is proportional to
speed. We can then multiply the two powers together to adjust the diameter (which is
proportional to the speed.
10. 2 x 5.7 = 11.4, i.e. 11.4 power.
Further comments (repair and maintenance)
The estimates presented in our report is only focused on the erosion caused by natural wear and tear
during its lifespan. The actual amount of microparticles released to the environment is in practical
life much higher, in most parts due to the current practices of the wind companies itself. As erosion
and damages on the wind turbine blades occur, the current practice of blade repair and maintenance
are on-situ repairs.
On-situ repairs means that the repair job is done on the turbine blade while mounted on the turbine
tower. The blade is never dismantled for the repair.
The operation is performed in roughly two ways, either by personnel (mountain climbers) or by
robots. Current methods, as far as we have found, release micro particles directly into the
environment by free air mechanical sanding.
It’s therefore safe to estimate that current practices for repair and maintenance of wind turbine
blades in many cases doubles the amounts of micro particles released to the environment in addition
to any natural processes as per our report, if not more. This is significant.
A few examples:
Note protective equipment that is used due to hazardous abrasive dust.

BLADE REPAIR Timelapse
https://www.youtube.com/watch?v=ZazHHuHvdOY
Wind Turbine Leading Edge Repair (+Laserscan)
https://www.youtube.com/watch?v=M9KUZptq2SM
Wind turbine rope access blade repair
Small repair on wind turbine blade via rope access. Raskiftet in Norway
https://www.youtube.com/watch?v=nF1tdMtvPjQ
INCREDIBLE Wind Turbine Blade Technicians
https://www.youtube.com/watch?v=iwHpGw665NA
Training On The Job 2017 Rotor Blade Repair
https://www.youtube.com/watch?v=PLSeHEVYNDE
Further comments on the increasing problem of microplastics and accompanied environmental
hormone disrupting toxins like Bisphenol A:
•

•
•
•

•

Micro plastics is now found in all corners of the globe in increasing numbers, from the
highest mountain, and furthest away glacier to the sediments on the sea bottom of the
deepest ocean. It’s present everywhere, and can be found in all organisms of all sizes and in
all environments.
Micro plastics is not bio degradable, and will remain present in the environment for
thousands of years to come.
Each year micro plastics pollution is added on top of what’s been released before and
accumulates in the environment.
To not destroy the very foundation the humanity depends upon, we need to stop every
existing and future source of micro plastics particles to the environment. Even the concept of
‘reducing’ isn’t enough to address this increasing threat, as the real problem is the
continuous accumulation due to its non-biodegradable properties.
The easiest way to address this problem is to not allow new sources to be built and to find
better alternatives to the existing sources.

•

•

•

Hormone disrupting and highly toxic chemicals like Bisphenol A, when incapsulated inside
micro and nano size particles of plastics and epoxy resin particles is protected against the
environmental impacts and therefore will not bio degrade as the free form chemical is.
Therefore, it may remain in the environment and represent a significant hazard for a very
long time.
Chemicals contained inside micro particles may be released from the particles when exposed
to different and challenging environments, like we find in the digestive organs in most living
organisms, from the smallest phytoplankton to us humans. This is called the ‘Trojan Horse
effect’.
Bisphenol A has been found to cause significant damage to the organisms exposed, and also
generational impact as exposed in Salmon trout.
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