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SUMMARY OF THE PROJECT
Wind power is one of today’s
fastest growing energy sources.
In the EU alone, wind power
accounted for 21.4 % of total
power installations in 2011.
Being mainly made of glass
fibre reinforced plastics; wind
turbine blades are robust, with
an average lifetime of 20 years.
The dismantling of old wind turbines
has already begun worldwide. While
the metals in the turbine generator
parts are quite easily recycled, the glass
fibre reinforced plastics from rotor blades are more chall-enging.
Today, the material may be energy
recovered or used as a fuel in cement
kilns. However, the energy content is
low and the ash content high. On a
European level, glass fibre reinforced
plastics from gas cylinders, boats, wind
turbines etc. are often landfilled, even
though the organic content exceeds
permitted limits.
As existing alternatives for recycling
glass fibre reinforced plastics waste do
not include material recycling, Stena
Metall’s Research

& Development department and its
project partners have begun researching
new recycling methods.
With financial support from the
European Commission through the
Life+, Stena Metall and its project partners have explored alternative methods
for recycling the glass fibre reinforced
composites. Microwave pyrolysis is a
relatively new technique where the
material is heated with microwaves.
Pyrolysis is a method where an organic
material is heated in an inert
atmosphere. In the case
of glass fibre reinforced plastics, the
plastic material will degrade into gas
and oil while the inorganic fibres can
be recovered. In traditional pyrolysis
the material is heated with convection.
Plastic materials, however, have low
thermal conductivity; wich is why heating with microwaves has the advantage that the material is heated throughout. Thus, using microwave pyrolysis
to recycle glass fibre reinforced plastics
will generate oil, gas and recovered
glass fibres.
Microwave pyrolysis equipment was
developed for laboratory use as well as
a pilot plant for continuous microwave
pyrolysis.

Evaluation of products obtained from
microwave pyrolysis:
• The recovered glass fibres were
evaluated (to be useful) as reinforcement for plastic materials. Test shows
that the glass fibres retain relatively
much of their tensile strength.
• Pyrolysis oil recovered can be
converted to synthesis gas which
is an important raw material in the
industry.
Alternative ways of recycling glass fibre
reinforce composite were evaluated.
Producing a construction material for,
for example, covering landfills and road
construction using a grinded glass fibre
reinforced material was evaluated.
Results indicate that using the
material as a construction material
would be possible as an intermediate
solution. Producing recycled fibres and
gas by pyrolysis to reach a long-term
solution requires more development
and large production volumes. The
next step will be to develop sustainable
business solutions, and identify further
research and development requirements.

Background
Glass fibre reinforced plastics (GFRPs) are strong and
lightweight materials that find a wide range of uses in
the industry. Products range from wind
turbines and sports equipment, to automotive and construction components. However, GFRPs are difficult to
recycle.
This type of composite material is often produced
with thermosetting polymers that cannot be re-melted.
In the past, several methods have been evaluated and
tested but these have not proved economically feasible
or become established. Therefore glass fibre reinforced
composites often end up on landfill sites. The cost of
landfill
is increasing and legislation requires that waste containing more than 10% organic material should not be landfilled. There is consequently a clear incentive to develop
methods to recycle this material. In this project, the
possibility to use microwave pyrolysis, as well as other
methods, to recycle GFRPs has been evaluated.

The use of wind power as an energy source is growing fast. Being renewable, wind power is an attractive
method of generating energy. The blades from the wind
turbines are typically made from GFRPs and have a life
span of about
20 years. As the use of wind power increases, large
quantities of GFRPs
will need to be recycled in the future. This project has
therefore focused on the recycling of GFRPs from wind
turbine blades.
This project is the result of a partnership between
Stena Metall AB, University of Borås, Stena Sp. z. o.o
and Gisip AB. The project was partially financed by the
European Commission’s Life+ program and ran from
January 2009 to June 2012. The project took place in
Sweden and Poland.

TECHNICAL PART
The main objective of this
research project has been to
find a way to recycle GFRPs.
The main method evaluated
was microwave pyrolysis.

Microwave pyrolysis
Pyrolysis is a process where an organic
material is heated in the absence of
oxygen. In the case of GFRPs, pyrolysis
will degrade the plastic into gas and oil
while the glass fibres can be recovered.
Microwave pyrolysis is a relatively new
technique where the material is heated
with microwaves.
In traditional pyrolysis, the material
is heated by convection. As plastics typically have very low thermal conductivity,
using microwaves heats the material
throughout and the heating process is
more easily controlled. Recycling glass
fibre reinforced composites by microwave pyrolysis, recovers gas, oil and
glass fibres.

The equipment
One of the objectives with this research
project was to construct apparatuses
for microwave pyrolysis. Two apparatuses have been constructed – one for
laboratory use and one pilot plant.
The laboratory apparatus has a capacity
of 10 litres and an output of 3 kW. This
equipment is ideal for laboratory experiments as only small amounts of material are needed.
The pilot-scale pyrolysis apparatus
was largely built before the project

began. However many additional developments were made during the course
of the project, both to further develop
and improve the quality but mainly to
adapt it to this type of waste. It is
equipped with 60 kW of microwave
power, using three 20 kW magnetrons,
plus a 20 kW electrical heater. The
capacity is estimated at 100-150 kg/h
in continuous flow. Technically, this
equipment is very complicated. The
main difficulty is allowing microwaves
to pass into the reactor without letting
oxygen in as well. Many efforts were
made to solve this problem. Microwave
transparent windows, used in industrial
applications, are well suited for heating
and drying. When used for pyrolysis
however, it was discovered that carbon
particles starts to condense on these
windows. Carbon particles absorb microwaves and heat up the window until it
cracks.
A new system for microwave transmission was developed. This technical
solution was based on the use of microwave transparent liquid instead of solid
material. Such a fluid cannot crack
unlike a ceramic window.
Another major benefit of using fluid
is that it can be moved, pumped, and
thus replaced without difficulty. The
new system was thoroughly tested
and the results proved promising for
industrial applications. The new system
for microwave transmission was run for
long periods and very high stability
was achieved.
Another development problem on
the prototype was optimizing the
material feed system. The continuous
feeding of material into the reactor
poses a technical problem. Oxygen

must not leak into the reactor, while
at the same time, the pyrolysis gases
must not leak out. This system consists
of two screw conveyers and three
hydraulic-driven cylinders which feed
the material into the reactor without
letting any pyrolysis gases out or air in.
In tests, this feed system has worked well.

Shredding
As wind turbine blades can be longer
than 40 meters, strategies are needed
to make them suitable for recycling.
Trials were therefore initiated to
evaluate possible methods.
Eight tons of scrap blades were
shredded at Stena Metall’s facility
in Malmö, Sweden. The blades were
shredded into small pieces and sieved
into three grades: 0-7 mm, 7-30 mm
and >30 mm. This test showed that it
is possible to handle the blades in a
relatively straightforward and economically viable method.

Blades from wind turbines were
shredded into small pieces.

Laboratory apparatus for microwave
pyrolysis (left) and a continuous pilot
plant for microwave pyrolysis was built.

The obtained products
Trials were conducted where shredded
wind turbine blades were microwave
pyrolysed. 1 kg of shredded blades produces the following quantities of gas,
oil and recovered glass fibres:

Tests were also conducted to evaluate the strength of the glass fibre before
and after microwave pyrolysis. These
tests showed that the glass fibre retains
its strength relatively well.
0,6

Recovered glass fibres ............................ 0.7 kg
Pyrolysis oil ...................................................... 0.17 kg
Gas ............................................................................ 0.13 kg
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The recovered glass fibres were blended
with polypropylene.
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The strength of the glass fibre
was measured before and after
the microwave pyrolysis

Use of recovered
glass fibres

Glass fibres recovered from microwave
pyrolysis (top), recovered pyrolysis oil
(bottom).
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A possible use for recovered glass fibres
is as reinforcement for thermoplastic
and thermosetting polymers. Thermoplastic polymers, such as polypropylene,
are often blended with fillers or with
glass fibres. This is done to modify the
technical properties or to reduce the
cost of the material. Tests were done
where recovered glass fibres were blended with polypropylene. The recovered
fibres (30 wt.-%) were blended with
polypropylene (PP) using a twin screw
extruder. The blended material was
injection moulded and sample pieces
were produced for mechanical testing.
Tests show that it is possible to
achieve relatively good mechanical properties. Two commercial polypropylene
blends were used for comparison, one
with 30 wt.-% virgin glass fibres and
one with 30 wt.-% calcium carbonate.
The test shows that recovered glass fibres give mechanical strength results in
between the two commercial samples
(see diagram below). Generally, recovered fibres are not as strong as virgin
glass fibres but stronger than a filler,
such as calcium carbonate.
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One of the objectives of the project was
to find a use for pyrolysis oil. Therefore
pyrolysis oil was first thoroughly characterised. The oil consists mainly of aromatic components such as styrene, toluene,
naphthalene and alpha-methyl styrene.
The oil has a calorific energy content of
36 MJ/kg. As this is relatively high, the
oil recovered could be used to generate
syngas; a good fuel or a raw material
used in the chemical industry. The gas
generated during microwave pyrolysis
consists mainly of methane which can
be used to generate electricity.
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The recovered fibres were compounded
with polypropylene and compared with
two commercial samples for reference.

Glass fibres as
a construction material
As an alternative, recovered glass fibres
can be used as a construction material.
This use has been evaluated in the project. A possible application is as construction material in road construction
or landfill coverings. For the material to
be used in construction, both environmental and geotechnical factors need
to be considered. It is of paramount
importance that no toxic components
are leached from recovered glass fibres.
This study was done in two steps. First,
the environmental and geotechnical
properties were evaluated in laboratory

A test surface was built were the recovered glass fibres were used as a protective
layer above the geo-membrane.
tests. Second, a field test was done.
Tests were done on the shredded, non
pyrolysed glass fibres.
The content of heavy metals in the
shredded material was analysed. Tests
show that the material contains elevated levels of copper, zinc and chromium.
The elevated levels of copper are likely
to come from lightning rods which can
be removed before shredding. Zinc can
be found in PVC based core materials
used in composites. Zinc can also be
found in the paint and top-coat. However, leaching tests were also done and
these show that the shredded material
is relatively stable.
Several geotechnical tests were also
conducted on the shredded material.
The geotechnical characteristics indicate
that the material has a high water
retention capacity that could be
advantageous in some applications.
A possible use of the shredded
material is as construction material for
the final covering on landfills. The labscale tests showed that the material
can potentially be used as a protective
layer for the landfill covering. A field
trial was therefore conducted at Stena
Metall’s landfill site in Halmstad, Sweden.
Two test surfaces were created, one
using glass fibres and the other with
material normally used for covering
landfills. The glass fibres were places on
top of the non-permeable geomembrane

and compacted with an excavator. The
height of the glass fibre layer was 0.5
m. Finally, a layer of soil was laid on top
of the glass fibres. Plastic tanks were
used to collect leach water from the two
test surfaces and the drainage water was
analyzed.
In summary, both laboratory
analysis and field testing indicate that
shredded material may be suitable as a
protective layer above the non-permeable geo-membrane layer in landfills.
The material has a high capacity to
hold water and can thus reduce the
amount of water that reaches the drainage layer. The storage of water in the
protective layer will also help to establish vegetation.
The field test revealed elevated levels
of zinc in the leach water. However,
laboratory tests indicate a gradual
decline in zinc concentration and
therefore the initial high levels are
not a problem/acceptable.
Before the shredded material can be
used commercially there is, however, a
need for a better understanding and the
long term leaching properties should be
evaluated. Continued field testing is
also required; where layers of full thickness are evaluated as well as how the
material behaves on slopes.

Benefits
EU directive, 1999/31/EC, prohibits the
landfilling of material with more than
10% organic content. Since most GFRPs
contain more than 10% organic material they are not allowed to be disposed
of in this way. As there are currently no
viable methods for recycling GFRPs,

despite the legislation, this material is
landfilled anyway. When GFRPs
are landfilled, large amounts of energy
are lost. Using microwave pyrolysis to
recycle glass fibres means that gas, oil
and glass fibres are recovered.
The project also evaluated the possibility of using shredded, non-pyrolysed
fibres as construction material. While
microwave pyrolysis is a potential long
term solution, the use of shredded fibres as construction material could be
a viable option in the short term. Tests
showed that shredded fibre is an inert
material that can be used as a protective layer for final landfill coverings.
Using shredded fibres in this way is a
potential alternative to landfill.
It is reasonable to assume that the
cost of landfill will continue to increase
in future. It has been estimated that
annual production of GFRPs in Europe is
1.2 million tons4. These products need
to be recycled in the future and there is
a clear economical incentive for not
disposing of GFRPs as landfill.

Transferability
In the future, microwave pyrolysis could
be a viable method for recycling composites as well as other difficult to recycle
waste streams. The experience and the
results from this project can therefore
be used in other projects or by other
companies. The use of glass fibres as a
construction material is especially easy
and straight forward to apply.
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