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Plastic-free water sports

Stand-up paddle board made from renewable
lightweight materials

Stand-up paddling has become a popular sport. However, conventional surf-
boards are made of petroleum-based materials such as epoxy resin and polyu-
rethane. Researchers at the Fraunhofer Institute for Wood Research,
Wilhelm-Klauditz-Institut, WKI, want to replace plastic boards with sustainable
sports equipment: They are developing a stand-up paddle board that is made
from one hundred percent renewable raw materials. The ecological light-
weight material can be used in many ways, such as in the construction of
buildings, cars and ships.

Stand-up paddling (SUP) is a sport that is close to nature, but the plastic boards are an-
ything but environmentally friendly. As a rule, petroleum-based materials such as epoxy
resin, polyester resin, polyurethane and expanded or extruded polystyrene are used in
combination with fiberglass and carbon fiber fabrics to produce the sports equipment.
In many parts of the world, these plastics are not recycled, let alone disposed of cor-
rectly. Large quantities of plastic end up in the sea and collect in huge ocean eddies.
For Christoph Pohler, a scientist at Fraunhofer WKI and an avid stand-up paddler, this
prompted him to think about a sustainable alternative. In the ecoSUP project, he is driv-
ing the development of a stand-up paddle board that is made from 100 percent re-
newable raw materials and which is also particularly strong and durable. The project is
funded by the German Federal Ministry of Education and Research (BMBF). The
Fraunhofer Center for International Management and Knowledge Economy IMW is ac-
companying the research work, with TU Braunschweig acting as project partner.

Recovering balsa wood from rotor blades

“In standard boards, a polystyrene core, which we know as styrofoam, is reinforced
with fiberglass and sealed with an epoxy resin. We, instead, use bio-based lightweight
material,” says the civil engineer. Pohler and his colleagues use recycled balsa wood for
the core. This has a very low density, i.e. it is light yet mechanically stressable. Balsa
wood grows mainly in Papua New Guinea and Ecuador, where it has been used in
large quantities in wind turbines for many years — up to six cubic meters of the material
can be found in a rotor blade. Many of the systems are currently being disconnected
from the grid. In 2020 alone, 6000 were dismantled. A large proportion of this is
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burnt. It would make more sense to recover the material from the rotor blade and recy-
cle it in accordance with the circular economy. “This was exactly our thinking. The valu-
able wood is too good to burn,” says Pohler.

Patented technology for the production of wood foam

But how is it possible to recover the balsa wood from the rotor blade — after all, it is
firmly bonded to the glass-fiber reinforced plastic (GFRP) of the outer shell? First, the
wood is separated from the composite material in an impact mill. The density differ-
ences can be used to split the mixed-material structures into their individual compo-
nents using a wind sifter. The balsa wood fibers, which are available as chips and frag-
ments, are then finely ground. “We need this very fine starting material to produce
wood foam. Fraunhofer WKI has a patented technology for this,” explains the re-
searcher. In this process, the wood particles are suspended to form a kind of cake bat-
ter and processed into a light yet firm wood foam that holds together thanks to the
wood's own binding forces. The addition of adhesive is not required. The density and
strength of the foam can be adjusted. “This is important because the density should
not be too high. Otherwise, the stand-up paddle board would be too heavy to
transport.”

Since the entire sandwich material used in conventional boards is to be completely re-
placed, the shell of the ecological board is also made from one hundred percent bio-
based polymer. It is reinforced with flax fibers grown in Europe, which are character-
ized by very good mechanical properties. To pull the shell over the balsa wood core,
Pohler and his team use the hand lay-up and vacuum infusion processes. Feasibility
studies are still underway to determine the optimal method. The first demonstrator of
the ecological board should be available by the end of 2022. “In the interests of envi-
ronmental protection and resource conservation, we want to use natural fibers and
bio-based polymers wherever it is technically possible. In many places, GFRP is used
even though a bio-based counterpart could do the same,” Poéhler sums up.

Initially, the researchers are focusing on stand-up paddle boards. However, the hybrid
material is also suitable for all other boards, such as skateboards. The future range of
applications is broad: For example, it could be used as a facade element in the thermal
insulation of buildings. The technology can also be used in the construction of vehicles,
ships and trains.
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board as reinforcement.
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Fig.2  Christoph PShler
with a piece of former wind
turbine rotor blade in the
Fraunhofer WKI's wood
workshop.
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Fig. 3  Wood fibers
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Fig.5  ecoSUP- board de-
sign: Concept image of the
ecoSUP.
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The Fraunhofer-Gesellschaft, headquartered in Germany, is the world’s leading applied research organization. With its focus on developing key
technologies that are vital for the future and enabling the commercial exploitation of this work by business and industry, Fraunhofer plays a central
role in the innovation process. As a pioneer and catalyst for groundbreaking developments and scientific excellence, Fraunhofer helps shape society
now and in the future. Founded in 1949, the Fraunhofer-Gesellschaft currently operates 75 institutes and research institutions throughout
Germany. The majority of the organization’s 29,000 employees are qualified scientists and engineers, who work with an annual research budget of
2.8 billion euros. Of this sum, 2.4 billion euros are generated through contract research.



