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How the plastic mountain of waste from
health care could be recycled

August 7 2024

Ground healthcare items used in the experiments. The material mix includes
gloves, surgical gowns, tubing and marker pens, among other things. Credit:
Chalmers University of Technology
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Single-use health care items—everything from gloves and blood bags to
surgical equipment—have become a growing environmental problem
worldwide. Their use has increased sharply in recent years, and there are
currently no methods for recycling such plastic medical waste.

Researchers at Chalmers University of Technology, in Sweden, have
now shown how mixed waste from health care can be recycled in a safe
and efficient way, using a technique where the material is heated and
converted into chemical building blocks, which can then be used in the
production of new plastic.

Their study is published in Resources, Conservation and Recycling .

Disposable health care items today create enormous amounts of waste.
In the best-case scenario, this waste is incinerated, but in many countries
it ends up in landfills, and it can also be released into the environment.
The COVID pandemic has contributed to an avalanche-like increase in
disposable items being used. Worldwide, used face masks alone were
estimated to weigh around 2,641 metric tons per day in 2022.

In circular economy policies, medical waste is often overlooked.
Disposable health care items usually consist of several types of plastic
that cannot be recycled with today's technology. In addition, the items
must be considered contaminated after use, and so, they must be handled
so that risks of spreading potential infections are avoided.

When it comes to the production of single-use health care items, it is
also not possible to use recycled plastic, since the requirements for
purity and quality are so high for materials intended for medical use.

These problems can all be solved with the new method developed by
Chalmers researchers. The technology is called 'thermochemical

recycling' and is based on a process called "steam cracking." It breaks
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down the waste by mixing it with sand at temperatures up to 800°C. The
plastic molecules are then broken apart and converted into a gas, which
contains building blocks for new plastic.

"It can be compared to a thermal sledgehammer that smashes the
molecules, and at the same time destroys bacteria and other
microorganisms," says Martin Seemann, Associate Professor at
Chalmers' Division of Energy Technology. "What is left are different
types of carbon and hydrocarbon compounds. These can then be
separated and used in the petrochemical industry, to replace fossil
materials that are currently used in production."

Great potential for saving valuable chemicals

To test the technology in real life, the researchers have carried out two
different projects in parallel in a test facility at Chalmers Power Central.
In the first project, a few different product types, such as face masks
and plastic gloves, went through the process. In the second, a mixture
was created that represents the average composition of hospital waste
from the region's hospitals. The mixture contained about 10 different
plastic materials, as well as cellulose.

The results have been consistently positive in both projects, which shows
the great potential that exists in the technology. One of the projects was
led by Judith Gonzdlez-Arias, now at the University of Seville in Spain.

"What makes this technology so exciting is its ability to handle the
environmental challenges that we associate with medical disposables.
Thermochemical recycling not only addresses the problem that medical
waste is not recycled today, but also facilitates the recovery of valuable
carbon atoms.

"This is fully in line with the principles of the circular economy and
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provides a sustainable solution to the urgent issue of medical waste
management," says Judith Gonzdlez-Arias.

The only option for products with strict requirements

Many manufacturers of health care materials today are very interested in
creating a circular model where the products can be recycled and reused
over again in a closed loop. But materials that are to be used in sterile
articles in health care have strict requirements for purity and quality,
which are basically impossible to meet with sorting and mechanical
recycling of plastic. However, it would be possible with thermochemical
recycling.

"It's really the only option for this kind of waste to go really circular,"
says Seemann. "It is so elegant that once the material has been broken
down to the molecular level, the chemical industry can turn it back into
virgin material."

"The same strict requirements for purity and quality actually also apply
to food packaging. This is why the vast majority of plastic collected
from packaging is incinerated today, or recycled into items where lower
quality is allowed.

The two projects build on previous Chalmers research, which has shown

how mixed plastic waste can be converted into raw material for new
plastic products of the highest possible quality.

The technology works well, but other factors also
come into play

To scale up the method, new material flows and functioning business
models need to be established, in collaboration between the health care
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and recycling sectors. Laws and regulations at different levels may also
need to be changed in order for thermochemical recycling to be widely
implemented in society.

"Certain political decisions would increase the value of plastic waste as a
raw material for industry, and increase the chances of creating
functioning circular business models around this type of recycling. For
example, a requirement for carbon dioxide capture, when incinerating
plastic, would create incentives to instead invest in more energy-efficient
alternative technologies such as ours," says Seemann.

Many countries have the technical prerequisites for recycling medical
waste and other mixed plastic waste through steam cracking. However,
regulations and structural conditions vary, which determines how actors
in waste management, the chemical industry and product manufacturing
would need to work together to create functioning value chains in
different places in the world.

The conditions in Sweden

In Sweden, there is a great deal of interest in recycling within industry,
but single-use items from health care do not in themselves create large
enough waste volumes for a functioning circular business model. Around
4,000 metric tons of such plastic were put on the market in the country
in 2019.

"To build a plant of the size required for profitable thermochemical
recycling, you would have to ensure a material flow of around 100,000
metric tons per year before start-up," says Gonzélez-Arias. Such
amounts of waste exist in Sweden in total, but it is not just a matter of
redirecting them from one type of recycling to another.

She says that new collaborations would therefore be needed between
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several different actors for commercial thermochemical recycling, where
health care waste could be part of the material flow. The process would
be optimized if a plant was built in an existing chemical cluster, such as
the one in Stenungsund. The Chalmers researchers have therefore
collaborated with the company Borealis during the development of the
technology.

In Sweden, there is a recycling quota for plastic that is not achieved
today. The largest share goes to incineration instead.

"Thermochemical recycling would become more beneficial with new
political frameworks that create a recycling solution for our plastic-rich
waste," says Seemann. "The technology is more energy-efficient than
some other methods for recycling components in the plastic, such as
carbon dioxide capture during incineration to use the carbon dioxide as a
building block for new materials."

More information: Judith Gonzélez-Arias et al, Steam gasification as
a viable solution for converting single-use medical items into chemical
building blocks with high yields for the plastic industry, Resources,
Conservation and Recycling (2023). DOI:
10.1016/j.resconrec.2023.107342
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