MARKETS & STRATEGY

Doppelganger Plastics: A More Desirable Alternative?

Transitioning from PET to PEF for a Greener Future

The problem with plastics — aside from all the environmental issues

they entail — is that they are excellent. It wouldn’t be a problem to

wean ourselves off them if they weren’t great at what they do. Take

PET for example — good barrier properties, crystal clear transpar-

ency, and high recyclability, all at a low price point. Hard to beat — yet

unfortunately also made with oil and gas-based feedstock and carry-

ing intercontinental shipping emissions. The ever-increasing demand

for this handy material means plastic production will account for 20%

of global oil and gas consumption by 2050, creating a much rockier

path to net zero.

It is clear as plastic to see this is a
problem that is going to get bigger
unless we come up with a solution.
So, what are the alternatives?

The Realists in the Room

Consumer behavior is well-entrenched
and collective preference for plastic is
rational due to its well-known advan-
tages to maintain the integrity and
quality of consumer goods, especially
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Cosmetics packaging using PEF.
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food and drinks. And it is not defeat-
ist to say so, rather it is astute and
respectful of the fact that consum-
ers are responding to the legitimate
advantages these materials and pur-
chase models offer them.

So, what about a different
approach? One which substitutes the
material for a near-identical alter-
native with preferable environmen-
tal performance. Like the ‘evil twin’
trope in a movie, this is a doppel-
ganger that looks, sounds and behaves

like the main character in all the obvi-
ous ways, but aims at a very different
goal. In this scenario though, it is not
the evil twin we’re looking for, but the
good one.

What if there is a new process to
find this good twin, a bioplastic alter-
native, which happens to be more sus-
tainable and better performing than
oil-based plastic? Enter PEF (poly-
ethylene furanoate). Just one letter
different from oil-based PET, with
game-changing potential for the plas-
tics industry.

Sweeten the Offer

The true Eureka moment was the real-
ization at Stora Enso that we don’t
need the concept others copied from
the oil-based route because there is
in fact a more elegant way to get to
FDCA (2,5-furandicarboxylic acid), a
crucial component in PEF, specifically
the ‘F’ part. Taking a step back for a
leap forward always carries risk, but it
has proven to be worth it. Now there is
a more controlled, highly customizable,
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yet less energy-intensive process that
can bring high-quality, cost-effective
FDCA and PEF a step closer to com-
mercial development at scale.

The advantages begin before even
getting into the process, because PEF
can be made out of biobased feed-
stocks, namely: sugar derived from
industrial starch. Sugar is the simple
but super-powered ingredient that is
the basis for a major move away from
the well-trodden path of oil-based
feedstocks. This means it is possible
to create a more sustainable drop-in
replacement for PET that doesn’t
require polymer manufacturing, con-
verting or recycling equipment to be
changed.

“Enter PEF. Just one letter
different from oil-based PET,
with game-changing poten-
tial for the plastics industry.“

A Bioplastic above the Rest

In the recent Euros 2024, the England
team’s performance was drowned out
by the fans who managed to drink two
months’ worth of beer in one German
restaurant over the course of 36 hours.
An impressive feat, but one made eas-
ier by the reassurance those drinks
remain highly carbonated to retain
their flavor. If the beer that restaurant
was serving was flat, one can be sure it
would not have been able to shift such
large quantities. And it’s not just beer
where this matters. There is a huge
range of oxygen-sensitive drinks that
need effective bottles to preserve the
integrity of the product, whether that
is juice or vitamin drinks. This is where



FuraCore, furandicarboxylic acid (FDCA), for PEF production of water bottles.

PEF comes in a cut above the rest—its
gas barrier properties are many times
better than PET, which makes it a par-
ticularly appealing option for brands
who want to improve the sustainabil-
ity of their products while increasing
performance.

And, as pressure to be more sus-
tainable increases, the appeal of PEF
will likely expand to those products not
traditionally associated with plastic
where there are future-proofing chal-
lenges. The overwhelming majority of
champagne and sparkling wines are
currently served in heavy glass bot-
tles that weigh more than the drinks
they contain, adding hugely to trans-

“Looking to the future,
it is continuous innovation
with bioplastics that
provides our best bet for a
truly circular economy.”

portation costs and emissions. Imag-
ine a much lighter sustainable alterna-
tive that preserves that all-important
cork-popping ability, with an enhanced
protection of the carbonated element of
the drink, so consumers can get the full
enjoyment from their products.

The applications for PEF are by no
means limited to bottles. There is every
form of tray and jar traditionally pro-
duced with PET that could benefit from
the recyclable nature, strength, heat
resistance, protective barrier proper-
ties, and transparency of packaging
that consumers have come to expect,
and PEF can provide.

Looking to the future, it is contin-
uous innovation with bioplastics that

provides our best bet for a truly cir-
cular economy. This is the PEF-based
products themselves, but also those
desirable side products of its chem-
istry that have a promising future of
their own.

Creating a Circular Economy

With the use of selective chemistry, the
key intermediate HMF (hydroxymeth-
ylfurfural) can be synthesized from
sugar feedstock, which can turn into
a desirable end product through fur-
ther sophisticated processes sepa-
rate to the creation of PEF. HMF can
be isolated and deployed in applica-
tions such as glues and paint, and its
potential is vast. For example, there is
already work being done to use HMF
as replacement for formaldehyde and
to combine it with other biomaterials
such as lignin, derived from wood, to
create binders for the construction
industry.

This potential increases even more
when expanding beyond sugar, to
include a range of sustainable sources
such as agricultural waste, recycled
fibers and trees, and avoid an over-re-
liance on the starch needed for global
food supply. A combination of those
sources at scale can be empowered
to deploy HMF derivatives as a fuel
additive in areas of transport prov-
ing difficult to electrify such as ship-
ping, long-distance trucking and avi-
ation. It is possible to plug that biofuel
gap and reap the sustainability bene-
fits, while gaining the enhanced per-
formance that can already be seen in
bioplastic packaging. For those with
the vision, HMF is not just a side prod-
uct, or even a side product that can be
turned into a tool, but a whole tool-
box to be applied to sustainably serve
a variety of humanity’s needs.
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FuraCore, furandicarboxylic acid (FDCA), for PEF production.

Imagine that world of a truly circu-
lar economy where you make a paper
cup from tree fiber, it gets recycled
and turned into a carton box used
by Amazon to ship goods and then
gets recycled again until the point
the fiber starts to break down. Now
we don’t need to leave it there. These
fibers can be broken down into sugar
molecules, then transform it into bio-
plastic and start the process all over
again in a way that is sustainable and
performance-enhancing. It serves as

Highly flexible twin screw pumps
for the chemical industry.

CHEMSPIN Series -
Twin screw pumps: multitalent for the
chemical industry.

Reliable pumping of different products in

Well suited for:
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the chemical industry with just one pump.

a reminder that the race to create a
doppelganger plastic began as a step
in the right direction, but now we see
that the process itself could precipi-
tate a giant leap forward for the cir-
cular economy.

Dirk den Ouden, Vice President of
Circular Chemicals, Stora Enso,
Stockholm, Sweden
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