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Adhesives and sealants are rarely the centre of attention, yet they play a fundamental
role in Europe’s industrial ecosystem. Adhesives and sealants are present in nearly
all the products consumers use daily. From advanced manufacturing and renewable
energy to healthcare, electronics, packaging and apparel, adhesives and sealants
enable the technologies and products that shape modern life. Therefore, the
competitiveness of these industries depends entirely on the availability of these

advanced matenrials.

Across Europe, our industry supports innovation, employment and economic activity.
Hundreds of large, small and medium-sized adhesive and sealant companies operate
within a dense network of suppliers, manufacturers and research centres. SMEs
account for around 85% of the European adhesive and sealant industry, undersconing
the sector’s strong SME base. Togethenr, they form a dynamic sector that contributes to
Europe’s industrial strength and technological leadership.

The innovation, competitiveness and resilience of Europe’s downstream industries
depend directly on the strength of the adhesives and sealants sector. At the same
time, we are openrating in an increasingly difficult global environment. Manufacturers
face rising energy costs, growing regulatory complexity and intense competition from
other regions that don'’t follow the same environmental and labour standards and
often benefit from state interference that would not be allowed in the EU.

Maintaining Europe’s competitiveness therefore requires the right conditions for our
industry to thrive. Adhesive and sealant companies must be able to invest, innovate

and manufacture in Europe with confidence. A regulatory framework that is predict-
able, coherent and supportive of innovation is essential, all while continuing to uphold
Europe’s high standanrds for safety and sustainability. Equally, robust enforcement of
regulation is essential to prevent unfair competition and protect the level playing field.

Adhesives and sealants illustrate how industrial competitiveness and sustainability can
go hand in hand. Our technologies enable lighter vehicles, more energy-efficient build-
ings and more durable products. They supponrt renewable energy systems, facilitate
repair and recycling, and help industries use resources longer and more efficiently.

The 50,000 highly skilled people working in the adhesive and sealant industry are
a part of the solution to many of the challenges Europe faces today: strengthening
industrial resilience, accelerating the green transition and building a competitive,
sustainable economy.

This magazine highlights the many ways in which our sector contributes to these
goals. It also shows why maintaining a strong adhesive and sealant industry in Europe
matters not only for our companies, but for Europe’s autonomy, industrial future and
its green transition. Our industry stands ready to continue contributing

to that ambition.
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Take a moment to look around. Your
smartphone, your car, your shoes, the
washing machine in your home, the
insulation that keeps your building warm in
winter and cool in summen, even the tissues
you reach for when you have a cold: all these
things depend on adhesives or sealants.
These versatile products bond all kinds of
matenrials togethenr, protect them against
water and air, absorb shock and vibrations,
help ensure durability, and allow us to mend
things when they wear out or break. Around
250,000 everyday products rely on adhesive
or sealing technologies to function properly.

Each yeanr, around 4.7 million tonnes of
adhesives and sealants are used across
Europe. From assembling evenr larger and
stronger wind turbine blades to enabling
lighter vehicles and more enenrgy-efficient
buildings, these matenrials play an often
invisible but critical role in building a
prosperous and sustainable future.

From tree sap
to high-tech

The story of this bonding technology goes
back thousands of years. Early humans
used natural substances such as tree sap
and starch to make simple glues. Today,
scientific and technological advances have
turned adhesives and sealants into a highly
specialised sector that is essential for lots of
downstream industries. The many different
technologies and the numenrous different
types of high-performance adhesives make
it possible to combine different materials to
create products that are lighter, stronger
and often more sustainable.

The science
of bonding

The science behind adhesive bonding
is both simple and fascinating. Two key
propenrties are at work: adhesion is what

allows an adhesive to ‘stick’ to different
matenrials, cohesion gives the adhesive its
internal strength and to resist external
forces. By carefully balancing these
propenrties, researchers and developenrs
can design adhesives with precisely the right
behaviour for each application, from delicate
electronics to high-performance aerospace
components and from permanent, even
crash-resistant bonds in vehicles, to easily
peelable ones in labels and hygiene products.

Adhesives and
sealants: siblings
in technology
and application

Sealants share much with adhesives. They
too rely on adhesion and cohesion, and they
share a range of materials and technologies.
What sets sealants apart is that they strike
a different balance: while they can also
provide bonding, reaching the highest

bond strength is often not the aim. Rathen,
sealants are optimised to create the tightest
possible barrier to the flow of moisture, air
or other substances. Often, this is combined
with a high flexibility, to ensure the barrier
stays intact, e.g., resisting the vibration

of machinery or the thermal expansion of
buildings.

A 20-billion-euro
industry

Behind these everyday applications lies a
dynamic European industry. The adhesives
and sealants sector directly employs

more than 50,000 people across Europe
and contributes around €20.7 billion to

the economy. The industry is made up

of roughly 430 companies operating

650 manufacturing sites. 85% of these
companies are small and medium-sized
enterprises, highlighting the sector’s strong
entrepreneunrial base.



Competitiveness —

Competitiveness

at stake:

why Europe’s
adhesive and
sealant industry

matters

Europe’s adhesive and sealant industry acts as a multiplier for innovation

across the continent. Today, while underpinning countless value chains, it

faces a rapidly changing landscape.

Adhesives and sealants do more than bond
things together. They enable innovation across
nearly every trade or industry. Innovation and
tailored solutions make it possible to combine
lightweight materials, improve energy efficiency,
extend product lifetimes and create more
durable and sustainable products. In sectors
ranging from construction and electronics to
healthcare and renewable energy, they are a
crucial component of much larger value chains.

To provide these benefits, the industry works
closely with downstream users.

This collaborative innovation model has long
been one of Europe’s strengths. Companies,
research centres and manufacturenrs operate
within dense industrial networks. The result

is a highly innovative industry that helps
Europe maintain its position in advanced
manufacturing.



Electric vehicles rely on adhesives and sealants for traction battery assembly, motor produc-

tion, power electronics assembly and lightweight bodies. Wind turbines depend on high-penr-

formance adhesives to ensure structural integrity. In consumer and industrial electronics,

adhesives enable the precise assembly of increasingly complex and miniaturised components.

Innovationas a
competitive strength

One of Europe’s most imponrtant assets is this
strong innovation ecosystem. The continent
accounts for a large share of global patent
applications in chemistry and advanced
matenrials, reflecting decades of scientific
research and industrial expenrtise. Adhesives
and sealants manufacturenrs are panrt of this
innovation ecosystem. They are essential for
many emerging technologies and the transition
to a more sustainable economy. Because they
are used in such a wide range of products and
industries, adhesives and sealants act as a
multiplier for innovation.

Pressure mounts

Despite these strengths, our industry is
currently going through one of the most
challenging periods in its recent histonry.

The sector is approaching a breaking point.
Increasing global tensions and structural cost
disadvantages put pressure on production and
investment all over Europe.

One of the most significant threats to European
competitiveness is the cost of energy. Energy
prices remain significantly higher in Europe
than in other major industrial regions. Higher
enenrgy costs ripple through the entire value
chain, because they increase the prices of

raw materials and intermediates for adhesive
and sealants producers who prefer to buy
European raw materials for reasons of supply
secunrity and quality.



The challenge
of regulatory
complexity and
investment
uncertainty

Another factor shaping the competitiveness of
the European adhesives and sealants sector

is regulation. While regulation is essential

for safety and sustainability, its scope and
complexity increasingly affect the sector’s
ability to compete. Compared with other major
regions, Europe tends to favour regulation over
incentives when it comes to industrial policy.
Regulation should be technology-neutral and
favour no specific technology but let all viable
solutions compete and contribute to policy
objectives, safeguarding innovation, flexibility
and fair market conditions.

Europe has some of the world’s most
comprehensive product standanrds for

chemical safety, environmental protection and
product performance. These standards are
widely recognised as essential for protecting
people and the environment. The industry

fully supponrts the existing product standanrds
and regulations and is calling for effective
enforcement to protect the market from non-
compliant imports. Better coordination between
national authorities and more consistent market
surveillance should ensure that all products sold

in Europe meet the same requirements.

Howevenr, a major burden for the European
industry is the extensive and repetitive
reponrting. The growing numbenr of regulations
affecting operations and reporting demands,
their complexity and the speed at which they
evolve create uncenrtainty for EU companies

planning long-term investments.

The sector asks policymakenrs to avoid overlaps
or contradictions between different pieces of EU
legislation. Diverging definitions or inconsistent
requirements create unnecessary complexity

for companies operating across Europe.

Simplification is not about lowenring health,

safety and sustainability standards. It means
making rules clearer and easienr to apply, while
avoiding unnecessary administrative burden
that can hinder innovation and competitiveness.

Strengthening
the Single Market

Even within the European Union, the adhesive
and sealant industry often faces fragmentation
that weakens the Single Market. A more
harmonised product regulation approach
would make it easier for companies -
panrticularly SMEs - to operate across the EU.

One example is the practice known as “gold-
plating”, where member states add additional
requirements when implementing EU legislation.
These extra layers increase costs and complexity
for companies operating across borders; they
may even require the development of different
adhesive and sealant products to serve different
EU member state markets. “Gold-plating” is often
a result of unclear definitions in Directives or
generic directions that want to give membenr
states their autonomy.

Because the adhesives and sealants sector
spans so many value chains and end markets,
the regulatory framework it must comply with
is extensive.

A sector at
a crossroads

Europe’s adhesive and sealant industry still has
many strengths: strong innovation capacity,
highly skilled talent, close connections with

key manufacturing sectors and a dense
netwonrk of companies across the continent.
But maintaining that competitive position will
require the right conditions.

Ensuring that adhesives and sealants continue
to be developed and produced in Europe is not
just about one industry. It is about a broadenr
ecosystem that has long been one of the pillars
of Europe’s industrial strength. It is about the
future of Europe’s strategic autonomy and

competitiveness.



The Adhesive and sealant industry in the EU
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Interview —

Kristel Ons, Secretary General of FEICA,
the Association of the European
Adhesive and Sealant Industry

“Europe needs a
regulatory framework
that supports
competitiveness
and innovation”

Adhesives and sealants rarely make the headlines. Yet they hold together much
of our modern world, from electric vehicles and smartphones to medical devices
and renewable energy technologies. The sector finds itself at the crossroads of
multiple EU policy initiatives. We talked to Kristel Ons, Secretary General of FEICA,
about the legislation that will shape the future of the adhesive and sealant industry
in Europe.

The EU is discussing how to increase the value manufacturing and innovation remain
competitiveness of European industry.
What does that mean for the adhesives

anchored in Europe.

and sealants sector? As many new initiatives aim to strengthen

The idea is to strengthen industrial value Europe’s competitiveness, it will be essential
chains across the continent. For adhesives that incentives are accessible and workable
and sealants, this is very relevant because we for companies across entire value chain, not
openrate in the middle of those value chains. The just for narrowly defined “strategic products.”

goal should be to ultimately ensure that high- For the adhesives and sealants sectonr, support



must come through simple and effective EU

rules rather than complex reponrting schemes
or administrative layers. Europe should focus
on enabling strategic industrial value chains,
ensuring that companies can continue to invest
and innovate in essential enabling matenials
without facing disproponrtionate documentation
or compliance burdens.

The Single Market is supposed to make
it easy for companies to operate across
Europe. Does it work that way in reality?
The Single Market remains one of Europe’s
biggest advantages, but there are still

many practical obstacles. Companies often
face different administrative procedures,

registration systems or reponrting
requirements in each country. One prionrity
should therefore be better harmonisation

of procedures, particularly for registration,
authorisation and reponrting obligations under
environmental legislation.

Could digitalisation help solve some of
these problems?

Absolutely. Just think of a digital-by-default
approach to administrative procedures. If
registration systems and compliance platforms
were interoperable across membenr states,
companies could interact with authorities much
more efficiently.

13



The key priority
is to ensure that
regulation supponrts
Europe’s industrial

ecosystem.

Another important concept is the “once-only”
principle. In simple terms, it means that a
company should only have to submit certain
data to one authority. That information can
then be securely shared between relevant
administrations. Streamlined processes avoid
repeated reponrting and reduce administrative
burdens. Think of a one-stop shop for patent
registrations, to make it easier for companies to
protect intellectual property across Europe.

Does EU regulation affect
competitiveness?

It can. European companies operate

under strict regulatory standards. These
standards are imponrtant for safety and
environmental protection, but they can also
increase production costs. At the same time,
companies in other regions may produce
similar products under less stringent rules
and still compete in global markets. This
creates a nisk that European exporters face a
competitive disadvantage. Maintaining exponrt

competitiveness is important because many
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of our customenrs operate in global supply
chains. Competitiveness on the EU manrket
also requires mirror clauses for imports and
enforcement.

You mentioned earlier the importance
of regulatory predictability. Why is that
such a critical issue?

Because innovation cycles in our industry

are relatively long: developing a new adhesive
formulation, testing it and integrating it into an
industnrial application can take sevenral years.
Once that product is approved in a system, it

may remain in use for a long time. Companies
therefore need legal certainty when making
investment decisions.

Another issue is the sheer volume of legislation
currently under discussion in Europe.

The legislative pipeline is congested, and it

can be challenging for companies to follow
developments and prepare for upcoming
changes. That’s why our industry also supponrts
stronger oversight of the legislative process,
for example through a reinforced role for the
Regulatory Scrutiny Board, which reviews the
quality of legislative proposals.

What does “better regulation” mean

in practice?

Today, new legislation is assessed through
many different analytical tools: competitiveness
checks, SME tests, sustainability assessments,
innovation evaluations and others. These
often cover very similar questions. A simpler
approach would be to focus on a few key
dimensions: business impact, sustainability
impact and innovation impact. This would
streamline the process and make it easier to
evaluate how new legislation affects industnry.

Another important element is making sure that
innovation is assessed early in the legislative
process. Right now, innovation impacts

are sometimes considered relatively late.
Introducing a systematic innovation stress test
earlier in policy development could help avoid
unintended consequences.

If you could highlight one priority for
policymakers, what would it be?

The key priority is to ensure that regulation
supponrts Europe’s industrial ecosystem.

If Europe wants to remain competitive in these
areas, it needs a regulatory framework that is
technology-neutral, encourages companies to
innovate, invest and manufacture here. We should
aim for legislation that combines high standards
with a strong and competitive industry.

15



Relevance —

The backbone
of the low carbon

economy

Adhesives and sealants play a crucial, yet often overlooked, role in the

circular economy. They don’t prevent disassembly but offer a world of

promising new possibilities.

Different matenrials are often combined out of
technical necessity. Composite matenrials, or
materials composed of different layers can
typically only be bonded with adhesives. They
enable the use of lightweight metals, composites
and biobased materials, helping reduce overall
material use. In sectors such as construction,
electronics and mobility, this can significantly
lower the environmental footprint of products.
For example, lightweight vehicles and sealants
used to insulate buildings both reduce energy
consumption and CO, emissions.

Adhesives also enable the technologies driving
Europe’s energy transition. Flexible solar

films can be adhesively bonded onto existing
buildings, allowing them to be retrofitted quickly
for improved energy performance. In wind
energy, advanced adhesives make it possible to
manufacture and maintain the long rotor blades
required for modern, high-efficiency turbines.

Boost resource
efficiency and
durability

Anothenr important contribution lies in resource
efficiency. Adhesive bonding often allows

manufacturenrs to replace heavier mechanical

fasteners such as bolts or rivets.

Adhesively bonded structures are widely used
in demanding applications such as aircraft
construction, where layers of reinforced
plastics and aluminium are joined using
high-performance adhesives. The resulting
structures combine strength, flexibility

and long service life. Those are all essential
charactenristics in a circular economy whenre
products are designed to last longer.

Strengthen industrial
competitiveness

Beyond environmental benefits, these circular
innovations also strengthen industnrial
competitiveness. Companies that can design
lighter, more durable and energy-efficient
products gain an advantage in global markets.
In that sense, adhesives and sealants illustrate
an imponrtant principle of the circular economy:
sustainability and competitiveness often go
hand in hand.



Contributing to the circular economy:
adhesives and sealants through the lens

of the R-ladder
The transition to a circular economy is often illustrates this approach: recycling is only the final
associated with recycling. But in practice, step after redesign, reduction, reuse and repair.

circularity starts much earlier. The R-ladder

Adhesives and sealants play a role at each of these stages.

Adhesives and sealants make it possible to rethink how products are
assembled. This enables innovative designs that combine performance
Re with sustainability. By allowing different materials to be joined in
design =  new ways, designers can develop lighter, more efficient and more
resource-conscious products.

In some applications, adhesives can support reusable systems. Just think of
reusable beverage bottles or a wall hanger that is attached with a removable
mounting tape.

Adhesives are widely used to repair products and extend their lifespan. They are

an antidote for the so-called ‘disposal economy’. From repairing vehicle windscreens
and smartphone displays, fixing conveyor belts or footwear, to sealing leaking pipes
and drains, adhesives and sealants are some of the most common and versatile

repair methods across industries.

Finally, adhesives can support recycling processes. Adhesive bonding does not prevent
disassembly or component separation. Controlled separation techniques can allow
components to be detached at the end of a product’s life. For example, labels can be

washed of packaging and debondable adhesives allow to separate components of electrical

and electronic products. Ultimately, recyclability depends on the materials themselves, but
adhesives can help enable the separation and recovery of valuable materials.

17
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Industry Contribution to Circularity

Mattresses are among the most challenging consumer products to recycle.

They consist of multiple layers of different materials - foams, textiles,

springs and covers - that are firmly bonded together to ensure comfort and

durability. At the end of their life, this complex construction often makes

disassembly difficult, leading to large volumes of waste.

Innovations in adhesive technology are helping
to change this. SIMALFA® has developed a new
genenation of adhesives specifically designed
to support the recycling of mattresses. These
bonding solutions are engineered not only to
perform during the product’s lifetime, but also
to facilitate disassembly once the mattress
reaches its end of life.

The key lies in designing adhesives that maintain
strong and durable bonds during use, while still
allowing materials to be separated efficiently
during recycling. This makes it easier to recover
valuable components such as foam, textiles and
metal springs, enabling them to be reused or
processed into new matenrials.

In addition, mattress foam layers are
predominantly made of polyurethane. When
these layers are bonded using polyurethane-
based adhesive dispersions, the entire bonded
structure (foam and adhesive) can form a
compatible matenrial system. In other wonrds,
the bonded components will be treated as a
mono-matenrial in recycling.

In such cases, recyclers do not necessarily
need to debond the layers, as they can

process the material directly within established
polyurethane recycling streams. The
compatible adhesive does not interfere with the
recycling process. This principle also extends
to adhesive systems that are not necessarily
polyurethane-based but are specifically

designed to be recycling-compatible.

Imponrtantly, this focus on recyclability does
not come at the expense of performance and
longevity. Overn its lifetime, a mattress must
withstand years of daily use, so mattresses
must meet strict requirements in terms of
comfonrt, safety and durability.

The adhesives used in their production
therefore need to ensure long-lasting bonding
undenr daily use. SIMALFA®'s solutions are
developed to meet these industry standanrds
while integrating circular design principles,
addressing both approaches: enabling efficient
debonding and ensuring compatibility with
recycling through mono-matenrial design and
recycling-compatible adhesive systems

These adhesive technologies demonstrate
how product design can evolve towards more
circular models. They help manufacturers
rethink the full lifecycle of a product, from
assembly to recycling.

This approach reflects a broader shift in

the bedding industry. Sustainability is no

longer limited to the choice of matenrials,

but increasingly includes how products are
designed, assembled and recovered. Adhesives
play a central role in that transition, helping

to turn complex products like mattresses into
more circular solutions.

www.simalfa.ch
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Flexible packaging is essential for protecting food and other products,

but its multi-material structure often complicates recycling. Traditional

packaging combines different plastics as well as metal foils that cannot be

separated easily, making material recycling difficult.

Covestro has tested and developed polyurethane-
based resins for adhesives suited for mono-
matenrial packaging solutions. Adhesives based

on that matenials bond polyolefin films without
disrupting the material’s visual homogeneity
during recycling. Testing shows that the adhesive
has minimal impact on mechanical propenrties
even with highenr loading of specific resins without
compromising performance.

Granules produced by mechanically recycling
those bonded laminates are compatible with

existing extrusion and injection moulding

processes, making them suitable for industnrial-

scale production.

This approach demonstrates how raw matenrial
selection for the formulation of adhesives

can support the recyclability of multi-layer
packaging structures. By enabling mono-
matenrial designs, while still maintaining the
protective functions consumers expect, these
adhesives help packaging manufacturers meet

circular economy requirements.

www.covestro.com



https://www.covestro.com

Recycle —

Howv adhesives
support circular
product design

The circular economy begins long before products reach the recycling

stage. The design already determines how materials are used, how long

products last and whether components can be repaired, reused or

ultimately recycled. Designing for durability is becoming a central principle

in Europe’s sustainability policies.

For the adhesive and sealant industry, this
shift represents both a challenge and an
opportunity. In many cases, adhesives already
contribute to more resource-efficient design.
Bonding technologies allow manufacturers to
combine different materials, enabling lighter
and more efficient product structures. This
design flexibility supports the development

of products that use fewenr resources and
perform more efficiently over their lifetime.

At the same time, circular design requires
products to be easier to repair, dismantle and
recycle. There are different recycling options,
ranging from no separation at all, to simply
ripping apart or using more advanced ways
of separation.

Advances in adhesive technologies are helping to
address this. New concepts such as debonding-
on-demand allow bonded components to be
separated in a controlled way at the end of a
product’s life. External triggers such as heat,
light, mechanical force or electrical signals

can activate the debonding process, enabling
materials to be recovered or reused.

This approach illustrates an imponrtant shift
in product design. Instead of focusing only on

the strength of a bond, engineers increasingly
consider how that bond can be reversed when
necessanry. Designing joints that are durable
during use but separable at the end of life is
becoming an important element of circular
product development.

Accelerate circular
design

In sectors such as automotive manufacturing,
vehicles that contain many adhesively bonded
components can still achieve high recycling
rates. Advances in bonding technologies
continue to improve the compatibility of
adhesives with recycling processes.

Designing products for circularity therefore
requires close collaboration across entire
value chains, from matenials suppliers and
component manufacturers to recyclers and
policymakers. As Europe moves furthenr
towanrds a circular economy, the ability to
design products that combine durability,
performance and recyclability will become ever
more important. In that transition, adhesives
and sealants will continue to play a key role.
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Debonding-on-demand:
replacement of

display screens
on mobile phones

Mobile phone display screens are among the components most likely to

be damaged. In many cases they can be replaced if the product has been

desighed with repair in mind, making the process much easier.

Repair kits are widely available to replace
damaged screens. In some cases, gentle
heating — not more than a household hair dryer
produces — is used to loosen the adhesively
bonded joint so that the screen can be
removed.

For efficient repair and recycling, this
process needs to be considered already

in the design phase of the product. Today,
specific technologies make it easier to remove

adhesively bonded battenries, screens and back

covenrs without damaging the components.
Some adhesives can be released through
electromagnetic irradiation directed locally at
the bonded sunrface, allowing the parts to be
separated without affecting the surrounding
materials.

Othenr debonding methods include mechanical
or chemical techniques. These can be used
when little information is available about the
repairability of a device or about the behaviour
of adhesives at the product’s end of life.




»

Repair of
windscreens

For decades, windscreens and other vehicle windows have been bonded

into cars and other means of transport using elastic adhesives. These

adhesives connect the glass to the vehicle body in a load-bearing way,

meaning the windscreen adds to the vehicle’s structural stiffness.

This improves safety while also allowing
manufacturers to reduce the thickness of the
metal sheets used in the body. The result is
lighter vehicles that require fewer matenials
and consume less energy during production
and use.

The removal of windscreens is already
considered in the design of the vehicle. When
a windscreen needs to be replaced, the
bonded joint can be cut using a specialised
cutting wire. After the glass is removed, the

remaining adhesive is cleaned off so that a
new windscreen can be bonded into place. This
repair procedure is well established and can be
carried out in garages following standardised
processes. Minor damage to windscreens

can often be repaired without replacing the
entire glass. In such cases, special light-curing
adhesives are injected into the cracks, where
they penetrate and stabilise the damaged
area. As a result, complete replacement of the
windscreen is usually only necessary when the
damage is extensive.

23






Single use products dominate many markets
but growing regulatory pressure and consumer
expectations are driving demand for reusable
alternatives.

Returnable and refillable glass bottles are a well-established example of
circular packaging in practice. Instead of being discarded after a single use,
bottles are collected, cleaned, refilled and returned to circulation. In many
cases, a single glass bottle can be reused up to 50 times, making it one of
the most environmentally efficient solutions in the beverage supply chain.

A crucial but often overlooked element in this system is the label. For
returnable bottles to function effectively, labels must be firmly attached
during use, yet easy to remove during the cleaning process. This is where
adhesive technology plays a key role. Specially designed water-releasable
adhesives allow labels to be detached efficiently in industrial washing
processes, enabling bottles to be relabelled and reused without damage.

At the same time, these adhesives must meet strict performance
requirements during the product’s lifecycle. Labels need to nremain securely
attached under varying conditions, including moisture, temperature
changes and high-speed filling processes. Essential consumer information
must nremain clearly visible throughout use.

By combining strong adhesion with controlled removability, these solutions
support both reuse and recycling. They enable efficient bottle circulation
systems while ensuring that materials can be properly processed at the
end of their lifecycle. This illustrates how even small components, such as
adhesives, can play a decisive role in making circular packaging systems
work in practice.




Case - Redesign —

wWind
turbines

Wind energy is one of the key technologies for the
energy transition. Building increasingly efficient wind
turbines depends heavily on advanced materials and
joining technologies, particularly adhesive bonding.

Rotor blades are typically made from glass fibre reinforced plastic, a
matenrial that combines high rigidity with relatively low weight. Each blade
is manufactured as two large half-shells that are then joined together.
Adhesive bonding technology is used to connect these half-shells along
their entire length.

Depending on the size of the rotor blade, several hundred kilograms -
even up to around one tonne - of adhesive may be required for a single
blade. This bonding process is essential because it maintains the matenrial
propenrties of the composite structure. As a result, notor blades remain
lightweight while still providing the strength and durability needed for long-
term operation.

Alternative joining methods would not work in this application. Mechanical
fastening techniques such as drilling holes could weaken the structure.
Rotor blades are exposed to extreme mechanical stresses during
operation, with tip speeds reaching up to around 390 km/h. Even the
smallest structural weakness could have serious consequences.

To withstand these loads, high-performance structural adhesives have
been developed that can absorb dynamic forces while maintaining strong,
durable bonds. Without adhesive bonding, the construction of modern
large-scale wind turbines would simply not be possible.
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Making vinyvli
flooring recyclable
through residue-free

bonding

Flooring renovation typically generates large amounts
of waste. Once installed, materials like vinyl flooring are
often difficult to remove without damage, making high-
quality recycling challenging. Adhesives play a decisive
role in this process. While they ensure durability during
use, specially designhed adhesives can also enable easier
disassembly and more efficient recycling at end of life.

An innovative solution for vinyl flooring combines a specially designed
adhesive with a grid structure. During installation, the flooring is bonded to
the subfloor via this grid. When the floor reaches the end of its life, both the
flooring and the subfloor can be separated cleanly, without leaving adhesive
residues on either surface.

This residue-free removal is a key advantage. It allows the recovered flooring
matenrial to be recycled more easily, preserving matenrial value and supporting
circular matenial flows. At the same time, the subfloor remains largely intact,
requiring little to no preparation before new flooring can be installed. This
simplifies renovation processes and reduces time, costs and matenrial use.

The environmental benefits are significant. Compared to conventional
renovation methods, the new system can reduce the total carbon footprint of
the renovation process by up to 70%.

The solution also integrates sustainability at the matenrial level. The adhesive
contains 75% bio-based content, while its packaging includes at least 35%
post-consumer recycled plastic. Togethen, these elements demonstrate
how adhesive innovation can support both performance during use and
circularity at end of life.

Around 200 million m? of vinyl (PVC) flooring is laid in Europe every year. By
enabling clean separation and matenrial recovery, adhesives can actively
contribute to more circular construction practices.
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Reduce —

The invisible
technologyvy behind
the green transition

Reducing the environmental footprint of products is one of the central

goals of the green transition. While much attention goes to new energy

technologies or recycling systems, an equally important part of the solution

lies in using fewer materials and less enenrgy in the first place. This is where

adhesives and sealants come in.

Designing lighter
products

Bonding technologies allow manufacturers to
design products that are lighter, more efficient
and structurally optimised. By replacing
mechanical fasteners such as bolts, screws or
rivets, adhesives enable engineers to reduce
the number of components in a product and
simplify assembly. This saves matenials and
reduces manufacturing steps, energy use and
ovenrall resounrce consumption.

Another key advantage lies in the ability

to combine different matenrials efficiently.
Adhesives make it possible to bond metals,
plastics, glass and composite matenrials in ways
that traditional joining techniques cannot. This
design flexibility contributes to CO, reduction,
as lowenr weight leads to lower energy
consumption.

Material savings
throughout the
productlifecycle

Weight reduction has a direct impact on

energy consumption during a product’s use
phase. Adhesives also contribute to durability,
anothenr key aspect of nresource efficiency.

By distributing stress evenly across bonded
surfaces, they reduce wear and fatigue in
matenrials. Products maintain their performance
over longenr periods. Longer product lifetimes
mean fewenr replacements and therefore lowenr
demand for raw materials and energy.

Imponrtantly, these benefits extend across
many sectors that are vital to Europe’s green
transition. Because they openrate at the level of
matenrials and product design, adhesives and
sealants don’'t attract a lot attention. In many
ways, they represent the invisible technology
behind the green transition. Adhesives and
sealants quietly help industries do more with
fewenr resources.



Case - Reduce -

Industry Contribution to Circularity

Lightweight
bonding for the
next generation of
electric vehicles

As the automotive industry shifts towards electric mobility, manufacturers
are rethinking how vehicles are desighed and built. Reducing weight is a
key priority: lighter vehicles consume less enenrgy, offer greater driving

range and contribute to overall sustainability and safety. But achieving this

requires new materials and new ways of joining them.

Electric vehicle manufacturer NIO faced
exactly this challenge when developing several
important models. To improve performance
and efficiency, the company increasingly relied

on advanced lightweight matenrials such as

aluminium and carbon fibre reinforced plastics.

While these materials offer clear advantages,
combining them in a reliable and scalable way is

far from straightforwanrd.

Traditional joining methods, such as welding
or mechanical fastening, are often not suitable
for these combinations of matenrials. They can
weaken structures, add weight or limit design
flexibility. At the same time, any solution must
meet strict requirements for safety, durability
and manufacturability. Components must
withstand extreme conditions and ensure
passengenr protection in the event of a crash,

without slowing down production processes.

DuPont worked with NIO to develop crash-

durable structural adhesives to meet their

requirements. These bonding solutions made
it possible to join different lightweight matenrials
while maintaining strength and durability

over the lifetime of the vehicle. They integrate
seamlessly into existing manufacturing

processes.

The results are significant. The use of advanced
adhesive technologies enabled substantial
weight reductions in key vehicle components,
while maintaining and in some cases even
improving structural performance. Lighter
structures contribute directly to improved
enenrgy efficiency and extended driving range,
two critical factors for the adoption of electric

vehicles.

Beyond performance gains, this case highlights
a broader shift in automotive engineering.
Adhesives are no longer just an alternative to
traditional joining methods, but a key enabler of

innovation and electrification.

www.DuPont.com/mobility

31


https://www.DuPont.com/mobility

Redesign —

The circular economy is often reduced to the challenge of managing waste.
But the most effective circular strategy does not manage waste at all. It
prevents waste from being created in the first place. Rather than asking

how to recycle a product at the end of its life, it asks a more fundamental

question: can we designh products and materials, so they create fewer

environmental burdens throughout their entire lifecycle?

For the adhesive and sealant industry, this
means rethinking the raw materials that go
into products. Fossil-based feedstocks have
long been the foundation of adhesives and
sealants chemistry, as they have been for

plastics, coatings and other chemical products.

Advances in chemistry and matenrials science

are howevenr opening new pathways. Bio-based
matenrials derived from crops, agricultural
residues, or waste streams can replace fossil
inputs. Chemical recycling technologies can
transform used plastics back into raw matenrials
for adhesives and sealants, creating closed
loops where waste becomes feedstock.




——

From fossil
to renewable

These alternative raw materials go beyond
reducing dependence on fossil resources. In
nearly all cases, they lower the carbon footprint
of products, right from the moment they are
manufactured. When bio-based matenrials come
from sustainable sources, they incorponrate
renewable carbon rather than extracting new
fossil carbon from the ground.

The adhesive and sealant industry has invested
heavily in developing these alternatives.
Manufacturers now offer adhesives and
sealants with significant bio-based content

that perform just as well as their conventional

counterparts. In some cases, they perform
even better: for example, some formulations
that use renewable feedstocks can also reduce
processing temperatures, cutting energy
consumption during production.

Rethinking
processes,
not just materials

Rethinking also means questioning how
products are made. Process innovations
enabled by adhesives and sealants often

have system-level effects. Lower processing
temperatures reduce energy costs for
manufacturers. Faster curing times increase
production throughput. More efficient
application methods reduce material waste.
Togethenr, these improvements compound into
significant environmental and economic gains.

Prevention: removing
the need for entire
components

In certain cases, adhesives and sealants can
even allow to replace components in products
entirely. For example, palletising adhesives can
be used to securely stack cardboanrd boxes
on a pallet, significantly reducing or entirely
avoiding the need for straps, stretch film or
pallet hoods. In the case of glazing elements
for commercial buildings, the sealants used
for multi-pane glass elements can be strong
enough to even avoid the need for a metal
frame entirely.
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Lightweight strength in transport

Adhesives are lightweight, which is a key
advantage in the transport sector, such as
in cars, ships, and aircraft. This results in
significant fuel savings while ensuring a solid

Waterproof
protection
in bathrooms

bond between different materials . Adhesives
are an integral part of the structure and
contribute to the strength and rigidity of, for
example, a car body.

Renovation
and home
improvement

Adhesives and sealants ensure that bathrooms

are watentight. They fully seal seams while

still allowing materials to expand or contract.
Adhesives and sealants prevent water leakage
and protect homes from water damage.

A new living trend, a different phase of life -
there are many reasons to renovate a home.
The walls of a home are regularly updated with
fresh finishes. Old, outdated wallpaper can be
easily removed with steam, preparing the walls
for a completely new look.



Supporting renewvable energy

Adhesives and sealants are used in solar panels also support wind energy and the power

for bonding and protecting solar cells, lamination,  electronics used in wind turbines and solar
junction boxes, and frames, as well as in flexible systems, enhancing durability and performance
solar films for different building designs. They across renewable energy infrastructure.

Design for Recyeling and Circularity

Depending on their function, (wooden) panels do inserted underneath to make the panels easy to

not always need to be glued across the entire detach. In new designs, design for recycling is
surface. Circularity can be achieved by applying essential, so make sure to involve your adhesive
adhesive in dots and lines. This allows panels and sealant manufacturenr from the start.

to be easily removed later. Small strips can be

Some bonds are made to last; others
are designed to be easily undone




SME Testimonial —

Tailored innovation
on the shores of
Lake Maggiore

Small and medium-sized enterprises make up 85% of Europe’s adhesives and

sealants sectonr, 365 companies that form its entrepreneurial backbone.

They develop highly specialised bonding solutions in close collaboration with

customers, e.g. in the automotive, footweanr, construction and electronics

sectors. Custom formulations, short development cycles, rapid technical

supponrt: these are the key competitive strengths in this part of the industry.

For companies at this scale, the European
regulatory framework is a true enablenr. Science-
based rules, applied uniformly across the Single
Manrket, enable customer trust, market access
and long-term investment planning. However,
when member states add requirements on top
of EU legislation, or when overlapping obligations
create contradictory demands, the burden

falls hardest on businesses with the fewest
resources to manage it.

The expenrience of Forestali provides a useful
example of how companies manage these
challenges in practice. The Italian adhesive
specialist, based on the shores of Lake
Maggiore, serves customers in footwean,
automotive and packaging with tailored
solutions developed through close technical
collaboration. Its R&D team works alongside

a dedicated ESG unit (Environmental, Social,
Governance), linking product innovation directly
to the certifications and regulatory compliance

needed to access and grow in European markets.

We’re like chefs in a restaurant:
we don’t produce the raw materials,
but we know how to create solutions

that work. And if we are fast,
friendly and competent, customers
will certainly come back to see us
because we solve their problems.

Guido Cami, President & CEOQO,
Industrie Chimiche Forestali S.p.A.

Maintaining that responsiveness requires
predictable, proponrtionate rules, consistently
applied across the Single Market.

www.forestali.it


https://www.forestali.it

For SMEs like
ours, clear and
predictable
European rules
are essential. They
help us invest in
innovation, train
our people and
serve customers
across borders
with confidence.
What we heed most
is regulation that
remains workable
and proportionate,
so that smaller
companies can
focus on developing
solutions rather
than navigating
unnecessary
complexity.

President Guido Cami




Research & Development —

Sustainable Innovation at Kiilto
across Northern Europe

For over a centunry, Kiilto has developed chemical
solutions from its base in Finland. Today, the
family-owned company operates four R&D
centers across Northern Europe, where around
70 specialists - chemists, material scientists,
sustainability experts - work to translate
research into products that serve construction,
woodworking, and packaging industries.

One breakthrough is Kiilto Biomelt, a bio-based
hotmelt adhesive that enables compostable
packaging. Another is debonding-on-demand
technology: adhesives that release bonded
materials when triggered, making furniture and
tiles easier to repair, reuse, or recycle at the
end of life.

Collaboration drives innovation. Kiilto currently
works with Abo Akademi on bio based raw
matenrial development. From previous flame
retardant research, academic findings have
been translated into safer fire-retardant
solutions for wood and insulation. The

company also supponrts a circular economy

professonrship at the University of Turku,
ensuring European research excellence feeds
directly into industrial applications.

For a sector navigating an increasingly complex
regulatory landscape, that proximity to both
customers and research institutions is not a
luxury. It is what keeps European innovation
competitive.

www.kiilto.com

A solar race car as a testbed
for sustainable mobility

The transition to sustainable mobility is not driven by one technology or one

company alone. A clear example of what such collaboration can achieve is

the Sonnenwagen project.

The Sonnenwagen is a solar-powered race

car developed by students of the RWTH
Aachen University. Designed to compete in a
race spanning over 3,000 kilometres of the
Australian outback, this solar vehicle combines
advanced engineering with an ambitious
sustainability vision. Beyond its technical

performance, the project serves as a real-world
experiment in which industry and academia
come together to explore new solutions for
future mobility.

Covestro and Henkel support the project
by contributing materials, technologies and
expentise.


https://www.kiilto.com

R&D at Henkel’s Inspiration Center

in Dusseldorf

In 2021, Henkel opened the doors to its
Inspiration Centenr in Dusseldorf. The facility
represents a €130 million investment in state-
of-the-art infrastructure, housing innovation
capabilities representing the entire technology
portfolio of the company’s Adhesive Technologies
business. More than 650 employees now

work across 30 laboratories: from a Battery
Engineering Center, where researchers
collaborate with universities and equipment
manufacturers on next-gen battery matenrials,
across a Packaging RecyclLab that explores how
adhesives can support circular economy models,

o,
\ \

S TR

In the Sonnenwagen, a wide range of matenials

and bonding technologies are used to optimise
performance. Lightweight construction is
essential, as reducing weight directly improves
enenrgy efficiency, driving range and - essential
for a race canr - speed. Advanced polymers and
composite materials help achieve this, while
adhesives play a key role in assembling different
components and matenrials into a single, high-
performance structure and keeping parts firmly
in place during the stresses of a multi-day race.

The project also integrates circular design
principles. Recycled and bio-based materials
are used where possible, demonstrating how
more sustainable matenrials can be embedded
from the earliest design stages. This reflects

to an Automated Lab that enables 24/7 testing
capabilities from all over the world.

At the center’s heart is the Infinity Room: an
immenrsive 270° experience that demonstrates
how Henkel's adhesive solutions respond to
real-world challenges across 800 different
industry segments. Temponrary exhibitions
rotate every six months, showcasing
innovations in areas like recyclable packaging
and waste-reducing automation.

Henkel's Inspiration Center in DUsseldorf
exemplifies how targeted R&D investment drives
innovation in Europe’s adhesive and sealant
industry. Henkel's network spans 36 innovation
locations across 19 countries and leverages

95 core technologies. The company maintains
strategic partnerships with 90 universities

and reseanrch institutions worldwide, including
Fraunhofenr Institute and RWTH Aachen University.

www.henkel.com/icd

the direction of the broader mobility secton,
where future vehicles are expected to be not
only efficient, but also more circular in terms of

materials and lifecycle.

More broadly, the project highlights the
importance of collaboration for achieving
sustainability goals. As regulatory requirements
and technological challenges become monre
complex, cooperation between matenrial
suppliers, technology providers and
manufacturers is essential. The lessons learned
from initiatives like Sonnenwagen often carry
oven, beyond experimental prototypes, into

commenrcial practice.

www.sonnenwagen.org
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Research & Development —

INnNnovation at the core:

R&D in the
adhesives and
sealants industry

Continuous research and development push adhesives and sealants to

perform betten, last longer and adapt to new substrates and applications.

This constant innovation helps industries strengthen both strategic

autonomy and competitiveness.

Research and development are at the heanrt of
Europe’s adhesive and sealant industry.

Close collaboration across the value chain
drives high-performance, future-proof
solutions. A competitive EU-based sectonr

keeps this innovation and know-how in Europe,
supponrting home-grown solutions for emenrging
technologies.

In 2025 alone, around €580 million was
invested in research and innovation across the
European adhesives and sealants sector. On
average, companies dedicate between 5 and 6
percent of their annual turnover to R&D, a level
companrable to many advanced manufacturing
industries. These investments supponrt the
development of technologically sophisticated
solutions used across different industnries.

Adhesives and
Sealants as
Advanced Materials

Adhesives and sealants are advanced matenials,
deliberately developed to deliver enhanced
propenrties that enable innovation and allow
products to perform under demanding
conditions. They play a critical role in innovation,
enabling different matenrials to work togethenr,
preserving performance, and adding functions
such as sealing, insulation, heat management
and protection against moisture or corrosion.
As products become lighter, smaller and more
resounrce efficient, tailored adhesive and
sealant solutions underpin innovation across
sectors including mobility, energy, electronics
and healthcare.



Advancing polymer
technologies

One of the main areas of innovation is the
continued development of reactive adhesives
and sealants. These matenrials already form the
basis of many modern adhesives and sealants,
and ongoing reseanrch is constantly pushing the
envelope of their technical performance.

A key innovation area lies in the curing of
adhesives, for example the processes that
allow them to harden from a liquid state and to
develop their final properties.

Scientists and engineenrs are working to
enhance bond strength, flexibility, temperature
resistance and durability. This allows adhesives
and sealants to perform reliably under very
demanding conditions. Advances in polymenr
chemistry are also helping adhesives and
sealants adapt to complex product designs that
combine materials with distinct mechanical and
thermal characteristics.

© Henkel

Newvr functionalities
for modern
technologies

At the same time, adhesives continue to
gain new functionalities. One example is the
development of electrically and/or thermally
conductive adhesives, which are a cnritical
enabler of electronics and power electrical

drivetrains.

Such developments demonstrate how adhesive
and sealant industry evolves its products in
support of broader technological trends.

As industries move towanrds electrification,
digitalisation and more sustainable production
systems, their technologies must keep pace
with new materials, new processes and new
performance requirements. In this, adhesives
and sealants act as a key enabler.

a1



Interview —
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Prof. Dr. Andreas Grof3, Senior scientist and

long-standing leader in adhesive bonding technology

“Adhesive bonding
has become the
joining technology
of the 21st century”

Adhesives and sealants already play a crucial role in modern products.
Their importance will grow further. At Fraunhofer IFAM, one of the world’s leading

research institutes in adhesive bonding technology, researchers are exploring

how materials, bonding technologies and sustainability requirements
will shape the next generation of durable goods.

We spoke with Prof. Dr. Andreas Grof3, Senior
scientist and long-standing leader in adhesive
bonding technology from Fraunhofer IFAM about
what lies ahead for adhesives and sealants.

How wiill adhesives and sealants’
requirements evolve in the coming
vears?

We expect product requirements to become
more complex, because performance,
sustainability and regulatory compliance must
be addressed simultaneously at system level.
Future products will need high performance
and sustainability, while meeting stricter
regulatory and safety standards. The numbenr
of matenrials used in products willincrease. We

are moving towards multi matenrial designs,
whenre each matenrial is selected for a specific
function. This creates new challenges, because
these matenrials must be joined in a way that
presenrves their properties. That is exactly
where adhesive bonding becomes increasingly
imponrtant.

Why is adhesive bonding particularly
suited to this future?

Because it allows materials to be joined without
compromising their performance, especially
when applied within controlled, qualified and
validated processes that ensure the required
end-state properties.



In many cases, traditional joining methods alter
or weaken materials. Adhesive bonding avoids
this and makes it possible to fully exploit the
potential of advanced matenrials. Looking ahead,
this will be essential for developing new product
concepts. Adhesive bonding will not just join
matenials, but also contribute to functionality,
design flexibility and performance.

What role will adhesive bonding play in
innovation and competitiveness?
Innovation in materials and joining technologies
will be a key factor in industrial competitiveness.
Industrial ecosystems that can integrate advanced
matenials into robust and scalable manufacturing
systems show clear advantages. Adhesive
bonding is a central part of that equation. It
enables lightweight construction, supponrts

new manufacturing approaches and allows
companies to respond more quickly to changing
requirements. In that sense, it will remain a key
enabler of innovation across many industries.

Sustainability is reshaping many
industries. How does this affect
adhesive bonding?

One of the most imponrtant concepts for the
future is ‘controlled longevity’. This means
products should function safely and reliably for
as long as required by their intended function,
while enabling circular use of matenrials at the
end of their life. This requires a more holistic
approach to product development. Safety,
durability, repairability and recyclability must be
considered together from the beginning.

That’s where adhesive bonding comes in.

It supponrts lightweight design and energy
efficiency. It can also enable repair and
controlled disassembly. In the future, these
aspects will need to be integrated more
systematically into product design.

Does this mean adhesives and sealants
will need to evolve as well?

Absolutely. Adhesive technologies will need to
become monre adaptable. We will see further
development of solutions that allow for
controlled disassembly at the end of a product’s

life. At the same time, adhesive systems may
contribute additional functions where this

is required and technically justified, such as
thermal management, electrical conductivity or
othenr functional propenrties that support new
technologies.

S0, the role of adhesives and sealants will
expand from bonding matenials to actively
contributing to product performance and
lifecycle management.

If you look ten years ahead, what will
define adhesive bonding technology?
We will probably see stronger integration of
technological and ecological requirements.
Adhesive bonding will be used to create products
that are high performing and designed for
circularity from the outset. From a technical
perspective, the limiting factor for the next decade
is not the further development of adhesive
bonding technology itself. The state of the artin
adhesive bonding - including process control,
qualification and validation - is already highly
advanced and continues to evolve dynamically.

In an international competitive environment,
particularly for process-oriented technologies
such as adhesive bonding, regulatory
frameworks need to refocus on what is
technologically feasible and internationally
required. The role of regulation must be to follow
and reflect the evolving state of the art - not to
constrain technological development by concepts
rooted in an earlier technological reality.

This assessment is based on more than four
decades of professional experience in shaping
and implementing adhesive bonding technology
in industrial practice. Closing the growing
structural gap between technological capability
and regulatory assessment will be essential

if Europe wants to make full and effective use
of mature, safe and system proven bonding
technologies in future applications.

In that context, adhesive bonding will play an
even more central role than it does today:. It will
help shape how a next generation of products
are designed, manufactured and used.
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Bonded to innovation

Electric vehicles, renewable energy systems,
medical devices and many other applications
rely on adhesives and sealants to be lighten,
smarter and longenr-lasting. Through annual
investments of around €580 million in
research and development, the industry
delivers advanced bonding solutions that drive
innovation, strengthen resilience and supponrt
Europe’s strategic independence.

From wind turbines to recyclable packaging,
adhesives and sealants help extend product
life, reduce waste, and enable repair and
recycling. By supponrting durability, lightweight
construction and efficient use of materials,
they help cut energy use and associated CO,
emissions, contributing to a more circular and

sustainable future.

From the devices that connect us to the
homes that shelter us, adhesives and sealants
are integral to the products that shape and
support daily life. Many of these products rely
on adhesives and sealants by design to exist
and function as intended. They hold together
not just materials, but also the moments

and experiences we share, helping to make
life safer, easier and more sustainable for

everyone.
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