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Executive summary

Polyurethane is widely used in the 

automotive industry as cushion in 

vehicle seats, head, and armrests, underlay 

for carpets, steering wheel covers, and 

numerous other applications.  Based 

on current projections, the lightweight 

material is likely to be used in even more 

applications in vehicles the future. While 

polyurethane as a material is recyclable, 

one of the challenges associated with PU 

parts from vehicles is the fact that they are 

difficult to reuse or recycle with current 

design and waste treatment technologies.

As the EU works to pave the way to a 

sustainable mobility system, it is important 

to mitigate the lifecycle impacts of all the 

materials used in the sector. 

Based on primary and secondary research, 

this study has identified three main 

opportunities to make the polyurethane 

used in the automotive sector more 

sustainable. These are: (1) enhancing the 

recycling of the material; (2) substituting 

part of the fossil-fuel-based precursors 

to polyurethane; and (3) incorporating 

environmental considerations in vehicle 

design. Scaling these solutions will require 

a whole-of-value-chain approach and the 

contribution from all the stakeholders along 

the polyurethane value chain.
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Abbreviations

ABS - Acrylonitrile Butadiene Styrene

ASR – Automotive shredder residue

CNSL – Cashew Nutshell Liquid

DPP – Digital product passports

ELV – End-of-life vehicle

ELVD – End-of-life Vehicles Directive

ESPR – Eco-design for Sustainable Products 

Regulation

EPR – Extended Producer Responsibility

EV – Electric Vehicles

EU - European Union

GHG - Greenhouse Gas Emissions

HDPE – High-Density Polyethylene

ICE - Internal Combustion Engines

LCA – Life Cycle Assessment

MDI – Methylene Diphenyl Diisocyanate

NOP - Natural Oil Polyols

OEM – Original Equipment Manufacturers

PDI – Pentamethylene diisocyanate

PET – Polyethylene Terephthalate

PP – Polypropylene

PPC – Polypropylene Carbonate

PU – Polyurethanes

RM – Raw Materials

TDI – Toluene Diisocyanate

UHV – Gross Calorific Value

UN – United Nations

VOC – Volatile Organic Compound
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Context and Objectives1

Thanks to its unique properties, polyurethane 
is the preferred cushioning and insulation 

material in the automotive industry, as well as 
in industries like furniture and construction. 
In vehicles, polyurethane is used in several 
applications, including as cushion in seats, arm 
and headrests, surface materials, lamination 
for textiles and leather, as well as insulation 
material.

Polyurethane is a particularly versatile 
material, primarily as a result of its resistance 
to grease, oil and water, and contaminants such 
as mould and fungi. Moreover, polyurethane 
performs well in harsh environments, and 
boasts an economical manufacturing process. 
However, a major limitation to the material is 
the fact that it is not easily recyclable from 
vehicles with existing recycling technologies.

As the efforts to transition to a circular economy 
in the EU accelerate, this study sets out to 
explore how to improve the environmental 
impact of the polyurethane used in vehicles 
in the bloc throughout their lifecycle. Through 
interviews with value chain stakeholders and 
a review of the recent scientific literature, 
Euromoulders — the European Association of 
Manufacturers of Moulded Polyurethane Parts 
for the Automotive Industry — has set out to 
identify:

• The solutions that are currently being 
developed or employed by automotive 
manufacturers, manufacturers of parts and 
materials, recyclers, and other relevant 
stakeholders.

• The main challenges hampering the efforts 
to mitigate the environmental impact of 
flexible polyurethane foam in the automotive 
industry.

• How the manufacturers of polyurethane foam 
can contribute to greater levels of circularity 
in the automotive sector and, importantly, 
how such efforts can be supported by other 
value chain partners.

The aim is to foster dialogue about a pragmatic 
and feasible roadmap to mitigate the 
environmental impacts associated with the 
use of polyurethane in vehicles. Such dialogue 
is crucial given the importance of addressing 
environmental externalities, on the one hand, 
and the fact that there are few and imperfect 
alternatives to the material in the automotive 
industry, on the other. This means that 
polyurethane will continue to be used in cars 
for the foreseeable future in existing, as well 
as new applications, that will be dictated by 
the needs arising from the transition to electric 
mobility.
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The findings included in this study are derived 
from primary research and a review of the 
existing literature about the efforts to make 
the polyurethane used in the automotive 
sector more sustainable. The primary research 
consisted in 12 interviews with stakeholders 
from the polyurethane ecosystem.

The literature review consisted of reviewing 
both academic and peer-reviewed studies, as 
well as grey literature, drawing from industry-
based sources. Given that experimentation with 
more sustainability polyurethane alternatives 

is ongoing, the inclusion of industry insights 
from grey literature was key, as peer-reviewed 
and academic literature does not capture the 
entire breadth of ongoing research. 

The research findings are presented both 
as direct results of the literature review and 
as aggregated and elaborated information 
gathered during the interviews (in an 
anonymous source).

The whole study has been carried out 
according to best practices for competition law 
compliance.
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State of play: Polyurethane 
in the automotive industry2

Plastics play a critical role and are used in 
numerous applications in the automotive 

sector. Within the EU, the demand for plastics 
in the automotive sector amounts to 4.4 million 
tonnes (Mt) per year, which represents the 
third highest demand after the packaging 
and construction industries1. Polyurethane, 
in particular, is deployed in a number of 
applications within the automotive sector 
and has experienced a growing demand. The 
following sections offer more insight into the 
use of polyurethane in vehicles, as well as the 
evolution of the market.

2.1  Polyurethane: demand and growth 
outlook

In 2019, polyurethane accounted for 
approximately 4% of the global plastics use, 
which amounted to 460 million tons2 and, 
as of 2016, the polyurethane global market 
value totalled $50 billion3. The widespread use 

of plastics in vehicles is, just like in the case 
of other sectors, due to the versatility, low 
manufacturing cost, and good mass-volume 
ratio that make polymers good solutions to keep 
the weight of vehicles down. This reduces cost 
of the vehicle for the consumer and reduces 
its fuel consumption during the vehicle’s use 
phase.

In an average light vehicle weighing 1,300 kg, 
plastics account for less than 10%4 of total 
weight, but contribute to as much as 50% 
of volume5. Although the share of plastics 
in passenger cars has remained relatively 
unchanged in the last decade, as shown in 
Figure 1, the overall mass of plastics per new 
vehicle is projected to increase by around 17% 
by 2030 compared to 2015 levels5. This growth 
in demand is expected to be driven by new 
areas of application, like thermal insulation and 
encapsulation of batteries in Electric Vehicles 
(EVs).

THE SHARE OF POLYMERS IN LIGHT VEHICLES BY MASS OVER TIMETYPES1,5,6 OF POLYMERS USED IN THE AUTOMOTIVE SECTOR 
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Figure 1. Types of polymers used in the automotive sector and trend of polymer share of light vehicle mass
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Of the polymers used in light vehicles, 
polyurethane represents the second largest 
share of plastics by mass, which translates into 
approximately 19% of total plastic mass. This 
equates to approximately 28kg of polyurethane 
in an average car5.  Automotive manufacturer 
Renault estimates that the amount of PU 
used in an average car will increase by 17% in 
absolute terms between 2015 and 20305. 

Societal decarbonisation and the requirement 
to reduce emissions may also yield growth 
in demand for polyurethane in automobile 
manufacture. In the EU, the transport sector is 
responsible for a third7  of the total emissions 
of CO2 and this proportion is growing. Reducing 
the weight of vehicles through increased use of 
polyurethane has potential to serve as a critical 
contribution to reducing CO2 emissions. Thanks 
to its low density, PU has contributed to light 
weighting vehicles through high performance 
coatings that are weather and corrosion 
resistant, as well as through cushioning and 
underlay solutions. 

2.1.1  Types of polyurethane and their 
applications

Polyurethane is classified in different 
ways depending on structure, hardness, 
production process, and precursors. Based 
on their structure, polyurethane foams can be 
categorized as cellular, non-cellular, and micro-
cellular. Cellular foam, also called “open cell”, 
is commonly used to upholster different types 
of furniture, as well as vehicle seats, head and 
armrests. Meanwhile, “closed-cell” foam, is 
used for thermal insulation in homes and shock 
absorption. Cellular foam accounts for more 
than 60% of the total polyurethane market8. 

Depending on the chemical precursors 
used in its manufacturing, PU can be made 
from polyether-polyols or polyester-polyols. 
Polyester-polyol PU is less common than 
polyether-polyol PU, but the former has higher 

thermal stability and increased fire resistance 
compared to the latter9. On the other hand, the 
latter exhibits superior resistance to moisture 
and is fit for applications experiencing medium 
to high stress10.  

Polyurethane can be produced through 
continuous block (slabstock) foaming, 
continuous foaming in between two layers, 
discontinuous foaming in moulds, and spraying. 
The slabstock production process is a semi-
continuous process yielding large blocks of 
flexible foam. This method is no longer widely 
used commercially in the production of PU for 
vehicle seats due to limitations with design 
and material loss, but it continues to be used 
in furniture manufacturing and for lamination 
applications within the automotive industry. 
In contrast, moulded foam production is a 
discontinuous process in which moulded foam 
articles are made one at a time by injecting 
foam mixture into moulds. This is the preferred 
approach used in the production of parts like 
seat cushions, as it allows for the production of 
parts with complex shapes.

Polyurethane is used in a variety of industries, 
including:

• as padding in mattresses and furniture;

• as insulation in construction;

• in consumer products like footwear, textiles, 
and electric and electronic appliances;

• in the transport sector.

Some 15%11 of the total polyurethane used 
globally is in the automotive sector. In light 
vehicles, polyurethane components are 
deployed in the applications shown in Figure 2.

Most of the polyurethane produced globally 
for use in the automotive sector is for seating 
applications like cushions and is mainly 
produced through moulding. Based on 
stakeholder interviews, the alternatives to 
polyurethane in vehicle seats have significant 
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drawbacks. This is an area where polyurethane 
is expected to remain the material of choice for 
the forseeable future.

Further convoluting the dynamics on enhancing 
the sustainability of PU applications, is the low 
economic value. The average value of all the 
plastics used in average vehicles is estimated 
at only EUR 467 per vehicle12. This represents 
a major challenge to circularity, because 
recovering the materials can be costly and their 
intrinsic economic value is low. Therefore, most 
post-consumer plastics from vehicles go to 
energy recovery (41%) and disposal (40%), with 
only 19% being recycled12.  Moreover, an even 
smaller share (5-15%13) of the recycled plastics 
re-enter the automotive sector. 

2.2  The role of polyurethane in light-
weighting and fuel economy

The contribution of PU foam to fuel economy 
and insulation in vehicles is significant. The use 
of lightweight materials like PU reduces vehicle 

weight, improves fuel efficiency and 
thus reduces greenhouse gas and 
other emissions associated with fuel 

consumption. It is estimated that a 
10% reduction in vehicle weight can 
improve fuel economy by 6% to 8%14.

Internal Combustion Engine (ICE) 
vehicles are associated with 
environmental impacts throughout 
their life cycle, with the use phase 
being responsible for a significant 
share of the total life cycle impacts. 
The share of impact depends on the 
impact category: with regards to 
greenhouse gas (GHG) emissions 
for example, as much as 85%15 
of the overall lifecycle impact is 
attributable to the use of vehicles. 
Similarly, impacts associated with 
the use phase depend directly on the 
quantity of fuel consumed, which is 
in turn strongly influenced by vehicle 

weight. Approximately one third of total fuel 
consumption directly depends on the mass of 
the vehicle13.

Life cycle assessment (LCA) of passenger ICE 
vehicles (using Ecoinvent data) indicates that 
the average use phase accounts for around 
80% of GHG emissions depending on car 
type and fuel. Within the production phase, a 
major share is determined by the materials of 
the supply chain while end-of-life emissions, 
including recycling, account for only 1% of the 
entire life cycle emissions16. 

Figure 3 shows the allocation of GHG emissions 
of a passenger car. The calculations are 
estimated using the reference module of 
Ecoinvent dataset of a medium petrol passenger 
car labelled with the EURO 5 emission label. 
The impacts of the use phase depend on the 
amount of fuel consumed and the exhaust 
and non-exhaust emissions. The passenger 
car size influences the fuel consumption and 
the amount of both exhaust and non-exhaust 
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Carpet underlay
Other insulators
 10%

Headliners
       10%

Dashboard 
Insulators
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      5%
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and battery pack*

Armrests and 
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*This is an estimated share from increasing application of polyurethanes in Electric Vehicles

Figure 2: The mass-based distribution of polyurethane in average 

vehicles by application11.
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Figure 4: GHG emissions of electric car life cycle considering three different electric mix.

emissions. The exhaust emissions caused by 
the burning of fuel are divided into two groups: 
fuel-dependent emissions (dependent on fuel 
type and quantity) and Euro class dependent 
emissions, which reflect the emission standards 
which the vehicle complies with. 

As reported in the figure, the impact of the 
car production accounts for approximately 
25% of the total impacts. The car taken into 

consideration is a Volkswagen Golf with an 
average weight of 1230 kg and a gilder of 913 kg. 
The polyurethane components are responsible 
for approximately 3% of the total mass and, 
in terms of lifecycle GHG emission impacts, 
account for less than 1% of the car life cycle.

EV sales are expected to account for 60% of 
total vehicle sales by 2030, according to the 
International Energy Agency (IEA)’s Global 
EV Outlook 2023. Polyurethane is expected to 
play a significant role in EVs in applications 
like enhanced insulation, temperature control, 
reduced vibration, and light-weighting. A 
sensitivity analysis shows that the impacts 
of polyurethane production remain minimal 
relative to the lifecycle impacts from cars, even 
though the amount of polyurethane is expected 
to increase from approximately 28 to 33 kg for 
an average car.

The impacts from the use phase strictly depends 
on the type of electricity used to charge the 
battery. Figure 4 shows the results of three 
different scenarios reflecting different ratios of 
renewable energy in the electricity mix.

Using a global average electricity mix, the 
impact of use phase (only related to battery 
charge) represents approximately 65% of 
total lifecycle impacts; and the impact of the 
production phase represents the remaining 
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Figure 3: The GHG impact of an average vehicle over its 
life cycle. Elaborated with Ecoinvent 3.9
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35%. The relative impact of polyurethane in car 
production is lower than 1%.

Using a European average electricity mix, 
where the renewable energy is higher than the 
global one, the impact of use phase represents 
approximately 55% of total lifecycle impacts; and 
the impact of the production phase represents 
the remaining 35%. The relative impact of 
polyurethane in car production is around 1%.

The situation changes when the electricity 
mix is derived 100% from renewable energy. 
The below figure depicts the case of 100% 
of photovoltaic mix, where the use phase 
represents 25% of lifecycle impacts and the 
production phase around 70%. In this case, the 
impact of polyurethane production doubles 
compared to the above-mentioned scenario. 
The impact from the material remains lo at 
below 2% of the lifecycle impacts from average 
cars.

The Ecoinvent dataset revealed that 
polyurethane accounts for a small proportion 
of the climate impacts from vehicles. However, 
GHG results does not reveal other negative and 
positive impacts of the material. For instance, 
polyurethane components play an important 
role in light weighting and fuel efficiency. 
Contributions from specific parts include:

• Vehicle Seats: ISOPA17 reports that seating 
foam has one of the lowest densities of any 
plastic material used in a car.

• Composite door panels: in automotive 
engineering, natural fiber mats combined with 
PU systems have opened up new possibilities 
for the production of door trims. They have 
the particular advantage of being extremely 
thin and light. 

• Structural Bonding: the bonding of glass 
windscreens to the metal body using PU 
seals and adhesives is very widely used. 
Glass bonding reduces weight and improves 
dynamic stiffness and strength.

The advantages of polyurethane to fuel 
economy can be quantified in terms of averted 
fuel consumption, exhaust gas emissions, and 
equivalent CO2 emissions. 

Conversely, the increasing use of polyurethane 
and in particular the complexity of the 
components (e.g. the insulation of the materials 
in powertrain and batteries) can reduce the 
recyclability of other components, particularly if 
the adhesion of the parts is difficult to revert at 
the end of life. For example, the encapsulation 
of batteries potentially will reduce the 
recyclability of battery itself. Just like other 
materials, the trade-offs associated with the use 
of polyurethane need to be carefully assessed 
in every use case.

2.2.1. The polyurethane ecosystem

The polyurethane ecosystem within the 
automotive industry spans stakeholders 
of different sizes that play key roles in the 
development of the polyurethane market. Figure 
5 details the stakeholders in the ecosystem.

According to stakeholder interviews, 
automotive manufacturers wield a significant 
amount of influence over the polyurethane 
value chain and full ecosystem, as they are 
ultimately responsible for ensuring that the 
vehicles they manufacture are compliant with 
safety, emissions, and other standards. The 
specifications that automotive manufacturers 
communicate to their suppliers reflect the 
standards and legislation with which they need 
to be compliant, but also their corporate quality, 
innovation and sustainability strategies. These 
specifications and the level of collaboration 
between OEMs and their suppliers are the 
primary drivers that dictate how much attention 
topics like the sustainability of different 
materials receive. 

Policymakers are also very influential in the 
polyurethane and automotive ecosystems 
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Oil crude &
natural gas
producers

Though not a part of the supply chain, policymakers are also important stakeholders in the value chain 
because they regulate the production and management of the material throughout its lifecycle

Foam manu-
facturers (Tier 
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Foam manu-
facturers (Tier 
2 suppliers)
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facturers (Tier 
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Original
equipment
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Authorized
Treatment
Facilities

Raw materials
manufacturers
(plyols etc.)

Figure 5: The main stakeholders in the polyurethane ecosystem.

more generally, as they regulate the market 
and can introduce mandatory requirements 
regarding product performance, circularity, or 
carbon footprint with which the industry needs 
to comply. 

Meanwhile, upstream players like raw materials 
suppliers and foam manufacturers usually 
work to adhere to specifications communicated 
by automotive manufacturers and to retain 
their limited profit margins, while adapting to 
changes in the market. As the stakeholders 
closest to the production of polyurethane, their 
role in making the material more sustainable 
is significant, but they do not wield the biggest 
influence and are frequently conditioned in what 
they can accomplish by financial considerations 
and client specifications.  

Despite its importance to passenger comfort, 
consumer preferences do not play an important 
role in shaping the manufacturing of the 
material because PU is not a visible component 
of cars. This is in contrast to consumer 
products like foodstuffs and electronics, where 
consumer preferences and demand-side 
factors in general play a more important role 
in shaping the production of those goods. That 
said, growing consumer demand for services 
like health monitoring via sensors embedded in 
seats and/or seatbelts18 could indirectly impact 
the use of polyurethane in vehicles.

PU and vehicles in general are long-lasting 
products. This means that any changes that 
are implemented by one stakeholder group 
in the ecosystem will manifest themselves in 

practice with a time lag. For instance, if Tier 1 
suppliers changed the design of car seats today 
to make them easier to recycle, this will start 
impacting the operations of recyclers in more 
than a decades’ time, when the first cars that 
are put on the market today will begin reaching 
their end of life.

Because of this long latency, the influence of 
changes in the upstream part of the supply 
chain on the end of life will not be immediate. 
At the same time, in order to change how 
polyurethane is manufactured upstream it 
is necessary to put in place the necessary 
infrastructure beforehand, which could entail 
changes in the processing of the material at the 
end of its life. For instance, in order for producers 
to incorporate a minimum level of recycled 
content in new PU, the recycled material needs 
to be available beforehand. This is not always 
the case, particularly when it comes to closed-
loop recycling. In order to make polyurethane 
more sustainable, the ecosystem outlined 
above needs to interact with manufacturers 
and processors of polyurethane from other 
industries, such as furniture.

While recyclers can and do influence the 
polyurethane ecosystem, it is noteworthy 
to mention that most car recyclers process 
several material streams and tend to focus 
on those materials that are more valuable – 
such as metals, glass, or polymers that are 
easier to recycle (e.g.: the external bumpers). 
Primary research has revealed that the vehicle 
recycling market is also skewed in favour of 
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car breakers and shredders, which are the 
companies that first take in the vehicle and 
separate the materials. Meanwhile, there 
are fewer specialized recyclers that process 
specialty materials like polyurethane.

It is important to note that the automotive 
polyurethane ecosystem cannot become a 
circular value chain with existing technologies. 
Automotive specifications related to volatile 
organic compounds (VOCs), greenhouse gas 
emissions, and mechanical properties are 
stringent due to safety and other considerations, 
meaning that all materials need to meet high-
performance standards. Emerging alternative 
raw materials for PU production from recycled 
or bio-based sources cannot meet these 
standards if used in large concentrations except 
for mass balance technology.

Furthermore, retrieving the PU from vehicles at 
the end of their life is not possible with current 
technologies. Car seats cannot be dismantled 
automatically, and they are the source of the 
largest amount of PU in vehicles. For other 
vehicle indoor applications, small amounts of 
PU are used and their retrieval is technically 
impossible and expensive. This is in contrast 
with mattresses, which contain larger amounts 
of polyurethane – up to 20 kg19 per mattress 
– and for which the technology to dismantle 
them automatically exists. These factors make 
mattresses more attractive to recyclers of PU 
because the yields are higher and therefore so 
are the financial returns. The PU used in other 
applications, such as mattresses, is easier to 
recycle and its recycling is increasingly being 
mandated by Extended Producer Responsibility 
(EPR) policies in different member states. 

In contrast to mattresses, the automotive 
polyurethane ecosystem needs to interact 
with other value chains (such as furniture 
and mattresses) in order to enhance material 
recycling and circularity more broadly. One 
possible solution to this conundrum, which is 
discussed at length in chapter 4, is feedstock 
recycling, which can turn any polymers into PU 

that meets the high specifications required in 
the automotive sector.

2.2.2. Raw materials

PU is a class of polymers composed of organic 
units joined by carbamate (urethane) links. The 
main raw materials used for its production are 
diisocyanates and polyols (see Figure 6). The 
reaction takes place at room temperature even 
in the absence of a catalyst.

In addition to the main reactants, additional 
ones, like blowing agents and surfactants, are 
required in the manufacturing of polyurethane 
foam. Blowing agents expand cells and increase 
their volume, whereas surfactants initiate and 
stabilize the foam cells. Water is the most 
common blowing agent thanks in large part to 
its low environmental impact21. 

Most PU on the market is a thermoset plastic, 
which means that its hardening cannot be 
reversed. This is in contrast with thermoplastics 
like polypropylene or PET, the hardening of 
which can be reversed at high temperatures. 
This affects the ability to recycle polyurethane 
using mechanical recycling. 

Raw material suppliers are responsible for 
the production of the precursors that produce 
polyurethane from raw materials or recycled 

+OCN- -NCO

Isocyanate

HO- -OH

Polyol

OCN- N-C-O - -OH

UrethaneII

I
H

O

-

Figure 6: Polyurethane is formed through the exoge-
nous reaction of an isocyanate and that of a polyol20
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feedstock. Polyurethane is mainly composed 
of a polyol and di-isocyanate, which, depending 
on specifications, can be either toluene 
diisocyanate (TDI) or diphenylmethane 
diisocyanate (MDI). While MDI is predominantly 
used to produce rigid, flexible, or elastomeric PU 
foams22, TDI is used in the industrial production 
of flexible PU foam. In terms of their prevalence, 
both TDI and MDI are used in vehicle interiors. 
For seating, the breakdown between the two 
di-isocyanates is approximately 60-70% for 
MDI and 30-40% for TDI, according to primary 
research. Meanwhile, MDI is more commonly 
used for other interior applications. 

Polyether polyols are polymeric compounds 
that contain ether groups (R-O-R) and an 
OH- groups. They are liquids at short-chain 
lengths and, when chains are longer, they are 
waxy solids. Polyether polyols are one of the 
precursors to polyurethane foam. There are 
two types of polyether polyols: short-chain 
polyether polyols and long-chain polyether 
polyols. Short-chain polyether polyols are used 
to produce rigid PU foams while long-chain 
polyether polyols are used to produce flexible 
PU foams.

A combination of the different building blocks 
can be used for a variety of other polyurethane 
applications.

Polyols 

The polyols used within the polyurethane 
flexible foam production are mainly polyether-
polyols – produced out of alcohols and 
epoxides by alkoxylation. Figure 7 provides an 
overview of the complete production process 
for polyether-polyols.

The energy demand for the production of 
polyether polyols comes from two main 
sources: process energy and feedstock energy. 
The former is the energy directly consumed in 
the production process for reactions to occur, 
while the latter is the energy recovery potential 
contained in the polymer. 

In the example presented in Figure 8, the total 
energy demand of polyether polyol is 89.1 MJ/
kg22, while the polymer energy content equates 
to about 44% of the total energy. In order to 
reduce the emissions embodied in conventional 
polyols, manufacturers therefore have two 
levers: to reduce the emissions resulting from 
the manufacturing process through the use of 
renewable energy sources, energy efficiency, 
and process optimization; or to seek alternative 
feedstocks with lower energy content. 

Isocyanates: toluene diisocyanate (TDI) and 
methylene diphenyl diisocyanate (MDI)

Toluene diisocyanate (TDI) and methylene 
diphenyl diisocyanate (MDI) are organic 
isocyanates used as key inputs together with 
polyols for the industrial-scale production of 
polyurethanes. Figure 9 shows an overview of 
the complete production process for TDI and 
MDI as well as the main material flows.

The primary energy demand (system input) 
of 81.51 MJ/kg22 TDI and 85.20 MJ/kg22 MDI 
indicates the cumulative energy requirements 
at the resource level (Figure 10), accrued along 
the entire process chain (system boundaries), 
quantified as gross calorific value (upper 
heating value, UHV).

The energy content in the isocyanate indicates 
a measure of the share of primary energy 
incorporated in the product, and hence a 
recovery potential (system output), quantified 
as the gross calorific value (UHV), is 22.4 MJ/
kg TDI and 27.6 MJ/kg MDI22.

The difference between primary energy input 
and energy content in the isocyanate output 
is a measure of process energy which may be 
either dissipated as waste heat or recovered 
for use within the system boundaries. 

The Eco profile published in 2021 by Euro-
Moulders describes the production of 1 kg of 
moulded PU foam from cradle-to-gate (from 
crude oil extraction to moulded PU foam 
production)23. 
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The study was carried out collecting data input 
from different members of Euromoulders. The 
main data source is a primary data collection 
from European producers of PU foam, providing 
site-specific gate-to-gate production data: 5 
producers manufacturing in 26 plants in 13 
different European countries. The results are 
reported in an aggregated form, as the average 
profile. The results of the GHG emissions of 1 kg 

of moulded PU foam is 3.66 kg CO2 eq23. 

Figure 11 shows the main contributions to the 
average results of Euro-Moulders ecoprofile. In 
all analyzed environmental impact categories, 
the precursors contribute to more than 82%. 
The second biggest contributor is the electricity 
consumption (up to 9%). Thermal energy 
consumption is negligibly low. 
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2.2.3. Car manufacturing and design

Automotive manufacturers need to account 
for several factors when designing vehicles, 
including: 

• Look and feel

• Functionality

• Ergonomics

• Safety

• Durability

• Performance

• Sustainability

Automotive interior design, where most of the 
polyurethane is used in vehicles, is normally 
carried out by inter-disciplinary teams of 
engineers and designers and involves iterations 
that account for the above-mentioned aspects. 
The most advanced designs are rendered in 
clay or printed using additive manufacturing24 

and the parts are tested by the design teams 
before they are approved for crash and other 
testing. 

An important aspect related to the design 
of seats and interiors more broadly is safety. 
The design of seats and head restraints like 
headrests is particularly important to improve 
the outcomes in the event of rear-end collisions25  
and can prevent spinal and head injuries 
related to whiplash. In complying with the EU’s 
increasingly high vehicle safety standards since 
the 1990s, automotive manufacturers have 
optimized the design of car seats to improve 
accident outcomes. The result is that changes 
to interior and exterior vehicle designs are 
carefully analyzed in order to ensure that the 
use of new materials or changes in design do 
not affect safety or functionality. 

Other important trends that are impacting 
vehicle interior design include:

Lightweighting – in an effort to 
make vehicles lighter, automotive 
manufacturers and suppliers 
of parts are increasingly 

experimenting with alternative materials. The 
replacement of metal with carbon-fibre based 
materials has been found to reduce the weight 
of the seats by as much as 40% in a recent 
project26 without compromising on safety. The 
use of this material has both advantages and 
disadvantages from a sustainability point of 
view. On the one hand, lighter seats mean fewer 
emissions during the use phase of vehicles. 
On the other, carbon fibre is more difficult to 
recycle at the end of its life compared to metal. 
In general, the pervasive use of plastics in 
vehicle interiors – as opposed to metal, wood, 
and other materials used in previous decades 
– has resulted in benefits from a vehicle weight 
point of view.

Extreme flexibility and 
adaptability of car seats and 
other interior parts. For example, 
Ford introduced a 30-way seat in 

Figure 11: Contributing factors to the GHG emissions 

resulting from the production of polyurethane23
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its high-end Licoln Continental model in 2017, 
which is a seat that can be adjusted in 30 
different ways to accommodate different levels 
of comfort. The design has had an impact on the 
content of polyurethane in the seat: because of 
its flexible suspension system, less foam was 
necessary to ensure the same level of comfort, 
which in turn resulted in benefits related to the 
reduction of weight of the seat27.

The uptake in mobility on demand 
and circular business models for 
vehicles. One of the main barriers 
to pursuing value-added circular 

economy measures that go beyond recycling 
– for example, the reuse of suitable car parts 
– is the fact that automotive manufacturers 
often do not receive their vehicles back at the 
end of their useful lives. However, novel forms 
of mobility, where automotive manufacturers 
retain ownership of the vehicles and users pay 
for the service of driving are becoming more 
and more common and are expected to grow 
in the double digits this decade28. This is an 
opportunity for automotive manufacturers to 
retrieve their products at the end of life, which 
could prove to be an opportunity to reduce 
costs and environmental impacts. However, 
both mobility on demand and mobility as a 
service remain niche services that account for 
a small part of the market, meaning that this 
solution is unlikely to achieve scale in the short 
and medium terms.

Circularity is an important trend 
in vehicle interiors, though there 
are sometimes tradeoffs between 
materials that are easily recyclable 

and lightweight materials. Many composites, 
for instance, are lightweight but are not 
easily recyclable. In these cases, automotive 
manufacturers and vehicle interior designers 
are faced with decisions regarding the impacts 
to prioritize and the materials to choose. In the 
case of dashboards, for instance, interviews with 
designers have revealed a tendency to replace 
PU parts with polypropylene terephthalate 

(PET) fibers. Recycled PET and expanded 
polypropylene (EPP) are also increasingly 
being used in door panels as alternatives to PU. 
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Drivers of change3
3.1. Legislation 

3.1.1. The Eco-design for Sustainable 
Products Regulation (ESPR)

One of the key pieces of legislation that is 
expected to deliver the ambitions set out 

in the European Commission’s new Circular 
Economy Action Plan is the significant expansion 
of the Eco-design Directive 2009/125/EC, which 
is currently underway. The Eco-design Directive 
has been instrumental in delivering energy 
efficiency improvements among electric and 
electronic products put on the EU market since 
2009. As part of a new proposal published in 
March 2022, the Commission aims to build on 
the success of the Directive and to progressively 
expand its coverage to all the products put on 
the EU market, including vehicles, although in 
the foreseeable future other product groups 
will be prioritized. 

The first draft of the proposed Eco-design for 
Sustainable Products Regulation (ESPR), which 
will repeal the existing Eco-design Directive, 
sets out a series of general requirements for 
the design of products and the information 
accompanying them. Product-specific 
requirements will be stipulated in subsequent 
delegated acts. Some of the main principles 
laid out in the new Regulation are: 

• Product eco-design requirements, which 
will seek to promote product durability 
and reliability; product reusability; product 
upgradability, reparability, maintenance, and 
refurbishment; the presence of substances 
of concern in products; product energy 
and resource efficiency; recycled content 
in products; product remanufacturing and 

recycling; carbon and environmental footprint; 
the expected generation of waste related to a 
given product;

• Digital product passports (DPP): the 
regulation proposal introduces the first 
requirements for DPPs, the details of 
which will be laid out in delegated acts at 
a later time. Some of the important initial 
requirements  have to do with the availability 
of information (“the product passport shall 
be made accessible to customers before 
they are bound by a sales contract”),  the 
actors that can access the product passport 
(which include all value chain stakeholders 
from manufacturers to customers and to 
remanufacturers/ recyclers), connectivity 
and availability, technical design of the DPP, 
unique identifiers for operators and facilities, 
the DPP registry that the Commission will 
manage, customs controls, and labelling, 
inter alia. 

• The destruction of unsold products will 
be heavily regulated, with those entities 
destroying unsold products having to disclose 
what they destroyed, the amounts, and the 
reason why. The Commission will introduce 
a delegated act prohibiting the destruction of 
most unsold products, with a few exceptions 
related to products that pose health and 
safety risks, that were damaged, that are no 
longer fit for purpose, or that were refused for 
donation, reuse, or remanufacturing.  

The proposed regulation needs to be discussed 
by the European Parliament and then be 
approved by the 27 Member States, therefore 
the adoption of the regulation is expected to 
take time. There is no clear timeline for the 
publication and adoption of the delegated acts 
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that will specify product-specific requirements. 

It should be noted that the new requirements 
will come in the form of a regulation. The 
rationale for this is to prevent diverging 
approaches in member states that could result 
in heterogenous requirements and therefore 
responsibilities and market conditions across 
the bloc. 

3.1.2. The revision of the End-of-Life 
Vehicles Directive 

Directive 2000/53/EC of the European 
Parliament and of the Council of 18 September 
2000 on end-of life vehicles, also called the 
End-of-life Vehicles Directive (ELVD), has been 
successful at fostering a high rate of recycling 
and recovery of materials from End of life 
vehicles (ELVs). In the two decades since it was 
introduced, EU members states have gradually 
achieved rates of reuse and recycling of over 
85% and of over 95% for reuse and recovery for 
ELV materials.

However, the weight-based and aggregate 
targets set out in the existing ELVD and the 
relatively high rates of recycling conceal a more 
nuanced reality. In practice, recyclers focus 
on recycling those materials that are easy to 
separate. After de-polluting vehicles, removing 
oil, gasoline, antifreeze, and other fluids, as well 
as lead batteries and other parts containing 
hazardous substances, recyclers usually shred 
vehicles mechanically. The shredding process 
results in metals like steel and aluminium, 
which account for approximately 70% of the 
weight of vehicles. These are easy to extract 
using magnets and are sold onwards to metal 
scrap dealers. Other parts like tires and glass 
are also removed and are either recycled 
through vulcanization, reused, or incinerated.

However, a quarter of the weight of vehicles 
consists of plastics, textiles, and other materials 
that are difficult to separate mechanically. 
These materials, once shredded, are usually 

incinerated with energy recovery – in order to 
meet the recovery target set out in the ELVD. 

Despite its success at fostering recycling of ELVs, 
the ELVD has been ineffective at preventing 
most of the materials in cars from being 
downcycled – that is, from seeing their qualities 
affected through practices like shredding and 
being used in inferior applications compared to 
their original use.

To address this issue, the new Circular Economy 
Action Plan, published in March 2020, proposed 
to “revise the rules on end-of-life vehicles with 
a view to promoting more circular business 
models by linking design issues to end-of-life 
treatment, considering rules on mandatory 
recycled content for certain materials 
or components, and improving recycling 
efficiency”29. 

In practice, this ambition will be achieved 
through the revision of the ELVD, which 
is currently underway. After launching 
a stakeholder consultation in 2021, the 
Commission is expected to publish the first 
draft of the revised ELVD in 2023. According 
to interviews carried out for this project, some 
of the main changes that are expected to be 
introduced in the revision include: 

• Mandatory recycled content rules for 
different types of materials used in cars. 
It is likely that there will be a minimum 
target for recycled content target for 
plastics that will be in the range of 20%. 

• Stricter definition of recyclability, i.e. to 
only refer to post-consumer plastics.

• Greater harmonization of recycling and 
reuse practices and data collection 
across member states.

• Prioritizing value-retention practices 
like remanufacturing to prevent the 
downcycling of materials that is 
observed at the moment.
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3.2. Polyurethane and the future of 
transport 

Polyurethane is increasingly being used both in 
Internal Combustion Engine (ICE) cars and in 
electric vehicles (EVs). In ICE cars, PU foams 
are deployed to improve comfort, fuel economy, 
and user experience, while new applications are 
currently being explored in the development of 
electric mobility. 

Better fuel economy is the most important 
trend in the next generation of conventional 
vehicles, whereas longer ranges are the key 
performance indicators for Evs30. Lightweight 
materials like polyurethane can facilitate 
improvements in fuel economy and the range 
of Evs thanks to their contribution to making 
vehicles lighter. Acoustic insulation is another 
growth area for both conventional and electric 
vehicles. Whereas PU foams are applied in 
conventional cars for soundproofing against 
engine noise, they are deployed in electric 
vehicles to reduce external noise entering the 
passenger compartment8. Primary research 
has revealed that a promising use case is the 
use of PU dampening foams in car tyres to 
absorb and reduce external noise.

In addition to light weighting, PU has been 
identified as a potential material for new 
applications, such as battery pack encapsulation 
to protect the battery pack against vibrations 
and shocks. A relevant use case is Covestro’s 
pultrusion technology31: combining PU 
materials and adhesives to produce cost-
efficient composite battery housing. They 
leverage the unique properties of PU to produce 
modular, lightweight, and strong battery frames 
with high crash safety performance. Similar 
examples include Henkel’s PU sealing foams for 
EV battery housing32 and Dow’s VORATRONTM 
battery pack assembly solutions. Together, 
these constitute the so-called NVH – noise, 
vibration, and harshness level applications – an 
increasingly significant area of use for electric 
vehicle interiors. However, the use of PU in 
encapsulation could pose challenges to the 
recyclability of the battery packs and is an area 
that is still under development.

Thermal insulation is another area of application 
associated with electric mobility. Unlike ICE 
cars which generate additional heat from their 
engines, EVs rely solely on battery energy 
for heating33. This makes heat conservation 
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important for the optimal operation of EVs, 
especially in colder climates. Due to the thermal 
insulation properties of polyurethanes, they are 
touted as a viable solution for reducing heat loss 
in the cabin through applications involving door 
panels and headliners. In addition to thermal 
management in the interior, the use of PU foam 
helps insulate battery packs from heat and cold, 
minimizing energy consumption due to heating 
and cooling34. Building on the basic function 
of insulation, PU foams in various forms have 
been developed to address battery pack related 
issues such as thermal runaway – a situation 
where cells heat up uncontrollably and may 
cause fires. Saint-Gobain’s Norseal FS1000 fire-
blocking PU foam35 and H.B Fuller’s EV Protect 
400636, a low-density flame-retardant PU foam, 
provide protection against thermal runaway, 
reducing impact of damage on battery packs 
and promoting user safety.

A key trend in electric mobility is the focus on 
design, functionality, and comfort37. Interviews 
with stakeholders suggest an expected increase 
in the demand for applications, including 
‘infotainment’ systems and more comfortable 
seats. This will particularly be the case for 
autonomous vehicles where focus is less on 
driving and more about total user experience 
and interaction with the interior. This could 
mean more armchair design which requires 
more foam or movement dampeners for those 
susceptible to motion sickness.

The drive to decarbonise transport means 
that the efforts to improve fuel economy 
in conventional cars and to accelerate the 
development of electric mobility will be 
accelerated in the coming years. PU foams have 
proven to be a practical means of supporting 
these goals. However, in the long term, the 
sustainability of PU remains a prerequisite for 
its sustained use in the automotive industry, 
especially for new areas of application where 
more sustainable alternatives are being 
explored.
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Research findings 
and industry trends4

Across industries, companies are increasingly 
working to address negative environmental 
and social impacts; foremost among them are 
resource consumption and greenhouse gas 
emissions. Since the raw materials used in 
the manufacturing of polyurethane are mainly 
derived from the petrochemical industry, 
concerns over price fluctuations, insufficient 
feedstock and, more significantly, greenhouse 
gas emissions are growing38. 

The PU industry is looking for innovative 
solutions that can be used at large scale to 
reduce the environmental impacts of the 
material, which would contribute to the greater 
sustainability of the automotive sector.

The findings from this study have revealed 
three main strategies to make polyurethane 
more sustainable. The three subsequent sub-
chapters elaborate on each strategy.  

Improving the circularity of 
the material: the fossil fuel-
based feedstock used in the 
manufacturing of polyurethane 
is responsible for the main 

environmental impacts of the product, both in 
terms of energy intensity and GHG emissions. 
One of the solutions to reduce these impacts 
is to substitute a fraction of the raw materials 
that react to form polyurethane – polyols and 
di-isocyanates – with recycled alternatives. The 
secondary material fractions can be obtained 
from mechanical or chemical recycling 
treatment technologies. The recycled materials 
have different characteristics, qualities, and 
applications and are still being improved. 

• Evaluating the added value of secondary 
raw materials from closed-loop vs. open-
loop recycling:  the current car dismantling 

process does not allow for the separation of 
polyurethane from cars and this is expected 
not to change in the near future. One of the 
most important findings is the need to take 
advantage of the opportunities afforded by 
open-loop recycling. This type of recycling is 
possible because there is enough feedstock 
of high-quality product from the furniture 
industry. It would also maximize the economic 
value of the output while minimizing the 
costs associated with recycling. This finding 
was unanimously supported by all the 
stakeholders interviewed. Therefore, while 
closed-loop recycling is often preferrable in 
theory, it is recommended that efforts towards 
fostering open-loop recycling are made in 
the case of polyurethane in the automotive 
industry.

Substituting fossil fuel-based 
feedstocks: this lever has a high 
potential impact, considering 
how the raw materials 
(polyols and isocyanates) are 

responsible for 90% of the total climate impacts 
from the production of polyurethane foam. 
As part of primary research, several options 
were investigated: substituting conventional 
raw materials with bio-based materials from 
the biomass industry, waste and byproducts 
from the biomass industry, and bio-benzene 
for isocyanates. An additional application that 
is starting to be synthesized at an industrial 
scale is the utilization of CO2 as alternative 
carbon feedstock for polyols to make so-called 
CO2-based polyether carbonate polyols. All 
these solutions have the potential to reduce 
greenhouse gas (GHG) emissions and fossil 
resource depletion compared to conventional 
feedstocks. 
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Increasing the circularity 
of the materials through 
design for environment and 
circular business models: one 
of the critical aspects of the 

polyurethane ecosystem is the fact that the 
product is embedded in vehicles and therefore 
the ecosystem in the automotive value chain. 
Decisions related to the design of vehicles and 
their parts can promote the sustainability of 
polyurethane in the automotive sector. This 
aspect has been analyzed with a focus on the 
design for environment in industry and the 
circular business models that are increasingly 
being adopted in mobility.

4.1. Sources of recycled content to 
reduce the energy intensity of PU foam

The characteristics of polyurethane are closely 
related to the polyol and di-isocyanate from 
which it is derived. It is essential that the 
precursors meet the performance standards 
for the specific application where they are used. 
The concerns regarding the environmental 

impact of conventional polyurethane are a 
significant driving factor to replacing part of the 
petroleum-based precursors with secondary 
sources.

4.1.1. The recyclability of polyurethane

A major constraint related to the use of 
polyurethane and thermosets in general 
is the fact that, unlike thermoplastics, they 
cannot be decomposed through melting. Since 
polyurethane is cured at high temperatures 
during production, it is impossible to melt it for 
recycling at the end of life. Once the material 
reaches the end of its life, it can be reused 
in other application as is, or it can be treated 
and recycled as feedstock for other products. 
If the material cannot be recycled it can be 
incinerated for energy recovery or, as last 
solution, landfilled.

The major types of recycling for plastics, 
including polyurethane, are (Figure 12): 

• Mechanical recycling: is the European plastics 
industry’s preferred recycling technique. This 
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Figure 12: End of life treatment scenarios for plastics39
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technique directly recovers clean plastics for 
reuse in the manufacturing of new plastic 
products. This form of recycling has been used 
most successfully at scale with polyethylene 
terephthalate (PET), polypropylene and high-
density polyethylene (HDPE). The challenges 
to this type of recycling are mainly related 
to the degradation of recycled material over 
several recycling cycles and the heterogeneity 
of plastic wastes. While some companies are 
using this recycling method on a limited scale 
in the manufacturing of new polyurethane, this 
represents a niche solution for the time being. 

• Chemical recycling: where the polymer is 
broken down into its raw material constituents. 
Sub-types of chemical recycling include: (1) 
purification, where polymers are dissolved 
in a solvent or solvents and steps are 
undertaken to separate it from contaminants 
or additives before it is crystalized. This type 
of recycling is not commonly used in the case 
of PU; (2) depolymerization (also known as 
chemolysis), which is the reverse process 
of polymerization and yields monomers or 
shorter fragments of polymers (also called 
oligomers). This process can only be used 
for specific polymers, including polyurethane, 
and is a form a closed-loop recycling (from 
PU to PU) like mechanical recycling; and (3) 
feedstock recycling through pyrolysis and 
gasification, which is any thermal process that 
converts polymers into simpler molecules in 
order to form the feedstock for petrochemical-
type processing. The process can be used for 
open loop recycling (from other materials 
to PU) and to produce “virgin equivalent” 
recycled raw materials, which can be used in 
turn to make polyurethanes meeting industry 
specifications.

• Plastics can also be used in energy recovery, 
particularly if they cannot be mechanically 
recycled because of excessive contamination, 
separation difficulties, or polymer property 
deterioration. This treatment option is 
classified as recovery in the EU. 

Depolymerization complements mechanical 
recycling processes by enabling the further 
extraction of value from polymers that have 
exhausted their economic potential for 
mechanical processing. Chemical recycling 
enables the reaction of the functional groups, 
the initial feedstock, especially polyol, which 
can be reused in foam production. It serves as 
an alternative to landfilling and incineration 
for hard-to-recycle plastic products such as 
films, multi-layered and laminated plastics, 
and polyurethane. Existing chemical recycling 
methods mainly include: acidolysis, glycolysis, 
hydrolysis and aminolysis40.

Feedstock recycling indicates a family of advanced 
recycling technologies that breaks down the 
solid polymeric materials into a spectrum of 
basic chemical components. The latter can 
be used as raw materials in the production of 
new petrochemicals and plastics, without any 
deterioration in their quality and without any 
restriction regarding their application. These 
processes involve the use of high temperatures 
to cleave the bonds in the backbone of the 
polymer; they can be carried out in the absence 
of air (pyrolysis), in the presence of a high partial 
pressure of hydrogen (hydrocracking), or of a 
controlled amount of oxygen (gasification). 

By turning plastic waste back into base chemicals 
and chemical feedstocks, chemical recycling 
processes have the potential to dramatically 
improve recycling rates and divert plastic waste 
from landfill or incineration39.

An overview of the recycling and disposal 
methods for polyurethane published in 202041 
highlighted that, amongst the chemical recycling 
methods, only glycolysis and gasification had been 
implemented at scale, while others remained in 
the research stage. Moreover, only glycolysis 
leads to the recovery of the raw materials.

The subsections below zoom into the three 
main ways to recycle polyurethane and their 
use to date.
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Mass balance is a common approach to account for the amount of alternative feedstocks – be they 
recycled or bio-based – used in the manufacturing of chemicals. This approach is useful in 
documenting how “circular” the output of a process is when it is manufactured, as is often the case 
in the chemicals industry, from a blend of fossil and alternative (recycled or bio-based) raw 
materials. The approach consists of tracking, through bookkeeping, the weight of the inputs and 
outputs in the process in order to account for the different types of inputs that, in practice, are mixed 
and cannot be segregated (figure 13). 

In practice, this approach allows polyurethane manufacturers to account for the recycled or 
bio-based content in their end-product and, based on primary research, is a preferred way for raw 
materials suppliers to substantiate circularity claims. However, the mass balance approach does not 
enable closed-loop recycling and it does not solve the issue that the take-back of used polyurethane 
in vehicles is impossible at the moment due to the design of vehicles and the economics of recycling. 

Circular or
bio-based feedstocks

Final
products

Segregated in bookkeeping

Segregated in bookkeeping

Fossil feedstocks

Figure 13:  A diagram of the mass balance approach1

a. Mechanical recycling

Polyurethane can be treated mechanically in 
several ways. Existing mechanical recycling 
methods mainly include rebonding, adhesive 
pressing, compression molding, injection 
usually crushed into small particles to be 
used as fillers, or bonded and compressed 
into molding, and regrinding. It can be turned 
into flakes that can be glued together to make 
underlay or filling material, but this application 
requires relatively small amounts of material. 
PU can also be turned into powder that can be 
mixed in with polyols in the manufacturing of 
new foam.

A growing number of companies are 
researching the use of polyurethane powder in 
new production. Flexible PU foam scraps can be 
recycled into powder by regrinding them using, 
for example, two-roll mills. The powder thus 
obtained is then used as a partial replacement 
for polyols in re-foaming. 

The microstructure and density of the flexible 
PU foam that includes powder prepared in the 
above-mentioned manner can replace up to 15% 
of virgin polyol and is similar to conventional 
flexible polyurethane foam.42 However, the 
vehicle seat manufacturers interviewed for 
this project observed declines in the quality 
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of the final product when the replacement 
rate of virgin polyols with powder exceeded 
20%. This means that, just like in the case of 
glycolysis-based substitutes, the incorporation 
of mechanically recycled polyurethane in new 
products is only a partial solution that needs to 
be combined with other alternatives.

b. Polyols from depolymerization

The recycled content of new flexible foam can 
be enhanced by substituting raw materials with 
secondary raw materials. One of the examples 
already applied at scale is the single-phase 
glycolysis process that leads to the recovery 
of polyols containing active hydroxyl groups, 
which are suitable for the production of flexible 
polyurethane foam.50 Even if the single-phase 
glycolysis process is optimized to minimize the 
aromatic amine content, polyurethane foam 
producers have noted  that the quality achieved 
at industrial scale depolymerization does not 
allow a substitution of higher than 20% with the 
current technology.43

As noted in chapter 2, the reason behind the 
limited incorporation of recycled or bio-based 
materials in the production of new foam for the 
automotive sector are the high specification, 
which concern aspects like volatile organic 
compounds (VOCs)43, greenhouse gas 
emissions, mechanical properties, among 
others.

c. Raw materials from feedstock recycling

The experts interviewed for this project agree 
that the most promising recycling method for 
polyurethane is feedstock recycling because 
the quality of the resulting secondary raw 
materials (polyols or di-isocyanate) is equal 
to that of virgin inputs. Consequently, the 
substitution ratio can be as high as 100%, as 
confirmed during the interviews. The high 
quality of the output from feedstock recycling 
makes this technology particularly suitable 
for applications in a sector with a high level of 
specification like the automotive sector.  

The technological approach used in feedstock 
recycling is pyrolysis. In order to meet the same 
quality standards as virgin feedstock, it is often 
necessary to sort mixed plastic waste that is 
subjected to pyrolysis to obtain cleaner outputs. 
This technology is still under development and 
at present only a few demonstration or pilot 
plants are in operation globally.

Like any technology, pyrolysis has both 
advantages and disadvantages. While it is an 
economical and efficient way of processing 
large amounts of plastic waste of differing 
purity levels, pyrolysis plants can be significant 
sources of pollution to air and soil. For instance, 
the greenhouse gas emissions associated with 
pyrolysis were found to be 9 times higher 
compared to mechanical recycling in a recent 
study by Zero Waste Europe45. The same study 
found that over half of the carbon content 
of plastic was lost in the pyrolysis process, 
meaning that significant amounts of virgin 
plastics are still required to compensate for the 
loss of material in the process. Furthermore, 
it is difficult to trace materials processed 
through pyrolysis, which makes it unsuitable 
for use cases where companies want or need 
to trace the materials in their secondary 
raw material chain. The study by Zero Waste 
Europe concludes that mechanical recycling is 
preferred for the type of plastics that can be 
separated and treated maintaining the required 
quality (such as packaging materials and 
thermoplastics). When mechanical recycling 
is not possible, which is often the case with 
polyurethane foam, pyrolysis is considered as 
a potential solution. 

4.1.2. Secondary raw materials from 
closed-loop vs open-loop recycling

Every year, more than 50 million vehicles 
globally reach the end of their useful life. 
More than 95%46 of these vehicles go through 
a comprehensive recycling ecosystem that 
includes auto parts recyclers/dismantlers, 
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Figure 14: An example of the layout of a shredding plant44

remanufacturers, and material recyclers 
(shredders). Today, about 75%46 of the materials 
that go into vehicles (by weight) are profitably 
recycled via parts reuse, parts and components 
remanufacturing, and, in the last instance, 
through scrap processing or shredding46. 

Although the use of plastic components is 
increasing in the automotive industry, their 
recyclability is significantly lower compared 
to metals. One of the main problems with ELV 
plastic waste is poor separation and sorting. 
Current technologies are able to separate the 
main thermoplastics such as PP, PET, and 
ABS. However, large amounts of lightweight 
materials like fibre-reinforced plastics end 
up in the automotive shredder residue (ASR), 
which features a heterogeneous mix of mostly 
non-metallic materials such as textiles, 
plastics, cartridges and wood. Generally, ASR 
was disposed in landfill or diverted to thermal 
treatments, such as pyrolysis or gasification, 
for energy recovery.

After shredding, everything other than ferrous 
materials are separated using magnets and 
the fractions are processed further. The non-
ferrous metals are also separated further using 
eddy current, density separation, colour, and 

shape (Figure 14).

Rubber, foams, and the light fractions that 
undergo thermal valorisation as automotive 
shredder residue (ASR typically represent 
between 20% and 25%47 of the initial ELV 
mass. It is expected that, in the future, as the 
composition of vehicles changes due to light 
weighting and new materials (polymers or 
composites substituting metals), the amount of 
ASR will increase.

The interviews with recyclers confirm that 
there are several factors that hamper the 
development of closed-loop recycling for 
polyurethane in automotive industry.  

After shredding:

- The separation of the polyurethane 
components after shredding is difficult 
because the foam absorbs the traces of 
liquids and hazardous substances left over 
from depollution.

- The value of the fraction is very low and 
existing density technologies are not tested 
to separate the fractions with the others 
rubber or foams.
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• Dismantling the components before 
shredding:

- This practice is not applicable at industrial 
scale. Some components, like door panels are 
dismantled and sold to secondary markets, 
but parts like the seating components are 
not designed to be dismantled.

- Even if the seats are supposed to be 
removed before the crushing and shredding, 
they are complex because they contain with 
different materials and components, and 
this complexity does not allow a proper 
separation of the foam.

Feedstock technologies can be used to treat 
ASR streams and thus help close the loop 
of polyurethane and other hard to recycle 
materials from vehicles. This solution is 
preferred by the private sector stakeholders 
in the automotive value chain. However, 
EU legislation does not currently allow the 
material derived in this way to be counted 
towards recycling targets, but rather towards 
recovery targets, in large part because of the 
environmental impacts associated with the 
use of the technologies and the low rates of 
material recovery.

The recyclers interviewed for this project have 
a critical view of the potential for closed-loop 
recycling of polyurethane in the automotive 
sector. In their view, the current legislation 
does not support investment in improving the 
separation of the ASR, which is an additional 
barrier to closed-loop recycling alongside the 
technical ones outlined above.  

In contrast to closed-loop recycling, open-loop 
recycling of polyurethane has been widely 
studied within the polyurethane ecosystem. The 
foam moulders and raw materials producers 
interviewed for this project have outlined 
several promising solutions:

• Recycled content can be obtained from 
different industries, such as mattresses and 
furniture. Mechanical and chemical recycling 

of these material streams can provide a 
recyclate with lower levels of impurities 
compared to the polyurethane from used 
vehicles. Several PU foam manufacturers 
have confirmed that the availability of recycled 
materials from other sectors can satisfy the 
current demand for recycled content in the 
automotive sector.

• Recycled content can be derived from 
other plastics processed through feedstock 
recycling. 

In 2020, Audi group announced48 the fact that 
it had invested in a pilot project to evaluate 
the benefits of chemical recycling to closing 
the loops for plastics in the automotive sector. 
The objective of the pilot project was to recycle 
mixed automotive plastic waste in a resource-
conserving closed loop. Parts that were no 
longer needed, such as fuel tanks, decorative 
wheel trims, or radiator protective grilles from 
Audi models were used for this purpose. These 
were turned into pyrolysis oil by means of 
chemical recycling. Audi found that the quality 
of the oils from the pyrolysis was comparable 
to that of petroleum products. In the medium 
term, parts made from pyrolysis oil could make 
their way into Audi vehicles. 

Interviews with recyclers confirmed that 
automotive manufacturers are now analysing 
solutions to reuse components made from 
steel, aluminium, copper and plastics (PP, ABS), 
but they are not considering PU foam because 
of its low weight and value. 

In light of the above, an open-loop system where 
waste can be sourced from other sectors and 
sources, like mattresses and furniture, is more 
feasible than a closed-loop system. This view 
was unanimously echoed by both the recyclers 
and polyurethane foam manufacturers 
interviewed for this project.
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4.2. Substitution of fossil fuel-based 
feedstocks with bio-based materials

In parallel with the use of recycled content, 
PU manufacturers are working to swap fossil-
fuel based precursors in the manufacturing 
of PU with bio-based ones. The following sub-
chapters zoom into some of the most commonly 
used bio-based materials. 

4.2.1. Natural Oil Polyols (NOPs)

Using bio-based precursors that fulfil 
sustainability criteria is an innovative and 
environmentally friendly strategy to synthesize 
polymers. It is also increasingly being used 
in the automotive sector. Several automotive 
manufacturers are already tapping into NOPs 
as a solution by requiring that their suppliers 
incorporate NOPs in polymer-based products. 

Bio-based oils are a large group of oils that can 
be used, i.a., in polyol synthesis. They include 
oils derived from sources like soybeans, linseed, 
olives, rice bran, corn, sunflowers, rapeseed, 
and canola. NOPs can be extracted from the 
seeds or other parts of the above-mentioned 
plants, such as the fruit and biomass scraps.

The choice of NOPs that can be used in the 
manufacturing industry needs to be carefully 
made, as the demand from industry cannot 
compete with food supplies. According 
to informants working in polyurethane 
manufacturing, the sector is investing in 
different markets in order to ensure the 
oils availability. Another important factor to 
consider is the land footprint of NOPs, as well 
as responsible sourcing to avoid deforestation. 

NOPs contain triglycerides, which are the key 
ingredients to develop polyols. The use of these 
bio-based polyols as a replacement for traditional 
polyols has the potential to significantly 
decrease the industry’s dependency on fossil 
fuel-based products. Bio-based PU foams may 
have lower environmental impacts compared 

to petroleum-based PU foams, considering the 
energy intensity required to extract the fossil 
material. A significant amount of research49 has 
been carried out in the last decade on the use of 
NOPs as alternatives to fossil-fuel based polyols 
in the manufacturing of PU foams50. However, 
NOPs also have shortcomings, including the 
fact that only a partial replacement of fossil 
fuel-based polyols is possible without affecting 
the properties of the foam. This is particularly 
the case with rigid foams.

Palm oil-based polyols have a good impact on 
mechanical properties like tensile strength, 
while the petrochemical polyol is higher51.  
Another significant characteristic is foam 
hardness or comfort factor, particularly in 
mattresses. Foams made from vegetable 
oil are generally much more susceptible to 
biodegradation, therefore can display a lower 
level of comfort over time. Polyurethane foam 
manufacturers have reported that performance 
issues can arise at ratios of NOPs as low as 
10%. Another downside cited during expert 
interviews is the fact that, depending on the NOP 
and the ratio used, equipment modifications 
might be necessary, which would entail capital 
investments for PU manufacturers.

While the prospects of using PUFs made from 
NOPs are promising, further research and 
innovation are required to understand the 
extent to which they can replace conventional 
polyols.

4.2.2. CO2-based polyurethane

An environmentally promising measure to 
reduce GHG emissions and fossil resource 
depletion is to capture carbon dioxide and utilize 
it as carbon feedstock in polymers. For example, 
the synthesis of alternating polypropylene 
carbonates (PPC) from propylene oxide (PO) 
and CO2 has already been commercialized. 
Polyol manufacturers have already investigated 
the capture of CO2 to produce polyether 
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carbonate polyols by copolymerization of CO2 
and epoxides.

A research study conducted by RWTH Aachen 
University  and published in 2014 shows that 
suitable product properties are obtained for 
CO2 contents of up to 30% by weight (wt) in the 
polymer chains. The research, based on LCA, 
shows that the environmental impacts caused 
by polyol production mainly originate from PO 
production. Therefore, PO should be substituted 
by CO2 as carbon feedstock. The utilization of 
CO2 allows for significant impact reductions: 
compared to conventional polyether polyols, 
polyether carbonate polyols with 20 wt% CO2 
have 11-19% lower embodied GHG emissions 
and save between 13 and 16% fossil resources.

Polyether carbonate polyols influenced the 
polyurethane properties. Viscosity of the 
polyols is influenced by their CO2 content and 
the resulting polyurethanes need to display 
appropriate thermal stability and strength 
characteristics.

4.2.3. Bio-based di-isocyanates 

Less common than bio-based polyols, bio-based 
isocyanates are however also increasingly 
being synthesized in lab experiments and are 
gradually making their way into the chemicals 
market53. 

The conventional source of the benzene are 
petrochemical plants. However, in recent years, 
bio-based precursors have been successfully 
used to produce benzene. Foremost among 
them is pentamethylene diisocyanate (PDI), a 
material that contains 71% renewable carbon 
and that is a good potential building block for 
polyurethane.   

Di-isocyanates derived from renewable 
resources are CO2 neutral and could be direct 
“drop-in” replacements for petrochemical-
based di-isocyanates. However, the availability 
of suitable bio-based alternatives varies 

significantly from region to region and therefore 
there is no single source that can be used 
globally, as the economics of transportation 
need to be taken into account. For instance, 
cashew nutshell liquid (CNSL) is a promising 
source that is available in parts of Asia and 
Africa and that can be used to synthesize a TDI-
like di-isocyanate. 

Raw materials derived from biomass or waste 
are fed into the production process early on 
and the attribution of bio-based or renewable 
content is done through the mass balance 
approach described in chapter 4.1. 

4.3. Increasing the circularity of 
the materials through design for 
environment

Sub-chapter 2.2.3 lays out the different 
considerations that automotive manufacturers 
need to consider when designing vehicle 
interiors, which account for almost 100% of 
the polyurethane used in vehicles at present. 
Safety, quality, comfort, look and feel, durability, 
as well as cost and sustainability are among the 
leading factors that influence decisions about 
vehicle interior design. 

Automotive manufacturers develop 
specifications for car seats, armrests, steering 
wheels, and other vehicle parts that reflect 
the company’s priorities and the legislative 
requirements of the different jurisdictions 
where they put vehicles on the market. The 
legislative requirements that need to be 
complied with include safety and sustainability 
legislation, as outlined in chapter 3. In the 
case of the EU, the safety requirements 
for vehicles in general and their parts are 
summarized in Regulation 2019/2144 of the 
European Parliament and of the Council of 27 
November 2019 on type-approval requirements 
for motor vehicles and their trailers, systems, 
components, and separate technical units54. 
The regulation is aligned with and reflects the 
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requirements stipulated in international norms, 
such as United Nations norms, for different 
vehicle parts, which are listed in Annex I to 
the regulation. Once a vehicle is approved for 
use, if manufacturers make significant changes 
to approved designs, they need to re-apply to 
the relevant authorities in every jurisdiction 
where they place vehicles on the market for 
new technical tests. For this reason, changes 
in specifications for some car parts – like seats 
– are infrequent and need to balance the many 
functions that those parts play, particularly 
when it comes to safety.

In the specific case of vehicle seats, automotive 
manufacturers often outsource the actual 
design to Tier 1 suppliers, who might outsource 
the production of polyurethane foam to Tier 2 
suppliers. Large Tier 1 suppliers are integrated 
companies that also produce polyurethane foam 
in-house. In the tender documents (e.g.: requests 
for proposals), automotive manufacturers can 
and often do include specifications regarding 
the type of materials they want used (e.g.: a 
minimum percentage of recycled content) and 
the sustainability credentials of the parts and 
products.  

A review of the sustainability activities of the 
five largest vehicle seat manufacturers55 in 
the world by revenue has revealed that they 
are all working on re-designing their seats 
in order to make them more environmentally 
friendly. Among the leading design measures 
undertaken to mitigate the environmental 
impact of car seats are: 

Simplification – reducing design complexity 
and the number of materials used in vehicle 
seats. An outstanding example of this is a 
recent design by seat manufacturer Forvia, 
which reduces the number of components in 
regular seats from approximately 120 to 10 
modules that can be assembled in a variety 
of configurations. This type of modular seat 
architecture can reduce waste and facilitate 
repairability; if a part of the seat is damaged, 

it can be replaced without affecting the rest 
of the parts. The environmental benefits of an 
early prototype for this design include a 55% 
reduction in CO2 emissions and a 40% increase 
in recycled content56. 

Light weighing by using innovative materials 
and designs which, as discussed above, has 
a significant impact on fuel efficiency during 
the use phase. However, in some cases, 
lightweighting can affect the recyclability of 
materials. For example, the use of composite 
materials is common among vehicle interior 
manufacturers, but these materials are difficult 
to recycle at the end of life with existing 
technologies. 

Material substitution – aside from the 
strategies mentioned above, designers are also 
engaging in the following supporting activities 
that can help develop and promote design for 
environment: 

• Measurement, and specifically life cycle 
assessments, are increasingly being used as 
tools that can help designers understand the 
environmental impact of different designs.

• Training and upskilling engineering teams in 
sustainable design, circular economy, climate 
change, and related topics.  
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Roadmap for a more sustainable 
PU ecosystem in the automotive industry5

Creating a more sustainable future for 
polyurethane in the automotive sector 

and mitigating its lifecycle impacts requires a 
collaboration between all the stakeholders in 
the polyurethane ecosystem – and beyond it. 

Primary research conducted for this project 
has revealed that, when it comes to making 
mobility more sustainable, polyurethane, and 
plastic components in general, is deprioritized 
by many downstream actors in favour of 
initiatives that are deemed to have a higher 
impact, such as electrifying mobility and light 

weighting. Even within the scope of their efforts 
towards circularity, companies deprioritize 
polyurethane in favour of heavier and more 
valuable components like powertrains and, in 
general, metals, or batteries and the precious 
metals they contain. 

However, the collaboration or the downstream 
stakeholders in the value chain is vital. Below 
is a breakdown of the suggested roadmap to 
make polyurethane more sustainable, which 
follows the strategies identified in Chapter 4 of 
this report (Figure 15).
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Figure 15: Roadmap to promote a more sustainable lifecycle for polyurethane
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Based on primary research, it is apparent 
that polyurethane from end-of-life vehicles 
is not being recycled because the material 
cannot be retrieved. However, polyurethane 
manufacturers are working to incorporate 
modest proportions of mechanically or 
chemically recycled polyurethane (normally 
under 20%) from the furniture industry. 
Pyrolysis can result in high-quality recycled 
precursors like polyols, but has limitations and 
its sustainability credentials have been called 
into question and which is not currently classed 
as a form of recycling – but rather recovery – in 
the EU. This definition affects the prospects for 
investment in pyrolysis. 

One of the measures currently being investigated 
to increase the rate of recycling of polyurethane 
is legislation that stipulates the inclusion of 
mandatory and specific recycling and reuse 
targets for polymers in the revised End-of-Life 
Vehicles Directive (ELVD) is expected to take 
place over the course of 2023. The interviewees 
consulted for this study have unanimously 
agreed that, in the case of PU, recycling targets 
can only be met through open-loop recycling, 
with feedstock recycling through mass balance 
being a particularly promising option. It is 
important that upcoming legislation supports 
these types of recycling for materials that do 
not lend themselves to closed-loop recycling.

But setting mandatory targets for recycled 
content alone will not be successful unless it is 
accompanied by incentives from policymakers 

to support industry in innovating to improve 
the rate of recycling of polyurethane. For 
instance, the European Commission could 
earmark funding for R&D projects researching 
how to create a more circular economy for 
polyurethane. Such research could look into, 
i.e., how to disassemble polyurethane foam 
from seats, headrests, and other parts at the 
end of life; how to clean the foam to prepare it 
for recycling; and what commercially feasible 
take-back systems could look like for vehicles. 
Seeing how closed-loop recycling is currently 
impossible for polyurethane in the automotive 
sector, policymakers need to also consider 
incentivizing additional research on feedstock 
recycling and open-loop recycling in the medium 
term by allowing recycled polyurethane from 
other sectors to be counted towards recycling 
and reuse targets for polymers.

In addition to policymakers, two other actors 
play a very important role in maximizing the 
recyclability and recycling of polyurethane: 
Tier 1 and Tier 2 suppliers that manufacture 
polyurethane foam and/or polyurethane parts 
and automotive manufacturers. These groups 
of stakeholders need to collaborate on:

• R&D to improve the performance of polymers 
that are manufactured using recycled 
precursors. 

• Identifying the best sources of recycled 
polyurethane in the geographies where their 
plants are located.

5.1. Maximizing recycled content and the recycling of polyurethane
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materials  for new 
applications.
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Additionally, automotive manufacturers need to 
ensure that their sustainability strategies are 
aligned with their procurement practices. For 
instance, if increasing the recycled content in 
vehicles is a priority for them, the companies 
need to collaborate with their supply chains 
on the best strategies to achieve this goal and 
provide technical and financial support.

Recyclers and raw material suppliers, in the 
meantime, have relatively small roles to play 
in maximizing the recycling and recyclability of 
polyurethane. Because they produce relatively 
low added value products, these operators 
normally work with low profit margins and are 
driven by market considerations. In the specific 
case of polyurethane, the costs of dismantling 
polyurethane parts before the compactor and 
shredding activities are too high to be feasible 
and the selection and separation treatment are 
currently not sustainable. 

However, recyclers have tried to maximize 
recycling: for instance, one automotive 
recycler has developed a solution to recycle 
polyurethane from mattresses into underlay 
and insulation for vehicles. That technology 
has, however, not been used at scale because 
there has been no demand for such products 
on the market. 

Furthermore, the recycling market for vehicles 
is currently imbalanced: there are too many 
vehicle breakers and scrappers compared 
to recyclers that can specialize in specific 
materials other than metals. Policymakers 
can help correct these market imbalances by 
offering incentives to recyclers through tax 
breaks or rebates or concessional lending 
through multilateral banks like the European 
Bank for Development and Reconstruction 
(EBRD) or the European Investment Bank (EIB) 
could help correct this market imbalance. 

Raw material suppliers, polyurethane foam 
manufacturers, and automotive manufacturers 
are the stakeholders that can play the most 
important role in developing innovative 
materials that can be used to substitute fossil-
fuel based raw materials for polyurethane, 
partially or totally.

This research project has zoomed into bio-
based materials as alternatives to fossil-fuel 
based precursors and has identified a number 
of solutions that can be used in different 

geographies. As outlined in chapter 4, bio-
based alternatives are specific to different 
geographies because different crops are 
prevalent in different parts of the world. Bio-
based alternatives need to be developed in 
geographies where there is sufficient feedstock. 

In order to scale the use of innovative materials, 
the three above-mentioned actors need to: 

• Carry out and/or fund research into optimal 
combinations of innovative, recycled, and 

5.2. Raw material substitution
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conventional materials that can be used to 
replace polyurethane in vehicles. 

• Collaborate on scaling promising materials 
that have been developed and tested at 
Raw material suppliers, polyurethane 
foam manufacturers, and automotive 
manufacturers are the stakeholders that can 
play the most important role in developing 
innovative materials that can be used to 
substitute fossil fuel-based polyurethane, 
partially or totally, in the automotive sector.

• Understand what are the optimal combinations 
of materials that meet technical specifications 
and have a reduced environmental impact 
compared to conventional polyurethane.

• Expand research in the upcoming applications 
of polyurethane in automotive sector (e.g. 
insulation and encapsulation of batteries 
and powertrains), in order to develop a 

more sustainable and recyclable material in 
collaboration with designers and engineers. 

As new materials are developed, it is important 
that the manufacturers of polyurethane foam 
and polyurethane parts continue to measure 
the environmental impact of the new materials 
through LCAs to ensure that the new materials 
have a lower overall environmental impact 
than conventional polyurethane. Likewise, 
the trade-offs that are associated with most 
materials need to be carefully analyzed before 
said materials are adopted at scale.

These efforts could be supported by 
policymakers through funding (for example, 
from the European Commission’s Horizon 
program) as well as by recyclers, who could 
collaborate on identifying the opportunities and 
challenges to recycling the newly developed 
materials.

5.3. Design for environment

Automotive manufacturers are the main 
stakeholders that can ensure that vehicles 
and their parts, including parts that contain 
polyurethane, can be designed in such a way 
so as to reduce their environmental impact. 
This can be achieved through in-house design 
for environment, as well as by working with 
their supply chains – for example, by specifying 
environmental performance standards (like 
minimum recycled content thresholds) in 

their procurement documents and supporting 
suppliers in achieving those standards.

A review of automotive manufacturer’s 
sustainability reports has revealed that few 
have specific initiatives related to polyurethane. 
Furthermore, interviews with recyclers have 
revealed that the polyurethane from vehicle 
seats has become more difficult to recycle in 
the last decade because Tier 1 suppliers and 
automotive manufacturers have changed the 
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design of the seats, making the polyurethane 
foam difficult to separate from the textile 
cover and the metal frame.  To improve the 
lifecycle impacts of polyurethane, automotive 
manufacturers need to account for the 
environmental implications of the designs that 
they carry out in-house or that they commission 
to suppliers. 

These efforts can be supported by all the other 
stakeholders in the polyurethane ecosystem. 
Policymakers need to ensure that automotive 
manufacturers have the right incentives 
to design for environment, which could be 
accomplished through harmonized Extended 
Producer Responsibility (EPR) legislation 
across all EU member states that incentivizes 
eco-design. 

Meanwhile, Tier 1 suppliers have an important 
role to play in simplifying the design of their car 
parts in order to make them easier to recycle 
when and if take-back becomes possible. There 
are emerging examples of design for simplicity 
and modularity for seats and other car parts 
that were featured in chapter 4. 

Circular business models, such as product 
service system, can support investments in 
designing for environment but whether this 
could improve the recycling of PU, it is hard to 
anticipate given the other factors and dynamics 
to be considered.

To summarize, improving the environmental 
impacts of polyurethane in the automotive 
industry will require interventions from all 
the value chain stakeholders and between 
the private and public sectors, as well as 
among private sector stakeholders. Effective 
policies can be impactful at distributing the 
financial burden associated with innovating 
materials and technologies fairly across value 
chain actors. Public funding can also provide 
support to solutions that are promising but 
are not market ready yet and market-based 
instruments can be used to correct imbalances 
in the market. 

While policies can drive meaningful change in the 
medium term, the private sector needs to step 
up its collaboration on recyclability, materials 
innovation, and design for environment in the 
short term. This could be achieved by setting 
up a polyurethane sustainability working group, 
for example, that could incorporate members 
from the different stakeholder groups. The 
group would need to devise a fair distribution 
of the financial and technical responsibilities 
among the ecosystem stakeholders and identify 
promising opportunities.



EURO-MOULDERS   
Improving the sustainability of polyurethane foam in the automotive sector

42



43

Conclusions6

Polyurethane is an economical and versatile 
material that has numerous applications 

in the automotive and other sectors. As the 
mobility sector overall transitions to more 
sustainable forms of mobility, polyurethane is 
likely to be used in new applications. 

This analysis looked at the opportunities to 
make polyurethane more sustainable, having 
identified the raw materials or precursors that 
react to create polyurethane as the hotspot for 
environmental impacts. 

The following opportunities to mitigate the 
impacts of polyurethane across its value chain 
have been identified: 

• Enhance recycling and the 
recyclability of polyurethane 
through mechanical and chemical 
recycling and feedstock recycling 
using mass balance technology. 

• Substituting the fossil-fuel-
based building blocks in PU – 
polyols and di-isocyanates – with 
bio-based or circular raw materials. 

• Designing vehicles, including 
the parts that contain PU, with 
environmental considerations in 
mind.

In order to scale these solutions, industry 
and policymakers need to collaborate on both 
innovation and on designing solutions that 
foster the most promising alternatives and 
shorten their time to market. 

Reducing the environmental impact of PU used 
in vehicles across the value chain will require 
an ecosystem-based approach, where the 
manufacturers of PU enjoy the support of both 
upstream and downstream actors to pave the 
way to a more sustainable future for PU. 
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