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For many years, Conversio provides the Plastics Industry and the correlated plastic part
users from the Packaging, Building & Construction, Automotive and E+E with important
Facts & Figures on the Plastics Circular Economy

HOW HAS THE PLASTICS CIRCULAR ECONOMY EVOLVED?

BETWEEN 2018-2020

Plastics production (polymerisation)
has decreased by 10.3%.

At the same time, the post-consumer

4 million tonnes to 4.6 million tonnes
— an increase of 15%.

This demonstrates an initial shift
towards a higher share of recycled
plastics in the manufacturing of new
products (from 7.2% in 2018 to 8.5% in
2020).
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https://plasticseurope.org/knowledge-hub/the-circular-economy-for-plastics-a-european-overview-2/
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Study Scope

Project framework

7™\ Aim of the study and topics of today’s presentation
y P y’sp
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Understanding the plastics (waste) flow

Development of availability, quantities and qualities of
automotive-quality recyclates up to the year 2040
based on an “ambitious scenario model*.

GAP analysis for the years 2030, 2035 and 2040.

Identification of possible bottlenecks regarding waste
management structures, technology, infrastructure,
etc.

... based on upcoming EU regulations, demands of
competing industries as well as significant market
players and their market position.
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There are increasing supply bottlenecks - especially for technical plastics, PUR and partly
recycled polypropylene

Conclusion

Possible procurement volumes of quality PCR by the ive industry

(market share of available automotive-quality PCR in % and in kt) Although itis assumed that the

automotive industry will gradually

e aroe Yesraoe ASN20%0 increase market shares of available PC
PP 21% 75 27% 285 39% 438 recyclates, the study concludes that
PP-EPDM 91% 10 93% | 303 92% m supply bottlenecks are still likely to occur.
ase 2.3 A% ! i There are insufficient quantities of many
e ol P et 2.2 Sa% [z polymers to meet the demand from the
PA6/66 35% 51% 60% 9102 | : + .
[ various industries.

PET 1% antity 1% 1% 38
[ 34% LL? B Feocusmmt Gop aa% P 58% 13 25 Supply gaps are expected, particularly for
PUR 15% Pﬁs 25% 6102 | 40% engineering plastics (ABS, ABS-PC,
PE-LD 1% 2% : 2% PA6/66, PC) and PUR foam. The reasons
PE-HD, MD 2% ‘ 1% : 1% . for these gaps are the lower availability of

9

f

3% #; these polymers and the necessary but
barely economically feasible separation
and sorting processes of the mostly
mixed plastic waste streams.

Andere 8% ‘u 3%
Thermoplastics

Procurement gap [ A=-53kt A=-217kt I A=-400kt

Note
The contribution that the automotive industry itself can make to achieving the 25% minimum use rate of PCR in new vehicles is already included in the predicted supply
bottlenecks.
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Study Scope

Project framework

@ Outline of the project
Focus on post-consumer waste streams

Target polymers and recyclates to consider:
PP, PP-EPDM, ABS, ABS-PC, PA6/PA66, PET, PE, PC,
PUR soft foam, other thermoplastics and other thermosets

? 5 Methodology

(=
o\2de Secondary research (analysis of waste statistics, business databases, Factiva, Eurostat, regulations, etc.)
3

Conducting ~50 expert interviews with plastic manufacturers, recyclers, dismantling and shredding
companies, tier1 suppliers and other experts

Ambitious scenario-modelling, considering the objectives of current legislation drafts (PPWR, ELVR, etc.)

Region
¥  EU27+3
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What s the current situation of post-consumer recycled plastics in EU 27+3 countries?

More than 32 Mt t of plastic waste are collected in EU 27+3, but only 7.7 Mt recyclates are produced

Export surplus
Sammlung von Post- Collection,
Consumer- sorting 200 kt
Kunststoffabfallen pre-treatment
32,274 kt 32,274 kt
Recycling input
EU 27+3
11,084 kt S
D 7,731 kt
70 %
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Recycling losses

3,353 kt

Export surplus
1,074 kt
Usage of recyclates
EU 27+3
6,657 kt

Only 20.6% of the plastic
waste generated is
ultimately available as
recyclates for the plastic
converting industry!

Figures include low- and

high- quality post-
consumer recyclates!

Data base year 2022



Where do PC-recyclates come from?
PCR mainly come from plastic packaging waste. Plastic recycling from ELV only to a very limited extent!

Recyclates by industry of origin and future use

Total PC-waste mechanicalrecycling OUTPUT Total PC-recyclates by APPLICATION
Recyclates by origin of the waste streams TSR Eortsurplus
Residual household waste 51kt ‘ N
@ Packaging RUENG @ Packaging
Bulky household waste 99 kt L
//\ f’T—? Building & 385 kt 2801 kt T—-.-
( Coll. household packag. waste @ Lﬁ] Construction _@ B&C
Total PC-waste ) 168 kt 181 kt i
Collected WEEE waste 07t mechanical @ A Total PC-waste Q Automotive
recycling ; mech.recycling \—
Municipal waste commercial 16kt p— OUTPUT p—
activitizs OUTPUT | U Electro + M 1 | D E+E
! N Electronics 7,731 kt ~
. . . 467 kt 7,731 kt _
Commercial & industrial waste
P 69 kt 101 kt
; IEB£ HLS iﬁmi HLS
( Collected commercial and 2694 R
Walpackagingwaste — 0ol —
-
ELV, incl. ASR waste @ % Agriculture o % Agriculture
i 557 kt — 299 kt (=
Other recycling systems ‘ ‘ Others o W Others
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How much recycled post-consumer plastic will be available by 20327

Ambitious scenario shows intensive increases in recycling capacities in Europe — 10.5 Mt PCR produced for the European
plastics processing market

Figures in kt
10,491 kt PC-recyclates produced .
forthe European market 2032 - prognosis Assumptions
2022 2032 —— Based on the PPWR regulations, the amount of
‘ 2022 packaging waste will fall by -5% by 2030 compared
il PP 1.647 5% t0 2018 levels and by -10% by 2035.
32.274 N & ‘ ‘ ‘
I PP-EPDM +76% Expected growth in plastic waste in all other
1 Q .
! ABS o application segments
| 16550 o Increase of PCR production and availability (largest
+62% . .
2 160 : ABS-PC increase in volume for PO and PET) due to
s 1 g q g o
I PAG.PAG.G +99% improvements in separate plastic collection
! ,PA6.
! ) (especially LVP) and the expansion and extension of
! PET 2.680  *5% el i
' e beR ycling capacities.
1 * on .
backas p— ' B produced PC* | 14 F104% The amount of recycled PUR is also expected to
ackagin . . . .
- ging 2,73 >=11,565 pur: | 53 +79% increase. (Quantity indicated shows what can be
B rcomotive | 1,959 s=7731 | A produced from the mattress collection using
E+E : 2,139 other duroplasts 0 0 Chemlcal processes)
M His : ] .
M rgicutwe 4978 | 6,193 G BT/ SIS "‘ ?-850 +59% Conclusion
Others ' ! PCR quantity can be increased, if...
' PC-recyclates for export-1.074 * produced from chemicalprocesses  @=+58% the corresponding input industries comply with
waste | waste PC- the voluntary commitments and legal
amount  recyclates | amount  recyclates requirements for higher recycling rates.
1

2022 produced 2032 produced
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How will demand for plastics in the automotive industry develop in the coming years?

Automotive plastics demand is expected to reach 4.7 Mt by 2030 and remain relatively stable until 2040

Historical' and assumed development’ of vehicles produced in Europe and the proportion of plastics used in vehicles

Vehides produced

25,000,000 .~300 kg .
Plastics per vehicle
(Cars and light commercial vehicles)
~18,9 Mio
20,000,000 _ Vehides ~260 kg
s o Plastics per vehicle
(Cars and light commercial vehicles)
.
15,000,000 ~200 kg \ "16.Mi° ~V1:;1?i’d,£iso ~16 Mio ~15,7 Mio
Plastics per vehicle | veneles vehicles vehicles
(Cars and light commercial vehicles)
10,000,000
S 4,814 kt
’ 4,601 kt 4,766 kt 4,662 kt
4,714 kt
5,000,000 3,288 kt
0
2011 2014 2017 2020 2023 2026 2029 2032 2035 2038 2040

Note:

To calculate the plastics demand, the average plastics content per vehicle (according to
vehicle class) was taken into account and compared with historical production figures, which
were extrapolated based on production development forecasts up to 2040.

Produced vehicles, incl. trucks & buses

Produced light and commercial vehicles

Plastics demand of automotive industry

Sources

OICA (International Organization of Motor Vehicle Manufacurers): Produdtion statst cs; missing data points for selected ehicle categories and countiies were estmated
2 Roland Berger: Global Autbmotive Supplier Study 2023
3 Roland Berger: Automotve Outl ook 2040
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Plastics used in
vehicles in kt

10,000 kt

9,000 kt

8,000 kt

7,000 kt

6,000 kt

5,000 kt

4,000 kt

3,000 kt

2,000 kt

1,000 kt

kt

Secondary studies indicate that the
European automotive industry will not
reach pre-pandemic production levelsin
the foreseeable future:

expected annual growth of ~2.6%
(CAGR: 22 -'30).

From 2030 to 2040, a negative annual
growth rate of around -0.4% is assumed.

More and more plastics are being used
in today's vehicles. While the average
use of plasticsin cars and light
commercial vehicles was stillaround
200 kg in 2011, it rose to around 260 kg
by 2018. It is expected to rise to ~300 kg
by 2040.

Overall, a future plastics demand of
~4,662 kt is calculated for 2040.



What might be the implications of a minimum PCR utilization rate of 25% for the

automotive industry in 2032?

ELV directive will only gradually take effect when it comes into force in 2032, as the minimum 25% PCR target only applies to new vehicle types.

13.6

production
Mio. Vehicles!

16.2 16.0 15.7

Vehicle

} Plastic supplies*
in Mt.
47 4.7 4.7

2022 2032 2035 2040

2022

2032

2035

2040

PC (2-4%)

Average plastic share of vehicles*

PELD (2-3%)

PUR (15%-20%)

PET (1-4%)

PA 6/PAG6 (4- 10%

PEHD (3-5%) Other Thermoplastics

17% PP (30-40%)

PP EPDM (6-10%)

ABSIPC(5-8%)  ABS (3-6%)

Total plastic demand

4.745 kt

B PP
Il rPP-EPDM
Il £BS
¥ ABS-PC
%% PA6,PAG.6
B peT

PC (resin)

PUR
B PE-LD !
A PE-HD, MD ;;05 kt;
- otherthermoplastlcé 458 kt/
M rc- -recyclates

53 kt

815 kt

| 178 kt |
BT EAL

Statutory PCR requirement
25%
(based on all cars and light
commercial vehicles produced)

Statutory PCR

Demand for new vehicle types
(approx. 1/7 of all cars and light commercial vehicles
produced p.a.)

1.186 kt

* Vehiclesincluded include cars and light commercial vehicles. Plastics include polymersin accordance with the REACH regulation, TPE's elastomers and other duroplasts (with the exception of PUR foam) are excluded.

4/24/2025
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How will demand for PCR from the automotive industry develop after 2032?

For 2038 it is expected that the mandatory PCR rate will apply to all newly produced vehicles

(~7 years after the ELV Directive came into force)

Ld

For2038itis expected that the mandatory PCR
rate will apply to all newly produced vehicles
(~7 years afterthe ELV Directive came into force)

Il Useof PCR
in currentvehicles

Legally required use rates of PCR
In new vehicletypes

From 2032, the ELV Directive will apply to new
vehicle types with a mandatory share of 25%
PCR. This means, initially only 1/7 of all cars and
light vehicles will be affected.

622
/ Automobile OEMs already use about
4.4% PCR. : 521 NS
o This trend is slightly increasing.

\ | 406
260 | kY
0o 223 234 246 § 506

338
169

1,168 1,166
|

1.010
-
860
£20]
730
1471
1.006
840

673

Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031§ 2032 2033 2034

PR 4a%  44% 45%  46% 47% 48% 49% 50% 52%  55% 86% 110% 132%
usage rate: !
4/24/2025 BMW study: Automotive-grade plastic recyclates

2035 2036 2037 2038 2039 2040
155% 183% 21,5% 250% 25,0% 250%

Until 2031, automotive manufacturers will not be
required to use post-consumer recyclates.
However, OEMs are already using PCR today.

By 2032, the demand for PCR will grow by ~4.7%
p.a.due to market-related demand.

From 2032, the ELV directive calls for 25% PC-
recyclates in new vehicle types. It is assumed
that about one-seventh (1/7) of all passenger
cars and light vehicle types manufactured in 2032
are new vehicle models that must meet the
mandatory PCR rate of 25%.

In subsequent years, more and more new vehicle
models will enter the European market, for which
the mandatory recyclate rate apply. The demand
for PCR is therefore increasing.

In 2038 (~7 years after the ELV Directive came
into force), all vehicles manufactured will be
affected by the mandatory recyclate rate.

The PCR quantity required is directly correlated
with the vehicles manufactured in Europe. As a
result of a negative growth forecast, demand for
PCR will also decline slightly.

11



Is there enough PCR on the market to meet demand from all sectors?

Considering the demand from Packaging, B&C and other sectors, there will be a gap of at least 1.8 Mt of recycled material by 2032

Figures in kt

52.129 |

1 Statutory quota requirement

0 (new PPWR) +

Self-commitment
declarations

3 PCRavailable 10.491 kt (+58% vs. 2022)

S PCRdemand 12.316 kt

Plastic use
PCR available
Demand for PCR

/E —
—3 A=-1.826 kt
E Expected upcoming
41.638 | 19,628 statutory quota
E requirement for B&C
Statutory quota
@ requirements for ELV
(new ELV-Directive draft)
12.028 + PCRutilization rate already Expected upcoming
’ implemented in current statutory quota
vehicles requirement for E+E @
v
7,262
: 6,224 (25 %) <D
10.491 ! CplD 344 %)
; 3,007 447 2 99 2,800
406 864 127 1,026 662
T§)T32L E Plasticuse PCR Plasticuse PCR Plasticuse PCR Plasticuse PCR Plasticuse PCR Plasticuse PCR Plasticuse PCR
)
am AN 9?5{ @®
- = 121 g
Packaging B&C Automotive E+E HLS Agricultural Others

*Increase of plastic use compared to 2022

4/24/2025

BMW study: Automotive-grade plastic recyclates

There will be intense

competition for PCR

between the sectors
that use recycled
plastic materials.
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What is the supply gap for the automotive industry in 2032?

In 2032, the supply gap of PCR will be limited to about -53 kt, as only around 1/7 of all vehicles produced must meet the
mandatory 25% PCR rate.

PCR available

PP 1.647 kt
PP-EPDM 62 kt
ABS* 107 kt
ABS-PC 65 kt
PA6,PA6.6 14 kt
PET 2.680 kt
PC (resin)* 14 kt
PUR* 53 kt
PE-LD 2.479 kt
PE-HD, MD 1.786 kt
'?I:::;oplastics 1.584 kt
* Sﬁglnywigﬁeuccye;i:rgm > =10,491 kt

processes

4/24/2025

Unsuitable PCR quality

for automotive applications
[produced in kt and %]

- 16 Il BsC
[ | Agrieulture
-43 Other non-automotive-
quality recydates
-32
-4
12 16 268

I_—'—I
- 1
|22

729 633

790

816

S = 4,397 kt

42% of all PCR produced
are not suitable for automotive use

BMW study: Automotive-grade plastic recyclates

Automotive-quality PCR
[available in ktand %]

817 ~50%
-47 ~75%
-64 ~60%
-32 ~50%
-10 ~70%

—2,384 ~89%
r13 ~90%
31 ~58%

1,118 ~45%

846 ~47%
732 ~26%

> =6,094 kt

58% of all PCR produced
are suitable for automotive use

Estimated market shares of other
industries, potential automotive-
grade recycled material

509 Fao

|:3 1 Packaging

E+E

I’—” 3 I others

eyl
[=2

84 -37
677 17

233 292 54

S = 4,932 kt

81% of automotive-quality PCR produced are
expected to be purchased by other industries

Automotive

demand

175 kt
53 kt
13 kt
13 kt
19 kt
21 kt
6 kt
30 kt
8 kt
14 kt

56 kt

S = 406 kt

Max. supply quantity
Automotive industry/supply gap
(market share in % and in kt)

21% 175
91% Possible
° £ supply quantity
19% Il supply gap
39%
0, o

35% |EE ,

1% 21
34% |22

15%

1% 8

2% 14

8% 56

Supply GAP
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There are increasing supply bottlenecks - particularly for technical plastics and PUR

Possible supply volumes of automotive-quality PCR by the automotive industry
(market share of available automotive-quality PCR in % and in kt)

Year 2032
PP 21% | 175
PP-EPDM 91% |43|-1o
ABS 19% k
ABS-PC 39% :
PA6/66 35% _ﬁs
PET % | Pl ey
PC 34% |f4_2 B supply Gap
PUR 15% !l-5—25
PE-LD 1% |
PE-HD, MD 2% :
Andere 8% |56

Thermoplastics

Supply gap A=-53kt

Note

27%
93%
43%
49%
51%
1%
44%
25%
2%
1%
3%

Year 2035
| o
|5o|16

1
|'.:18 26
=
|

A=-217 kt

39%
92%
49%
54%
60%
1%
58%
40%
2%
1%
3%

Year 2040

438
Y148

S SR
B
38

g 1325

PRl 159

44

53

A=-400 kt

Although it is assumed that the
automotive industry will gradually
increase PCR's market share, the study
concludes that supply bottlenecks are
likely to continue.

Many polymers are not available in
sufficient quantities to meet the needs of
various industries.

Supply gaps are expected, particularly for
engineering plastics (ABS, ABS-PC,
PA6/66, PC) and PUR foam. These gaps
are caused by lower polymer availability
and the necessary, but economically
unfeasible separation and sorting
processes for the mostly mixed plastic
waste streams.

The contribution that the automotive industry itself can make to achieving the 25% minimum use rate of PCR in new vehicles isalready included in the predicted supply

bottlenecks.

4/24/2025 BMW study: Automotive-grade plastic recyclates



Study results on the development of the availability of automotive-grade plastic recyclates from
post-consumer waste until 2040 against the backdrop of the redrafting of the ELV Directive

Conclusion

ﬁﬁa Supply bottlenecks for the automotive industry already expected for 2032

Supply bottleneck in 2023 still relatively low (52 kt), but it will increase to 400 kt by 2040

Main reasons are....

= legal measures that also require a minimum PCR utilization rate in other industries -
especially in packaging.

= Disproportionately low development of plant capacities and infrastructure in the waste management
and recycling industry compared to the demand volume.

* |Increasing PCR demand of the automotive industry due to the successive expansion of minimum PCR
use rate of 25% for the entire vehicle fleet for the period 2022 - 2038/2040.

4/24/2025 BMW study: Automotive-grade plastic recyclates
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Study results on the development of the availability of automotive-grade plastic recyclates from

post-consumer waste until 2040 against the backdrop of the redrafting of the ELV Directive

Conclusion

g Depending on the polymer type, supply bottlenecks may occur over time.

rPP (use of recycled polypropylene in packaging and building & construction)

= Relatively good access to rPP as the automotive industry is probably willing to pay more for it.
= Nevertheless, the automotive industry will not be able to fulfil the 25% minimum PCR use rate solely through a

disproportionate use of rPP in vehicle components.
= As available quantities are not sufficient to meet the demand from allindustries, there will be intensive competition for rPP.

Engineering plastics and PUR

= Increasing shortages of recycled engineering plastics.
= Significant increase in statutory PCR demand in the automotive and E+E industries combined with limited recycling of
technical thermoplastic waste is leading to supply gaps.

Recycling technology for PUR foams is still under development
= Expansion of plant capacities ata moderate pace, as thereis little investment security

= Difficulties in the feedstock supply of homogeneous waste streams.
= The mattressindustry (which supplies the main feedstock) itself is very interested in recycled PUR materials.

4/24/2025 BMW study: Automotive-grade plastic recyclates
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Study results on the development of the availability of automotive-grade plastic recyclates from
post-consumer waste until 2040 against the backdrop of the redrafting of the ELV Directive

Conclusion
r;g\ The production of PCR from end-of-life vehicle recycling is essential to fulfil the ELV quotas,
particularly regarding engineering plastics

Especially for the production of recycled engineering plastics (technical thermoplastics) feedstock
quantities from end-of-life vehicle recycling are essential.

Furthermore, only E+E waste is available as possible significant sources for the production of rABS, rABS-PC,
PC, etc.

To fulfil the minimum PCR use rate of 6.25% from end-of-life vehicles, dynamic development of the recycling
industry with annual growth rates of 8.4% up to 2040 is necessary.

This dynamic will not happen without the active participation of the automotive industry.

Possible ways forward include participation in recycling value chains or commitments to purchase
quantities at prices that cover recycling costs and investments.

4/24/2025 BMW study: Automotive-grade plastic recyclates



Study results on the development of the availability of automotive-grade plastic recyclates from
post-consumer waste until 2040 against the backdrop of the redrafting of the ELV Directive

Conclusion

}k Chemical recycling will only partially solve the supply bottlenecks

Chemicalrecycling capacities in 2030 with a maximum input capacity of 2.2 Mt.
About 0.6 Mt output capacity for Naphta and monomers for plastics production.

Capacity expansions depend on acceptance guarantees from customers and the political framework
conditions for the acceptance of chemical recycling.

Output quantities are only partially available for the automotive industry, as other industries will also
demand significant quantities to fulfil their statutory quota obligations.(e.g., food-contact packaging)

4/24/2025 BMW study: Automotive-grade plastic recyclates
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